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What’s new – February 2016

The GRDC GrowNotes are dynamic documents that are updated according to user 
feedback and newly available information.

This version of the GRDC Barley GrowNotes (updated February 2016) contains the 
following updates on original content published in March 2014:

Section 1 - Planning/Paddock preparation
Page 1.1

• Barley agronomy in southern NSW: https://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/02/Barley-agronomy-in-southern-NSW 

• Barley Agronomy for the Southern Region 2010-2013: http://grdc.com.au/Research-
and-Development/DAN00138 

• Salinity tolerance of barley expressing an Arabidopsis vacuolar pyrophosphatase 
gene: http://grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2013/02/Salinity-tolerance-of-barley-expressing-an-Arabidopsis-vacuolar-
pyrophosphatase-gene 

Page 1.16

• Assessment of sub-soil salinity and sodicity constraints to barley and faba bean 
production: https://eprints.usq.edu.au/19011/1/Tavakkoli_Rengasamy_McDonald_
GRDC_2011_PV.pdf

Section 2 - Pre-planting
Page 2.1

• Barley agronomy and varieties: https://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/03/Barley-agronomy-and-varieties 

• Management effects on barley varieties - Nitrogen management and time of 
sowing: https://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2011/02/Management-effects-on-barley-varieties-Nitrogen-management-
and-time-of-sowing 

• What’s new in barley varieties for the higher rainfall cropping regions? https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Whats-
new-in-barley-varieties-for-the-higher-rainfall-cropping-regions 

• Getting the best from barley; agronomy and management: https://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2014/02/Getting-the-best-from-
barley-agronomy-and-management 

• 2015 barley variety update: https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2015/02/2015-barley-variety-update

• Barley agronomy results 2014: http://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2015/02/Barley-agronomy-results-2014  

Page 2.5

• NSW DPI (2015) Winter crop variety sowing guide: http://www.dpi.nsw.gov.au/__
data/assets/pdf_file/0011/272945/winter-crop-variety-sowing-guide-2015.pdf
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Section 3 - Planting
Page 3.2

• Barley agronomy in southern NSW: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/02/Barley-agronomy-in-southern-NSW 

• Barley agronomy and varieties:http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/03/Barley-agronomy-and-varieties 

• Yield and grain quality response of barley cultivars to four sowing dates –Narrabri 
2014, Rick Graham, Guy McMullen. http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0011/578288/northern-grains-region-trial-results-autumn-2015.pdf  p13

• Evaluation of new and potential malt barley varieties – Spring Ridge 2014, Rick 
Graham, Stephen Morphett, Jim Perfremen, Guy McMullen. http://www.dpi.nsw.
gov.au/__data/assets/pdf_file/0011/578288/northern-grains-region-trial-results-
autumn-2015.pdf  p23

Page 3.3

• Barley agronomy and varieties: https://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/03/Barley-agronomy-and-varieties

Section 5 - Nutrition and fertiliser
Page 5.2

• Where does fertiliser nitrogen finish up: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/02/Where-does-fertiliser-nitrogen-finish-
up#sthash.VyBrVj53.dpuf

Page 5.11

• Factors affecting how much N is lost and how much is left over time: http://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/07/Factors-
affecting-how-much-N-is-lost-and-how-much-is-left-over-time 

Page 5.13

• Barley agronomy in southern NSW: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/02/Barley-agronomy-in-southern-NSW 

• Where does fertiliser nitrogen finish up: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/02/Where-does-fertiliser-nitrogen-finish-up 

• Model your nitrogen to account for in-crop mineralisation: http://www.grdc.com.au/
Media-Centre/Media-News/South/2015/06/Model-your-nitrogen-to-account-for-in-
crop-mineralisation 

Page 5.17

• Deep phosphorus placement case study: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/07/Deep-phosphorus-placement-case-
study 

• A calculator to assess the economics of deep placement P over time: http://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/A-
calculator-to-assess-the-economics-of-deep-placement-P-over-time 

• Improving fertilizer decisions for P on the Western Downs: http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2015/07/Improving-fertilizer-
decisions-for-P-on-the-Western-Downs 

Page 5.18

• Barley nutrition and agronomy - do we need sulphur and nitrogen? https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/08/Barley-
nutrition-and-agronomy
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Page 5.20

• What’s new with zinc; maybe just some critical reminders: http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2014/02/Whats-new-with-zinc-
maybe-just-some-critical-reminders 

Section 6 - Weed control
Page 6.1

• Weed issues and action items: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/07/Weed-issues-and-action-items 

Page 6.2

• Herbicide resistance management - a local infield perspective: http://www.grdc.
com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Herbicide-
resistance-management-a-local-infield-perspective 

• Genetic markers for herbicide resistance: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/02/Genetic-markers-for-herbicide-
resistance 

Page 6.3

• M Street, GOA (2011) Windmill grass (Chloris tuncata) the current state of 
play: https://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2011/04/Windmill-grass-Chloris-truncata-the-current-state-of-play

Page 6.4

• Comparison of alternative mode of action herbicides for the control of Group I 
resistant wild radish (NSW field experiment 2014), Tony Cook. http://www.dpi.nsw.
gov.au/__data/assets/pdf_file/0011/578288/northern-grains-region-trial-results-
autumn-2015.pdf 

• New table: Summary of herbicide resistance levels in ryegrass in continuous 
cropped irrigation in the Murray Shire of southern NSW. http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2015/07/Herbicide-resistance-
management-a-local-infield-perspective

• NGA (2014) Summer fallow weed management: http://www.nga.org.au/results-
and-publications/download/311/grdc-update-papers-weeds/summer-fallow-weed-
management/grdc-update-weeds-resistance-mungindi-march-2014.pdf

Page 6.8

• Using crop competition for weed control in barley and wheat: http://www.grdc.
com.au/Research-and-Development/GRDC-Update-Papers/2015/02/Using-crop-
competition-for-weed-control-in-barley-and-wheat 

Page 6.10

• Pre-emergent herbicides part of the solution but much still to learn: http://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Pre-
emergent-herbicides-part-of-the-solution-but-much-still-to-learn 

• Seeding systems and pre-emergence herbicides: http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2015/02/Seeding-systems-
and-pre-emergence-herbicides 

Page 6.12

• B Haskins (2012) Using pre-emergent herbicides in conservation farming systems: 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-
emergent-herbicides-in-conservation-farming-systems.pdf
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• NGA (2014) Summer fallow weed management: http://www.nga.org.au/results-
and-publications/download/311/grdc-update-papers-weeds/summer-fallow-weed-
management/grdc-update-weeds-resistance-mungindi-march-2014.pdf

Section 7 - Insect control
Page 7.4

• Improved understanding of thresholds of armyworm in barley and aphids in 
canola: http://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-
and-aphids-in-canola 

Section 8 - Nematode control
Page 8.1

• Root lesion nematodes importance, impact and management: http://www.grdc.
com.au/Research-and-Development/GRDC-Update-Papers/2015/08/Root-lesion-
nematodes-importance-impact-and-management 

Page 8.5

• New figure: Resistance differences between commercial barley varieties. http://
www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/
Impact-of-crop-varieties-on-RLN-multiplication#sthash.Fp87eUG8.dpuf

Page 8.6

• Northern Grower Alliance (2014) Root-lesion Nematodes: Cereal variety and 
Rotational Crop Impacts on Yield and Nematode numbers: http://www.nga.org.au/
results-and-publications/download/325/grdc-update-papers-diseases/root-lesion-
nematodes-in-winter-cereals/grdc-grower-update-paper-spring-ridge-warialda-
burren-junction-warra-condamine-jul-aug-2014.pdf

Page 8.8

• Impact of crop varieties on RLN multiplication: http://www.grdc.com.au/Research-
and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-
RLN-multiplication 

Section 9 - Diseases
Page 9.1

• Managing barley and wheat diseases - priority issues and actions for 2015: http://
www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/
Managing-barley-and-wheat-diseases-priority-issues-and-actions-for-2015 

Page 9.7

• Crown rot - an update on latest research: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/07/Crown-rot-an-update-on-latest-
research 

• High crown rot risk - barley vs wheat: http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2015/03/High-crown-rot-risk-barley-vs-wheat 

• Improving the accuracy of PreDicta-B soil testing: https://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2015/03/Improving-the-
accuracy-of-PreDicta-B-soil-testing

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.nga.org.au/results-and-publications/download/311/grdc-update-papers-weeds/summer-fallow-weed-management/grdc-update-weeds-resistance-mungindi-march-2014.pdf
http://www.nga.org.au/results-and-publications/download/311/grdc-update-papers-weeds/summer-fallow-weed-management/grdc-update-weeds-resistance-mungindi-march-2014.pdf
http://www.nga.org.au/results-and-publications/download/311/grdc-update-papers-weeds/summer-fallow-weed-management/grdc-update-weeds-resistance-mungindi-march-2014.pdf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/08/Root-lesion-nematodes-importance-impact-and-management
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/08/Root-lesion-nematodes-importance-impact-and-management
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/08/Root-lesion-nematodes-importance-impact-and-management
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-RLN-multiplication
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-RLN-multiplication
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-RLN-multiplication
http://www.nga.org.au/results-and-publications/download/325/grdc-update-papers-diseases/root-lesion-nematodes-in-winter-cereals/grdc-grower-update-paper-spring-ridge-warialda-burren-junction-warra-condamine-jul-aug-2014.pdf
http://www.nga.org.au/results-and-publications/download/325/grdc-update-papers-diseases/root-lesion-nematodes-in-winter-cereals/grdc-grower-update-paper-spring-ridge-warialda-burren-junction-warra-condamine-jul-aug-2014.pdf
http://www.nga.org.au/results-and-publications/download/325/grdc-update-papers-diseases/root-lesion-nematodes-in-winter-cereals/grdc-grower-update-paper-spring-ridge-warialda-burren-junction-warra-condamine-jul-aug-2014.pdf
http://www.nga.org.au/results-and-publications/download/325/grdc-update-papers-diseases/root-lesion-nematodes-in-winter-cereals/grdc-grower-update-paper-spring-ridge-warialda-burren-junction-warra-condamine-jul-aug-2014.pdf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-RLN-multiplication
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-RLN-multiplication
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-RLN-multiplication
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Managing-barley-and-wheat-diseases-priority-issues-and-actions-for-2015
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Managing-barley-and-wheat-diseases-priority-issues-and-actions-for-2015
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Managing-barley-and-wheat-diseases-priority-issues-and-actions-for-2015
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Crown-rot-an-update-on-latest-research
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Crown-rot-an-update-on-latest-research
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Crown-rot-an-update-on-latest-research
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/High-crown-rot-risk-barley-vs-wheat
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/High-crown-rot-risk-barley-vs-wheat
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Improving-the-accuracy-of-PreDicta-B-soil-testing
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Improving-the-accuracy-of-PreDicta-B-soil-testing
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Improving-the-accuracy-of-PreDicta-B-soil-testing


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18
 viKnow more. Grow more.

February 2016

FeedbackTable of ContentsBArley - What’s new – February 2016   

Page 9.21

• New text: Barley powdery mildew: A new pathotype of powdery mildew was 
detected in Queensland and NSW in 2014. The new pathotype overcomes the MlLa 
resistance gene that many barley varieties carry. http://www.dpi.nsw.gov.au/__data/
assets/pdf_file/0011/272945/winter-crop-variety-sowing-guide-2015.pdf 

• Spot form of net blotch yield loss and management in barley using fungicides and 
resistance in Victoria: https://www.grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2015/02/Spot-form-of-net-blotch-yield-loss-and-management

• Spot form of net blotch management in barley grown in the Mallee environment: 
http://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2015/07/Spot-form-of-net-blotch-management-in-barley-grown-in-the-
Mallee-environment 

• New reference and table: Comparison of seedling and adult responses of 
commercial barley varieties to established and new pathotypes of powdery 
mildew. http://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2015/07/Managing-barley-and-wheat-diseases-priority-issues-and-actions-
for-2015#sthash.JfZ1SyD4.dpuf

Page 9.24

• NGA (2008) Spot form net blotch in barley: http://www.nga.org.au/results-and-
publications/browse/11/spot-form-net-blotch-in-barley

Section 14 - Environmental issues
Page 14.1

• What’s going on with frost? http://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2015/03/Whats-going-on-with-frost 

Page 14.6

• New reference: https://www.grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2015/02/Barley-agronomy-in-southern-NSW
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SECTION A

Introduction

 

A.1 Crop overview
Barley (Hordeum vulgare) is a widely grown and highly adaptable winter cereal crop that 
is used mainly for stock feed and the production of malt for the brewing industry.

Barley (Figure 1) is an annual plant that has been selected from wild grasses. It 
is thought to have been an important food crop from as early as 8000 BCE in the 
Mediterranean/Middle East region.

Figure 1: Barley has long been an important food crop. (Photo: Rachel Bowman)

Because of barley’s tolerance of salinity, by 1800 BCE it had become the dominant crop 
in irrigated regions of southern Mesopotamia, and it was not until the early CE period 
that wheat became more widely grown.

Over the past 5 years, Australian barley farmers produced an average of 7.5 million 
tonnes (t) of grain per year, of which around two-thirds was exported.

Australia is the world’s second-largest exporter of barley and supplies almost 30% of 
the world’s barley trade. Saudi Arabia, Japan and China are large importers of Australian 
barley, and these markets are growing rapidly. 1

Australia produces high-quality 2-row spring-type barley, with annual production 
averaging ~7.0 million t/year. It is a widely grown crop (second in size only to wheat) 

1  Industry & Investment NSW Agronomists (2010) Barley growth & development. PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf
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and occupies a large geographic area—almost 4 million ha, dispersed from Western 
Australia to southern Queensland.

Australia has an enviable reputation for producing a reliable supply of high-quality, 
contaminant-free barley that is sought after by the malting, brewing, distilling, shochu 
(Japanese distilled spirit) and feed industries.

Australia produces around 2.5 million t of malting barley and 4.5 million t of feed barley; 
the average Australian malting selection rate is the highest of the world’s exporting 
nations with ~30–40% of the national crop selected as malting.

Domestically, malting barley demand is around 1 million t/year and Australian domestic 
feed use ~2 million t/year. Domestic brewers are tightly linked to Australia’s barley 
production and strong relationships exist between all facets of the industry, from 
breeder to brewer and all stages in between.

In addition, Australia exports around 1.5 million t of malting barley and ~2.5 million t of 
feed barley. Major exporting states are Western Australia and South Australia, where 
domestic demand for malting and feed barley is considerably smaller than in the eastern 
states.

Australia makes up more than 30% of the world’s malting barley trade and ~20% of 
the global feed barley trade. On a production basis (as opposed to actual inter-country 
trade), Australia makes up around 5% of the world’s annual barley global production. 2

Barley is very versatile in its planting time, as it is slightly more frost-tolerant (1°C) than 
wheat and can be planted earlier in the season. It is also often a better option than 
wheat for late planting, especially if feed grain prices are good. Preferred planting times 
are from late April to June but this will vary for each region depending on frosts and 
seasonal effects. In the cooler areas of southern Queensland, planting can occur into 
July. Feed barley commonly competes with Sorghum in the North as it is widely used in 
feedlot rations.

Early planting will generally produce higher yields, larger grain size and lower protein 
levels, making it more likely to achieve malt quality. However, early crops are more likely 
to have exposure to frost and growers should assess the frost risk for their area prior to 
sowing. Late plantings will often mature in hot dry weather, which can reduce grain size, 
yield and malting quality. The major determinant of barley profitability is yield. 3 

To maximise yield, it is important to ensure that the crop has every chance to succeed.4 
Paddock selection and nitrogen management are often the keys to producing malting 
quality. 5 

Use adequate nitrogen fertiliser but do not over-fertilise as this will encourage excessive 
vegetative growth and could result in lodging. Phosphorus, zinc and sulfur levels are 
also important. A starter fertiliser is recommended. 

Growers should record paddock rotations or soil-test to have adequate nutrition. To 
grow a 4 t/ha barley crop at 11.5% protein requires 144 units of nitrogen, and adequate 
phosphorus. In 2011, low-protein grain was common so soil fertiliser levels need to be 
checked.

2  Barley Australia (2014) Industry information. Barley Australia, http://www.barleyaustralia.com.au/industry-
information

3  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

4  DAFF (2013) Barley planting and disease guide. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-disease-guide

5  P Matthews, D McCaffery, L Jenkins (2014) Winter crop variety sowing guide 2014. NSW Department of 
Primary Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-
guide
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A deep soil test combined with a nitrogen budget which is adjusted during 
the season with changing yield outcomes is a more accurate way to managed 
nitrogen.

Agronomist’s view
Inspect barley crops regularly for insect infestations and foliar diseases and consult your 
agronomist about potential control methods. 6 

Barley is a crop that fits well into northern region farming systems.

Growing conditions in northern New South Wales and Queensland are quite different 
from other barley growing regions of Australia. The crop is grown on moisture stored 
during the summer season with sporadic in-crop rainfall. In the southern part of the 
region, rainfall during the season is generally more regular.

The northern cropping zone also has a much shorter winter and harvest may start as 
early as October in some areas. Selecting a variety with proven performance in the 
region is important. If trying a new variety, it is important to compare it with a variety you 
have grown before. Factors to take into consideration for variety selection include:

• suitability of the variety for the region

• time of planting

• available moisture at planting

• disease risks

• yield potential

• standability and straw strength

• soil nitrogen status (i.e. not high starting N levels for malting barley)

• marketing options—malt v. feed

• rotation (past crops and future planting intentions)

• availability of seed 7

A.2 Malting barley and malt
Malt is produced from a cereal grain (usually barley) that has been allowed to germinate 
for a limited period of time prior to undergoing a mild kilning.

Malt is produced from the malting process, where raw barley is steeped, germinated 
and kilned to change the raw barley seed into a friable, biscuit-like texture, which from 
the outside looks just like a barley kernel.

It is then easily crushed in the brewery mill in preparation for the sugar conversion that 
takes place in the brewery mash tun. The malting process converts around 10% of the 
carbohydrate in the raw grain into fermentable sugars via the process of germination. 
The malting process prepares the grain for more modification, which will be undertaken 
in the brewhouse.

A point of difference for the Australian barley industry is that there are two distinct 
markets to service—a domestic market and an export market—each of which has 
different requirements and needs for malt and raw barley respectively. This is due to a 
fundamentally different style and method of brewing whereby in Australia brewers use 
sugar as an adjunct, whilst in Asia, solid adjuncts such as rice are predominantly used 
in the brewing process.

6  DAFF (2013) Barley planting and disease guide. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-disease-guide

7  DAFF (2013) Barley planting and disease guide. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-disease-guide
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The malting process causes numerous chemical reactions to occur between amino 
acids and reducing sugars to develop colour and flavour compounds. Malt extract is a 
natural flavouring and colouring that is high in protein and natural sugars and is a major 
natural energy source. In addition to its use in brewing, it is also widely used in baking, 
confectionery, breakfast cereals, malt beverages, dairy products, condiments and as a 
caramel substitute.

Australia produces >900,000 t of malt per year, with ~200,000 t consumed domestically 
(predominantly in the brewing industry) and >700,000 t exported predominantly into the 
Asian regional marketplace. 8

A.2.1 Feed barley
Barley is used as stock feed, especially in the intensive pig, poultry, dairy and beef 
industries. This demand is met by varieties specifically grown as high-yielding feed 
types as well as grain that does not meet the quality requirements for malting or human 
food.

Barley can be sown as a dual-purpose crop (i.e. for grazing by livestock and for grain). 
Barley seedling growth is vigorous and therefore quick to produce enough dry matter for 
grazing. Its recovery after grazing is good provided the developing head is not grazed. 
When barley crops are grazed, care must be taken in the use of pesticides on the seed 
or in the crop to observe the withholding periods for grazing or cutting for hay/silage. 9

Barley grain is commonly kept on farm for cattle and sheep feedlot rations as it is a 
good source of protein and energy, though care must be taken with introduction to 
stock as well as insect damage in storage.

8  Barley Australia (2014) Industry information: Malt. Barley Australia, http://www.barleyaustralia.com.au/
industry-information/malt

9  Industry & Investment NSW Agronomists (2010) Barley growth & development. PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf
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SECTION 1

Planning/Paddock 
preparation

1.1 Agronomy tips at a glance
• Plant barley as early as possible in its recommended window.

• Plant into good moisture conditions.

• Aim for a plant population of 100–150 plants/m.

• Use good quality treated planting seed.

• Use soil testing and fertilise to achieve protein of 10–11% (dry basis).

• Malting barley requires only ~40% of the nitrogen (N) needed to grow prime hard wheat.

• Good levels of phosphorus (P) are also important.

• Harvest as soon as possible. 1

1.2 Paddock selection
Paddock selection is critical for reliable malting barley production. When selecting 
paddocks to grow barley, consider the following:

• Nitrogen (N) status appropriate for expected yield level

• soil pH(CaCl2) not <5.0 or soil aluminium not >5%

• avoid soils prone to waterlogging

• rotation—ideally sow after a root-disease break crop

• avoid barley on barley

• barley may be sown after wheat if disease or seed contamination is not a problem

• avoid varietal contamination

Southern grains region research results suggest paddocks with pre-sowing soil 
nitrate-N levels >150 kg/ha are unsuitable for malting barley production. Paddocks with 
pre-sowing nitrate-N between 100 and 150 kg/ha were at increased risk of not achieving 
barley of malting quality compared with those with <100 kg/ha. 2

Informed paddock selection, suitable crop rotation and the planting of disease-
resistant varieties are the best tools to minimise disease. A table of disease ratings for 
current varieties can be found in the NSW DPI ‘Winter crop variety sowing guide’ and 
Department of Agriculture, Fisheries and Forestry Queensland (DAFF) ‘Barley—planting 
and disease guide 2013 for Queensland and northern New South Wales’. 3

1  DAFF (2011)Barley malting, feed varieties and sowing times. Department of Agriculture, Fisheries and 
Forestry Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/
barley/malting,-feed-varieties-and-sowing-times

2  L Lenaghan, T Fay, M. Evans (2001) Paddock selection is critical for reliable malt barley production, 
Department of Natural Resources and Environment, Victoria. http://www.regional.org.au/au/asa/2001/4/b/
lenaghan.htm

3  NSW DPI Agronomists (2007) Wheat growth and development. NSW Department of Primary Industries. http://
www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/449367/Procrop-wheat-growth-and-development.pdf

i More 
information

Barley Agronomy for the 
Southern Region 2010-
2013

Barley agronomy in 
southern NSW

Salinity tolerance of 
barley expressing an 
Arabidopsis vacuolar 
pyrophosphatase gene
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Paddock selection is an important consideration for crown rot management in particular, 
and cereal growers should select paddocks with a low risk of the disease. Determine 
paddock risk by visually assessing crown rot and root-lesion nematode (RLN) (see 
section below) levels in a prior cereal crop, paying attention to basal browning, and/or 
by having soil samples analysed at a testing laboratory.

Paddock history can also provide clues. Histories likely to result in high risk of crown rot 
include:

• durum wheat in the past 1–3 years

• winter cereal stubble or a high grass burden from last season—crown rot fungus 
survives in winter cereal residues, dense stubble cover or where dry conditions 
have made residue decomposition slow

• break crops, which can influence crown rot in cereals by manipulating the amount 
of N and moisture left in the soil profile

• paddocks that have high N at sowing and/or low stored soil moisture at depth 4

1.3 Paddock rotation and history
Crop sequencing is a key part of a long-term approach to tackling weed, disease and 
moisture challenges in northern grains region farming systems. Nitrogen-fixing summer 
and winter pulses are gaining increasing popularity as cereal breaks.

GRDC-supported research aims to increase the profitability of minor rotation crops such 
as faba beans by improving pest and disease resistance.

Development of new varieties is boosting yields of potential rotation crops and disease 
resistance, and the potential fit of sorghum as part of the rotation in western areas is the 
subject of further research. 5

It is important to consider the impact of preceding crops that build up RLN species, 
Pratylenchus thornei and P. neglectus.

A tolerant crop yields well when large populations of RLN are present (the opposite is 
an intolerant crop). A resistant crop does not allow RLN to reproduce and increase in 
number (the opposite is a susceptible crop).

Table 1: Susceptibility and resistance of various crops to root-lesion nematodes 6

rlN species Susceptible Intermediate resistant

Pratylenchus thornei Wheat, chickpea, faba bean, 
barley, mungbean, navy bean, 
soybean, cowpea

Canola, mustard, triticale, durum 
wheat, maize, sunflower

Canary seed, lablab, linseed, 
oats, sorghum, millet, cotton, 
pigeon pea

Pratylenchus neglectus Wheat, canola, chickpea, 
mustard, sorghum (grain), 
sorghum (forage)

Barley, oat, canary seed, durum 
wheat, maize, navy bean

Linseed, field pea, faba bean, 
triticale, mungbean, soybean

1.3.1 long fallow disorder
Soils naturally contain beneficial fungi that help crops to access nutrients such as P 
and zinc (Zn). The combination of the fungus and crop root is known as arbuscular 
mycorrhiza(e) (AM). Many different species of fungi can have this association with the 
roots of crops. Many that are associated with crops also form structures called vesicles 
in the roots.

4  M Evans, G Hollaway, S Simpfendorfer (2009) Crown rot—cereals. GRDC Fact Sheet, May 2009. http://
www.grdc.com.au/Resources/Factsheets/2009/05/Crown-Rot-in-Cereals-Fact-Sheet-Southern-Western-
Regions

5  R Daniel, S Simpfendorfer, L Serafin, G Cumming, R Routley, (2011) Choosing Rotation Crops: 
Short-term profits, long-term payback. GRDC Fact Sheet March 2011. http://www.grdc.com.au/~/
media/9219D55FFB4241DC9856D6B4C2D60569.pdf

6  KJ Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact 
Sheet. http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland
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The severe reduction or lack of AM shows up as long fallow disorder—the failure of 
crops to thrive despite adequate moisture. Ongoing drought in the 1990s and beyond 
has highlighted long fallow disorder where AM have died out through lack of host 
plant roots during long fallow periods. As cropping programs restart after dry years, an 
unexpected yield drop is likely due to reduce AM levels, making it difficult for the crop to 
access nutrients.

Long fallow disorder is usually typified by poor crop growth. Plants seem to remain in 
their seedling stages for weeks and development is very slow. 

Figure 1: AM pictured in a wheat root. (Photo: QDAFF)

Benefits of good AM levels are:

• improved uptake of P and Zn

• improved crop growth

• improved N2 fixation

• greater drought tolerance

• improved soil structure

• greater disease tolerance

In general, the benefits of AM are greater at lower soil P levels because AM increase a 
plant’s ability to access this nutrient. Crops with higher dependency benefit more from 
AM.7

Table 2: The dependency of various crop species on mycorrhizae (value decreases as the 
phosphorus level of the soil increases)

Mycorrhizal  
dependency

Potential yield loss without  
mycorrhizae (%)

Crops

Very high >90 Linseed

High 60–80 Sunflower, mungbean, pigeonpea, maize, 
chickpea

Medium 40–60 Sudan grass, sorghum, soybean

Low 10–30 Wheat, barley, triticale

Very low 0–10 Panicum, canary grass

Nil 0 Canola, lupins

7  DAFF (2010) Nutrition—VAM and long fallow disorder. Department of Agriculture, Fisheries and Forestry, 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/nutrition-
management/nutrition-vam
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1.4 Benefits of barley as a rotation crop
Barley is a good rotation crop for breaking disease and weed cycles, and providing high 
stubble levels. 8 It fits well into the northern farming systems as a winter cereal crop. 

Advantages of barley include: 

• less susceptible to frost than wheat

• lower N fertiliser requirements than wheat

• matures faster and can be harvested earlier than wheat.

• vigorous plant growth and high water-use efficiency (WUE)—an excellent choice for 
double-cropping from a summer crop back to a winter rotation

• vigorous early growth—establishes ground cover which smothers weeds and 
produces early grazing

• produces more dry matter than wheat, leaving very good stubble cover and 
valuable straw for livestock feeding

• a good choice for silage, hay or early grazing—can regrow to produce a good grain 
crop when grazed before stem elongation

• a good break crop due to differences in foliar disease responses compared with 
wheat

• has varieties which produce good early  biomass and can act as an effective weed 
competitor

• has varieties which are very erect and can be used as an effective cover crop for 
undersowing pastures

Growers should soil-test and record paddock rotations to determine adequate crop 
nutrition. A 4 tonne (t) per ha barley crop at 11.5% protein uses about 144 units of N 
and some P. 9

1.5 Disadvantages of cereals as a rotation crop
Growing cereals in continuous production is a practice largely of the past in the northern 
grains region due to the rising incidence of: 

• difficult-to-control and herbicide-resistant weeds, particularly grass weeds

• disease build-up, e.g. crown rot, tan (yellow) spot, nematodes

• nitrogen depletion and declining soil fertility

Crop rotation is a key strategy for managing northern farming systems and 
improvements in legume and oilseed varieties and management have facilitated this 
shift.

In many of Australia’s grain-growing regions, broadleaf crop options have been seen 
as riskier and less profitable than cereals. This perception has been driven, in part, 
by fluctuating prices and input costs associated with the broadleaf crop in the year of 
production and difficulties in marketing. However, when the financial profitability of the 
entire rotation is assessed, is it more profitable to include broadleaf crops.

A broadleaf crop is often included in the crop sequence to counteract limitations in the 
cereal phase (weeds, disease, N), so the broadleaf crop’s financial impact could be 
considerably better if it was considered across the crop sequence. 10

8  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

9  DAFF (2013) Barley planting and disease guide. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

10  M Peoples (2012) Returns-from-break-crops-can-challenge-wheat. Crop Sequencing Supplement, GRDC 
Ground Cover Issue 98, 2012. http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-
Cover-Issue-98-Supplement-Crop-Sequencing/Returns-from-break-crops-can-challenge-wheat
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Leading growers and advisers advocate sustainable rotations as a valuable strategy 
for northern farming systems. In a survey of leading growers it was reported that those 
adopting farming systems based on best management practices allocated about 25% 
of their winter cropping area to chickpea or other broadleaf crops.

Their major motivation for introducing a non-cereal was to break the crown rot cycle 
and, consequently, improve profitability. The growers reported in the survey that wheat 
crops following a rotation crop averaged up to 1 t/ha extra yield as well as an additional 
1% grain protein. In addition, the growers reported savings in N and weed-control 
inputs.

Many growers are sacrificing cereal yield and protein by not adopting current research 
findings on the use of rotations. 11

1.6 Fallow weed control
Controlling summer weeds is the most effective way to conserve soil moisture during 
the summer fallow period. Aim to control weeds as early as possible. Paddocks 
generally have multiple weed species present at the same time, making weed-control 
decisions more difficult and often involving a compromise of control via assessment 
of the prevalence of key weed species. Knowing your paddock is imperative to good 
fallow weed control. While GRDC and other sources provide general information 
on common problem weeds, growers are advised to contact their agronomists for 
individual paddock advice.

Benefits of fallow weed control include conservation of summer rain and fallow 
moisture, which is integral to winter cropping in the Northern Region, particularly as the 
climate moves towards summer-dominant rainfall. Remember this can include moisture 
stored from the previous winter or the summer before in a long fallow. 12

Return on investment from the control of summer weeds is commonly calculated at 
$6.00 for every $1.00 invested.

1.6.1 Double-knock strategies
Double-knock refers to the sequential application of two different weed control tactics 
applied in such a way that the second tactic controls any survivors of the first tactic. 
Most commonly used for pre-sowing weed control, this concept can also be applied 
in-crop. 13

Consider the species present, interval timing and water rate. For information on double-
knock tactics, download the GRDC Herbicide Application Fact Sheet: ‘Effective double 
knock herbicide applications northern region’.

Double-knock herbicide strategies are useful tools for managing difficult-to-control 
weeds but there is not a one-size-fits-all treatment.

The interval between double-knock applications is a major management issue for 
growers and contractors. Shorter intervals can be consistently used for weeds where 
herbicides appear to be translocated rapidly (e.g. awnless barnyard grass, ABYG) or 
when growing conditions are very favourable. Longer intervals are needed for weeds 
where translocation appears slower (e.g. fleabane, feathertop Rhodes grass and 
windmill grass).

Critical factors for successful double-knock approaches are to apply the first application 
on small weeds and ensure good coverage and adequate water volumes, particularly 
when using products containing paraquat. Double-knock strategies are certainly 

11  R Daniel, S Simpfendorfer, L Serafin, G Cumming, R Routley (2011) Choosing rotation crops: 
Short-term profits, long-term payback. GRDC Fact Sheet March 2011. http://www.grdc.com.au/~/
media/9219D55FFB4241DC9856D6B4C2D60569.pdf

12  GRDC (2012) Summer fallow management. GRDC Fact Sheet, January 2012. https://www.grdc.com.au/
Resources/Publications/2014/05/Summer-fallow-weed-management

13  C Borger, V Stewart, A Storrie Double knockdown or ‘double knock’, Agriculture WA.
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not bullet-proof and are rarely effective for salvage weed control situations unless 
environmental conditions are exceptionally favourable. 

The Northern Grower Alliance (NGA) is trialling methods to control summer grasses. Key 
findings include:

1. Glyphosate-resistant and tolerant weeds are a major threat to our reduced tillage 
cropping systems.

2. Although residual herbicides will limit re-cropping options and will not provide 
complete control, they are a key part of successful fallow management.

3. Double-knock herbicide strategies are useful tools but the herbicide choices and 
optimal timings will vary by weed species.

4. Other weed management tactics, e.g. crop competition, should be incorporated 
to assist herbicide control.

5. Cultivation may need to be considered as an option to avoid seed-bank salvage.

Weed management, particularly in reduced tillage fallows, has become an increasingly 
complex and expensive part of cropping in the northern grains region. Heavy reliance 
on glyphosate has selected for species that were naturally more glyphosate tolerant 
or selected for glyphosate-resistant populations. The four key weeds that are causing 
major cropping issues are:

1. ABYG (Echinochloa colona)

2. Flaxleaf fleabane (Conyza bonariensis)

3. Feathertop Rhodes grass (FRG) (Chloris virgata)

4. Windmill grass (Chloris truncata) 14

Awnless barnyard grass

Figure 2: Awnless barnyard grass. (Photo: Rachel Bowman)

Barnyard grass has been a key summer grass issue for many years. It is a difficult weed 
to manage for at least three key reasons:

1. Multiple emergence flushes (cohorts) each season

2. Easily moisture stressed, leading to inconsistent knockdown control

14  R Daniel (2013) Weeds and resistance—considerations for awnless barnyard grass, Chloris spp. and 
fleabane management, Northern Grower Alliance. http://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Weeds-and-resistance-considerations-for-awnless-barnyard-grass-Chloris-
spp-and-fleabane-management

i More 
information

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2013/07/
Weeds-and-resistance-
considerations-for-
awnless-barnyard-
grass-Chloris-spp-and-
fleabane-management
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3. Glyphosate-resistant barnyard grass populations are more frequently found

Key points 
• Glyphosate resistance is widespread. Tactics against this weed must change from 

glyphosate alone.

• Utilise residual chemistry wherever possible and aim to control ‘escapes’ with 
camera spray technology.

• Try to ensure a double-knock of glyphosate followed by paraquat is used on one of 
the larger early summer ABYG flushes.

• Restrict Group A herbicides to ABYG management in-crop and aim for strong crop 
competition.

Resistance levels
Prior to summer 2011–12, there were 21 cases of glyphosate-resistant ABYG. 
Collaborative survey work was conducted by NSW DPI, DAFF and NGA in summer 
2011–12 with a targeted follow-up in 2012–13. Agronomists from the Liverpool Plains to 
the Darling Downs and west to areas including Mungindi collected ABYG samples that 
were tested at the Tamworth Agricultural Institute with Glyphosate CT at 1.6 L/ha at a 
mid-tillering growth stage. Total application volume was 100 L/ha.

The key point from this survey work was that the number of ‘confirmed’ glyphosate-
resistant ABYG populations had nearly trebled. Selected populations were also 
evaluated in a separate glyphosate rate-response trial. This experiment showed that 
some of these populations were still only suppressed when sprayed with 12.8 L/ha.

Growers can no longer rely on glyphosate alone for ABYG control.

Residual herbicides (fallow and in-crop)
There are a range of active ingredients registered for use in summer crops such 
as metolachlor (e.g. Dual Gold®) and atrazine or in fallow such as imazapic (e.g. 
Flame®), and these provide useful management of ABYG. The new fallow registration 
of isoxaflutole (Balance®) can provide useful suppression of ABYG but has stronger 
activity against other problem weed species. Few, if any, residuals give consistent 
complete control. However, they are important tools that need to be considered to 
reduce the weed population exposed to knockdown herbicides as well as to alternate 
the herbicide chemistry being employed. Use of residuals together with camera spray 
technology (for escapes) can be a very effective strategy in fallow.

Double-knock control
This approach uses two different tactics applied sequentially. In reduced tillage 
situations, it is frequently glyphosate first followed by a paraquat-based spray as the 
second application or ‘knock’. Trials to date have shown that glyphosate followed by 
paraquat has given effective control, even on glyphosate-resistant ABYG. Most effective 
results will be achieved from paraquat-based sprays by using higher total application 
volumes (100 L/ha) and finer spray quality and by targeting seedling weeds.

A number of Group A herbicides such as Verdict® and Select® are effective on ABYG 
but should be used in registered summer crops e.g. mungbeans. Even on glyphosate-
resistant ABYG, a glyphosate followed by paraquat double-knock is an effective tool. In 
the same situations, there has been little benefit from a Group A followed by paraquat 
application. It would also appear that Group A herbicides are more sensitive to ABYG 
moisture stress. Application on larger mature weeds can result in very poor efficacy.

Timing of the paraquat application for ABYG control has generally proven flexible. 
The most consistent control is obtained from a delay of ~3–5 days when lower rates 
of paraquat can also be used. Longer delays may be warranted when ABYG is still 
emerging at the first application, and shorter intervals are generally required when weed 
size is larger or moisture stress conditions are expected. High levels of control can still 
be obtained with larger weeds but paraquat rates will need to be increased to 2.0 or 2.4 
L/ha.
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Flaxleaf fleabane

Figure 3: Flaxleaf fleabane. (Photo: QDAFF)

There are three main species of fleabane in Australia: Conyza bonariensis (flaxleaf 
fleabane), C. Canadensis (Canadian fleabane) and C. albida (tall fleabane). There are two 
varieties of C. canadensis, var. canadensis and var. pusilla. Of the three species, flaxleaf 
fleabane is the most common across Australia. 15

For more than a decade, fleabane has been the major weed management issue in 
the northern cropping region, particularly in reduced tillage systems. Fleabane is a 
wind-borne, surface-germinating weed that thrives in situations of low competition. 
Germination flushes typically occur in autumn and spring when surface soil moisture 
levels stay high for a few days. However, emergence can occur at nearly all times of the 
year.

One of the key issues with fleabane is that knock-down control of large plants in the 
summer fallow is variable and can be expensive due to reduced control rates.

Key points 
• Utilise residual chemistry wherever possible and aim to control ‘escapes’ with 

camera spray technology.

• This weed in situations of low competition; avoid wide row-cropping unless 
effective residual herbicides are included.

• 2,4 D is a critical tool for consistent double-knock control.

• Successful growers have increased their focus on fleabane management in winter 
(crop or fallow) to avoid expensive and variable salvage control in the summer.

15  Ml Widderick, H Wu, Fleabane, Agriculture WA

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 1    BArley - Planning/Paddock preparation   

 9Know more. Grow more.

February 2016

FeedbackTable of Contents

1

Resistance levels
Glyphosate resistance has been confirmed in fleabane. There is a large amount of 
variability in the response of fleabane to glyphosate. Many samples from non-cropping 
areas are still well controlled by glyphosate whilst increased levels of resistance are 
found in fleabane from reduced-tillage cropping situations. The most recent survey has 
focused on non-cropping situations with a large number of resistant populations found 
on roadsides and railway lines, etc, where glyphosate alone has been the principal weed 
management tool employed.

Residual herbicides (fallow and in-crop)
One of the most effective strategies to manage fleabane is the use of residual herbicides 
in fallow or in-crop. Trials have consistently shown good levels of efficacy from a range 
of residual herbicides commonly used in sorghum, cotton, chickpea and winter cereals. 
There are now at least two registrations for residual fleabane management in fallow.

Additional product registrations for in-crop knockdown and residual herbicide use, 
particularly in winter cereals, are still being sought. There is a range of commonly used 
winter cereal herbicides with useful knockdown and residual fleabane activity. Trial work 
to date has indicated that increasing water volumes from 50 to 100 L/ha may help the 
consistency of residual control; application timing to ensure good herbicide–soil contact 
is also important.

Knockdown herbicides (fallow and in-crop)
Group I herbicides have been the key products for fallow management of fleabane, 
with 2,4 D amine the most consistent herbicide evaluated. Despite glyphosate alone 
generally giving poor control of fleabane, trial work has consistently shown a benefit 
from tank-mixing 2,4 D amine and glyphosate in the first application. Amicide® Advance 
at 0.65–1.1 L/ha mixed with Roundup® Attack at a minimum of 1.15 L/ha and then 
followed by Nuquat® at 1.6–2.0 L/ha is a registered option for fleabane knockdown 
in fallow. Sharpen is a product with a Group G mode of action. It is registered for 
fallow control when mixed with Roundup Attack at a minimum of 1.15 L/ha but only 
on fleabane up to a maximum of six leaves. Currently the only in-crop knockdown 
registration is for Amicide Advance at 1.4 L/ha in either wheat or barley. Lontrel in 
crop provides useful suppression of fleabane in the following summer as does the 
combination of Atrazine and Simazine in the TT canola system.

For more information on label rates, visit www.apvma.gov.au

Double-knock control
The most consistent and effective double-knock control of fleabane has involved 
including 2,4 D in the first application followed by paraquat as the second. Glyphosate 
alone followed by paraquat will result in high levels of leaf desiccation but plants will 
nearly always recover.

Timing of the second application in fleabane is generally aimed at ~7–14 days after 
the first application. However, the interval to the second knock appears quite flexible. 
Increased efficacy is obtained when fleabane is actively growing or if rosette stages 
can be targeted. Although complete control can be obtained in some situations, e.g. 
summer 2012–13, control levels will frequently only reach ~70–80%, particularly when 
targeting large flowering fleabane under moisture-stressed conditions. The high cost 
of fallow double-knock approaches and inconsistency in actual control levels of large 
mature plants is a key reason that proactive fleabane management should be focused 
at other growth stages.
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Feathertop Rhodes grass

Figure 4: Feathertop Rhodes grass. (Photo: Rachel Bowman)

Feathertop Rhodes grass has emerged as an important weed management issue in 
southern Queensland and northern NSW since ~2008. It is another small-seeded weed 
species that germinates on, or close to, the soil surface. It has rapid early growth rates 
and can become moisture-stressed quickly. Although FTR is well established in central 
Queensland, it is still largely an emerging threat further south. Try to aggressively treat 
the patches to avoid whole-of-paddock blow-outs.

Key points
• Glyphosate alone or glyphosate followed by paraquat gives generally poor results.

• Utilise residual chemistry wherever possible and aim to control ‘escapes’ with 
camera spray technology.

• A double-knock of Verdict followed by paraquat can be used in Queensland prior to 
planting mungbeans where large spring flushes of FTR occur.

• Treat patches aggressively, even with cultivation, to avoid paddock blow-outs.

Residual herbicides (fallow and in-crop)
This weed is generally poorly controlled by glyphosate alone even when sprayed 
under favourable conditions at the seedling stage. Trial work has shown that residual 
herbicides generally provide the most effective control, a similar pattern to that seen 
with fleabane. A wide range of currently registered residual herbicides is being screened 
and offers promise in both fallow and in-crop situations. The only product currently 
registered for FTR control is Balance (isoxaflutole) at 100 g/ha for fallow use.

Double-knock control
A glyphosate followed by paraquat double-knock is a very effective strategy on 
barnyard grass but the same approach is variable and generally disappointing for FTR 
management. By contrast, a small number of Group A herbicides (all members of the 
‘fop’ class) can be effective against FTR but need to be managed within a number of 
constraints.

• Although they can provide high levels of efficacy on fresh and seedling FTR, they 
need to be followed by a paraquat double-knock to get consistent high levels of 
final control.

• Group A herbicides have a high risk for resistance selection, again requiring follow-
up with paraquat.

• Many Group A herbicides have plant-back restrictions to cereal crops.
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• Group A herbicides generally have narrower windows of weed growth stage for 
successful use than herbicides such as glyphosate i.e. Group A herbicides will 
generally give unsatisfactory results on flowering and/or moisture-stressed FTR.

• Not all Group A herbicides are effective on FTR.

For information on a permit (PER12941) issued for Queensland only for the control of 
FTR in summer fallow situations prior to planting mungbeans, see www.apvma.gov.au.

Timing of the second application for FTR is still being refined but application at ~7–14 
days generally provides the most consistent control. Application of paraquat at shorter 
intervals can be successful when the Group A herbicide is translocated rapidly through 
the plant, but has resulted in more variable control in field trials. Good control can often 
be obtained up to 21 days after the initial application.

Windmill grass

Figure 5: Windmill grass. (Photo: Maurie Street)

While FTR has been a grass weed threat coming from Queensland and heading south, 
windmill grass is more of an issue in central NSW and is spreading north. Windmill 
grass is a perennial, native species found throughout northern NSW and southern 
Queensland. The key cropping threat appears to be from the selection of glyphosate-
resistant populations, with control of the tussock stage providing most management 
challenges.

Key points
• Glyphosate alone or glyphosate followed by paraquat gives generally poor results.

• Preliminary data suggest that residual chemistry may provide some benefit.

• A double-knock of quizalofop-p-ethyl (e.g. Targa) followed by paraquat can be used 
in NSW.

• Cultivation is quite effective in controlling windmill grass as the plant is relatively 
shallow rooted.

Resistance levels
Glyphosate resistance has been confirmed in windmill grass with three documented 
cases in NSW, all west of Dubbo. Glyphosate-resistant populations of windmill grass in 
other states have all been collected from roadsides but in central west NSW, two were 
from fallow paddock situations.

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.apvma.gov.au
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Residual herbicides (fallow and in-crop)
Preliminary trial work has shown a range of residual herbicides with useful levels of 
efficacy against windmill grass. These herbicides have potential for both fallow and 
in-crop situations. Currently there are no products registered for residual control of 
windmill grass.

Double-knock control
Similar to FTR, a double-knock of a Group A herbicide followed by paraquat has 
provided clear benefits compared with the disappointing results usually achieved by 
glyphosate followed by paraquat. Similar constraints apply to double-knock for windmill 
grass control as they do for FTR.

For information on a permit for NSW only for the control of windmill grass in summer 
fallow situations, visit www.apvma.gov.au.

Timing of the second application for windmill grass is still being refined but application 
at ~7–14 days generally provides the most consistent control. Application of paraquat at 
shorter intervals can be successful when the Group A herbicide is translocated rapidly 
through the plant, but has resulted in more variable control in field trials and has been 
clearly antagonistic when the interval is one day or less. Good control can often be 
obtained up to 21 days after the initial application. 16

1.7 Fallow chemical plant-back effects
Plant-back periods are the times that must pass between the herbicide spraying date 
and safe planting date of a subsequent crop.

Some herbicides have a long residual. The residual is not the same as the half-life. 
Although the amount of chemical in the soil may break down to half the original 
amount rapidly, what remains can be persistent for long periods, e.g. sulfonylureas 
(chlorsulfuron). Where known, this is shown in Table 3. Herbicides with long residuals 
can affect subsequent crops, especially if, like the sulfonylureas, they are effective at 
low rates. On labels, this will be shown by plant-back periods, which are usually listed 
under a separate plant-back heading or under the ‘Protection of crops etc.’ heading in 
the ‘General Instructions section of the label.’17 

16  R Daniel (2013) Weeds and resistance—considerations for awnless barnyard grass, Chloris spp 
and fleabane management Northern Grower Alliance, 2013. http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2013/07/Weeds-and-resistance-considerations-for-awnless-barnyard-
grass-Chloris-spp-and-fleabane-management

17  B Haskins (2012) Using pre-emergent herbicides in conservation farming systems. NSW Department 
of Primary Industries, 2012. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-
emergent-herbicides-in-conservation-farming-systems.pdf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Weeds-and-resistance-considerations-for-awnless-barnyard-grass-Chloris-spp-and-fleabane-management
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Table 3: Residual persistence of common pre-emergent herbicides, and noted residual 
persistence in broad acre trials and paddock experiences 18

Herbicide Half-life (days) residual persistence and prolonged 
weed control

Logran® (triasulfuron) 19 High. Persists longer in high pH soils. Weed 
control commonly drops off within 6 weeks

Glean® (chlorsulfuron) 28–42 High. Persists longer in high pH soils. Weed 
control longer than Logran

Diuron 90 (range 1 
month to 1 year, 
depending on rate)

High. Weed control will drop off within 6 weeks, 
depending on rate. Has had observed long-
lasting activity on grass weeds such as black/
stink grass (Eragrostis spp.) and to a lesser 
extent broadleaf weeds such as fleabane

Atrazine 60–100, up to 1 
year if dry

High. Has had observed long lasting (>3 
months) activity on broadleaf weeds such as 
fleabane

Simazine 60 (range 28–149) Med./high. 1 year residual in high pH soils. Has 
had observed long lasting (>3 months) activity 
on broadleaf weeds such as fleabane

Terbyne® (terbulthylazine) 6.5–139 High. Has had observed long lasting (>6 
months) activity on broadleaf weeds such as 
fleabane and sow thistle

Triflur® X (trifluralin) 57–126 High. 6–8 months residual. Higher rates longer. 
Has had observed long lasting activity on grass 
weeds such as black/stink grass (Eragrostis 
spp.)

Stomp® (pendimethalin) 40 Medium. 3–4 months residual

Avadex® Xtra (triallate) 56–77 Medium. 3–4 months residual

Balance® (isoxaflutole) 1.3 (metabolite 
11.5)

High. Reactivates after each rainfall event. Has 
had observed long lasting (> 6 months) activity 
on broadleaf weeds such as fleabane and sow 
thistle

Boxer Gold® 
(prosulfocarb)

12–49 Medium. Typically quicker to break down than 
trifluralin, but tends to reactivate after each 
rainfall event

Sakura® (pyroxasulfone) 10–35 High. Typically quicker breakdown than 
Trifluralin and Boxer Gold;, however, weed 
control persists longer than Boxer Gold

Sources: CDS Tomlinson (ed.) (2009) The pesticide manual. 15th edn, British Crop Protection Council, Farnham, 
UK. Extoxnet, http://extoxnet.orst.edu/; California Dept Pesticide Regulation Environmental Fate Reviews, www.
cdpr.ca.gov/

For more information, visit www.apvma.gov.au.

1.8 Seedbed requirements
Barley seed needs good soil contact for germination. This was traditionally achieved by 
producing a fine seedbed by multiple cultivations. Good seed–soil contact can now be 
achieved by the use of press wheels or rollers. Soil type and soil moisture influence the 
choice of covering device.

Between 70% and 90% of seeds sown produce a plant. Inappropriate sowing depth, 
disease, crusting, moisture deficiency and other stresses all reduce the numbers of 
plants that become established. Field establishment rates can be 60% or lower if 
seedbed conditions are unfavourable.

Seedbed preparation is also important to emergence. A cloddy seedbed can reduce 
emergence rates, as the clods reduce seed–soil contact, stop some seedlings reaching 
the surface, and allow light to penetrate below the soil surface.

18  B Haskins (2012) Using pre-emergent herbicides in conservation farming systems. NSW Department 
of Primary Industries, 2012. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-
emergent-herbicides-in-conservation-farming-systems.pdf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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The coleoptile senses the light and stops growing, and a leaf is produced while still 
below the surface. Cloddy soils also dry out more quickly. 19

1.9 Soil moisture
The APSIM-Barley module simulates the growth and development of a barley crop in a 
daily time-step on an area basis (per square meter, not single plant). Barley growth and 
development in this module respond to weather (radiation, temperature), soil water and 
soil N. The barley module returns information on its soil water and N uptake to the soil 
water and N modules on a daily basis for reset of these systems. Information on crop 
cover is also provided to the water balance module for calculation of evaporation rates 
and run-off. Barley root residues are passed from barley to the surface residue and soil 
N modules respectively at harvest of the barley crop. 20

For more information, visit http://www.apsim.info/Documentation/Model,CropandSoil/
CropModuleDocumentation/Barley.aspx

1.9.1 Dryland
Soil water can be effectively monitored to assist managers in crop decision support. 
However, using currently available technologies it is unrealistic to think that highly 
accurate estimates of plant-available water will be possible given the inherent variability 
of northern cropping soils and currently available sensor technologies. 21 

Technologies to support decision-making
Given the vagaries of the system, there are a number of technologies which will 
provide a level of information useful in decision support without excessively high 
levels of investment. Read about them at http://www.grdc.com.au/GRDC-Booklet-
PlantAvailableWater

Devices for soil monitoring
In-situ devices that have relatively small zones of measurement and rely on good soil/
sensor contact to measure soil water are at a disadvantage in shrink–swell soils where 
soil movement and cracking are typical. This is more important in dryland than irrigated 
systems where seasonal soil water levels vary from above field capacity through to wilting 
point or lower. Consequently, the potentially high levels of error associated with cracking 
and soil movement and high levels of inherent soil variability mean increased device 
replication would be necessary to achieve confidence in results. This however comes at 
an increased capital cost. Some devices (capacitance, time-domain reflectometer) also 
have an upper measurement limit over which they are unable to accurately measure soil 
water. This may be an issue on high clay soils where moisture content at drained upper 
limit is likely to be >50% volumetric, the common limit for these devices.

By comparison, the use of a portable electromagnetic induction (EMI) device to measure 
bulk electrical conductivity and calculate soil water has a number of advantages. EMI 
is quick, allowing for greater replication, measures the soil moisture of a large volume 
of soil (to 150 cm depth), is not affected by cracking or soil movement and does not 
require installation of an access tube thus making it available for use on multiple 
paddocks. The downsides are that it is unsuitable for use in saline soils and does not 
apportion soil water to particular layers within the soil profile. 22 

19  Industry & Investment NSW Agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

20  Crop Module Documentation: Barely, Agricultural Production Systems Simulator (APSIM) http://www.apsim.
info/Documentation/Model,CropandSoil/CropModuleDocumentation/Barley.aspx

21  Nl Dalgliesh, N Huth (2013), New technology for measuring and advising on soil water, GRDC Research 
Update Goondiwindi 2013. http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/
New-technology-for-measuring-and-advising-on-soil-water

22  N Dalgliesh, N Huth (2013) New technology for measuring and advising on soil water, GRDC Research 
Update Goondiwindi 2013. http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/
New-technology-for-measuring-and-advising-on-soil-water
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New thoughts on soil moisture monitoring
Despite an extensive range of monitoring instruments now available to us, measuring 
paddock soil moisture is still a considerable challenge. Among the suite of instruments 
currently available, one that stands out and is increasingly being used by researchers 
and agronomists is the EM38 (Geonics Ltd., Ontario, Canada). This electromagnetic 
induction instrument is proving to have significant application potential for determining 
soil properties useful in precision agriculture and environmental monitoring. It is now 
commonly used to provide rapid and reliable information on properties such as soil 
salinity and soil management zones, both of which relate well to crop yield. It is also 
used in a wide number of agronomic and environmental applications to monitor soil 
water within the root-zone. It provides an efficient means to monitor crop water use 
and plant-available water (PAW) in the soil profile throughout the growing season so 
that informed management decisions can be made e.g. the application, timing and 
conservation of irrigation water and fertiliser. EM38 data-sets have also proved valuable 
to test and validate water balance models which are used to extrapolate to other 
seasons, management scenarios and locations.

EM38s is an easy-to-use geophysical surveying instrument that provides a rapid 
measure of soil electrical conductivity (EC). Soil calibrations or qualitative assessments 
can be used to convert this to estimates of soil water in the root-zone. This information 
is vital to farm management decisions based on accurate knowledge of soil PAW. 23

Calibration of monitoring devices
Electronic monitoring tools require calibration to convert the device output signal into 
information easily understood by the user, e.g. millivolts to volumetric soil water or 
PAW. This process requires the development of a relationship between sensor output 
and physically measured soil moisture content at moisture levels from dry to wet. 
The resulting calibration is then used to convert device output signal to gravimetric or 
volumetric water content.

To calculate the availability of soil moisture for crop use (in mm of available water) 
requires the further processing of the data and knowledge of a soil’s PAW capacity 
(PAWC). A suitable characteristic may be identified from the APSoil database or 
SoilMapp, or electronic sensor output used to identify the soil’s water-content operating 
range and reasonable assumptions made on values for drained upper limit and crop 
lower limit. An alternative is to use Soil Water Express (Burk and Dalgliesh 2012), a tool 
which uses the soil’s texture, salinity and bulk density to predict PAWC and to convert 
electronic sensor output to meaningful soil water information (mm of available water).

Modelling of soil water
Simulation of the water balance should be considered as an alternative to field-based 
soil water monitoring. Considering the error surrounding in-field measurement and 
issues surrounding installation of sensing devices, there is a reasonable argument that 
the modelling of the water balance, when initialised with accurate PAWC and daily 
climate information, is likely to be as accurate as direct measurement. APSIM and Yield 
Prophet successfully predict soil water and should be considered for both fallow and 
cropping situations. CliMate is a logical choice for managing fallow water (Freebairn 
2012). 24

Subsoil constraints
Soils with high levels of chloride and/or sodium in their subsurface layers are often 
referred to as having subsoil constraints. There is growing evidence that these affect 

23  J Foley, (2013) A 'how to' for getting soil water from your EM38 field measurements. GRDC Update 
Goondiwindi 2013. https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/
A-how-to-for-getting-soil-water-from-your-EM38-field-measurements

24  N Dalgliesh, N Huth  (2013) New technology for measuring and advising on soil water. GRDC Research 
Update Goondiwindi 2013. http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/
New-technology-for-measuring-and-advising-on-soil-water
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yields by increasing the lower limit of a crop’s available soil water and thus reducing the 
soil’s PAWC.25 

Effect of strategic tillage
Research shows one-time tillage with chisel or offset disc in long-term no-till helped 
control winter weeds and slightly improved grain yields and profitability while retaining 
many of the soil-quality benefits of no-till farming systems. 

Tillage reduced soil moisture at most sites; however, this decrease in soil moisture did 
not adversely affect productivity. This could be due to good rainfall received between 
tillage and seeding and during the growing season. The occurrence of rain between 
tillage and sowing or immediately after sowing is necessary to replenish soil water 
lost from the seed-zone. This suggests importance of timing of tillage and taking the 
seasonal forecast into consideration. Future research will determine best timing for 
strategic tillage in no-till. 26

1.9.2 Irrigation
Barley has not been a traditional irrigation crop due to its susceptibility to waterlogging 
on older irrigation layouts and the lack of suitable varieties for the cooler and wetter 
environment of the southern irrigation areas. However, barley has a number of good 
agronomic attributes for these regions compared with other cereals. It has a shorter 
growing season so it requires less water to finish and can fit into a double-cropping 
program, e.g. barley and soybeans. There is normally good local and export demand for 
malting and feed-grade barley. There are no stripe rust issues in barley; it provides good 
weed suppression and generally has lower input costs.

These attributes, combined with the features of recently developed varieties, have led to 
increasing interest in barley as an irrigated crop.

Management of the crop can be flexible. Variety choice, seeding rate and fertiliser rates 
are determined according to how the crop will be watered, that is:

• rainfed and residual irrigation water

• restricted watering (e.g. one spring irrigation)

• fully irrigated with the aim of achieving maximum yield and targeting malting quality 
27 

Barley has a high water-use-efficiency rating. The plant can extract moisture from 
below 80 cm and, given a good starting moisture profile, high-yielding crops can be 
grown on limited irrigation. Yields of 7.3 t/ha and higher have been recorded. Growers 
should target yields of 5-6 t/ha and protein content of 10.1% (dry) or 11.5% (wet basis) 
to maximise yield and quality. Requirements for water depend on winter rainfall and 
irrigation systems, but one of the crucial times to apply water for achieving malting 
quality is grain-fill. Adequate moisture during tillering and early jointing is important for 
maximising potential yield. 28 High water use efficiency also makes it a more reliable 
cereal in lower rainfall regions.

1.10 yield and targets

1.10.1 Variety yield comparisons

25  Z Hochman et al. (2007) Simulating the effects of saline and sodic subsoils on wheat crops growing on 
Vertosols. Australian Journal of Agricultural Research 58, 802–810. http://era.daf.qld.gov.au/1336/

26  Y Dang, V Rincon-Florez, C Ng, S Argent, M Bell, R Dalal, P Moody, P Schenk (2013) Tillage impact in long 
term no-till. GRDC Update Papers Feb. 2013. https://www.grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2013/02/Tillage-impact-in-long-term-no-till

27  K O’Keeffe, N Fettell (2010) Barley varieties & sowing rates for irrigation. Industry & Investment NSW, 2010. 
http://irec.org.au/farmer_f/pdf_182/Barley%20proves%20valuable%20for%20irrigation%20rotations.pdf

28  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland 2012. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

i More 
information

Assessment of sub-
soil salinity and 
sodicity constraints to 
barley and faba bean 
production
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See the National Variety Trial website, www.nvtonline.com.au, to compare the 
performance of current barley varieties across the northern region.

1.10.2 Seasonal outlook
Growers and advisers now have an online tool at their fingertips. CropMate was 
developed by NSW Department of Primary Industries (NSW DPI) and can be used in 
pre-season planning to analyse average temperature, rainfall and evaporation. It also 
provides seasonal forecasts and information on the influences on climate such as the 
impact of Southern Oscillation Index (SOI) on rainfall. The CropMate decision tools 
provide estimates of soil water and N, frost and heat risk, as well as gross margin 
analyses of the various cropping options. 

Download CropMate from the App Store on iTunes at https://itunes.apple.com/au/app/
cropmate-varietychooser/id476014848?mt=8.

Queensland Alliance for Agriculture and Food Innovation produces regular seasonal 
outlooks for winter-crop producers in Queensland. These high-value reports are written 
in an easy-to-read style and are free. Download the ‘Seasonal Crop Outlook—wheat, 
October 2013’.

http://www.qaafi.uq.edu.au/seasonal-crop-outlook-wheat

http://www.qaafi.uq.edu.au/content/Documents/crop-outlook/wheat/2013-10-wheat-
outlook.pdf

For tips on understanding weather and climate drivers including the SOI, visit the 
Climate Kelpie website at http://www.climatekelpie.com.au/understand-climate/
weather-and-climate-drivers/queensland#ElNino.

Case studies of 37 farmers across Australia recruited as Climate Champions as part 
of the Managing Climate Variability R&D Program can be accessed at http://www.
climatekelpie.com.au/ask-a-farmer/climate-champion-program.

Australian CliMate is a suite of climate analysis tools delivered on the Web, iPhone, 
iPad and iPod Touch devices. CliMate allows you to interrogate climate records to ask 
questions relating to rainfall, temperature, radiation, and derived variables such as heat 
sums, soil water and soil nitrate, as well as El Nino/Southern Oscillation status. It is 
designed for decision -makers like farmers whose businesses rely on the weather.

Download from the Apple iTunes store at https://itunes.apple.com/au/app/australian-
climate/id582572607?mt=8 or visit http://www.australianclimate.net.au.

One of the CliMate tools, Season’s progress?, uses long-term (1949 to present) weather 
records to assess progress of the current season (rainfall, temperature, heat sums and 
radiation) compared to the average and all years.

Season’s progress? efficiently explores the readily available weather data and compares 
the current season with the long -term average and graphically presents the spread of 
experience from previous seasons.

Crop progress and expectations are influenced by rainfall, temperature and radiation 
since planting. Season’s progress? provides an objective assessment based on long-
term records and helps to answer the following questions:

• How is the crop developing compared to previous seasons, based on heat sum?

• Is there any reason why my crop is not doing as well as usual because of below-
average rainfall or radiation?

• Based on the season’s progress (and starting conditions from HowWet/N?), should 
I adjust inputs?

Season’s progress? asks for the weather variable to be explored (rainfall, average daily 
temperature, radiation, heat sum with base temperatures of 0, 5, 10, 15 and 20°C), a 
start month and duration.

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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Text and two graphical presentations are used to show the current season in the context 
of the average and all years. Departures from the average are shown in a fire risk chart 
as the departure from the average in units of standard deviation. 29

The Bureau of Meteorology has recently moved from a statistics-based to a physics-
based (dynamical) model for its seasonal climate outlooks. The new system has better 
overall skill, is reliable, allows for incremental improvements in skill over time and 
provides a framework for new outlook services including multi-week/monthly outlooks 
and the forecasting of additional climate variables. 30 

1.10.3 Fallow moisture
For a growing crop, there are two sources of water; the water stored in the soil during 
the fallow, and the water that falls as rain while the crop is growing. You have some 
control over the stored soil water; you can measure how much you have before you 
plant the crop. However, rainfall is out of your control. Long-range forecasts and tools 
such as the SOI can indicate the likelihood of the season being wet or dry, but they 
cannot guarantee rain will fall when you need it. 31

HowWet?
HowWet? uses records from a nearby weather station to estimate how much plant 
available water (PAW) has accumulated in the soil and the amount of organic nitrogen 
that has been converted to an available nitrate during a fallow. 

Howwet? tracks soil moisture, evaporation, run-off and drainage on a daily time step. 
Accumulation of available N in the soil is calculated based on surface soil moisture, 
temperature and soil organic carbon.

HowWet?:

• estimates how much rain has been stored as plant-available soil water during the 
most recent fallow period;

• estimates how much N has been mineralised as nitrate-N in soil; and

• and provides a comparison with previous seasons.

This information aids in the decision of what crop to plant and how much nitrogen 
fertiliser to apply.

Barley is grown in regions where stored soil water and nitrate at planting are important 
in crop management decisions. This is of particular importance to northern Australian 
grain growers with clay soils where stored soil water at planting can constitute a large 
part of a crop’s water supply.

Questions this tool answers:

• How much longer should I fallow? If the soil is near full, maybe the fallow can be 
shortened.

• Given my soil type and local rainfall to date, what is the relative soil moisture and 
nitrate N accumulation over the fallow period compared to most years? Relative 
changes are more reliable than absolute values.

• Based on estimates of soil water and nitrate-N accumulation over the fallow, what 
adjustments are needed to the N supply? 32

Inputs

29  Australian Climate: www.australianclimate.net.au

30  J Sabburg, G Allen (2013) Seasonal climate outlook improvements changes from historical to real time data. 
GRDC Update Papers 18 July 2013. https://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2013/07/Seasonal-climate-outlook-improvements-changes-from-historical-to-real-time-data

31  J Whish (2013) Impact of stored water on risk and sowing decisions in western NSW. GRDC Update Papers 
23 July 2013. https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/
Impact-of-stored-water-on-risk-and-sowing-decisions-in-western-NSW

32  How Wet/N? http://www.australianclimate.net.au/About/HowWetN
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• A selected soil type and weather station

• An estimate of soil cover and starting soil moisture

• The stand-alone version of HowOften? uses rainfall data input by the user

Outputs
• A graph showing plant-available soil water for the current year and all other years 

and a table summarising the recent fallow water balance

• A graph showing nitrate accumulation for the current year and all other years

Reliability
HowWet? uses a standard water-balance algorithms from Howleaky? and a simplified 
nitrate mineralisation based on the original version of HowWet? Further calibration is 
needed before accepting with confidence in absolute value estimates.

Soil descriptions are based on generic soil types with standard organic carbon and C/N 
ratios and as such should be regarded as indicative only and best used as a measure of 
relative water accumulation and nitrate mineralisation.

For more information, visit http://www.australianclimate.net.au/About/HowWetN.

1.10.4 Water-use efficiency
Water-use efficiency is the measure of a cropping system’s capacity to convert water 
into plant biomass or grain. It includes both the use of water stored in the soil and 
rainfall during the growing season.

Water use efficiency relies on:

• the soil’s ability to capture and store water

• the crop’s ability to access water stored in the soil and rainfall during the season

• the crop’s ability to convert water into biomass

• the crop’s ability to convert biomass into grain (harvest index)

Water is the principal limiting factor in rain-fed cropping systems in northern Australia. 
The objective of rain-fed cropping systems is to maximise the proportion of rainfall that 
crops use and minimise water lost through run-off, drainage and evaporation from the 
soil surface and to weeds.

Rainfall is more summer-dominant in the northern region, and both summer and winter 
crops are grown. However, rainfall is highly variable and can range during each cropping 
season, from little or no rain to major rain events that result in waterlogging or flooding.

Storing water in fallows between crops is the most effective tool growers have to 
manage the risk of rainfall variability, as in-season rainfall alone—in either summer or 
winter—is rarely enough to produce a profitable crop, especially given high levels of 
plant transpiration and evaporation.

Fortunately, many cropping soils in the northern region have the capacity to store large 
amounts of water during the fallow. 33

Fallow  efficiency: the efficiency with which rainfall during a fallow period is stored for use 
by the following crop.

 
change in plant available water during the fallow x 100

fallow rainfall (mm)
Fallow efficiency (%) =

Crop  water  use  efficiency: the efficiency with which an individual crop converts water 
transpired (or used) to grain.

 
grain yield (kg/ha)

crop water supply (mm) – soil evaporation
Crop WUE (kg/ha/mm)  =

33  GRDC (2009) Water use efficiency—converting rainfall to grain. Northern Region. GRDC Fact Sheet 
2009. http://www.grdc.com.au/uploads/documents/GRDC_Water%20Use%20Efficiency%20.North%20
version%20231009.pdf
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Systems  water  use  efficiency: the efficiency with which rainfall is converted to grain 
over multiple crop and fallow phases.

 
total grain yield (kg)

total rainfall (mm)
SWUE (kg grain/mm rainfall) =

Ways to increase yield
In environments such as western NSW where yield is limited by water availability, there 
are four ways of increasing yield (Passioura and Angus 2010);

1. Increase the amount of water available to a crop (e.g. good summer weed 
control, stubble retention, long fallow, sowing early to increase rooting depth).

2. Increase the proportion of water that is transpired by crops rather than lost to 
evaporation or weeds (e.g. early sowing, early nitrogen, vigorous crops and 
varieties, narrow row spacing, high plant densities, stubble retention, good weed 
management).

3. Increase the efficiency with which crops exchange water for carbon dioxide to 
grow dry matter, that is, transpiration efficiency (e.g. early sowing, good nutrition, 
high transpiration efficiency varieties such as Spitfire , Scout , Drysdale , 
Gregory ).

4. Increase the total proportion of dry matter that is grain i.e. improve harvest index 
(e.g. early flowering varieties, delayed nitrogen, wider row spacing, low plant 
densities, minimising losses to disease, high HI varieties such as H45 ,  
Hindmarsh , Wyalkatchem , Espada ).

The last three of these all improve WUE. 34

Knowledge of evaporation for the northern growing region soils is limited yet it is 
the largest part of the water balance. Since 2010 Queensland Department of Natural 
Resources and Mines (DNRM) researchers have been measuring evaporation directly for 
a range of soils using lysimetry techniques. They found most, but not all, soils evaporate 
at a similar rate. There are significant interactions between soil water, climate and rainfall 
that influence this rate of evaporation. This data has been used to test current modelling 
assumptions, better parameterise models, and is now directly contributing to improving 
predictions of the soil water balance component of models such as APSIM, APSIM-
SWIM, HowLeaky, and HowWet (via CLiMate), by providing more realistic responses for 
our soils and climates. For more information, visit http://grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2014/03/How-much-water-is-lost-from-northern-
crop-systems-by-soil-evaporation35

The French–Schultz approach
In southern Australia, the French-Schultz model is widely used to provide growers with 
a benchmark of potential crop yield based on available soil moisture and likely in-crop 
rainfall.

In this model, potential crop yield is estimated as:

Potential yield (kg/ha) = WUE (kg/ha/mm) x [crop water supply (mm) – estimate of soil 
evaporation (mm)]

where crop water supply is an estimate of water available to the crop, i.e. soil water at 
planting plus in-crop rainfall minus soil water remaining at harvest.

In the highly variable rainfall environment in the northern region, estimating in-crop 
rainfall, soil evaporation and soil water remaining at harvest is difficult. However, this 
model may still provide a guide to crop yield potential.

34  J Hunt, R Brill, Strategies-for-improving-wateruse-efficiency-in-western-regions-through-increasing-
harvest-index, GRDC Update, 2012. https://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2012/04/Strategies-for-improving-wateruse-efficiency-in-western-regions-through-increasing-
harvest-index

35 GRDC (2014), How much water is lost from northern crop systems by soil evaporation. http://www.grdc.
com.au/Research-and-Development/GRDC-Update-Papers/2014/03/How-much-water-is-lost-from-
northern-crop-systems-by-soil-evaporation
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The French–Schultz model has been useful in giving growers performance 
benchmarks—where yields fall well below these benchmarks it may indicate something 
wrong with the crop’s agronomy or a major limitation in the environment. There could 
be hidden problems in the soil such as root diseases, or soil constraints affecting yields. 
Alternatively, apparent underperformance could be simply due to seasonal rainfall 
distribution patterns, which are beyond the grower’s control. 36 

Table 4: Typical parameters that could be used in this equation

Crop WUe  
(kg/ha.mm)

Soil evaporation  
(mm)

Wheat 18 100

Chickpea 12 100

Sorghum 25 150

This table presents the results of a simulation modelling analysis for a cropping system 
at Emerald from 1955 to 2006.

Table 5: Effect of soil water threshold for planting on systems water use efficiency (SWUE) and 
other system performance parameters

System: Conservative Moderate Aggressive
Planting threshold mm 150 100 50

Number of crops 35 45 72

Crops/year 0.69 0.88 1.41

Total grain 
produced

t/ha 141 172 197

Average yield t/ha 4.04 3.82 2.73

Average cover % 40% 49% 55%

SWUE kg/
ha.mm

4.55 5.53 6.32

% rainfall ending up as:

Transpiration 21% 26% 32%

Evaporation 56% 55% 55%

Run-off 18% 16% 11%

Drainage 5% 3% 2%

This table presents the results of a simulation modelling analysis for a cropping system at Emerald from 1955 to 
2006.

Challenging the French–Schultz model
Application of the French–Schultz model for the northern region has been challenged in 
recent times. 

In the grain-belt of eastern Australia, rainfall shifts from winter-dominated in the south 
(South Australia, Victoria) to summer-dominated in the north (northern New South Wales 
and Queensland). The seasonality of rainfall, together with frost risk, drives the choice of 
cultivar and sowing date, resulting in a flowering time between October in the south and 
August in the north. 

In eastern Australia, crops are therefore exposed to contrasting climatic conditions 
during the critical period for grain formation i.e. a window of about 20 days before and 
10 days after flowering, which affect yield potential, and the WUE.

Understanding how those climatic conditions affect crop processes and how they vary 
from north to south and from season to season can help growers and consultants to set 
more realistic target yields across sites, locations and seasons. 

Researchers have analysed some of the consequences of the shift from winter to 
summer rainfall between southern and northern regions in terms of implications for 

. 36  GRDC (2009) Water use efficiency—converting rainfall to grain. Northern Region. GRDC Fact Sheet 
2009. http://www.grdc.com.au/uploads/documents/GRDC_Water%20Use%20Efficiency%20.North%20
version%20231009.pdf
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management and breeding. They make a note of caution on the use of simple rules of 
thumb (French–Schultz) for benchmarking WUE, and discuss the importance of more 
integrative and dynamic modelling approaches to explore alternatives to increase WUE 
at the single crop and whole farming systems level i.e. $/ha.mm.  

Figure 6: 
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Simulated soil evaporation is (a) unrelated to seasonal rainfall and (b) closely related to 
rainfall in small events (i.e. ≤5 mm).

1.10.5 Nitrogen-use efficiency
Soil type, rainfall intensity and the timing of fertiliser application largely determine 
nitrogen losses from dryland cropping soils.

In cracking clay soils of the northern grains region, saturated soil conditions between 
fertiliser application and crop growth can lead to significant N losses from the soil 
through denitrification. The gases lost in this case are nitric oxide, nitrous oxide and 
di-nitrogen (N2). Isotope studies in the northern region have found these losses can be > 
30% of the N applied. Direct measurements of nitrous oxide highlight the rapidity of loss 
in this process.

Insufficient rainfall after surface application of nitrogen fertilisers can result in N 
losses from the soil through volatilisation. The gas lost in this case is ammonia. Direct 
measurements of ammonia loss have found these losses were generally <15% of the N 
applied, even less in in-crop situations. An exception was the application of ammonium 
sulfate to soils with free lime at the surface, where losses were >25% of the N applied. 
Recovery of N applied in-crop requires sufficient in-crop rainfall for plant uptake from 
otherwise dry surface soil. 37

A balance of nutrients is essential for profitable yields. Fertiliser is commonly needed to 
add the essential nutrients phosphorus and nitrogen. The lack of other essential plant 
nutrients may also limit production in some situations.

Knowing the nutrient demand of crops is essential in determining nutrient requirements. 
Soil testing and nutrient audits assist in matching nutrient supply to crop demand.

37  G Schwenke, P Grace, M Bell (2013) Nitrogen use efficiency. GRDC Update, 2013. https://www.grdc.com.
au/Research-and-Development/GRDC-Update-Papers/2013/07/Nitrogen-use-efficiency

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2014/03/BFDC-
Interrogator
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An online fertiliser cost comparison calculator is available via CropMate™. Download 
CropMate from the App Store on iTunes at https://itunes.apple.com/au/app/cropmate-
varietychooser/id476014848?mt=8.

1.10.6 Double-crop options
A mounting body of research shows that integrated weed management (IWM) 
approaches incorporating strategic crop sequences and rotations, herbicides and other 
tactics provide effective weed control within holistic production systems.

Similarly, it has long been recognised that introduction of legumes and ley phases into 
cropping sequences are an important means by which long-term improvements in soil 
fertility can be achieved. GRDC-funded research is under way to quantify the benefits in 
central Queensland. 38 

1.11 Disease status of paddock
Diseases remain a major threat to barley production in Australia but are generally 
well controlled at present. The current average annual loss from barley diseases was 
estimated to be AU$252 million, including $34 million in the northern region. This 
compares with a potential average loss nationally of $192 million from a single disease, 
spot form of net blotch, which is reduced to $43 million by current controls.

On average, the current national average losses from diseases are $66.49/ha. The 
losses represent $81.53/ha in the northern region. 39

1.11.1 Soil testing for disease
PreDicta B (B = broadacre) is a DNA-based soil testing service to identify which soil-
borne pathogens pose a significant risk to broadacre crops prior to seeding.

It has been developed for cropping regions in southern Australia and includes tests for:

• cereal cyst nematode

• take-all (Gaeumannomyces graminis var. tritici (Ggt) and G. graminis var. avenae 
(Gga))

• rhizoctonia barepatch (Rhizoctonia solani AG8)

• RLN (Pratylenchus neglectus and P. thornei)

• stem nematode (Ditylenchus dipsaci)

Northern region grain producers can access PreDicta B via Crown Analytical Services 
or agronomists accredited by South Australian Research and Development Institute 
(SARDI) to interpret the results and provide advice on management options to reduce 
the risk of yield loss. PreDicta B samples are processed weekly from February to mid-
May (prior to crops being sown) to assist with planning the cropping program.

PreDicta B is not intended for in-crop diagnosis. This is best achieved by sending 
samples of affected plants to your local plant pathology laboratory.

For more information, visit http://www.crownanalytical.com.au or http://www.sardi.
sa.gov.au/products__and__services/entomology/diagnostic_services/predicta_b.

1.11.2 Cropping history effects
Continuous cereal cropping increases the risk of diseases including crown rot. This 
fungal disease is hosted by all winter cereals and many grassy weeds and can survive 
for many years in infected plant residues. Infection can occur when plants come in close 
contact with those residues.

38  R Sequeira, GRDC Grower Solutions for Central Queensland, GRDC, 2010. http://www.grdc.com.au/
Research-and-Development/DAQ00170

39  GM Murray, JP Brennan (2009), The Current and-Potential-Costs-from-Diseases-of-Barley-in-Australia, 
GRDC, 2009. http://www.grdc.com.au/uploads/documents/GRDC_Disease_Loss_Barley_Report_240809.
pdf
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High cereal intensity and inclusion of durum wheat in cropping programs are factors 
which increase crown rot levels. 40

1.12 Nematode status of paddock
In the northern grain region, the predominant RLN, Pratylenchus thornei, costs the 
wheat industry AU$38 million 41 annually, and including the secondary species, P. 
neglectus, RLN are found in three-quarters of fields tested. 42

1.12.1 Nematode testing of soil
It is important to have paddocks diagnosed for plant parasitic nematodes so that 
optimal management strategies can be implemented. Testing your farm will tell you:

• if nematodes are present in your fields and at what density

• which species are present

It is important to know what species are present because crops and varieties have 
different tolerance and resistance to different species of nematodes.

If a particular species is present in high numbers it is important to make immediate 
decisions to avoid losses in the next crop to be grown. When low numbers are present, 
it is important to take decisions to safeguard future crops. Learning that a paddock 
is free of these nematodes is valuable information because it may be possible to take 
steps to avoid future contamination of that field. 43 

Testing of soil samples taken before a crop is sown or while the crop is in the ground 
provides valuable information.

Link to SARDI PreDictaB testing service: http://pir.sa.gov.au/research/services/
molecular_diagnostics/predicta_b

1.12.2 effects of cropping history on nematode status
Root-lesion nematode numbers build up steadily under susceptible crops and cause 
decreasing yields over several years. Yield losses greater than 50% can occur in some 
wheat varieties and up to 20% yield loss in some chickpea varieties. The amount of 
damage caused will depend on:

• the numbers of nematodes in the soil at sowing

• the tolerance of the variety of the crop being grown

• the environmental conditions

Generally, a population density of 2000 root-lesion nematodes per kilogram soil 
anywhere in the soil profile has the potential to reduce the grain yield of intolerant 
varieties.44

A tolerant crop yields well when high populations of RLN are present (opposite is 
intolerance). A resistant crop does not allow RLN to reproduce and increase in number 
(opposite is susceptibility).45

40  Hot-Topics: Crown-Rot, GRDC, 2012. http://www.grdc.com.au/Media-Centre/Hot-Topics/Crown-Rot

41  GM Murray, JP Brennan (2009) The Current and Potential Costs from Diseases of Wheat in Australia, GRDC, 
2009. http://grdc.com.au/uploads/documents/GRDC_WheatDiseaseLoss_Report_final.pdf

42  K Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact Sheet. 
http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

43  Queensland Primary Industries and Fisheries (2009) Root lesion nematodes—management of root-lesion 
nematodes in the northern grain region. Queensland Government. https://www.daf.qld.gov.au/__data/
assets/pdf_file/0010/58870/Root-Lesion-Nematode-Brochure.pdf

44  Queensland Primary Industries and Fisheries (2009) Root lesion nematodes—management of root-lesion 
nematodes in the northern grain region. Queensland Government. https://www.daf.qld.gov.au/__data/
assets/pdf_file/0010/58870/Root-Lesion-Nematode-Brochure.pdf

45  K Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact Sheet. 
http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland
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Growing resistant crops is the main tool for managing nematodes. In the case of crops 
such as wheat or chickpea, choose the most tolerant variety available and rotate with 
resistant crops to keep nematode numbers at low levels. Information on the responses 
of crop varieties to RLN are regularly updated in grower and DAFF planting guides. It is 
worth noting that crops and varieties have varying levels of tolerance and resistance to 
Pratylenchus thornei and P. neglectus (See Table 1). 46

Summer crops have an important role in management of RLN. Research shows when 
P. thornei is present in high populations two or more resistant crops in sequence are 
needed to reduce populations to low enough levels to avoid yield loss in the following 
intolerant, susceptible cereal crops. 47

For more information on nematode management, see Section 8: Nematodes.

1.13 Insect status of paddock

1.13.1 Insect sampling of soil
Soil-dwelling insect pests can seriously reduce plant establishment and populations, 
and subsequent yield potential.

Soil insects include:

• cockroaches

• crickets

• earwigs

• black scarab beetles

• cutworms

• false wireworm

• true wireworm

Different soil insects occur under different cultivation systems and farm management 
can directly influence the type and number of these pests.

• Weedy fallows and volunteer crops encourage soil insect build-up.

• Insect numbers decline during a clean long fallow due to lack of food.

• Summer cereals followed by volunteer winter crops promote the build-up of earwigs 
and crickets.

• High stubble levels on the soil surface can promote some soil insects due to a food 
source but this can also mean that pests continue feeding on the stubble instead of 
germinating crops.

• No-tillage encourages beneficial predatory insects and earthworms.

• Incorporating stubble promotes black field earwig populations.

• False wireworms are found under all intensities of cultivation but decline if stubble 
levels are very low.

Soil insect control measures are normally applied at sowing. Since different insects 
require different control measures, the species of soil insects must be identified before 
planting.

Soil sampling by spade
1. Take a number of spade samples from random locations across the field.

46  Queensland Primary Industries and Fisheries (2009) Root lesion nematodes—management of root-lesion 
nematodes in the northern grain region. Queensland Government. http://soilquality.org.au/factsheets/root-
lesion-nematode-in-queensland

47  K Owen, T Clewett, J Thompson (2013) Summer crop decisions and root-lesion nematodes. GRDC 
Update Papers Bellata 16 July 2013. http://grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2013/07/Summer-crop-decisions-and-root-lesion-nematodes
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2. Check that all spade samples are deep enough to take in the moist soil layer (this 
is essential).

3. Hand-sort samples to determine type and number of soil insects.

4. Spade sampling is laborious, time-consuming and difficult in heavy clay or wet 
soils.

Germinating seed bait technique
Immediately following planting rain:

1. Soak insecticide-free crop seed in water for at least 2 hours to initiate 
germination.

2. Bury a dessertspoon full of the seed under 1 cm of soil at each corner of a 5 by 5 
m square at five widely spaced sites per 100 ha.

3. Mark the position of the seed baits as high populations of soil insects can 
completely destroy the baits.

4. One day after seedling emergence, dig up the plants and count the insects.

Trials have shown that there is no difference in the type of seed used when it comes to 
attracting soil-dwelling insects. However, using the type of seed to be sown as a crop is 
likely to indicate the species of pests that could damage that crop.

The major disadvantage of the germinating grain-bait method is the delay between the 
seed placement and assessment.

Recognising soil insects
Visit the QDAFF Photo gallery or for more information, see Section 7: Insect Control.

Detecting soil-dwelling insects
Soil insects are often difficult to detect as they hide under trash or in the soil. Immature 
insects such as false wireworm larvae are usually found at the moist–dry soil interface.

For current chemical control options see Pest Genie or APVMA. 48

1.14 Mouse management
During years of high mouse activity young winter crops can be severely damaged. 
Growers need to monitor crops closely and determine if zinc phosphide baiting should 
be carried out to reduce damage to summer crops and protect newly sown winter 
crops. Growers are reminded that there is a two week withholding period for zinc 
phosphide baits prior to harvest. Talk to your neighbours and coordinate a baiting 
program to reduce reinvasion.49 

48  DAFF (2011) How to recognise and monitor soil insects. Queensland Department of Agriculture, Fisheries 
and Forestry. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-
pest-management/help-pages/recognising-and-monitoring-soil-insects

49 Mouse plague prediction models: relevant forecasts for growers in Queensland http://grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2014/03/Mouse-plague-prediction-models-relevant-
forecasts-for-growers-in-Queensland
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SECTION 2

Pre-planting

2.1 Varietal performance and ratings yield

2.1.1 Selecting barley varieties
When selecting a variety consider crop use, disease prevalence and herbicide tolerance.

Select a suitable variety for your planting time and area, taking into consideration yield 
potential and disease risks. Leaf rust, net blotches and powdery mildew are the more 
important diseases for which selection of resistant varieties can improve performance 
and reliability.

The variety chosen should be:

• appropriate for the environment

• suitable to the sowing time

• able to be segregated in the case of malting varieties 1

Table 1: Northern region barely variety yields 2009–2011 2  

Variety Mean yield 
(tonnes/hectare)

Shepherd 5.7

Oxford 5.3

Commander 5.2

Westminster 5.2

Henley 4.8

Hindmarsh 4.6

Grout 4.1

Mackay 4.0

Fitzroy 4.0

Gairdner 3.9

Grimmett 3.8

NSW DPI trials show Commander (Kate, please insert PBR symbol on both mentions) 
continues to perform well in northern NSW in both yield and protein

There are several new lines that are undergoing malt accreditation that are showing 
considerable promise in the region.

Commander and these newer lines should give growers an increased chance of 
achieving malt specifications through improved grain size and lower grain protein levels 
under higher N supply.3

1  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

2  DAFF (2013) Barley planting and disease guide, Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-disease-guide.
pdf

3 GRDC (2014) Barley varieties and agronomy. http://grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2014/03/Barley-varieties-and-agronomy

i More 
information

Barley agronomy and 
varieties

i More 
information

http://www.dpi.nsw.
gov.au/agriculture/
broadacre/guides/
winter-crop-variety-
sowing-guide

Management effects 
on barley varieties - 
Nitrogen management 
and time of sowing

What’s new in barley 
varieties for the higher 
rainfall cropping 
regions?

Getting the best from 
barley; agronomy and 
management

2015 barley variety 
update

Barley agronomy results 
2014
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2.1.2 yielding ability and GrDC-funded National Variety 
Trials (NVT)

When considering a new variety, growers should compare the yield, grain quality and 
disease resistances with the currently grown varieties.

Grains industry productivity is dependent upon the continued adoption and deployment 
of new technologies, including the adoption of new varieties with superior yield and 
useful disease-resistance characteristics.

National Variety Trials (NVT) seek to collect the most relevant varieties for each region 
and test them alongside the elite lines from the breeding programs. For information on 
the released varieties in the NVT, visit the NVT website at www.nvtonline.com.au. 4

More than 40 barley varieties are being trialled for commercial release at NVT sites from 
northern New South Wales (NSW) to central Queensland.

The commitment of Australian breeding companies to NVT is highlighted by the 
number of varieties they are entering into the 11 NVT northern region trial sites, and five 
companies, including InterGrain, Viterra Seeds, Seednet, Seedmark and GrainSearch, 
are trialling 19 varieties as part of NVT in Queensland alone.

Trials across the northern grain-growing region are testing 25 commercially released 
varieties and 17 unreleased lines.

The released lines being evaluated in the northern GRDC-funded trials are Fairview
, Commander , Gairdner , Granger , Grimmett , Grout , Hindmarsh , Mackay , 
Oxford , Shepherd  and Westminster . 5

Individual trial results from NVT provide only a snapshot in time and may lead to 
unsuitable varietal choice. Combining data across trials and years enhances the chance 
of selecting the appropriate varieties, and the current long-term analysis is based on 
geographic region. A new method of analysis forms environment groups from similar 
trials rather than geographic regions and provides the most accurate prediction of 
relative yield performance of varieties for an environment. 6

4  NVT (2013) Queensland 2013 wheat varieties. GRDC/ Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.grdc.com.au/NVT-QLD-WheatVarietyGuide

5  GRDC (2012) NVT tests barley varieties. GRDC Ground Cover Issue 101, Nov.-Dec. 2012, http://www.grdc.
com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-101/NVT-tests-barley-varieties

6  A Kelly, A Smith, B Cullis (2013) Which variety should I grow?, GRDC Update Papers, 12 March 2013, http://
www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Kelly-Alison-What-should-I-
grow

i More 
information

See the NSW DPI 2014 
trial reports: 
Response of eight 
barley varieties to three 
seed and nitrogen 
input systems – Trangie 
2013, Rohan Brill, 
Greg Brooke and Leigh 
Jenkins, page 20

Barley varieties for the 
north – comparing new 
releases, Guy McMullen 
and Matthew Gardner, 
page 22

National barley 
varieties– evaluating 
new varieties for the 
north, Guy McMullen 
and Matthew Gardner, 
page 27

http://www.dpi.nsw.
gov.au/agriculture/
broadacre/guides/ngrt-
results

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2014/02/
New-and-potential-
malting-barley-variety-
update-and-agronomic-
developments
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Table 2: National barley variety trial yield data summary up to 2012 (GRDC) 7 

SeQ QlD Total

Variety yield (Kg/
Ha)

% of 
Gairdner 

yield

Number of 
trials

yield (Kg/
Ha)

% of 
Gairdner 

yield

Number of 
trials

Bass 3512 95 5 3389 98 15

Binalong 3836 104 2 3515 101 8

Capstan 3501 101 4

Commander 3981 108 6 3699 106 16

Dash 3553 102 4

Fathom 3915 106 4 3719 107 12

Fitzroy 3642 99 6 3494 101 16

Flagship 3675 100 2 3487 100 8

Fleet 4057 110 3 3718 107 12

Flinders 3725 101 4 3484 100 12

Gairdner 3672 100 6 3465 100 20

Grimmett 3453 94 6 3288 95 20

Grout 3617 98 6 3467 100 20

Hannan 3731 101 1 3512 101 7

Henley 3939 107 6 3643 105 13

Hindmarsh 3713 101 5 3539 102 19

Kaputar 3452 99 6

Lockyer 3946 107 2 3697 106 4

Mackay 3885 106 6 3607 104 20

Macquarie 3887 106 3 3681 106 3

Navigator 3423 93 3 3348 96 10

Oxford 4140 112 6 3790 109 16

Roe 3483 95 2 3413 98 8

Scope 3595 98 6 3395 98 12

Shepherd 3917 106 6 3627 104 20

Skiff 3820 104 2 3596 103 8

Skipper 3771 102 6 3586 103 16

Tallon 3350 96 4

Urambie 3826 104 2 3746 108 4

Vlamingh 3642 99 2 3426 99 8

Westminster 3860 105 4 3653 105 4

Wimmera 3806 103 4 3538 102 12

For more information, see: http://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/03/Kelly-Alison-What-should-I-grow

A number of GRDC apps have been developed to aid decision-making. For more 
information, visit: www.grdc.com.au/resources/apps.8

View GRDC managing director, John Harvey, discussing the Outstanding NVT results 
from mixed season 2013: http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/
c-z5JLmf73s

7  DAFF (2013) Barley planting and disease guide. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-disease-guide.
pdf

8  GRDC, www.grdc.com.au/resources/apps

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Kelly-Alison-What-should-I-grow
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Kelly-Alison-What-should-I-grow
http://www.grdc.com.au/resources/apps
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/c-z5JLmf73s
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/c-z5JLmf73s
http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-disease-guide.pdf
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2.1.3 Maturity
The maturity, or length of time taken for a variety to reach flowering, depends on 
vernalisation, photoperiod and thermal time requirements. Recommended sowing times 
are arrived at by assessing the maturity of varieties in different environments and with 
different sowing times.

After grain-filling, the vascular system supplying the grain with water and nutrients is 
blocked and the grain stops growing and turns brown. This is physiological maturity. 
The mature barley grain comprises mainly starch (75–85%), protein (~9–12%) and water 
(~8–12%).

Physiological maturity occurs between 40 and 50 days after flowering. When maximum 
grain dry weight is achieved in the field, the loss of green colour from the glumes and 
peduncle is an approximate indication of physiological maturity.

A sudden decline in grain moisture occurs after physiological maturity. At ~12% 
moisture, the barley is ready for harvest. The current receival standards generally require 
delivered grain to have no more than 12.5% moisture. Storage of grain with higher 
moisture content is undesirable.

Barley is physiologically mature at 30–50% moisture, which is well before it is ripe 
enough to harvest mechanically. 9

2.1.4 Malting and other quality traits
Malting varieties
Malting barley varieties in Australia are accredited by Barley Australia. They undergo 
rigorous testing to ensure that they meet malting standards both for domestic and 
international markets. The Barley Australia website (www.barleyaustralia.com.au) 
has a list of currently accredited varieties. Delivery of malting varieties will depend 
on segregations in your region and must meet the Grain Trade Australia (GTA) quality 
standards/specifications for malting barley.

WARNING: Malting barley may only be treated with phosphine, dichlorvos, fenitrothion 
or methoprene for insect control. Check with the end-user prior to treatment to ensure a 
particular pesticide is acceptable. 10

Malting varieties in particular need to be planted, grown and harvested with care. 
Factors to take into consideration include:

Phosphorus (P):

• Too little P will limit yield and increase protein.

Nitrogen (N):

• Too little N will reduce yield and quality.

• Excessive N fertiliser can increase screenings and protein levels.

Disease:

• Appropriate and timely disease management and careful canopy management 
may be more important than weed control in improving the opportunity to achieve 
malting quality.

Timely weed control:

• Weeds compete for nutrients and moisture.

• Effective weed control reduces the risk of contamination.

9  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

10  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

i More 
information

http://www.daff.qld.
gov.au/__data/assets/
pdf_file/0018/53019/
barley-planting-disease-
guide.pdf

www.nvtonline.com.au
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Care with harvest:

• Avoid skinning the grain.

• Try to minimise weather damage.

• Avoid varietal contamination.

• Use only grain protectants registered for malting barley. 11 

A new commercial test developed with funding from GRDC will help growers ensure 
that they are growing malting barley varieties most sought after by maltsters. Malting 
barley varieties are increasingly more difficult to differentiate. This new test provides 
DNA analysis of barley seed. 

For more information, visit: http://www.graingrowers.com.au/products-services/food-
industry-analysis/barley-testing.

To listen, visit: http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-
Agronomy-Podcasts/2012/03/New-Barley-Test.

Food-grade varieties
This is a new classification introduced for the 2010 harvest by Barley Australia. Barley 
varieties will need to meet all of the physical quality parameters that apply to accredited 
malting barleys, such as protein, test weight, screenings and retention, before they 
can be accepted into Food Barley segregations. This classification was developed to 
accommodate Hindmarsh, a variety developed to supply maltsters but which failed to 
gain malting accreditation.

Feed varieties
NSW Feed Barley No. 1: These are 2-row varieties with white aleurone layer only. 12 

2.1.5 Other varietal traits
A coordinated disease assessment process was implemented for barley in 2012. Greg 
Platz, principal pathologist at Agri-Science Queensland, co-ordinates this project, 
following the model established for wheat.

Across Australia, a network of 11 pathologists and technicians gather data on 15 
diseases of barley. For some of these diseases, such as leaf rust and net form of net 
blotch, at least six different pathotypes are used, providing a comprehensive evaluation 
of resistance.

The protocols for seed distribution, data collection and reporting mirror those used in 
the wheat disease-screening project, although on a smaller scale. There are only 19 
NVT lines and 48 released barley varieties (commonly referred to as the AUSBAR set) in 
the 2012 series.

Nationally coordinated NVT disease-screenings provide a comparative evaluation 
of a line’s performance under different environments and disease epidemics, giving 
increased confidence to the disease ratings applied to new varieties. This assists 
growers in their varietal selection and management decisions and encourages breeding 
entities to develop varieties with adequate multiple-disease resistance. 13 

11  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

12  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

13  G Hollaway, G Platz (2012) Coordinated disease management. National Variety Trials supplement. GRDC 
Ground Cover Issue 101, http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/%7E/link.
aspx?_id=5D5E733823CC402E9F0950A9EB1FF9F9&_z=z

i More 
information

http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0011/272945/
winter-crop-variety-
sowing-guide-2015.pdf
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2.1.6 Varieties
Barleymax. Specialty barley for the human food market. Early-mid season maturity. 
Dark coloured, semi hulless seed with a shrunken endosperm. Susceptible to powdery 
mildew and spot form of net blotch. Marketed by Austgrains Pty Ltd.

BaudinP Malt. Excellent malting quality. A Gairdner replacement with earlier maturity 
(rated mid season) and lower screenings. Adapted to medium rainfall areas. Short with 
excellent straw strength and head retention. Very susceptible to powdery mildew and 
susceptible–very susceptible to leaf rust. Released by the Department of Agriculture 
and Food WA (DAFWA) in 2002. Seednet.

Binalong. Feed. Good straw strength and high yield potential in the north. Medium–slow 
maturity. Moderate grain size. Variable response to powdery mildew. Very susceptible 
to net form of net blotch and susceptible–very susceptible to leaf scald. Moderately 
susceptible to the spot form of net blotch and susceptible–very susceptible to leaf rust. 
Bred by NSW DPI. Heritage Seeds.

BulokeP Malt. Excellent malting quality for the export market. Tall, early to mid season 
variety, with a flowering time similar to Schooner. Good levels of resistance to net form 
of net blotch and powdery mildew, susceptible to cereal cyst nematode, susceptible–
very susceptible to leaf scald and susceptible to leaf rust. Buloke has a better grain 
size than Gairdner but smaller than the benchmark variety Schooner. Buloke exhibits 
sprouting tolerance, similar to Gairdner. May lodge under conditions favouring high yield 
and is susceptible to head loss. Bred by VIC DEPI. Seednet.

CapstanP Feed. Very short, cereal cyst nematode resistant variety with outstanding 
straw strength and head retention. Best suited to high input farming systems targeting 
very high yield. Offers advantages in stubble management. Modest early vigour and 
potential for low test weights under drought stress should preclude it from drier districts. 
Bred by the University of Adelaide. Seednet.

CommanderP Malt. Malting quality variety suitable for the domestic and Asian export 
markets. Mid season variety, with a maturity between Schooner and Gairdner. Plump 
grain size compared to other malting varieties. High yield potential and lower grain 
protein than Schooner and Gairdner when grown under the same conditions. Cereal 
cyst nematode resistant but very susceptible to leaf scald and moderately susceptible– 
susceptible to leaf rust. Moderately susceptible– susceptible to net blotches. May lodge 
when sown early. Developed by the University of Adelaide. Seednet.

FairviewP Malt. A mid to late season variety available only under contract to Malteurop. 
Better straw strength and grain size than Gairdner. Has performed particularly well 
under irrigation. Fairview has an export malt quality profile and must be marketed 
through Malteurop.

FathomP Feed. Fathom is a feed quality variety developed using wild barley to improve 
stress tolerance and water use efficiency. It has a long coleoptile and good early 
vigour. Early maturity, similar to Hindmarsh, best suited to lower and medium rainfall 
environments. Fathom is a moderately tall variety but shows good straw strength 
and has excellent grain plumpness with screenings levels lower than both Fleet and 
Hindmarsh. Developed by the University of Adelaide. Seednet.

FinnissP A hulless barley targeted for use in the intensive livestock and niche human 
food markets. Semi-dwarf type with a mid-maturity similar to Schooner. Good straw 
strength and head retention. Improved yield and agronomic traits over older hulless 
barley varieties. Released by the University of Adelaide. Seednet.

FitzroyP Malt. Medium to medium–late maturing variety with improved disease 
resistance over Gairdner and acceptable grain size. Fitzroy is a semi-dwarf plant with 
good seedling vigour and good straw strength. Best suited to northern NSW and 
Queensland barley growing areas. Best results will be achieved in more favourable 
environments. Can exhibit low test weights under stressed conditions. Seednet.

FlagshipP Malt. Good malting qualities, particularly for SE Asian markets. Tall, early–mid 
season maturity variety, similar in plant type to Schooner. Excellent early vigour and 
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weed competitiveness, but modest straw strength with lodging resistance similar to 
Schooner. Resistance to cereal cyst nematode. Prone to pre-harvest weather damage. 
Heritage Seeds.

GairdnerP Malt. Adapted to medium to higher rainfall areas (>400 mm). Mid to late 
season maturity and strong straw. Best sown early. Gairdner has a thin grain, producing 
significantly greater screenings losses relative to Schooner and is also around 1% lower 
in grain protein. Resistant to BYDV. Susceptible to the spot form of net blotch and 
susceptible to cereal cyst nematode. Developed by DAFWA. Heritage Seeds.

GrangeR. Malt. Medium-late, high-yielding, broadly adapted barley with excellent 
malt extract, good diastatic power, and targeted for the domestic malting industry 
as a potential Gairdner replacement. Performs better than Oxford under late planting 
conditions. GrangeR is on average 10 cm taller than Baudin and 3–4cm taller than 
Gairdner, but with better lodging resistance; higher test weight; a potentially larger 
kernel size (2–4grams/1000grains); and lower screenings. Resistant to powdery 
mildew and moderately resistant to leaf rust. Variable reaction to net form of net blotch 
depending on pathotype present and susceptible–very susceptible to spot form of 
net blotch and barley scald depending on region. Licensed to Heritage Seeds by 
Nickerson–Limagrain, UK.

Grimmett. Malt. Reliable malting variety for the northern region. Suitable for mid season 
and late plantings, particularly in western areas. Very good grain size. Consider seed 
treatment for net blotch and powdery mildew.

GroutP Feed. Quick maturing variety with good grain size, suited to northern NSW and 
Qld. Matures up to two weeks earlier than Grimmett from a mid-May to mid-June plant. 
Vigorous seedling with a high tillering ability and erect growth habit. Medium height with 
moderate standability, better than Grimmett and similar to Mackay. Grout has variable 
resistance to powdery mildew depending on pathotype. Leaf rust needs to be managed, 
rated as susceptible–very susceptible. Seednet.

HindmarshP Food. Erect, semi-dwarf variety, which flowers earlier than Schooner, 
and is widely adapted to low and medium rainfall areas. Excellent yield potential, grain 
plumpness close to Schooner, and high test weight. It has resistance to cereal cyst 
nematode, moderately resistant to moderately susceptible to net form of net blotch but 
is susceptible–very susceptible to the spot form of net blotch and susceptible to leaf 
rust. Very susceptible to the main pathotype of leaf scald in NSW. Short coleoptile, so 
deep sowing should be avoided. It has been given a new classification of ‘food’, and 
may be segregated for human food and possibly used for Shochu (Japanese distilled 
spirit) and for malt production in some markets. Developed by Vic DEPI. Seednet.

LaTrobeP LaTrobe is an early maturing semi-dwarf variety with good yield potential 
in low to medium production environments. It has very similar growth habit and plant 
architecture to Hindmarsh. It has excellent head retention, lodging resistance and good 
physical grain characteristics. Similar disease profile to Hindmarsh but depending on 
rust strain may be more susceptible to leaf rust. LaTrobe also possesses good pre-
harvest sprouting tolerance. Currently undergoing malt accreditation, with accreditation 
expected in March 2015. InterGrain.

MackayP Feed. Mid season variety with good resistance to lodging. Large grain size. 
Adequate resistance to leaf rust and powdery mildew. Variable response to net form of 
net blotch, dependent on the pathotype present. Susceptible to spot form of net blotch. 
Partial resistance to common root rot. Bred by DAFF Qld. Heritage Seeds.

NavigatorP Malt. Navigator is a semi-dwarf variety suited to the domestic malt market. 
Navigator is similar in maturity to Gairdner but offers shorter straw, better physical grain 
quality and higher yield. Navigator barley is recommended for medium to high rainfall 
areas. Good resistance to lodging but is very susceptible to leaf rust. Bred by the 
University of Adelaide. Seednet.

Oxford. Feed. A medium to late maturing variety similar to Gairdner. High yield potential, 
with wide adaptation. Excellent head retention with above average test weight and 
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excellent grain colour. Good straw strength and resistance to lodging. Resistant 
to powdery mildew and moderately resistant to leaf rust. Moderately susceptible–
susceptible to net form of net blotch and susceptible to spot form of net blotch. 
Heritage Seeds.

Schooner. Malt. Formerly a major central and southern malting variety, favoured for its 
reliability in maintaining grain size, although lower yielding than later releases. Can be 
prone to pre-harvest headloss. Susceptible–very susceptible to leaf rust and powdery 
mildew. Showing increasing susceptibility to scald.

Scope CLP Malt. Imidazolinone tolerant barley, which provides tolerance to label rates 
of Intervix® herbicide. Check current herbicide registrations for registered product 
rates. Tall, early–mid season variety, with a flowering time and headloss susceptibility 
similar to Buloke. Resistant to powdery mildew and moderately resistant to net form of 
net blotch but susceptible to cereal cyst nematode. Developed by Agriculture Victoria 
Services and Seednet.

ShepherdP Feed. Slightly later maturing than Grout, but similar in growth habit with 
erect vigorous early growth. Suited to medium rainfall areas of northern NSW and Qld. 
Moderately resistant–moderately susceptible to leaf rust and moderately susceptible–
susceptible to powdery mildew. Has a variable response to net form of net blotch, 
dependent on the pathotype present. Susceptible– very susceptible to spot form of net 
blotch. Seednet.

SY RattlerP SY Rattler is a high yielding mid maturity potential malting barley with 
medium height and stiff straw. It exhibits good resistance to powdery mildew and leaf 
rust. SY Rattler has all the necessary quality for the domestic brewing markets coupled 
with excellent grain quality. Undergoing malt evaluation by Barley Australia. SY Rattler 
was bred by Syngenta and seed is available through GrainSearch.

Tilga. Feed variety suited to western areas. Tall with moderate straw strength in high 
yielding situations. Good grain size. Tilga has some light blue aleurone (skin) grain. 
Suscept. ible to loose smut – use a seed dressing. TullaP Feed. Main season variety. 
Acid soil tolerant. Similar yields to Tantangara on non-acid soils. Bred by NSW DPI. 
Waratah Seeds.

UrambieP Feed. Best suited to grain and grazing situations. Two row barley, adapted 
to early sowing, having early maturity combined with a cold requirement for initiation of 
heading. Sowing window is early May to mid-June, earlier if grazed. Consistent yields 
across seasons, but low grain quality. Waratah Seeds.

WestminsterP Malt. A medium to late maturity variety similar to Gairdner, Westminster 
has a high yield potential and performs well under high rainfall or irrigation. Medium–tall 
variety with good straw strength and improved head retention compared to Gairdner. 
Moderately resistant to leaf rust, resistant to powdery mildew. Variable reaction to net 
form of net blotch and susceptible to spot form of net blotch. Introduced malt barley 
from Nickerson International Research, licensed to GrainSearch in Australia.

The following are more recently named or released varieties:
AdmiralP Malt. Limited information on the performance of Admiral in NSW. A new 
malting barley developed by Joe White Maltings and the University of Adelaide. Admiral 
is a semi-dwarf variety with good straw strength and maturity similar to Gairdner, so is 
best suited to high yield potential environments and early sowing. Admiral can be grown 
under contract production to Joe White Maltings, Barrett Burston Maltings or Malteurop.

Alestar. (SMBA11-2341) A high yielding line which is six days earlier in maturity than 
Oxford. The NVT long term yield performance in NSW is similar to GrangeR, with 
excellent lodging resistance and high grain retention. Alestar carries the mlo-11 gene 
and is resistant to powdery mildew. Resistant to leaf rust, moderately resistant–
moderately susceptible to the spot form of net blotch and moderately resistant to scald. 
At similar grain nitrogen levels Alestar has a higher malt extract and higher fermentability 
than Gairdner. It is currently under commercial seed increase, and is being marketed 
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initially as a feed variety prior to malt accreditation. Alastar was licensed and developed 
by Elders from a Nickerson-Limagrain line, released 2014. Elders.

BassP Malt. Baudin replacement with excellent grain plumpness and high test weight, 
suited to medium to higher rainfall districts. Similar maturity to Baudin. Moderately 
short variety with good straw strength and head retention. Improved disease resistance 
compared to Baudin. Undergoing market development. InterGrain.

ChargerP A new malting barley developed by Carlsberg and Heineken Breweries in 
collaboration with the University of Adelaide. Mid maturing with good straw strength 
and resistance to leaf rust and powdery mildew but is susceptible to very susceptible 
to net form and spot form of net blotch and very susceptible leaf scald. Charger has 
shown consistently high grain yield, particularly in favourable environments. Contract 
production is being managed by Australian Grain Growers Cooperative.

CompassP Potential new malt barley, currently undergoing malt accreditation. High 
yield potential in all regions of NSW with benchmark grain plumpness. Mid to early 
maturity, earlier than Commander but later than Hindmarsh. Similar in plant architecture 
to Commander, but with improved straw strength and lodging resistance. More 
susceptible to leaf scald than Commander, but improved net blotch resistance. Powdery 
mildew resistance is variable depending on pathotype present. Leaf rust resistance 
is variable, rated susceptible in northern NSW. Bred by the University of Adelaide, 
marketed by Seednet.

FlindersP Flinders is a medium to late maturing high yielding barley variety, potentially 
offering yields greater than Baudin and Gairdner. It offers a useful disease resistance 
package, in particular resistance to powdery mildew. Susceptible to leaf rust, 
susceptible– very susceptible to scald, moderately resistant– moderately susceptible to 
spot form of net blotch and susceptible to net form of net blotch. Flinders is currently 
undergoing malt accreditation. InterGrain.

Maltstar. (SMBA11-1771) A high yielding, medium– late barley (3 days earlier than 
Oxford). It is resistant to powdery mildew (carries the mlo11 gene) and resistant 
to moderately resistant for leaf rust (carries the Rph3 and RphDash genes). It is 
susceptible to the spot form of net blotch, moderately susceptible to the net form of net 
blotch and moderately resistant–moderately susceptible to scald. Maltstar has shown 
excellent test weight and compared to Gairdner lower grain protein achievement. Grain 
retention is similar to Hindmarsh with lower screenings. The variety was licensed and 
developed by Elders from a Nickerson-Limagrain, UK line, and was released in 2014. It 
is currently under commercial seed increase, and is being sold initially as a feed variety 
prior to malt accreditation. Elders.

SkipperP Skipper is a potential malting quality line, similar in plant type to Buloke but 
with early maturity similar to Hindmarsh. Under high yielding or good growing conditions 
Skipper may lodge. Grain yield potential is similar to Commander but Skipper is better 
suited to lower rainfall environments. Currently undergoing malt accreditation. Bred by 
the University of Adelaide but not yet commercially available in NSW.

SouthernStarP Limited information on the performance of SouthernStar in NSW. A 
potential new malting barley developed by Sapporo Breweries and the University of 
Adelaide. SouthernStar is a derivative of Flagship, which includes a patented novel gene 
for improved beer quality. SouthernStar can be grown under contract to Barrett Burston 
Maltings and Joe White Maltings.

WimmeraP Malt. Wimmera is a mid to late maturing variety with similar plant 
architecture to Gairdner however it has significantly higher yield potential, and better 
physical grain quality. Developed by Vic DPI and the University of Adelaide but not yet 
commercially available. 14

For more information on varietal performance, visit: 
www.nvtonline.com.au 

14  NSW DPI (2015) Winter crop variety sowing guide 2015: http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0011/272945/winter-crop-variety-sowing-guide-2015.pdf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-
guide

http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/
barley/planting-disease-guide

http://www.barleyaustralia.com.au/barley-varieties-handbook

2.2 Planting seed quality

2.2.1 Seed size
Early seedling growth relies on stored energy reserves in the seed. Good seedling 
establishment is more likely if seed is undamaged by insects or harvesting, is stored 
at suitable temperatures and moisture conditions, and comes from a plant that had 
adequate nutrition during its growth and grain-filling period. Seed size is also important. 
The larger the seed, the greater are the endosperm and starch reserves. So, although 
seed size does not alter germination, bigger seeds have faster seedling growth, higher 
numbers of fertile tillers per plant, and potentially higher grain yields. Research by Neil 
Fettell at Condobolin in 2008 showed that whereas small seed (25.64 g/1000 seeds) had 
emergence equal to 90% of that of large seeds (41.31 g/1000 seeds) when sown at 44 
mm depth, emergence dropped to 67% when sown at 87 mm, and 53% when sown 
deep (at 112 mm).

Seed size is usually measured by weighing 1000 grains. This is known as the 1000-grain 
weight. The 1000-grain weights vary among varieties and from season to season. 
Sowing rate needs to vary according to the 1000-grain weight for each variety, and each 
season, in order to achieve desired plant densities. Seed grading is an effective way to 
separate good -quality seed of uniform size from small or damaged seeds and other 
impurities. 15

2.2.2 Seed germination and vigour
Seed germination and vigour are highly influential to establishment and yield potential. 

Germination begins when the seed absorbs water and ends with the appearance of the 
radicle. It has three phases:

• water absorption (imbibition)

• activation

• visible germination 16 

Seed vigour includes the properties of the seed that determine the level of activity and 
performance of the seed or seed lot during germination and seedling emergence. In any 
seed lot, losses of seed vigour are related to a reduced ability of seeds to carry out all of 
the physiological functions that allow them to perform. 

This process, called physiological ageing (or deterioration), starts before harvest and 
continues during harvest, processing and storage. It progressively reduces performance 
capabilities due to changes in cell-membrane integrity, enzyme activity and protein 
synthesis. These biochemical changes can occur very quickly or more slowly—from a 
few days to a few years—depending on genetic, production and environmental factors 
not yet fully understood. The end-point of this deterioration is death of the seed, i.e. 
complete loss of germination.

15  Industry & Investment NSW Agronomists (2010) Barley growth & development, PROCROP Series, Industry 
& Investment NSW, 2010. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-
growth-and-development.pdf

16  Industry & Investment NSW Agronomists (2010) Barley growth & development, PROCROP Series, Industry 
& Investment NSW, 2010. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-
growth-and-development.pdf
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http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-and-development.pdf
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However, seeds lose vigour before they lose the ability to germinate. That is why seed lots 
that have similar high germination values can differ in their physiological age (the extent of 
deterioration) and so differ in seed vigour and therefore the ability to perform. 17 

When purchasing seed request a copy of the germination and vigour analysis certificate 
from your supplier. For seed stored on farm you can send to a laboratory for analysis.

While a laboratory seed test for germination should be carried out before seeding to 
calculate seeding rates, a simple, on-farm test can be done in soil at harvest and during 
storage:

• Use a flat, shallow seeding tray (about 5 cm deep). Place a sheet of newspaper 
on the base to cover drainage holes and fill with clean sand, potting mix or freely 
draining soil. Ideally, the test should be done indoors at a temperature of about 
20°C or lower.

• Alternatively, lay a well-rinsed plastic milk container on its side and cut a window 
in it, place unbleached paper towels or cotton wool in the container and lay out 
the seeds. Moisten and place on a window-sill. Keep moist and count as per the 
method outlined below.

• Randomly count out 100 seeds. Do not discard damaged ones and sow 10 rows of 
10 seeds at the correct seeding depth. This can be achieved by placing the seed 
on the smoothed soil surface and pushing in with a pencil marked to the required 
depth. Cover with a little more sand/soil and water gently.

• Keep soil moist but not wet, as overwatering will result in fungal growth and 
possible rotting.

• After 7–10 days, the majority of viable seeds will have emerged.

• Count only normal, healthy seedlings. If you count 78 normal vigorous seedlings, 
the germination percentage is 78%.

• Germination of 80% is considered acceptable for cereals.

• The results from a laboratory seed germination test should be used in calculating 
seeding rates. 18

For more information on factors affecting germination, see Section 4: Plant growth and 
physiology.

Disease
Grain retained for seed from a wet harvest is more likely to be infected with seed-borne 
disease. It is also more likely to suffer physical damage during handling, increasing the 
potential for disease.

Seed-borne disease generally cannot be identified from visual inspection, so requires 
laboratory testing. Once a satisfactory germination percentage is known, seed should 
be tested for diseases including Fusarium head blight.

2.2.3 Seed storage
Barley is more susceptible to insect damage than many grains. Germination can be 
affected by grain temperature, grain-moisture content and insect infestation. 

Generally, high grain temperatures and high grain-moisture content can cause low 
germination (< 95%). Insect infestation can have a similar effect. Ideally, malting barley 
would be kept free of insects, in aerated storage at grain temperatures of 10°–20°C with 
a moisture content <10.5%. However, this is not generally practical and being aware of 
the interaction between moisture and temperature is important (Table 3).

At 20°–30°C, short–medium-term storage presents some risk but once the temperature 
of the grain exceeds 30°C, germination is likely to be affected. Temperatures 

17  ISTA Vigour Test Committee, Understanding Seed Vigour, International Seed Testing Association, 1995 

18  GRDC (2011) Retaining seed: Saving weather damaged grain for seed. GRDC Fact Sheet, Jan. 2011, http://
storedgrain.com.au/wp-content/uploads/2013/06/GRDC_FS_RetainingSeed2.pdf

i More 
information

GRDC Ground Cover 
Article: 
http://www.grdc.com.
au/Media-Centre/
Ground-Cover/
Ground-Cover-Issue-
98-May-June-2012/
Seedborne-Fusarium-
tests-crown-rot-
strategies
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significantly above 30°C will cause grain to become non-viable. This is why germination 
and vigour-testing prior to planting in the northern region is so important.

This applies for drying grain that is required to maintain its germination for malting 
purposes or as a seed crop. It should be dried slowly at low temperatures.

The moisture of grain in storage will affect its ability to maintain quality over time. The 
lower the grain moisture, the more stable its storage ability. In practical terms, it is more 
economical to store grain at ~12% moisture content. 19

Table 3: An indication of the interaction between moisture and temperature

Barley moisture % Storage temperature Potential storage period
<10.5 10°–20°C Very long, 12–18 months

20°–30°C Moderate, 6 months

>30°C Short, 3 months

10.5–>11.5 10°–20°C Long, 12 months

20°–30°C Moderate, 6 months

>30°C Short, 3 months

11.5–>12.5 10°–20°C Moderate, 6 months

20°–30°C Short, 3 months

>30°C Very short, <3months

>12.5 10oC-20oC Short, 3 months

20°–30°C Very short, <3 months

>30°C Perhaps, 1 month

A seed is a living organism that releases moisture as it respires. The aim of seed 
storage is to preserve the viability of the seed for future sowing. Four issues need to be 
considered: temperature, moisture, aeration and pests. The following are required:

• Temperature <15°C. High temperatures can quickly damage seed germination and 
quality.

• Moisture <12%. Temperature changes cause air movements inside the silo that 
carry moisture to the coolest parts of the silo. Moisture is carried upwards by 
convection currents in the air created by the temperature difference between the 
warm seed in the centre of the silo and the cool silo walls, or vice versa. Moisture 
carried into the silo headspace may condense and fall back as free water, causing a 
ring of seed to germinate against the silo wall.

• Aeration slows the rate of deterioration of seed if the moisture content is kept 
at 12.5–14%. Aeration markedly reduces grain temperature and evens out 
temperature differences that cause moisture movement.

• Pest management. Temperature <15°C stops all major grain insect pests from 
breeding, slowing down their activity and resulting in less damage. 20

2.2.4 Safe rates of fertiliser sown with the seed
Crop species differ in tolerance to nitrogen fertiliser when applied with the seed at 
sowing. Recent research funded by Incitec Fertilisers has shown that the tolerance of 
the crop species to ammonium fertilisers placed with the seed at sowing is related to 
the fertiliser product (ammonia potential and osmotic potential), the application rate and 
to soil characteristics such as moisture content.

19  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

20  Industry & Investment NSW Agronomists (2010) Barley growth & development. PROCROP Series, Industry 
& Investment NSW, 2010. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-
growth-and-development.pdf
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Generally, the range of tolerance between crop species indicated in Table 4 does not 
appear to be large enough to recommend an increase the rates from those already 
suggested in fertiliser handbooks and similar publications. However, the data in 
the table do indicate the crop species where extra caution may be required when 
ammonium fertilisers are applied near the seed.

Table 4: Ranking of crop species establishment in their response to ammonia/ammonium applied 
in close proximity to the seed

Germination root length Shoot length
Winter crop species
Barley 2 2 3

Canary seed 4 4 2

Canola 5 5 -

Chickpeas 1 1 -

Wheat 3 3 1

Summer crop species
Cotton 5 2 -

Maize 1 1 1

Panicum (birdseed) 4 4 3

Sorghum 2 3 2

Sunflower 3 5 -

(1 = relatively most tolerant, 6 = relatively least tolerant)

With the advances in understanding of the interaction of fertiliser and seed 
establishment in recent years, and the improved technology in sowing implements, the 
fertiliser application rate and its interaction with the soil environment is still the prime 
determinant of crop establishment in most years.

For individual sites and in individual years, modest modifications to application rates 
according to crop species may be advised given the extra information now available. 
The safest application method for high rates of fertilisers with high ammonium content 
is to place them away from the seed by physical separation (combined N–P products) 
or by pre- or post-plant application (straight N products). For fertilisers with lower 
ammonium content, e.g. MAP, close adherence to the safe rate limits set for the crop 
species and the soil type is advised. 21

High rates of nitrogen fertiliser applied at planting in contact with, or close to, the seed will 
severely damage seedling emergence. If high rates of nitrogen are required, then it should 
be applied pre-planting or applied at planting but not in contact with the seed (i.e. banded 
between and below sowing rows). Table 5 indicates the maximum rates of fertilisers 
containing nitrogen that may be applied with the seed at planting using conventional 
planting equipment. Rates should be reduced by 50% for very sandy soil and may be 
increased by 30% for heavy-textured soils or if soil moisture conditions at planting are 
excellent. Rates should be reduced by 50% when planting equipment with narrow disc or 
tine openers are used, as the fertiliser concentration is increased around the seed. 22

Table 5: Safe rates (kg/ha) to apply some nitrogen fertilisers with seed at planting (DAP, di-
ammonium phosphate; MAP, mono ammonium phosphate)

row spacing (cm) N Urea DAP MAP Starterfos®

18 25 54 130 200

25 18 39 90 138

50 9 20 45 69

75 6 13 30 46

Contact your agronomist or fertiliser supplier for other details on other blends.

21  Incitec Pivot Fertilisers (2014) Big N, nitrogen fertiliser placement and crop establishment. Incitec Pivot,Ltd 
http://bign.com.au/Big%20N%20Benefits/Nitrogen%20Fertiliser%20Placement%20and%20Crop%20
Establishment

22  DAFF (2012) Wheat—nutrition. Department of Agriculture, Fisheries and Forestry Queensland, http://www.
daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/wheat/nutrition
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SECTION 3

Planting

Barley is very versatile in its planting time and can be planted relatively early in the 
season. Preferred planting times are from late April to June but this will vary for each 
region depending on frosts and seasonal effects. In the cooler areas of southern 
Queensland, planting can occur into July.

Early planting will generally produce higher yields, larger grain size and lower protein 
levels, making barley more likely to achieve malting quality. However, early crops are 
more likely to have exposure to frost, and growers should assess the frost risk for their 
area prior to sowing. Late plantings will often mature in hot, dry weather, which can 
reduce grain size, yield and malting quality. 

The major determination of barley profitability is yield. 1 To maximise yield, it is important 
to ensure that the crop has every chance to succeed. 2 Paddock selection and nitrogen 
management can be the keys to producing malting quality. 3 

3.1 Seed treatments
Seed treatments are applied to control diseases such as smuts, bunts and foliar 
diseases and to control insects. When applying seed treatments, always read the 
chemical label and calibrate the applicator. Treat seed with appropriate fungicidal 
dressing, as smuts and net form of net blotch may be seed-borne.

It is critical that seed treatments are applied evenly and at the right rate. Seed 
treatments are best used in conjunction with other disease-management options such 
as crop and paddock rotation, the use of clean seed, and the planting of resistant 
varieties. 

There are some risks associated with the use of seed treatments. Research shows that 
some seed treatments can delay emergence by:

• slowing the rate of germination

• shortening the length of the coleoptile, the first leaf and the sub-crown internode

Any delay in emergence increases exposure to pre-emergent attack by pests and 
pathogens or to soil crusting, which may lead to a failure to emerge. The risk of 
emergence failure is increased when seed is sown too deeply or into a poor seedbed, 
especially in varieties with shorter coleoptiles.

Seed dressings with systemic insecticides such as imidacloprid have been shown to 
have a net benefit for aphid control and yield improvement. 4

1  DAFF (2012) Barley planting, nutrition, harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland,, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 

2  DAFF (2013) Barley planting disease guide 2013 QLD and NNSW. Department of Agriculture, Fisheries 
and Forestry Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-
disease-guide.pdf 

3  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

4  DAFF (2013) Barley planting disease guide 2013 QLD and NNSW. Department of Agriculture, Fisheries 
and Forestry Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-
disease-guide.pdf 
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Some seed treatments contain triazole fungicides (triadimenol and triadimefon). These 
seed treatments can reduce coleoptile length, and the degree of reduction increases as 
the rate of application increases. 

Recent research in barley has shown that the highest registered rate of triadimenol can 
reduce emergence in barley, and that the reductions are greatest in varieties with short 
coleoptiles when sown at depths greater than 50 mm. The results emphasise the need 
to sow varieties that have short coleoptiles at shallow depths and to take care with seed 
grading and the use of seed dressings. 5

3.1.1 Choice of seed or in-furrow treatments
All barley crops should be treated with a product that controls powdery mildew. Also, 
using imidacloprid for aphid management has become common and will impact on the 
choice of fungicide delivery, i.e. growers are more likely to use a seed treatment than 
in-furrow fungicides.

Current seed treatments for the control of net form of net blotch are only effective for 
seed-borne inoculum and not for stubble-borne inoculum. The level of control of seed-
borne infection is also not complete. Where growers think they may have a problem 
with seed-borne infection, it is recommended they have the seed tested by the cereal 
pathology group at South Australian Research and Development Institute. 6

For more information, visit:

http://www.pir.sa.gov.au/__data/assets/pdf_file/0017/86102/Cerealseedtreat2014_Web_
Version_.pdf

http://www.grdc.com.au/Resources/Links-Pages/DiseaseLinks#W_Seed_and_in-
furrow_fungicides

http://www.apvma.gov.au

3.2 Time of sowing
Sowing too early increases the risk of frost damage; sowing too late will increase protein 
and screenings. 7 Early planting can also increase the risk of net-blotch infection, which 
requires a timely fungicide program.

Factors to consider with regard to planting time include:

• Sowing at the right time is critical for optimising grain yield and can also influence 
grain quality.

• Early planting may increase the frost risk, but early-planted crops have the highest 
yield potential and are more likely to make malting quality.

• Planting too early can result in the crop running quickly to head if it experiences a 
warm late autumn or warm early winter.

• Later maturing and shorter stature varieties are preferred for early planting to avoid 
tall lush early growth.

• At flowering, barley can tolerate a frost temperature 1°C lower than wheat.

• A frost of –4°C at head-height during flowering can cause 5–30% yield loss.

• A frost of –5°C or lower at head height can cause 100% yield loss.

• A strongly negative April–May Southern Oscillation Index is a good indicator of late 
frosts.

5  Industry & Investment NSW Agronomists (2010) Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

6  H Wallwork (2014) Cereal Seed Treatments 2014, SARDI. http://www.naturalresources.sa.gov.au/
files/715d15f9-3801-41f4-b30f-a35d00d1df6a/cereal-seed-treatments-for-2014-gen.pdf

7  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/02/Barley-
agronomy-in-southern-
NSW

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/03/Barley-
agronomy-and-varieties

Yield and grain quality 
response of barley 
cultivars to four sowing 
dates –Narrabri 2014, 
Rick Graham, Guy 
McMullen. p13

Evaluation of new and 
potential malt barley 
varieties – Spring Ridge 
2014, Rick Graham, 
Stephen Morphett, 
Jim Perfremen, Guy 
McMullen. p23
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• Hot and dry weather during spring can reduce the grain-fill period and affect yield 
and grain size, particularly if night temperatures do not fall below 15°C.

• Later planting and later flowering generally result in declining yield potential due to 
higher temperatures and moisture stress during flowering. 8 9

Sowing time determines when a crop matures, and ideally flowering and grain-fill should 
be in the cooler part of spring. Sowing on time maximises the chances of achieving 
high yields and malting grade. Sowing after mid-June usually limits yield potential and 
results in smaller grain and higher protein, rendering the grain less likely to be accepted 
as malting.

Aim to sow in the earlier part of the indicated optimum time to achieve the maximum 
potential yield, particularly in the western parts of the region. Selection of the actual 
date should allow for soil fertility and the risk of frost damage in particular paddocks. 10

Sowing time trials in 2014 in North West NSW highlighted the ability of barley varieties 
to maintain yield across a wide sowing window. The new malt accredited variety 
GrangeR achieved good yields from early to main season sowing window opportunities, 
as did Navigator, a longer season domestic malt quality variety, from an early sowing 
window. Fathom, an early maturing feed grade only variety, performed well in sowing 
time trials and NVT trials and appears to be an adaptable high yielding variety. 11

3.3 Targeted plant population

3.3.1 Seeding rates 
Seeding rate is the amount (in kg) of seed needed to plant in order to establish the 
target plant population. To determine seeding rate you need to know the target plant 
population, the number of seeds per kg, the germination percentage of the seed and the 
likely field establishment.

The number of seed per kg will vary depending on variety and the season in which the 
seed was produced. This varies from season to season, and to calculate this figure, count 
the number of seeds in a 20-g sample and multiply by 50. Newer varieties tend to have 
larger seed and it is important to take note of this when determining planting rate. 12

Seeding rates that are too high may reduce grain size and increase lodging, especially 
under irrigation; seeding rates that are too low will reduce yield potential.

Lower rates should be used when there is limited subsoil moisture at sowing, and in 
drier areas. High seeding rates tend to decrease grain size and increase screenings in 
barley. 13

3.3.2 Field establishment
Field establishment refers to the number of viable seeds that produce established 
plants after planting. This can be affected by factors such as seedbed moisture, 
disease, soil insects, depth of planting, and the germination percentage of the seed. An 

8  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 

9  DAFF (2013) Barley planting and disease guide. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-disease-guide.
pdf 

10  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

11  Barley agronomy and varieties: https://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2015/03/Barley-agronomy-and-varieties

12  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 

13  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide
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establishment figure of 70% means that for every 10 seeds planted, only 7 will emerge 
to produce a viable plant.

It is important to check establishment after planting in order to evaluate the 
effectiveness of the planting technique and make adjustments if necessary.

A guide to likely field establishment, when good quality seed with a laboratory 
germination ≥90% is planted at a depth of 5–7 cm and emerges without the assistance 
of post-planting rains, is set out below (Table 1).

Table 1: Likely field establishment (%)

Soil type No press wheels Press wheels
Heavy clay 45 60

Brigalow clay 55 70

Red earth 70 80

Table 2: Approximate seeding rates (kg/ha) assuming various germination rates from 60 to 90% 
from field establishments

Desired population  
(plants/ha)

60% 70% 80% 90%

700,000 52 45 39 34

900,000 67 57 46 44

1,000,000 74 63 56 49

Use higher sowing rates for grazing crops and very early or late crops.

Planting rates (Table 2) can be calculated for any variety or situation by using the 
following formula:

Planting rate (kg/ha) = desired population (plants/ha) ÷ (seeds per kg x germination x 
establishment)

Note: Germination and establishment figures are decimal e.g. 80% = 0.8, 90% = 0.9, 
etc. 

Example:

Desired plant population of 900,000 plants/ha: Germination = 95% Expected 
establishment = 85% No. of seeds/kg = 25,000

Planting rate (kg/ha) = 900,000 (plants/ha) ÷ (25,000 x 0.95 x 0.85)

Planting rate = 44.6 kg/ha 14

3.3.3 Plant population
While barley can produce a large number of tillers, best yields will be achieved with an 
established plant stand of 800,000–1.2 million plants/ha (80–120 plants/m). Barley can 
tolerate quite high plant populations without significant yield reductions; however, if 
plant populations fall below 80 plants/m, yield can be reduced. Lower plant populations 
can also encourage excess or late tillering, resulting in a less even crop and delayed 
harvest. Late tillers often have smaller seed, which also affects the quality of the crop. 15

Plant population is influenced by seeding rate, row spacing and emergence percentage. 
Emergence percentage is calculated as the number of seedlings (counted at the second 
leaf stage) divided by the number of seeds sown per m. Target plant populations vary 
with yield potential, seasonal conditions and sowing date. Current recommendations for 
NSW range from 80 to 120 plants/m. When populations fall below 50 plants/m, yield is 

14  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 

15  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 
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affected. At <30 plants/m, the paddock should be resown unless it is undersown with a 
legume.

Plant into good soil moisture and aim for populations of ≥100 plants/m (1,000,000 
plants/ha) . To achieve this, a seeding rates of 40–60 kg/ha is needed. The rate will 
depend on the number of seeds per kg and estimated establishment rate. For example, 
for a seed count of 25,000 seeds/kg, you need 40 kg to plant 1 million seeds. Taking 
into consideration an establishment rate of 80%, it would require 50 kg to be planted. 

Plant populations of <800,000 plants/ha are likely to have reduced yield potential and 
provide less weed competition. 

Barley is able to compensate for lower-than-ideal plant populations to some degree 
by increasing tiller numbers. However, targeting plant population at sowing makes the 
most efficient use of water and nutrients. To reach a target plant population for the 
environment and seasonal conditions, adjust sowing rates to allow for:

• soil moisture

• sowing date: higher rates with later sowings (tiller capacity is more limited with later 
sowings)

• seed germination percentage

• seed size

• seedbed conditions

• tillage (e.g. increase sowing rate with no-till)

• double-cropping

• soil fertility (increase sowing rate with increasing yield potential)

• soil type (e.g. crusting)

• field losses (e.g. increase sowing rate if there is a problem with insects)

Appropriate seeding rates are important in barley for both grain yield and grain quality. 
Trials at Rankins Springs in 2005 showed yield increased with seeding rate up to about 
120 plants/m in most varieties, whereas kernel weight decreased with each increase in 
plant density for all varieties.

Retention also decreased with increases in plant density in all varieties except 
Buloke , although the decline was only minor in Schooner . The effect of grain shape 
was evident. Buloke  had the heaviest grains but was intermediate for retention, 
whereas Baudin  had high retention values and the lowest kernel weights. High seeding 
rates should be avoided in Gairdner . 16

3.4 Calculating seed requirements
Select sowing seed carefully for large size and high germination percentage. A 
germination test can be conducted if in doubt. 

The formula for calculating cereal seeding rate is:

1000-grain weight (g) x target plant population (per m) x 100/(establishment% x 
germination%) = seeding rate (kg/ha)

The formula can be used to calculate sowing rates, taking into account:

• target plant density

• germination percentage (90% = 90 in the formula)

• seed size

• establishment—usually 80%, unless sowing into adverse conditions (80% = 80 in 
the formula)

16  Industry & Investment NSW Agronomists (2010)  Barley growth and development. PROCROP Series, 
Industry & Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-
growth-and-development.pdf
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Tip to calculate 1000-grain weight:

• count out 200 seeds

• weigh to at least 0.1 g

• multiply weight in grams by 5.

For online assistance in calculating seed requirements and other planting decisions, 
download CropMate from the App Store on iTunes at https://itunes.apple.com/au/app/
cropmate-varietychooser/id476014848?mt=8. 17

3.5 row spacing
No yield reductions have been recorded for row spacings up to 36 cm. Rows wider than 
36 cm have caused minor yield reductions, particularly in good seasons. Wider rows 
are more predisposed to lodging and will reduce the level of weed smothering due to 
canopy ground cover. 18

3.6 Sowing depth
Pay close attention to sowing depth, particularly where direct-drilling is practiced and 
for varieties with a short coleoptile. The ideal depth is 3–6 cm, but seed should always 
be sown into moist soil. If dry sowing is being considered, target a sowing depth of 
3–4 cm, particularly on a hard-setting or slumping soil to avoid problems with crop 
emergence.

Barley does not tolerate waterlogging, so good paddock drainage and management are 
essential for high grain yields. 19 

Sowing depth is the key management factor for uniform rapid emergence and 
establishment. Depth is particularly important in varieties with short coleoptiles.

Sowing depth influences the rate of emergence and the percentage of seedlings that 
emerge. Deeper seed placement slows emergence; this is equivalent to sowing later. 
Seedlings emerging from greater depth are also weaker and tiller poorly.

Crop emergence is reduced with deeper sowing. The coleoptile may stop growing 
before it reaches the soil surface, and the first leaf then emerges from the coleoptile 
while it is still below the soil surface. As the leaf is not adapted to pushing through soil, 
it usually buckles and crumples, failing to emerge and eventually dying. 20

A few tips to take into account include:

• Avoid the shorter coleoptile (dwarf) varieties.

• Avoid seed dressings that contain triadimenol as these can shorten the coleoptile 
and make emerging from depth more difficult.

• Try to minimise the amount of soil placed back over the top of the planting furrow.

• Ensure that the seed planted has good germination and vigour. 21

17  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

18  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 

19  P Matthews, D McCaffery, L Jenkins (2014) Winter crop sowing guide 2014. NSW Department of Primary 
Industries, http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

20  Industry & Investment NSW agronomists (2010) Barley growth & development, PROCROP Series, Industry & 
Investment NSW.

21  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 

i More 
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How to determine the 
ultimate row spacing?
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3.7 Sowing equipment
During the shift from conventional farming systems to no-till farming systems, the 
effective use of herbicides has become increasingly important. A well-planned herbicide 
strategy can mean the difference between making no-till work or not. Over the past 5–6 
years, it has become apparent that the rapid change in farming systems has overtaken 
farmer knowledge on how to use many herbicides in conservation farming systems. 
Older, more traditional herbicides that were designed for use in cultivated systems 
can still be used very effectively in no-till systems; however, they are usually used in 
a different manner. In addition, many herbicide labels (especially older type or generic 
herbicides) still have the same content on the label today as they did 10–15 years ago. 
Some products with generic counterparts even have totally different label claims for the 
same active ingredient. This creates many issues for farmers and agronomists wanting 
to use these herbicides in modern no-till farming systems.

Residual herbicides at sowing are very effective at controlling a wide range of weeds, 
both in-crop and well into the following summer.

Some residual herbicides also have valuable knockdown properties. This is very useful 
because knockdown herbicide options prior to sowing are limited for hard-to-kill weeds.

Knowing the chemistry and mode of action of each herbicide is paramount to enable 
the best combination of crop safety and weed control. Heavy rainfall just after sowing 
when combined with certain soils can lead to crop damage.

Some herbicides are mobile with soil water, while others are less mobile.

Mobility can also change with time for particular herbicides. For example, with Boxer 
Gold®, the longer it is allowed to bind to soil particles, the less chance there is of the 
herbicide becoming mobile in the soil. Other herbicides such as Logran® are mobile 
regardless of binding period.

The incorporated by sowing (IBS) application technique seems to be the safest way of 
using most residual herbicides, as the seed furrow is left free of high concentrations of 
herbicide. The soil from that furrow is thrown on the inter-row, where it is needed the 
most. In-furrow weed control is generally achieved by crop competition and/or small 
amounts of water-soluble herbicides washing into the seed furrow. For this reason, best 
results in IBS application are when water-soluble herbicides are used either solely or in 
conjunction with a less-soluble herbicide.

Because of the furrow created by most no-till seeders, post-sowing pre-emergent 
(PSPE) applications of many herbicides are not ideal and are usually not supported by 
labels, as the herbicides can concentrate within the seed furrow if washed in by water 
and/or herbicide-treated soil. For volatile herbicides that need incorporation following 
application, PSPE is not a viable option.

Tine seeders vary greatly in their ability to effectively incorporate herbicides. There are 
many tine shapes, angles of entry into the soil, break-out pressures, row spacings and 
soil surface conditions. Each of these factors causes variability in soil throw, especially 
when combined with faster sowing speeds (>8 km/h). Consequently, residual herbicide 
incorporation is variable between seeders. There are therefore no rules of thumb for 
sowing speed, row spacing and soil throw. You must check each machine in each 
paddock.

Disc machines show similar variability in their ability to incorporate herbicides. Disc 
angle, number of discs, disc size, disc shape, sowing speed, closer plates and press 
wheels all have an impact on both soil throw and on herbicide-treated soil returning into 
the seed furrow. Some discs can throw enough soil for incorporation of herbicides such 
as trifluralin.

In all cases with tines and discs, crop safety is usually enhanced by applying herbicides 
IBS rather than PSPE.
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Knife points and harrows cause a lot of herbicide-treated soil to return into the seed 
furrow and are therefore not ideally used in IBS application. Knife points and press 
wheels do a much better job. 22

Seeder calibration is important for precise seed placement, and seeders need to be 
checked regularly during sowing.

See more at: http://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2011/03/Options-for-using-more-residual-herbicides-in-northern-notill-systems

http://www.grdc.com.au/Media-Centre/Media-News/North/2011/06/~/
media/4CA071540A0F4E28AE0FF786D8BCB1DA.pdf

3.7.1 Using pre-emergent herbicides with different 
seeding equipment 

In recent years, seeders have changed dramatically in their design, aiming to maximise 
trash flow and seed placement uniformity while minimising soil disturbance. This has led 
to an increased uptake of knife-point and press-wheel seeders and more recently disc 
seeders. 

Each seeder will create a different environment for an establishing crop, and it is 
essential to understand this before using pre-emergent herbicides. 

It is also essential to understand how this environment may change with IBS or PSPE 
incorporation methods. In general, there is a great deal of difference achieved for 
crop safety between seeders in IBS systems, and less difference in PSPE application 
methods. The PSPE technique relies on uniform seeding depth and flatter seedbeds 
without pronounced furrows. This section focuses on the IBS method of incorporation, 
as typically this method is preferred in conservation-farming systems. 

Pre-emergent herbicides that are incorporated by sowing rely on the sowing process 
to ensure that the herbicide is incorporated effectively and that the seed is placed into 
a micro-environment that allows safe and effective germination. In all cases, the ideal 
situation is using a knife point or disc followed by a press wheel. Press wheels are 
essential as they provide the seed with good soil contact, and minimise the amount of 
herbicide-treated soil from the inter-row being dragged into the seed furrow. They also 
allow seeders to pass through stubble without the machine becoming choked with 
trash. The key is to understand that all seeding gear is different which, in turn, creates 
varying seedbed conditions. 

In tined seeders, variations include:

• angle of tine entry to the soil

• width and shape of seeding point

• breakout pressure of tine

• depth uniformity across machine

• trash flow ability across machine

• press-wheel size and shape

In disc seeders, variations include: 

• ability to penetrate compacted soils

• ability to achieve controlled soil throw onto the inter-row

• angle of disc entry to the soil

• size, shape and width of disc

• seed placement in furrow, i.e. bottom or side

• closing plates or closing wheels that allow consistent closure of the seed slot 
without returning herbicide treated soil onto the seed 

22  B Haskins (2010) Residual herbicides at sowing using disc and tyne no till seeding equipment., GRDC 
Update Papers.
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• depth gauge wheel placement and size

• press-wheel angle, size and shape

Equally important are other factors not associated with the type of seeding system 
that also influence seedbed conditions. These include soil type, soil moisture, soil 
compaction, row spacings, seeding depth and sowing speed. 

To ensure adequate soil throw, many people assume 1 km/h for every 1cm of row 
spacing. This is not correct, and there is no rule for soil throw, row spacing and sowing 
speed because of the variability discussed previously. The only way to check for 
adequate soil throw is to check every scenario. 

The suitability for pre-emergent herbicides in both tine- and disc-seeding systems has 
attracted a lot of research over the past few years. Unfortunately, many herbicide labels 
will not support the use of some pre-emergent herbicides with disc seeders, as there 
is greater risk of crop damage due to varying machine designs that form very different 
seedbed conditions. 

Irrespective of the disc seeder, research in southern NSW has clearly shown that a well 
set-up tine seeder will offer greater crop safety than a well set-up disc seeder. This 
is mostly because a knife point and press wheel will place more soil on the inter-row, 
minimising the amount of herbicide-treated soil washing into the seed furrow. Soil throw 
in tines is also better controlled, resulting in less herbicide-treated soil in a typically 
wider furrow. 

As shown  in Figure 1, this research has also demonstrated that some herbicides and 
rates of a particular herbicide are better suited to a disc-seeder system than others. 
This is usually correlated with how a seedling metabolises a particular herbicide if they 
contact each another. Figure 1 demonstrates that trifluralin at higher rates is definitely 
not suited to disc-seeding systems, as crop vigour may be adversely affected. 23

Figure 1: Difference in crop safety between discs and tines across a number of commonly used, 
pre-emergent herbicides in trials held across southern and central NSW. Various disc and tine 
seeders were used for these trials. 0, No crop vigour; 10, vigorous crop.

23  B Haskins (2012) Using pre-emergent herbicide herbicides in conservation farming systems. NSW 
Department of Primary Industries, http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-
pre-emergent-herbicides-in-conservation-farming-systems.pdf 
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SECTION 4

Plant growth and physiology

4.1 Germination and emergence

4.1.1 Germination
Germination begins when the seed absorbs water and ends with the appearance of the 
radicle. Germination has three phases:

• water absorption (imbibition)

• activation

• visible germination

Phase 1: Water absorption (GS01*)
(*see 1.4 Growth Stages for detail on Zadoks Cereal Growth Stage Key)

Phase 1 starts when the seed begins to absorb moisture. Generally, a barley seed needs 
to reach a moisture content of around 35–45% of its dry weight to begin germination. 
Water vapour can begin the germination process as rapidly as liquid can.

Barley seeds begin to germinate at a relative humidity of 97.7%. Soil so dry that roots 
cannot extract water still has a relative humidity of 99%, much higher than that of a dry 
seed. So even in dry conditions, there can be enough moisture for the seed to initiate 
germination, albeit at a slower pace than in damp conditions.

Phase 2: Activation (GS03)
Once the embryo has swollen it produces hormones that stimulate enzyme activity. The 
enzymes break down starch and protein stored in the seed to sugars and amino acids, 
providing energy to the growing embryo. If the seed dries out before the embryo starts 
to grow it remains viable.

Phase 2 continues until the rupture of the seed coat, the first visible sign of germination.

Phase 3: Visible germination (GS05–GS07)
In Phase 3 the embryo starts to visibly grow. The radicle emerges, followed soon after 
by primary roots and the coleoptile. The enzymes produced in Phase 2 mobilise sugars 
and amino acids stored in the seed and enable their transfer to the growing embryo. 1

4.1.2 emergence (GS07)
As the first primary roots appear, the coleoptile bursts through the seed coat and begins 
pushing towards the surface. Emergence is when the coleoptile or the first leaf becomes 
visible above the soil surface.

1  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf
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Coleoptile formation
The coleoptile is well developed in the embryo, forming a thimble-shaped structure 
covering the seedling leaf and the shoot. Once the coleoptile emerges from the seed, it 
increases in length until it breaks through the soil surface.

The fully elongated coleoptile is a tubular structure ranging from 50 to 80 mm in length 
and about 2 mm in diameter. It is white, except for two strands of tissue that contain 
chlorophyll. The end of the coleoptile is bullet-shaped and is closed except for a small 
pore, 0.25 mm long, a short distance behind the tip.

When the coleoptile senses light, it stops growing and the first true leaf pushes through 
the pore at the tip. Up to this point, the plant is living on reserves within the seed.

4.2 Factors affecting germination and emergence

4.2.1 Dormancy
In a barley seed, germination begins after a very short period of dormancy. Some level of seed 
dormancy is necessary to help prevent ripe grain from germinating in the head before harvest. 
However, excessive dormancy can be a problem in malting barley, forcing maltsters to store 
the grain for an extended period after harvest before it can be successfully malted. Australian 
varieties generally have low dormancy, some such as Hamelin and Flagship being particularly 
low.

At least two genes influence the level of dormancy in Australian barley. One gene is expressed 
in the embryo of the seed and needs to be present for any level of seed dormancy to develop. 
This gene makes the seed sensitive to the plant hormone abscisic acid, which prevents 
germination at the time of crop maturity. The second gene is expressed in the seed coat and, 
in combination with the embryo gene, produces a more robust and stable dormancy. This 
level of dormancy is essential in cultivars targeted for Queensland and northern New South 
Wales, because of summer rainfall. 2

4.2.2 Moisture
Soil moisture influences the speed of germination. Germination is rapid if the soil is moist. 
When the soil dries to near the permanent wilting point, the speed of germination slows. When 
the soil reaches the permanent wilting point, germination will take 10 days at 7°C instead of 
taking 5 days at 7°C when there is adequate moisture.

The germination process in a seed may stop and start in response to available moisture. 
Seeds that have taken up water and entered Phase 2, but not reached Phase 3, remain viable 
if the soil dries out. When the next fall of rain comes, the seed resumes germinating, taking up 
water and moving quickly through Phase 2.

This ability to start and stop the germination process in response to conditions before the 
roots and coleoptile have emerged is an important consideration when dry sowing. If the 
seedbed dries out before the coleoptile has emerged, the crop needs to be monitored to 
determine whether it will emerge, so that the critical decision to re-sow can be made.

Soil moisture also affects emergence. Sowing into hard-setting or crusting soils that dry out 
after sowing may result in poor emergence. Hard soil makes it difficult for the coleoptile to 
push through to the surface, particularly in varieties with short coleoptiles. In some crusting 
soils, gypsum and/or lime may improve soil structure and assist seedling emergence.

Stubble reduces the impact of raindrops on the soil surface and helps prevent soil crusts from 
forming. Stubble retention also encourages biological activity and increases the amount of 
organic matter, which improves the stability of the soil by binding the soil particles together. 3

2  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

3  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf
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4.3 effect of temperature, photoperiod and climate 
on plant growth and physiology

4.3.1 Temperature
Germination
Germination is dependent on temperature. The ideal temperature for barley germination 
is 12°–25°C, but germination will occur between 4° and 37°C.

The speed of germination is driven by accumulated temperature, or degree-days. 
Degree-days are the sum of the average daily maximum and minimum temperatures 
over consecutive days. For barley, that is 0°C during vegetative growth and 3°C in the 
reproductive phase.

Barley requires 35 degree-days for visible germination to occur (Table 1). For example, 
at an average temperature of 7°C it takes 5 days for visible germination to occur. At 
10°C it takes 3.5 days. Other examples are presented in Table 2. 

Table 1: Degree-days required for germination and emergence

No. Of Degree-
Days required

Root just visible  27

Coleoptile visible  35

Emergence (40 mm) 130

Each leaf 100
 

Table 2: Examples of how different temperatures affect germination

Temperature No. Of Days To 
Germination

3.5°C 10

5°C 7

7°C 5

10°C 3.5

Emergence
Extension of the coleoptile is directly related to soil temperature. Soils that are too 
cold or too hot shorten the coleoptile length. Research shows that coleoptiles are 
longest when soil temperatures are between 10° and 15°C. This results in variation in 
emergence and establishment times for different sowing dates and for different regions. 
Barley cultivars differ in coleoptile length, but this characteristic is not closely linked to 
plant height or to dwarfing genes.

Establishment
High temperatures during establishment cause seedling mortality, reducing the number 
of plants that establish. In hot environments, the maximum temperature in the top few 
centimetres of soil can be 10–15°C higher than the maximum air temperature, especially 
with a dry, bare soil surface and high radiation intensity.

In these conditions, soil temperature can reach 40–45°C, seriously affecting seedling 
emergence. Brief exposure to extreme soil temperatures can also restrict root growth 
and tiller initiation.

Table 3 shows the average number of plants that established with increasing soil 
temperatures. Seed at 100 kg/ha was planted at a depth of 30–40 mm. The soil 
temperature was measured in the field at a depth of 50 mm.
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Table 3: Number of plants established at various soil temperatures

Mean max 
soil (°C) 

Temp plants 
established 
(Plants/M2)

20.2°C 315

33.2°C 256

42.2°C 89

 Note: The difference between 20.2°C and 33.2°C is statistically significant. 4

4.3.2 Oxygen
Oxygen is essential to the germination process. Seeds absorb oxygen rapidly during 
germination, and without enough oxygen, they die. Germination is slowed when the 
soil oxygen concentration is <20%. During germination, water softens the seed coat to 
make it permeable to oxygen, so dry seeds absorb almost no oxygen.

Seeds planted in waterlogged soils cannot germinate because of a lack of oxygen. It 
is commonly thought that in very wet conditions seeds burst; in fact, they run out of 
oxygen and die. 5

4.3.3 Seed quality
Early seedling growth relies on stored energy reserves in the seed. Good seedling 
establishment is more likely if seed is undamaged, stored correctly and from a plant that 
had adequate nutrition. Seed grading is an effective way to separate good-quality seed 
of uniform size from small or damaged seeds and other impurities.

Seed size is also important—the larger the seed, the greater the endosperm and starch 
reserves. Therefore,  while size does not alter germination, bigger seeds have faster 
seedling growth, a greater number of fertile tillers per plant and potentially higher grain 
yield.

Seed size is usually measured by weighing 1000 grains, known as the 1000-grain 
weight. The 1000-grain weights vary among varieties and from season to season. This 
indicates that sowing rates needs to vary according to the 1000-grain weight for each 
variety and in each season in order to achieve desired plant densities.

Some seed treatments can delay emergence by slowing the rate of germination, and 
others, which contain triazole fungicides, can shorten the length of the coleoptile. Some 
treatments can also shorten the length of the first leaf and the sub-crown internode. 6

4.3.4 Coleoptile length
Some tall varieties (e.g. Buloke) have short coleoptiles, whereas some short varieties 
(e.g. Baudin) have relatively long coleoptiles. Sowing seeds deeper than the coleoptile 
length will result in the coleoptile not reaching the surface, making plant emergence 
unlikely. Deeply sown seeds also lack early vigour, and tillering can be delayed.

Plant emergence decreased with deeper sowing and was dependent on variety. When 
plants were sown at 87 mm depth, emergence was 50–80% of that sown at a shallow 
44 mm. For plants sown at 112 mm, emergence was 35–60% of that with sowing at 44 
mm. 7

4  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

5  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

6  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

7  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf
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4.3.5 Nutrition
Adequate nutrition is essential for good plant growth and development, yield and grain 
quality. Nutritional requirements vary depending on potential yield and soil-fertility 
status. A soil test should be carried out before sowing to measure soil nutrients and 
calculate fertiliser requirements.

Historically, rates of fertiliser application to barley crops have been low. Barley was 
perceived to perform well on poor soils and in low-fertility situations. This is not true. 
In fertile soils, barley will yield comparably to wheat without necessarily producing a 
protein level above that acceptable for malting specifications. 8

Nitrogen
Nitrogen (N) is essential to plant growth and is commonly applied at moderate to high 
levels before or at sowing. Anhydrous ammonia or urea are commonly used to apply 
N at high rates. Different forms of fertiliser N need specific management. For example, 
the soil needs to be moist when anhydrous ammonia is applied so it is sealed within the 
soil.

Nitrogen can be leached from light soil if sowing is delayed by heavy rains or continuous 
wet weather. Excessive N fertiliser applied close to the seed can lead to toxicity 
problems. Under good moisture conditions, seed can tolerate a maximum of around 25 
kg N/ha without seedling mortality. This amount is based on an 18-cm row spacing and 
fertiliser banded with the seed. Deep banding of N, which requires seed and fertiliser to 
be separated by >25 mm, and pre-drilling of urea at sowing are two methods that will 
prevent seedlings from overdosing on fertiliser. 

Markets for malting barley demand moderate protein levels and feed barley markets 
do not pay a premium for protein. Therefore, it is good practice to apply N fertilisers for 
vegetative growth early to give a higher yield potential, rather than having reserves of N 
at grain-filling that the plant will put into grain protein.

There is no reason to be wary of high-fertility paddocks or the use of N fertiliser 
to increase the yield potential of barley. After moderate additions of N, the protein 
percentage can remain relatively constant, whereas the yield can increase dramatically. 
High N availability or the use of high levels of N fertiliser can lead to an increase in grain 
protein but the major determinant of this is seasonal conditions during grain-fill.

Nitrogen rates will vary depending on whether you are trying to meet malt specifications, 
use the crop for grazing, or maximise the yield of a feed variety. 9

Phosphorus
Phosphorus (P) is essential to seed germination and early root development and for 
increasing seedling vigour and establishment. Large amounts are taken up during early 
growth. Phosphorus deficiency at this early stage of growth significantly reduces yield 
potential. Many of the soils in New South Wales have very low levels of P, and in some 
areas it is the limiting nutrient.

Unlike N, P is relatively immobile in the soil so it needs to be placed near the seed. 
Regardless of soil test results, some P needs to be applied with seed at sowing.

One method of estimating P requirement is to allow 5 kg P per tonne (t) of target yield. 
For example, a 3 t/ha barley crop requires 15 kg P/ha. Phosphorus application rates 
should be increased by 20% to compensate for slow root growth and P uptake and 

8  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

9  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf
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moisture uptake in dry years. Delays in the uptake of P to critical levels can delay 
maturity, which in turn can increase grain screenings. 10

4.4 Plant growth stages

4.4.1 Plant growth stages
A growth stage key provides farmers, advisers and researchers with a common 
reference for describing the crop’s development. Management by growth stage 
is critical to optimise returns from inputs such as nitrogen, plant growth regulator, 
fungicides and water.

4.4.2 Zadoks Cereal Growth Stage Key
This is the most commonly used key to growth stages for cereals, in which the 
development of the cereal plant is divided into ten distinct development phases 
covering 100 individual growth stages. Individual growth stages are denoted by the 
prefix GS (growth stage) or Z (Zadoks), for example, GS39 or Z39.

The principal Zadoks growth stages used in relation to disease control and nitrogen 
management are those from the start of stem elongation through to early flowering: 
GS30–GS61.

Early stem elongation GS30–GS33 (pseudo stem erect—third node on the main stem)
This period is important for both timing of nitrogen application and protection of key 
leaves. In order to ensure the correct identification of these growth stages, plant stems 
are cut longitudinally, so that internal movement of the nodes (joints in the stem) and 
lengths of internodes (hollow cavities in the stem) can be measured.

Leaf dissection at GS32 and GS33
This is a method for determining which leaves are emerging from the main stem prior to 
the emergence of the flag leaf. Knowing which leaves are present is critical if fungicide 
use is to be optimised to protect leaves.

The Zadoks Growth Stage Key does not run chronologically from GS00 to GS99; for 
example, when the crop reaches three fully unfolded leaves (GS13), it begins to tiller (GS20) 
before it has completed four, five and six fully unfolded leaves (GS14, GS15, GS16).

It is easier to assess main stem and number of tillers than it is the number of leaves (due 
to leaf senescence) during tillering. The plant growth stage is determined by main stem 
and number of tillers per plant; for example, GS22 is main stem plus two tillers and 
GS29 is main stem plus nine or more tillers.

In Australian cereal crops, plants rarely reach GS29 before the main stem starts to stem 
elongate (GS30). Because of growth stages overlapping, it is possible to describe a 
plant with several growth stages at the same point in time. For example, a cereal plant 
at GS32 (second node on the main stem) with three tillers and seven leaves on the main 
stem would be at GS32, 23, 17, yet practically would be regarded as GS32, since this 
describes the most advanced stage of development.

Note: After stem elongation (GS30), the growth stage describes the stage of the main 
stem, it is not an average of all the tillers. This is particularly important with timing 
fungicide; for example, GS39 is full flag leaf on the main stem, meaning that not all flag 
leaves in the crop will be fully emerged. 11

For more information, download the GRDC ‘Cereal growth stages guide’: 
http://www.grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20
Stages%20Guide1.pdf

10  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

11  N Poole (2005) Cereal growth stages guide. Grains Research and Development Corporation. http://www.
grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20Stages%20Guide1.pdf
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SECTION 5

Nutrition and fertiliser

Adequate nutrition is essential for good plant growth and development, yield and grain 
quality. Nutritional requirements vary depending on potential yield and soil fertility 
status. Nitrogen (N) rates required will vary depending on whether you are trying to meet 
malt specifications, use the crop for grazing or maximise the yield of a feed variety. Soil 
tests and nutrient budgeting are useful ways of measuring soil fertility and calculating 
fertiliser requirements before sowing.

Historically, rates of fertiliser application to barley crops have been low. Barley was 
perceived to perform well on poor soils and in low-fertility situations. This is not true; in 
fertile soils, barley yields are comparable to those wheat without necessarily producing 
a protein level above that acceptable for malting specifications. 1

Management of N availability is vital to achieve optimal yields and quality in your 
barley crop. Unlike wheat, which attracts premiums for high protein, malting barley can 
attract a premium if protein falls between 9 and 12%. A protein target of 12% will also 
maximise a barley crop’s yield potential. 2

A large percentage of Queensland’s barley crop is classified as feed, with protein 
levels >12%. Older cultivation or double-crop situations with lower soil N supplies 
can produce malt-grade barley but skill is needed to balance the requirement for N to 
maximise yield without over-fertilising and increasing the protein level.

When fertiliser prices peaked in 2008, questions were raised about the cost 
effectiveness of these inputs. New information was sought on best practice for yield and 
profitability. The result was the Grains Research and Development Corporation (GRDC) 
More Profit from Crop Nutrition initiative. 3 

5.1 Organic matter
Organic matter has a fundamental and necessary place in soils. It helps to ameliorate or 
buffer the harmful effects of plant pathogens and chemical toxicities. It enhances surface 
and deeper soil structure, with positive effects for infiltration and exchange of water and 
gases, and for keeping the soil in place, i.e., reducing erosion. It improves soil water-
holding capacity and, through its high cation-exchange capacity, prevents the leaching of 
essential cations such as calcium (Ca), magnesium (Mg), potassium (K) and sodium (Na). 
Most importantly, it is a major repository for the cycling of nutrients and their delivery to 
crops and pastures.

Increasing soil organic matter levels and regularly using legumes in rotations will provide a 
native supply of N and reduce N fertiliser requirements and increase profitability.

1  Procrop Barley Growth & Development, Industry & Investment NSW 2010. http://www.dpi.nsw.gov.au/__
data/assets/pdf_file/0003/516180/Procrop-barley-growth-and-development.pdf

2  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry, 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

3  M Blumenthal and I Fillery (2012) More profit from crop nutrition. GRDC Ground Cover Supplement 16 Feb 
2012, http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-issue-97-MarApr-
2012-Supplement-More-profit-from-nutrition/More-profit-from-crop-nutrition

i More 
information
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com.au/Media-
Centre/Ground-
Cover-Supplements/
Ground-Cover-issue-
97-MarApr-2012-
Supplement-More-
profit-from-nutrition

i More 
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ManagingSoilOrganic 
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For every 0.5% of organic carbon (OC) (0-10 cm) approximately 13 kg N/ha of mineral N is 
supplied from soil organic matter in the top 30 cm over a typical growing season. This N is 
released slowly over the growing season and not prone to losses. 4

Dalal and Chan (2001) reported that the effects of land clearing and cropping in reducing 
soil organic matter (SOM) levels resulted from changes in soil temperatures, moisture 
fluxes and aeration, increased soil loss through erosion, reduced inputs of organic 
materials, increased export of nutrients in harvested product and exposure of protected 
organic matter with cultivation (Figure 1).

Declining levels of SOM have implications for soil structure, soil moisture retention, 
nutrient delivery and microbial activity. However, probably the single most important effect 
is the decline in the soil’s capacity to mineralise organic N to plant-available N. In the 
original 83-paddock study of Dalal et al., N mineralisation capacity was reduced by 39–
57%, with an overall average decline of 52%. This translated into reduced wheat yields 
when crops were grown without fertiliser N. A healthy soil with good levels of organic 
matter and moisture can mineralise up to 1 kg N/day in warm or summer conditions.

Figure 1: 
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Billa Billa soil (clay content 34%) than the Waco soil (clay content 74% clay) .

Soil organic matter is an under-valued capital resource that needs informed 
management. Traditional cropping practices have dramatically reduced SOM levels and 
its nutrients are of far more value than soil carbon (C) itself (Figure 2).

Modern farming practices that maximise water-use-efficiency for extra dry matter 
production are key to protecting SOM. Greater cropping frequency, crops with higher 
yields and associated higher stubble loads, pasture rotations and avoiding burning or 
baling will all help growers in the northern region to maintain SOM. 5

4  Where does fertiliser nitrogen finish up? http://www.grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2015/02/Where-does-fertiliser-nitrogen-finish-up#sthash.VyBrVj53.dpuf

5  D Lawrence, S Argent, R O’Connor, G Schwenke, S Muir, M McLeod (2013) Soil organic matter what is it 
worth to grain production and what practices encourage it, GRDC Update Papers 16 July 2013, http://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Soil-organic-matter-what-is-it-
worth-to-grain-production-and-what-practices-encourage-it
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Figure 2: 
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The decline of soil organic carbon with long-term cropping systems. 

5.1.1  Current situation
Current organic C and N levels in northern grains cropping soils reflect previous land 
use and management, as well as other factors such as rainfall, ambient temperature 
and soil type. There will be substantial within-paddock and between-paddock variation 
at a specific location, as well as variation across the whole northern region. In fact, 
differences between the extremely low and high values for particular localities can be as 
much as 4-fold. As a result, it may be near impossible to categorically state benchmark 
values for localities and/or soil types without examining masses of archived soil testing 
data, with the inherent problems of which technique was used for measurement, or 
embarking on a new comprehensive testing program. 6

5.1.2 Options for reversing the decline in soil organic 
matter

Reversing the decline in SOM can be achieved by increasing organic inputs while 
reducing losses (Table 1).

Table 1: Practices to increase soil organic matter (SOM)

Increase organic inputs by: reduce losses of C and N by:

Increasing frequency of well-managed, 
highly productive pasture leys

Eliminating stubble burning or baling of paddocks

Increasing crop yields Minimising fallowing

Retention of all crop residues Taking measures to reduce erosion

Application of manures and recycled 
organic materials to the soil

Reducing tillage because excessive tillage leads to 
greater rates of SOM decomposition and erosion 
losses

Source: Adapted from Schwenke 2004, Chan et al. 2010.

Arguably the most direct, effective means of increasing SOM levels is through the 
use of legume-based pastures. The rotation experiments of I Holford and colleagues 
at Tamworth, NSW, (Holford 1981; Holford et al. 1998) and R Dalal and colleagues in 
south-eastern Queensland (Dalal et al. 1995; Strong et al. 1996) provide good evidence 
of this. An example is given in Table 2.

The greatest gains in soil C and N, relative to the wheat monoculture, were made in the 
4-year grass–legume ley, with increases of 550 kg total N/ha and 4.2 t organic C/ha. The 
chickpea–wheat rotation fared no better than the continuous wheat system. The shorter 
(1–2 years) lucerne and annual medic leys resulted in marginal increases in soil organic 
C and N (Table 2). 

6  D Herridge (2011) Managing legume and fertiliser N for northern grains cropping. Revised 2013. GRDC, 
http://www.grdc.com.au/GRDC-Booklet-ManagingFertiliserN
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Clearly, time and good sources of both C and N are required to build up SOM, which 
is exactly what the 4-year grass–legume ley provided (Dalal et al. 1995; Hossain et al. 
1996a). Nitrogen was supplied via N2 fixation by the lucerne and annual medic in the 
pasture, with most of the C supplied by the grasses, purple pigeon grass and Rhodes 
grass (Hossain et al. 1995). There were no inputs of fertiliser N in any of the treatments 
in Table 2. 7

Table 2: Effects of different rotations on soil total N and organic C (t/ha) to 30 cm and as gain 
relative to continuous wheat

rotation Wheat crops Soil total N Organic C

0–30 cm Gain 0–30 cm Gain

Grass/legume ley 4 years 0 2.91 0.55 26.5 4.2

Lucerne ley (1–2 years) 2–3 2.56 0.20 23.5 1.2

Annual medic ley (1–2 
years)

2–3 2.49 0.13 23.1 0.8

Chickpeas (2 years) 2 2.35 0.00 22.0 0.0

Continuous wheat 4 years 4 2.36 – 22.3 –

Source: Hossain et al. 1996a.

Impact of fertiliser N inputs on soil
If the rates of fertiliser N are sufficiently high, the effects can be positive. In the Warra 
experiments, both soil organic C and total N increased marginally (3–4%) over an 8-year 
period when no-till continuous wheat, fertilised at a rate of 75 kg N/ha, was grown. 
This contrasts with decreases of 10–12% in soil organic C and N in the non-fertilised 
continuous wheat and chickpea–wheat plots. The result was much the same in the NSW 
Department of Primary Industries (DPI) experiments in northern NSW. At the Warialda 
site, for example, SOM increased during 5 years of cropping, but only where fertiliser N 
had been applied to the cereals.

It is clear from the above examples that building of SOM requires N. It works in two 
ways. First, the fertiliser or legume N produces higher crop/pasture yields and creates 
more residues that are returned to the soil. Then, these residues are decomposed by 
the soil microbes, with some eventually becoming stable organic matter or humus. The 
humus has a C/N ratio of about 10 : 1, i.e. 10 atoms of C to 1 atom of N. If there are 
good amounts of mineral N in the soil where the residues are decomposing, the C is 
efficiently locked into microbial biomass and then into humus. 

If, on the other hand, the soil is deficient in mineral N, then more of the C is respired by 
the soil microbes and less is locked into the stable organic matter.

There is published evidence that applied fertiliser N enhances residue decomposition 
and its conversion into humus (see, for example, Moran et al. 2005). Several possible 
mechanisms are summarised by Baldock and Nelson (2000). 8

5.2 Balanced nutrition
To obtain the maximum benefit from investment, fertiliser programs must provide a 
balance of required nutrients. There is little point in applying enough N if phosphorus (P) 
or zinc (Zn) deficiency is limiting yield. To make better crop nutrition decisions, growers 
need to consider the use of paddock records, soil tests and test strips.

Soil fertility and fertiliser management with attention to N and P is essential to optimise 
yield. Grain protein below about 10.5% in combination with low yields indicates N 
deficiency. Where the level of protein is consistently <10%, at least 50 kg/ha of N can 

7  D Herridge (2011) Managing legume and fertiliser N for northern grains cropping. Revised 2013. GRDC, 
http://www.grdc.com.au/GRDC-Booklet-ManagingFertiliserN

8  D Herridge (2011) Managing legume and fertiliser N for northern grains cropping. Revised 2013. GRDC, 
http://www.grdc.com.au/GRDC-Booklet-ManagingFertiliserN 
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normally be applied at sowing or up to the five-leaf stage to increase yields whilst 
maintaining malting quality. High fertility paddocks usually produce grain protein too 
high for malting grade. High rates of N can optimise feed-grain yields. 9

Monitoring of crop growth during the season can assist in identifying factors like water 
stress, P or Zn deficiency, disease or other management practices responsible for 
reducing yield. 10

5.2.1 Paddock records
Paddock records help:

• establish realistic target grain yield/protein levels prior to planting;

• modify target yield/protein levels based on previous crop performance, planting soil 
moisture, planting time, fallow conditions, expected in-crop seasonal conditions 
and grain quality requirements;

• determine appropriate fertiliser type, rate and application method; and

• compare expected with actual performance per paddock and modify fertiliser 
strategies to optimise future yield/protein levels.

The longer paddock records are kept, the more valuable they become in assessing 
future requirements. 11

5.3 Increasing complexity of northern region soils
The northern grains region occupies ~4 million ha across northern and central NSW, 
and southern and central Queensland. The cropping system is dominated by winter and 
summer cereals (wheat, barley and sorghum) with a relatively low frequency of grain 
legumes (chickpea and, to a lesser extent, mungbean, field pea and lupins). 

The main cropping soils are Vertosols, Chromosols and Sodosols Intrinsic soil fertility 
was high, especially on the Vertosols, but this has declined over time such that a 
significant proportion of the crop’s nutrient requirement is now supplied by fertilisers. 

There is widespread use of starter P, N and Zn fertiliser, while continued nutrient removal 
in grain is expected to increase incidence of deficiencies of other nutrients such as K 
and sulfur (S). Indeed, negative nutrient budgets continue to be recorded across the 
region.

An assessment of the decline in reserves across the Queensland cropping belt (Bell 
et al. 2010) showed that, compared with adjacent uncropped reference sites, cropped 
soils across all regions contained only 60% (+5%) of the organic C, 48% (+6%) of total 
organic N, 36% (+5%) of the particulate organic N, 68% (+14%) of the total inorganic P 
and 55% (+5%) of the exchangeable K reserves. 

This depletion is resulting in increasingly complex nutrient management decisions 
for growers, with a recent survey of grain nutrient concentrations in wheat (M Bell, 
K Klepper and D Lester, unpublished data) suggesting significant proportions of the 
commercial grain crop showed low–marginal status of one or more of N, P, K and S.

Until recently, fertiliser use in parts of the northern grains region was dominated by N 
inputs, with P and possibly Zn applied as starter fertilisers at planting—often with P 
rates still much less than rates of crop removal. There is increasing evidence of yield 
constraints due to concurrent deficiencies of P, K and S, with soil tests indicating the 
most severe depletion of reserves of P and K occurring in the layers immediately below 

9  P Matthews, D McCaffery, L Jenkins (2014) Winter crop variety sowing guide, NSW DPI 2014, http://www.
dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

10  DAFF (2010) Nutrition management. Overview. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/nutrition-
management/overview 

11  DAFF (2010) Nutrition management. Overview. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/nutrition-
management/overview 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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the top 10 cm of the soil profile (i.e.10–30cm). These layers are important for nutrient 
supply when topsoil root activity is limited by dry conditions but crop growth continues, 
utilising subsoil moisture (and nutrient) reserves.

Uncertainty remains about the ability of soil tests to accurately predict responsiveness 
to P, K and S fertilisers. 12 

5.4 Understanding soil pH
A soil pH in calcium chloride (CaCl2) of 5.2–8.0 provides optimum conditions for most 
agricultural plants. All plants are affected by extremes of pH but there is wide variation 
in their tolerance of acidity and alkalinity. Some plants grow well over a wide pH range, 
whereas others are very sensitive to small variations in acidity or alkalinity. 13 

Microbial activity in the soil is also affected by soil pH, with most activity occurring in 
soils of pH 5.0–7.0. Where extremities of acidity or alkalinity occur, various species of 
earthworms and nitrifying bacteria disappear.

Soil pH affects the availability of nutrients and how the nutrients react with each other. 14 

At a low pH, beneficial elements such as molybdenum (Mo), P, Mg, S, K, Ca, N and 
other elements may become toxic (Figure 3). Maintain soil pH(CaCl2) between 5.5 and 
6.5 to achieve maximum P availability for crops.

12  M Bell, D Lester, L Smith, P Want (2012) Increasing complexity in nutrient management on clay soils 
in the northern grain belt—nutrient stratification and multiple nutrient limitations. Australian Agronomy 
Conference. Australian Society of Agronomy/The Regional Institute, http://www.regional.org.au/au/asa/2012/
nutrition/8045_bellm.htm 

13  B Lake (2000) Understanding soil pH. NSW Agriculture, http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0003/167187/soil-ph.pdf

14  B Lake (2000) Understanding soil pH. NSW Agriculture, http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0003/167187/soil-ph.pdf

i More 
information

Australian Agronomy 
Conference Paper: 
http://www.regional.
org.au/au/asa/2012/
nutrition/8045_bellm.
htm
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Figure 3: 

pH
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Effect of pH(CaCl2) on the availability of soil nutrients. (Source: After Trough.)

The two main laboratory methods employed in Australia to determine pH use either 
CaCl2 or water.

Soil pH in calcium chloride
This is the standard method of measuring soil pH in all states other than Queensland. 
An air-dry soil sample is mixed with five times its weight of a dilute concentration (0.01 
m) of CaCl2, shaken for 1 h and the pH is measured using an electrode. The results are 
usually expressed as pH(CaCl2).

Soil pH in water
Distilled water is used in place of 0.01 m CaCl2, and results are expressed as pH(w). 
The pH(CaCl2) test is the more accurate of the two pH tests, as it reflects what the 
plant experiences in the soil. The values of pH(CaCl2) are normally lower than pH(w) 
by 0.5–0.9. A useful, but not consistently accurate, conversion is to subtract 0.8 from 
the pH(w) to obtain a pH(CaCl2) value. The difference between the methods can be 
significant when interpreting results and it is important to know which method has been 
used, especially if pH figures derived some years apart are being compared to assess 
any pH fluctuations. 15

15  B Lake (2000) Understanding soil pH. NSW Agriculture, http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0003/167187/soil-ph.pdf.

i More 
information

For more information 
on crop-specific 
reactions to soil pH 
levels, download: 
http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0003/167187/
soil-ph.pdf 
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5.5 Hierarchy of crop fertility needs
Current research by Department of Agriculture, Fisheries and Forestry Queensland 
(DAFF) on the Darling Downs confirms a hierarchy of crop fertility needs. There must be 
sufficient plant-available N to get a response to P, and there must be sufficient P for S 
and/or K responses to occur. 16 

Liebig’s law of the minimum, often simply called Liebig’s law or the law of the minimum, 
is a principle developed in agricultural science by Carl Sprengel (1828) and later 
popularised by Justus von Liebig. It states that growth is controlled not by the total 
amount of resources available, but by the scarcest resource (i.e. limiting factor) (Figure 
4). 17

Figure 4: 

Minimum

Leibig’s law or law of the minimum.

Additive effects of N and P appear to account for most of the above-ground growth and 
yield response. 18

5.6 Crop removal rates
Nutrients removed from paddocks need to be replaced at some point to sustain 
production (Table 3). In irrigated cropping, large quantities of nutrients are removed and 
growers need to adopt a strategy of programmed nutrient replacement, but dryland 
growers should also consider this approach. 

Table 3: Average nutrients removed by barley crops—values are kg/ha

yield N P K Ca Mg S Zn

Irrigated wheat grain 7000 125 24 35 3.5 10 3 200

Dryland wheat grain 2000 40 7 10 1.5 2.8 5.5 60

The yield potential of a crop will be limited by any nutrient the soil cannot adequately 
supply. Poor crop response to one nutrient can often be linked to a deficiency in 
another nutrient or other management techniques. Crop response can also be linked 
to soil constraints such as acidity, sodicity or salinity, problems with beneficial soil 
microorganisms, or presence of pathogens such as nematodes.

To attain optimum yields, an adequate supply of each nutrient is necessary. However, 
it is important to realise that only a small proportion of the total amount of an element 
in the soil may be available for plant uptake at any one time. For nutrients to be readily 

16  D Lester, M Bell (2013) Nutritional interactions of N, P, K and S on the Darling Downs. GRDC Update Papers 
7 March 2013, http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/
Nutritional-interactions-of-N-P-K-and-S-on-the-Darling-Downs 

17  Anon. Liebig’s law of the minimum, http://en.wikipedia.org/wiki/Liebig's_law_of_the_minimum 

18  D Lester, M Bell (2013) Nutritional interactions of N, P, K and S on the Darling Downs. GRDC Update Papers 
7 March 2013, http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/
Nutritional-interactions-of-N-P-K-and-S-on-the-Darling-Downs 

i More 
information

GRDC Update Paper: 
http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2011/09/
Observations-on-a-
general-decline-in-
fertility-of-multiple-
nutrients

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Nutritional-interactions-of-N-P-K-and-S-on-the-Darling-Downs
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Nutritional-interactions-of-N-P-K-and-S-on-the-Darling-Downs
http://en.wikipedia.org/wiki/Liebig's_law_of_the_minimum
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Nutritional-interactions-of-N-P-K-and-S-on-the-Darling-Downs
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Nutritional-interactions-of-N-P-K-and-S-on-the-Darling-Downs
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/09/Observations-on-a-general-decline-in-fertility-of-multiple-nutrients


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 5    BArley - Nutrition and fertiliser   

 9Know more. Grow more.

February 2016

FeedbackTable of Contents

5

available to plants, they must be present in the soil solution (the soil water), or easily 
exchanged from the surface of clay and organic matter particles in the root-zone, and 
be supplied when and where the plant needs it.

Temperature and soil moisture content affect the availability of nutrients to plants, 
and the availability of nutrients also depends on soil pH, degree of exploration of root 
systems and various soil chemical reactions, which vary from soil to soil. Fertiliser may 
be applied in the top 5–10 cm, but unless the soil remains moist, the plant will not be 
able to access it. Movement of nutrients within the soil profile in low-rainfall areas is 
generally low except in very sandy soils.

Lack of movement of nutrients, combined with current farming methods (e.g. no-till), 
is resulting in stratification of nutrients, with concentrations building up in the surface 
of the soil where they are not always available to plants, depending on the seasonal 
conditions. Often, on Queensland’s Western Downs and in central Queensland, winter 
cereals are deep-sown into moisture that is below the layer where nutrients have 
been placed or are stratified, and this has implications for management and fertiliser 
practices. 19

Reserves of mineral nutrients such as P have been run down over several decades of 
cropping with negative P budgets (removing more P than is put back in by fertilisers or 
crop residues). This trend has accelerated as direct-drill cropping has improved yields 
and crop frequency, removing even more P from the soil.

Consequently, limited P is now constraining yields in parts of the northern grains region, 
particularly in the vertosols (black and grey cracking clays). High native fertility has been 
depleted, and the move to no-till/minimum-tillage has reduced the opportunities to 
incorporate P and other immobile nutrients into the soil. 20

Analysing grain for nutrient content provides additional information when monitoring soil 
fertility by accounting for the amount of nutrient removed with each harvest. 21

5.7 Nitrogen

5.7.1 Nitrogen supply and grain protein content
Nitrogen is a primary constituent of protein, so adequate soil N supply is essential for 
producing wheat with a high protein content. Supply of N is shaped by a number of 
factors in the farming system (Figure 5).

19  DAFF (2012) Wheat—nutrition. Department of Agriculture, Fisheries and Forestry Queensland, http://www.
daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/wheat/nutrition 

20  GRDC (2012) Crop nutrition. Northern region—phosphorus management. GRDC Fact Sheet Nov. 2012, 
http://www.grdc.com.au/~/media/578CC7FEE649428D9C4C90B7461537D0.pdf 

21  GRDC (2012) Crop nutrition. Northern region—phosphorus management. GRDC Fact Sheet Nov. 2012, 
http://www.grdc.com.au/~/media/578CC7FEE649428D9C4C90B7461537D0.pdf 
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Figure 5: 
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Factors influencing available soil nitrogen. (Source: Incitec Pivot Ltd.)

Grain protein is modified by the grain yield of the crop—increasing grain yield has a 
diluting effect on grain protein, i.e. yield and protein are inversely proportional (Figure 6).

Figure 6: 
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The relationship between yield and protein. (Source: Incitec Pivot Ltd.)

This explains why a larger proportion of the crop is of a high protein in drier seasons or 
seasons of low grain yield, whereas high yields can be produced but may be at a lower 
protein level in wetter years. Nitrogen fertility can be extremely variable from one year to 
the next.

The cycling of N between atmosphere, soil, and plants and animals is depicted in Figure 
7.

GrDC Video

http://www.grdc.com.
au/Media-Centre/
GRDC-Gallery/
Video/3jDrtfg95Po

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/3jDrtfg95Po
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/3jDrtfg95Po
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/3jDrtfg95Po
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/3jDrtfg95Po


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 5    BArley - Nutrition and fertiliser   

 11Know more. Grow more.

February 2016

FeedbackTable of Contents

5

Figure 7: 
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5.8 Nitrogen volatilisation and denitrification
Ammonia volatilisation (Figure 8) occurs when urea is surface-applied without 
incorporation. After application, urea dissolves in water and in the presence of urease, 
forms ammonium ions (NH4

+). If there are insufficient adsorption sites at the soil surface 
for the ammonium ions, ammonia (NH3) gas can form as the soil dries out, e.g. in the 
heat of the day following overnight dew. Such losses are greatest in alkaline (high-pH) 
soils, in which hydroxyl (OH–) ions are present in high concentrations. 22 

It is known to be safer to incorporate than to rely on surface spreading, but many 
farmers in the northern region practice pre-season broadcasting and in-season 
topdressing of wheat crops. Splitting N application between sowing and in-crop 
allows growers to lower their financial risk on fertiliser application by allowing seasonal 
conditions to drive decisions on how much to spend on nitrogen, but this can come at a 
cost of additional yield

Most farmers try to apply fertiliser ahead of predicted rain, but what happens if rain 
does not fall as predicted? Is all of the N really lost to the air in 1 or 2 days? International 
research literature lists the range of measured losses from 0 to almost 100%, but there 
are very few instances of losses greater than ~40% of that applied, with most studies 
finding only ~10% loss. 

In the 2008 and 2009 GRDC Adviser Updates, researchers detailed the factors that 
drive the process of N volatilisation from fertiliser, along with the results of some 
laboratory incubation experiments (Schwenke et al. 2008, 2009). 

The following is a brief summary of the many factors involved:

1. Soil pH. There is more loss at higher pH. Dissolving urea granule creates a high 
pH zone.

2. Temperature. The hotter it is, the greater the potential there is for ammonia loss.

22  Source: Incitec Pivot Ltd

i More 
information

GRDC Update Papers: 
http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/07/
Have-we-got-the-
foundation-of-N-
nutrition-right#sthash.
kGrs8NES.dpuf 
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com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/02/Will-
low-protein-become-
the-new-norm 

GRDC Booklet: 
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Bookshop/2013/05/
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Northern-Grains-
Cropping 
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com.au/Research-
and-Development/
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time
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3. Soil moisture. Wet soil dissolves fertiliser but does not move N into the soil.

4. Calcium carbonate (CaCO3). Lime in the soil reacts directly with ammonium 
sulfate increasing, loss.

5. Soil clay content. Clay in soils adsorbs ammonium-N, decreasing potential for 
loss.

6. Soil buffer capacity. Clays in soil absorb changes in soil pH.

7. Biological activity. Ammonium is converted to nitrate, which is safe from 
volatilisation.

8. Wind. Windy conditions at the soil surface lead to greater loss.

9. Rain. Rain moves dissolved fertiliser into contact with soil clays, away from wind.

10. Depth of fertilizer. Ammonia must be at the surface to volatilise. Incorporation 
reduces loss.

11. Crop canopy. Some ammonia in air can be re-absorbed by a growing crop 
canopy and the canopy also reduces the wind intensity at the soil surface.

12. Residues/litter. Residues can strand the fertiliser at the surface. Urease enzyme is 
present in residues.

13. Fertiliser type. Only the ammonium form is lost; urea converts to ammonium and 
nitrate forms are not volatilised.

Figure 8: 

Nitrification process

Leaching

Nitrite
NO2

-
Nitrate
NO3

-
Ammonium

NH4
+

Denitrification

The nitrification process.

In cracking clay soils of the northern grains region, saturated soil conditions between 
fertiliser application and crop growth can lead to significant N losses from the soil 
through denitrification. The gases lost in this case are nitric oxide (NO), nitrous oxide 
(N2O) and di-nitrogen (N2). Isotope studies in the northern region have found that these 
losses can be >30% of the N applied. Direct measurements of nitrous oxide highlight 
the rapidity of loss in this process.

Nitrogen losses from ammonium sulfate applications were less than from urea in both 
bare fallows and grass-based perennial pastures. However, ammonium sulfate should 
be avoided on soils with naturally occurring lime in the surface. 23

Research funded by GRDC and NSW DPI through a Northern Grower Alliance project 
(NGA0002) showed that delayed N reliably improved grain protein and maintained grain 
yield with applications up to early stem elongation, irrespective of the N fertiliser used.

Initial trials of summer fallow broadcast applications have shown that some losses 
are to be expected but are mostly minor (<10%), unless the soil surface has naturally 
occurring lime, where losses can be much higher. However, researchers report that 
naturally occurring lime in the surface soil is quite rare. If in doubt, request a CaCO3 test 

23  G Schwenke (2013) Nitrogen use efficiency. GRDC Update Papers 16 July 2013, http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2013/07/Nitrogen-use-efficiency 
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during testing. Once will generally be sufficient as lime content does not change with 
seasons. However, cultivation can bring lime up from lower in the soil profile. In general, 
current research results so far fit well with the research literature where an average of 
10% of applied N is lost from urea added to arable systems. 24

5.8.1 Nitrogen requirements
Excessive N fertiliser application close to the seed can lead to toxicity problems. Under 
good moisture conditions, seed can tolerate a maximum of about 25 kg of N/ha without 
seedling mortality. This amount is based on an 18-cm row spacing and fertiliser banded 
with the seed.

Deep banding is one method of applying N fertiliser at sowing without causing seedling 
losses. This requires the use of seeding systems that can separate seed and fertiliser 
by more than 25 mm. Pre-drilling of N as urea is another option. Alternatively, N fertiliser 
can be broadcast and incorporated at sowing. 25

A rule of thumb used by some Queensland growers for producing malting barley is 0.4 
kg of N/ha for every mm of available soil moisture. That means that if there is 150 mm of 
available soil moisture, this will require 60 kg N/ha to produce a barley crop with protein 
of 8.5–12%. In high-yielding years, grain protein can be reduced through N dilution as 
grain yield increases. 26

One method of calculating N requirements is by measuring existing soil N and 
estimating a target yield and protein and works as follows:

• Calculate available soil water e.g. using HowWet, stored soil moisture and 
estimated in-crop rainfall.

• Estimate target grain yield and protein percentage based on available moisture 
(e.g. 3.5 t/ha at 10.1% protein). Crop simulations such as Whopper Cropper can 
generate yield probabilities for a range of starting soil moisture and sowing dates. 
Ideal malting barley grain protein is about 11.5% dry (optimum yield) or 10.1% wet 
at 12% grain moisture. Target for feed barley grain protein is about 12% dry (max. 
yield) or 10.5% wet at 12.5% grain moisture.

• Calculate how much N will be harvested in the grain. Grain N (kg/ha) = yield (t/ha) x 
protein% x 1.6 (e.g. for the above target yield and protein 3.5 x 10.1 x 1.6 = 57 kg N/ha).

• Calculate N required to grow the crop. Barley requires roughly twice the amount of 
N in the grain. Nitrogen required for crop (kg/ha) = grain N x 2 e.g. (3.5 x 10.1 x 1.6) 
x 2 = 113 kg N/ha.

• Estimate or measure the soil N e.g. use soil tests (including the soil profile to 90 
or 120 cm), or previous crop yields and proteins. Include mineralisation (generally 
about 30 kg N/ha).

• Calculate the extra N required. Extra N required = N required to grow crop – soil N, 
e.g. with 10 units (kg/ha) of N in the soil and an estimated 30 units to be mineralised 
and a total of 113 units of N to grow your crop of 3.5 t/ha at 10.1% protein.

The equation will be 113 kg (total N required) – 40 kg (total available or to be 
mineralised) = 73 kg/ha of N. If using a product such as urea, which is 46% N, you will 
need 158 kg/ha of urea. (73/0.46) (Table 4). 27

24  G Schwenke, A Perfrement, W Manning, G McMullen (2012) Nitrogen volatilisation losses how much N is 
lost when applied in different formulations at different times. GRDC Update Papers 23 March 2012, https://
www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Nitrogen-volatilisation-
losses-how-much-N-is-lost-when-applied-in-different-formulations-at-different-times 

25  Procrop Barley Growth & Development, Industry & Investment NSW 2010. http://www.dpi.nsw.gov.au/__
data/assets/pdf_file/0003/516180/Procrop-barley-growth-and-development.pdf

26  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry, 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

27  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry, 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting
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Table 4: Indicative N fertiliser required (kg/ha) to produce the target yield (t/ha) of barley with 
11.5% grain protein dry.

Target yield (t/ha) at 11.5% protein (dry): 2 3 4 5

Total N required (kg/ha): 75 110 145 180

Cropping history

estimated 
available soil N 

(kg/ha)*
Balance of N required as 

fertiliser (kg/ha)

Double-cropped from sorghum 30 45 80 117 152

Fallowed from winter cereal 55 20 55 92 127

Fallow from chickpeas (yielding 0.5–1.0 t/ha) 65 10 45 82 117

Fallow from chickpeas (yielding 1.0–1.5 t/ha) 75 0 35 72 105

Source: Department of Agriculture, Fisheries and Forestry, Queensland.

5.9 Current general in-crop nutritional levels for 
nitrogen

To meet malt specifications, growers should target protein levels of 10.5–12% to 
achieve maximum yield and still meet receival standards. As the rate of N supply 
is increased, yield will generally increase to a maximum level, whereas protein may 
continue to increase with further N application. Drier or wetter than expected seasonal 
conditions can significantly change yield potential mid-season, which consequently 
changes N requirements to meet target protein contents. A cereal crop not attaining 
10.5% protein has not maximized its moisture limited yield potential, just as a crop 
which has higher than 11.5% protein has had excess available nitrogen.

The flexibility of delaying N application can be a risk management strategy for growers 
to adapt to changing seasonal conditions. When considering in-crop N applications it is 
critical to know soil N levels at the start of the season. Many paddocks may have high 
starting soil N levels well in excess of what is required to achieve realistic target yields 
and maintaining grain protein levels suitable for the production of malting barley. 28

In 2012, NSW DPI ran N trials on barley at sites near Walgett, Bithramere and Moree 
in northern NSW. Commander , Bass , Navigator  and Gairdner  barley, were grown 
at a plant population of 100 plants/m at all three trials sites. In each trial, four rates of 
N were applied at sowing, namely 0, 40, 80 and 120kg N/ha as granular urea (46% N). 
Two additional N treatments were implemented: 80 kg N/ha applied at growth stage 
31 (GS31, stem elongation); and a split application treatment where 40 kg N/ha was 
applied at sowing with a further 40 kg N/ha applied at GS31. The in-crop application of 
N was applied as 50% diluted liquid urea-ammonium nitrate, applied through streamer 
bars at a water rate of 100 L/ha.

Results from the Bithramere and Moree sites showed that Commander  had the 
highest yield on average compared with the other varieties. Bass  and Navigator  had 
similar yield to Gairdner  in these trials. There was a significant N response at all sites, 
although it was much stronger at the Moree site. 

The Walgett site had high levels of starting N (95 kg N/ha), which resulted in grain 
yield declines in all varieties at the 120 kg N/ha application rate compared with the 
80 kg N/ha rate. The split N application gave similar yields as the 80 kg N/ha up-front 
treatment at all sites and across the four varieties. However, there was one exception 
with Commander at Bithramere, where the split N treatment provided an 8% yield 
benefit. (Figure 9a). Delaying N application until stem elongation resulted in a significant 
decrease in yield for Gairdner, Commander and Bass at Moree, while at Bithramere and 
Walgett there was no significant difference between the delayed N treatment and the 80 
kg N/ha up-front (Figure 9). 

28  M Gardner, R Brill, G McMullen (2013) A snapshot of wheat and barley agronomic trials in the northern 
grains region of NSW. GRDC Update Papers 5 March 2013, http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2013/03/A-snapshot-of-wheat-and-barley-agronomic-trials-in-the-
northern-grains-region-of-NSW
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The protein responses were relatively linear at all sites, but there were significant 
differences between treatments. The Walgett site was less responsive only increasing 
protein by 2.5% when moving from 0 to 120 kg N/ha compared with 4.6 and 4.9% for 
the Moree and Bithramere site, respectively. Commander had the lowest protein content 
of all varieties, virtually across all N rates (Figure 9d, e, f). Gairdner has been found 
in previous NSW DPI studies to achieve approximately 1–1.5% higher protein than 
Commander with the same N input, which was again the case at Moree, Walgett and 
Bithramere in 2012. Bass, on average, had the highest protein levels across the three 
sites and protein was approximately 0.4% higher than in Gairdner. Delaying or split 
applications of N at Moree and Walgett significantly reduced grain protein compared 
with the up-front application of 80 kg N/ha.

Navigator at Bithramere was the only instance where the average test weight dropped 
below 70 kg/hL; however, the receival standard for malting barley is 65 kg/hL. On 
average, across the three sites, Bass had the highest test weight, while Navigator and 
Gairdner had similar test weights that were lower than Commander (Table 5). Bass and 
Commander had the highest retention levels of all varieties with averages of 89.1 and 
86.9% across the sites. The retention at the Walgett site was approximately 20% less 
than the other sites, which was a direct result of the high starting soil N levels at this 
site. Both Gairdner and Navigator were under the receival standard of 70% retention 
at Walgett; however, Gairdner was most affected with nearly 40% lower retention than 
Navigator. Gairdner also dropped below the 70% target retention at Moree. In general, 
the screenings from all sites and varieties were below the receival standard of 7% 
for malting barley with the exception of Gairdner at Walgett, where screenings were 
approaching 10%. Bass had the lowest screenings of all varieties, while Commander 
and Navigator had similar screenings levels (Table 5).

Figure 9: 
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Yield and protein responses of Commander , Bass , Navigator  and Gairdner  barley to 
six N treatments at (a, d) Bithramere, (b, e) Moree and (c, f) Walgett in 2012.

There has been a trend for new barley varieties to achieve lower protein levels; however, 
both Navigator  and Bass  appear to be more protein responsive to N applications 
compared to Commander . The low protein level of Commander  has generally been 
an advantage to meet malt specifications, but over seasons immediately prior to 2012, 
extremely low proteins (<9%) have been achieved throughout the region, suggesting 
that yield may have been sacrificed at this level. The higher protein achievement of 
Bass  and Navigator  indicates that growers may need to be careful growing these 
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varieties on paddocks with high levels of residual N as it may jeopardise achieving malt 
specifications. This highlights the need to have some indication of starting soil N levels. 
Bass and Commander appear to maintain the highest grain quality in terms of meeting 
malt specifications under a range of N levels. However, Commander still maintains a 
yield advantage over Bass and it would be slightly better suited to higher N situations. 
This recommendation comes with the caution that high starting N would increase the 
risk of lodging in Commander, which may be negated through plant population, planting 
time or delayed application of N. The Walgett site again highlighted the problems with 
low retention and high screenings in Gairdner when it is grown under high N conditions 
and has a dry finish to the season. 29

Table 5: Average grain quality (test weight (kg/hL), retention (%), screenings (%) and 1000-grain 
weight (g) for Commander, Gairdner, Bass and Navigator at Walgett, Moree and Bithramere in 2012. 
Values followed by different letters within each row are significantly different (at P = 0.05).

Site Quality trait Commander Gairdner Bass Navigator
Walgett Test Weight 74.5 a 73.8 b 74.7 a 73.4 b

Retention % 79.6 a 31.5 d 74.7 b 69.5 c

Screenings % 3.0 b 9.8 a 2..2 c 3.6 b

1000GW 41.6 a 38.4 b 39.5 ab 36.4 b

Moree Test Weight 71.9 b 71.3 c 74.1 a 71.2 c

Retention % 90.1 b 69.4 d 96.6 a 79.2 c

Screenings % 4.1 b 4.9 a 0.2 d 2.2 c

1000GW 40.4 b 41.4 b 45.3 a 39.8 b

Bithramere Test Weight 70.4 b 70.6 b 72.8 a 68.2 c

Retention % 71.0 b 75.8 d 96.7 a 87.2 c

Screenings % 1.7 b 2.8 a 0.6 c 1.7 b

1000GW 42.0 b 41.3 b 44.6 a 38.6 c

As a general rule, applications of N from sowing to stem elongation increases yield, 
whereas applications after stem elongation increases protein. The later N is applied, 
the less time there is for it to be moved into the root uptake zone to be available to the 
plant:

• N applied during early tillering (GS23–29) has the greatest impact on yield by 
increasing or maintaining tillers. N applied at this stage is used almost as efficiently 
as that applied at pre-sowing. About 40–50% of the applied nitrogen is used by the 
plant.

• Application of N at stem elongation (GS30–40) increases yield by maintaining 
existing tillers and also increases the protein level in the grain by up to 1%. About 
30% of the applied N is used by the plant.

• Application of N at head emergence (GS51–59) has the maximum effect on grain 
protein. About 20% of the N applied is used by the plant.

Because of the cost and potential economic risks associated with N topdressing, it is 
best to carefully assess the agronomic state of the crop and the yield potential before 
applying N.

Do not apply N to crops suffering stresses from drought, waterlogging, disease (foliar or root) 
or weed competition, as the crop will not respond to increased N and the applied nitrogen 
may be lost. It is also essential to assess how much N is presently available to the crop.

The difficulty of predicting rainfall events makes topdressing N as granular fertiliser 
(urea) risky in northern NSW. Split applications are more common in central and 
southern NSW. For efficient recovery of urea N, moisture needs to move from the 
surface into the topsoil, carrying the N into the profile, where it makes contact 

29  NSW DPI (2013) Northern grains region trial results autumn 2013, NSW Department of Primary Industries, 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/468328/Northern-grains-region-trial-results-
autumn-2013.pdf
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with actively growing roots. A rainfall event of 5mm or more is required soon after 
application. 30

5.10 Phosphorus
Phosphorus is essential for seed germination and early root development and for 
increasing seedling vigour and establishment. Large amounts are taken up during early 
growth. Phosphorus deficiency at this early stage of growth significantly reduces yield 
potential, particularly by reducing tiller production and survival.

Wheat, barley and sorghum have a critical requirement for a high soil P concentration 
around young seedlings in their first 30 days. This is when grain numbers are 
established and yield potential is determined. 31

Many of the soils in NSW have low levels of P, and in some areas, P is the limiting 
nutrient. Low P levels can increase the protein content of the grain, making it unsuitable 
for malt classification. Phosphorus is immobile in the soil, which means that regardless 
of soil test results, some P needs to be applied with the seed at sowing at similar rates 
to those used for wheat.

One method of estimating phosphorus requirements is to allow for P at 5 kg/t target 
yield. For example, a 3 t/ha barley crop requires 15 kg/ha of P. Application rates should 
be increased by 20% to compensate for slow root growth and P uptake and moisture 
uptake in dry years. Delays in the uptake of P to critical levels can delay maturity, which 
in turn can increase grain screenings. 32

Phosphorus deficiency is widespread throughout the Darling Downs region with ~60% 
of all agricultural soils being responsive to phosphorus fertilisers. Low P levels in a high 
N situation can result in delayed flowering, which affects the yield potential and grain-
filling time of the crop. For optimum performance, it is recommended to use a starter 
fertiliser with P unless levels are already very high (Table 6).

Table 6: Phosphorus recommendations

Bicarb P (mg/kg) recommendations
0–10 Response most likely. Apply 8 kg P/ha

11–15 Response likely. Apply 6 kg P

16–20 Response possible. Test strip of 6 kg/
ha

>20 Response unlikely

Source: Department of Agriculture, Fisheries and Forestry, Queensland.

It is important to assess the P status of the subsoil periodically. Test the 10–30 cm layer 
using BSES-P as well as Colwell-P soil tests, and test for K at the same. This will help 
build a picture of a soil’s fertility and the values from the deeper layers can be used to 
refine your fertiliser strategy (Table 7). 33

30  Procrop Barley Growth & Development, Industry & Investment NSW 2010. http://www.dpi.nsw.gov.au/__
data/assets/pdf_file/0003/516180/Procrop-barley-growth-and-development.pdf

31  GRDC (2012) Crop nutrition. Northern region—phosphorus management. GRDC Fact Sheet Nov. 2012, 
http://www.grdc.com.au/~/media/578CC7FEE649428D9C4C90B7461537D0.pdf 

32  Procrop Barley Growth & Development, Industry & Investment NSW 2010

33  GRDC (2012) Crop nutrition. Northern region—phosphorus management. GRDC Fact Sheet Nov. 2012, 
http://www.grdc.com.au/~/media/578CC7FEE649428D9C4C90B7461537D0.pdf
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Table 7: Products used primarily to supply phosphorus, and amount (kg/ha) of each product 
required for given application rates of P

Product trade name % P in 
product

required rate of application of P (kg/ha)

4 6 8 10 15

Mono-ammonium 
phosphate (MAP)/
Starterfos

22 18 27 36 45 68

Di-ammonium 
phosphate (DAP)

20 20 30 40 50 75

CK700 8.2 49 73 98 122 183

Granulock ST-Z 20.5 20 24 39 49 73

The combination of fungus and the crop root is known as arbuscular mycorrhiza (AM). 
Long fallowing can increase the response of deficient soils to P due to the absence of 
AM. This should not be a major concern for barley as it has a low requirement for AM. 
Reduced tillage/no-tillage may accentuate the responsiveness of a soil to phosphate 
fertiliser due to the immobilisation of phosphate in the soil surface. 34 

For more information, see Improving phosphorus fertiliser management on southern 
Queensland grains farms.

5.11 Sulfur
Sulfur deficiency can be a problem in areas with a long history of cultivation. If S 
deficiency is suspected, use a test strip to indicate potential response. It is more likely 
to occur after short-fallow or double-crop situations, where soil S levels have been 
depleted by the previous crop.

Evidence of S deficiency in crops following recent wetter seasons has prompted a 
request for updated information on S cycling in the northern grains region. Key points to 
consider include:

• S deficiency is not yet widespread.

• Crop residues are important in recycling S in cropping systems.

• Appropriate soil testing strategies are important in future monitoring.

The S cycle has been well characterised over many years (Figure 10). The key 
processes in northern cropping soils are the reactions between soil solution sulfate 
and soil organic S, and solution sulfate and adsorbed sulfate and loss of S by leaching. 
Two important processes not highlighted in Figure 10 are the movement of S from crop 
residues into the soil directly rather than through an animal, and the tendency for S to 
accumulate in the soil profile in the form of gypsum.

Most of the S that the crop acquires early in life is most likely derived from immediate 
release of S from crop residues that remain in the surface soil, and from mineralisation 
of S from organic matter over the fallow period. Sulfur behaves in a manner similar to 
N with respect to fallow build-up as an anion (sulfate and nitrate). As micro-organisms 
consume labile organic matter, they release excess S as sulfate into the soil solution, 
which is available for plant uptake and/or leaching.  This is the same process that 
releases N as ammonium, which then nitrifies to nitrate.

However, sulfate is not quite as readily leached as nitrate and can remain higher in the 
soil profile for longer periods. The reason for this is 2-fold. First, sulfate is slightly more 
reactive with the clay in the soil with some of it is specifically attracted and retained 
against leaching. Second, as soils dry out, water that may have filled large pores and 
diluted the S to a soluble form susceptible to leaching retreats to smaller pores and 
the sulfate becomes more concentrated. As the concentration of sulfate increases, it 

34  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry, 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 
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agronomy - do we need 
sulphur and nitrogen?
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reaches a critical stage where it begins to react with Ca in solution to form gypsum. 
Once in the form of gypsum it is not as susceptible to leaching and the movement 
of S down the profile stalls until conditions again become wet enough to dissolve 
the gypsum into its constituent parts. This is an extra step in the process and slows 
movement of S relative to movement of nitrate. One consequence of this is banded 
layers of gypsum in the subsoil, and the depths of these bands are most likely related to 
the frequency of periods of inundation.

Figure 10: 
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The sulfur cycle (McLaren and Cameron 1996).

Residue S and mineralised organic S most likely constitute the first sources of S for 
the crop. If these are inadequate because prolonged inundation has moved sulfate 
beyond the reach of young root systems, then transient S deficiency may be observed. 
Sulfur deficiency is observed as pale yellowing of the younger leaves in most instances. 
However, should the root system grow deep enough, it may then find reserves of S in 
the subsoil from the leaching front and recover from the transient deficiency, hence, the 
need to sample at a range of depths.

5.12 Potassium
Potassium is found at adequate levels in most Australian soils, so deficiency is rarely 
seen. It is a major plant nutrient that is required in similar levels to N. Plants that are 
K-deficient cannot use other nutrients or water efficiently and are less tolerant to 
stresses such as drought, waterlogging, pests and diseases.

Potassium is very mobile in plant tissues. In deficient plants, it is moved to new growth, 
so deficiency symptoms appear first in older leaves. The symptoms are yellowing and 
death (necrosis) of the tips of oldest leaves. In barley, necrotic areas can have a red 
appearance. Stems may be weakened, resulting in lodging. Restricted K supply during 
early growth stages may be more harmful than later deficiency. Potassium deficiency 
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can affect leaf area, the amount of dry matter produced in the upper internodes 
and heads, the number of grains per head, or the seed weight. The root systems of 
K-deficient plants may also be poorly developed.

Potassium requirements are greatest during the late vegetative and flowering stages. 

5.13 Deep placed phosphorus, sulfur and potassium 
Several experiments across northern NSW and southern and central Queensland have 
focused on asking the question: are crops responding to P, K and S applications on 
their own, or in interaction with each other? 

Results of these experiments suggest that P is a key element for increasing crop growth 
and performance. They also suggest it is a pre-requisite for crop responses to K or S 
(i.e. you are unlikely to get a response to K or S without adequate P being present.)

Sites in central Queensland and northern NSW also demonstrate greater uptake of N, 
K and S when P application is made. 35 To get an adequate response to P at depth, K is 
also required.

For more information, download the GRDC Update paper http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2013/03/Nutritional-interactions-of-
N-P-K-and-S-on-the-Darling-Downs.

5.14 Current general pre-plant nutritional levels for 
zinc and micronutrients

Zinc deficiency occurs in some of the alkaline brigalow soils and some of the heavy, 
alkaline, flooded clay soils along Queensland’s river systems, particularly following a 
long fallow. The use of Sulfonyl Urea herbicides can also cause Zn deficiency. As Zn 
plays an important role in the efficient uptake of N for protein, its significance should not 
be ignored and any suspected deficiencies should be addressed. Zinc deficiency can 
be corrected by applying a Zn fertiliser with the seed at planting or incorporating zinc 
sulfate monohydrate into the soil 2–3 months prior to planting.

Copper deficiency has occurred in a band from Wandoan through Miles, Tara, and 
Moonie to Goondiwindi. The area affected, however, is patchy and small.

5.15 Nutritional deficiencies
Micronutrient deficiencies can be tricky to diagnose and treat. By knowing your soil 
type, considering crop requirements and the season, and supporting this knowledge 
with diagnostic tools and strategies, effective management is possible.

Key points

• Micronutrient deficiencies are best determined by looking at the overall situation: 
region, soil type, season, crop and past fertiliser management.

• Soil type is useful for deducing the risk of micronutrient deficiencies.

• Tissue testing is the best way to accurately diagnose a suspected micronutrient 
deficiency. The correct plant part for the appropriate test must be taken (e.g 
youngest fully expanded leaf).

• When tissue testing, sample the appropriate tissues at the right time. Plant nutrient 
status varies according to the plant’s age, variety and weather conditions.

• The difference between deficient and adequate (or toxic) levels of some 
micronutrients can be very small.

35  D Lester, M Bell (2013) Nutritional interactions of N, P, K and S on the Darling Downs. GRDC Update Papers 
7 March 2013, http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/
Nutritional-interactions-of-N-P-K-and-S-on-the-Darling-Downs

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2014/02/
Whats-new-with-zinc-
maybe-just-some-
critical-reminders
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When applying fertiliser to treat a suspected deficiency, leave a strip untreated. Either a 
visual response or tissue testing can allow you to confirm whether the micronutrient was 
limiting.

5.16 Soil testing
Before a fertiliser program can be designed, it is important to estimate the existing soil 
nutrient status. Continuously low grain protein levels are indicative of low soil nitrogen. 
When barley protein levels are below 11.5% dry or below 10–11% at 12.5% moisture, 
grain yield losses are likely. 36

Soil testing regimes used today were developed when soils were potentially more fertile 
in the subsoil and when conventional tillage re-incorporated crop residues. Because the 
way we farm has changed, these testing strategies may no longer accurately predict soil 
fertility status, and they need to be revisited. 37

Soil testing and professional interpretation of results should now be an integral part of 
all management strategies. Soil tests estimate the amount of each nutrient available to 
the plant rather than the total amount in the soil. Valuable information obtainable from a 
soil test includes current nutrient status, acidity or alkalinity (pH), soil salinity (electrical 
conductivity (EC), and sodicity (exchangeable sodium percentage), which can affect soil 
structure.

Soil test information should not be used alone to determine nutrient requirements. It 
should be used with test strip results, and previous crop performance and soil test 
records, to obtain as much information as possible about the nutrient status of a 
particular paddock.

It is essential that soils be sampled to the correct depth. Sampling depths of 0–10 and 
10–30 cm should be used for all nutrients. Additionally, a soil test at 30–60, 60–90 and 
90–120 cm (or to the bottom of the soil’s effective rooting depth) is required for N, S, 
EC, chloride and exchangeable cations.

Care must be taken when interpreting soil test results, as nutrients can become 
stranded in the dry surface layer of the soil after many years of zero or reduced tillage, 
or deep nutrient reserves may be unavailable due to other soil factors, such as EC 
levels. 38

Test strips allow you to fine-tune your fertiliser program. To gain the maximum benefit:

• Run them over a number of years, as results from any single year can be 
misleading.

• Obtain accurate strip weights.

• Protein test a sample of grain from each strip.

• Harvest strips before your main harvest, as the difference between the strips is 
more important than the moisture content.

When setting up a test strip area:

• Ensure you can accurately locate the strips.

• Repeat each fertiliser treatment two or three times.

• Change only one product rate at a time.

• Separate each strip of fertiliser by a control or nil fertiliser strip.

36  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry, 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

37  GRDC (2012) Crop nutrition. Northern region—phosphorus management. GRDC Fact Sheet Nov. 2012, 
http://www.grdc.com.au/~/media/578CC7FEE649428D9C4C90B7461537D0.pdf

38  DAFF (2010) Nutrition management. Overview. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/nutrition-
management/overview 
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• Keep clear of shade lines, trees, fences, headlands and any known anomalies in the 
field.

• Ensure that the test strip area is ~100 m long, with each strip 1–2 header widths.

 Colour photographs of nutrient deficiencies can be found in: ‘Hungry crops: a guide 
to nutrient deficiencies in field crops’, by NJ Grundon (1987), Department of Primary 
Industries, Queensland Government Information series Q187002. 39

5.16.1 rules of thumb
Choose the same test package each year (including methods), otherwise comparisons 
between years will be useless. For example, do not use Colwell-P for P one year, then 
DGT-P the next. The two tests measure different forms of available P in the soil.

If you do not use a standard approach to sampling, a comparison of the data between 
different tests will not be reliable. Aim for data that have the best chance of representing 
the whole paddock, and mix the sample thoroughly.

For monitoring, sampling needs to cover roughly the same area each time to ensure 
comparisons between years are meaningful. Permanent markers on fence posts to mark 
a sampling transect or a handheld GPS will serve this purpose.

Soil testing laboratories should be able to provide information on appropriate soil 
sampling and sample-handling protocols for specific industries and crop types. Refer 
to the Australian Soil Fertility Manual (available at http://www.publish.csiro.au/pid/5338.
htm). For more information, download the GRDC Fact Sheet ‘Better fertiliser decisions 

for crop nutrition’ at http://www.grdc.com.au/GRDC-FS-BFDCN. 40

5.17 Plant and/or tissue testing for nutrition levels
Tissue testing is the best way to accurately diagnose nutrient deficiencies when a crop 
is growing, whether this is the macronutrients or micronutrients such as Zn and Cu 
(Figure 11).

The successful use of plant tissue analysis depends on sampling the correct plant part 
at the appropriate growth stage as demonstrated by Dang (1992; see Figure 6 therein) 
for Zn. Similarly, the critical tissue P concentration changes with the age of wheat plants 
(Elliott et al. 1997a; 1997b).

For these reasons, critical tissue concentrations should be associated specifically with 
defined stages of plant growth or plant part rather than growth periods (i.e. days from 
sowing). Growers are advised to follow laboratory guides or instructions for sample 
collection.

Plant nutrient status varies according to the plant’s age, variety and weather conditions. 
The difference between deficient and adequate (or toxic) levels of some micronutrients 
can be very small.

When applying fertiliser to treat a suspected deficiency, leave a strip untreated. Either a 
visual response (where a 20% yield difference cannot be seen) or plot harvesting of the 
strips can allow you to confirm whether the micronutrient was limiting. 41

39  DAFF (2010) Nutrition management. Overview. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/nutrition-
management/overview 

40  GRDC (2013) Better fertilizer decisions for crop nutrition. GRDC Fact Sheet Nov. 2013, http://www.grdc.
com.au/GRDC-FS-BFDCN.

41  GRDC (2013) Micronutrients and trace elements, GRDC Fact Sheet 2013. http://www.grdc.com.au/GRDC-
FS-CropNutrition-Micronutrients
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Figure 11: 
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5.18 Nutrition effects on the following crop
In consultation with regional agronomists and crop consultants, typical 5-crop rotation 
sequences were developed for each of the regional production environments in the 
northern grains region. The accumulated deficits or surpluses of N, P and K over this crop 
sequence (the period will depend on rainfall) are shown in Table 8 based on a summation 
of the individual deficits or surpluses from the crops in the database. While this approach 
has limitations (especially in regions where the majority of crops monitored were drought-
affected), it serves to highlight the extent of nutrient depletion that is occurring. Not 
only in risky dryland environments such as the Central Highlands, but also in more 
reliable, generally higher input systems such as the Eastern Downs and Liverpool Plains. 
If this depletion continues unchecked, there will be long-term consequences for the 
sustainability of the soils supporting the northern grains farming systems.

Table 8: Typical rotation sequences in the various production regions and the surpluses or deficits 
of N, P and K (kg/ha) over this sequence of five crops. Chickpeas assumed to have net N balance of 
zero (addition = removal)

region Crop sequence (5 crops) N : P : K (kg/ha)

Central Highlands Sorghum, sorghum, sorghum, wheat, wheat 
or Sorghum, sorghum, wheat, chickpea, wheat

–262, –3, –41 
–202, 1, –47

Dawson Callide Chickpea, sorghum, wheat, mungbean, wheat –59, –14, –63

Eastern Downs Sorghum, sorghum, short fallow, wheat, long fallow, 
sorghum, sorghum

–245, –48, –91

Goondiwindi-
Moonie

Wheat, chickpea, wheat, long fallow, sorghum, 
sorghum

–115, –5, –61

Liverpool Plains Wheat, barley, long fallow, sorghum, sorghum, 
sorghum

–116, –62, –109

Moree-NarrabriA Wheat, fallow, sorghum, wheat, fallow, sorghum, 
wheat 
or Wheat, fallow, sorghum, wheat, chickpeas, fallow, 
sorghum

–60, 7, –34 
 
–40, 10, –23

NorthStar Wheat, chickpea, wheat, long fallow, sorghum, 
sorghum 
or Barley, Chickpea, Wheat, long fallow, sorghum

–115, –5, –61 
 
33, 5,: –6

South Burnett Peanut, maize, peanut, sorghum, wheat Insufficient info.

Western Downs Wheat, wheat, wheat, sorghum, sorghum –74, –8, –20

A Durum wheat is typically grown in Moree–Narrabri crop sequences, but wheat was substituted in these 
calculations due to no available nutrient removal data for durums.

i More 
information

GRDC Podcast: 
http://www.grdc.com.
au/Media-Centre/
GRDC-Podcasts/
Driving-Agronomy-
Podcasts/2010/06/
Plant-Tissue-Testing-
uncovering-hidden-
hunger

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger
http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-Agronomy-Podcasts/2010/06/Plant-Tissue-Testing-uncovering-hidden-hunger


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 5    BArley - Nutrition and fertiliser   

 24Know more. Grow more.

February 2016

FeedbackTable of Contents

5

In order to put a current costing on the depletion of these soil reserves, or alternatively 
a nutrient replacement cost of meeting these deficits with fertilisers, calculations were 
made using fertiliser prices in November 2008 to manage macronutrients only (i.e. N, P, 
K and S). In these calculations (based on individual crops) it was assumed that where 
P deficits occurred, that deficit would be met by applying additional mono-ammonium 
phosphate. This would obviously also supply some N, which would reduce the cost 
of any additional N inputs (costed as urea). In a similar fashion, S deficits were costed 
based on applying sulfate of potash fertiliser, with the K applied in this product reducing 
the amount of K that needed to be applied as muriate of potash. The cost of each 
nutrient at that time was as follows: P as mono-ammonium phosphate ($8.80/kg), N as 
urea ($2.92/kg), S as sulfate of potash ($11.12/kg) and K as muriate of potash ($2.55/
kg). In situations where a surplus of nutrient had occurred (e.g. in the case of P in some 
crops), a credit was generated equivalent to the amount of that nutrient in order to 
reduce the cost of overall nutrient decline. Data are shown in Figure 12.

Figure 12: 
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the northern grains region in the study period.

Results clearly show the significant cost of nutrient depletion that will need to be met 
by future grain-producing systems at some stage. The average additional cost per ha 
of replacing these nutrients was $106 for barley, $89 for wheat, $153 for sorghum and 
$47 for chickpea, with these costs often doubled in the higher production regions. The 
anomaly for barley in the North Star area (and probably the low deficits for Moree–
Narrabri and Goondiwindi-Moonie in some cases) will be addressed by addition of 
better production years to the database. If growers are to meet these costs, they will 
need to see some combination of higher grain prices and lower fertiliser prices, and 
adopt efficient nutrient application strategies to continue to be viable and sustainable. 42 

5.19 Paddock nutrition
Monitoring crop yields and protein over time can give a good indication of the N status 
of a paddock (Table 9).

42  M. Bell Soil characteristics and nutrient budgeting in northern grains region.
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Table 9: Using grain protein of preceding barley and wheat crops as an indicator of paddock 
nitrogen status

Barley protein 
(dry basis) (%)

Wheat protein 
(11% moisture) %

Comments

<8.5 <10 Acutely N deficient. Potential yield loss may be in 
excess of 30%. Applied N should increase yield 
significantly. Grain protein would be increased only if 
a large amount of N was applied

8.5–11 10–11.5 Moderately to slightly N deficient. At least 15% 
yield loss is likely because of low soil N. Yield would 
probably be increased by applying N if there were no 
other limiting factors (e.g. soil moisture)

11–12 11.5–12.5 Satisfactory N status for optimum yield. Additional N 
would probably not increase yield but would be likely 
to increase grain protein

>12 >12.5 Nitrogen not deficient. Yield was most likely limited 
by water deficit. Additional N would not increase yield 
but would probably increase grain protein. 
If high protein and low yield occur, even in years of 
good rain, P may be deficient

Source: Department of Agriculture, Fisheries and Forestry, Queensland.

Harder to evaluate is a paddock’s SOM, an under-valued capital resource that needs 
informed management. Traditional cropping practices have dramatically reduced SOM 
levels, which, with related nutrients, are of much more value than soil carbon itself. 
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SECTION 6

Weed control

Weeds are estimated to cost Australian agriculture AU$2.5–4.5 billion per annum. For 
winter cropping systems alone the cost is $1.3 billion, equivalent to ~20% of the gross 
value of the Australian wheat crop. Consequently, any practice that can reduce the 
weed burden is likely to generate substantial economic benefits to growers and the 
grains industry. See more at: www.grdc.com.au/weedlinks. 1 

Weed control is essential if barley is to make full use of stored summer rainfall, and in 
order to prevent weed seeds from contaminating the grain sample at harvest. Weed 
management should be planned well before planting and options considered such as 
chemical and non-chemical control. 2

The Grains Research and Development Corporation (GRDC) supports integrated weed 
management. Download the Integrated Weed Manual.

Weed control is important, because weeds can:

• rob the soil of valuable stored moisture

• rob the soil of nutrients

• cause issues at sowing time, restricting access for planting rigs (especially vine-
type weeds such as melons, tarvine or bindweed, which wrap around tines)

• cause problems at harvest

• increase moisture levels of the grain sample (green weeds)

• contaminate the sample 

• prevent some crops being grown where in-crop herbicide options are limited, i.e. 
broadleaf crops

• be toxic to stock

• carry disease

• host insects

6.1 Planning your weed control strategy
1. Know your weed species. Ask your local adviser or service provider or use the 

Sydney Botanic Gardens plant identification service, which is free in most cases 
(see link).

2. Conduct in-crop weed audits prior to harvest to know which weeds will be 
problematic the following year.

3. Ensure wheat seed is kept from a clean paddock (Photo 1).

4. Have a crop-rotation plan that considers not just crop type being grown but also 
what weed control options this crop system may offer, e.g. grass control with 
triazine-tolerant (TT) canola.

1  GRDC (2005) Weed Links, Integrated weed management. GRDC, www.grdc.com.au/weedlinks

2  DAFF (2012) Wheat—planting information. Department of Agriculture, Fisheries and Forestry, Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/wheat/planting-
information

i More 
information

http://www.grdc.com.
au/Media-Centre/Media-
News/North/2013/05/
Harvest-weed-seed-
control-key-to-
overcoming-resistance 
including video.

http://www.ahri.uwa.
edu.au/page/Research/
Management/Harvest-
weed-seed-control-
in-Australian-grain-
cropping-systems

http://www.
grdc.com.au/~/
media/25C653C167C 
24A9A98C3451DFD 
16506C.pdf

http://www.grdc.com.
au/uploads/documents/
GRDC_HerbicideCard.
pdf

http://www.dpi.nsw.
gov.au/agriculture/
pests-weeds/weeds/
publications/nhrr

http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0006/155148/
herbicide-resistance-
brochure.pdf

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/07/Weed-
issues-and-action-items
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Figure 1: Ensure wheat seed is kept from a clean paddock. (Photo: Penny Heuston)

6.2 Herbicide resistance
Herbicide resistance is an increasing threat across Australia’s northern grain region for 
both growers and agronomists. Already 14 weeds have been confirmed as herbicide-
resistant in various parts of this region, and more have been identified at risk of 
developing resistance, particularly to glyphosate.

In northern New South Wales (NSW), 14 weeds are confirmed resistant to herbicides of 
Group A, B, C, I, M or Z (see Table 1). As well, barnyard grass, liverseed grass, common 
sowthistle and wild oat are at risk of developing resistance to Group M (glyphosate) 
herbicides (see Table 2). Glyphosate-resistant annual ryegrass has been identified within 
~80 farms in the Liverpool Plains area of northern NSW (Figure 2). 3

For most herbicide modes of action there is more than one resistance mechanism that 
can provide resistance and within each target site, there are a number of amino acid 
modifications that provide resistance. This means that resistance mechanisms can 
vary widely between populations; although, some patterns are common. While some 
broad predictions can be made, a herbicide test is the only sure way of knowing which 
alternative herbicide will be effective on a resistant population.4 

3  A Storrie et al. Managing herbicide resistance in northern NSW, NSW Department of Primary Industries, 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/155148/herbicide-resistance-brochure.pdf

4 GRDC (2014), The mechanisms of herbicide resistance. http://grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2014/03/The-mechanisms-of-herbicide-resistance

i More 
information

The Royal Botanic 
Gardens Plant 
Identification & 
Botanical Information 
Service: 
http://www.rbgsyd.
nsw.gov.au/plant_info/
identifying_plants/plant_
identification_service

i More 
information

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2014/03/
Herbicides-and-weeds-
regional-issues-trials-
and-developments

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2014/03/
Non-herbicide-tactics-
to-help-suppress-weed-
growth

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2014/03/
The-mechanisms-of-
herbicide-resistance

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/07/
Herbicide-resistance-
management-a-local-
infield-perspective

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/02/
Genetic-markers-for-
herbicide-resistance
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Figure 2: Glyphosate resistant annual ryegrass on the Liverpool Plains, NSW. (Photo: David 
Freebairn) 

Table 1: List of confirmed resistant weeds in northern NSW (current at February 2014)

Weed Herbicide group 
and product/
chemical 
(examples only)

Areas with 
resistance  
in NSW

Future risk Detrimental 
impact

Wild oats A. Topik® and 
Wildcat® 
B. Atlantis® 
Z. Mataven®

Spread across the 
main wheat-growing 
areas. More common 
in western cropping 
areas

Areas growing 
predominantly 
winter crops

High

Paradoxa grass A. Wildcat® North and west of 
Moree

Areas growing 
predominantly 
winter crops

High

Awnless barnyard 
grass

C. Triazines 
M. Glyphosate

Mainly between 
Goondiwindi and 
Narrabri

No-till or 
minimum tilled 
farms with 
summer fallows

High 
Very high

Charlock, black 
bindweed, 
common 
sowthistle, Indian 
hedge mustard, 
turnip weed

B. Glean®, Ally® Spread across the 
main wheat growing 
areas

Areas growing 
predominantly 
winter crops

Moderate

Annual ryegrass M. Glyphosate 
 
B. Glean® 
A. Verdict®

Group M widespread 
in Liverpool Plains. 
Group A and B 
resistance in central 
west NSW

Areas with 
predominantly 
summer fallows. 
Winter cropping 
areas

High 
 
High

Fleabane M. Glyphosate Spread uniformly 
across the region

Cotton crops 
and no-till or 
minimum tilled 
systems

Moderate

Wild radish I. 2,4-D amine Central-west NSW Continuous 
winter cereal 
cropping

High

Windmill grass M. Glyphosate Central-west NSW Continuous 
winter cropping 
and summer 
fallows

High

i More 
information

https://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2011/04/
Windmill-grass-Chloris-
truncata-the-current-
state-of-play

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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Liverseed grass M. Glyphosate A few isolated cases No-till or 
minimum tilled 
systems

Moderate

SowthistleA M. Glyphosate Liverpool Plains Winter cereal 
dominated 
areas with 
minimum tillage

High

A Testing under way to confirm glyphosate resistance. Plants are surviving label rates of glyphosate in the field 
and similar responses were seen under controlled environment experiments; likely to be confirmed resistant in 
2014.

Table 2: List of potential new resistant weeds in northern NSW (as at February 2014)

Weed Herbicide group and 
product/chemical 
(examples only)

Future risk Detrimental 
impact

Barnyard, liverseed 
and windmill 
grasses

A. Verdict® 
L. Paraquat

No-till and minimum tilled 
systems

Very high 
Very high

Common sowthistle I. 2,4-D amine Winter cereals High

Paradoxa grass B. Glean®, Atlantis® Western wheat growing 
areas

High

Other brassica 
weeds including wild 
radish

B. Glean®,, Ally® Areas growing 
predominantly winter 
crops

Moderate

Annual ryegrass L. Paraquat Areas with predominantly 
summer fallows

Very high

Wireweed, black 
bindweed, melons 
and cape weed

I. 2,4-D amine, Lontrel®, 
Starane®

Areas growing 
predominantly winter 
crops

High

Fleabane I. 2,4-D amine 
L. Paraquat

Cotton crops and no-till or 
minimum tilled systems

Very high 
Very high

Other fallow grass 
weeds

M. Glyphosate No-till or minimum tilled 
systems

High

Table 3: Summary of herbicide resistance levels in ryegrass in continuous cropped irrigation in the 
Murray Shire of southern NSW 

Herbicide Group Common product names Averaged resistance 
testing results (%)

Group A (fops) Verdict, Hoegrass, Targa/Targabolt 80% + 

Group A (dims/dens) Select, Achieve, Axial, Factor 10-30% 

Group B  (SU’s) Glean, Logran, Hussar, Atlantis 80% +

Group B (imi’s) Intervix, Raptor, On-duty 50-70% 

Group C (triazines) Atrazine/Simazine, Terbyne 0-30%

Group D Trifluralin, Stomp, Propyzamide <5%

Group J Boxer Gold, Avadex 0%

Group K Sakura, Dual Gol 0%

Group L Gramoxone, Sprayseed 0%?

Group M Round-up <5%

Group N Basta Never tested

Group Q Amitrol T Never tested

Source: http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/07/Herbicide-
resistance-management-a-local-infield-perspective

i More 
information

http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0006/155148/
herbicide-resistance-
brochure.pdf

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2011/04/
Strategies-for-
optimising-the-life-of-
Group-A-herbicides-
and-patterns-of-
herbicide-resistance-in-
wild-oats

http://www.grdc.com.
au/uploads/documents/
GRDC_NorthernWeeds.
pdf

Comparison of 
alternative mode of 
action herbicides for 
the control of Group 
I resistant wild radish 
(NSW field experiment 
2014), Tony Cook. p62.

http://www.nga.
org.au/results-
and-publications/
download/311/grdc-
update-papers-weeds/
summer-fallow-
weed-management/
grdc-update-weeds-
resistance-mungindi-
march-2014.pdf
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Testing services
For testing of suspected resistant samples, contact:

Charles Sturt University Herbicide Resistance Testing 
School of Agricultural and Wine Sciences 
Charles Sturt University 
Locked Bag 588 
Wagga Wagga, NSW 2678 
02 6933 4001 
http://www.csu.edu.au/research/grahamcentre/people/wwg/strategies/herbicide-
resistance.htm

Plant Science Consulting 
22 Linley Ave 
Prospect, SA 5082 
0400 664 460 
info@plantscienceconsulting.com.au 
www.plantscienceconsulting.com

6.2.1 Be a WeedSmart farmer

The Australian grain industry stands at the crossroads with two options. Which direction 
will it take?

One road is for every grower to make herbicide sustainability their number one priority 
so that it influences decision-making and practices on all Australian grain farms. Armed 
with a clear 10-point plan for what to do on-farm, grain growers have the knowledge 
and specialist support to be WeedSmart.

On this road, growers are capturing and/or destroying weed seeds at harvest. They 
are rotating crops, chemicals and modes of action. They are testing for resistance and 
aiming for 100% weed kill, and monitoring the effectiveness of spray events.

In addition, they are not automatically reaching for glyphosate, they do not cut on-
label herbicide rates, and they carefully manage spray drift and residues. Growers are 
planting clean seed into clean paddocks with clean borders. They use the double-knock 
technique and crop competitiveness to combat weeds.

On this road, the industry stands a good chance of controlling resistant weed 
populations, managing difficult-to-control weeds, prolonging the life of important 
herbicides, protecting the no-till farming system and maximising yields.

The other option is for growers to think resistance is someone else’s problem, or an 
issue for next year, or something they can approach half-heartedly.

If herbicide resistance is ignored, it will not go away. Managing resistance requires an 
intensive but not impossible effort. Without an Australia-wide effort, herbicide resistance 
threatens the no-till system, land values, yields and your hip pocket. It will drive down 
the productivity levels of Australian farms.

i More 
information

www.weedsmart.org.au

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.csu.edu.au/research/grahamcentre/people/wwg/strategies/herbicide-resistance.htm
http://www.csu.edu.au/research/grahamcentre/people/wwg/strategies/herbicide-resistance.htm
mailto:info%40plantscienceconsulting.com.au?subject=
www.plantscienceconsulting.com
www.weedsmart.org.au
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Jump on board WeedSmart and take the road of least resistance. 5 

6.2.2 Ten ways to weed out herbicide resistance
1. Act now to stop weeds from setting seed.

 » Destroy or capture weed seeds.
 » Understand the biology of the weeds present.
 » Remember that every successful WeedSmart practice can reduce the weed 
seedbank over time.

 » Be strategic and committed—herbicide resistance management is not a 1-year 
decision.

 » Research and plan your WeedSmart strategy.
 » You may have to sacrifice yield in the short term to manage resistance—be 
proactive.

 » Find out what other growers are doing, and visit www.weedsmart.org.au.

2. Capture weed seeds at harvest. Options to consider are: 

 » Tow a chaff cart behind the header.
 » Check out the new Harrington Seed Destructor.
 » Create and burn narrow windrows.
 » Produce hay where suitable.
 » Funnel seed onto tramlines in controlled traffic farming (CTF) systems.
 » Use crop-topping where suitable (southern and western grains region).
 » Use a green or brown manure crop to achieve 100% weed control and build 
soil nitrogen levels.

3. Rotate crops and herbicide modes of action:

 » Look for opportunities within crop rotations for weed control.
 » Understand that repeated application of effective herbicides with the same 
mode of action (MOA) is the single greatest risk factor for evolution of herbicide 
resistance.

 » Protect the existing herbicide resource.
 » Remember that the discovery of new, effective herbicides is rare.
 » Acknowledge that there is no quick chemical fix on the horizon.
 » Use break crops where suitable.
 » Growers in high-rainfall zones should plan carefully to reduce weed populations 
in the pasture phase prior to returning to cropping.

4. Test for resistance to establish a clear picture of paddock-by-paddock weed 
status:

 » Sample weed seeds prior to harvest for resistance testing to determine 
effective herbicide options.

 » Use the ‘Quick Test’ option to test emerged ryegrass plants after sowing 
to determine effective herbicide options before applying in-crop selective 
herbicides.

 » Visit the WeedSmart website, www.weedsmart.org.au or www.ahri.uwa.edu.au 
for more information on herbicide-resistance survey results.

 » Collaborate with researchers by collecting weeds for surveys during the 
double-knock program (northern region).

5. Aim for 100% weed control and monitor every spray event:

 » Stop resistant weeds from returning into the farming system.
 » Focus on management of survivors in fallows (northern grains region).
 » Where herbicide failures occur, do not let the weeds seed. Consider cutting for 
hay or silage, fallowing or brown manuring the paddock.

 » Patch-spray areas of resistant weeds only if appropriate.

5 WeedSmart, http://www.weedsmart.org.au

Video

Richard Daniel, NGA 
Discusses Herbicide 
Resistance Tactics: 
http://www.weedsmart.
org.au/media-releases/
rethinking-weed-control/

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
www.weedsmart.org.au
www.weedsmart.org.au
www.ahri.uwa.edu.au
http://www.weedsmart.org.au
http://www.weedsmart.org.au/media-releases/rethinking-weed-control/
http://www.weedsmart.org.au/media-releases/rethinking-weed-control/
http://www.weedsmart.org.au/media-releases/rethinking-weed-control/
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6. Do not automatically reach for glyphosate:

 » Use a diversified approach to weed management.
 » Consider post-emergent herbicides where suitable.
 » Consider strategic tillage.

7. Never cut the on-label herbicide rate and carefully manage spray drift and 
residues:

 » Use best management practice in spray application. The GRDC has produced 
a series of Fact Sheets, available at www.grdc.com.au.

 » Consider selective weed sprayers such as WeedSeeker or WeedIt.

8. Plant clean seed into clean paddocks with clean borders:

 » It is easier to control weeds before the crop is planted.
 » Plant weed-free crop seed to prevent the introduction of new weeds and the 
spread of resistant weeds.

 » A recent Australian Herbicide Resistance Initiative (AHRI) survey showed that 
73% of grower-saved crop seed was contaminated with weed seed.

 » The density, diversity and fecundity of weeds are generally greatest along 
paddock borders and areas such as roadsides, channel banks and fence lines.

9. Use the double-knock technique:

 » Double knock is the use of any combination of weed control that involves two 
sequential strategies; the second application is designed to control survivors of 
the first method of control used.

 » Access GRDC research results at www.grdc.com.au or www.nga.org.au.

10. Employ crop competitiveness to combat weeds:

 » Consider narrow row spacing and seeding rates.
 » Consider twin-row seeding points.
 » Use barley and varieties that tiller well.
 » Use high-density pastures as a rotation option.
 » Consider brown manure crops.
 » Rethink bare fallows. 6

6.3 Harvest weed seed control
Controlling weed seeds at harvest is emerging as the key to managing the increasing 
levels of herbicide resistance, which are putting Australia’s no-till farming system at risk.

For information on harvest weed-seed control and its application for the northern grains 
region, see Section 12: Harvest.

6.4 Other non-chemical weed control
Crop rotation, especially with summer crops, can be an effective means of managing 
a spectrum of weeds that result from continuous wheat cropping. Barley is a more 
vigorous competitor of weeds than is wheat, and it may be a suitable option for weed 
suppression. Increased planting rates and narrow rows may also help where the weed 
load has not developed to a serious level. 7

The use of rotations that include both broadleaf and cereal crops may allow an 
increased range of chemicals—say three to five MOAs—or non-chemical tactics such 
as cultivation or grazing. For the management of wild oats, the inclusion of a strategic 

6  WeedSmart, http://www.weedsmart.org.au

7  DAFF (2012) Wheat—planting information. Department of Agriculture, Fisheries and Forestry, Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/wheat/planting-
information

i More 
information

www.weedsmart.org.au

http://www.ahri.uwa.
edu.au

http://www.grdc.com.
au/BGC00001

http://www.grdc.com.
au/Resources/IWMhub/
Section-1-Herbicide-
resistance

i More 
information

http://www.grdc.com.
au/MR-HarvestWeed 
SeedControl

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2012/04/
Harvest-weed-seed-
control

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2012/04/
What-percent-of-
northern-weed-seed-
might-it-be-possible-to-
capture-and-remove-at-
harvest-time-A-scoping-
study
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summer crop such as sorghum means two winter fallows, with glyphosate an option for 
fallow weed control. Grazing and/or cultivation are alternative, non-chemical options.

Where continuous summer cropping has led to development of Group M resistant 
annual ryegrass, a winter crop could be included in the rotation and a Group A, B, C, 
D, J or K herbicide used instead, along with crop competition and potential harvest 
management tactics.

For summer grasses, consider a broadleaf crop such as mungbean, because a Group A 
herbicide and crop competition can provide good control.

Strategic cultivation can provide control for herbicide-resistant weeds and those that 
continue to shed seed throughout the year. It can be used to target large mature weeds 
in a fallow, for inter-row cultivation in a crop, or to manage isolated weed patches in a 
paddock. Take into consideration the size of the existing seedbank and the increased 
persistence of buried weed seed, but never rule it out.

Most weeds are susceptible to grazing. Weed control is achieved through reduction in 
seed-set and competitive ability of the weed. The impact is optimised when the timing 
of the grazing occurs early in the life cycle of the weed. 8

6.5 Crop competition
A recent field trial near Warwick, Queensland, showed that fleabane density and seed 
production could be substantially manipulated using crop competition in the absence 
of herbicides. The site received a considerable amount of rain during the 2010 crop-
growing season, which promoted fleabane emergence and good early crop growth, 
but barley foliar disease in the latter part of the season. The major disease outbreak 
resulted in poor barley growth and therefore did not provide the anticipated crop 
competitiveness.

For wheat, there were trends to lower fleabane numbers with increasing crop population 
and narrower row spacing (Figure 3). On average, weed density decreased by 26% 
as crop population increased from 50 to 100 plants/m2, and by 44% as row spacing 
decreased from 50 to 25 cm. These treatments also had impacts on seed production, 
as indicated by seed head counts (Figure 4). Row spacing tended to have a much 
greater effect than crop population. The data indicate that durum wheat responded very 
similar to bread wheat. 9

As barley provides more crop competition, it is expected that barley results would 
exceed those of wheat.

8  GRDC (2012) Herbicide resistance, http://www.grdc.com.au/Media-Centre/Hot-Topics/Herbicide-
Resistance

9 GRDC (2011) Keeping on top of fleabane—in-crop strategies, the role and impact of residual herbicides, 
crop competition and double-knock, http://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-
crop-competition-and-doubleknock

i More 
information

http://www.grdc.com.
au/Media-Centre/
Hot-Topics/Herbicide-
Resistance

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/02/
Using-crop-
competition-for-weed-
control-in-barley-and-
wheat

Videos

Videos produced for 
GRDC’s Integrated 
Weed Management 
tutorial series: 
http://www.youtube.
com/playlist?list=PL2Pn
dQdkNRHGRipNhkDYN
2dJWAY1-oH9W

http://www.grdc.com.
au/Media-Centre/
Ground-Cover-
Supplements/GCS104/
Lift-sowing-to-
outcompete-weeds

http://www.ahri.uwa.
edu.au

http://www.agronomo.
com.au/giving-a-rats/

http://www.agric.
wa.gov.au/PC_93094.
html
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For information on sowing rates and plant population, see Section 3: Planting.

NGA trials show the use of a disc planter for incorporation by sowing (IBS) of residual 
herbicides resulted in significantly reduced wheat emergence for all four herbicides 
evaluated

2.  The disc planter ‘set-up’ actually increased the risk of crop damage    

3. These results reinforce the need to only use narrow point tynes when using residual 
herbicides with IBS recommendations.10

For more information, see http://grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-but-much-still-
to-learn

6.6 Herbicides explained

6.6.1 residual v. non-residual
Residual herbicides remain active in the soil for an extended period (months) and 
can act on successive weed germinations. Residual herbicides must be absorbed 
through the roots or shoots, or both. Examples of residual herbicides include imazapyr, 
chlorsulfuron, atrazine and simazine.

10 GRDC (2014), Pre-emergent herbicides: part of the solution but much still to learn http://grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-
but-much-still-to-learn

i More 
information

http://www.grdc.com.
au/Media-Centre/
GRDC-Gallery/Video/
loACpykKja0

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2011/04/
Keeping-on-top-
of-fleabane-incrop-
strategies-the-role-
and-impact-of-
residual-herbicides-
crop-competition-and-
doubleknock

http://www.grdc.
com.au/Media-
Centre/Ground-
Cover-Supplements/
Ground-Cover-
Issue-68-Integrated-
Weed-Management-
Supplement/
Weeds-dont-like-the-
competition

http://www.grdc.
com.au/~/media/
BCA0DBBB35754362A 
DC9522BEDC6A6AE.
pdf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-but-much-still-to-learn
http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-but-much-still-to-learn
http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-but-much-still-to-learn
http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-but-much-still-to-learn
http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-but-much-still-to-learn
http://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Pre-emergent-herbicides-part-of-the-solution-but-much-still-to-learn
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/loACpykKja0
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/loACpykKja0
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/loACpykKja0
http://www.grdc.com.au/Media-Centre/GRDC-Gallery/Video/loACpykKja0
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2011/04/Keeping-on-top-of-fleabane-incrop-strategies-the-role-and-impact-of-residual-herbicides-crop-competition-and-doubleknock
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/Media-Centre/Ground-Cover-Supplements/Ground-Cover-Issue-68-Integrated-Weed-Management-Supplement/Weeds-dont-like-the-competition
http://www.grdc.com.au/~/media/BCA0DBBB35754362A
DC9522BEDC6A6AE.pdf
http://www.grdc.com.au/~/media/BCA0DBBB35754362A
DC9522BEDC6A6AE.pdf
http://www.grdc.com.au/~/media/BCA0DBBB35754362A
DC9522BEDC6A6AE.pdf
http://www.grdc.com.au/~/media/BCA0DBBB35754362A
DC9522BEDC6A6AE.pdf
http://www.grdc.com.au/~/media/BCA0DBBB35754362A
DC9522BEDC6A6AE.pdf


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 6    BArley - Weed control   

 10Know more. Grow more.

February 2016

FeedbackTable of Contents

6

The persistence of residual herbicides is determined by a range of factors including 
application rate, soil texture, organic matter levels, soil pH, rainfall/irrigation, 
temperature and the herbicide’s characteristics.

Persistence of herbicides will affect the enterprise’s sequence (a rotation of crops, e.g. 
wheat–barley–chickpeas–canola–wheat).

Non-residual herbicides, such as the non-selective paraquat and glyphosate, have little 
or no soil activity and they are quickly deactivated in the soil. They are either broken 
down or bound to soil particles, becoming less available to growing plants. They also 
may have little or no ability to be absorbed by roots.

As there can be marked differences in the crop safety of certain herbicides between 
cereal species it is important to read the herbicide labels and to consult your 
agronomist.

6.6.2 Post-emergent and pre-emergent
These terms refer to the target and timing of herbicide application. Post-emergent refers 
to foliar application of the herbicide after the target weeds have emerged from the soil, 
while pre-emergent refers to application of the herbicide to the soil before the weeds 
have emerged. 11

6.7 Pre-emergent herbicides
The important factors in getting pre-emergent herbicide to work effectively while 
minimising crop damage are: to understand the position of the weed seeds in the soil; 
the soil type (particularly amount of organic matter and crop residue on the surface); the 
solubility of the herbicide; and its ability to be bound by the soil.12

Choosing herbicides for weed control in wheat will depend on the specific weed species 
present in the paddock and the crop being grown. Consult your agronomist to discuss 
specific strategies.

Pre-emergent  herbicides control weeds at the early stages of the life cycle, between 
radicle (root shoot) emergence from the seed and seedling leaf emergence through the 
soil. Of the 14 herbicide MOA groups, eight are classed as having pre-emergent activity.

Pre-emergent herbicides may also have post-emergent activity through leaf absorption 
and they can be applied to newly emerging weeds. For example, metsulfuron methyl 
is registered for control of emerged weeds but it gives residual control typical of many 
pre-emergent herbicides.

Many herbicide treatments are solely applied pre-emergent (e.g. trifluralin).

Benefits
The residual activity of a pre-emergent herbicide controls the first few flushes of 
germinating weeds (cohorts) when the crop or pasture is too small to compete. The 
earliest emerged weeds are the most competitive. Therefore, pre-emergent herbicides 
are ideal tools to prevent yield losses from these ‘early season’ weeds.

The residual activity gives control of a number of cohorts, not just those germinating 
around the time of application.

Ideally, pre-emergent herbicides should be applied just prior to, or just after, sowing the 
crop or pasture. This maximises the length of time that the crop will be protected by the 
herbicide during establishment.

11  GRDC Integrated weed management, Section 4: Tactics for managing weed populations, http://www.grdc.
com.au/~/media/A4C48127FF8A4B0CA7DFD67547A5B716.pdf

12 GRDC (2014), Understanding pre-emergent cereal herbicides https://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2014/03/Understanding-pre-emergent-cereal-herbicides
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Practicalities
Planning is needed to use pre-emergent herbicides as an effective tactic.

There are four main factors to consider when using pre-emergent herbicides.

1. Weed species and density

When deciding to use a pre-emergent herbicide it is important to have a good 
understanding of the expected weed spectrum. Use paddock history and observations 
of weed species and densities from at least 12 months prior to application. Correct 
identification of the weed species present is vital.

Pre-emergent herbicides are particularly beneficial if high weed densities are expected. 
Post-emergent herbicides are often unreliable when applied to dense weed populations, 
as shading and moisture stress from crowding result in reduced control. Pre-emergent 
herbicides have the advantage of controlling very small weeds, whereas post-emergent 
herbicides can be applied to larger, more tolerant/robust plants.

2. Crop or pasture type

The choice of crop or pasture species will determine the herbicide selection. Some 
crops have few effective post-emergent options. For example, weed control in grain 
sorghum is strongly reliant on the pre-emergent herbicides atrazine and metolachlor. 
For chickpea, faba bean and lentil, there are few effective, broadleaf post-emergent 
herbicides. In these cases, it is important to have a plan of attack, which is likely to 
include the use of a pre-emergent herbicide.

The competitive nature of the crop should also be considered. Chickpea, lupin and 
lentil are poor competitors with weeds and need pre-emergent herbicides to gain a 
competitive advantage.

3. Soil condition

Soil preparation is a critical first step in the effective use of pre-emergent herbicides. 
The soil is the storage medium by which pre-emergent herbicides are transferred to 
weeds.

Soil surfaces that are cloddy or covered in stubble may need some pre-treatment such 
as light cultivation or burning to prevent ‘shading’ during application.

Too much black ash from burnt stubble may inactivate the herbicide, and therefore, ash 
must be dissipated with a light cultivation or rainfall prior to herbicide application.

Less-soluble herbicides such as simazine need to be mixed with the topsoil for best 
results. This process, called incorporation, mixes or cultivates the top 3–5 cm of soil for 
uniform distribution of the herbicide in the weed root-zone.

Herbicides such as the sulfonylureas and imidazolinones may not need mechanical 
incorporation, as they move into the topsoil with water (rain or irrigation). Some 
herbicides need to be incorporated to prevent losses from photodegradation (e.g. 
atrazine) or volatilisation (e.g. trifluralin).

4. Rotation of crop or pasture species

All pre-emergent herbicides persist in the soil to some degree. Consequently, herbicides 
may carry over into the next cropping period. The time between spraying and safely 
sowing a specific crop or pasture without residual herbicide effects (the plant-back 
period) can be as long as 36 months, depending on herbicide, environmental conditions 
and soil type. 13

For more information on current and continuing GRDC weeds research, see Section 16: 
Current research or visit http://www.grdc.com.au/weedlinks

13  GRDC Integrated weed management, Section 4: Tactics for managing weed populations, http://www.grdc.
com.au/~/media/A4C48127FF8A4B0CA7DFD67547A5B716.pdf
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For zone-specific weeds research, visit 
http://www.nga.org.au/results-and-publications/browse/40/project-reports-weeds and 
http://www.grainorana.com.au/documents

Visit the APVMA (Australian Pesticides & Veterinary Medicines Authority) website for 
an up-to-date list of registered herbicides. Also see NSW DPI’s Weed control in winter 
crops, Click on the link below. (Relevant tables are on pages 42 and 43.)

http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/weed-control-winter-crops

The choice of herbicides for use in wheat will depend on the specific weed species and 
the crop situation. Consult with your agronomist for further details.

6.7.1 Avoiding crop damage from residual herbicides
When researching the residual activity and cropping restrictions following herbicide 
application, the herbicide label is the primary source of information and it should be 
read thoroughly. The information below provides an explanation of how herbicides break 
down and extra notes on some specific herbicides used in broadacre cropping.

What are the issues?
Some herbicides can remain active in the soil for weeks, months or years. This can be an 
advantage, as it ensures good long-term weed control. However, if the herbicide stays 
in the soil longer than intended it may damage sensitive crop or pasture species sown in 
subsequent years.

For example, chlorsulfuron (Glean®) is used in wheat and barley, but it can remain active in the 
soil for several years and damage legumes and oilseeds.

A real difficulty for growers lies in identifying herbicide residues before they cause a problem. 
Currently, we rely on information provided on the labels about soil type and climate. Herbicide 
residues are often too small to be detected by chemical analysis, or if testing is possible, it is 
too expensive to be part of routine farming practice. Once the crop has emerged, diagnosis 
is difficult because the symptoms of residual herbicide damage can often be confused with, 
and/or make the crop vulnerable to, other stresses, such as nutrient deficiency or disease. 14

An option for assessing the potential risk of herbicide residues is to conduct a bioassay 
involving hand planting small test areas of crop into the field in question.

Which herbicides are residual?
The herbicides listed in Table 4 all have some residual activity or planting restrictions. 

Table 4: Active constituent by herbicide group (may not include all current herbicides)

Herbicide group Active constituent
Group B: Sulfonylureas Chlorsulfuron (Glean®), iodosulfuron (Hussar®), mesosulfuron 

(Atlantis®), metsulfuron (Ally®), triasulfuron (Logran®)

Group B: Imidazolinones Imazamox (Raptor®), imazapic (Flame®), imazapyr (Arsenal®)

Group B: 
Triazolopyrimidines 
(sulfonamides)

Florasulam (Conclude®)

Group C: Triazines Atrazine, simazine

Group C: Triazinones Metribuzin (Sencor®)

Group C: Ureas Diuron

Group D: Dinitroanilines Pendimethalin (Stomp®), trifluralin

Group H: Pyrazoles Pyrasulfotole (Precept®)

14  DEPI (2013) Avoiding crop damage from residual herbicides, Department of Environment and Primary 
Industries Victoria, http://www.depi.vic.gov.au/agriculture-and-food/farm-management/chemical-use/
agricultural-chemical-use/chemical-residues/managing-chemical-residues-in-crops-and-produce/avoiding-
crop-damage-from-residual-herbicides

i More 
information

http://www.dpi.nsw.
gov.au/agriculture/
broadacre/guides/weed-
control-winter-crops

www.nga.org.au 

www.grainorana.com.au

http://www.dpi.nsw.
gov.au/agriculture/
broadacre/guides/weed-
control-winter-crops

https://portal.apvma.gov.
au/pubcris

http://www.nga.org.au/
results-and-publications/
download/311/grdc-
update-papers-weeds/
summer-fallow-
weed-management/
grdc-update-weeds-
resistance-mungindi-
march-2014.pdf

http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0003/431247/
Using-pre-emergent-
herbicides-in-
conservation-farming-
systems.pdf

i More 
information

Hear US herbicide 
residue specialist Dr 
Dale Shaner explain 
the effects soil-applied 
herbicides to crop 
residues: 
http://www.grdc.com.
au/Media-Centre/
GRDC-Gallery/
Video/3tnKn3qn4BA

For a recording of Dr 
Shaner’s full GRDC 
webinar ‘Stubble and soil 
binding of pre-emergent 
herbicides’ (13 Dec. 
2013), visit: 
http://www.grdc.
com.au/Resources/
Education-and-Training/
Weed-Webinars/Stubble-
and-soil-binding-of-pre-
emergent-herbicides.

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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Herbicide group Active constituent
Group H: Isoxazoles Isoxaflutole (Balance®)

Group I: Phenoxycarboxylic 
acids

2,4-Ds

Group I: Benzoic acids Dicamba

Group I: Pyridine carboxylic 
acids

Clopyralid (Lontrel®)

Group K: Chloroacetamides Metolachlor

Group K: Isoxazoline Pyroxasulfone (Sakura®)

How do herbicides break down?
Herbicides break down via chemical or microbial degradation. The speed of chemical 
degradation depends on the soil type (clay or sand, acid or alkaline), moisture and 
temperature. Microbial degradation depends on a population of suitable microbes living in 
the soil to consume the herbicide as a food source. Both processes are enhanced by heat 
and moisture. However, these processes are impeded by herbicide binding to the soil, and 
this depends on the soil properties (pH, clay or sand, and other compounds such as organic 
matter or iron).

For these reasons, degradation of each herbicide needs to be considered separately 
and growers need to understand the soil type and climate when trying to interpret 
recropping periods on the product label for each paddock. 15

How can I avoid damage from residual herbicides?
Select a herbicide appropriate for the weed population you have.

Make sure you consider what the recropping limitations may do to future rotation 
options.

Users of chemicals are required by law to keep good records, including weather 
conditions, but particularly spray dates, rates, batch numbers, rainfall, soil type and pH 
(including different soil types in the paddock). In the case of unexpected damage, good 
records can be invaluable.

If residues could be present, choose the least susceptible crops (refer to product labels). 
Optimise growing conditions to reduce the risk of compounding the problem with 
other stresses such as herbicide spray damage, disease and nutrient deficiency. These 
stresses make a crop more susceptible to herbicide residues. 16

Group B: Sulfonylureas
The sulfonylureas persist longer in alkaline soils (pH >7), where they rely on microbial 
degradation.

Residual life within the sulfonylurea family varies widely, with chlorsulfuron persisting 
for ≥2 years, depending on rate, and not suitable for highly alkaline soils. Triasulfuron 
persists for 1–2 years and metsulfuron (Ally®) generally persists for <1 year.

Legumes and oilseeds, particularly lentil and medic, are most vulnerable to 
sulfonylureas. However, barley can also be sensitive to some sulfonylureas—check the 
label.

15  DEPI (2013) Avoiding crop damage from residual herbicides, Department of Environment and Primary 
Industries, http://www.depi.vic.gov.au/agriculture-and-food/farm-management/chemical-use/agricultural-
chemical-use/chemical-residues/managing-chemical-residues-in-crops-and-produce/avoiding-crop-
damage-from-residual-herbicides

16  DEPI (2013) Avoiding crop damage from residual herbicides, Department of Environment and Primary 
Industries Victoria, http://www.depi.vic.gov.au/agriculture-and-food/farm-management/chemical-use/
agricultural-chemical-use/chemical-residues/managing-chemical-residues-in-crops-and-produce/avoiding-
crop-damage-from-residual-herbicides
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Group B: Triazolopyrimidines (sulfonamides)
There is still debate about the ideal conditions for degradation of these herbicides. 
However, research in the alkaline soils of the Victorian Wimmera and Mallee, and the 
Eyre Peninsula in South Australia, has shown that the sulfonamides are less likely to 
persist than the sulfonylureas in alkaline soils. Plant-back periods should be increased 
in shallow soils.

Group B: Imidazolinones
The imidazolinones are very different from the sulfonylureas, as the main driver of 
persistence is soil type, not soil pH. They tend to be more of a problem on acid 
soils, but carryover does occur on alkaline soils. Research has shown that in sandy 
soils, such as on the Eyre Peninsula, they can break down very rapidly (within 15 
months in alkaline soils), but in heavy clay soils in Victoria they can persist for several 
years. Breakdown is by soil microbes. Oilseeds are most at risk. Widespread use of 
imidazolinone-tolerant canola and wheat in recent years has increased the incidence of 
imidazolinone residues.

Group C: Triazines
Usage of triazines has increased to counter Group A resistance in ryegrass, in particular 
in triazine-tolerant canola. Atrazine persists longer in soil than simazine. Both generally 
persist longer on high pH soils, and cereals are particularly susceptible to damage. 
Recent research in the US indicates that breakdown rates tend to increase when 
triazines are used regularly, as the number of microbes able to degrade the herbicide 
can increase. This may mean that breakdown can take an unexpectedly long time in 
soils that have not been exposed to triazines for some years.

Group D: Trifluralin
Trifluralin tends not to leach through the soil, but it can be moved into the seedbed 
during cultivation or ridging. Trifluralin binds strongly to stubble and organic matter and 
is more likely to be a problem in paddocks with stubble retention. Be particularly careful 
with wheat, oats and lentil. Barley is more tolerant. Use knife-points to throw soil away 
from seed and sow deep; not suited to disc seeders.

Group H: Isoxazoles
Persistence in acid soils (pH <7) has not been fully tested, but research has shown that 
isoxazole persistence is expected to be longer than the label recommendations for 
legume crops and pastures. Isoxazoles will also persist longer in clay soils and those 
with low organic matter. Cultivation is recommended prior to recropping.

Group I: Phenoxys
Clopyralid and aminopyralid can be more risky on heavy soils and in conservation 
cropping as they can accumulate on stubble. Even low rates, they can cause crop 
damage up to 2 years after application. They cause twisting and cupping, particularly 
for crops suffering from moisture stress.

2,4-D used for fallow weed control in late summer may cause a problem with autumn-
sown crops if plant-back periods are not observed. Changes have been made to the 
2,4-D label recently and not all products can be used for fallow weed control—check 
the label.

The label recommends that you not sow sensitive crops, especially canola, until after a 
significant rainfall event. Oilseeds and legumes are very susceptible to injury from 2,4-D.

Group K: Metolachlor
Metolachlor is used in canola crops. The replanting interval is 6 months. 17

17  Dual Gold® herbicide, http://www.herbiguide.com.au/Descriptions/hg_Dual_Gold.htm

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/02/
Accelerated-triazine-
degradation-in-soil
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Group K: Pyroxasulfone
Pyroxasulfone relies on microbial degradation, which is favoured by in-season rainfall. 
Label plant-back periods are important particularly for oats, durum wheat and canola. 
Residues will lead to crop stunting. 18

Sandy soils with low organic matter also have delayed breakdown of these chemicals.

For more information, visit www.apvma.gov.au.

6.8 In-crop herbicides: knock downs and residuals
When selecting a herbicide, it is important to know crop growth stage, weeds present 
and plant-back period. For best results, spray weeds while they are small and actively 
growing. Herbicides must be applied at the correct stage of crop growth, or significant 
yield losses may occur. Check product labels for up-to-date registrations and 
application methods.

How to get the most out of post-emergent herbicides:

1. Consider application timing—the younger the weeds the better. Frequent crop 
monitoring is critical.

2. Consider the growth stage of the crop.

3. Consider the crop variety being grown and applicable herbicide tolerances.

4. Know which species were historically in the paddock and the resistance status of 
the paddock (if unsure, send plants away for a ‘Syngenta Quick-Test’ (see link).

5. Do not spray a crop stressed by waterlogging, frost, high or low temperatures, 
drought or, for some chemicals, cloudy/sunny days. This is especially pertinent 
for frosts with grass-weed chemicals.

6. Use the correct spray application:

 » Consider droplet size with grass-weed herbicides, water volumes with contact 
chemicals and time of day.

 » Observe the plant-back periods and withholding periods.
 » Consider compatibility if using a mixing partner.
 » Add correct adjuvant.

For information on cereal growth stages, see Section 4: Plant growth and physiology.

6.9 Herbicide tolerance ratings
Within many broadacre crop species, cultivars have been found to vary in sensitivity 
to commonly used herbicides and tank mixes, thereby resulting in potential grain yield 
loss and reduced farm profit. With funding from GRDC and state government agencies 
across Australia, a series of cultivar x herbicide tolerance trials are conducted annually.

The trials aim to provide grain growers and advisers with information on cultivar 
sensitivity to commonly used in-crop herbicides and tank mixes for a range of crop 
species including wheat, barley, triticale, oats, lupin, field pea, lentil, chickpea and faba 
bean. The intention is to provide data from at least 2 years of testing at the time of wide-
scale commercial propagation of a new cultivar.

The good news is that >70% of all crop varieties are tolerant to most herbicides. The 
remaining varieties can experience yield losses of 10–30%, and in some cases, 50% 
yield loss has been recorded. This occurs with the use of registered herbicides applied 
at label rates under good spraying conditions at the appropriate crop growth stage.

18  DEPI (2013) Avoiding crop damage from residual herbicides, Department of Environment and Primary 
Industries Victoria, http://www.depi.vic.gov.au/agriculture-and-food/farm-management/chemical-use/
agricultural-chemical-use/chemical-residues/managing-chemical-residues-in-crops-and-produce/avoiding-
crop-damage-from-residual-herbicides

i More 
information

Syngenta Quick-Test: 
http://www.
plantscienceconsulting.
com

http://www.dpi.nsw.
gov.au/agriculture/
broadacre/guides/weed-
control-winter-crops

www.apvma.gov.au

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
www.apvma.gov.au
http://www.plantscienceconsulting.com
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www.apvma.gov.au
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To provide growers with clear information about the herbicide interactions of a variety 
for their region, four regionally based, herbicide-tolerance screening projects have been 
established.

The four projects have recently been combined under a national program.

6.10 Post-emergent herbicide damage
Crop yield can be compromised by damage from herbicides, even when products are 
applied according to the label rate.

Factors that can contribute to herbicide damage are:

1. Crop variety grown

2. Weather conditions at time of application

3. Mixing partner

4. Growth stage of crop

5. Nutritional status of crop

6.11 Selective sprayer technology
A new permit in place across Australia will help growers tackle herbicide-resistant 
grasses with weed-detecting technology.

Increased use of no-till cropping and an increasing incidence of summer rain have 
stimulated many growers to include a predominantly glyphosate fallow over summer to 
remove weeds and conserve moisture for the next crop.

To reduce the risk of glyphosate resistance developing in fallow weeds, some growers 
are using weed-detecting technology to detect individual weeds that have survived the 
glyphosate application and spraying these with an alternative knockdown herbicide.

The key to successful resistance management is killing the last few individuals, but 
this becomes rather difficult on large-scale properties. Left uncontrolled, these last few 
weeds result in significant seed production and a resetting of the weed seedbank.

The introduction of weed-detecting technology is timely as it is well suited to detecting 
patches of weeds across large areas. Sales of the two systems available in Australia, 
WeedSeeker® (Photo 3) and WEEDit®, have increased by at least 30% annually over 
the past 2 years.

The technology uses optical sensors to turn on spray nozzles only when green weeds 
are detected, greatly reducing total herbicide use per hectare. The units have their own 
light source so can be used day or night.

Rather than spray a blanket amount of the herbicide across a paddock, the weed-
detecting technology enables the user to apply higher herbicide rates (per plant), which 
results in more effective weed control and saves on herbicide costs.

i More 
information

http://www.nvtonline.
com.au/wp-content/
uploads/2013/03/NSW-
Wheat-2012.pdf

http://www.nvtonline.
com.au/wp-content/
uploads/2013/03/QLD-
Prelim-Wheat-2012.pdf

http://www.daff.qld.
gov.au/__data/assets/
pdf_file/0009/49509/
Sensitivity-barley-
wheat-cultivars-
herbicides.pdf

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2011/04/
Strategies-for-
optimising-the-life-of-
Group-A-herbicides-
and-patterns-of-
herbicide-resistance-in-
wild-oats
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6
Figure 5: Selective sprayer technologies use optical sensors to turn on spray nozzles only when 
green weeds are detected. (Photo: CropOptics)

Special permit
Weed-detecting technology (via WeedSeeker®) is being used to manage glyphosate-
resistant grasses in northern NSW fallows with the aid of a minor use permit. This allows 
growers in the region to use selective grass herbicides and higher rates of paraquat 
and diquat (bipyridyl herbicides, Group L). The permit (PER11163) is in force until 28 
February 2015 to cover all Australian states and will be reviewed annually.

The permit allows the use of about 30 different herbicides from groups with seven 
modes of action. Additional modes of action are likely to be added to the permit over 
time.

Some herbicide rates have been increased to enable control of larger or stressed 
weeds. For example, the glyphosate 450 (450 g glyphosate/L) rates range from 3 to 4 L/
ha (using a set water rate of 100 L/ha), which far exceeds the label blanket rates of 0.4–
2.4 L/ha. Similar increases in rate have also been permitted for paraquat (Gramaxone®).

The WeedSeeker® permit system is a lifesaver for no-till and minimum-tillage systems 
battling glyphosate-resistant weeds, as it represents a more economical way to carry 
out a double knock and avoids the need to cultivate for weed-seed burial.

The new technology also has the potential to map troublesome weed patches so that 
these areas can be targeted with a pre-emergent herbicide before sowing. 19

For more information on fallow weed control, see Section 1: Planning and paddock 
preparation.

19  GRDC (2013) Selective spraying to cut costs, Ground Cover Supplements 6 May 2013, http://www.grdc.
com.au/Media-Centre/Ground-Cover-Supplements/GCS104/Selective-spraying-to-cut-costs

i More 
information

http://www.grdc.com.
au/Media-Centre/
Ground-Cover/
Ground-Cover-Issue-
104-May-June-2013/
Detection-technology-
maximises-fallow-
control

Stuart Gall, WeedSmart, 
‘How to use a selective 
sprayer’: http://
www.youtube.com/
watch?v=j95fpUqtYV 
c&feature=youtu.be

http://www.grdc.com.
au/Media-Centre/Over-
the-Fence/2013/10/
Crop-chemical-rotation-
the-key-to-weed-
control-at-Edgeroi
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SECTION 7

Insect control

7.1 Aphids
Aphids are the primary insect pest affecting barley in the northern growing region. While 
aphids are vectors of Barley yellow dwarf virus (BYDV), a major problem in wet areas 
in southern growing regions, research has shown the main impact of aphids in the 
northern region is through their feeding activity, which reduces barley yields. 1

The problem of rising aphid populations in northern winter cereals has intensified in 
recent years. 2 The most conclusive research about the nature and impact of aphid 
populations in barley in the northern region has come from trials led by Northern Grain 
Alliance (NGA) in 2008, 2009 and 2010. These trials suggest direct feeding damage 
from aphids is frequently causing yield loss of 5–15% in winter cereals, but has little 
consistent impact on grain quality. The trials have shown that the cost of applying an 
imidacloprid-based seed treatment or a well-timed foliar spray to control aphids can 
return an economic net benefit averaging AU$33–$37/ha. 3

Seasonal conditions have a major effect on aphid populations, which are ultimately 
controlled by natural predators. However, aphid populations can do considerable 
damage before other insects or heavy rains reduce or eliminate them. 4 Therefore, 
growers should consider seed treatment prior to sowing and/or in-crop foliar pesticide 
spraying to control aphids.

When winged cereal aphids fly into crops from grass weeds, pasture grasses or other 
cereal crops, colonies of aphids start to build within the crop. In Australia, all aphids 
in a cereal crop are females, able to give birth to live young without the need to mate. 
The immature aphid nymphs have several growth stages and moult at each stage into 
a larger individual. Sometimes the delicate pale cast skins can be seen near colonies. 
When host plants become unsuitable or overcrowded, winged aphids, called alataes, 
develop and migrate to other crops or plants.

Three types of aphid are commonly found in barley crops in the northern region and 
they can all carry BYDV. In trials, aphids have been found to attack different parts of the 
barley plant at different times:

7.1.1 Oat aphids (Rhopalosiphum padi)
Despite their name, oat aphids can be found on all cereals and in most years of high 
infestation are the most abundant species. A vector of BYDV, the oat aphid colonises 
the lower portion of the plant with infestations extending from around the plant’s base, 

1  R Daniel, L Price (2009) Aphids in barley 2008—impact and management, GRDC Update Papers 26 Nov. 
2009, http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2009/11/Aphids-in-
Barley-2008-Impact-and-Management

2  J Hunt (2011) Aphids in winter cereals on the Liverpool Plains—the consultant’s view. Northern Grower 
Alliance Sept. 2011, http://www.nga.org.au/results-and-publications/download/132/australian-grain-articles/
pests-1/aphids-in-cereals-september-2011.pdf 

3  L Price (2010) Aphids in cereals. Goondiwindi Grains Research Update, Northern Grower Alliance, March 
2010, http://www.nga.org.au/results-and-publications/download/19/grdc-update-papers-pests/aphids-in-
winter-cereals/grdc-adviser-update-paper-goondiwindi-march-2010-.pdf

4  L Price (2010) Aphids in cereals. Goondiwindi Grains Research Update, Northern Grower Alliance, March 
2010, http://www.nga.org.au/results-and-publications/download/19/grdc-update-papers-pests/aphids-in-
winter-cereals/grdc-adviser-update-paper-goondiwindi-march-2010-.pdf 

i More 
information

GRDC Insect Id App: 
https://www.grdc.com.
au/Resources/Apps

QDAFF Publications: 
http://ipmworkshops.
com.au/wp-content/
uploads/Wintercereals_
north-manual-July13.pdf

http://www.daff.qld.
gov.au/plants/field-
crops-and-pastures/
broadacre-field-crops/
integrated-pest-
management/ipm-
information-by-crop/
natural-enemies-who-
eats-who

QDAFF Integrated 
Pest Management For 
Australia’s Northern 
Region Blog: 
http://thebeatsheet.
com.au/about/

NSW DPI Publications: 
http://www.dpi.nsw.
gov.au/agriculture/
broadacre/pests-
diseases
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up on to the leaves and stems as the crop starts elongation (Figure 1). Mature adults are 
about 2 mm long and may have wings that are dark green and rounded or pear-shaped, 
while the juveniles are paler and smaller. Both are characterised by a dark reddish patch 
on the tip of the abdomen.

Figure 1: Heavy infestation of oat aphids.

7.1.2 Corn aphid (Rhopalosiphum maidis) 
While they are most likely to be found in barley crops, corn aphids also occur in wheat 
as well as sorghum and maize. More rectangular in shape than the oat aphid, adults, 
which may have wings, are 2 mm long with legs and antennae that are typically darker 
than the green-blue body, which sometimes has a waxy appearance. Colonies generally 
develop within the furled emerging leaves of tillers (Figure 2) and they can be difficult to 
see. Corn aphids can be important vectors of BYDV if arriving early in crops.

i More 
information

Update Papers: 
http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2009/11/Aphids-
in-Barley-2008-Impact-
and-Management

http://www.nga.
org.au/results-
and-publications/
download/19/
grdc-update-papers-
pests/aphids-in-
winter-cereals/
grdc-adviser-update-
paper-goondiwindi-
march-2010-.pdf

Australian Grain: 

http://www.nga.
org.au/results-
and-publications/
download/132/
australian-grain-
articles/pests-1/
aphids-in-cereals-
september-2011.pdf
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Figure 2: Corn aphids.

7.1.3 rose-grain aphid (Metopolophium dirhodum)
The rose-grain aphid (Figure 3) tends to colonise the leaves higher on the plant, making 
it easy to detect and identify. Adults are up to 3mm long, and are a large, pale aphid 
with a dark stripe down the midline of the back. Clusters of juveniles are common on 
leaves.

Figure 3: Rose-grain aphids.
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7.2 Armyworm
Armyworm (Figure 4) is the caterpillar stage of certain moths, and can occur in large 
numbers, especially after good rain following a dry period. Larvae shelter in the throats 
of plants or in the soil and emerge after sunset to feed on the leaves of all winter 
cereals, particularly barley and oats, generally during September and October. Leafy 
cereal plants can tolerate considerable feeding, and control in the vegetative stage is 
seldom warranted unless large numbers of armyworms are distributed throughout the 
crop or are moving in a ‘front’, destroying young seedlings or completely stripping older 
plants of leaf. The most serious damage occurs when larvae feed on the upper flag leaf 
and stem node as the crop matures, or in barley when the older larvae start feeding on 
the green stem just below the head as the crop matures.

Figure 4: Armyworm.

The most common species are common and northern armyworm (Leucania convecta 
and L. separata), and lawn armyworm (Spodoptera mauritia). Infestations are evident 
by scalloping on margins of leaves caused by feeding of the older larvae. Larvae target 
the stem node as the leaves become dry and unpalatable, and the stem is often the 
last part of the plant to dry. One large larva can sever up to seven heads of barley a 
day. One larva/m2 can cause a grain loss of 70 kg/ha.day (Table 1). A larva takes around 
8–10 days to develop through the final, most damaging instars, with crops susceptible 
to maximum damage for this period.

Check for larvae on the plant and in the soil litter under the plant. The best time to 
do this is late in the day when armyworms are most active. Alternatively, look around 
the base of damaged plants where the larvae may be sheltering in the soil during the 
day. Using a sweep net (or swing a bucket), check a number of sites throughout the 
paddock. Sweep sampling is particularly useful early in an infestation when larvae 
are small and actively feeding in the canopy. One full sweep with a net samples the 
equivalent of 1 m2 of crop.

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2014/03/
Improved-
understanding-
of-thresholds-of-
armyworm-in-barley-
and-aphids-in-canola

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/armyworm-overview/common,-northern-and-sugarcane-armyworms
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/armyworm-overview/lawn-armyworm
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/03/Improved-understanding-of-thresholds-of-armyworm-in-barley-and-aphids-in-canola
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Table 1: The value of yield loss incurred by 1 and 2 armyworm larvae/m2.day, based on 
approximate values for wheat and an estimated loss per larva of 70 kg/ha. Based on these figures, 
and the relatively low cost of controlling armyworm, populations in ripening crops of >1 large larva/
m2 warrant spraying

Value of grain 
(AU$/t)

Value of yield loss ($) 
per day

1 larva/m2 2 larvae/m2

$140 $9.80 $19.60

$160 $11.20 $22.40

$180 $12.60 $25.20

$200 $14.00 $28.00

$220 $15.40 $30.80

$250 $17.50 $35.00

$300 $21.00 $42.00

$350 $24.50 $49.00

$400 $28.00 $56.00

Early recognition of the problem is vital, as cereal crops can be almost destroyed by 
armyworm in just a few days. Although large larvae do the head lopping, controlling 
smaller larvae that are still leaf-feeding may be more achievable. Prior to chemical 
intervention, consider how quickly the larvae will reach damaging size, and the 
development stage of the crops. Small larvae take 8–10 days to reach a size capable of 
head-lopping, so if small larvae are found in crops nearing full maturity/harvest, spray 
may not be needed, whereas small larvae in late crops that are still green and at early 
seed-fill may reach a damaging size in time to reduce crop yield significantly.

Control is warranted if the armyworm population distributed throughout the crop is likely 
to cause the loss of 7–15 heads/m2. Many chemicals will control armyworms. However, 
their effectiveness often depends on good penetration into the crop to achieve contact 
with the caterpillars. Control may be more difficult in high-yielding, thick-canopied 
crops, particularly when larvae are resting under soil at the base of plants. As larvae are 
most active at night, spraying in the afternoon or evening may produce the best results. 
If applying sprays close to harvest, be aware of relevant withholding periods.

Biological control agents may be important in some years. These include parasitic flies 
and wasps, predatory beetles and diseases. Helicoverpa NPV (nucleopolyhedrovirus) is 
not effective against armyworm. 5

7.3  Helicoverpa spp. (Heliothis)
Helicoverpa spp. are frequently found in winter cereals, usually at levels too low to 
warrant control, but occasionally numbers may be sufficiently high to cause economic 
damage. Virtually all Helicoverpa present are H. armigera (Figure 5), which has 
developed resistance to many of the older insecticide groups. It is not unusual to find 
both Helicoverpa and armyworm in cereal crops, so correct identification of the species 
present is important. Helicoverpa do not cause the typical head-cutting damage of 
armyworms. Larvae tend to graze on the exposed tips of a large number of developing 
grains, rather than totally consuming a low number of whole grains, thus increasing the 
potential losses. Most (80–90%) of the feeding and crop damage is done by larger larva 
(the final two instars).

5  DAFF (2012) Insect pest management in winter cereals. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-
pest-management/ipm-information-by-crop/insect-pest-management-in-winter-cereals 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-of-predators,-parasites-and-pathogens/caterpillar-fungal-diseases
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/helicoverpa/helicoverpa-species
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/ipm-information-by-crop/insect-pest-management-in-winter-cereals
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/ipm-information-by-crop/insect-pest-management-in-winter-cereals
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Figure 5: Helicoverpa armigera.

Check for larvae on the plant throughout the growing season (monitoring can be done in 
conjunction with sampling for armyworm). Using a sweep net, check a number of sites 
throughout the paddock. Larger larvae are more difficult to control than small larvae, 
and NPV is most effective when larvae <13 mm long are targeted.

No thresholds have been developed for Helicoverpa in winter cereals; however, using 
a consumption rate determined for Helicoverpa feeding in sorghum (2.4 g/larva), one 
larvae/m2 can cause 24 kg grain loss/ha. Table 2 shows the value of yield loss incurred 
by a range of larval densities, using an estimated consumption of 2.4 g/larvae and a 
range of grain values for wheat. Note that larval damage is irrespective of the crops 
yield potential (i.e. each larva will eat its fill whether it is 1 t/ha crop or a 3 t/ha crop).

Table 2: Value of yield loss ($/ha) incurred by a range of Helicoverpa larval densities

Cereal price  
($/t)

larval density

4 larvae/m2 6 larvae/m2 8 larvae/m2 10  arvae/m2

150 14.4 21.6 28.8 36

200 19.2 28.8 38.4 48

250 24.0 36.0 48.0 60

300 28.8 43.2 57.6 72

350 33.6 50.4 67.2 84

400 38.4 57.6 76.8 96

450 43.2 64.8 86.4 108

Based on Table 2, a crop worth $250/twill incur a loss of $6/ha from each larvae. 
If chemical intervention costs $30/ha (chemical + application costs), the economic 
threshold or break-even point is 5 larvae/m2. These parameters can be varied to suit 
individual costs, and they can incorporate a working benefit/cost ratio. A common 
benefit/cost ratio of 1.5 means that the projected economic benefit of the spray will be 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-of-predators,-parasites-and-pathogens/npv
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1.5 times the cost of the spray. Spraying at the break-even point (benefit/cost ratio of 1) 
is not recommended.

Small larvae (<7 mm) can be controlled with biopesticides (e.g. NPV). Biopesticides 
are not effective on larger larvae. Helicoverpa armigera has historically had high 
resistance to pyrethroids, and control of medium-large larvae using pyrethroids is not 
recommended. Predators of Helicoverpa eggs and larvae include spined predatory bug, 
glossy shield bug, damsel bug and big-eyed bug.

Where winter cereals have previously been treated with broad spectrum insecticides to 
control aphids, fewer natural enemies may be present and survival of caterpillar pests 
could be greater than in an untreated field. 6

7.4 Blue oat mite (Penthaleus spp.)
Blue oat mites (Figure 6) are important pests of seedling winter cereals, but are generally 
restricted to cooler grain-growing regions (southern Queensland through eastern New 
South Wales, Victoria, South Australia and southern Western Australia).

Figure 6: Blue oat mite. (Photo: QDAFF)

Adults and nymph mites pierce and suck leaves, resulting in silvering of the leaf tips. 
Feeding causes a fine mottling of the leaves, similar to the effects of drought. Heavily 
infested crops may have a bronzed appearance, and severe infestations cause leaf tips 
to wither and can lead to seedling death. Damage is most likely during dry seasons 
when mites in large numbers heighten moisture stress and control may be warranted in 
this situation.

Check from planting to early vegetative stage, particularly in dry seasons, monitoring a 
number of sites throughout the field. Blue oat mites are most easily seen in the cooler 
part of the day, or when it is cloudy. They shelter on the soil surface when conditions are 
warm and sunny. If pale-green or greyish irregular patches appear in the crop, check for 
the presence of blue oat mite at the leaf base.

Where warranted, foliar application of registered insecticide may be cost-effective. 
Check the most recent research to determine the likely susceptibility of blue oat mite to 
the available registered products. Cultural control methods can contribute to reduction 
in the size of the autumn mite population (e.g. cultivation, burning, controlling weed 
hosts in fallow, grazing and maintenance of predator populations). Since eggs laid in 
the soil hibernate throughout winter, populations of the mite can build up over a number 

6  DAFF (2012) Insect pest management in winter cereals. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-
pest-management/ipm-information-by-crop/insect-pest-management-in-winter-cereals

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-of-predators,-parasites-and-pathogens/npv
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-of-predators,-parasites-and-pathogens/spined-predatory-shield-bug
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-of-predators,-parasites-and-pathogens/glossy-shield-bug
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-of-predators,-parasites-and-pathogens/damsel-bug
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-of-predators,-parasites-and-pathogens/bigeyed-bug
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/mites-overview/blue-oat-mite
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of years and cause severe damage if crop rotation is not practiced. The use of control 
tactics solely in spring will not prevent the carry-over of eggs into the following autumn.

Predators of blue oat mites include spiders, ants, predatory beetles and the predatory 
anystis mite and snout mite. Blue oat mites are also susceptible to infection by a fungal 
pathogen (Neozygites acaracida), particularly in wet seasons. 7

The blue oat mite is an important pest of seedling winter cereals. When infestations 
are severe, the leaf tips wither and eventually the seedlings die. Eggs laid in the soil 
hibernate over winter, allowing populations to build up over a number of years. This can 
cause severe damage if crop rotation is not practiced.

7.5 Varietal resistance or tolerance
In 2008, the NGA in association with Industry & Investment NSW (I&I NSW) conducted 
trials at four locations on three barley varieties (Fitzroy , Grout  and Gairdner ), 
assessing the impact and economics of managing aphids. Trial results showed that oat, 
corn and rose-grain aphid populations were not influenced by barley variety. 8

In virus-prone areas, growers are advised to use resistant plant varieties to minimise 
losses due to BYDV. 9

7.6 Damage caused by pests
Aphids can damage barley crops in two ways: by stressing the crop, particular if it is 
suffering from lack of moisture, and by spreading BYDV. In the absence of BYDV, aphids 
affect cereal plants by direct feeding, effectively creating a nitrogen (N) sink, diverting 
N away from the developing and filling grain. Aphids use the N for their growth and 
reproduction. 10 Oat aphids appear to affect yield by reducing the number of viable tillers. 11

Infection of BYVD in barley causes a characteristic bright yellowing of leaves 
(particularly older leaves) and interveinal chlorosis starting from the leaf tips and moving 
towards the base. In some varieties, reddening of leaf tips may also develop. Late 
infections do not result in severe stunting but young leaves may turn yellow. 12

All early BYDV infections of cereal plants will mean they have less above-ground 
biomass and a less extensive root system. Grain size can be smaller or it can become 
shrivelled, which causes lower yields, higher screenings and reduced marketing options. 
Researchers in the northern region have found it difficult to detect symptoms of BYDV 
by visual inspection because the signs are similar to those of heavy aphid infestation or 
moisture stress. 13

Aphids transmit BYDV from plant to plant. When aphids feed on plants, their mouthpart 
(stylet) penetrates the leaf epidermis and enters the plant’s vascular system, namely 

7  DAFF (2012) Insect pest management in winter cereals. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-
pest-management/ipm-information-by-crop/insect-pest-management-in-winter-cereals 

8  R Daniel (2009) Aphids in winter cereals—just a nuisance or an economic pest? Northern Grower Alliance, 
Sept. 2009, http://www.nga.org.au/results-and-publications/download/39/australian-grain-articles/pests-1/
aphids-in-barley-september-2009.pdf 

9  DAFF (2011) Oat aphid, wheat aphid. Department of Agriculture and Fisheries and Forestry Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-
management/a-z-insect-pest-list/aphid-overview/oat-aphid,-wheat-aphid 

10  M Miles (2009) Winter cereal aphids—a researcher’s view. Northern Grower Alliance Sept. 2009, http://
www.nga.org.au/results-and-publications/download/39/australian-grain-articles/pests-1/aphids-in-barley-
september-2009.pdf 

11  GRDC (2010) Cereal Aphids. GRDC Fact Sheet July 2010, http://www.grdc.com.au/uploads/documents/
GRDC_FS_CerealAphids1.pdf 

12  S Simpfendorfer (2010) Barley Yellow Dwarf Virus widespread in northern NSW in 2009. GRDC 
Update Papers 24 Sep 2010, https://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2010/09/BARLEY-YELLOW-DWARF-VIRUS-WIDESPREAD-IN-NORTHERN-NSW-IN-2009 

13  GRDC (2010) Aphid control in cereals can pay. GRDC Fact Sheet July 2010, http://www.grdc.com.au/
uploads/documents/GRDC_FS_CerealAphids1.pdf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/ipm-information-by-crop/insect-pest-management-in-winter-cereals
http://www.nga.org.au/results-and-publications/download/39/australian-grain-articles/pests-1/aphids-in-barley-september-2009.pdf
http://www.nga.org.au/results-and-publications/download/39/australian-grain-articles/pests-1/aphids-in-barley-september-2009.pdf
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/aphid-overview/oat-aphid,-wheat-aphid
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/aphid-overview/oat-aphid,-wheat-aphid
http://www.nga.org.au/results-and-publications/download/39/australian-grain-articles/pests-1/aphids-in-barley-september-2009.pdf
http://www.nga.org.au/results-and-publications/download/39/australian-grain-articles/pests-1/aphids-in-barley-september-2009.pdf
http://www.nga.org.au/results-and-publications/download/39/australian-grain-articles/pests-1/aphids-in-barley-september-2009.pdf
http://www.grdc.com.au/uploads/documents/GRDC_FS_CerealAphids1.pdf
http://www.grdc.com.au/uploads/documents/GRDC_FS_CerealAphids1.pdf
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2010/09/BARLEY-YELLOW-DWARF-VIRUS-WIDESPREAD-IN-NORTHERN-NSW-IN-2009
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2010/09/BARLEY-YELLOW-DWARF-VIRUS-WIDESPREAD-IN-NORTHERN-NSW-IN-2009
http://www.grdc.com.au/uploads/documents/GRDC_FS_CerealAphids1.pdf
http://www.grdc.com.au/uploads/documents/GRDC_FS_CerealAphids1.pdf
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the phloem. Within 15 minutes of feeding, the aphid either contracts the virus if the plant 
is already infected or it transmits the disease to the uninfected plant. The infection is 
restricted to the phloem where it replicates and blocks phloem tissues, reducing transport 
of sugars through the leaves. BYDV is a persistent virus which means an infected aphid 
will transmit the virus for the rest of its life. The virus survives from one season to the next 
in infected summer crops, weeds and host volunteer plants. It can only survive in living 
tissues and does not survive in stubbles or soils. It is not airborne. 14

In all the sites which made up the 2008, 2009 and 2010 NGA trials, the only visible 
symptoms of BYDV were found at Spring Ridge in 2010. These results were confirmed 
by immunoassay.

7.7 Thresholds for control
Evidence suggests there is a case to use seed treatments in barley. In the NGA trial 
years of 2008 and 2009 the need to apply a foliar spray later in the season was high 
where a seed treatment was not used.

Aphids can affect any crop stage but are unlikely to cause economic damage to cereal 
crops expected to yield <3 t/ha. Consider treatment if there are more than 10–20 aphids 
on 50% of the tillers. 15

The NGA trials conducted in the northern region in 2008, 2009 and 2010 were designed 
in part to confirm or suggest a suitable aphid threshold for foliar insecticide application. 
A spray threshold of 10 aphids/tiller appears realistic, but spraying needs to be made on 
an increasing aphid population and where beneficial insect activity is limited. 16

7.8 Management of aphids
The overall results from NGA trials in 2008, 2009 and 2010 showed that seed treatment 
provided more consistent yield and economic benefits than foliar applications in 
controlling aphids in barley, and that imidacloprid seed treatments should be considered 
as a management option for growers in higher aphid-pressure situations.

The 2008, 2009 and 2010 trials evaluated the efficacy of seed treatments containing 
imidacloprid, the insecticidal active ingredient in Bayer CropScience products 
Hombre™, Zorro® and Gaucho®. The manufacturer claims that imidacloprid has been 
scientifically proven in its trials in Australia to stimulate the plant’s production of 6-CNA, 
an inherent growth booster, which can be limited by environment stresses such as 
extended dry periods. Bayer CropScience also claims that its preparations containing 
imidacloprid, available as Hombre (tebuconazole + imidacloprid) and Zorro (triadimenol 
+ imidacloprid) can be used to improve the yield of wheat, barley and oats. 17 These 
claims appear to be supported by the results.

The 2008 NGA-led trials conducted at four locations (Bullarah, Gilgandra, Spring Ridge 
and Yallaroi) highlighted the limited understanding of the impact of aphids in winter 
cereals at that time. High levels of aphid pressure—approximately 35–95 aphids/tiller in 
untreated crops—occurred in all four trial sites. Untreated aphid numbers rapidly built 
up from early September, but also rapidly declined about 3–4 weeks later.

14  GRDC (2013) : Management tips to avoid yield penalties. GRDC Fact Sheet Aug. 2013, https://www.grdc.
com.au/~/media/A4741C713F5C486B9907F96745BF2EEE.pdf 

15  DAFF (2011) Oat aphid, wheat aphid. Department of Agriculture and Fisheries and Forestry Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-
management/a-z-insect-pest-list/aphid-overview/oat-aphid,-wheat-aphid

16  NGA. Aphid management in winter cereals 2009–2010, http://www.nga.org.au/module/documents/
download/79

17  K Blowers (2009) Imidacloprid, the insecticidal active ingredient in Hombre and Zorro is more than just an 
insecticide. GRDC Update Papers 16 Sep 2009, https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2009/09/IMIDACLOPRID-THE-INSECTICIDAL-ACTIVE-INGREDIENT-IN-HOMBRE-
AND-ZORRO-IS-MORE-THAN-JUST-AN-INSECTICIDE
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https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2009/09/IMIDACLOPRID-THE-INSECTICIDAL-ACTIVE-INGREDIENT-IN-HOMBRE-AND-ZORRO-IS-MORE-THAN-JUST-AN-INSECTICIDE
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The following treatments were evaluated at each site:

• untreated: Seed treated with Baytan® (triadimenol) only

• seed treated with Zorro (triadimenol + imidacloprid) at 400 mL/100 kg seed

• seed treated with Baytan then sprayed with two different foliar insecticide 
treatments

At Yallaroi and Bullarah, dimethoate was applied at two different timings, while at 
Spring Ridge and Gilgandra, dimethoate and Pirimor® were applied at the same timing. 
Dimethoate was applied at 500 mL/ha in all situations. Pirimor was applied at 150 g/ha 
at Spring Ridge and at 300 g/ha at Gilgandra.

The 2009 trials encountered lower insect pressure than the 2008 trials and were 
conducted as two intensive in-house trials at Moree and Edgeroi, evaluating a 
range of management options on Grout and Fitzroy barley. In addition, eight trials 
were conducted in collaboration with I&I NSW, and the Department of Employment, 
Economic Development and Innovation Queensland, at Dalby, Lundavra, Yallaroi, 
Bullarah, Cryon, Tamworth, Spring Ridge and Gilgandra. The imidacloprid seed 
treatment did not give season-long control in 2008. Therefore, in 2009 a higher rate 
of imidacloprid was included in all trials. All treatments had the equivalent loading of 
fungicide seed treatment for barley of triadimenol via Baytan. 

Key treatments in all 2009 trials were:

• imidacloprid at low label rate (Imid 1x) via Zorro at 400 mL/100 kg seed and at high 
label rate (Imid 2x) via Emerge® at 240 mL/100 kg seed on all crops

• foliar applications of pirimicarb (Pirimor) when the aphid population was 10 aphids/
tiller and rising

In 2010, 14 trials evaluating imidacloprid seed treatment compared to pirimicarb 
application were conducted with Fitzroy and Grout barley.

The following results were observed over 2008, 2009 and 2010: 

Aphid population:
• Aphid pressure was rated as moderate in 2009 with >10 aphids/tiller at 6 of 10 sites 

with peak counts at 25–50/tiller.

• Aphid pressure was rated as low in 2010 with ~5–10 aphids/tiller found at all four 
sites.

• Three different aphid species were found at nearly all sites, but varied in population 
dynamics and timing.

• Oat and rose-grain aphid were found in similar numbers in wheat, durum and barley 
crops, but the corn aphid was nearly exclusively found in barley.

• Populations generally built up and naturally declined within about 3–4 weeks.

• High levels of beneficial insects (wasps and ladybirds) were seen at a number of 
sites and appeared to initiate population declines.

Aphid control:
• The standard label rate of imidacloprid seed treatment (e.g. Zorro at 400 mL/100 kg) 

provided extended aphid control of ~70–90 days after planting.

• The high label rate of imidacloprid seed treatment (e.g. Emerge®) at 240 mL/100 
kg) extended aphid suppression by an additional about 10–14 days.

• Pirimor provided good levels of knockdown control.

http://www.nga.org.au/module/documents/download/84

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.nga.org.au/module/documents/download/84
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Yield and grain quality impact:
• The standard rate of imidacloprid resulted in mean yield benefits of ~6% (150–200 

kg/ha) at sites with aphid pressure at >5 aphids/tiller during both 2009 and 2010.

• In 2008, with higher aphid pressure (>70 aphids/tiller in all four trials), the same rate 
provided yield benefits of about 10% (330 kg/ha).

• Increased yield benefit was obtained with the high rate of imidacloprid.

• Level of benefit was reduced at sites with low aphid pressure (unsprayed sites).

• Pirimor resulted in mean yield benefits of ~2–4% or 100–150 kg/ha.

• No consistent impact was found on grain quality from any treatment. 

Net economic benefit:
• The standard rate of imidacloprid resulted in mean net benefits of about $20–30/ha 

at sites with aphid pressure of >5 aphids/tiller during both 2009 and 2010.

• In 2008, with higher aphid pressure (>70 aphids/tiller in all four trials), the same rate 
provided net benefits of about $37/ha at a grain price of $125/t.

• Mean net benefit was about $9/ha at unsprayed sites with low aphid pressure.

• Increased net benefit was obtained with the high rate of imidacloprid.

• Mean net benefit from Pirimor was about $5/ha in both years.

In the northern region, low numbers of the oat aphid and the corn aphid are always 
present in cereal crops. Then, about every 5–7 years, enormous numbers develop 
during early spring, particularly in barley, and these may reduce yield through feeding 
damage. However, most populations will be reduced to sub-economic levels by natural 
enemies. If spraying is economic, growers generally use dimethoate, chlorpyrifos or 
pirimicarb. 18

Growers in Queensland are advised to apply a foliar insecticide in late winter or spring 
to avoid direct damage to tillers and heads. To prevent losses from BYDV in virus-prone 
areas, aphids should be controlled early in the cropping year. 19 For current chemical 
control options, visit Pest Genie (http://www.pestgenie.com.au/) or APVMA (http://www.
apvma.gov.au/).

Trials have shown that a greater understanding of aphids’ natural enemies is required 
to ensure foliar spraying is not applied when predation by insects including hoverflies, 
lacewings and ladybirds and parasitism by wasps can reduce aphid populations. 
However, the killing or driving out of aphids by other insects cannot be relied upon in 
every season. Heavy rain may reduce aphid populations significantly. Stakeholders in 
the northern region’s cropping areas believe integrated pest management (IPM) could 
play a greater role in controlling aphids.

18  L Lawrence (2009) Taking the fight to aphids. CSIRO Farming Ahead number 215, Dec. 2009, http://www.
csiro.au/Outcomes/Food-and-Agriculture/Fighting-Aphids.aspx

19  DAFF (2011) Oat aphid, wheat aphid. Department of Agriculture and Fisheries and Forestry Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-
management/a-z-insect-pest-list/aphid-overview/oat-aphid,-wheat-aphid

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.pestgenie.com.au/
http://www.apvma.gov.au/
http://www.apvma.gov.au/
http://www.csiro.au/Outcomes/Food-and-Agriculture/Fighting-Aphids.aspx
http://www.csiro.au/Outcomes/Food-and-Agriculture/Fighting-Aphids.aspx
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/aphid-overview/oat-aphid,-wheat-aphid
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/integrated-pest-management/a-z-insect-pest-list/aphid-overview/oat-aphid,-wheat-aphid
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SECTION 8

Nematode management

Root-lesion nematodes (RLN; Pratylenchus spp.) are microscopic, worm-like animals 
that extract nutrients from plants, causing yield loss. In the northern grains region, the 
predominant RLN, P. thornei, costs the wheat industry AU$38 million1 annually, and 
including the secondary species, P. neglectus, RLN are found in three-quarters of fields 
tested.

Intolerant crops such as wheat and chickpeas can lose 20–60%2 in yield when 
nematode populations are high. Resistance and susceptibility of crops can differ for 
each RLN species; for example, sorghum is resistant to P. thornei but susceptible to P. 
neglectus. A tolerant crop yields well when large populations of RLN are present (the 
opposite is intolerance). A resistant crop does not allow RLN to reproduce and increase 
in number (the opposite is susceptibility).3

Successful management relies on:

• farm hygiene to keep fields free of RLN

• growing tolerant varieties when RLN are present, to maximise yields

• rotating with resistant crops to keep RLN at low levels4

Nematodes reduce yields in intolerant wheat cultivars and reduce the amount of water 
available for plant growth.

Nematodes also impose early stress that reduces yield potential despite the availability 
of water and nutrients.

Maintaining a low nematode population improves crop yields.5.

8.1 Background
Root-lesion nematodes use a syringe-like ‘stylet’ to extract nutrients from the roots 
of plants (Figure 1). Plant roots are damaged as RLN feed and reproduce inside plant 
roots. Pratylenchus thornei and P. neglectus are the most common RLN species in 
Australia. In the northern grains region, P. thornei is the predominant species but P. 
neglectus is also present. These nematodes can be found deep in the soil profile (to 90 

1 GM Murray, JP Brennan (2009) The current and potential costs from diseases of wheat in Australia. 
Grains Research and Development Corporation Report. https://www.grdc.com.au/~/media/
B4063ED6F63C4A968B3D7601E9E3FA38.pdf

2 KJ Owen, T Clewett, J Thompson (2013) Summer crop decisions and root-lesion nematodes: crop rotations 
to manage nematodes – key decision points for the latter half of the year, Bellata. GRDC Grains Research 
Update, July 2013.

3 KJ Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact 
Sheet. http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

4 R Daniel (2013) Managing root-lesion nematodes: how important are crop and variety choice? Northern 
Grower Alliance/GRDC Update Paper, 16/07/2013. https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-
choice

5 GRDC (2014), How nematodes reduce yield. http://grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2014/03/How-nematodes-reduce-yield

i More 
information

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2014/03/How-
nematodes-reduce-yield

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/08/
Root-lesion-
nematodes-importance-
impact-and-
management

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
https://www.grdc.com.au/~/media/B4063ED6F63C4A968B3D7601E9E3FA38.pdf
https://www.grdc.com.au/~/media/B4063ED6F63C4A968B3D7601E9E3FA38.pdf
http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-choice
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-choice
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-choice
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cm depth) and are found in a broad range of soil types, from heavy clays to sandy soils. 
Wheat is susceptible to both P. thornei and P. neglectus.6

New CSIRO research funded by the Grains Research and Development Corporation 
(GRDC) is examining how nematodes inflict damage by penetrating the outer layer of 
wheat roots and restricting their ability to transport water. 

Figure 1: Microscope image of a root-lesion nematode. Notice the syringe-like ‘stylet’ at the head 
end, which is used for extracting nutrients from the plant root. This nematode is less than 1 mm 
long. (Photo: Sean Kelly, Department of Agriculture and Food, Western Australia)

8.2 Symptoms and detection
Root-lesion nematodes are microscopic and cannot be seen with the naked eye in 
the soil or in plants. The most reliable way to confirm the presence of RLN is to have 
soil tested in a laboratory. Fee-for-service testing of soil offered by the PreDicta B root 
disease testing service of the South Australian Research and Development Institute 
(SARDI) can determine levels of P. thornei and P. neglectus present.7

Similar results can be obtained by soil testing either by manual counting (under 
microscopes) or by DNA analysis (PreDicta B), with commercial sampling generally at 
depths of 0–15 or 0–30 cm.8

Vertical distribution of P. thornei in soil is variable. Some paddocks have relatively 
uniform populations down to 30 cm or even 60 cm, some will have highest P. thornei 
counts at 0–15 cm depth, whereas other paddocks will have P. thornei populations 
increasing at greater depths, e.g. 30–60 cm. Although detailed knowledge of the 
distribution may be helpful, the majority of on-farm management decisions will be based 
on presence or absence of P. thornei confirmed by sampling at 0–15 or 0–30 cm depth.

Signs of nematode infection in roots include dark lesions or poor root structure. The 
damaged roots are inefficient at taking up water and nutrients—particularly nitrogen 

6 KJ Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact 
Sheet. http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

7 KJ Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact 
Sheet. http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

8 R Daniel (2013) Managing root-lesion nematodes: how important are crop and variety choice? Northern 
Grower Alliance/GRDC Update Paper, 16/07/2013. https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-
choice

Soil Quality Pty Ltd 
nematode survey results

GRDC Parasitic Plant 
Nematodes (Northern 
Region Fact Sheet)

http://www.daff.qld.
gov.au/__data/assets/
pdf_file/0010/58870/
Root-Lesion-Nematode-
Brochure.pdf

i Fact sheets
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(N), phosphorus (P) and zinc (Zn)—causing symptoms of nutrient deficiency and wilting 
in the plant shoots. Intolerant wheat varieties may appear stunted, with yellowing of 
lower leaves and poor tillering (Figure 2). These symptoms may not be present in other 
susceptible crops such as barley and chickpea.9

Figure 2: Symptoms of root-lesion nematode infection of an intolerant wheat variety include 
yellowing of lower leaves, decreased tillers and wilting. There are no obvious symptoms in the 
susceptible chickpea and faba bean plots on either side of the wheat. (Photo: Kirsty Owen, DAFF)

8.2.1 What is seen in the paddock?
Although symptoms of RLN damage in wheat can be dramatic, they can easily be 
confused with nutritional deficiencies and/or moisture stress.

Damage from RLN is in the form of brown root lesions but these can be difficult to see 
or can also be caused by other organisms. Root systems are often compromised, with 
reduced branching, reduced quantities of root hairs and an inability to penetrate deeply 
into the soil profile. The RLN create an inefficient root system that reduces the ability of 
the plant to access nutrition and soil water.

Visual damage above ground from RLN is non-specific. Yellowing of lower leaves 
is often observed, together with reduced tillering and a reduction in crop biomass. 
Symptoms are more likely to be observed later in the season, particularly when the crop 
is reliant on moisture stored in the subsoil. 

In the early stages of RLN infection, localised patches of poorly performing wheat may 
be observed. Soil testing of these patches may help to confirm or eliminate RLN as a 
possible issue. In paddocks where previous wheat production has been more uniform, 
a random soil-coring approach may be more suitable. Another useful indicator of RLN 
presence is low yield performance of RLN-intolerant wheat varieties.10

8.3 Management
There are four key strategies for the management of RLN (Figure 3):

1. Test soil for nematodes in a laboratory.

2. Protect paddocks that are free of nematodes by controlling soil and water run-off 
and cleaning machinery; plant nematode-free paddocks first.

3. Choose tolerant wheat varieties to maximise yields (www.nvtonline.com.au). 
Tolerant varieties grow and yield well when RLN are present.

9 KJ Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact 
Sheet. http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

10 R Daniel (2013) Managing root-lesion nematodes: how important are crop and variety choice? Northern 
Grower Alliance/GRDC Update Paper, 16/07/2013. https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-
choice

http://www.sardi.sa.gov.
au/products__and__
services/entomology/
diagnostic_services/
predicta_b

i Testing 
service

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2014/03/
Latest-nematode-
summer-and-winter-
crop-rotation-results

i More 
information
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4. Rotate with resistant crops to prevent increases in RLN (Table 1,Figure 4). When 
large populations of RLN are detected, you may need to grow at least two 
resistant crops consecutively to decrease populations. In addition, ensure that 
fertiliser is applied at the recommended rate so that the yield potential of tolerant 
varieties is achieved.11

Figure 3: 

Soil test for RLN

No RLN detected
Focus on hygiene to 

avoid incursions 
(NB flooding is a risk)

Plant tolerant 
wheat varieties

Increase number 
of resistant crops 

or varieties

Crop and variety 
choices not limited by 
RLN characteristics

Ensure adequate 
crop nutrition

Monitor for 
effectiveness of 

rotation

Focus on hygiene to 
avoid spread to 
clean paddocks

Increase fallow 
lengths

RLN detected

Root-lesion nematode management flow-chart

Other considerations include:

• Nematicides. There are no registered nematicides for RLN in broadacre cropping 
in Australia. Screening of potential candidates is conducted, but RLN are a very 
difficult target, with populations frequently deep in the soil profile.

• Nutrition. Damage from RLN reduces the ability of cereal roots to access nutrients 
and soil moisture and can induce nutrient deficiencies. Under-fertilising is likely to 
exacerbate RLN yield impacts; however, over-fertilising is unlikely to compensate 
for a poor variety choice.

• Variety choice and crop rotation. These are currently our most effective 
management tools for RLN. However the focus is on two different characteristics: 
tolerance, i.e. ability of the variety to yield under RLN pressure; and resistance, i.e. 
impact of the variety on RLN build-up. Note that varieties and crops often have 
varied tolerance and resistance levels to P. thornei and P. neglectus.

• Fallow. Populations of RLN will decrease during a ‘clean’ fallow, but the process 
is slow and expensive in lost ‘potential’ income. Additionally, long fallows may 
decrease arbuscular mycorrhiza (AM) levels and create more cropping problems 
than they solve.12

11 KJ Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact 
Sheet. http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

12 R Daniel (2013) Managing root-lesion nematodes: how important are crop and variety choice? Northern 
Grower Alliance/GRDC Update Paper, 16/07/2013. https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-choice

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-choice
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Table 1: Susceptibility and resistance of various crops to root-lesion nematodes13

rlN species Susceptible Intermediate resistant

P. thornei Wheat, chickpea, faba bean, 
barley, mungbean, navy bean, 
soybean, cowpea

Canola, mustard, triticale, durum 
wheat, maize, sunflower

Canary seed, lablab, linseed, 
oats, sorghum, millet, cotton, 
pigeon pea

P. neglectus Wheat, canola, chickpea, 
mustard, sorghum (grain), 
sorghum (forage)

Barley, oat, canary seed, durum 
wheat, maize, navy bean

Linseed, field pea, faba bean, 
triticale, mungbean, soybean

Figure 4: 
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Resistance differences between commercial barley varieties (Source: http://www.grdc.
com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Impact-of-crop-varieties-on-
RLN-multiplication)

Figure 5: Crop rotation to manage root-lesion nematodes depends on the nematode species 
present in your field. Mungbeans (left) are susceptible to P. thornei but resistant to P. neglectus. By 
contrast, sorghum (right) is resistant to P. thornei but susceptible to P. neglectus. (Photo: Kirsty 
Owen, DAFF)

Canola is now thought to have a ‘biofumigation’ potential to control nematodes, and 
a field experiment has compared canola with other winter crops or clean-fallow for 
reducing P. thornei population densities and improving growth of P. thornei-intolerant 
wheat (cv. Batavia) in the following year. 

Immediately after harvest of the first-year crops, populations of P. thornei were lowest 
following various canola cultivars or clean-fallow and highest following susceptible 
wheat cultivars (1957–5200 v. 31,033–41,294 P. thornei/kg dry soil). Unexpectedly, at 
planting of the second-year wheat crop, nematode populations were at more uniform, 

13 KJ Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact 
Sheet. http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland
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lower levels (<5000/kg dry soil), regardless of the previous season’s treatment, and 
remained that way during the growing season, which was quite dry. 

Growth and grain yield of the second-year wheat crop were poorest on plots previously 
planted with canola or left fallow due to poor colonisation with AM fungi, with the 
exception of canola cv. Karoo, which had high AM fungal colonisation and low wheat 
yields. There were significant regressions between growth and yield parameters of the 
second-year wheat and levels of AM fungi following the pre-crop treatments.

Canola appears to be a good crop for reducing P. thornei populations, but the 
dependence of subsequent crops on AM fungi should be considered, particularly in the 
northern grains region.14

8.3.1  Crop rotation
P. neglectus was found in 32% of paddocks (often in combination with P. thornei) in the 
northern region in a survey of 800 paddocks (Thompson et al. 2010).  Summer crops 
that are partially resistant or poor hosts of P. neglectus include sunflower, mungbean, 
soybean and cowpea.  When these crops are grown, populations of P. neglectus do not 
increase because the crops do not allow the nematode to reproduce.

In a field experiment, populations of P. neglectus increased after growing grain sorghum 
(Figure 4).  Populations increased from 3.1 times after MR32  (4,400 P. neglectus/kg 
soil) to 7.3 times after MRGoldrush  (10,400 P. neglectus/kg soil) compared to soil at 
planting (1,400 P. neglectus/kg soil).15

Summer crops have an important role in management of RLN. Research shows that 
when P. thornei is present in high numbers, two or more resistant crops in sequence are 
needed to reduce populations to low enough levels to avoid yield loss in the following 

intolerant, susceptible wheat crops.16

8.3.2  Sowing time
Wheat variety choice can have a great impact on yield loss to P. thornei (up to 43% yield 
loss in intolerant bread wheat varieties in 2011), and yield losses from P. thornei can be 
exacerbated by delayed sowing and drier conditions.17

New South Wales Department of Primary Industries (NSW DPI) winter cereal time-of-
sowing trials at Coonamble, Mungindi, Trangie, Come-by-Chance and Gurley, NSW, in 
2011 showed the following:

• Winter crop type and variety choice have a large effect on the build-up of nematode 
populations in the soil due to differences in their resistance to P. thornei.

• This was most pronounced in bread wheat where the variety choice:

 » increased the P. thornei population by 1.8–3.6 times (9737 up to 19,719 P. 
thornei/kg soil) at Coonamble, and

 » decreased the P. thornei population by 64% between the most susceptible and 
most resistant  varieties at Mungindi (25,448 v. 9050 P. thornei/kg soil).

• Pratylenchus thornei populations were six times larger in the most susceptible 
variety, Lincoln , than in the most resistant variety, Gauntlet , at Trangie.

• Earlier sowing generally increased the build-up of P. thornei populations Trangie, 
especially in the most susceptible variety.

14  KJ Owen, TG Clewett, JP Thompson (2010) Pre-cropping with canola decreased Pratylenchus thornei 
populations, arbuscular mycorrhizal fungi, and yield of wheat. Crop & Pasture Science 61, 399–410. http://
www.publish.csiro.au/paper/CP09345.htm

15  Summer crop decisions and root lesion nematodes: http://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Summer-crop-decisions-and-root-lesion-nematodes

16  K Owen, T Clewett, J Thompson (2013) Summer crop decisions and root-lesion nematodes: crop rotations 
to manage nematodes – key decision points for the latter half of the year, Bellata. GRDC Grains Research 
Update, July 2013.

17  S Simpfendorfer, M Gardner, G McMullen (2012) Impact of sowing time and varietal tolerance on yield loss 
to the root-lesion nematode Pratylenchus thornei. GRDC Grains Research Update, Goondiwindi, March 
2012. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0007/431287/Nematodes-and-sowing-date-2011.pdf

https://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/07/
Summer-crop-
decisions-and-root-
lesion-nematodes

http://grdc.com.
au/Media-Centre/
Ground-Cover/
Ground-Cover-Issue-
109-Mar-Apr-2014/
Variety-choice-and-
crop-rotation-key-to-
managing-root-lesion-
nematodes

http://www.nga.
org.au/results-
and-publications/
download/325/
grdc-update-papers-
diseases/root-
lesion-nematodes-
in-winter-cereals/
grdc-grower-update-
paper-spring-ridge-
warialda-burren-
junction-warra-
condamine-jul-
aug-2014.pdf
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• The build-up of P. thornei populations in the field trial is broadly in line with 
published resistance ratings, but discrepancies appear to exist, especially 
with LongReach Spitfire , which appears better than its current rating of very 
susceptible.

• Both P. thornei and crown rot (caused by Fusarium pseudograminearum) cause 
significant yield loss in intolerant/susceptible varieties alone or in combination, as 
shown at Gurley.

• Pratylenchus thornei and crown rot did not reduce grain protein levels at the Gurley 
site.

• Some recently released varieties appear to combine improved tolerance to P. 
thornei with increased resistance to crown rot, which provided a yield advantage of 
up to 109% at the Gurley site in 2012.

• Reliable resistance ratings appear to be produced under both large and moderate 
starting populations of P. thornei at Mungindi. Hence, National Variety Trials (NVT) 
are a potentially useful source of reliable field-based assessments.18 Visit www.
nvtonline.com.au

Delayed sowing
In two trials conducted in 2011, P. thornei was demonstrated to reduce yield by up to 
43% under large starting populations with delayed sowing and drier growing conditions. 
Delayed sowing into late autumn/winter is likely to see crops initially develop under 
cooler soil temperatures, thus reducing the rate of root development. Conversely, earlier 
sown crops establish under warmer soil conditions and have more rapid, early root 
growth if adequate moisture is available.

Drier soil conditions during crop establishment and early growth, for example with the 
second sowing time (22 June) at Coonamble in 2011, are also likely to restrict early root 
development. In theory, any restriction to root development is likely to inhibit a crops 
ability to compensate for P. thornei feeding upon these root systems. Variety choice 
can have a large impact on yield and, hence, profitability when cropping in soils with 
large populations of P. thornei. To date, these trials have only examined the relative 
tolerance of varieties to P. thornei. It should be stressed that a variety’s resistance to P. 
thornei (build-up of nematode populations within the soil) should also be an important 
consideration in variety choice.19

Interaction with crown rot
Crown rot remains a significant disease in the region, with losses dependent on soil 
moisture and temperature stress experienced during flowering and grain-fill. Crown rot 
caused yield losses of up to 37% in durum varieties at the Coonamble site in 2011, but 
cooler, wetter conditions limited the expression (yield loss) of this disease at Mungindi 
in 2011. Averaged across the different winter cereal types, crown rot reduced yield by 
18 % in barley, 27% in durum wheat and 22% in bread wheat at Coonamble in 2011. 
Research conducted by NSW DPI and the Northern Grower Alliance (NGA) across 11 
sites in northern NSW in 2007 demonstrated that crown rot caused average yield losses 
of 20% in barley (up to 69% under drier conditions and hotter temperatures during 
grain-fill), 25% in bread wheat (up to 65%) and 58% in durum (up to 90%).

The Coonamble site trial demonstrates that the tolerance of wheat varieties to crown 
rot does not appear to be related to their level of tolerance to P. thornei. Yield losses to 
both diseases in intolerant varieties can be significant (up to 43% for P. thornei and up 
to 37% for crown rot at Coonamble in 2011) under high levels of inoculum. However, 
the benefit obtained from sowing a more tolerant bread wheat variety appears greater 
for P. thornei (up to 43%) than for crown rot (up to 21%). Another way of expressing this 

18 NSW DPI (2013) Northern Grains Region trial results autumn 2013. NSW Department of Primary Industries. 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/468328/Northern-grains-region-trial-results-
autumn-2013.pdf

19 NSW DPI (2013) Northern Grains Region trial results autumn 2013. NSW Department of Primary Industries. 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/468328/Northern-grains-region-trial-results-
autumn-2013.pdf

Northern Grains Region 
trial results autumn 2013

i Download
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is that the difference in tolerance levels between wheat varieties appears larger for P. 
thornei than for crown rot.20

Selecting tolerant varieties
Selecting tolerant wheat varieties is one of the main options for maintaining profit in 
the presence of high populations of P. thornei. By contrast, even the most crown rot 
resistant/tolerant commercial wheat variety can still suffer up to 50% yield loss under 
high levels of inoculum when hot/dry conditions occur during grain-fill. Variety selection 
is not a primary strategy for managing crown rot. Hence, where soil populations of P. 
thornei are large, more emphasis should be placed on a wheat variety’s tolerance to P. 
thornei than to crown rot. Rotation to non-host crops remains the primary management 
tool for crown rot and can also be a valuable strategy to reduce or maintain P. thornei 
populations below the threshold (<2,000 P. thornei/kg soil) for yield loss in intolerant 
wheat varieties.21

Current industry knowledge
In 2010, the NGA conducted a survey of current levels of knowledge about nematodes 
(particularly RLN) in northern broadacre farming systems and the management practices 
being employed. The results are being used to prioritise research and development 
activity.

8.4 Varietal resistance or tolerance
A tolerant crop yields well when large populations of RLN are present (in contrast to 
an intolerant crop). A resistant crop does not allow RLN to reproduce and increase in 
number (in contrast to a susceptible crop) (Table 2).

Table 2: Combinations and examples of tolerance and resistance22

There are four possible combinations of resistance and tolerance:

Tolerant–resistant
e.g. sorghum cv. MR43 to P. thornei  
and wheat breeding lines released for development

Tolerant–susceptible
e.g. wheat cv. EGA Gregory to P. thornei

Intolerant–resistant
No commercial wheat lines in this category

Intolerant–susceptible
e.g. wheat cv. Strzelecki to P. thornei

Tolerance and resistance of wheat varieties to RLN are published each year at www.
nvtonline.com.au or in Wheat varieties for Queensland.

Current GRDC-funded research by the NGA and NSW DPI is examining the importance 
of crop and variety choice. The NGA has run large and complex trials and results are 
outlined in the GRDC Update Paper. 

Growers are advised to recognise that there are consistent varietal differences in P. 
thornei and P. neglectus resistance within wheat and chickpea varieties; to avoid crops 
or varieties that allow the build-up of large populations of RLN in infected paddocks; 
and to monitor the impact of rotations.

The DAFF and NSW DPI wheat variety guides detail the level of variety tolerance to both 
species of RLN. Selection of wheat varieties based on these published RLN tolerance 
rankings is critical to avoid significant yield losses, particularly in paddocks with large 
populations of P. thornei.

20 NSW DPI (2013) Northern Grains Region trial results autumn 2013. NSW Department of Primary Industries. 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/468328/Northern-grains-region-trial-results-
autumn-2013.pdf

21 S Simpfendorfer, M Gardner, G McMullen (2012) Impact of sowing time and varietal tolerance on yield loss to 
the root-lesion nematode Pratylenchus thornei. GRDC Grains Research Update, Goondiwindi, March 2012. 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0007/431287/Nematodes-and-sowing-date-2011.pdf

22 K Owen, T Clewett, J Thompson (2013) Summer crop decisions and root-lesion nematodes: crop rotations 
to manage nematodes – key decision points for the latter half of the year, Bellata. GRDC Grains Research 
Update, July 2013.
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GRDC-funded researchers are currently incorporating P. thornei resistances found in 
a wheat line selected from the variety Gatcher  and some wheat landraces from West 
Asia and North Africa into pre-breeding efforts. Excellent resistance to P. thornei and P. 
neglectus has been found in synthetic hexaploid wheats.

Resistances are being incorporated into some of the most tolerant wheat varieties, 
including EGA Gregory  and EGA Wylie , to produce parents that are adapted to the 
northern region.23

8.4.1 Tolerance
Wheat breeding has provided a number of varieties with moderate or higher levels of 
tolerance to P. thornei, e.g. Sunvale , Baxter , EGA Wylie  and EGA Gregory . These 
varieties will reduce the level of yield loss due to P. thornei.

At a trial site near Yallaroi in 2012, a range of crops and varieties was grown and 
performance evaluated under relatively ‘low’ and ‘high’ starting population densities 
of P. thornei (~2,000 and 19,000 nematodes/kg soil). Figure 6 shows the impact of P. 
thornei on yield of varieties with a range of tolerance levels.

Figure 6: 
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Comparison of wheat variety yields under ‘low’ and ‘high’ starting population densities of 
P. thornei (Pt) near Yallaroi 2012 (Trial RH1213)
*Indicates significant yield difference within a variety between ‘low’ and ‘high’ P. thornei strips at P = 0.05.

Codes below variety names are the DAFF published ratings of P. thornei tolerance: T, tolerant; MT, moderately 
tolerant; I, intolerant; VI, very intolerant.

NB: What was categorised as the ‘low’ starting population density of P. thornei was still equal to the current 
industry threshold. At this level, significant yield losses (up to 20%) may occur in intolerant wheat varieties. 
Consequently, the measured yield impact between ‘low’ and ‘high’ P. thornei in this trial is an underestimate of 
the full P. thornei affect.24

The varieties rated as P. thornei intolerant (Strzelecki  and Sunvex ) suffered significant 
yield reductions of 35–48 % in this trial when grown in the ‘high’ P. thornei plots. Yield losses 
of ~1–1.25 t/ha were recorded, with economic losses >$250/ha. The two varieties that were 
more tolerant (EGA Wylie  and EGA Gregory ) did not suffer a significant yield reduction.

Choosing tolerant varieties will limit the yield and economic impact from P. thornei; however, 
some of these varieties still allow high levels of nematode build-up. The second issue to be 
considered is variety resistance/susceptibility.25

23 J Thompson, J Sheedy, N Robinson, R Reen, T Clewett, J Lin (2012) Pre-breeding wheat for resistance 
to root-lesion nematodes. GRDC Grains Research Update, Goondiwindi, March 2012. https://www.grdc.
com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Prebreeding-wheat-for-resistance-to-
rootlesion-nematodes

24 K Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact Sheet. 
http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

25 R Daniel (2013) Managing root-lesion nematodes: how important are crop and variety choice? Northern 
Grower Alliance/GRDC Update Paper, 16/07/2013. https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-
choice
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8.4.2  resistance
Resistance is the impact of the variety on RLN multiplication. Eradication of RLN from 
an individual paddock is highly unlikely, so effective long-term management is based on 
choosing options that limit RLN multiplication. This involves using crop or varieties that have 
useful levels of P. thornei resistance and avoiding varieties that will cause large ‘blow-outs’ 
in P. thornei numbers.

Resistance differences between crops
The primary method of managing RLN populations is to focus on increasing the number 
of resistant crops in the rotation. Knowledge of the species of RLN present is critical, as 
crops that are resistant to P. thornei may be susceptible to P. neglectus. Key crops that are 
generally considered resistant or moderately resistant to P. thornei are sorghum, sunflower, 
maize, canola, canary seed, cotton, field peas and linseed.

Wheat, chickpeas, faba beans, mungbeans and soybeans are generally susceptible, 
although the level of susceptibility may vary between varieties.26

Table 3: Disease and crop injury guide - barley (NSW DPI)

Disease/cause Symptoms Occurrence Survival/Spread Control

Foliar diseases

Scald 
Rhynchosporium 
secalis

‘Scalded’ patches with 
dark brown margins on 
leaf.

More common and 
severe in south, favoured 
by wet weather.

Rain-splashed spores 
from barley and grass 
residues and infected 
leaves.

Resistant varieties; seed 
and foliar fungicides; 
avoid sowing into barley 
and barley grass residues.

Net blotch – net 
form 
Pyrenophora teres 
f. teres

First, as small elliptical 
dark brown spots which 
elongate into fine, dark 
brown streaks on the leaf 
blades giving a netted 
appearance. Severely 
affected leaves wither. It 
also infects heads.

Favoured by wet weather 
and early sowing.

Air-borne spores from 
infected plants and 
stubble. Carried on seed.

Resistant varieties; 
rotation with other 
crops. Stubble removal. 
Clean seed. Treat 
seed. Appropriate foliar 
fungicides.

Net blotch – spot 
form 
Pyrenophora teres f. 
maculata

Small, dark brown, 
round to oval spots or 
blotches up to 10 mm 
long becoming more 
straight-sided as they 
enlarge. Larger  blotches 
are often surrounded 
by a yellow margin, 
particularly towards the 
leaf tip.

Favoured by wet weather 
and early sowing.

Air-borne spores from 
infected plants and 
stubble.

Resistant varieties; 
rotation with other crops. 
Stubble removal. Foliar 
fungicides.

Powdery mildew 
Blumeria graminis 
f.-sp. hordei

White to grey cottony 
fungal growth on leaf and 
leaf sheath.

More in north and 
south-west crops, more 
in winter and early 
spring.

Air-borne spores from 
infected trash and 
infected plants.

Resistant varieties; Seed 
and foliar fungicides.

Leaf rust 
Puccinia hordei

Very small pustules of 
orange-brown powdery 
spores on leaves and 
leaf sheaths.

Favoured by moist 
conditions and 
temperatures around 
15°C.

Air-borne spores from 
living plants.

Resistant varieties; clean 
fallows; foliar fungicides 
to protect flag to flag-2 
leaves. Monitor very 
susceptible varieties 
regularly.

Stripe rust 
Puccinia striiformis

Pustules and stripes of 
yellow powdery spores 
on leaves.

Barley stripe rust is not 
present in Australia. 
However some varieties 
may develop small 
amounts of barley grass 
stripe rust and wheat 
stripe rust. Promoted by 
cool nights (10–15°C) 
with heavy dews.

Air-borne spores from 
living plants.

Rarely required. Varieties 
such as Skiff and 
Tantangara may show 
some infection. Resistant 
varieties, foliar fungicides.

26 R Daniel (2013) Managing root-lesion nematodes: how important are crop and variety choice? Northern 
Grower Alliance/GRDC Update Paper, 16/07/2013. https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-
choice
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Disease/cause Symptoms Occurrence Survival/Spread Control
Stem rust  
Puccinia graminis 
spp.

Elongated pustules of 
dark brown spores on 
stems, leaves and awns.

Favoured by warm 
(15–30°C) moist 
conditions. Only likely to 
be a problem in very late 
crops or where crops 
are in close proximity 
to other infected cereal 
crops.

Air-borne spores from 
living plants.

Clean fallows. Resistant 
cereals (wheat, rye, 
triticale); avoid sowing 
very susceptible varieties; 
foliar fungicides.

PLS 
(Physiological leaf 
spotting)

Range from tiny white 
flecks to conspicuous 
dark brown to black 
spots and blotches on 
leaves.

Most prevalent under 
mild, moist growing 
conditions. Some 
genotypes are more 
susceptible. Grimmett 
often develops white 
flecking; Gairdner prone 
to brown blotching.

Not a pathogen. (Note 
that some brown 
flecking may be a 
resistant reaction to 
other diseases and in 
some areas a reaction 
to adverse soil nutrient 
levels.)

Avoid susceptible 
varieties. Check cause to 
see whether any action is 
required.

Sunblotch 
(Physiological 
reaction to nutrient 
stress and sunlight)

Orange to dark brown 
spots more common on 
upper surface of leaf, 
leaf death.

Sporadic in occurrence. 
Conditions causing it yet 
to be defined.

Not a pathogen. No control yet developed.

Virus Diseases

Barley yellow dwarf 
Barley yellow dwarf 
virus (BYDV)

Yellowing, dwarfing of 
infected plants, reduced 
seed set.

Most common near 
perennial grass pastures 
and in early sown crops.

Transmitted by aphids 
from infected grasses 
and cereals.

Most varieties have some 
tolerance.

Wheat streak 
mosaic 
Wheat streak mosaic 
virus (WSMV)

Light green leaf streaks 
and blotches, stunting of 
plants, reduced seed set.

Not yet observed in 
barley. Has occurred 
in wheat in southern 
irrigation areas and early 
sown grazing wheat 
crops on the tablelands 
and slopes.

Transmitted by the wheat 
curl mite.

No control required.

root and Crown rots

Take-all 
Gaeumannomyces 
graminis var. tritici

Blackening of roots and 
crown, stunting, ‘white 
heads’, pinched grain.

More common in south, 
favoured by wet winter 
and early spring, then 
dry. Less severe on 
barley than on wheat.

Soil-borne on grass and 
cereal residues.

Crop rotation to provide 
one year free of grass 
hosts.

Crown rot 
Fusarium 
pseudograminearum

Browning of roots and 
stem bases, stunting, 
‘white heads’, pinched 
grain.

More common in north 
and western areas, 
favoured by cyclic wet/
dry soil during season.

Soil-borne on grass and 
cereal residues.

Crop rotation. Grass weed 
control. Balance inputs to 
available soil water.

8.5 Damage caused by nematodes
Pratylenchus thornei is widespread in the northern grains region, with surveys 
conducted by DAFF and NSW DPI showing its presence in 50–70% of paddocks. It is 
frequently at concerning levels, being found at >2,000 individuals/kg soil in ~20–30% of 
paddocks.

Yield losses in wheat of up to 50% are not uncommon when P. thornei-intolerant wheat 
varieties are grown in paddocks infested with P. thornei. Yield losses in chickpeas of up 

to 20% have also been measured in DAFF trials.27

8.6 Nematodes and crown rot
The NGA has been involved in 22 field trials since 2007, in collaboration NSW DPI, 
evaluating the impact of crown rot on a range of winter-cereal crop types and varieties. 
This work has greatly improved the understanding of crown rot impact and variety 
tolerance, but also indicates that we may be suffering significant yield losses from 
another ‘disease’ that often goes unnoticed.

27 K Owen, J Sheedy, N Seymour (2013) Root lesion nematode in Queensland. Soil Quality Pty Ltd Fact Sheet. 
http://soilquality.org.au/factsheets/root-lesion-nematode-in-queensland

http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0003/431265/
Cereal-pathogen-survey.
pdf
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Although the trials were not designed to focus on nematodes, a convincing trend was 
apparent after 2008 that indicated P. thornei was having a frequent and large impact on 
wheat variety yield.

These trials were designed to evaluate the effect of crown rot on variety yield and 
quality. However, they strongly suggest that P. thornei is also having a significant impact 
on yield performance. The results do not compare the levels of yield loss due to the two 
diseases but do indicate that there is a greater range in variety of P. thornei tolerance 
than currently exists for crown rot tolerance.28

8.6.1 Importance of variety choice
Variety choice appears a more valuable tool for use under P. thornei pressure than for 
crown rot management. It may be co-incidence, but four of the most widely adopted 
and successful wheat varieties in the northern grains region (EGA Wylie , EGA Gregory

, Baxter  and Sunvale ) are the varieties with the highest currently available level of P. 
thornei tolerance. 

Root lesion nematodes are a ‘disease’ that has no obvious visual symptoms in the 
paddock. To improve management of this disease, growers must take more advantage 
of nematode testing. An increase in level of awareness of P. thornei status in individual 
paddocks and across properties will assist to: 

• Develop sound hygiene practices to help limit further spread and reduce the risk of 
new infestations

• Provide a measure of the impact of varying management approaches designed to 
limit or reduce nematode build-up

This knowledge is also likely to provide direct economic gains from sound varietal 
and crop rotation choices. Soil testing for nematodes may also provide benefits in the 
identification of other plant parasitic species.29

28 R Daniel (2013) Managing root-lesion nematodes: how important are crop and variety choice? Northern 
Grower Alliance/GRDC Update Paper, 16/07/2013. https://www.grdc.com.au/Research-and-Development/
GRDC-Update-Papers/2013/07/Managing-root-lesion-nematodes-how-important-are-crop-and-variety-
choice

29 R Daniel, S Simpfendorfer, G McMullen, John Thompson (2010) Root lesion nematode and crown 
rot – double trouble! Australian Grain, September 2010. http://www.ausgrain.com.au/Back%20
Issues/203sogrn10/203sogrn10.pdf

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2014/03/Crown-
rot-and-nematodes
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SECTION 9

Diseases

Barley diseases cause an estimated current average annual loss of AU$252 million, or 
$66.49 per hectare, to the Australian barley industry. In the decade to 2009, this loss 
represented 19.5% of the average annual value of the barley crop. 1 In the northern 
region, crown rot and Fusarium head blight (FHB) are the main diseases affecting barley 
grain. The most prevalent foliar diseases are rusts, blotches and powdery mildew. They 
can all have serious impacts on grain yield and quality.

Diseases in the broad sense can be caused by environmental factors, such as 
temperature or water stress and nutrient deficiencies, as well as living agents 
(pathogens). This section considers only diseases with a biotic (living) cause. 2

Diseases occur when a susceptible host is exposed to a virulent pathogen under 
favourable environmental conditions. Control is best achieved by knowing the 
pathogens involved and manipulating the interacting factors. Little can be done to 
modify the environment but growers can minimise the risk of diseases by sowing 
resistant varieties and adopting management practices to reduce inoculum rates. Rotate 
barley crops with non-hosts such as legumes or summer crops, avoid sowing barley on 
barley, and maintain clean fallows. Sowing out of season favours disease development 
and can build up inoculum early in the season. 3

Tables 1 and 2 present major diseases and disease-loss ranking in the northern region. 
In addition to these diseases, leaf rust incursions have caused significant losses in the 
northern grains region in recent years, particularly the 2010 season. 

Table 1: Five major diseases by potential loss in northern region

Disease $/ha $ million
Crown rot 54.58 23

Net blotch-net form 50.42 21

Net blotch-spot form 42.40 18

Powdery mildew 21.11 9

Common root rot 16.49 7
 

Table 2: Northern region ranking of disease losses (1 = highest loss)

Disease Potential Present
Net blotch-spot form 3 1

Crown rot 1 2

Net blotch-net form 2 3

Covered smut 7 4

Powdery mildew 4 5

1  G Murray, JP Brennan (2009) The current and potential costs from diseases of barley in Australia. GRDC, 
http://www.grdc.com.au/~/media/CF32E282F9E241488125CD98A6567EB8.pdf

2  UNE grains course notes.

3  DAFF (2012) Barley diseases. Department of Agriculture, Fisheries and Forestry Queensland, http://www.
daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/diseases
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Disease epidemics develop when susceptible varieties are sown over wide areas in the 
presence of plentiful inoculum under favourable environmental conditions. The year 2010 
provided the most favourable conditions for the development of foliar diseases for 12 years, 
and generated epidemics of yellow spot in wheat and spot form of net blotch and leaf rust 
in barley. After several years of relatively low levels of these diseases, all factors contributing 
to epidemic development combined to initiate epidemics quite early in crop development. 4

Some diseases are easily identifiable visually and others require stubble or soil tests to 
identify inoculum types and infestations in paddocks. Selecting suitable varieties as part of 
your rotation is essential to combat yield and/or quality losses and even disease epidemics 
on-farm (Table 3). 

Table 3: Barley variety comparisons (2013)
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Height Medium-
tall

Short
Medium-

tall
Medium-

tall
Medium-

tall
Medium-

tall
Short-
medium

Short
Medium-

tall
Short Medium

Medium-
tall

Medium

Standability Medium-
poor

Good Medium Good
Medium-

poor
Medium Good Medium Medium Good Good

Medium-
good

Good

Post-ripe straw 
strength

Medium-
poor

Medium-
poor

Good Good
Very 
good

Medium Good
Medium-

poor
Medium Medium Medium Good Medium

Maturity (days 
to flower)

Medium
Medium-

late
Late Late

Medium-
late

Early
Medium-

late
Early-
medium

Medium Late Late
Early-
medium

Late

Net blotch (net 
form)

MS/S* MR MR MRMS/S S-VS MR/S SVS/MR MRMS MRMS/S MRMS/S MS MR/S SVS/MR

Net blotch 
(spot form)

MSS S S-VS S S S S VS S-VS MRMS S S-VS S-VS

Leaf rust S S S MRR S VS MR S MRMS S MR MR R

Stem rust S S S S S S S S MS-S S S S S

Spot blotch S S S-VS VS S-VS S S-VS S-VS MS-S VS VS S VS

Powdery 
mildew

MRMS S S R S R/MS R MR MR R/MS R R/MS R

Crown rot MSS MS-S S MS MS MRMS S MR-MS

Foliar diseases - Management options 

R - MR =: Very little to no disease found. Fungicide application not warranted. 

MR-MS Monitor crops for disease development. Under high inoculum pressure fungicide application can be 
economic. Late occurrence of the disease may not require any action. 

S-VS Fungicide application will be required to reduce yield loss in favourable seasons. 

*Ratings separated by “/” indicate response to different strains in the disease population. First value indicates 
response to the most common strains. 

(Foliar diseases have a wide range of pathotypes. Disease resistance ratings are based on current knowledge of 
pathogen populations in the northern Henley region).  

See p. 43 of the ‘2013 Winter crop variety sowing guide’ for more information on 
variety characteristics and reaction to diseases: http://www.grdc.com.au/NVT-NSW-
CropVarietyGuide

4  G Platz (2011) Yellow spot in wheat; leaf rust and net blotch diseases in barley—lessons from 2010 for 
better management in 2011. GRDC Update Papers 19 April 2011, http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2011/04/Yellow-spot-in-wheat-leaf-rust-and-net-blotch-diseases-in-
barley-lessons-from-2010-for-better-management-in-2011 

GrDC Video

Greg Platz: http://www.
youtube.com/watch?v=-
BI1MF7MJrc 

http://www.grdc.com.
au/Research-and-
Development/GRDC-
Update-Papers/2011/04/
Yellow-spot-in-wheat-
leaf-rust-and-net-blotch-
diseases-in-barley-lessons-
from-2010-for-better-
management-in-2011

i More 
information
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9.1 The disease triangle
Plant pathologists talk about the occurrence of disease in terms of the ‘disease triangle’ 
(Figure 1)—an interaction of host, pathogen and environment. Alteration to any of these 
components of the disease triangle will influence the level of disease.

Figure 1: 

Host

EnvironmentPathogen

Disease

The disease triangle.

For disease to occur, there must be a susceptible host and a virulent pathogen, and the 
environment must be favourable. In practical terms, virulent pathogens are present in 
every field crop; however, some can be controlled through biosecurity measures, and 
seed-borne diseases can be controlled by the pathogen, i.e. seed treatments.

Some important examples of interactions of environmental conditions with diseases of 
grain crops are as follows:

• Low temperatures reduce plant vigour. Seedlings, especially of summer crops, 
become more susceptible to Pythium, Rhizoctonia and other root and damping-off 
pathogens if they are emerging in soils below their optimum temperature.

• Pathogens have different optimum temperature ranges. For example, hatching in 
nematodes tends to occur over narrow soil temperature ranges, within a 10–25°C 
range and optimal at 20°C, whereas take-all fungus, Gaeumannomyces graminis 
var. tritici, is more competitive with the soil microflora in cooler soils. This can lead 
to diseases being more prevalent in certain seasons or in different areas, such as 
wheat stem rust in warmer areas and stripe rust in cooler areas.

• Fungi such as Pythium and Phytophthora that have swimming spores require high 
levels of soil moisture in order to infect plants; hence, they are most severe in wet 
soils.

• Foliar fungal pathogens such as rusts require free water on leaves for infection (see 
below). The rate at which most leaf diseases progress in the crop depends on the 
frequency and duration of rain or dew periods.

• Diseases that attack the roots or stem bases, such as crown rot, reduce the ability of 
plants to move water and nutrients into the developing grain. These diseases generally 
have more severe symptoms and larger effects on yield if plants are subject to water 
stress. 5

9.2 Cereal disease after drought
Drought reduces the breakdown of plant residues. This means that inoculum of some 
diseases does not decrease as quickly as expected, and will carry over for more than 
one growing season, such as with crown rot. The expected benefits of crop rotation 
may not occur or may be limited. Bacterial numbers decline in dry soil. Some bacteria 
are important antagonists of soil-borne fungal diseases such as common root rot. 
Therefore, these diseases can be more severe after drought.

The NSW Department of Primary Industries (DPI) information sheet ‘Cereal diseases 
after drought’ covers effects on crown rot, rhizoctonia root rot, inoculum, tan (yellow) 

5  UNE grains course notes.

http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0004/123718/
crop-diseases-after-
drought.pdf

i More 
information
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spot, rusts, wheat streak mosaic and other cereal diseases, and burning stubble to 
control disease. 6

9.3 Cereal disease after flood events
For disease to occur, the pathogen must have virulence to the particular variety, 
inoculum must be available and easily transported, and there must be favourable 
conditions for infection and disease development.

The legacy of the floods and rain included transport of inoculum (crown rot, 
nematodes, leaf spots through movement of infected stubble and soil) (Figures 2 
and 3), development of sexual stages (leaf spots, head blights), survival of volunteers 
(unharvested material and self-sown plants in double-crop situations), and weather-
damaged seed. 

Cereal diseases that need living plants over-season on volunteer (self-sown) crops, 
in particular rusts and mildews. Diseases such as yellow spot, net blotches and head 
blights survive on stubble. Crown rot and nematodes over-season in soil.

Problems are recognised through inspecting plants. Leaf and stem rusts produce visible 
pustules on leaves; while stripe rust survives as dormant mycelium, with spores not 
being produced until temperatures favour disease development. 

The presence of leaf spots is recognised by the occurrence of fruiting bodies 
(pseudothecia) on straw and lesions on volunteers. Head blights produce fruiting bodies 
(perithecia) on straw, while crown rot survives mainly as mycelia in straw. Soil-borne 
nematodes are detected through soil tests. 7

Figure 2: Barley stubble after incubation under high humidities shows disease spores. (Photo: Greg 
Platz, QDAFF) 

6  G Murray, K Moore, S Simpfendorfer, T Hind-Lanoiselet, J Edwards (2006) Cereal diseases after drought. 
NSW Department of Primary Industries, http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/123718/
crop-diseases-after-drought.pdf

7  DAFF (2013) Winter cereals pathology. Department of Agriculture, Fisheries and Forestry Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/prepare-for-winter-crops-
following-floods/winter-cereals-pathology 

GRDC Fact Sheet: 
http://www.grdc.
com.au/greenbridge_
factsheet 

i More 
information
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Figure 3: Fruiting bodies on barley stubble. (Photo: Greg Platz, QDAFF)

9.3.1 Management options
Management options for disease control include elimination of volunteers, if possible 
producing a 4-week period that is totally host-free, crop rotation with non-hosts, 
growing resistant varieties, reduction of stubble, and use of fungicides.

Fungicides are far more effective as protectants than eradicants, so are best applied 
prior to, or very soon after, infection. Systemic fungicides work within the sprayed 
leaf, providing 3–5 weeks of protection. Leaves produced after this spraying are not 
protected. Spray to protect the upper three or four leaves, which are the most important 
as they contribute to grain-fill. In general, rusts are easier to control than leaf spots. 
Fungicides do not make yield; they can only protect the existing yield potential.

The application of fungicides is an economic decision, and in many cases, a higher 
application rate can give a better economic return through greater yield and higher grain 
quality. Timing and rate of application are more important than product selection. Stripe 
rust ratings in variety guides are for adult plant response to the pathogen, and may not 
accurately reflect seedling response. 8

9.3.2 Strategies
The incidence and severity of disease will depend on the environment, but with known 
plentiful inoculum present, even in a season with average weather, disease risks will be 
significant. 

Strategies include:

• using the best available seed

• identifying your risks

• formulating management strategies based on perceived risk

• monitoring crops regularly

• timely intervention with fungicides 9

• Seed and fertilizer treatments (e.g. Baytan, Impact, Systiva).

8  DAFF (2013) Winter cereals pathology. Department of Agriculture, Fisheries and Forestry Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/prepare-for-winter-crops-
following-floods/winter-cereals-pathology 

9  DAFF (2013) Winter cereals pathology. Department of Agriculture, Fisheries and Forestry Queensland, 
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/prepare-for-winter-crops-
following-floods/winter-cereals-pathology 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/prepare-for-winter-crops-following-floods/winter-cereals-pathology
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/prepare-for-winter-crops-following-floods/winter-cereals-pathology
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/prepare-for-winter-crops-following-floods/winter-cereals-pathology
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/prepare-for-winter-crops-following-floods/winter-cereals-pathology
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For the stubble-borne diseases—yellow spot (YS) and spot form net blotch (SFNB)—
practical control measures are as follows.

Crop rotation
Avoid sowing wheat on wheat or barley on barley. Where possible, sow 2010 cereal 
country to an alternative cereal, chickpea or canola, or even fallow through for a 
summer crop.

Reduce surface stubble
The amount of early disease is directly related the quantity of stubble at sowing. 
Incorporation or removal of stubble delays disease onset and slows epidemic 
development. In very favourable seasons, <200 kg of infective stubble can result in high 
levels of yellow spot.

Resistant varieties
Where resistant varieties are available and agronomically suitable, they offer the most 
practical means of control. However, there no varieties are immune to YS and SFNB, so 
some disease will develop even in highly resistant varieties. Impact of disease on yield 
of these varieties should be minimal.

Monitor disease levels
Disease levels must be closely monitored if chemical intervention is being considered. 
Timely application of foliar fungicides is essential to maximise control and return on 
investment.

Fungicides give best control when applied as protectants, and duration of control is 
rate-dependent. A full-rate application of a recommended fungicide should give at 
least 30 days of control. In high-risk situations, a dual application strategy will give best 
results with sprays applied at about GS31–32 and again at GS39–49. Economics will 
dictate whether such a strategy is warranted. 10 

More information for specific diseases follows.

9.4 Head and root diseases

9.4.1 Crown rot
Crown rot, caused predominantly by the fungus Fusarium pseudograminearum, is the 
most damaging disease of winter cereals in the northern region. Crown rot affects 
wheat, barley and triticale. 11 It survives from one season to the next in the stubble 
remains of infected plants and grassy hosts. The disease is more common on heavy 
clay soils. 

Infection is favoured by high soil moisture in the 2 months after planting. Drought 
stress during elongation and flowering will lead to the production of ‘deadheads’ or 
‘whiteheads’ in the crop. These heads contain pinched seed or no seed at all. 12

The disease may be managed through planting partially resistant varieties, inter-row 
sowing or crop rotation. If the disease is severe, rotation to a non-susceptible crop for 
at least 2 years, and preferably 3 years, is recommended. A winter chickpea or any 

10  G Platz (2011) Yellow spot in wheat; leaf rust and net blotch diseases in barley—lessons from 2010 for 
better management in 2011. GRDC Update Papers 19 April 2011, http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2011/04/Yellow-spot-in-wheat-leaf-rust-and-net-blotch-diseases-in-
barley-lessons-from-2010-for-better-management-in-2011 

11  S Simpfendorfer, M Gardner (2013) Crown rot: be aware of the balancing act or the fall may be harder! 
GRDC Update Papers 25 Feb. 2013, http://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2013/02/Crown-rot-be-aware-of-the-balancing-act-or-the-fall-may-be-harder 

12  DAFF (2012) Wheat—diseases, physiological disorders and frost. Department of Agriculture, Fisheries and 
Forestry Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/
wheat/diseases

http://www.dpi.nsw.
gov.au/agriculture/
broadacre/guides/
winter-crop-variety-
sowing-guide 

http://www.grdc.com.
au/Research-and-
Development/National-
Variety-Trials/Crop-
Variety-Guides

KE Nelson, LW Burgess 
(1995) Effect of rotation 
with barley and oats on 
crown rot of wheat in 
the northern wheat belt 
of New South Wales. 
Australian Journal of 
Experimental Agriculture 
35, 765–770: 
http://dx.doi.
org/10.1071/EA9950765 

http://www.dpi.nsw.gov.
au/__data/assets/pdf_
file/0019/159031/root-
crown-rot-diseases.pdf 

i More 
information
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summer crop may be used as a disease-free rotation crop but it must be kept clean of 
alternative grassy hosts. 13

If forced into planting a cereal crop in a high crown rot risk situation then some barley 
varieties may provide a yield advantage over bread wheat in a season, as long as early 
stress does not occur. However, growing barley over bread wheat will not assist with the 
reduction of crown rot inoculum levels as barley is very susceptible to infection. Barley 
as a general rule also produces increased stubble loads compared to wheat so could 
actually be building up increased crown rot inoculum levels. 14

Damage caused by crown rot
The impact of crown rot on yield and quality is influenced by inoculum levels and 
available soil water. The primary factor increasing the impact of crown rot is moisture 
stress at grain-fill, yet most management strategies focus heavily on combating 
inoculum, sometimes to the detriment of soil water storage or availability, which in turn 
exacerbates the effect of moisture stress. 

Any management strategy that limits storage of soil water or creates constraints (e.g. 
nematodes or sodicity) that reduce the ability of roots to access water increases the 
probability of moisture stress during grain-fill and therefore the severity of crown rot. 

Symptoms
• Tiller bases are always brown, often extending up 2–4 nodes.

• Some tillers on diseased plants may not be infected.

• Whitehead formation is most severe in seasons with a wet start and dry finish.

• Plants often break off near ground level when pulled up.

• Plants are easy to pull up in good moisture situations as they have little root 
structure. 

• Cottony fungal growth may be found inside tillers.

• Pinkish fungal growth may form on lower nodes, especially during moist weather.

• Pinched grain is observed at harvest. 15

Infection is characterised by a light honey-brown to dark brown discoloration of the 
base of infected tillers, while major yield loss from the production of whiteheads is 
related to moisture stress post-flowering. 16 

If the leaf bases are removed from the crowns of diseased plants, a honey-brown to 
dark brown discoloration (Figure 4) will be seen. In moist weather, a pink-purple fungal 
growth forms inside the lower leaf sheaths and on the lower nodes.

13  DAFF (2012) Wheat—diseases, physiological disorders and frost. Department of Agriculture, Fisheries and 
Forestry Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/
wheat/diseases

14  http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/High-crown-rot-risk-
barley-vs-wheat#sthash.1ifM6ySg.dpuf

15  K Moore, B Manning, S Simpfendorfer, A Verrell (2005) Root and crown diseases of wheat and barley in 
northern NSW. NSW Department of Primary Industries, http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0019/159031/root-crown-rot-diseases.pdf 

16  S Simpfendorfer, M Gardner (2013) Crown rot: be aware of the balancing act or the fall may be harder! 
GRDC Update Papers 25 Feb. 2013, http://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2013/02/Crown-rot-be-aware-of-the-balancing-act-or-the-fall-may-be-harder 

GrDC Video

Steven Simpfendorfer’s 
presentation: http://
www.grdc.com.au/
Media-Centre/GRDC-
Gallery/Video/ZvsqA-
NrcNY

http://grdc.com.
au/Research-and-
Development/
GRDC-Update-
Papers/2014/03/
Pre-sow-assessment-
of-crown-rot-risk-in-the-
northern-region

GRDC Update Paper: 
http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/02/
Crown-rot-be-aware-of-
the-balancing-act-or-
the-fall-may-be-harder 

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/07/Crown-
rot-an-update-on-latest-
research

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/03/High-
crown-rot-risk-barley-
vs-wheat

https://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/03/
Improving-the-
accuracy-of-PreDicta-B-
soil-testing
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Figure 4: Basal browning indicating crown rot infection.

Effect of sowing time
Earlier sowing within the recommended window of a given variety for a region generally 
brings the grain-fill period forward to the point where the probability of moisture 
stress during grain-fill is reduced. Earlier sowing may also increase the extent of root 
exploration at depth, which could provide greater access to deeper soil water later in 
the season, buffering against crown rot expression (Figure 5). This has been shown in 
previous research by NSW DPI across seasons to reduce yield loss from crown rot. 17

Figure 5: 

Durum Bread Wheat Barley
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Effect of crown rot on the yield of 18 different varieties averaged across two sowing times 
at Walgett in 2012. Varieties designated with a star represent a significant yield loss from crown rot 
infection. 

Agronomists report anecdotal accounts of early sowing dates with long-season varieties 
resulting in greater soil moisture deficit during grain-fill than later sowing dates. They 
say this combination has resulted in major yield loss and they have seen a number of 
cases of this in 2013.

17  UNE grains course notes.

http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0004/468328/
Northern-grains-
region-trial-results-
autumn-2013.pdf 

http://www.grdc.com.
au/Media-Centre/
Ground-Cover/
Ground-Cover-Issue-
98-May-June-2012/
Seedborne-Fusarium-
tests-crown-rot-
strategies 
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Crown rot phases
There are three distinct and separate phases of crown rot—survival, infection and 
expression—and management strategies can differentially affect these phases:

• Survival: The crown rot fungus survives as mycelium (cottony growth) inside 
winter cereal (wheat, barley, triticale and oats) and grass weed residues that it 
has infected. The crown rot fungus will survive as inoculum inside the stubble for 
as long as the stubble remains intact, which varies greatly with soil and weather 
conditions; decomposition is generally a very slow process.

• Infection: Given some level of soil moisture, the crown rot fungus grows out of 
stubble residues and infects new winter cereal plants through the coleoptile, 
sub-crown internode or crown tissue, which are all below the soil surface. The 
fungus can also infect plants above the ground right at the soil surface through 
the outer leaf sheathes. However, with all points of infection, direct contact with 
the previously infected residues is required, and infections can occur throughout 
the whole season given moisture. Hence, wet seasons (2010, 2011 and start of 
2012) favour increased infection events, and when combined with the production of 
greater stubble loads, disease inoculum levels build up significantly.

• Expression: Yield loss is related to moisture/temperature stress around flowering 
and through grain-fill. Expression is also affected by variety. Moisture stress is 
believed to trigger the crown rot fungus to proliferate in the base of infected tillers, 
restricting water movement from the roots through the stems, and producing 
whiteheads that contain either no grain or lightweight, shrivelled grain. The 
expression of whiteheads (Figure 6) in plants infected with crown rot (i.e. still have 
basal browning) is restricted in wet seasons and increases greatly with increasing 
moisture stress during grain-fill. 18

Figure 6: The expression of whiteheads is restricted in wet seasons, so they are not considered the 
best indicator of crown rot; look for signs of basal browning instead.

18  S Simpfendorfer, M Gardner (2013) Crown rot: be aware of the balancing act or the fall may be harder! 
GRDC Grains Update Papers 25 Feb. 2013, http://www.grdc.com.au/Research-and-Development/GRDC-
Update-Papers/2013/02/Crown-rot-be-aware-of-the-balancing-act-or-the-fall-may-be-harder 

Monitoring fusarium 
crown rot populations in 
spring wheat residues 
using quantitative real-
time polymerase chain 
reaction (AC Hogg et al. 
2010): 
http://www.ncbi.nlm.nih.
gov/pubmed/19968549# 

Decomposition and 
chemical composition 
of cereal straw (BA 
Summerell, LW Burgess 
1989): 
http://www.
sciencedirect.com/
science/article/
pii/0038071789901296 

i More 
information
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Management
Managing crown rot requires a three-pronged attack:

1. Rotate crops.

2. Observe plants for basal browning.

3. Test stubble and/or soil.

Top tips:

• Although many growers look for whiteheads to indicate crown rot, basal browning is 
a better indicator of the presence of inoculum.

• Keep crown rot inoculum levels low by rotating with non-host crops and ensuring a 
grass-free break from winter cereals. Consider crops with dense canopies and early 
canopy closure such as mustard, canola or faba beans.

• Crown Analytical Services (CAS), Moree, offers a commercial stubble assessment 
service (see www.crownanalytical.com.au) and is an agent for PreDicta B soil 
testing, which is not currently calibrated for crown rot in the northern region but its 
application is being investigated. (Northern growers are advised to use Predicta B 
for nematode testing.)

• If growing cereals in crown rot-affected paddocks, select types with lower yield loss 
risk such as barley and some bread wheats. Avoid all durum varieties.

• Match nitrogen application to stored soil moisture and potential yield.

• Limit nitrogen application prior to and at sowing to avoid excessive early crop 
growth.

• Ensure zinc nutrition is adequate.

• Sow on the inter-row if possible when sowing cereal after cereal. 19

• Current seed treatments do not offer any control.

Crop rotation
Growing non-host break crops remains an important tool for managing crown rot, as 
break crops allow time for decomposition of winter cereal residues that harbour the 
crown rot inoculum. Canopy density and rate of canopy closure can affect the rate of 
decomposition and these vary with different break crops (i.e. faba bean and canola). 
Crops that are sparser in nature, such as chickpea, are not as effective.

Row spacing and seasonal rainfall during the break crop also affect decomposition and 
hence survival of the crown rot fungus. Break crops can further influence the expression 
of crown rot in the following winter cereal crop through the amount of soil water they 
use (and therefore leave) at depth, and their impact on the build-up of root-lesion 
nematode (RLN). Table 4 lists suggested rotations under different levels of crown rot 
infection.

19  GRDC (2011) Stop the crown rot: Rotate, observe, test. GRDC Media Centre 22 Feb. 2011, http://www.
grdc.com.au/Media-Centre/Media-News/National/2011/02/Stop-the-crown-rot-Rotate-Observe-Test 

www.crownanalytical.
com.au   

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2009/09/
ECONOMICS-OF-
PHOSPHORUS-AND-
ZINC-NUTRITION 

i More 
information

http://www.regional.org.
au/au/asa/2003/c/6/
kirkegaard.htm 

i More 
information
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Table 4: Suggested rotations under varying crown rot conditions
LF, Long fallow; DC, double-crop. Faba bean, field pea, or canola/mustard can substitute for chickpea and other 
summer crops for sorghum

High (25% diseased plants) Medium (11–24%) low (10%)
LF–sorghum–DC chickpea–wheat Pre-plant burn–chickpea–wheat/

barley
No limitation 
to crop choice. 
However, regular 
inclusion of break 
crops will prevent 
crown rot levels 
from rising

Chickpea–LF–sorghum–LF–wheat Chickpea–pre-plant burn–
wheat/barley

DC Mungbean–LF–sorghum–DC 
chickpea–wheat/barley

LF–sorghum–wheat/barley

LF–sorghum–LF–wheat/barley–chickpea DC Summer crop–LF–wheat/
barley

3 Years lucerne provided it is kept grass-
free

Growing barley before wheat in paddocks with high crown rot inoculum is not an option 
as yield loss can result.

All current barley varieties are very susceptible and will encourage considerable build-
up of inoculum. However, barley rarely suffers significant yield loss from crown rot, 
largely because its earlier maturity limits the impact of moisture stress interactions with 
infection, which result in the production of whiteheads. 20

Inter-row sowing
Northern Grower Alliance (NGA) research shows:

• Inter-row sowing will reduce the level of crown rot incidence and severity (measured 
as inoculum in residues, not as whitehead expression), on average, by ~50%.

• Inter-row sowing provides an increased disease management benefit under low 
disease conditions.

• Inter-row sowing resulted in a useful, but relatively modest, 5% increase in average 
yield compared with on-row sowing.

• Inter-row sowing is not a tool to enable back-to-back cereal production under 
moderate–high crown rot risk.

• Inter-row sowing will provide best benefit by incorporation into a crown rot disease 
management package based on sound crop rotation. 21

Stubble burning
Burning removes the above-ground portion of crown rot inoculum but the fungus will 
still survive in infected crown tissue below-ground; therefore, stubble burning is not a 
‘quick fix’ for high-inoculum situations. Removal of stubble residues through burning will 
increase evaporation from the soil surface and affect fallow efficiency. A ‘cooler’ autumn 
burn is therefore preferable to an earlier ‘hotter’ burn as it minimises the negative 
impacts on soil moisture storage while still reducing inoculum levels.

Varietal resistance or tolerance
Resistance is the ability to limit the development of the disease, whereas tolerance is 
the ability to maintain yield in the presence of the disease. Published crown rot ratings 
are largely based on the evaluation of resistance.

20  K Moore, B Manning, S Simpfendorfer, A Verrell (2005) Root and crown diseases of wheat and barley in 
northern NSW. NSW Department of Primary Industries, http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0019/159031/root-crown-rot-diseases.pdf 

21  G Rummery, R Daniel, S Simpfendorfer (2007) Inter-row crown rot management—the results are in. Northern 
Grower Alliance, http://www.nga.org.au/results-and-publications/download/42/australian-grain-articles/
diseases-1/crown-rot-inter-row-sowing-results-march-2007-.pdf 
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http://www.grdc.com.au/
Media-Centre/GRDC-
Gallery/Video/ZvsqA-
NrcNY

Podcast

http://www.grdc.com.
au/Media-Centre/
GRDC-Podcasts/
Northern-Weekly-
Update/2013/10/17-
North

http://www.grdc.com.
au/Media-Centre/
Ground-Cover/
Ground-Cover-Issue-
70-September-
October-2007/
Crown-rot-Stubble-
avoidance-lessens-
crown-rot 

http://www.nga.
org.au/results-and-
publications/browse/1/
grdc-update-papers-
diseases 

http://www.nga.
org.au/results-and-
publications/browse/45/
complete-summary 

i More 
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Stubble-management-
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Details on crown rot resistance or tolerance among barley varieties can be found in the 
annual NSW Winter Crop Variety Sowing Guide, and the National Variety Trials (NVT) 
website, www.nvtonline.com.au. 

However, no barley varieties possess adequate field resistance. The NSW Winter Crop 
Variety Sowing Guide and www.nvtonline.com.au indicate which varieties of barley have 
been found particularly susceptible to crown rot. No barley varieties recommended for 
NSW are considered to have even moderate resistance to the fungus. Given the lack 
of resistance, rotation with chickpea or summer crops is currently the best method of 
controlling crown rot. 22

In 2007–2009, NGA ran a series of trials across north-western NSW to assess the 
impact of crown rot on winter cereal yields (Figure 7); 2007 had a very hot, dry finish and 
the trials showed some significant yield losses from the addition of crown rot inoculum. 
The years 2008 and 2009 had milder springs and crown rot had less impact on yield.

Figure 7: 
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Key findings:

• The level of crown rot yield loss was minimal in the 2008 trials. This highlights the 
impact of conditions late in the season in determining the level of yield loss due to 
crown rot.

• Yield loss in barley was similar to that in bread wheat.

• Despite the favourable finish, durum losses were still of concern and more than 
triple the average loss in barley.

• There was no clear pattern of yield loss difference within either the barley or wheat 
varieties under the lower crown rot yield loss conditions in 2008. 23

9.4.2 Common root rot
Common root rot is a soil-borne fungal disease that attacks wheat, barley and triticale. 
It survives from one season to the next through fungal spores, which remain in the top 
layer of the soil. The disease increases in severity with continuous wheat or wheat–
barley sequences. 

22  QDAF Diseases: http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
diseases 

23  GRDC (2009) The impact of crown rot on winter cereal yields—year 2. GRDC Update Papers 17 Sept. 2009, 
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2009/09/THE-IMPACT-OF-
CROWN-ROT-ON-WINTER-CEREAL-YIELDS-YEAR-2 

http://www.dpi.nsw.
gov.au/agriculture/
broadacre/guides/
winter-crop-variety-
sowing-guide 

http://www.grdc.com.
au/Research-and-
Development/National-
Variety-Trials/Crop-
Variety-Guides
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Barley increases the soil population of fungal spores rapidly. Infection is favoured by 
high soil moisture for 6–8 weeks after planting.

Common root rot symptoms:

• a dark-brown to black discoloration of the stem just below the soil surface

• black streaks on the base of stems

• slight root rotting

Common root rot can cause yield losses of 10–15% in susceptible varieties.

The disease may be controlled by planting partially resistant varieties or by crop 
rotation. Where the disease is severe, rotation to non-susceptible crops for at least 2 
years is recommended. Summer crops such as sorghum, sunflower, or white French 
millet can be used for this purpose. 

Common root rot can occur from tillering onwards but is most obvious after flowering. 
It shows no distinct paddock symptoms, although the crop may lack vigour and severe 
infections can lead to stunting of plants. It appears more prevalent in paddocks that 
are N-deficient. When N is not limiting, yield loss occurs through a reduction in tillering 
due to poor N-use efficiency. Affected plants are usually scattered through the crop. 
Common root rot is widespread through the grain belt and the disease is often found in 
association with crown rot. 24

9.4.3 Botryosphaeria head blight (white grain disorder)
White grain was conspicuous in harvested samples of wheat in the 2010 season. 
This symptom is the result of infection with one of principally two fungal pathogens: 
Fusarium graminearum and Botryosphaeria zeae. Fusarium head blight or head scab is 
the disease that causes white grain and head blight from infection by Fusarium species. 
White grain or white grain disorder is the terminology currently used to describe the 
disease caused by B. zeae. It is proposed that this disease be known in future as 
Botryosphaeria head blight (BHB). 25

9.4.4 Fusarium head blight
The extensive rain and warm conditions during flowering of the crop in 2010 resulted 
in the first widespread significant occurrence of FHB in wheat, durum and barley crops 
in southern Queensland. This caused significant downgrading of some crops. Until 
recently, FHB has been reported irregularly and in isolated areas of Australia’s northern 
region. The most significant infections in the past occurred in durum crops on the 
Liverpool Plains in the late 1990s.

Fusarium head blight is a fungal disease that can occur on many grass species, 
including crop and weeds. Where it occurs in crops, it is most common in wheat, durum 
and barley. It is a frequent and widespread disease of major wheat-production areas of 
North America, Asia and Europe, where much research into its control has been ongoing 
for >20 years.

Fusarium head blight can cause significant yield losses and quality reductions. Major 
yield losses occur mainly from floret sterility. Additional yield and quality losses can 
occur when damaged and shrivelled lightweight grains are produced because of 
infection. Quality reductions may also occur from seed discoloration, varying from 
whitish grey, pink to brown. Fungal infection can sometimes be associated with the 
production of a toxin (mycotoxins).

24  K Moore, B Manning, S Simpfendorfer, A Verrell (2005) Root and crown diseases of wheat and barley in 
northern NSW. NSW Department of Primary Industries, http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0019/159031/root-crown-rot-diseases.pdf 

25  G Platz (2011) Wheat and barley disease management in 2011. Yellow spot and head diseases in wheat. 
Strategies and products for barley leaf rust. GRDC Update Papers 19 April 2011, http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2011/04/Wheat-and-barley-disease-management-in-
2011-Yellow-spot-and-head-diseases-in-wheat-Strategies-and-products-for-barley-leaf-rust 
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If fungal toxins are produced in infected seed, the grain is often unacceptable for certain 
end uses and downgraded in the marketplace depending on the concentration of toxin 
present. Toxin levels and fungal infection cannot be accurately estimated from visual 
appearance. 26

Symptoms
In barley, infected seed may show a bleached appearance or a browning or water-
soaked appearance (Figure 8). Severely infected barley grain at harvest may show a 
pinkish discoloration in the sample, and although rare, salmon-orange spore masses 
of the fungus can be seen on the infected spikelet and glumes during prolonged wet 
weather. 27

Figure 8: Infected barley heads and seed. (Photo: DAFF Qld)

Identity, survival and spread

Pathogen
Several species of Fusarium can cause FHB. The most common species causing FHB is 
Fusarium graminearum. This fungus can also cause stalk and cob rot of corn.

The crown rot fungus is a closely related species, Fusarium pseudograminearum. 
The crown rot fungus can occasionally affect heads but this is rare. The infections in 
Queensland during the 2010 season have been almost 100% Fusarium graminearum. 28

For details of testing services, see Section 1: Planning and paddock preparation.

Survival and spread
The fungi persist and produce spores on previous crop residues of wheat, barley and 
corn (Photo 6a, b), although other grass weeds and crops can also be a source of 
inoculum. During moist weather, sexual spores are produced in microscopic, black, 
flask-shaped structures on old crop and weed debris on the soil surface.

26  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

27  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

28  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 9    BArley - Diseases   

 15Know more. Grow more.

February 2016

FeedbackTable of Contents

9

Figure 9: Persistent fungal spores from previous crops. (Photos: DAFF Qld)

The most favourable conditions for spore production and infection are 48–72 h of 
high humidity and temperatures of 23–29°C. Longer periods of high humidity can 
compensate for lower temperatures if optimum temperatures are not experienced. 
These conditions do not have to be continuous and spore production will still take place 
if 1 or 2 dry days punctuate the humid periods. 

With continued high humidity, the spores are windblown or splashed onto the heads 
of cereal crops where they germinate in the humid conditions and infect the plant. If 
prolonged favourable conditions persist, asexual spores are produced on the head and 
they result in even more spores and secondary infections. Spores from within a crop are 
the major inoculum source, but spores blown from surrounding crops, sometimes long 
distances away, can also be a source of infection.

Wheat and durum crops are susceptible to infection from the flowering (pollination) 
period to hard dough stage of kernel development, but the flowering period is when 
most infection occurs. Spores landing on the extruded anthers at flowering grow into 
the developing kernels. The anthers are a major source of infection in wheat as they 
exude chemicals that attract the fungus.

Infection by spores landing on glumes or other parts of the head is also possible. Once 
a floret is infected, the fungus can grow into the rachis and then grow up and down 
in the rachis, infecting adjacent kernels. Infection of adjacent kernels can also occur 
through the fungus growing over the surface of the glume to an adjacent floret.

Barley flowers when the head is in the boot. Often the anthers are not extruded, so 
in barley, infection is most common after the head emerges from the leaf sheath 
and through penetration of the glume. Barley is resistant to growth in the rachis, but 
infection of adjacent kernels can occur with the fungus growing over the surface of the 
glume to an adjacent floret. Under favourable environmental conditions for the disease, 
infection can continue in barley until grain maturity. 29

Management
Fusarium head blight is best managed by integrating multiple management strategies. 
Use of a single strategy often fails when the environment favours severe disease. 
Management strategies to reduce FHB should include a combination of as many of the 
following practices as possible.

A disease will develop into a serious epidemic when three important factors all occur at 
once. These are:

• a susceptible host

• adequate inoculum

• conducive weather conditions

As there is no demonstrated resistance in Australian cultivars and weather cannot be 
controlled, management of the disease should revolve around reducing inoculum. 30

29  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

30  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 
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Resistance
All current varieties of wheat, barley and durum grown commercially in Australia 
are likely to be susceptible to FHB. Although some level of resistance does exist in 
germplasm around the world, resistance to FHB is a complex trait without simple 
inheritance. Even in countries where FHB occurs more extensively and frequently, after 
many years of breeding, commercial varieties have only moderate levels of resistance.

Durum is more susceptible to the disease than bread wheat and barley. Durum should 
be avoided in areas where there is likelihood of the disease developing. 31

Seed treatment
There has been no evidence that the fungus can grow from infected seed up through 
the stem and into the developing head to produce head blight. However, infected seed 
can result in seedling blight and dead seedlings when the seed is planted.

No seed dressings are currently registered for control of seedling blight caused by the 
FHB pathogens. Research conducted by the Department of Industry and Investment in 
NSW in the 1990s showed that the most effective seed treatment to prevent seedling 
blight was thiram + carboxin. Tests are under way to determine the effectiveness of 
more modern fungicides as seed dressings.

If grain from an infected source is to be used as seed, it should be cleaned and only 
used if it has high germination and vigour. 32

Tillage
Because the fungus survives on residue left on the soil surface, any tillage practices that 
bury, destroy or promote faster decomposition of residue from a host crop will reduce 
the potential inoculum for future host crops. Before removing or destroying residues, 
consideration should be given to any effect of these practices on ground cover, water 
infiltration and soil organic matter. 33

Crop rotation
Crop rotation is effective in reducing FHB levels. Sowing a susceptible crop after 1 year 
or more of non-host crops will reduce inoculum levels. The greatest risk of FHB infection 
is when small grains are planted on last year’s FHB-infected wheat, barley or corn.

Corn in a rotation is a significant risk, as Fusarium graminearum—the major cause of 
FHB—also attacks corn, causing stalk, root and cob rot, and the fungus can survive 
for more than one season in corn residue. Although it does not appear to exhibit any 
significant disease symptoms, sorghum can also host Fusarium graminearum, which 
may infect following winter cereal crops. However, the two major species of Fusarium 
that attack sorghum, F. thapsinum and F. andiyazi, are not pathogens of winter cereals.

The best rotational crops for reducing the inoculum level include any non-grass species 
(e.g. sunflower, cotton, soybean, chickpea, mungbean, faba bean, canola, field pea). 34

Planting date
As infection requires moisture during flowering or head emergence, staggering the 
planting period or planting varieties with varying maturity should spread the risk in years 
where there are not continuous or repeated periods of high humidity. 35

31  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

32  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

33  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

34  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

35  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 
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Fungicide
Currently, no fungicide sprays are registered in Queensland for control of FHB. However, 
fungicides have proven a useful tool in reducing infections in other countries; reductions 
in FHB severity of 50–60% can be achieved when the most effective fungicides are 
applied at early flowering for wheat and durum, and at early head emergence for barley. 
If conditions are favourable for FHB infection in coming seasons, emergency registration 
for chemicals should be able to be obtained prior to the crop flowering.

When applying fungicide to control FHB, the target is the vertical head rather than the 
more horizontal flag leaf. Modify application techniques for best effectiveness. Spray 
coverage and disease control for FHB is improved when the sprays are directed at a 30° 
angle from horizontal both forward and backward, or less optimally with single nozzles 
directed toward the grain head. Also, a higher water volume is recommended for good 
head coverage and ground application is more effective than aerial application. 36

9.5 leaf diseases

9.5.1 rusts
Leaf rust is Australia’s most common and damaging rust disease in barley.

Although less common, stem rust has also caused problems in barley production. A 
form of stripe rust that is specialised to barley grass, known as barley grass stripe rust, 
can infect some barley cultivars, but the threat it poses is minor. True stripe rust of 
barley does not occur in Australia, so it is considered a serious exotic threat.

9.5.2 leaf rust
Found in all barley-growing regions of Australia, leaf rust is prone to reaching epidemic 
levels, with outbreaks in recent years in Queensland.

In the early 1990s, the leaf rust pathogen developed the ability to overcome resistance 
in a range of barley cultivars carrying the gene Rph12 (examples of these varieties 
include Gairdner , Fitzgerald, Baudin , Tallon and Lindwall). Since then, pathotypes 
with this virulence have appeared in all barley-growing regions across Australia. In early 
2010, a new pathotype was detected that could overcome the resistance gene Rph3 in 
the barley varieties Fairview , Finniss , Fitzroy  Grange, Henley, Starmalt , Oxford, 
Wimmera  and Yarra.

This pathotype has been detected mainly in north-eastern Australia.

Research is under way to incorporate new sources of resistance to leaf rust into new 
Australian barley cultivars. This work has targeted more durable resistance sources that 
are effective at post-seedling growth stages, such as adult plant resistance. Several 
Australian barley cultivars already contain adult plant resistance provided by the Rph20 
gene. Examples of these barley varieties include Flagship , Oxford, Shepherd  and  
Westminster .

9.5.3 Stripe rust
A common feature of the pathogens that cause cereal rust disease is the existence of 
forms that are specialised to a particular cereal crop species. Stripe rust, for example, 
has a form that is specific to wheat, and another form that is specific to barley. While 
the wheat form of stripe rust has been present in Australia since 1979, the barley form 
has not been recorded in this country. Recent GRDC-funded tests in Mexico have 
shown that Australian barley cultivars are generally susceptible to the barley form of 
stripe rust, which means this exotic disease poses a significant threat to the Australian 
barley industry.

Another form of stripe rust, first found in Australia in 1998, is specialised to wild barley 
grass. The origin of this pathogen is unknown, but it is thought to have been introduced 

36  DAFF (2012) Fusarium head blight (FHB) or head scab. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight 

www.apvma.gov.au 

Pathology Service: 
http://www.dpi.nsw.gov.
au/aboutus/services/
das/plant-pests-
diseases 

i More 
information

Leaf rust in barley and 
stripe rust in wheat 
- Impact on different 
varieties

i More 
information

http://www.grdc.
com.au/GRDC-FS-
AdultPlantResistance

http://www.grdc.com.
au/GCS110

i More 
information

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.daff.qld.gov.au/plants/health-pests-diseases/a-z-significant/fusarium-head-blight
http://www.apvma.gov.au
http://www.dpi.nsw.gov.au/aboutus/services/das/plant-pests-diseases
http://www.dpi.nsw.gov.au/aboutus/services/das/plant-pests-diseases
http://www.dpi.nsw.gov.au/aboutus/services/das/plant-pests-diseases
http://www.dpi.nsw.gov.au/aboutus/services/das/plant-pests-diseases
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/08/Leaf-rust-in-barley-and-stripe-rust-in-wheat-Impact-on-different-varieties
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/08/Leaf-rust-in-barley-and-stripe-rust-in-wheat-Impact-on-different-varieties
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/08/Leaf-rust-in-barley-and-stripe-rust-in-wheat-Impact-on-different-varieties
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/08/Leaf-rust-in-barley-and-stripe-rust-in-wheat-Impact-on-different-varieties
http://www.grdc.com.au/GRDC-FS-AdultPlantResistance
http://www.grdc.com.au/GRDC-FS-AdultPlantResistance
http://www.grdc.com.au/GRDC-FS-AdultPlantResistance
http://www.grdc.com.au/GCS110
http://www.grdc.com.au/GCS110


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 9    BArley - Diseases   

 18Know more. Grow more.

February 2016

FeedbackTable of Contents

9

to Australia. Although it can infect some Australian barley cultivars, notably Maritime
, Skiff and Tantangara, the level of infection is usually low and there is no evidence 

of yield losses. However, plant breeders routinely screen germplasm to help avoid 
potential vulnerability to the disease.

9.5.4 Stem rust
Like stripe rust, there are different forms of stem rust that are specialised to the different 
cereal species. Barley crops can be affected by one of three specialised stem rust 
pathogens. These include the wheat stem rust pathogen, the rye stem rust pathogen, 
and a pathogen that is a hybrid between the wheat and rye stem rust forms. Where 
stem rust is found on barley, it is important to determine which of these three pathogens 
is responsible for the rust disease, to assess the threat it poses to nearby wheat crops. 
Wheat is not affected by the rye stem rust pathogen or the hybrid form.

Observations over many years have indicated that stem rust can be mostly controlled in 
barley. Avoiding sowing barley in spring and stem rust control in nearby wheat and rye 
crops can help reduce the risk of barley stem rust developing. 37

Rusts have a number of features in common. They can infect only a limited number of 
specific host plants (mostly volunteer wheat, triticale and barley) and can only survive 
on green, growing plant tissue. Plants facilitating the survival of rust fungi (alternative 
hosts as show in Table 5 or volunteer cereals) through the summer are known as the 
‘green bridge’.

Table 5: Alternative hosts for cereal rusts 38

Disease Pathogen Primary hosts Alternate hosts Symptoms

Leaf rust Puccinia triticina Bread and durum wheats, 
triticale

Thalictrum, Anchusa, 
Isopyrum, Clematis

Isolated uredinia on upper leaf 
surface and rarely on leaf sheaths

Leaf rust 
duri type

Puccinia triticiduri Durum and bread wheats in 
traditional agriculture

Anchusa italica Isolated uredinia on lower leaf 
surface; fast teliospore development

Stem rust Puccinia graminis  
f. sp. tritici

Bread and durum wheats, 
barley, triticale

Berberis vulgaris Isolated uredinia on upper and lower 
leaf surfaces, stem and spikes

Stripe rust Puccinia striiformis  
f. sp. tritici

Bread and durum wheats, 
triticale, a few barley cultivars

Unknown Systemic uredinia on leaves and 
spikes and rarely on leaf sheaths

Rust diseases can be significantly reduced by removing this green bridge. This should 
be done well before the new crop is sown, allowing time for any herbicide to work and 
for the fungus to stop producing spores.

Rust diseases occur throughout the cereal-growing northern region, frequently causing 
economic damage. In Queensland in recent times, stripe rust has been the most 
important of these diseases.

Rust fungi continually change, producing new pathotypes. These pathotypes are 
detected when disease is found on a previously resistant variety. Even if a resistant 
variety has been sown, the crop should be monitored for foliar diseases on a regular 
basis. See the University of Sydney’s Plant Breeding Institute (PBI) site and publications 
for more information: http://sydney.edu.au/agriculture/documents/pbi/cereal_rust_
report_2010_vol_8_1.pdf. 

Monitoring should start no later than GS32, the second node stage on the main stem, 
and continue to at least GS39, the flag leaf stage. This is because the flag leaf and the 
two leaves below it are the main factories contributing to yield and quality. It is most 
important that these leaves are protected from diseases. 39

37  GRDC (2013) Barley rust diseases in focus. GRDC Ground Cover issue 105, July–Aug. 2013, http://
www.grdc.com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-105-July-August-2013/Barley-rust-
diseases-in-focus 

38  RP Singh, J Huerta-Espino, AP Roelfs. The wheat rusts. FAO, http://www.fao.org/docrep/006/y4011e/
y4011e0g.htm 

39  DAFF (2012) Wheat—diseases, physiological disorders and frost. Department of Agriculture, Fisheries and 
Forestry Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/
wheat/diseases 
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To keep up to date with rust incursions throughout the winter crop season, subscribe to 
the PBI ‘Cereal rust report’ at: http://sydney.edu.au/agriculture/plant_breeding_institute/
rust_alert.shtml 

The PBI also offers a rust testing service for growers and agronomists. For more details, 
visit: http://sydney.edu.au/agriculture/plant_breeding_institute/cereal_rust/reports_
forms.shtml#df.

9.5.5 Key points to reduce the risk of rusts
• Destroy volunteer wheat plants by March, as they can provide a green bridge for 

rust carryover.

• Community effort is required to eradicate volunteers from roadsides, railway lines, 
bridges, paddocks and around silos.

• Growing resistant varieties is an economical and environmentally friendly means of 
disease reduction.

• Seed or fertiliser treatment can control stripe rust up to 4 weeks after sowing, and 
suppress it thereafter.

• During the growing season, active crop monitoring is important for early detection 
of diseases.

• Correct disease identification is crucial; you can consult DAFF fact sheets, charts, 
website and experts.

• When deciding whether a fungicide spray is needed, consider crop stage and 
potential yield loss and varietal susceptibility.

• Select a recommended and cost-effective fungicide.

• For effective coverage, the use of the right spray equipment and nozzles is 
important.

• Read the label and wear protective gear; be protective of yourself and the 
environment.

• Avoid repeated use of fungicides with the same active ingredient in the same 
season.

• Check for withholding periods before grazing and harvesting a crop that has 
received any fungicide application.

• If you suspect any severe disease outbreak, especially on resistant varieties, 
contact your state agricultural department.

Adult plant resistance (APR) is a useful trait to consider in variety selection, especially 
for rust resistance. Understanding how it works can make fungicide application 
decisions easier. APR to cereal fungal diseases provides protection in a crop’s post-
seedling stages (typically between tillering and booting, GS20–GS49).

Seedling resistance, by comparison, is effective at all growth stages. APR can 
complement a fungicide strategy by protecting from rust those parts of the plant most 
responsible for yield. When selecting a variety, choose one rated MRMS (the minimum 
disease resistance standard) or better. In high-risk regions, varieties rated MR or better 
are recommended.

Where more susceptible varieties are used, ensure that a suitable fungicide strategy 
is in place, with the right chemicals available at short notice. Fungicides are better at 
protecting than curing. Fungicide applications on badly infected crops provide poorer 
control and do not restore lost green leaf area. 40

For more information, download the GRDC Fact Sheet ‘Adult plant resistance’ from: 
http://www.grdc.com.au/GRDC-FS-AdultPlantResistance 

40  GRDC (2012) Adult plant resistance. GRDC Fact Sheet Nov. 2012, http://www.grdc.com.au/GRDC-FS-
AdultPlantResistance 
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9.6 Foliar diseases
Our farming systems maintain ample inoculum of foliar diseases. Reduced/minimum 
tillage has delivered substantial benefits in water and soil conservation but it has also 
ensured the survival and increase of stubble-borne diseases. Despite a sequence of 
dry years, conditions have been adequate for infection of crops by yellow spot and net 
blotches. While these diseases may not have reached epidemic proportions through the 
dry period, they are present at relatively high levels in most crop stubbles. 41

The planting of resistant varieties and the use of in-crop fungicides can be used in 
combination with targeted management practices to minimise the effect of foliar 
diseases. Those most likely to affect barley in the northern growing region are net 
blotch, spot blotch and SFNB, as well as leaf rust and stem rust, and they can all cause 
significant yield and quality losses in barley crops. Powdery mildew can also be a 
problem (Table 6). 

Growers should assess the disease risk of individual paddocks before sowing. Consider 
the recent history of a paddock, the incidence of diseases in recent barley crops and the 
amount of infected stubble in the target and neighbouring paddocks. Infective stubble 
can usually be recognised by the presence of small black ‘pimples’ on the straw. 

Table 6: Barley foliar diseases (GS, growth stage; Zadoks)
http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/diseases 

Disease Survival 
mode

Optimal 
conditions

Dispersal GS when 
infected 

Pot. yield 
loss (%)

Control 
options

Leaf rust Living barley 
plants

15–22°C; 
free moisture 
(dews)

Airborne 20–90; 
tillering to 
maturity

30+ Prevent green 
bridge, 
resistant 
varieties, 
fungicides, 
timely sowing

Stem rust Living 
wheat, 
barley, rye, 
or rough 
wheat grass

20–30°C, 
free moisture 
(dews) 

Airborne >40, 
booting to 
maturity

50+ Prevent green 
bridge, 
resistant 
varieties, 
fungicides, 
timely sowing

Net 
blotch

Stubble, 
seed, 
volunteer 
plants

15–25°C, 
free moisture

Limited 
airborne

10–90, 
emergence 
to maturity

50+ Crop rotation, 
stubble 
removal, 
treat seed, 
resistant 
varieties, 
foliar fungicides

Spot 
form net 
blotch

Stubble, 
volunteer 
plants

15–25°C, 
free moisture

Limited 
airborne

11–90, 
first leaf to 
maturity

30+ Crop rotation, 
stubble 
removal, 
resistant 
varieties, 
foliar fungicides

Spot 
blotch

Stubble, 
seed, soil

20–30°C, 
free moisture

Limited 
airborne

10–90, 
emergence 
to maturity

50+ Crop rotation, 
stubble 
removal, 
treat seed, 
resistant 
varieties, 
foliar fungicides

Powdery 
Mildew

Stubble, 
volunteer 
plants

15–22ºC, 
high humidity 
(85-100%)

Airborne 11–90, 
first leaf to 
maturity

15 Treat seed, 
resistant 
varieties, 
foliar fungicides

41  G Platz (2011) Yellow spot in wheat; leaf rust and net blotch diseases in barley—lessons from 2010 for 
better management in 2011. GRDC Update Papers 19 April 2011, http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2011/04/Yellow-spot-in-wheat-leaf-rust-and-net-blotch-diseases-in-
barley-lessons-from-2010-for-better-management-in-2011 
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Barley powdery mildew: A new pathotype of powdery mildew was detected in 
Queensland and NSW in 2014.

The new pathotype overcomes the MlLa resistance gene that many barley varieties 
carry. 42

Nationwide surveys of powdery mildew of barley were conducted in 2010 and 2011.  
Those surveys identified a relatively simple population structure with apparently more 
virulences in the eastern states than in Western Australia.  This was not surprising as 
there has been relatively little breeding for resistance to powdery mildew in Australian 
breeding programs so the disease has not been forced to develop new virulences to 
survive.

Within 12 months of these surveys, three previously undetected virulences (Va3, 
Va9, Va12) that were specific to resistance genes in Shepherd, Grout and Navigator 
respectively were isolated in the Northern Region.  In 2014, virulence for the resistance 
gene MlLa was detected in northern NSW and Queensland. Varieties such as 
Commander, Compass and Hindmarsh are now more susceptible to the disease than 
previously.

Table 7: Comparison of seedling and adult responses of commercial barley varieties to established 
and new pathotypes of powdery mildew.

Shepherd 
pathotype

Shepherd 
pathotype

New Mlla 
pathotype

New Mlla 
pathotype

Variety Seedling Adult Seedling Adult

Commander MSS MRMS VS S

Compass MSS MS VS S

Granger R R R R

Grout R R R R

Hindmarsh MS MSS VS SVS

La Trobe MS MSS VS S

Mackay MRMS RMR VS MR

Oxford R R R R

Shepherd VS MS MR R

Powdery mildew disease needs to be considered in context.  In the Northern Region, 
powdery mildew is unlikely to cause losses in yield in excess of 10-15% in susceptible 
varieties.  In crops with high yield potential, this can be significant and would justify 
fungicidal control.  Despite having detected powdery mildew virulent on seedlings of 
Shepherd, Grout and Navigator the commercial impact to date has been minor.

Shepherd crops on the Darling Downs are commonly infected with powdery mildew; yet 
severe infections are rare.  It is thought this is due to other minor resistances providing 
some protection. There are no reports that any commercial crops of Grout have suffered 
from significant infection of powdery mildew and the area sown to Navigator in the 
North is still very small.

A greater risk is posed by pathotypes that can attack varieties carrying the MlLa 
resistance gene.  Commander and Compass are sown throughout the region and are 
considered susceptible to strains carrying virulence for this gene.  Increasing levels of 
powdery mildew in either of these varieties would signal the need for the application of 
fungicide.43

Varietal resistance or tolerance

42  NSW DPI (2015) Winter crop variety sowing guide 2015: http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0011/272945/winter-crop-variety-sowing-guide-2015.pdf

43  Managing barley and wheat diseases - priority issues and actions for 2015: http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2015/07/Managing-barley-and-wheat-diseases-priority-
issues-and-actions-for-2015#sthash.JfZ1SyD4.dpuf
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Identification and deployment of disease-resistance genes are key objectives of 
Australian barley breeding programs. Several studies have explored the inheritance 
of resistance to net form of net blotch (NFNB). In most cases, one–three genes have 
been identified against different pathotypes of the fungus. In Canada and Egypt, one 
dominant gene for resistance was detected, whereas in Australia, Khan and Boyd 
(1969) identified two dominant resistance genes. More recently, numerous genes 
were identified in different barley lines from around the world. This work has identified 
several markers that are associated with resistance to NFNB. The chromosomal 
regions in which these markers are located will be focal points of further research 
and the validation and implementation of markers for routine selection in breeding 
programs. The markers located in these regions could also be used in pedigree-based 
association mapping studies using diverse barley genetic resources. A current study 
of barley genotypes using NFNB isolates from Western Australia, Queensland, and 
South Australia has detected more than six genes for resistance (Gupta et al. 2002). 
Having multiple markers linked to low disease response in each QTL (quantitative trait 
locus) region offers a good opportunity for plant breeders to use markers to select for 
resistance to NFNB. 44

9.6.1 Damage caused in favourable conditions 
Net blotch: Occurs in two forms. One (Pyrenophora teres f. teres) is the net type or net 
form (i.e. NTNB or NFNB), and the other is the spot form (i.e. SFNB (P. teres f. maculata). 
Likely to be a problem in wetter years and in stubble-retained situations, net blotch 
has become the most significant disease of barley in the region. High levels of NFNB 
or SFNB will kill leaves prematurely. One extended period of leaf wetness will result in 
more disease than the equivalent of several wet periods. 45

Powdery mildew: Often present in susceptible varieties, Blumeria graminis hordei 
generally causes relatively small yield losses of <10%. Some seed treatments can give 
good early-season control of powdery mildew but these may also shorten coleoptile 
length and cause emergence problems. Resistant varieties are the best means of 
control. 

rusts: Leaf rust (Puccinia hordei) and stem rust (Puccinia graminis tritici, secalis 
and tritici x secalis) are more likely to occur in wetter years or higher rainfall areas. 
Traditionally, rusts are the major airborne diseases of barley in Queensland and both can 
cause significant yield loss and quality downgrading. Although sporadic in occurrence, 
leaf rust occurs in all barley-growing regions of Australia.

Leaf rust has reached epidemic levels at times, including recent outbreaks in southern 
parts of the Western Australian cereal belt. Some 12 years ago, the pathogen acquired 
the ability to overcome a resistance gene that is present in the cultivars Gairdner ,  
Fitzgerald , Baudin , Tallon and Lindwall , and since then, this ability (virulence) of the 
pathogen has either spread to, or reappeared in, all barley-growing regions. 

Leaf rust of barley is a biotroph, requiring living host material (green barley plants) to 
carry the disease from one season to the next. It too requires frequent wet periods 
but the disease multiplies most rapidly when dry days are followed by mild nights with 
heavy dews. Such conditions ensure the liberation, spread and subsequent infection by 
rust spores.

Stem rust tends to be a problem when inoculum levels are high due to epidemics in 
crops such as wheat and triticale.

Spot blotch: Spot blotch (Cochliobolus sativus) is favoured by warm wet conditions 
and is promoted by stubble retention. It can be seed-borne. Leaf symptoms are almost 
identical to SFNB. Spot blotch may also cause discoloration of grains. This disease 

44  M. Cakir et al. (2003) Mapping and validation of the genes for resistance to Pyrenophora teres f. teres in 
barley. Australian Journal of Agricultural Research 54, 1369–1377, http://dx.doi.org/10.1071/AR02229 

45  G Platz (2011) Yellow spot in wheat; leaf rust and net blotch diseases in barley—lessons from 2010 for 
better management in 2011. GRDC Update Papers 19 April 2011, http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2011/04/Yellow-spot-in-wheat-leaf-rust-and-net-blotch-diseases-in-
barley-lessons-from-2010-for-better-management-in-2011 
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is more likely to be a problem in sub-coastal areas. Popular varieties are susceptible. 
Spot blotch can lead to severe crop losses in subtropical areas of northern NSW and 
Queensland, and localised barley yield losses greater than 30% have been reported. 46 
The pathogen also causes common root rot, seedling blight and head blight in barley. It 
attacks many grass species including the cereals, wheat, rye and triticale.

9.6.2 Symptoms
Net blotch: Small brown blotches that elongate and form thin brown streaks along 
and across the leaf blade. This often forms a net-like pattern surrounded by yellowing. 
Severely affected leaves wither rapidly. Lesions can be restricted on less susceptible 
varieties.

Powdery mildew: Some varieties may appear susceptible at the seedling stage but 
develop resistance to mildew during elongation. Where this occurs, lower leaves 
of infected plants may take on a blotchy appearance, which can be confused with 
other blotches caused by other diseases. Where powdery mildew is responsible, fine 
mycelium is usually evident on the older leaves.

Spot blotch: Infection in seedlings starts as dark brown to black spots on leaf sheaths 
and progresses from lower to upper leaves during crop development. If infection occurs 
early in the crop cycle and conditions remain favourable for disease development, 
complete defoliation is possible, resulting in severe yield reductions. On susceptible 
adult plants, lesions are generally oblong with chlorotic margins. These often coalesce 
to kill large portions of the leaf, with severely infected leaves senescing prematurely.

For images and descriptions of foliar diseases, visit GRDC ‘Wheat and barley leaf 
symptoms: The back pocket guide’ at: http://www.grdc.com.au/uploads/documents/
GRDC-Wheat-Barley-BPG-2011.pdf .

9.6.3 Management options
Timely application of a suitable fungicide is the last line of defence against foliar 
diseases which become evident during the growing season. However, seasonal 
conditions (particularly a damp spring) and inherent resistance in the variety can deplete 
the efficacy of an application.

When a cereal variety is truly resistant to a disease (rated R), there will be no 
response to a fungicide application, since the fungicide only protects an inherent yield 
potential that would have been expressed in the absence of disease. Before disease 
management is dismissed, it is important to make sure that the variety is resistant to all 
of the major diseases prevalent in that region. 

For varieties with intermediate resistance to disease (rated MR to MS), the timing of a 
disease outbreak in the crop’s lifecycle and the speed at which it develops will influence 
choice and timing of disease management. Earlier infections tend to be associated with 
greater disease susceptibility and need earlier intervention. Greater disease resistance 
delays the onset of a disease epidemic.

Some varieties will be more susceptible to early disease (seedling susceptibility) and 
then develop greater resistance at stem elongation, i.e. they have APR. With these 
varieties it is important to make sure that earlier sowing and/or increased disease early 
in the season does not destroy green leaf tissue on flag-1 and flag-2 (first leaf and 
second leaf below flag leaf, respectively) prior to the expression of APR. To find out 
more, go to: https://www.grdc.com.au/uploads/documents/GRDC_Fungicide.pdf 

46  J Bovill et al. (2010) Mapping spot blotch resistance genes in four barley populations. Molecular Breeding 
26, 653–666, http://link.springer.com/article/10.1007%2Fs11032-010-9401-9#page-1 
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Table 8: Modes of action registered for control of foliar diseases in Australian cereals

Group Active ingredient example product 
name

Foliar (F), 
seed (S). pr 
or-furrow (IF)

3 – DMI Triadimefon Triad® F and IF
Propiconazole Tilt® F
Propiconazole + 
cyproconazole

Tilt® Xtra F

Tebuconazole Folicur® F and S
Flutriafol Impact® F and IF
Tebuconazole + flutriafol Impact® Topguard F
Tebuconazole + 
prothioconazole

Prosaro® F

Epoxiconazole Opus® F
Triadimenol Baytan® S
Fluquinconazole Jockey® S

3 + 11 Azoxystrobin + 
cyproconazole

Amistar® Xtra F

(Strobilurins) Opera® F

Spot blotch: Repeated fungicide applications can be used to control spot blotch, but the 
use of resistant cultivars offers the most economically and environmentally sound means of 
control. Early fungicide application may yield benefits in controlling SFNB.

Net blotch: Growers are advised to avoid planting barley on barley where stubble is retained, 
as stubble-borne spores are the main source of infection for the new crop. NFNB may be 
seed-borne, and grain from heavily diseased crops should not be retained for planting.

Powdery mildew: Fungicides have traditionally worked well in controlling powdery mildew. 
However, a GRDC-funded project based in Western Australia has recently confirmed 
triazole resistance in powdery mildew in barley. This has had a devastating effect in Western 
Australia, causing losses estimated at $100 million. The resistance is associated with two 
mutations, one of which was detected in the northern region, and sends a warning to use 
fungicides responsibly. 

For these reasons, barley growers should limit the use of tebuconazole (Folicur®, Impact® 
Topguard), flutriafol (e.g. Impact®), triadimefon (Triad®) or triadimenol (Baytan®) alone 
where powdery mildew is the target disease. Growers should instead consider rotating with 
fungicides from alternative modes of action (e.g. Amistar®Xtra, Opera®) and the remaining 
triazole fungicides (e.g. TILT®, TILT®Xtra, Prosaro®, Opus®). 47

If inoculum pressure is particularly intense, fungicides that normally control rust can be seen 
to have little or no effect. This was thought to be the case with the fungicide propiconazole 
on leaf rust in barley, where a number of crops were sprayed three times and leaf rust 
continued to develop. This was contrary to previous experience. The leaf rust may also 
have become less sensitive to propiconazole, which has been widely used for control of 
foliar diseases for over a decade. Continued use of a chemical can result in selection for 
increased resistance to that chemical. Work is planned to investigate whether this has 
occurred.

Stem rust in barley can be largely prevented if stem rust is controlled in wheat and rye 
crops, and by avoiding spring sowings of barley. Barley crops can be affected by the wheat 
stem rust pathogen, the rye stem rust pathogen, or a third stem rust pathogen that is a 
hybrid between the wheat and rye stem rust forms. Where stem rust is found on barley, it is 
important to determine which of these three pathogens is responsible in order to assess any 
potential threat to nearby wheat crops (wheat is not affected by the rye stem rust pathogen 
or the hybrid form).

47  GRDC (2013) Cereal fungicides. Managing cereal fungicide use. Northern region. GRDC Fact Sheet May 
2013, https://www.grdc.com.au/~/media/38E058BDF7014380907F794FDECD6345.pdf 

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2011/04/
Yellow-spot-in-wheat-
leaf-rust-and-net-blotch-
diseases-in-barley-
lessons-from-2010-for-
better-management-
in-2011#sthash.
YYMe148g.dpuf 

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2015/07/
Spot-form-of-net-
blotch-management-
in-barley-grown-in-the-
Mallee-environment

http://www.nga.
org.au/results-and-
publications/browse/11/
spot-form-net-blotch-in-
barley
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SECTION 10

Plant growth regulators and 
canopy management

10.1 Canopy management
In the past, much of the research on topdressing nitrogen (N) in northern New South 
Wales (NSW) has focused on the role of in-crop N to respond to seasons in which yield 
potentials have increased significantly due to above-average rainfall conditions. 

In these situations, research has shown that good responses can be achieved, 
especially when good rainfall is received after N application (Australian Grain, July/
August 2007). Recently, though, there has been significant interest in the role of canopy-
management principles for crop production in the northern grains region. 1

Canopy management is managing the green surface area of the crop canopy in order 
to optimise crop yield and inputs. It is based on the premise that the crop’s canopy size 
and duration determines the crop’s photosynthetic capacity and therefore its overall 
grain productivity.

Adopting canopy-management principles and avoiding excessively vegetative crops 
may enable growers to ensure a better match of canopy size with yield potential as 
defined by the water available. Other than sowing date, plant population is the first point 
at which the grower can influence the size and duration of the crop canopy. 2

The concept of canopy management has been primarily developed in Europe and New 
Zealand—both different production environments from those typically found in most 
grain-producing regions of Australia, especially the northern grains region. 

Canopy management includes a range of tools to manage crop growth and development 
in order to maintain canopy size and duration and thereby optimise photosynthetic 
capacity and grain production. One of the main tools for growers to manage the crop 
canopy is the rate and timing of applied fertiliser N. The main difference between canopy 
management and previous N topdressing research is that all or part of the N input is 
tactically delayed until later in the growing season. This delay tends to reduce early 
crop canopy size, but this canopy is maintained for longer, as measured by green-leaf 
retention, during the grain-filling period. 

So, can it work under Australian conditions, especially in the shorter growing season of 
northern NSW? Results from southern regions have certainly showed some potential 
especially in areas with high yield potential and therefore higher N inputs, but further 
research was required to test and validate the principles in northern NSW. 3 

1  G McMullen (2009) Canopy management in the northern grains region—the research view. Northern Grains 
Alliance, July 2009, http://www.nga.org.au/results-and-publications/download/31/australian-grain-articles/
general-1/canopy-management-tactical-nitrogen-in-winter-cereals-july-2009-.pdf 

2  GRDC (2005) Cereal growth stages. Grains Research and Development Corporation Sept. 2005, http://
www.grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20Stages%20Guide1.pdf

3  G McMullen (2009) Canopy management in the northern grains region—the research view. Northern Grains 
Alliance, July 2009, http://www.nga.org.au/results-and-publications/download/31/australian-grain-articles/
general-1/canopy-management-tactical-nitrogen-in-winter-cereals-july-2009-.pdf
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10.1.1 Canopy management in a nutshell
1. Select a target head density for your environment (350 to 400 heads per square 

metre should be sufficient to achieve optimum yield even for yield potential of 7 
tonnes per hectare). 

2. Adjust canopy management based on paddock nutrition, history and seeding 
time to achieve target head density.

3. Established plant populations for wheat of between 80 and 200 plants/m2 would 
cover most scenarios.

4. Lower end of range (80–100 plants/m2) – earlier sowings/high fertility and or low 
yield potential low-rainfall environments.

5. Higher end of the range (150–200 plants/m2) – later sowings, lower fertility 
situations and or higher rainfall regions.

6. During stem elongation (GS30–39), provide the crop with necessary nutrition 
(particularly N at GS30–33 pseudo stem erect – third node), matched to water 
supply and fungicides to:

 » maximise potential grain size and grain number per head;
 » maximise transpiration efficiency;
 » ensure complete radiation interception from when the flag leaf has emerged 
(GS39); and

 » keep the canopy green for as long as possible following anthesis.

Keeping tiller number just high enough to achieve potential yield will help preserve water 
for filling grain and increase the proportion of WSCs.

The timing of the applied N during GS30–33 window can be adjusted to take account 
of target head number; earlier applications in the window (GS30) and can be employed 
where tiller numbers and soil nitrogen seems deficient for desired head number. 
Conversely where tiller numbers are high and crops are still regarded as too thick, N 
can be delayed further until the second or third node (GS32–33) which will result in less 
tillers surviving to produce a head.4

10.1.2 The importance of canopy management
Since N application at stem elongation is associated with higher protein levels, growers 
of malting barley need to be aware that whilst delayed N timing can be useful in barley, 
higher protein content may need to be countered with lower total N doses if a greater 
proportion of N application is moved from seedbed to stem elongation. 5

If the canopy becomes too big it competes with the growing heads for resources, 
especially during the critical 30-day period before flowering. This period is important, 
as it is when the main yield component (grain number per unit area) is set. Increased 
competition from the canopy with the head may reduce yield by reducing the number of 
grains that survive for grain-fill.

After flowering, temperature and evaporative demand increase rapidly. If there is not 
enough soil moisture, the canopy dies faster than the grain develops, leading to the 
production of small grain.

Excessive N and high seeding rates are the main causes of excessive vegetative 
production. Unfortunately, optimum N and seeding rates are seasonally dependent. 
Under drought conditions, N and seeding rates regarded as inadequately low under 
normal conditions may maximise yield, whereas higher input rates may result in 
progressively lower yields. Alternatively, in years that are wetter than normal, yield may 
be compromised with normal input rates. The extreme of this excessive early growth 
scenario is haying-off, where a large amount of biomass is produced, using a lot of 

4 GRDC (2014), Advancing the management of crop canopies. http://www.grdc.com.au/
CanopyManagementGuide

5  GRDC (2005) Cereal growth stages. Grains Research and Development Corporation Sept. 2005, http://
www.grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20Stages%20Guide1.pdf

http://www.grdc.
com.au/Resources/
Publications/2014/01/
Advancing-the-
management-of-crop-
canopies
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water and resources. Later in the season, there is insufficient moisture to keep the 
canopy photosynthesising, and not enough stored water-soluble carbohydrates to fill 
the grain. Therefore, grain size and yield decrease.

To attain maximum yield, it is important to achieve a balance between biomass and 
resources. The main factors that can be managed are:

• plant population

• row spacing

• inputs of N

• sowing date

• weed, pest and disease control

Of these factors, N, row spacing and plant population are the most important to canopy 
management. Excessive amounts of N and high plant density can result in greater early 
growth, leaving less water for the grain-filling period. This may result in lower grain 
retention as N or seeding rates are increased. 6

10.1.3 Grazing cereal crops as a management tool
Well-managed, dual-purpose cereals provide producers with an opportunity for 
increased profitability and flexibility in mixed farming systems by enabling increased 
winter stocking rates and generating income from forage and grain. Typically, these 
crops are earlier sown, longer season varieties that provide greater dry matter 
production for grazing. Barley’s vigorous early growth generally produces more dry 
matter for grazing and greater grain yield compared with grazed wheat. Research has 
shown that to avoid grain-yield penalties, stock must be removed from cereals before 
the end of tillering (GS30). However, the timing and intensity of grazing during the 
season can incur yield penalties, particularly when grazing pressure is high and late in 
the grazing period. 

Grazing can sometimes be beneficial to grain production by reducing lodging; in 
seasons with dry springs, grazing can increase grain yields due to reduced water use in 
the vegetative stages, leaving more soil water for grain-fill. The challenge for growers is 
to find the balance of optimising dry matter (DM) removal without compromising grain 
production.

NSW Department of Primary Industry (DPI) trials conducted at Tamworth from 2007 to 
2010 focused on management strategies that could be used to manipulate the balance 
between DM removal and grain production. The 2007 grazing trial compared the 
performance of eight barley varieties that were planted either early (May 11) or during 
the main sowing window (June 25). The 2009 grazing trial investigated the interaction 
between three barley varieties—Urambie , Commander  and Fitzroy ) and plant 
populations of 100 and 200 plants/m2. In 2010, Commander  and the experimental 
VB0611 barley were grazed early (at GS25), late (at GS30) or both early and late. All 
trials were overlaid with plus or minus grazing treatments where grazing was simulated 
with the use of a slasher.

The trail found that to maximise the accumulation of biomass for winter grazing, it was 
important to ensure that cereal crops intended for grazing were sown early (April to 
the first week of May). Sowing early in the 2007 grazing trial resulted in significantly 
greater DM yields at GS30 and grain yield for all barley varieties. On average, there was 
a 40% greater DM production for the early plant compared with the main-season plant. 
Similarly, there was an average 1.59 t/ha (P < 0.05) grain-yield penalty across barley 
varieties for delaying sowing from the early to the main sowing season. The severe 
grain-yield penalty observed from grazing main-season-planted cereals is associated 
with grazing delaying maturity, which meant flowering occurred later when conditions 
were hotter and drier. In the 2007 trial, grazing delayed flowering of barley by 6–11 days, 
depending on variety.

6  NSW Industry & Investment (2010) Procrop barley growth & development. http://www.dpi.nsw.gov.au/__
data/assets/pdf_file/0003/516180/Procrop-barley-growth-and-development.pdf
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Manipulating plant population is a simple management option that can have a 
significant impact on DM production for grazing and grain yield. Increasing plant 
populations from 100 to 200 plants/m2 (doubling sowing rate from 60 to 120 kg/ha) 
for the barley varieties Fitzroy , Urambie  and Commander  significantly (P < 0.05) 
increased DM yield by 710, 335 and 407 kg DM/ha, respectively (Figure 1). Two DM 
cuts could be taken from Fitzroy  and Urambie  treatments, compared with only one 
from the Commander  treatment, which produced approximately half the DM biomass. 
Increasing plant population significantly (P < 0.05) increased grain yield for Fitzroy  and 
Commander  by 0.36 and 0.44 t/ha, respectively, when no grazing was implemented. 
Under grazing treatments, Urambie  was the only variety to have a higher yield (0.33 t/
ha) at the higher plant population. At 200 plants/m2, grazing significantly reduced the 
grain yield of all varieties, whereas, at 100 plants/m2, a grain yield penalty was observed 
only for Urambie . Therefore, using higher plant populations to increase DM yield for 
grazing is achievable but for increasing grain yield may be less reliable.

Figure 1: 
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(a) Dry matter yield for grazing from three barley varieties at either 100 or 200 plants/m2, 
and (b) grain yield for three barley varieties grown at 100 or 200 plants/m2 and either grazed or 
ungrazed.

Grazing can be used to limit early canopy growth and therefore is a management tool 
to reduce the incidence of lodging. Lodging remains a significant problem in barley 
and has been estimated to cause yield losses of up to 40%. In the 2010 grazing trial, 
it was observed that grazing late had the greatest potential to reduce lodging scores, 
particularly in the two barley varieties (Commander  and the experimental VB0611). The 
early + late grazing system reduced lodging to a similar extent to late grazing, whereas 
early grazing reduced the lodging scores only slightly. These results are directly related 
to the quantity of DM removed (Figure 2).

Figure 2: 

0

5
4
3
2
1

6
7
8
9

Commander VB0611 EGA Gregorylo
d

g
in

g
 s

co
re

 a
t 

G
S

99
 (0

-9
)

Nil
Early
Late
Early and late

Influence of ungrazed, early, late and early + late grazing systems on lodging scores (0, 
standing; 9, flat).

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2012/03/
Grazing-wheat-and-
barley-impacts-on-crop-
canopy-management-
lodging-and-grain-
yield#sthash.63v 
KKWmW.dpuf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf
http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/03/Grazing-wheat-and-barley-impacts-on-crop-canopy-management-lodging-and-grain-yield#sthash.63vKKWmW.dpuf


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 10    BArley - Plant growth regulators and canopy management   

 5Know more. Grow more.

February 2016

FeedbackTable of Contents

10

10.1.4 research on the liverpool Plains
Since 2006 a collaborative research group including NSW DPI, Northern Grower Alliance 
(NGA), AgVance Farming, and Nick Poole from the Foundation for Arable Research 
(FAR), New Zealand, has conducted trials. This work, funded by GRDC, has focused on 
the effect of delayed N applications in high-yielding crops on the Liverpool Plains. 

Further research by NSW DPI and NGA also assessed the role of different N fertilisers 
and measuring the losses of N due to volatilisation. 7

The laboratory-based work has verified that the presence of calcium carbonates at the 
soil surface significantly increases the potential losses of N; however, some N fertiliser 
products can reduce the potential losses (e.g. urea ammonium nitrate liquid, liquid 
ammonium nitrate and urea treated with a urease inhibitor—GreenUrea®). Field-based 
estimates of volatilised N are to commence in the coming spring under a GRDC-funded 
project. 8 

Summary
Results from 3 years of supplementary irrigated research provide important pointers 
for the use of canopy-management principles in northern NSW. Tactically delaying N 
is a management system that allows flexibility to respond to seasonal conditions and 
manage climate variability. Research has shown that N fertiliser could be delayed until 
stem elongation (GS31) without yield loss and usually with increased grain protein when 
conditions are suitable. This means that growers are able to apply a portion of the 
expected N requirement and then assess yield potential, as influenced by soil water and 
seasonal forecasts, later in the season and respond accordingly. To date the best results 
with this approach have been seen in early-sown, long-season varieties with high yield 
potential, which are very responsive to high N-fertiliser inputs. 

Further research in 2009 repeated these impressive responses. Along with these 
primary aims, the research group is also looking at using crop reflectance to assist 
in making N fertiliser decisions. To date, crop reflectance (measured as normalised 
difference vegetation index, NDVI) measurements at key growth stages have shown 
strong relationships to crop structure and yield. 9 

10.1.5 The commercial view
The results of three years of trials carried out by AgVance Farming, NSW DPI, NGA and 
Nick Poole (FAR, New Zealand) led to the following conclusions. 

Yield was maximised in the treatments where all of the N was applied up-front, or 
split 50–50 (between planting and GS30–31). In one trial last season, NSW DPI/NGA 
demonstrated that this might not be the case for longer season varieties, but this needs 
to be proven over a number of years.

Generally, a full profile of moisture receives sufficient N initially to provide the entire crop 
requirement to the predicted yield level. If yield potential is higher due to favourable 
seasonal conditions, there is generally opportunity to apply small amounts of N later to 
increase yield as the season progresses, but usually this is not necessary.

In a situation of lower moisture profile, N can be applied at a rate less than the target-
yield level requirement and topped up later in front of rainfall, as opportunities present. 
This requires careful planning and preparation on the grower’s behalf, in order to take 
advantage of impending rainfall, sometimes in short timeframes.

7  G McMullen (2009) Canopy management in the northern grains region—the research view. Northern Grains 
Alliance, July 2009, http://www.nga.org.au/results-and-publications/download/31/australian-grain-articles/
general-1/canopy-management-tactical-nitrogen-in-winter-cereals-july-2009-.pdf.

8  G McMullen (2009) Canopy management in the northern grains region—the research view. Northern Grains 
Alliance, July 2009, http://www.nga.org.au/results-and-publications/download/31/australian-grain-articles/
general-1/canopy-management-tactical-nitrogen-in-winter-cereals-july-2009-.pdf

9  G McMullen (2009) Canopy management in the northern grains region—the research view. Northern Grains 
Alliance, July 2009, http://www.nga.org.au/results-and-publications/download/31/australian-grain-articles/
general-1/canopy-management-tactical-nitrogen-in-winter-cereals-july-2009-.pdf
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The 50–50 split application of N extends the period that N can be applied through the 
season without the ‘cliff-face’ drop in yield if N is not applied at precisely GS30–31. 
Effectively it improves the margin of error available to the grower if rainfall is not 
forthcoming at GS30–31.

Where growers are set up for, and using, precision agriculture, a 70–30 approach can be 
taken when there is a full soil moisture profile, and a 50–50 approach when soil moisture 
is likely to be limiting. This is where a proportion of the predicted N requirement is held 
back until after NDVI imaging has taken place, and N is then applied based on NDVI 
results. This also requires a high level of grower organisation and planning.

Limitations of tactical nitrogen application
The main limitation to such practices in the north is the ability to reliably apply N before 
a rain event, to enable roots to access soluble N in the root-zone.

An analysis of rainfall events comparing Clare (South Australia) and Wagga Wagga 
(southern NSW) with Quirindi, (North West Slopes of NSW) showed that Quirindi had 
only 30% of the opportunities to apply N that the southern locations had, and that the 
predictability of rainfall events >3 days before rain was unreliable.

Predicted rain fronts may pass without yielding a single drop, therefore, applying N 
throughout the season is risky. Predicting rain events becomes increasingly difficult 
heading north and west of the Liverpool Plains, e.g. Moree and Walgett.

Foliar N application has gained popularity in recent years; however, this is only suitable 
for relatively low rates of N addition. In the likelihood of higher N input requirement, a 
system to apply N into the wet soil profile, after a rainfall event, at efficiencies that are 
economic needs to be devised.

As technologies such as NDVI imaging and paddock management in zones gain 
popularity, the addition of N later in the crop cycle will become more relevant and will 
drive the development of equipment to make such a system work. 

While traditional ideas of canopy management are based on southern experiences, 
northern region growers and agronomists are developing their own guidelines for the 
northern cropping zone. Based on trial work and in-paddock experiences, the aim of 
improving the economic outcome at the end of the season through manipulation of the 
most costly input is taking shape. Adoption of these techniques throughout the northern 
cropping zone would be further aided by development of efficient, in-soil N application 
equipment. 10

10.2 Key stages for disease control and canopy 
management

The optimum timing for foliar-applied fungicides in cereals is from the start of stem 
elongation to ear emergence (GS30–59). In barley, the second last leaf formed is the key 
leaf. This is the leaf below the flag and is termed flag minus 1 (flag-1). This leaf appears 
at approximately the third node stage (GS33). This period coincides with the emergence 
of the four most important leaves in the crop and the ear. The optimum time for spraying 
a fungicide to protect a leaf is at the point of full emergence. Leaves unemerged at the 
time of application will not be properly protected. Leaves will usually be free from foliar 
disease on emergence. The time between when the disease spores land on the leaf and 
when an infection point is visible is called the latent period or latent phase.

This period is temperature-driven and differs between diseases. It can be as short as 
seven days for diseases such as powdery mildew. 11

10  P McKenzie (2009) Canopy management in the Northern Grains region—the commercial view. Northern 
Grains Alliance, July 2009, http://www.nga.org.au/results-and-publications/download/31/australian-grain-
articles/general-1/canopy-management-tactical-nitrogen-in-winter-cereals-july-2009-.pdf

11  GRDC (2005) Cereal growth stages. Grains Research and Development Corporation Sept. 2005, http://
www.grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20Stages%20Guide1.pdf

http://www.grdc.com.
au/ApplyingPA
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Five to 10 years ago, it would be common to make decisions on fungicide applications 
for foliar disease based on thresholds of infection. These thresholds varied from 1 to 5% 
of plants infected. The problem that soon became apparent to growers and advisers 
was that in the paddock it was difficult to calculate when this disease threshold had 
been reached, not least because of the sporadic nature of the initial foci of the disease. 
In addition, by the time growers realised the threshold had been reached and the spray 
operation had been carried out, the crops were badly infected. When crops that are 
badly infected with stripe rust are treated with fungicides, the control experienced is 
poor, since fungicides work better as protectants than as curatives.

Because its flag leaf is less important, barley is far more difficult than wheat to pinpoint 
an optimal timing window for fungicide application. In addition, most of the popular 
varieties such as Gairdner  have some disease weaknesses. Therefore, the advice is 
to monitor from late tillering (GS25) for the presence of disease on the older leaves. 
Consider application based on propiconazole (Tilt, Bumper) where net blotch and/or 
scald are evident on newer leaves at GS30, or triadimefon (Triad/Bayleton) for mildew.

Barley requires careful monitoring, and its lower leaves, which emerge earlier than in 
wheat, are more important to the plant than the lower leaves in wheat. Other points to 
consider when using fungicide in barley canopy management are:

• The flag leaf is relatively small and unimportant in barley compared with wheat, and 
its appearance is therefore not a convenient mid-season focal point for strategies.

• Earlier, more important, leaves that require fungicide application create a later 
season gap in protection, therefore making two sprays more effective in this crop.

• Two-spray programs increase the likelihood of fungicide rate reduction with each 
spray. In wheat, fungicide activity against rusts is very effective at low rates; 
however, the existing range of fungicides does not control barley diseases as 
effectively at equally low rates.

• Barley often suffers from wet-weather diseases early in the season, but then is 
subject to drier/warmer weather diseases later in the season, again making it more 
difficult to target a single spray program under diverse disease pressure.

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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Figure 3: 
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Kay stages for disease control and canopy management

Nick Poole coordinates FAR’s GRDC-funded research program in Australia, which 
focuses on canopy management in cereals. To hear Nick Poole discuss canopy 
management, visit: http://www.grdc.com.au/Media-Centre/GRDC-Podcasts/Driving-
Agronomy-Podcasts/2009/07/Disease-management-and-crop-canopies.

10.3 Use of plant growth regulators
A tool that may be used to minimise crop lodging and maximise yield, particularly in 
high-N situations, is plant growth regulators (PGRs). These have been used routinely in 
high-input, high-yielding cereal systems in Europe and New Zealand for some time to 
shorten straw height and reduce the incidence of lodging. Lodging causes significant 
losses in crop production due to reduced movement of water, nutrients and translocation 
of plant-stored carbohydrates through the stem into the head. Lodging also reduces 
grain quality and increases harvest losses and the actual cost of the harvesting process. 
Inhibitors of the plant hormone gibberellin and ethylene producers are the two main PGR 
groups. Research in Australia to date has been on gibberellin-inhibitor products, which 
act by blocking gibberellin biosynthesis to reduce internode length in stems, thereby 
decreasing plant height. There are a number of phases in this pathway, and different 
PGRs act at different points. For example, chlormequat (Cycocel) acts early in the 
pathway, whereas more recently developed products such as trinexapac-ethyl (Moddus®) 
act on later stages.

Plant growth regulators have also been reported to have a yield-enhancement effect 
by improving the proportion of crop DM that is partitioned into grain yield. This effect 
has been related to a reduction in the plant resources required for stem elongation, with 
these resources then available for grain-fill. Some PGRs have also been associated with 
increased root growth resulting in improved water extraction from soil. Yield responses to 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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PGRs can be highly variable, with responses ranging from –40% to +2%, depending on 
product choice, application time, crop or variety and growing season conditions. 12

In Australia, PGR availability for barley growers is limited to ethephon, and its use has 
generally been low. The principal reason for this is that responses are viewed as variable 
and growers have not regularly seen the benefit of incorporating it into their management 
programs. The key factor contributing to this perception is a lack of appreciation of 
the conditions and situations where the use of a PGR is appropriate. A great deal of 
resource has been devoted to optimising crop-husbandry strategies to minimise lodging, 
but relatively little time has been devoted to identifying the best situations to use PGRs 
for optimum results. If the field, variety or growing conditions are not conducive to 
lodging, then the use of a PGR will have no benefit to the grower, and many of the trials 
undertaken with PGRs have led to conclusions that ignore the fact that a PGR did not 
need to be applied in the first place. 13

Moddus (250 g/L of trinexapac-ethyl) is used by cereal growers in a range of countries 
including New Zealand, the UK and Germany to reduce the incidence and severity of 
lodging and optimise the yield and quality of high-yielding wheat, barley and oat crops. 
Moddus Evo is an enhanced dispersion-concentrate formulation developed to provide 
greater formulation stability and more effective uptake in the plant. With improved mixing 
characteristics and the potential to provide better consistency of performance, Moddus 
Evo is currently submitted to the APVMA for registration in Australian cereals.

The NSW DPI in 2011 and 2012 conducted trails on Moddus to investigate the capacity 
of PGRs to reduce lodging in Commander  barley, a high-yielding variety with poor 
straw strength. In both seasons, Commander  and Oxford , a high-yielding variety with 
good straw strength, were grown at a target plant population of 120 plants/m2 with four 
treatments of: nil PGR, Cycocel® (0.2 L/ha), Moddus (1.0 L/ha) and a combination of 
Cycocel (0.2 L/ha) + Moddus (1.0 L/ha). PGRs were applied in each season during stem 
elongation (GS31) at a water rate of 100 L/ha. In 2011, sites were established at Tamworth 
and Spring Ridge, and in 2012, sites were at Moree and Breeza. 14

NOTE: Moddus is not commercially available and is not currently registered in Australia for 
these use patterns.

Results from 2011 showed that although the Tamworth site had lower lodging than 
Spring Ridge, the trends were similar (Table 1). The lodging severity for Commander  
was approximately 3 times that observed for Oxford , again highlighting the importance 
of variety selection in lodging management. The combination of Cycocel and Moddus 
was the most effective PGR treatment at reducing the severity of lodging compared to 
the control treatment (nil PGR).

Table 1: Lodging scores (scale 0–9, where 0 is standing and 9 is flat on the ground) at harvest for 
the Spring Ridge and Tamworth sites in 2011

PGr Treatment Spring ridge Tamworth

CommanderP OxfordP CommanderP OxfordP

Nil PGR 7.2 3.0 3.0 1.0

Cycocel 6.2 1.8 2.0 0.2

Moddus 5.3 1.8 2.0 0.0

Cycocel + Moddus 4.6 1.9 1.8 0.0

12  M Gardner, R Brill, G McMullen (2013) A snapshot of wheat and barley agronomic trials in the northern 
grains region of NSW. GRDC Update Papers, 5 March 2013, http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2013/03/A-snapshot-of-wheat-and-barley-agronomic-trials-in-the-
northern-grains-region-of-NSW

13  B. Staines, LM Forsyth and Ken McKee (2013) Moddus Evo: controlling plant growth for reduced lodging 
and improved cereal yields. GRDC Update Papers 27 March 2013, https://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2013/03/Moddus-Evo-Controlling-plant-growth-for-reduced-lodging-
and-improved-yields

14  M Gardner, R Brill, G McMullen (2013) A snapshot of wheat and barley agronomic trials in the northern 
grains region of NSW. GRDC Update Papers 5 March 2013, http://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2013/03/A-snapshot-of-wheat-and-barley-agronomic-trials-in-the-
northern-grains-region-of-NSW
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The ability of PGRs to reduce the severity of lodging appears related to their capacity 
to restrict plant height (Figures 4a and 5a). At Spring Ridge (2011) and Moree (2012), 
the Cycocel + Moddus treatment was the most effective at reducing plant height. As a 
single product, Moddus restricted plant height more than Cycocel at both sites. There 
was a large difference in the extent of height reduction measured at the two sites, with 
the maximum height reduction being 7 cm at Spring Ridge in 2011 and 34 cm at Moree 
in 2012. At the Spring Ridge site, the treatments containing Moddus had no impact 
on yield compared with the nil treatment, whereas the Cycocel treatment significantly 
increased the yield of Commander  by 8% compared with the nil treatment. The large 
reduction in plant height at Moree for the Moddus and Cycocel + Moddus treatments 
resulted in a significant reduction in yield of 8% and 13%, respectively.

Figure 4: 
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Figure 5: 
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Oxford  compared with a nil-PGR control at Moree in 2012.

In 2008, a trial conducted at the Tamworth Agricultural Institute found a significant yield 
increase with early (GS25) applications of a PGR combination of Moddus and Cycocel 
in the absence of lodging. These increases occurred in both durum (EGA Bellaroi ) and 
wheat (EGA Gregory ), while no effect was found in Gairdner  or Fleet  barley. The 
later application timing resulted in no significant differences compared to the control.

Between 2004 and 2011, field trials were run across Australia by Syngenta, the 
manufacturer of Moddus, to investigate the value of Moddus applications to Australian 
cereals to reduce lodging and improve yields. The trials used a range of varieties, 
climatic conditions and geographical locations and varied application rates were applied 
at different growth stages. Trials were established as small plots, typically 20–120 m2, 
using a randomised complete block design, incorporating three to six replicates. 

i More 
information

To find out more about 
the NSW DPI trials go 
to: http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/03/A-
snapshot-of-wheat-and-
barley-agronomic-trials-
in-the-northern-grains-
region-of-NSW 
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Measurements were taken of the effect of Moddus application on plant growth, stem 
strength, stem-wall thickness, lodging, lodging score and yield as well as grain quality 
measurements. Several rates of Moddus Evo were assessed for reduction of lodging 
and enhancement of yield in barley. Moddus Evo applied at rates of 300 or 400 mL/
ha was consistently found to improve yields and reduce barley lodging (Figure 6a). The 
optimal growth stage for Moddus application to have the most consistent and greatest 
impact on yield was GS30–32. 

When growth conditions were favourable, a bounce-back effect, where compensation 
growth occurred, was often observed. To reduce the impact of the bounce-back, a 
second follow-up application of Moddus Evo was evaluated. When a second application 
of Moddus was applied at GS37–39, the growth compensation was reduced. When 
conditions were favourable for bounce-back, the second application resulted in 
significant yield improvements. The results displayed in Figure 7c is the average across 
a number of trials where a second application of Moddus Evo was applied; not all of the 
trials favoured bounce-back growth, which has reduced the overall impact. 15

Figure 6: 
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(a) Effect of Moddus concentration on lodging when applied at early and late stem 
elongation in barley crops. Data are a summary of multiple trials. (b) Effect of concentration and 
timing of Moddus applications on barley yields, data are percentage improvement from untreated. 
Applications occurred on healthy growing plants, conditions were not favourable for bounce-back 
growth. Average data from five trials run in 2007, 80% of the trials did not have lodging. (c) Effect of 
second application of Moddus on barley stem heights when conditions favour compensatory 
growth following initial application. (d) Effect of second application of Moddus on barley yields 
when conditions favour compensatory growth following initial application. Eth, Ethephon applied at 
500 mL/ha.

15  B. Staines, LM Forsyth and Ken McKee (2013) Moddus Evo: controlling plant growth for reduced lodging 
and improved cereal yields, GRDC Update Papers 27 March 2013, https://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2013/03/Moddus-Evo-Controlling-plant-growth-for-reduced-lodging-
and-improved-yields
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Overall improvements in yield were often correlated with a reduction in stem height 
irrespective of whether lodging occurred. Yield improvements through the reduction of 
lodging are well documented. What is less understood is the impact, often positive, on 
yields with the use of Moddus Evo in the absence of lodging.

Conversely, during the evaluation of effects of Moddus Evo on yield enhancement and 
reduction in lodging, a few trials had anomalous results, where Moddus Evo application 
did not improve yield. When these trials were examined, it was found that environmental 
conditions during the lead-up to Moddus Evo application were poor, with extensive 
frosting, drought, poor subsoil moisture profile or nutrient deficiencies within the crop. 
Therefore, it is recommended that Moddus Evo be applied only to healthy growing 
crops with optimum yield potential.

According to Syngenta, continuing research is aimed at developing a greater 
understanding of the factors that allow Moddus Evo to improve cereals yields in the 
absence of lodging. Areas under investigation include:

• Survival and development of secondary tillers in high-biomass crops. Can the use 
of Moddus Evo open canopies allowing the full development of secondary tillers in 
high-biomass crops with good soil moisture reserves?

• Enhanced root development. Research suggests that plants treated with Moddus 
develop larger root systems. Larger root systems may allow plants to access 
greater soil moisture and nutritional reserves through the latter stages of crop 
development.

• Redistribution of carbohydrates. The conversion of structural carbohydrates to 
water-soluble forms to enhance crop yields under dry spring conditions. Preliminary 
results indicate that Moddus has a significant effect on the concentration of water-
soluble carbohydrates in wheat and barley.

• Frost damage reduction. The use of Moddus Evo has been shown to delay mid-
season crop development by around 7–10 days. While treated crops ‘catch up’ 
and do not incur a harvest time penalty, on average this initial delay results in later 
flowering and grain-filling in less frost-prone conditions.

• Barley head loss. Dramatic yield improvements were observed with certain barley 
varieties treated with Moddus Evo due to head retention in conditions favourable to 
head loss. Further evaluation into the benefits of Moddus Evo in reducing head loss 
in susceptible barley varieties is under way.

Syngenta concluded from its trials that Moddus Evo offers growers in environments 
conducive to lodging an in-season option to reduce the impact of lodging while allowing 
them to manage crops for maximal yields. The timing and concentration of Moddus Evo 
applications is critical to produce the optimal yield improvements and it should only be 
applied to healthy growing crops. 16 

10.3.1 Variety-specific research
Commander  is a malting barley variety that is gaining popularity with growers 
throughout the northern grains region. However, one of the major limitations to the 
further adoption of Commander  is its susceptibility to lodging. Apart from being 
difficult to harvest, lodged crops can limit grain yield by up to 40% and reduce grain 
quality.

NSW DPI trials investigating lodging management options for Commander  were 
conducted at Spring Ridge and Tamworth between 2008 and 2011. These options 
included:

• Varying plant population. This was found to be an effective and easy way to reduce 
lodging severity. Reducing plant populations from 120 to 80 plants/m2 reduced 

16  B. Staines, LM Forsyth and Ken McKee (2013) Moddus Evo: controlling plant growth for reduced lodging 
and improved cereal yields. GRDC Update Papers 27 March 2013, https://www.grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2013/03/Moddus-Evo-Controlling-plant-growth-for-reduced-lodging-
and-improved-yields

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Moddus-Evo-Controlling-plant-growth-for-reduced-lodging-and-improved-yields
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Moddus-Evo-Controlling-plant-growth-for-reduced-lodging-and-improved-yields
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/Moddus-Evo-Controlling-plant-growth-for-reduced-lodging-and-improved-yields


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 10    BArley - Plant growth regulators and canopy management   

 13Know more. Grow more.

February 2016

FeedbackTable of Contents

10

lodging severity by up to 32% in some trials, but further reduction in populations 
can also significantly reduce yield potential.

• Defoliation. When implemented just prior to stem elongation, defoliation has been 
shown to reduce lodging severity (by 8–35%) and the area affected by lodging (by 
15–45%). However, it must occur prior to stem elongation to avoid yield penalties. 
Therefore, other methods are preferred.

• Potassium application.

• PGR application. In general, PGRs have resulted in reductions in lodging severity, 
primarily by reducing plant height by 5–12 cm. In some cases, unexpected yield 
benefits have occurred with 0.4–0.9 t/ha yield increases observed with PGR 
application compared with no PGR in the absence of lodging.

Due to the strong susceptibility of Commander  to lodging, the combination of 
appropriate plant populations, defoliation and PGR has been shown to give the greatest 
reductions in lodging severity.

Overall, trials have shown that some effective management options are available to 
growers to minimise lodging in Commander. The best lodging management practices 
are:

• Establish plant populations of ~80–100 plants/m2. Higher plant population may be 
targeted in high-yielding situations, but other lodging management practices will 
also need to be implemented.

• Defoliation through grazing can be used to minimise lodging. The closer to stem 
elongation that defoliation occurs the more effective lodging risk is reduced.

• Avoid paddocks with excessively high soil N at sowing and, if possible, delay the 
application of N until stem elongation, when yield can still be increased without 
driving excessive grain protein concentration.

• PGRs do have the potential to reduce lodging through reduced plant height. A 
combination of PGR products offers the greatest reduction in lodging severity.

• In situations of high lodging risk, a combination of management practices may be 
required.

Similar management options for Commander  and Oxford  barley were investigated in 
NSW DPI trials at Bellata, Spring Ridge and Tamworth in 2011 (Figure 7). 

Figure 7: 
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Ridge 2011.

Restricting the size of the crop canopy or DM production, like restricting plant height, 
was shown in this trial to be effective in reducing the severity of lodging. Defoliation and 
plant population were the most effective management strategies for restricting the DM 
production at anthesis (GS61) and maturity (GS99). On average across sites, defoliation 
reduced DM yield at anthesis by 5–9%; however, these reductions in DM yield by 
maturity were negligible. By contrast, the populations of 60 and 80 plants/m2 maintained 
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significantly lower DM yields than the population of 120 plants/m2 at both anthesis and 
maturity (Figure 8).

Figure 8: 
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In summary, this trial found that choosing a variety that is less susceptible to lodging 
is the most effective management option for reducing the losses from and severity 
of lodging. Where a variety susceptible to lodging such as Commander  is grown, 
defoliation prior to stem elongation can reduce the severity of lodging and limit the 
canopy size at anthesis. It is essential that defoliation does not occur beyond stem 
elongation (GS31) as significant yield penalties could be expected. Maintaining plant 
populations at ~80 plants/m2 enabled DM yield to be restricted throughout the growing 
season, without significantly limiting yield. Of the PGR treatments, the combination 
of Cycocel and Moddus reduced the severity of lodging to the greatest degree. To 
read more about the results, go to: http://www.dpi.nsw.gov.au/__data/assets/pdf_
file/0019/430291/Northern-grains-region-trial-results-autumn-2012.pdf

A further trial on lodging management of Commander was conducted in 2012 by 
NSW DPI at sites in Breeza, Gurley and Moree (Table 2). In all trials, PGR treatments 
were shown to reduce lodging to some degree, which was most likely a function of 
the reduced plant height obtained from PGR applications. Yield responses to PGR 
application ranged from –13% to +16% for Commander  and Oxford  compared with 
the untreated control. Commander  was usually more responsive to the application 
of PGRs than Oxford . Of the PGR treatments, the combined Cycocel and Moddus 
treatment resulted in the most consistent reduction in plant height and greatest 
responses in grain yield, whether negative or positive. 

These results highlight the variability in responses to PGR application, which makes it 
difficult to predict the economic benefit of using PGRs within cropping systems.

Table 2: Lodging scores (scale 0–9, where 0 is standing and 9 is flat on the ground) at harvest for 
the Moree and Breeza sites. Minus and plus relate to defoliation treatments  

PGr 
Treatment

Moree Breeza

Commander Oxford Commander Oxford

Minus Plus Minus Plus Minus Plus Minus Plus

Nil 3.4 1.9 0.0 0.0 8.5 6.5 3.5 3.3

Cycocel® 2.2 1.5 0.0 0.0 7.5 5.3 3.0 3.0

Moddus® 0.0 1.0 0.0 0.0 – – – –

Cycocel® + 
Moddus®

0.0 0.0 0.0 0.0 4.8 4.3 2.0 1.5

The much greater severity of lodging at Breeza compared with Moree was ostensibly 
due to irrigated conditions at Breeza. A dry finish to the season ensured lodging of 
Commander remained minimal at Moree. To read more about this trial, go to: http://
www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/468328/Northern-grains-region-trial-
results-autumn-2013.pdf
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SECTION 11

Crop dessication/spray out

Not applicable for this crop.
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SECTION 12

Harvest

Barley is generally harvested from October to late November prior to wheat, which 
provides some spread of harvest timing. It can be expected to yield similar or better 
than wheat. The crop dries down well and desiccation is generally not necessary unless 
late weed growth needs to be controlled. 1

12.1 Header settings
Suggested header setting adjustments for barley:

Drum speed (rpm):

• Conventional, 700-1000

• Rotary, 700-1000

Concave clearance (mm):

• Front, 8

• Rear, 3

Fan speed: high

As maintaining germination above 95% is vital, harvest and handling is of particular 
importance for malting barley. Even minor damage to the seed can affect the ability of 
the seed to germinate. Cracked grains, skinned or partially skinned grains, and grains 
killed through damage to the germ do not malt properly.

When examining a barley seed sample for damage, look at individual grains and not just 
a mass of grain. Always examine the back of the grain first and ignore the crease side. 
Severe cracking and germ damage are nearly always accompanied by a high degree of 
skinning. The most common causes for this are:

• Drum speed too high: Use only the slowest drum speed that will effectively thresh 
the grain from the barley head. A higher drum speed is needed when harvesting 
crops not properly ripe and can cause serious grain damage.

• An incorrectly adjusted or warped concave: The initial header settings should have 
the concave set one notch wider than for wheat. Check the setting frequently 
during the day. If the thresher drum speed is correct, concave adjustments should 
cope with the changes in temperature and other harvesting conditions met during 
the day.

The airflow may need to be increased slightly to obtain a clean sample.

The application of heat can also affect germination of grain and this should be taken 
into account if artificial drying is intended for malting-quality barley. 2

1  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

2  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

i More 
information

Barley planting, nutrition 
and harvesting at http://
www.daff.qld.gov.au/
plants/field-crops-and-
pastures/broadacre-
field-crops/barley/
planting-nutrition-
harvesting

Effect of delayed harvest 
on barley varieties in 
GRDC Grains Research 
Update, Northern 
Region Spring 2013 
edition at https://
www.grdc.com.au/~/
media/31326C5963D 
14D6594F2D3EF896 
F3CE4.pdf
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http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/planting-nutrition-harvesting
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https://www.grdc.com.au/~/media/31326C5963D14D6594F2D3EF896F3CE4.pdf
https://www.grdc.com.au/~/media/31326C5963D14D6594F2D3EF896F3CE4.pdf
https://www.grdc.com.au/~/media/31326C5963D14D6594F2D3EF896F3CE4.pdf
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12.2 Monitoring grain loss
Monitoring for grain loss should begin before harvest. A seed count on the ground of 
more than 26 seeds in an area 10 cm by 100 cm means a loss of >100 kg/ha. After 
checking for any grain on the ground prior to harvest, you should check after you begin 
harvest to determine any harvest loss. It is recommended that a minimum of 10 counts 
be taken and averaged. 3

12.3 Wet harvest issues and management
Because mature barley does not stand weather damage as well as wheat, it is 
important not to delay harvest. Lodging can be a problem and patches of unripe crop 
on headlands and low-lying areas should be avoided, as unripe grains can contaminate 
samples and cause downgrading. 4

Barley is physiologically mature at 30–50% moisture, which is well before it is ripe 
enough to harvest mechanically. 5

When ripe, winter cereals are easy to thresh, and harvest can begin at moisture 
content as high as 20%, although generally very little is harvested at >18% moisture. If 
harvested at >12.5% moisture, access to an aeration or drying facility is necessary. (See 
the following section for more information on storing barley.) 6

Delayed harvest due to wet weather is common in the northern grain region. These 
conditions can result in yield losses and downgrades in grain quality, which varies 
significantly between cereal varieties. Varietal differences in yield loss with delayed 
harvest can exceed 1.5 t/ha. If growers know which varieties are most susceptible 
to wet weather, they can potentially make more informed decisions about prioritising 
harvest by variety.

Trials investigating the impact of a wet weather-delayed harvest on barley yield and 
quality and the effect of variety have been conducted at Condobolin and Tamworth in 
New South Wales (NSW) as part of the Variety Specific Agronomy Packages (VSAP) 
project. Trials at Turretfield and Moyhall in South Australia are part of the Southern 
Barley Agronomy (SBA) project. 

Up to 16 varieties were harvested at two to four harvest dates, beginning at 
physiological maturity. In many experiments there were significant rainfall (>100 mm) 
events between the harvest dates (Table 1).

Lodging and head loss were measured at each date and physical tests were conducted 
on grain samples from each plot. At most sites, differences in variety responses to 
weather damage were recorded, particularly in the loss of test weight.

Varieties that are susceptible to sprouting and weather damage or that typically have 
low test weights and therefore should be harvested without delay once mature were 
identified. Varietal and weather influences on kernel weight, screenings, grain colour, 
and stirring number (RVA) were also reported. Stirring number indicates pre-harvest 
sprouting before the visual signs are present.

3  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

4  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

5  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

6  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting
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Delays in harvest at Tamworth in 2011 from harvest 1 to harvests 2, 3 and 4 resulted 
in significant average yield losses of 0.38, 0.44 and 0.42 t/ha, respectively, in 12 barley 
varieties (Figure 1).

The yield penalty from delaying harvest from harvest 1 to 4 varied significantly between 
varieties. Fitzroy  and Buloke  incurred the greatest yield losses (2.2 and 2.1 t/ha, 
respectively) of the 12 varieties, whereas Roe , Vlamingh  and Grout  (0.5, 0.7 and 0.7 
t/ha, respectively) had the smallest losses.

Commander , Gairdner , Hindmarsh  and Shepherd  all had similar yield losses 
(average 1.2 t/ha) from delaying harvest at Tamworth by 26 days and experiencing 215 
mm of rainfall.

Delaying harvest had a significant effect on all grain quality attributes (Figure 1). The 
1000-grain weight was similar for harvests 1 and 2, which were significantly higher 
(by 1.9 g) than both harvests 3 and 4. Retention significantly increased from harvests 
1 and 2 to harvest 3 (96.2 %) before another significant increase for harvest 4 (97%). 
Retention is the material retained above the 2.5-mm screen.

Screenings were negligible across the four harvest times but did significantly decline 
from 1.5% for harvest 1 to 0.7% for harvest 4. Test weight significantly declined by 3.1 
kg/hL between harvest 1 and 2 before declining a further 2.7 kg/hL for harvests 3 and 4, 
which were similar.

Grain protein concentration was on average similar for harvest 1 and 2, while harvest 3 
and 4 were similar. Protein increased by almost 1% between harvests 2 and 3.

Test weight declined significantly in both the Tamworth and Turretfield trials due to 
delayed harvest.

The VSAP project (northern region) and the SBA project (southern region) are continuing 
this year and include 15 wheat varieties. 7

Table 1: Rainfall received between harvests 1 and 4 at Tamworth Agricultural Institute Farm, 2011

Harvest date 11th Nov 18th Nov 28th Nov 7th Dec Total rainfall (mm)

Rainfall (mm) 34 109 72 215

Figure 1: 
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 (a) Effect of harvest time on grain yield at Tamworth in 2011 averaged across all varieties, 
and (b) yield losses (from harvest 1 to hHarvest 4) for 11 barley varieties at Tamworth in 2011.

7  GRDC (2013) Effect of delayed harvest on barley varieties. Grains Research Update, Northern Region 
Spring 2013. http://www.icanrural.com.au/newsletters/NL72.pdf
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Table 2: Effect of harvest time on grain quality traits, protein, 1000-grain weight, retention, 
screenings and test weight across 11 barley varieties at Tamworth in 2011. Within a column, values 
designated with different letters are significantly different (P < 0.05)

Harvest 
time

Protein (%) 1000 Grain 
Weight (g)

retention 
(%)

Screenings 
(%)

Test Weight 
(kg/hl)

Harvest 1 11.5 b 51.7 a 95.2 c 1.5 a 72.0 a

Harvest 2 11.6 b 51.7 a 95.5 c 1.0 b 68.9 b

Harvest 3 12.4 a 49.6 b 96.2 b 0.9 b 66.1 c

Harvest 4 12.4 a 49.6 b 97.0 a 0.7 c 66.3 c

Lsd (P<0.05) 0.2 1.7 0.4 0.1 0.4

12.4 Fire prevention
Grain growers must take precautions during the harvest season, as operating machinery 
in extreme fire conditions is dangerous. They should take all possible measures to 
minimise the risk of fire. Fires are regularly experienced during harvest in stubble as 
well as standing crops. The main cause is hot machinery combining with combustible 
material. This is exacerbated on hot, dry, windy days. Seasonal conditions can also 
contribute to lower moisture content in grain and therefore a higher risk of fires. 8 

Using machinery
To assist in preventing machinery fires, it is imperative that all headers, chaser bins, 
tractors and augers be regularly cleaned and maintained. All machinery and vehicles 
must have an effective spark arrester fitted to the exhaust system to prevent fires. To 
prevent overheating of tractors, motorcycles, off-road vehicles and other mechanical 
equipment, all machinery needs to be properly serviced and maintained. Keeping fire-
fighting equipment available and maintained is not just common sense—it is a legal 
requirement.

Take great care when using this equipment outdoors. Tips on machinery include: 

• Be extremely careful when using cutters and welders to repair plant equipment 
including angle grinders, welders and cutting equipment.

• Ensure machinery components including brakes and bearings do not overheat as 
these components can drop hot metal on to the ground, starting a fire.

• Use machinery correctly, as incorrect usage can cause it to overheat and ignite.

• Be aware that blades of slashers, mowers and similar equipment may hit rocks or 
metal, causing sparks to ignite dry grass.

• Avoid using machinery during inappropriate weather conditions such as high 
temperatures, low humidity and windy conditions.

• Do maintenance and repairs in a hazard-free, clean working area such as on bare 
ground or concrete or in a workshop, rather than in the field.

• Keep machinery clean and as free from fine debris as possible as this can reduce 
onboard ignitions as well. 9

The Farm FireWise Checklist and Action Plan can be downloaded here, or you can 
request one through your local Fire Control Centre.

12.4.1 Steps to preventing header fires
With research showing an average of 12 harvesters are burnt to the ground every year 
in Australia (Photo 1), agricultural engineers encourage care in keeping headers clean to 
reduce the potential for crop and machinery losses.

8  NSW Rural Fire Service, Farm Firewise., NSW Government 2014. http://www.rfs.nsw.gov.au/__data/assets/
pdf_file/0019/9451/Guide-to-Farm-FireWise.pdf

9  NSW Rural Fire Service, Farm Firewise, NSW Government, 2014. http://www.rfs.nsw.gov.au/__data/assets/
pdf_file/0019/9451/Guide-to-Farm-FireWise.pdf

i More 
information

NSW Rural Fire Service 
Farm Firewise page 
at http://www.rfs.nsw.
gov.au/dsp_content.
cfm?cat_id=1161

http://www.grdc.com.
au/Media-Centre/
Ground-Cover/Ground-
Cover-Issue-101/A-few-
steps-to-preventing-
header-fires
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Figure 2: Keeping headers clean can reduce the risk of fire. (Photo: Rebecca Thyer)

 
Key points:

• Most harvester fires start in the engine or engine bay.

• Others are caused by failed bearings, brakes and electricals and rock strikes.

• Regular removal of flammable material from the engine bay is urged. 10

12.5 receival standards
The minimum protein level acceptable for malt-grade barley is 9%. Malt protein content 
is reported at 0% moisture (dry), which will be 1–1.5% greater than the ‘as is’ basis 
commonly used for feed grain. In line with malting industry standards, Graincorp reports 
all protein figures at 0% moisture basis. Feedlots generally use the ‘as is’ figure.

Growers should check receival standards with GrainCorp Australia or their local grain 
merchant. Specifications are updated each season and include all relevant information. 
Other purchasers of barley grain may use different specifications. 11

Most grain purchasers will base their quality requirements on Grain Trade Australia 
(GTA) standards. For feed barley, grain is required to meet screenings and hectolitre 
weight specifications. For malting barley, as well as screenings and hectolitre weights, 
there are requirements for retention (above the 2.5-mm screen) and protein.

Specification sheets are usually available from July each season and include all 
relevant information. Other purchasers of barley grain may use different specifications. 
GrainCorp provides a grower harvest information kit, including local contacts, contract 
options, warehousing conditions, grain-protection strategies and more. 12

Download the latest barley receival standards from the GTA website: http://www.
graintrade.org.au/commodity_standards

10  GRDC (2012) A few steps to preventing header fires. Ground Cover Issue 101. http://www.grdc.com.au/
Media-Centre/Ground-Cover/Ground-Cover-Issue-101/A-few-steps-to-preventing-header-fires

11  DAFF (2012) Barley planting, nutrition and harvesting, Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

12  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland. https://www.daf.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting
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http://www.graintrade.org.au/commodity_standards
http://www.grdc.com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-101/A-few-steps-to-preventing-header-fires
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12.6 Harvest weed seed control
Targeting weed seeds at harvest is a pre-emptive action against problematic annual 
weed populations. Our most damaging crop weeds—annual ryegrass, wild radish, wild 
oats and brome grass—are all capable of establishing large persistent seed-banks. 
Thus, if annual weeds are freely allowed to produce seed that enters the seed-bank, 
the inevitable consequences will be an unsustainable cropping system. Fortunately, 
seed-bank decline is rapid for these weed species with annual seed losses of 60–80%. 
Consequently, without inputs a very large seed-bank (>1000 seed/m2) can be reduced 
to a very modest one (<100 seed/m2) in just 4 years. A low weed seed-bank allows 
easier and more effective weed control with a reduced risk for the development of 
herbicide resistance. Thus, effective weed management in productive cropping systems 
is reliant on preventing viable seed entering the seed-bank. Towards this end, a number 
of systems have been developed over the past three decades that target the weed-
seed-bearing chaff fraction during harvest. 13

12.6.1 Intercepting annual weed seed
In Western Australia (WA), where high frequencies of herbicide-resistant annual weed 
populations (Owen and Powles 2009; Owen et al. 2007; Walsh et al. 2007) have been 
driving farming practices for the last decade, techniques targeting weed seeds during 
harvest have been widely adopted. At crop harvest, high proportions of total seed 
production for the dominant weed species are retained above harvester cutting height 
(Table 3). Additionally, for some of these species such as wild radish, high proportions 
of seed retention are maintained over much of the harvest period (Figure 3). Therefore, 
the collection and management of the weed-seed-bearing chaff fraction can result in 
significant reductions in annual weed population densities. Barley is a great crop for this 
as it is generally harvested low and has a greater chance of seed collection.

Table 3: Proportion of total seed production retained above a low (15cm) harvest cutting height

Species Seed retention 
above 15 cm (%)

Annual ryegrass 88

Wild radish 99

Brome grass 73

Wild oats 85

Figure 3: 
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Seed retention above 15 cm harvest height over the first 4 weeks of harvest for the major 
crop weeds of WA wheat crops.

Lower in-crop weed densities are easier to manage and their potential development as 
herbicide-resistant populations is dramatically reduced. Farmers in WA have driven the 

13  M Walsh, S Powles (2012) Harvest weed seed control. GRDC Update Papers 12 April, 2012. https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
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development of several systems now available that effectively reduce inputs of annual 
ryegrass, wild radish, wild oats and brome grass into the seed-bank. The adoption of 
these systems has been critical for the continuation of intensive cropping systems. 14

Chaff carts
Chaff carts are towed behind headers during harvest with the aim of collecting the 
chaff fraction as it exits the harvester. The weed-seed collection efficiency of several 
commercially operating harvesters with attached chaff carts has been evaluated by 
the Australian Herbicide Resistance Initiative (AHRI) and found to collect 75–85% of 
annual ryegrass seeds and 85–95% of wild radish seeds that entered the front of the 
header during the harvest operation (Walsh and Powles 2007). Collected chaff must be 
managed to remove weed seeds from the cropping system. Typically, this material is left 
in piles in the paddock to be burnt in the following autumn. In some instances, chaff is 
removed from the paddock and used as a valuable source of feed for livestock. 15

Baling
An alternative to the in-situ burning or grazing of chaff is to bale all chaff and straw 
material as it exits the harvester. The Bale Direct System developed by the Shields 
family in Wongan Hills as a means for improving straw hay production consists of a 
large square baler directly attached to the harvester that collects and bales all harvest 
residues. A significant secondary benefit is the collection and removal of annual weed 
seeds. Studies by AHRI determined that approximately 95% of annual ryegrass seed 
entering the harvester was collected in the bales (Walsh and Powles 2007). In addition 
to being an effective system for weed-seed removal, the baled material can have a 
substantial economic value as a feed source. However, as with all baling systems, 
consideration must be given to nutrient removal. 16

Windrow burning
Establishing narrow windrows suitable for autumn burning is achieved by attaching 
chutes to the rear of the harvester to concentrate the straw and chaff residues as they 
exit the harvester (Walsh and Newman 2007). This concentration of residue effectively 
increases the seed destruction potential of residue burning. With more fuel in these 
narrow windrows, the residues burn hotter than standing stubbles or even conventional 
windrows. Weed-seed kill levels of 99% of both annual ryegrass and wild radish have 
been recorded from the burning of wheat, canola and lupin stubble windrows. 17

Chaff grinding
Processing of chaff sufficient to destroy any weed seeds present during the harvest 
operation represents the ideal system for large-scale Australian conservation-cropping 
systems. Rendering weed seeds non-viable as they exit the harvester removes the need 
to collect, handle and/or burn large volumes of chaff and straw residues. Due to the 
importance and potential industry benefits of this process, there has been substantial 
interest in the development of an effective system. Darkan farmer Ray Harrington has 
developed the Harrington Seed Destructor (HSD), a cage-mill-based system attached 
to the harvester that processes chaff during harvest. Evaluation of this system under 
commercial harvest conditions by AHRI over the past four seasons has determined the 
HSD will destroy at least 95% of annual weed seed during harvest. With the efficacy 

14  M Walsh, S Powles (2012) Harvest weed seed control. GRDC Update Papers 12 April 2012. https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control

15  M Walsh, S Powles (2012) Harvest weed seed control. GRDC Update Papers 12 April 2012. https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control

16  M Walsh, S Powles (2012) Harvest weed seed control. GRDC Update Papers 12 April 2012. https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control

17  M Walsh, S Powles (2012) Harvest weed seed control. GRDC Update Papers 12 April 2012. https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 12    BArley - Harvest   

 8Know more. Grow more.

February 2016

FeedbackTable of Contents

12

of this system now well established, the development of the HSD system is now 
progressing towards commercial production. 18

Summary
Productive, large-scale conservation cropping as practiced across large areas of the 
Australian grain-belt is reliant on herbicides for the management of weed populations. 
This reliance has produced, and continues to produce, widespread occurrence of 
herbicide-resistant weed populations. Herbicide dependency and resulting loss of 
effective herbicides is constraining effective grain-crop production. Consequently, 
producers are farming to control weeds instead of for grain crop production. 
Harvest weed-seed control provides the opportunity to more effectively manage 
weed populations and move away from the reliance on herbicidal weed control. The 
consequence of this is that growers regain flexibility in the overall management of their 
cropping program. 19

12.6.2 Harvest weed seed management in the northern 
grains region

A survey across 1400 transects in 70 paddocks assessed the weed distribution, density 
and seed production at harvest time in wheat, chickpea and sorghum crops in four 
cropping zones of the northern grain region. In brief, 70 weed species were identified, 
of which 12 were found in 7–45 paddocks. The survey identified value in investigating 
harvest weed seed management options, including the HSD, to greatly reduce seed-
bank replenishment of problem weeds.

Background
The 2011–12 survey was a joint effort between Department of Agriculture, fisheries and 
Forestry Queensland (DAFF), Queensland Alliance for Agriculture and Food Innovation 
(QAAFI) and AHRI. 20

The focus of this project was to identify the potential for harvest weed-seed 
management in the northern grain region of northern NSW, southern and central 
Queensland. 

At present, harvest weed seed management is not practiced as a weed control option 
in the northern crop production regions. The potential for this approach has not been 
evaluated in the summer or winter cropping systems across these regions. To address 
this situation, surveys were conducted in northern NSW, and southern and central 
Queensland summer and winter crop-production zones. 

The approach was to identify weed species with upright, seed-bearing plant parts that 
will potentially be collected during the harvest of the dominant crops of these regions. 
These surveys provide a comprehensive set of data allowing the accurate determination 
of the potential for successful use of at-harvest weed-seed management systems for 
the northern region. 

Approach
A random survey was conducted on 70 paddocks of wheat, chickpea and sorghum 
in the four main cropping zones of the northern grain region (Table 4). Within each 
paddock 20 transects of 10 m2 (1 m by 10 m) were selected using a zigzag pattern to be 
representative of weed infestations across the paddock, the same protocol as used in 
previous published northern region weed surveys. 

The following measurements were made in each transect: 

18  M Walsh, S Powles (2012) Harvest weed seed control. GRDC Update Papers 12 April 2012. https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control

19  M Walsh, S Powles (2012) Harvest weed seed control. GRDC Update Papers 12 April 2012. https://www.
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2012/04/Harvest-weed-seed-control

20  S Walker, M Widderick (2013) Queensland, Weed seed management at harvest. Northern Grower Alliance. 
http://www.nga.org.au/results-and-publications/download/146/general-uploads/weed-seed-management-
at-harvest-nga.pdf

i More 
information

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2012/04/
Harvest-weed-seed-
control

For further analysis 
of harvest weed seed 
management for the 
northern region, visit 
http://www.weedsmart.
org.au/giving-a-rats/
is-harvest-weed-seed-
management-a-goer-
north-of-dubbo/

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2012/04/
What-percent-of-
northern-weed-seed-
might-it-be-possible-to-
capture-and-remove-at-
harvest-time-A-scoping-
study

http://www.grdc.com.
au/MR-HarvestWeed 
SeedControl

http://www.agronomo.
com.au/storage/
newsletters/05-
Winter-2013.pdf

http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/02/
Windrow-burning-for-
weed-control-WA-fad-
or-viable-option-for-the-
east

View the Grain Orana 
Alliance video at http://
www.youtube.com/
watch?v=vfpvscKiZd8.
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• weed species present 

• density of weed species using the rating scale (plants/10 m2): 1, 1–9; 2, 10–49; 2.5, 
50–100; and 3, >100

• visual estimation of percentage of each species seeding

For every species seeding, three representative samples were collected from each 
paddock and the following measurements made: 

• visual estimation of percentage of seeds or seed heads above potential harvest 
height (nominated as 5 cm for chickpea, 15 cm for wheat and 30 cm for sorghum)

• visual estimation of percentage total seed retained at time of sampling 

• number of seeds or seed heads (and number of seeds in five representative seed 
heads) per plant above harvest height 

• total seed production, number of seed retained and potential for harvest 
management (rated as percentage) 

Table 4: Extent of northern region weed seed at harvest survey

region and crop Number of 
paddocks

Number of species 
present at harvest

Number of species 
retaining seed at 

harvest

Central Highlands, QlD

Chickpea 5 8 6

Wheat 5 5 4

Sorghum 10 12 11

Darling Downs, QlD

Chickpea 5 11 7

Wheat 5 12 10

Sorghum 10 15 11

South-west Down, QlD

Chickpea 5 15 11

Wheat 5 8 3

Sorghum 10 25 19

liverpool Plains, NSW

Chickpea 5 22 16

Wheat 5 18 12

Sorghum - - -

TOTAl 70 70

Results
The weed flora was very diverse with 70 different species found, with 37 species in 
chickpea crops, 33 in wheat, and 38 in sorghum (see Table 5). Of the 15 species found 
in both winter and summer crops,70% had seed retained at harvest time. 

Twelve weed species were commonly found across the cropping zones and crops in 
7–45 paddocks (see Table 5). The most prevalent were the weeds with wind-blown 
seed—sowthistle and fleabane. There were three common grasses—barnyard grass, 
wild oat and feathertop Rhodes grass; three brassicas—turnip weed, mustard and 
African turnip weed; plus five other broadleaf weeds—bladder ketmia, pigweed, native 
jute, Australian bindweed and wild gooseberry. Caustic weed was also present in 10 
paddocks but not seeding. 

For sowthistle and fleabane, a substantial number of seeds had already dropped from 
the plants, particularly for sowthistle in chickpea and fleabane in sorghum. However, 
many seeds remained on the plants, ranging from 770 to 14,660 seeds/plant for 
sowthistle and from 4885 to 46,255 seeds/plant for fleabane, the majority of which were 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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above the potential harvest height. Thus, these weeds are a priority for harvest weed-
seed management. 

Barnyard grass was the third most prevalent weed with a substantial number of seeds 
remaining in all three crops, although there were more seeds dropped in sorghum 
(3520–4350) than winter crops (0–200). A substantial portion of feathertop Rhodes grass 
seed had dropped in chickpea (370–9905) and sorghum (0–21,940), although large 
numbers remained on the plant above harvest height.

Several hundred seeds remained on wild oat in wheat (155–294) and chickpea (180–
220) but a large portion of wild oat seed had already dropped in wheat paddocks. 

The brassica weeds produced substantial numbers of seeds in chickpea (150–112,075) 
but much less in wheat (0–995). The majority of the seeds were above the potential 
harvest height, and thus these weeds are a priority for harvest weed-seed management. 

For bladder ketmia, pigweed, native jute, Australian bindweed and wild gooseberry, 
these had either no seed above harvest height or small numbers, except for wild 
gooseberry in sorghum with 11,625 seed remaining. 

Some less-common weeds identified with large seed production above potential 
harvest height were: 

• cudweed (2500–22,645 seeds) 

• climbing buckwheat/bindweed (1400–9420 seeds) 

• dock (30,060) 

• mallow (6765 seeds) 

• malvastrum (1115) 

• Mexican poppy (15970) 

• New Zealand spinach (1125) 

• paradoxa grass (1040) 

• sida (1725) 

• St Barnaby’s thistle (11,045) 

• stink grass (18995) 

• sweet summer grass (1660) 

• wild sunflower (2750) 

• windmill grass (6225 seeds) 

• wireweed (820–4000 seeds) 

Annual ryegrass and barley grass were only found in one paddock in the Liverpool 
Plains region. 

Ryegrass is the most commonly seed collected species in the southern part of the 
region.

Table 5: The most common weed species seeding at harvest time in wheat, chickpea and 
sorghum, and data on seed loss, seed remaining and percentage of remaining seed above potential 
harvest height (averaged across each of 4 cropping zones) for each species. Seed data for each 
species are listed in order of wheat, chickpea and sorghum

Weed Scientific 
name

Number of 
paddocks 
infested

Number of 
paddocks 
seeding

Seeds dropped 
per plant

Seeds 
remaining per 

plant

% above 
harvest height

Sowthistle Sonchus 
oleraceus

45 38 150-10,150

2010-18,680

1290-3750

770-2040

4470-14,660

1070-8690

80-100

100

65-85

Fleabane Conyza 
bonariensis

28 17 0-3180

0-14,230

30,210-130,060

4885-13,950

17,790-46,255

28,710-33,430

40-100

90-100

55-60
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Weed Scientific 
name

Number of 
paddocks 
infested

Number of 
paddocks 
seeding

Seeds dropped 
per plant

Seeds 
remaining per 

plant

% above 
harvest height

Barnyard grass Echinochloa spp 20 17 200

0

3250-4350

3585

2865

730-14,040

100

60

20-25

Bladder ketmia Hibiscus trionum 19 15 10

-

55-325

45

-

175-215

25

0

30-100

Wild oat Avena spp 14 13 55-195

8-24

-

155-295

180-220

-

100

100

-

Turnip weed Raphanus 
raphanistrum

10 9 -

0

25

-

150-28,170

455

0

95-100

20

African turnip 
weed / mustard

Sisymbrium spp 9 8 0

0

-

995

33,130-112,075

-

100

100

-

Pigweed Portulaca 
oleracea

8 3 0

0

0

Native jute Corchorus 
capsularis

8 6 0

0

0

Australian 
bindweed

Convolvulus 
erubescens

7 3

0 320

0

0-80

0

Feathertop 
Rhodes grass

Chloris virgata 7 7 -

370-9905

0-21,940

-

2485-11,610

13,640-31,040

0

100

60-75

Wild gooseberry Physalis minima 7 5 -

-

210

-

-

11,625

-

-

15

Implications 
This survey has shown there is a clear and urgent need for growers to manage weeds 
better to prevent large annual replenishments of the seed-bank. A potential tactic is to 
use one of the harvest weed-seed management options, such as the HSD. These could 
be useful to greatly improve management of many weeds, particularly the summer and 
winter grasses, brassica weeds, some climbing weeds, and possibly sowthistle and 
fleabane if the technique is capable of capturing and destroying wind-blown seeds. 21 

21  S Walker, M Widderick (2013) Weed seed management at harvest, Northern Grower Alliance. http://www.
nga.org.au/results-and-publications/download/146/general-uploads/weed-seed-management-at-harvest-
nga.pdf
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SECTION 13

Storage

An on-farm storage system designed for good hygiene that includes aeration and 
sealable silos for fumigation is essential for growers who wish to maximise their returns 
from barley. Without sealable silos, growers could be contributing to Australia’s problem 
of insect resistance to phosphine, the most common fumigant used in the Australian 
grain industry. Without aeration, growers risk excluding themselves from markets that 
will not accept chemically treated grain.

In conjunction with sound management practices, which include checking grain 
temperatures and regular monitoring for insect infestations, an on-farm storage system 
that is well designed and maintained and properly operated provides the best insurance 
a grower can have on the quality of grain to be out-turned.

Figure 1: Storage with aeration is important for protecting Australia’s markets. (Photo: QDAFF)

Grain Trade Australia (GTA) stipulates standards for heat-damaged, bin-burnt, storage-
mould-affected or rotten wheat, all of which can result in the discounting or rejection 
of grain. GTA has nil tolerance to live, stored grain insects for all grades of wheat from 
premium milling grades to feed. 1 Effective management of stored grain can eliminate all 
of these risks to grain quality.

In grain storages in Queensland, including central Queensland, and New South Wales, 
target grain temperatures of stored wheat should be 20–23°C during summer and less 

1  Grain Trade Australia (2013) Wheat Standards, 2013/2014 season. GTA, August 2013. http://www.
graintrade.org.au/sites/default/files/file/Commodity%20Standards/2013_2014/Section%2002%20-%20
Wheat%20Standards%20201314(1).pdf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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http://www.graintrade.org.au/sites/default/files/file/Commodity%20Standards/2013_2014/Section%2002%20-%20Wheat%20Standards%20201314(1).pdf
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than 15°C in winter. 2  In northern NSW and southern Queensland, including the Darling 
Downs, aerated silos properly managed, should allow growers to target an average 
summer time grain storage temperature of 20°C.

13.1 How to store barley on-farm

13.1.1 Malt barley
Special consideration should be given to storing malt barley.

Storage conditions largely determine the rate at which quality parameters of Australian 
barley varieties change after harvest. Initial kernel condition, temperature, moisture 
content and storage time, are major factors influencing changes in malting quality. 

Depending on storage conditions, Australian malting barley can take several months to 
reach optimum malting quality while dormancy and water sensitivity are broken down. 

Research has identified several options for managing barley dormancy to provide 
opportunities to malt and export barley earlier, such as use of agricultural chemicals or 
application of dry heat. 

Alternatively, by understanding and carefully manipulating the storage process, post 
harvest dormancy breakdown can be accelerated without compromising barley quality. 3

GRDC-funded CSIRO research shows that understanding and carefully manipulating 
the storage process, post-harvest dormancy can be removed without compromising 
barley quality.

Manipulating storage conditions can provide maltsters with homogeneous barley to 
malt.

Barley is typically harvested and initially stored at moderate temperatures (25 to 30 ºC).

Delaying aeration cooling for a short period, or raising the grain temperature using 
aeration fans during the warmer part of the day, followed by rapid cooling after 

dormancy has been removed, can effectively accelerate the maturation of barley. 4

13.1.2 Storage options
According to the Kondinin Group National Agricultural Survey 2011, silos account for 
79% of Australia’s on-farm grain storage, compared with 12% for bunkers and pits and 
9% for grain bags.

Aerated silos that can be sealed during fumigation are widely acknowledged as the 
most effective ways to store wheat on-farm (Table 1). There is now an Australian 
standard (AS2628) for sealable silos that manufacturers in Australia can choose to use 
as a construction standard to ensure reliable fumigation results. 

2  P Burrill (2013) Grain Storage Future pest control options and storage systems 2013–2014., GRDC Update, 
July 2013. https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Grain-
Storage-Future-pest-control-options-and-storage-systems-2013-2014

3  CSIRO and Barrett Burston Malting Co. The effect of storage conditions on post-harvest maturation and 
maltability of barley. http://www.e-malt.com/statistics/ScientificDigest/BTSbarleyStorage.pdf

4 CSIRO (2011) Stored barley manipulated to brew better beer. CSIRO Food and Agriculture June 2010, 
Updated October 2011. http://www.csiro.au/Outcomes/Food-and-Agriculture/Dormancy-Of-Barley.aspx

i More 
information

http://www.e-malt.

com/statistics/

ScientificDigest/

BTSbarleyStorage.pdf

http://www.csiro.au/

Outcomes/Food-and-

Agriculture/Dormancy-

Of-Barley.aspx

http://storedgrain.com.

au/grain-drying-of-

malting-barley-ag-wa-

farmnote/

Video

Watch  this GRDC 
Ground Cover TV clip to 
find out more:  
http://www.
youtube.com/
watch?v=iS3tUbJZl6U
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Table 1: Advantages and disadvantages of grain storage options

Storage type Advantages Disadvantages
Gas-tight sealable silo • Gas-tight sealable status allows phosphine 

and controlled atmosphere options to control 
insects

• Easily aerated with fans
• Fabricated on-site or off-site and transported
• Capacity from 15 tonnes up to 3000 tonnes
• Up to 25 year plus service life
• Simple in-loading and out-loading
• Easily administered hygiene (cone base 

particularly)
• Can be used multiple times in-season

• Requires foundation to be constructed
• Relatively high initial investment required
• Seals must be regularly maintained
• Access requires safety equipment and 

infrastructure
• Requires an annual test to check gas-tight 

sealing

Non-sealed silo • Easily aerated with fans
• 7–10% cheaper than sealed silos
• Capacity from 15 tonnes up to 3000 tonnes
• Up to 25 year plus service life
• Can be used multiple times in-season

• Requires foundation to be constructed
• Silo cannot be used for fumigation —see 

phosphine label
• Insect control options limited to protectants in 

eastern states and dryacide in WA.
• Access requires safety equipment and 

infrastructure

Grain storage bags • Low initial cost
• Can be laid on a prepared pad in the 

paddock
• Provide harvest logistics support
• Can provide segregation options
• Are all ground operated
• Can accommodate high-yielding seasons

• Requires purchase or lease of loader and 
unloader

• Increased risk of damage beyond short-term 
storage (typically three months)

• Limited insect control options, fumigation only 
possible under specific protocols

• Requires regular inspection and maintenance 
which needs to be budgeted for

• Aeration of grain in bags currently limited to 
research trials only

• Must be fenced off
• Prone to attack by mice, birds, foxes etc.
• Limited wet weather access if stored in paddock
• Need to dispose of bag after use
• Single-use only

Grain storage sheds • Can be used for dual purposes
• 30 year plus service life
• Low cost per stored tonne

• Aeration systems require specific design
• Risk of contamination from dual purpose use
• Difficult to seal for fumigation
• Vermin control is difficult
• Limited insect control options without sealing
• Difficult to unload

Growers should pressure-test sealable silos once a year to check for damaged seals on 
openings. Storages must be able to be sealed properly to ensure high phosphine gas 
concentrations are held long enough to give an effective fumigation.

At an industry level, it is in growers’ best interests to only fumigate in gas-tight sealable 
storages to help stem the rise of insect resistance to phosphine. This resistance has 
come about because of the prevalence of storages that are poorly sealed or unsealed 
during fumigation. 5

The Kondinin Group National Agricultural Survey 2009 revealed that 85% of 
respondents had used phosphine at least once during the previous 5 years, and of 
those users, 37% used phosphine every year for the past 5 years. A GRDC survey 
during 2010 revealed that only 36% of growers using phosphine applied it correctly—in 
a gas-tight, sealable silo.

Research shows that fumigating in a storage that is not gas-tight does not achieve a 
sufficient concentration of fumigant for long enough to kill pests at all life-cycle stages. 
For effective phosphine fumigation, a minimum gas concentration of 300 parts per 

5  C Warrick (2011) Fumigating with phosphine, other fumigants and controlled atmospheres: Do it right—do 
it once: A Grains Industry Guide. GRDC Stored Grain Project, January 2011 (reprinted June 2013). http://
www.grdc.com.au/uploads/documents/GRDC-Fumigating-with-Phosphine-other-fumigants-and-controlled-
atmospheres.pdf?shortcut=1

GRDC Grain Storage 
Facilities: Planning for 
efficiency and quality. A 
Grains Industry Guide  
http://www.
grdc.com.au/~/
media/5F5E5727E4C0 
4BD48BC3DAA5A30 
15786.pdf

i More 
information
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million (ppm) for 7 days or 200 ppm for 10 days is required (Figure 2). Fumigation trials 
in silos with small leaks demonstrated that phosphine levels are as low as 3 ppm close 
to the leaks (Figure 3). The rest of the silo also suffers from reduced gas levels. 6

Figure 2: 
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To find out more about how to pressure-test silos, visit ‘Fumigating with phosphine, 
other fumigants and controlled atmospheres’ at: http://www.grdc.com.au/~/media/
FC440FBD7AE14140A08DAA3F2962E501.pdf

Aeration of stored barley is the key non-chemical tool used to minimise the risk of insect 
infestations and spoiling through heat and/or moisture damage.

Aeration controllers that automatically monitor air temperature and humidity are 
designed to turn fans on and off at the optimum times. The controller reduces the risk 
of having fans running on storages at times that may potentially cause grain damage.  
Most aeration controllers have hour meters fitted, so run-times can be checked to 
ensure they are within range of the expected total average hours per month, for 
example, 100 hrs/month.  

It is important to separate aeration systems commonly used for “aeration cooling” and 
aeration systems designed specifically to achieve reliable “aeration drying”. Serious 
grain damage has occurred when fan performance has not met the required airflow 
rates as measured in litres per second per tonne (L/s.t).  If aeration drying of grain 
is attempted with elevated moisture levels using an inadequate airflow rate and/or a 
poor system design, sections of the storage can develop very high moisture and grain 

6  P Botta, P Burrill, C Newman (2010) Pressure testing sealable silos. GRDC Grain Storage Fact Sheet, 
September 2010. https://www.grdc.com.au/~/media/ReFocus-media-library/Document/GRDC-Document-
Store/Publications-Media-and-Communications/Factsheets/Grain-Storage-FS-Pressure-testing-sealable-
silos.pdf

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/~/media/FC440FBD7AE14140A08DAA3F2962E501.pdf
http://www.grdc.com.au/~/media/FC440FBD7AE14140A08DAA3F2962E501.pdf
https://www.grdc.com.au/~/media/ReFocus-media-library/Document/GRDC-Document-Store/Publications-Media-and-Communications/Factsheets/Grain-Storage-FS-Pressure-testing-sealable-silos.pdf
https://www.grdc.com.au/~/media/ReFocus-media-library/Document/GRDC-Document-Store/Publications-Media-and-Communications/Factsheets/Grain-Storage-FS-Pressure-testing-sealable-silos.pdf
https://www.grdc.com.au/~/media/ReFocus-media-library/Document/GRDC-Document-Store/Publications-Media-and-Communications/Factsheets/Grain-Storage-FS-Pressure-testing-sealable-silos.pdf


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 13    BArley - Storage   

 5Know more. Grow more.

February 2016

FeedbackTable of Contents

13

temperatures.  With low airflow rates moisture drying fronts move too slowly to prevent 
grain spoilage. Grain-quality losses from moulds and heat occur rapidly. This type of 
damage often makes the grain difficult to sell and may cause physical damage to the 
silo itself. 7

Researchers in Australia have developed a device that measures working airflow rates 
of fans fitted to grain storage. Called the ‘A-Flow’, it has been validated under controlled 
conditions, using an Australian Standard fan-performance test rig, to be within 2.6% 
of the true fan output. The device was used on a typical grain storage that was in the 
process of aerating recently harvested grain. A fan advertised to provide 1000 L/s 
(equivalent to 6.7L/s.t on a full 150-t silo) was tested and shown to be producing only 
1.8 L/s.t. Because of this test, the farmer recognised a need to make changes to his 
current aeration system design.

A number of changes may be required if airflow rates are not suitable for efficient 
aeration cooling or drying. A new fan that is better suited to the task could be installed, 
or the amount of grain in the silo reduced to increase flow rate per tonne of grain.

Detailed information about selecting, siting and fitting-out silos, grain storage bags, 
sheds and bunkers is contained in the GRDC Grains Industry Guide ‘Grain storage 
facilities: Planning for efficiency and quality’. 

13.2 Hygiene
Effective grain hygiene and aeration cooling can overcome 75% of pest problems in 
stored grain. All grain residues should be cleaned out when silos and grain-handling 
equipment are not in use to help minimise the establishment and build-up of pest 
populations. 

In one year, a bag of infested grain can produce more than one million insects, 
which can walk and fly to other grain storages where they will start new infestations. 
Meticulous grain hygiene involves removing any grain residues that can harbour pests 
and allow them to breed. Grain pests live in protected, sheltered areas in grain handling 
equipment and storage and breed best in warm conditions.  Insect will also breed in 
outside dumps of unwanted grain. Try to bury grain or spread out unwanted grain to 
a shallow depth of less than 20 mm so insect are exposed to the daily temperature 
extremes and other insect predators. 

7  P Burrill, A Ridley (2012) Performance testing aeration systems. GRDC Research Update Northern 
Region, Spring 2012, Issue 66. http://www.grdc.com.au/Resources/Factsheets/2012/08/Grain-Storage-
Performance-testing-aeration-systems

A GRDC Fact Sheet 
explaining how to build 
and use an A-Flow is 
available at:  
http://www.grdc.
com.au/Resources/
Factsheets/2012/08/
Grain-Storage-
Performance-testing-
aeration-systems

i More 
information

http://storedgrain.
com.au/wp-content/
uploads/2013/07/
GRDC-GS-FACILITIES-
Booklet-2013_Final.pdf

i More 
information
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Figure 4: Poor grain hygiene undermines effective stored grain insect control. (Photo: QDAFF)

A trial in Queensland revealed more than 1000 lesser grain borers (Rhyzopertha 
dominica) (Figure 5) in the first 40 L of grain through a harvester at the start of harvest; 
this harvester was considered reasonably clean at the end of the previous season. 8 
Further studies in Queensland revealed that insects are least mobile during the colder 
winter months of the year. Cleaning around silos in the winter months before spring, this 
can reduce insect numbers before they become mobile.

8  P Burrill, P Botta, C Newman, B White, C Warrick (2013) Northern and southern regions—Grain storage 
pest control guide. GRDC Grain Storage Fact Sheet, June 2013. http://www.grdc.com.au/~/media/
CFB5972E685C4EBA8729CF2B4A403ECE.pdf
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http://www.grdc.com.au/~/media/CFB5972E685C4EBA8729CF2B4A403ECE.pdf
http://www.grdc.com.au/~/media/CFB5972E685C4EBA8729CF2B4A403ECE.pdf


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 13    BArley - Storage   

 7Know more. Grow more.

February 2016

FeedbackTable of Contents

13

Figure 5: Lesser grain borer, Ryzopertha dominica. (Photo: QDAFF)

Successful grain hygiene involves cleaning all areas where grain residues becomes 
trapped in storages and equipment. Grain pests can survive in a tiny amount of grain, 
which can go on to infest freshly harvest clean grain. Harvesters and grain-handling 
equipment should be cleaned out thoroughly with compressed air after use.

After grain storages and handling equipment are cleaned, they should be treated with 
a structural treatment. Diatomaceous earth (DE) is an amorphous silica also commonly 
known as the commercial products ‘Dryacide’™ and is widely used for this purpose. 
It acts by absorbing the insect’s cuticle or protective waxy exterior, causing death 
by desiccation. If applied correctly with good coverage in a dry environment, DE can 
provide up to 12 months’ protection by killing most species of grain insects and with no 
known risk of resistance. It can be applied as a dry dust or slurry spray.

While many cereal grains buyers accept approved chemical insecticide structural 
treatments to storages, growers should avoid using them, or wash the storage out, 
before storing oilseeds and pulses. As there are now a number of export and domestic 
markets that require “pesticide residue free” grain (PRF), growers are advised to check 
with potential grain buyer’s before using grain protectants or structural treatments.

To find out more about what to use and when and how to clean equipment and 
storages to minimise the chance of insect infestation, visit www.grdc.com.au/GRDC-
FS-HygieneStructuralTreatments to download the GRDC’s Grain Storage Fact Sheet 
‘Hygiene and structural treatment for grain storages’ (June 2013).

13.3 Grain protectants and fumigants
Grain Trade Australia is aware of cases where various chemicals have been used to 
treat stored grain that are not approved for grain or that particular grain type. When 
they are detected, an entire shipload can be rejected, often with serious long-term 
consequences for important Australian grain markets.  

Markets that require PRF (‘pesticide residue free’) grain, does not rule out the use 
of some fumigants, including phosphine. However, PRF grain should not have any 
chemical residues from treatments that are applied directly to the grain as grain 
protectants. Before using a grain protectant or fumigant, growers need to check with 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
www.grdc.com.au/GRDC-FS-HygieneStructuralTreatments
www.grdc.com.au/GRDC-FS-HygieneStructuralTreatments
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prospective buyers, as the use of some chemical may exclude grain from certain 
markets.

Although phosphine has resistance issues, it is widely accepted as having no residue 
issues. The grain industry has adopted a voluntary strategy to manage the build-up 
of phosphine resistance in pests. Its core recommendations are to limit the number of 
conventional phosphine fumigations on undisturbed grain to three per year, and to employ 
a break strategy. The break is provided by moving the grain to eliminate pockets where 
the fumigant may fail to penetrate, and by retreating it with an alternative disinfestant or 
protectant. 9

Figure 6: Phosphine is widely accepted as having no residue issues. (Photo: QDAFF)

Recent research has identified the genes responsible for insect resistance to phosphine. 
A genetic analysis of insect samples collected from south-eastern Queensland 
between 2006 and 2011 has allowed researchers to confirm the increasing incidence 
of phosphine resistance in the region. Whereas few resistance markers were found 
in insects collected in 2006, by in 2011 most collections had insects that carried the 
resistance gene. Further testing with DNA markers that can detect phosphine resistance 
is expected to identify problem insects before resistance becomes entrenched, and 
thereby help to prolong phosphine’s effective life, as well as increasing the usefulness of 
the break strategy.  10       

9  P Collins (2009) Strategy to manage resistance to phosphine in the Australian grain industry. Cooperative 
Research Centre for National Plant Biosecurity Technical Report. http://www.graintrade.org.au/sites/default/
files/file/Phosphine_Strategy.pdf

10  D Schlipalius (2013) Genetic clue to thwart phosphine resistance. GRDC Ground Cover, Issue 102, Jan.–
Feb. 2013. http://www.grdc.com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-102/Genetic-clue-to-
thwart-phosphine-resistance

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.graintrade.org.au/sites/default/files/file/Phosphine_Strategy.pdf
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Table 2: Resistance and efficacy guide for stored grain insects (northern and southern regions) in 
cereal grains
Note: Pirimiphos-methyl, combined products such as Reldan Plus PGR and chlorpyrifos-methyl are not 
registered for use on malt barley. For more information see page 117 of the NSW DPI Winter crop variety sowing 
guide 2014. 
http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide or www.apvma.gov.au

Treatments WHP 
(days)

lesser 
grain borer
(Rhyzopertha 

dominica)

rust-red 
flour beetle

(Tribolium 
castaneum)

rice weevil
(Sitophilus 

oryzae)

Saw-
toothed 

grain beetle 
(Oryzaephilus 
surinamensis)

Flat grain 
beetle

(Cryptolestes 
ferrugineus)

Psocids 
(booklice)

(Order 
Psocoptera)

Structural 
treatments

Grain disinfectants - used on infested grain to control full life cycle (adults, eggs, larvae, pupae).

Phosphine (eg 
Fumitoxin®)1,3 when 
used in gas-tight, 
sealable stores

2

Sulfuryl fluoride (eg 
ProFume®)10 1

Dichlorvos (eg 
Dichlorvos 1140®)11 7-28 9

Grain protectants – applied post harvest. Poor adult control if applied to infested grain.

Pirimiphos-methyl 
(eg Actellic 900®) nil2

Fenitrothion (eg 
Fenitrothion 1000®)4 1-90

Chlorpyrifos-methyl 
(eg reldan Grain 
Protector®)5

nil2

Methoprene (Grain 
Star 50®) nil6 7 7

‘Combined 
products’ (eg Reldan 
Plus IGR Grain 
Protector)

nil2

Deltamethrin (eg 
K-Obiol®)10 nil2

Diatomaceous earth, amorphous silica – effective internal structural treatment for storages and equipment. Specific use grain 
treatments.

Diatomaceous earth, 
amorphous silica (eg 
Dryacide®)8

nil2

WHP Withholding Period 

  Not registered for this pest  
  High-level resistance in flat grain beetle has been identified, send insects for testing if fumigation failures 

occur  
  Resistant species likely to survive this structural treatment for storage and equipment  
  Resistance widespread (unlikely to be effective)  
  Effective control

1 unlikely to be effective in unsealed sites, causing resistance, see label for definitions  
2 When used as directed on label  
3 Total of (exposure + ventilation + withholding) = 10 to 27 days  
4 Nufarm label only  
5 Stored grains except malting barley and rice/ stored lupins registration for Victoria only/ not on stored maize 
destined for export  
6 When applied as directed, do not move treated grain for 24 hours  
7 Periods of 6–9 months storage including mixture in adulticide, eg Fenitrothion at label rate  
8 Do not use on stored maize destined for export, or on grain delivered to bulk-handling authorities  
9 Dichlorvos 500g/L registration only 
10 Restricted to licensed fumigators or approved users 
11 Restriced to use under permit 14075 only. Unlikely to be practical for use on farm

Source: Registration information courtesy of Pestgenie, APVMA and InfoPest (DEEDI) websites

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 13    BArley - Storage   

 10Know more. Grow more.

February 2016

FeedbackTable of Contents

13

According to research results from scientists at Queensland’s Department of Agriculture, 
Fisheries and Forestry (QDAFF), sulfuryl fluoride (SF) has excellent potential as an 
alternative fumigant to control phosphine-resistant grain storage pests. (Table 2). It is 
currently registered in Australia as a grain disinfestant. Supplied under the trade name 
‘ProFume’, SF can only be used by a licensed fumigator.

Field trials have shown that SF can control strong phosphine-resistant populations 
of Rusty grain beetle (Cryptolestes ferrugineus). Monthly sampling of fumigated grain 
has revealed no live insects for three consecutive months in large-scale bunker (pad) 
storages after the fumigation.

Annual resistance-monitoring data was analysed to assess the impact of using SF 
as an alternative fumigant to phosphine. This revealed that after the introduction of 
SF in central storages across the northern and southern grain regions in 2010, there 
was a 50% reduction in the incidence of strongly phosphine-resistant populations of 
rusty grain beetle at the end of the first year, and the downward trend is continuing. 
Complimentary laboratory experiments have shown that phosphine resistance does not 
show cross-resistance to SF, which is an additional advantage of using SF. 11

Effective phosphine fumigation can be achieved by placing the chemical at the rate 
directed on the label onto a tray and hanging it in the top of a pressure-tested, sealable 
silo. A ground-level application system is also an efficient application method and these 
can be combined with a silo recirculation system on larger silos to improve the speed of 
gas distribution. After fumigation, grain should be ventilated for a minimum of 1 day with 
aeration fans running, or 5 days if no fans are fitted. A minimum withholding period of 
2 days is required after ventilation before grain can be used for human consumption or 
stock-feed. The total time required for fumigating ranges from 7 to 20 days depending 
on grain temperature and the storage structure.

To find out more, visit ‘Fumigating with phosphine, other fumigants and controlled 
atmospheres: Do it right—do it once: A Grains Industry Guide’: http://www.grdc.com.
au/~/media/FC440FBD7AE14140A08DAA3F2962E501.pdf

Two new grain protectants have become available in recently are now available. These 
include:

• K-Obiol (active ingredients deltamethrin 50 g/L, piperonyl butoxide 400 g/L): 
Features acceptable efficacy against the common storage pest lesser grain 
borer, which has developed widespread resistance to current insecticides. Insect 
resistance surveys in the past consistently detected low levels of deltamethrin-
resistant insect strains in the industry. This is a warning that resistant populations 
could increase quickly with widespread excessive use of one product. A ‘product 
stewardship’ program has been developed to ensure correct use of the product. 12

• Conserve On-Farm: Has three active ingredients (chlorpyrifos-methyl 550 g/L, 
S-methoprene 30 g/L, spinosad 120 g/L) to control most major insect pests of 
stored grain, including the resistant lesser grain borer. The MRLs have been 
established with key trading partners and there are no issues with meat residue 
bioaccumulation.

A grain disinfestant combined with carbon dioxide gas, currently has some limitations. 

• VAPORMATE (active ingredient ethyl formate 166.7 g/kg): Approved for use in 
stored cereals and oilseeds. It is registered to control all life-stages of the major 
storage pest insects: lesser grain borer, rust-red flour beetle (Tribolium spp.), 
Sawtoothed beetle, Flat grain beetles, storage moths and psocids (booklice). 
However does not fully control all stages of rice weevil. It must only be used by a 
licensed fumigator.

11  M Nayak (2012) Sulfuryl fluoride—A solution to phosphine resistance? GRDC Research Update Northern 
Region, Spring 2012, Issue 66. http://www.icanrural.com.au/newsletters/NL66.pdf

12  P Burrill (2013) Grain Storage Future pest control options and storage systems 2013–2014. GRDC Update, 
July 2013. https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Grain-
Storage-Future-pest-control-options-and-storage-systems-2013-2014

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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http://www.grdc.com.au/~/media/FC440FBD7AE14140A08DAA3F2962E501.pdf
http://www.icanrural.com.au/newsletters/NL66.pdf
https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Grain-Storage-Future-pest-control-options-and-storage-systems-2013-2014
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Controlled atmosphere / non-chemical treatment options include:

• Carbon dioxide (CO2): Involves displacing the oxygen inside a gas-tight silo with a 
high concentration of CO2 combined with a low oxygen atmosphere lethal to grain 
pests. To achieve a complete kill of all grain pests at all life-stages, CO2 must be 
maintained at a minimum concentration of 35% for 15 days. 

• Nitrogen (N2): Provides insect control and quality preservation without chemicals. 
It is safe to use and environmentally acceptable, and the main operating cost is 
electricity used by the equipment to produce nitrogen gas. . The process uses 
pressure swing adsorption (PSA) technology to produce N2, thereby modifying the 
atmosphere within the grain storage to create a very high concentration of N2, and 
starving insect pests of oxygen. 13There are no residues, so grains can be traded at 
any time

Silo bags as well as silos can be fumigated. Research conducted by Andrew Ridley 
and Philip Burrill from DAFF Queensland and Queensland farmer Chris Cook found 
that sufficient concentrations of phosphine can be maintained for the required time to 
successfully fumigate grain in a silo bag. Trials on a typical, 75 m long bag containing 
approximately 230 t of grain successfully controlled all life stages of the lesser grain 
borer.

Figure 7: Silo bags can also be fumigated. (Photo: QDAFF)

When using phosphine in silos or silo bags it is illegal to mix phosphine tablets directly 
with grain due to tablet residue issues. As trays in silo bags are not practical, tablets 
are placed in perforated conduit to contain tablets and spent dust. The 1 m tubes are 
speared horizontally into the silo bag and removed at the end of the fumigation. Trial 
results suggest that the spears should be no more than 7 m apart and fumigation 
should occur over 12–14 days (Figure 8). In previous trials when spears were spaced 12 
m apart, the phosphine gas took too long to diffused throughout the whole bag. 14

13  C Warrick (2011) Fumigating with phosphine, other fumigants and controlled atmospheres: Do it right—do 
it once: A Grains Industry Guide. GRDC Stored Grain Project, January 2011 (reprinted June 2013). http://
www.grdc.com.au/uploads/documents/GRDC-Fumigating-with-Phosphine-other-fumigants-and-controlled-
atmospheres.pdf?shortcut=1

14  P Burrill, A Ridley (2012) Silo bag fumigation. GRDC Research Update Northern Region, Spring 2012, Issue 
66. http://www.grdc.com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-96-January-February-2012/
Researchers-devise-practical-silo-bag-fumigation-method

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/uploads/documents/GRDC-Fumigating-with-Phosphine-other-fumigants-and-controlled-atmospheres.pdf?shortcut=1
http://www.grdc.com.au/uploads/documents/GRDC-Fumigating-with-Phosphine-other-fumigants-and-controlled-atmospheres.pdf?shortcut=1
http://www.grdc.com.au/uploads/documents/GRDC-Fumigating-with-Phosphine-other-fumigants-and-controlled-atmospheres.pdf?shortcut=1
http://www.grdc.com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-96-January-February-2012/Researchers-devise-practical-silo-bag-fumigation-method
http://www.grdc.com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-96-January-February-2012/Researchers-devise-practical-silo-bag-fumigation-method


A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

 SECTION 13    BArley - Storage   

 12Know more. Grow more.

February 2016

FeedbackTable of Contents

13

Figure 8: 
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Spread of phosphine gas in a silo bag from a release point to gas monitoring lines at 2, 4 
and 6 m along a silo bag. 

13.4 Aeration during storage
Aeration has a vital role in both maintaining grain quality attributes and reducing insect 
pest problems in storage. Most grain in storage is best held under aeration cooling 
management with the silo having appropriate roof venting.  As a general rule, silos 
should only be sealed up during a fumigation operation which typically last for one or 
two week.  

Aeration typically reduces stored grain temperatures by more than 10°C during summer 
which significantly reduces the threat of a serious insect infestation. Producers in 
the Darling Downs and northern New South Wales regions should achieve grain 
temperatures in storage of 20–23°C during summer storage and less than 15°C in 
winter. 15

Figure 9: 
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As soon as grain is harvested and put in storage, run the aeration system 24 hours per 
day for the first 5 days to reduce grain temperatures and produce uniform moisture 
conditions in the grain bulk. Without aeration, grain hold it heat as it is an effective 
insulator and will maintain its warm harvest temperature for a long time (Figure 9). 
Wheat at typical harvest temperatures of 28–35°C and moisture content greater than 
13–14% provides ideal conditions for mould and insect growth (Table 3). 16 

15  P Burrill (2013) Grain Storage Future pest control options and storage systems 2013–2014. GRDC Update, 
July 2013. https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Grain-
Storage-Future-pest-control-options-and-storage-systems-2013-2014

16 :P Burrill, P Botta, C Newman, B White, C Warrick (2013) Dealing with high-moisture grain. GRDC Grain 
Storage Fact Sheet, June 2013. https://www.grdc.com.au/Resources/Factsheets/2013/06/Grain-Storage-
Dealing-with-highmoisture-grain

http://www.grdc.
com.au/~/media/
DAF5F438D9644D90B 
9A4FA9716B2014E.pdf

i More 
information
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Table 3: The effect of grain temperature on insects and mould (Source: Kondinin Group)

Grain 
temperature (oC)

Insect and mould development Grain moisture 
content (%)

40-55 Seed damage occurs, reducing 
viability

30-40 Mould and insects are prolific >18

25-30 Mould and insects active 13-18

20-25 Mould development is limited 10-13

18-20 Young insects stop developing 9

<15 Most insects stop reproducing,  
mould stops developing

<8

Although adult insects can still survive at low temperatures, most storage pests life 
cycle stages are very slow or stopped at temperatures below 18–20°C.  One of the 
more cold tolerate pests, the common rice weevil, does not increase its population with 
grain temperatures below 15°C. Insect pest lifecycles (egg, larvae, pupae and adult) are 
lengthened from the typical 4 weeks at warm temperatures (30–35°C) to 12–17 weeks at 
cooler temperatures (20–23°C).

Research also shows that cereals at 12% moisture content stored for 6 months at 
30–35°C (unaerated grain temperature) will have reduced germination percentage and 
seedling vigour.

A national upper limit for moisture of 12.5% applies to barley at receival, but deliveries 
are usually in the range 10.5–11%. 17 Special measures must be taken to minimise the 
risk of insect infestations or heat damage if the wheat is harvested in damp conditions. 

Research by the NSW Department of Primary Industries has shown that grain 
temperature should be kept below 15°C to protect seed quality and stop all major insect 
infestations, and aeration slows the rate of deterioration of seed if the moisture content 
is kept at 12.5–14%. 18

A trial by DAFF Queensland revealed that high-moisture grain generates heat when 
put into a confined storage, such as a silo. Wheat with 16.5% moisture content at 
a temperature of 28°C was put into a silo with no aeration. Within hours, the grain 
temperature reached 39°C and within 2 days reached 46°C, providing ideal conditions 
for mould growth and grain damage (Figure 11). 19

17  Wheat Quality Objectives Group (2009) Understanding Australian wheat quality. GRDC, http://www.grdc.
com.au/~/media/6F94BAEDAAED4E66B02AC992C70EB776.pdf

18  NSW Department of Primary Industries District Agronomists (2007) Wheat growth and development. 
PROCROP Series, NSW Department of Primary Industries, http://www.dpi.nsw.gov.au/__data/assets/
pdf_file/0006/449367/Procrop-wheat-growth-and-development.pdf

19  P Burrill, P Botta, C Newman, B White, C Warrick (2013) Dealing with high-moisture grain. GRDC Grain 
Storage Fact Sheet, June 2013. https://www.grdc.com.au/Resources/Factsheets/2013/06/Grain-Storage-
Dealing-with-highmoisture-grain

http://storedgrain.
com.au/wp-content/
uploads/2013/07/GSFS-
1A_GSPestControl_
NS_2013_LR_Final.pdf

i More 
information

http://www.graintrade.
org.au/commodity_
standards

i More 
information
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Figure 10: 
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Effects of temperature and moisture on stored grain. 
(Source: CSIRO Ecosystems sciences as published in http://www.grdc.com.au/~/
media/36D51B725EF44EC892BCD3C0A9F4602C.pdf)

If use of a grain dryer is not an option, grain that is over the standard safe storage 
moisture content of 12% and up to the moderate moisture level of 15% can be 
managed by aerating until drying equipment is available. Blending with low-moisture 
grain and aerating is also a commonly use strategy (Figure 11).

Figure 11: 

Blending
Layered blending 

with aeration

Air inAir in

Incorrect layering

  

Correct blending (Source: Kondinin Group)

Aeration drying forces large volumes of air through the grain in storage and slowly 
removes moisture. Supplementary heating can be added when ambient conditions 
typically have high humidity. Aeration drying can be done in a purpose-built drying silo 
or a partly filled silo with high-capacity aeration fans.

Dedicated driers can be used to dry wheat in batches or with continuous-flow, before 
it is put into silos, but excessive heat applied post-harvest can reduce the quality of 
milling wheat.

A wet harvest or damp conditions can make drying prior to storage a necessity. These 
rules will help you to decide whether it is safe to store your wheat without drying:

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/~/media/36D51B725EF44EC892BCD3C0A9F4602C.pdf
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• Wheat that does not exceed the maximum moisture level of 12.5% can be aeration 
cooled without drying to slow insect development and maintain quality during 
storage.

• Grain of up to 15% moisture can be safely held under continuous aeration for a 
number of weeks until a hot air drier or an aeration drying process can take place 
to reduce the moisture for safe longer term storage. Blending with dry grain and 
aerating may also be feasible. 

• Grain of more than 15% moisture should be dried to a safe storage moisture 
immediately , then held under normal aeration cooling for maintenance. 

13.5 Monitoring barley
Growers are advised to monitor all grain in storage at least monthly. During warm 
periods in summer, if grain moisture content is near the upper end of the safe storage 
moisture content, monitoring every two weeks is advisable. Insect pests present in the 
on-farm storage environment must be identified so growers can exploit the best use of 
both chemical and/or non-chemical control measures to control them.

Wheat for domestic or export use must not contain live storage pests, and feed grades 
can lose nutritional value and palatability through infestations. Keeping storage pests 
out of planting seed grain is also important because they can reduce the germination 
and vigour quality of seed with serious consequences for the next wheat crop.

When monitor stored grain through sieving, trapping and quality inspections, growers 
should keep records of findings. If possible, grain temperature should also be checked 
regularly. Any grain treatments applied need to be recorded. 20

Figure 12: Keep records of findings from stored grain insect monitoring. (Photo: QDAFF)

The lesser grain borer and rust-red flour beetle are some of the most common insect 
pest found in stored cereals. Other common species to watch for include weevils 
(Sitophilus spp.), the, saw-toothed grain beetle (Oryzaephilus spp.), flat grain beetles 
and rusty grain beetle (Cryptolestes spp.), psocids (booklice) Indian meal moth (Plodia 

20  P Burrill, P Botta, C Newman (2010) Aeration cooling for pest control. GRDC Grain Storage Fact Sheet, 
September 2010. https://www.grdc.com.au/~/media/ReFocus-media-library/Document/GRDC-Document-
Store/Publications-Media-and-Communications/Factsheets/Grain-storage-FS-Aeration-cooling-for-pest-
control.pdf

GRDC Fact Sheet, 
‘Dealing with high-
moisture grain’ 
from: http://www.
grdc.com.au/~/
media/36D51B725E 
F44EC892BCD3C0A 
9F4602C.pdf

i More 
information
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interpunctella) and Angoumois grain moth (Sitotroga cerealella). Another dozen or so 
beetles, and mites are sometimes present as pests in stored cereal grain.

Photographs and descriptions of these pests can be found in the GRDC Grain Storage 
Fact Sheet entitled ‘Northern and southern regions stored grain pests—Identification’. 
Or, GRDC “Stored grain pest identification – The Back Pocket Guide”.  Download it 
from: http://storedgrain.com.au/northern-southern-regions-grain-storage-pest-control-
guide/ or http://www.grdc.com.au/GRDC-FS-StoredGrainPestID

This Fact Sheet also outlines how to monitor stored grain for infestations. Here are 
some basic points to follow when monitoring for insect pests in your grain:

• Sample and sieve grain from the top and bottom of grain storages every month (4 
weeks) for early pest detection. Pitfall traps installed in the top of the grain store will 
also help early detection of storage pests .

• Holding an insect sieve in the sunlight will encourage insect movement, making 
pests easier to see. Sieve samples on to a white tray, again to make small insects 
easier to see. Sieves should have 2 mm mesh and need to hold at least 1 L of grain.

• To help identify live grain pests, place them into a clean glass container. Briefly 
warm the jar in the sun to encourage insect activity.  Weevils and saw-toothed grain 
beetles can walk up the walls of the glass easily, but flour beetles and lesser grain 
borer cannot. Look closely at the insects walking up the glass—weevils have a 
curved snout at the front and saw-toothed grain beetles do not. 21

Recent research in southern and central Queensland has shown that industry may need 
to consider an area-wide approach to pest and resistance management. The research 
indicates flight dispersal by the lesser grain borer and the rust-red flour beetle, both 
of which are major insect pests of stored grain. The research involved setting beetle 
traps along a 30-km transect in the Emerald district and showed that the lesser grain 
borer flies all year round in Central Queensland, whereas the flour beetle appeared 
to be located mainly around storages during the winter months, spreading into the 
surrounding district in summer. This study highlights the importance of finding and 
dealing with infestations to limit the number of pests that can infest clean grain. In 
another study, beetles were found to be flying between farms on a scale of at least 100 
km. 22  

NOTE: Exotic pests including Karnal bunt (Tilletia indica) and Khapra beetle (Trogoderma 
granarium) are a threat to the Australian grains industry—report sightings immediately.

21  P Burrill, P Botta, C Newman, B White, C Warrick (2013) Northern and southern regions stored grain 
pests—Identification. Grain Storage Fact Sheet, June 2013. https://www.grdc.com.au/~/media/Documents/
Resources/Publications/Fact-sheets/GSFS-2_SGPestIdent_NS_2013_LR_Final-pdf.pdf

22  G Daglish, A Ridley (2012) Stored grain insects: How they spread and implications for resistance. GRDC 
Research Update Northern Region, Spring 2012, Issue 66. http://www.icanrural.com.au/newsletters/NL66.
pdf

http://storedgrain.com.
au/northern-southern-
regions-grain-storage-
pest-control-guide/ 

http://www.grdc.
com.au/GRDC-FS-
StoredGrainPestID

i More 
information
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SECTION 14

environmental issues

14.1 Frost issues for barley
In the northern grains region, production losses due to direct frost damage in wheat and 
barley are estimated at AU$100 million/year. Direct losses are kept at this level only by 
delaying flowering every year, resulting in additional production losses well in excess of 
those due to direct frost damage. 1

In 2014 the GRDC set up the National Frost Initiative (NFI) which to run over five years 
tackling frost from several angles using a combination of genetic and management 
solutions with tools and information to better predict frost events.2

Frost damage reduces crop yield and grain quality. Early identification of symptoms 
allows timely crop salvage decisions to be made.

Barley and oat crops can tolerate lower temperatures than wheat. This is due to the 
structure of plant parts and the way that the plant develops. In barley, flowering occurs 
close to the boot, offering protection to anthers against frost. The sterility of florets leads 
to absence of grains, and stem frost is rare.

Inspect cereal crops between ear emergence and late grain-filling if night air 
temperature (recorded 1.2 m above-ground) falls below 2°C and there is a frost. Check 
low-lying, light-coloured soil types and known frost-prone areas first, then check other 
areas.

Symptoms may not be obvious until 5–7 days after the frost.

To identify frost damage, open the florets and peel back leaves on plants to clearly see 
the plant parts that are affected. A magnifying glass and fine tweezers or a needle can 
be useful. 3

For information on sowing times for managing frost risk, see Section 3: Planting.

14.1.1 Frost resistance in cereals after head-emergence
Spring radiant frost damage to cereals post head-emergence causes significant crop 
losses in Australia and internationally. The problem arises in areas where the heat 
and drought of summer restrict the cropping season to winter and spring. Typically, 
during the growing season, daytime temperatures are ideal for growth but night-time 
temperatures can fall to potentially damaging levels. Wheat can be affected when the 
canopy air temperature reaches -3.5°C (D Woodruff unpublished data), with damage 
increasing as the temperature falls further (Woodruff et al. 1997). Barley is generally 
considered more resistant than wheat, whereas triticale appears less tolerant.

To lower the risk of frost damage, winter cereals are planted ‘late’, so heading and 
grain development occur when warmer temperatures prevail. Unfortunately, this delay 

1  Farmer Advice, Managing Frost Minimising Damage, GRDC. http://www.grdc.com.au/uploads/documents/
frost.pdf

2  http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2015/03/Whats-going-on-
with-frost#sthash.Y1ltvO2f.dpuf

3  C White (2000), Back Pocket Guide: Cereals: Frost Identification, GRDC June 2000. https://www.grdc.com.
au/Resources/Bookshop/2012/01/Cereals-Frost-Identification-The-Back-Pocket-Guide-GRDC416

i More 
information

GRDC Back Pocket 
Guide: Cereals: Frost 
Identification at https://
www.grdc.com.au/~/
media/922066B417214 
09E9EFC6014A33 
3769B.pdf

GRDC Farmer Advice: 
Managing Frost 
Minimising Damage at 
http://www.grdc.com.
au/uploads/documents/
frost.pdf.

http://www.grdc.

com.au/Research-

and-Development/

GRDC-Update-

Papers/2015/03/Whats-

going-on-with-frost
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increases the likelihood of drought and high temperatures during grain-fill, dramatically 
reducing yield potential. Yield declines of as much as 16% for each week that flowering 
is delayed past the optimum time have been reported (McDonald et al. 1983; Woodruff 
and Tonks 1983). In the long term, optimum flowering time and maximised yields are 
achieved , when a compromise between the effects of frost and drought is reached 
(Woodruff and Tonks 1983).

On nights when still, cold air, clear skies, and low humidity combine, temperatures drop 
rapidly, resulting in radiant frost. Freezing of crops is a physical process moderated 
by factors such as plant development stage (Single 1964) and temperature. The 
crop temperatures experienced and recorded can vary widely due to differences in 
topography (Kelleher et al. 2001), micro-environment (Marcellos and Single 1975) 
and recording method (Hayman et al. 2007). To assist with early assessment of frost 
damage, accurate maximum–minimum field thermometers measuring temperatures at 
crop head height are useful. Minimum air temperatures measured at head height can 
be several degrees colder than temperatures measured in the Stevenson screen, as 
reported by the Bureau of Meteorology. For best results, a minimum of two or three 
field thermometers are required to give representative temperatures through a crop. 
In undulating country, more thermometers should be used to record temperatures at 
various heights in the landscape (Woodruff et al. 1997).

14.1.2 The effect of frost damage on different growth 
stages—better field identification of frost damage

Young crops
Major economic damage prior to stem elongation is uncommon (Single 1987; Woodruff 
et al. 1997). Young crops will usually regrow from damage, particularly if good follow-up 
rain is received (Afanasiev 1966). Rarely, very severe frosts (lower than -7°C canopy air 
temperature) may result in damage to the developing crown of the plant (Woodruff et al. 
1997). 

Advanced crops—not showing ears or awns
In addition to leaf and stem damage, booting crops can experience damage to 
developing ears. This damage usually shows as bleached sections with incomplete ear 
structures.

i More 
information

GRDC Update: Frost 
resistance in cereals 
after head emergence 
at http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2011/04/Frost-
resistance-in-cereals-
after-heademergence
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Figure 1: Frost damage prior to head-emergence.

Advanced crops—ears or awns visible
During and after ear emergence, the plant becomes much more susceptible to frost 
injury. In wheat, the breaking of the boot is critical for heads to become fully susceptible 
to frost (Livingston and Swinbank 1950; Single 1964; Afanasev 1966; Paulsen and 
Heyne 1983). Frost damage after head-emergence often results in severe stem and 
head damage, and frequently occurs at milder temperatures (crop air temperatures 
~-4°C). Damage is most easily identified in the 30 mm of stem above the top node. 
Damaged stem tissue develops a water-soaked dark green colour before shrivelling, 
drying out and bleaching. If this happens, connection between the head and the rest of 
the plant is severed, and the head dies (Afanasiev 1966) (Figure 2).

Figure 2:  Stem frosting (Woodruff et al. 1997).
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Figure 3: The effect on developing grains of a severe –5.5°C frost 2 weeks after flowering.

Frosting of developing grain, after flowering, is difficult to assess. Damaged grain may 
continue to swell and to all outward appearances seem relatively normal. However, 
these damaged grains eventually dry back to shrivelled (potentially) harvestable 
grains, which may cause downgrading (Figure 3). To assess this damage, 7–14 days 
after a frost look for discoloured, shrunken, water-soaked or hollow grains that, when 
squeezed, exude a straw-coloured transparent, rather than milky, opaque liquid.

14.1.3 Field screening—varietal differences
Elite varieties with improved frost resistance would have a major impact on cropping in 
the northern grains region by reducing yield losses to frosts, and/or by allowing earlier 
flowering and higher yield potential. The aim of this research is to identify useful sources 
of post head-emergence frost resistance in winter cereals. Winter cereals are being 
screened using two strategies:

1. Small-scale, nationally coordinated frost trials

2. Screening diverse winter cereals for potential sources of improved post head-
emergence frost resistance

Small-scale, nationally coordinated frost trials
Trials by Department of Employment, Economic Development and Innovation 
Queensland (DEEDI) provide a focus on screening methods and aim to:

• provide a framework to allow results to be compared between regions

• compare a small number of promising barley lines to wheat and barley controls

• use standardised meteorological stations at each site to characterise frost events

Results:

• Ten lines, very closely matched in flowering date, are tested at each site each year.

• There is little evidence that any of the lines consistently outperforms controls.

Screening diverse winter cereals for improved frost resistance
In addition to small-scale national trials, diverse wheat and barley types are being 
screened. Testing in the field is labour-intensive and expensive, but the reliability of 
screening in artificial freezing chambers is yet to be demonstrated. A field screening 
method has been refined and developed over four decades of frost research. Using this 
method, diverse wheat and barley lines are being assessed, with the aim of identifying 
new sources of resistance.

Screening results

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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• Screening methodologies are the key to maximising research effort—a rigorous 
screening method that minimises frost escapes and false positives is required.

• Method allows lines with different flowering habit (phenology) to be compared 
following a single frost event. This enables diverse sources for resistance to be 
screened.

• To date, no tested line significantly outperformed controls.

As no lines with useful levels of resistance have so far been identified, additional 
genotypes are being evaluated. 

14.1.4 The need for a better understanding—how and 
when plants freeze

Given that identifying winter cereals with improved frost resistance has proven difficult, 
a more fundamental approach may be needed to better understand frost and frost 
damage.

Frost-sensitive plants, although not damaged by cold temperatures alone, show 
freezing damage when ice formation occurs in the tissues. These plants can supercool 
(without ice formation) below 0°C and avoid damage. As this supercooled water in 
plants freezes, a small amount of heat is released. This heat can be detected using 
infrared imaging and used to observe ice formation (Ceccardi et al. 1995; Wisniewski 
et al. 1997; Fuller and Wisniewski 1998). Research has shown that infrared thermal 
imaging can be used to observe freezing in wheat under field conditions (Figure 4). It is 
hoped that with a better understanding of how and when plants freeze, better strategies 
or varieties to minimise frost damage can be identified. 

Figure 4: Artificially coloured infrared image (coldest dark blue, through blue, green, yellow, and 
red for the warmest), 16 July 2010, showing an individual wheat floret freezing. The freezing floret is 
coloured red and indicated with an arrow.
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Figure 5: Infrared camera observing wheat row as shown in Figure 4.

Sowing dates
The GRDC-supported Barley Agronomy and Variety Specific Agronomy Projects are 
conducting sowing time trials for wheat and barley at Trangie and Condobolin. Up to 
40 varieties, including all recent releases and advanced lines, have been sown at three 
or four sowing dates, and measurements taken include flowering time, biomass, tiller 
number, yield and grain quality.

Based on these 4 years of trials, it is recommended to sow barley from early to mid-
May. Within this range, sowing date decisions need to be based on specific variety 
choice. Hindmarsh  has yielded best from early May sowing dates, even when 
flowering occurs in late August. Commander  has performed just as well from a mid-
May sowing date as an early May sowing date, not necessarily because of reduced frost 
exposure from the later sowing, but more that the later sowing of Commander  has a 
reduced lodging risk and reduced vegetative growth. 

Agronomic management recommendations for Hindmarsh  and Commander  are 
also quite different. Hindmarsh responds favourably to high plant populations (100–
150 plants/m2) and early nitrogen applications, whereas the target plant population 
of Commander should be moderate (~80 plants/m2). Early nitrogen application to 
Commander  may lead to increased lodging. 

The relatively lower grain protein of Commander  may be an advantage where 
nitrogen levels are high; however, with declining soil nitrogen levels in northern NSW, 
Commander  may be less likely to achieve the required 9% threshold for malting 
grades. This highlights the importance of soil testing at least a few paddocks each year 
to make sound nitrogen decisions. 

While not compared experimentally, this barley time-of-sowing trial was adjacent to 
the 2012 wheat time of sowing trial. The average yield of the barley trial was 4.2 t/ha, 
compared with 3.2 t/ha in the wheat trial. Again, this highlights the risk-management 
benefits of barley, i.e. its ability to maintain relatively high yield in a tight finish. 4

In agronomy trials conducted in 2014 as part of the Southern Barley Agronomy Project, 
with sites from Gerogery in the south, to Lockhart, Matong, Condobolin and Parkes in 

4  R Brill, Sowing time response of 15 barley varieties—Trangie 2012, NSW DPI Coonamble. http://www.dpi.
nsw.gov.au/__data/assets/pdf_file/0004/468328/Northern-grains-region-trial-results-autumn-2013.pdf
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the north, and National Variety Trials (NVT) across the region, barley performed relatively 
well in the frosty winter and dry spring of that year.

Early sowing of fast developing barley varieties reduced yield as a result of frost; 
however this effect was much less pronounced compared with wheat.

There were differences in the performance of barley varieties across the southern 
region. Hindmarsh and La Trobe are most suited to low-medium rainfall zones with a 
sowing time of early to mid-May. Compass has performed consistently well across 
all rainfall zones and is only slightly slower to flower than Hindmarsh, so sowing date 
should be similar. Fathom also performed consistently well but is a feed only variety. 
Longer season varieties such as GrangeR and Oxford performed well in the higher 
yielding environments but were generally significantly lower yielding than faster varieties 
in drier environments.

These trials showed the benefits to grain yield of targeting populations of 150 plants/m2 
across all rainfall zones. 5

14.2 Soil moisture issues for barley
Availability of soil moisture has major interactions with the rate of transpiration and 
therefore photosynthetic production.

14.2.1 Moisture stress
Moisture stress slows photosynthesis and leaf area expansion, reducing dry matter 
production. It also limits root growth, which reduces nutrient uptake. This is important in 
areas with low rainfall. The period of crop growth is restricted at the start of the season 
by lack of rainfall and at the end of the season by water deficits and high temperatures. 
There is therefore little scope in these areas to lengthen the period of crop growth to 

increase dry matter production and yields. 6

14.2.2 Waterlogging
Barley is very susceptible to waterlogging. It is less tolerant than wheat or oats. Barley 
should not be grown on soils where waterlogging is likely to occur for periods of more 
than 2 weeks, or on irrigation layouts with poor drainage.

Waterlogging occurs when rainfall exceeds the infiltration rate, water-holding capacity, 
and internal drainage rate of the soil profile. Waterlogging fills the air spaces of the soil 
with water, reducing the oxygen concentration. This limits root function and survival, 
resulting in decreased crop growth or plant death. Availability of nitrogen and other 
nutrients may also be reduced. The lack of nutrients slows the rate of leaf growth and 
accelerates leaf death. Tiller initiation is also slowed, reducing the growth and survival 
of tillers. These conditions contribute to yield reductions. The amount of reduction 
depends on the stage of plant development when the waterlogging occurs, the duration 
of the waterlogging, and the soil quality. 7

5  Barley agronomy in southern NSW: https://www.grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2015/02/Barley-agronomy-in-southern-NSW

6  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

7  Industry & Investment NSW agronomists (2010), Barley growth & development, PROCROP Series, Industry 
& Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

i More 
information

GRDC Update: A 
snapshot of wheat 
and barley agronomy 
trials in the northern 
grains region of NSW 
at http://www.grdc.
com.au/Research-
and-Development/
GRDC-Update-
Papers/2013/02/A-
snapshot-of-wheat-and-
barley-agronomy-trials-
in-the-northern-grains-
region-of-NSW

Impact of sowing time 
and varietal tolerance 
on yield loss to the 
root-lesion nematode 
Pratylenchus thornei 
at http://www.dpi.nsw.
gov.au/__data/assets/
pdf_file/0007/431287/
Nematodes-and-
sowing-date-2011.pdf

Northern Grains Region 
Trial Results, Autumn 
2013 at http://www.dpi.
nsw.gov.au/agriculture/
broadacre/guides/ngrt-
results
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SECTION 15

Marketing

15.1 Markets for malting and feed barley
Since the deregulation of Australia’s malting and feed barley markets in the mid 2000s, 
barley has been freely tradable on the export and domestic markets. The northern 
region is the major supplier of malting barley to malt houses in Brisbane and Tamworth 
that provide malt to domestic and export end-users. These are mainly breweries 
in Brisbane, Yatala and Sydney and export markets in the Pacific and Asia, where 
increasing beer consumption is expected to underpin demand for Australian malting 
barley. 1

Intensive domestic livestock industries—beef, pork, poultry and dairy—are all major 
users of feed barley, a preferred ingredient in rations for the energy it provides in the 
form of starch. Demand from operations in northern New South Wales (NSW) and 
Queensland rarely leaves an export surplus of feed barley.

Although malting barley attracts a price premium over feed, it generally yields less than 
feed barley, and because of the exacting specifications set for malt, it is a harder crop 
to grow than feed. Based on long-term averages, 20–25% of the Queensland/northern 
NSW crop yields malting quality barley. 2 A proportion of Australia’s malting barley is 
downgraded to feed every season because it fails to meet malting specifications.

In 2010, Australia’s first food barley segregation was opened for Hindmarsh , which 
was developed as a malting variety but failed to meet industry specifications. The price 
it fetches is below that for malting; however, it can be expected to return a premium 
over feed in most years. It has potential markets in China and in Japan’s distilled spirit 
industry. 3

15.2 Marketing your crop
Adverse seasonal conditions and/or agronomy problems threaten to downgrade malting 
barley varieties from premium grades to feed or discounted malting segregations. 
Therefore, many growers opt to supply barley under a multigrade contract. These are 
available through private traders and also through Australia’s three major malting end-
users:

Joe White Maltings: A major buyer of northern NSW barley to supply its malt houses in 
Minto (Sydney) and Tamworth, it was bought by Cargill Australia in 2013. Go to http://
www.cargill.com.au/en/products/Malt/index.jsp to find out more.

Glencore Grain: While its malting operations are centred in Victoria and South 
Australia, Glencore Grain is a trader of feed and malting barley in northern NSW and 

1  GRDC (2013) Asian beer market holds up local barley. GRDC Groundcover Issue 106, http://www.grdc.com.
au/Media-Centre/Ground-Cover/Ground-Cover-Issue-106-Sept-Oct-2013/Asian-beer-market-holds-up-
local-barley 

2  DAFF (2011) Barley malting, feed varieties and sowing times. Department of Agriculture, Fisheries and 
Forestry Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/
barley/malting,-feed-varieties-and-sowing-times

3  GIWA Barley Council. Western Australian Malting Barley Variety Receival Recommendations for the 2013/14 
Harvest. Grains Industry Association of Western Australia, http://www.giwa.org.au/barley-council 
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southern Queensland through its Narrabri and Toowoomba offices. Go to http://www.
glencoregrain.com.au/ to find out more.

GrainCorp: As well as trading malting and feed barley delivered to its storages, 
GrainCorp is the owner of Barrett Burston Malting (BBMalt), which recently built a 
malt house at Pinkenba at the Port of Brisbane. Through BBMalt, GrainCorp offers 
competitive contracts in order to source the first new-season malting barley harvested 
in southern Queensland and northern NSW. Go to http://www.graincorp.com.au/grain-
marketing/sell-to-us/australian-growers to find out more.

Growers can also sell malting or feed in the cash market or at a forward price. While 
marketing pools are available to growers in other states that have sizeable export 
surpluses of feed and malting barley, they are not offered to growers in Queensland and 
northern NSW. 

Specification sheets outlining delivery standards are usually available from July each 
season and include all relevant information. 4 They are available from GrainCorp, your 
local grain trader or from Grain Trade Australia (GTA) by visiting www.graintrade.org.au/
commodity_standards

15.3 Malting varieties
Malting barley varieties in Australia are accredited by Barley Australia, and they 
undergo rigorous testing to ensure they meet malting standards for both domestic 
and international markets. Barley Australia is the peak industry body for maltsters in 
Australia and works with plant breeders to help ensure Australian growers have a range 
of sought-after malting varieties to choose from.

Commander , Gairdner  and Navigator  have been the preferred varieties for the 
domestic malting industry in northern NSW and Queensland in 2013. Regardless of 
variety, malting barley has a maximum allowable protein level of 9% and grades 1 and 2 
have a maximum of 12%. The maximum for grade 3 is 12.8%. 

Excessive protein as well as high screening and low hectolitre weights are the most 
common reasons for malting barley being excluded from premium malting grades.

15.3.1 Varietal selection
Delivery of malting varieties will depend on segregations in your region and must meet 
the GTA quality standards/specifications for malting barley. Growers should note that 
malt-accredited varieties may not have the best yield potential or disease resistance for 
their situation. All varieties are acceptable in the feed market. 5 Some of the quality traits 
required by international malt markets are different from those required by domestic 
brewers, and therefore, not all varieties may be acceptable in international markets. 
Table 1 provides an indication of buyer preferences and it is updated online at http://
www.barleyaustralia.com.au/preferred-varieties.

Table 1: Customer preferences for malting barley varieties

Variety
year 
accredited

Market demand Main production by state

export 
brewing

Domestic  
brewing

Vic. NSW SA Qld WA

Baudin 2003 High Low        

Buloke 2008 High Low        

Commander 2009 Low High        

4  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting

5  DAFF (2103) Barley planting and disease guide 2013. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-disease-guide.
pdf 
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Variety
year 
accredited

Market demand Main production by state

export 
brewing

Domestic  
brewing

Vic. NSW SA Qld WA

Fairview 2011 Low Medium  

Fitzroy 2005 Low Low  

Flagship 2008 Medium Low    

Flagship 2008 High Low  

Gairdner 1998 High High          

 Hamelin 2004 Low Low  

Schooner 1983 Low Low      

Stirling 1982 Low Low  

Vlamingh 2006 Medium Low  

Table 2 shows buyer preferences for malting varieties from northern NSW and 
Queensland. See: http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-
planting-disease-guide.pdf

Table 2: Customer preferences for malting barley varieties in northern NSW and Queensland

, Well accepted into market; , limited acceptance; O, not accepted or not yet classified in the market

Variety Domestic maltsters export

Qld NSW

Gairdner   

Commander   

Fitzroy   O

Grimmett   O

Navigator O � O

Hindmarsh O O 

A further nine malting varieties are currently under evaluation and are due to be released 
in 2014 and 2015. Some of these varieties are likely to be approved for use in the 
northern region. 6

15.3.2 Planting and growth
A soil test prior to planting is advised to ensure malting barley has enough nitrogen (N) 
available to maximise yield but not so much that grain protein exceeds the maximum 
level. Growers should target a protein range of 10–11% (dry basis). Malting barley 
requires adequate levels of phosphorus (P) at planting, but only requires ~40% of 
the N needed to grow Prime Hard wheat. Growers wishing to deliver malting barley 
are advised to plant their crop as early as possible using good-quality treated seed 
sown into good moisture conditions. A plant population of 100–120 plants/m2 is 
recommended. 7

Delay application of N and base rates on yield potentials of individual paddocks. 

After sowing, the major environmental risks in producing malting-quality barley are: 

• moisture stress pre-heading (i.e. August–September), which can reduce yield 

• late spring frosts, which can reduce yield and decrease grain size

6  Barley Australia (2013) Varieties under evaluation. Barley Australia March 2013, http://www.barleyaustralia.
com.au/varieties-under-malt-evaluation 

7  DAFF (2103) Barley planting and disease guide 2013. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-disease-guide.
pdf 
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• moisture and/or heat stress post flowering, which will reduce yield, decrease grain 
size and increase protein

• harvest rains and high humidity after ripening, which will reduce quality and may 
cause pre-harvest sprouting 8

Malting barley varieties have very little dormancy, making them susceptible to 
germination before harvest. This process is known as pre-harvest sprouting and 
reduces seed viability and lowers grain quality. Pre-harvest sprouting is caused by 
rainfall and high humidity after physiological maturity. It requires the seed to be wet 
for 20–30 h. This increases the seed moisture content, and once it reaches 40–50%, 
the seed begins to germinate. Enzymes including a-amylase begin breaking down the 
starch and protein in the grain into sugars and amino acids. If this continues, the seed 
can sprout in the head. If the moisture content is <40%, wind can dry the seed and stop 
it sprouting. However, some damage may have occurred to the endosperm. It may show 
reduced viability, its falling number (a measure of starch damage) may be high, and it 
may not make malting grade. 9

15.3.3 Harvest and storage
Harvest as soon as possible once barley dries down to 12% moisture. Current receival 
standards generally require delivered grain to have no more than 12.5% moisture. 
Storage of grain with higher moisture content is undesirable. 10 During harvest, take care 
not to over-thresh barley, as it will damage the grain. 

Because of its susceptibility to grain insect attack, barley is more difficult than most 
other cereals to store for longer than 3 months. This is in part because malting barley 
can only be treated with phosphine, dichlorvos, fenitrothion or methoprene for insect 
control. The Australian barley industry has an agreed position that malting barley is 
not to be treated with the fumigants chlorpyrifos-methyl (Reldan), pirimiphos methyl 
or carbaryl. In 2011, the fumigant sulfuryl fluoride was approved for use on malting 
barley. 11 Check with the end-user prior to treatment to ensure a particular pesticide is 
acceptable to targeted markets.

Check with your local GrainCorp depot before delivering malt, as not all depots have 
segregation for each malting barley variety.

15.4 Feed varieties
Feed barley is traded through major traders and private merchants or direct to domestic 
end-users, such as stockfeed manufacturers, feedlotters and other farmers. Prices for 
feed barley tend to be higher during winter than during the harvest period.

Quality requirements for the feed-grain market include a plump grain with high energy 
(starch) and low screenings. Price dockages are made for level of screenings and 
hectolitre weight. These are also important specifications in the malt industry. 12 
Specification sheets outlining delivery standards are usually available from July each 

8  DAFF (2103) Barley planting and disease guide 2013. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/__data/assets/pdf_file/0018/53019/barley-planting-disease-guide.
pdf 

9  Industry & Investment NSW Staff (2010) Barley growth & development. PROCROP Series, Industry & 
Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

10  Industry & Investment NSW Staff (2010) Barley growth & development. PROCROP Series, Industry & 
Investment NSW. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/516180/Procrop-barley-growth-
and-development.pdf

11  GTA (2011) Australian grains industry post harvest chemical usage recommendations and outturn 
tolerances 2011/12. Australian Government Department of Agriculture, Fisheries and Forestry National 
Residue Survey. Grain Trade Australia, http://graintrade.org.au/sites/default/files/file/Storage_and_Handling/
Outturn%20tolerances%202011-12%20Final%2019%20Dec11.pdf 

12  DAFF (2011) Barley malting, feed varieties and sowing times. Department of Agriculture, Fisheries and 
Forestry Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/
barley/malting,-feed-varieties-and-sowing-times 
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season and include all relevant information. 13 They are available from GrainCorp, your 
local grain trader or from GTA by visiting www.graintrade.org.au/commodity_standards

Feed no. 1 and no. 2 grades generally have no protein minimum or maximum. Feed 
barley comes in two forms: two-row barley and six-row barley. Six-row varieties are 
rarely grown and are suitable for feed only; they are mostly used for grazing or on-farm 
use. Accredited feed varieties are presented in Table 3.

15.4.1 Planting and growth
Use adequate fertiliser but do not over fertilise, as this will encourage excessive 
vegetative growth and could result in lodging. Phosphorus, zinc and sulfur levels 
are important as well as N levels. Plant into good soil moisture and maintain plant 
populations. The recommended population for maximum yield potential is 100 plants/m2 
or 1,000,000 plants/ha. Plant populations <800,000 plants/ha are likely to have reduced 
yield potential and provide less weed competition. See Table 4 for barley variety mean 
yields over three years.

15.4.2 Harvest and storage
Harvest at 12% moisture and store in cool, dry conditions. Unlike malting barley, 
fumigants registered for use on other cereals can be used on feed barley, which gives 
growers and bulk handlers more options for insect control.

Table 3: Accredited feed barley varieties

Variety year 
released

Production

Vic. NSW SA Qld WA

Barque 1997    

Binalong 2002  

Capstan 2002    

Cowabbie 2005 

Dash 1995   

Fathom 2012     

Fleet Australia 2006    

Grout 2005     

Hannon 2007    

Kaputar 1993  

Keel 1999     

Lockyer 2007     

Mackay 2002  

Maritime 2004   

Mundah 1996   

O’Connor 1988  

Oxford 2010     

Roe 2007     

Skiff 1988   

13  DAFF (2012) Barley planting, nutrition and harvesting. Department of Agriculture, Fisheries and Forestry 
Queensland, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/barley/
planting-nutrition-harvesting 
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Variety year 
released

Production

Vic. NSW SA Qld WA

Tantangara 1995   

Tilga 1997 

Tulla 2003 

Yambla 1988  

Yarra 2005    

Table 4: Northern region barley variety yields 2009–2011

Variety Mean yield (t/ha)

F Shepherd 5.7

F Oxford 5.3

M Commander 5.2

F Westminster 5.2

F Henley 4.8

Hindmarsh (food) 4.6

F Grout 4.1

F Mackay 4.0

M Fitzroy 4.0

M Gairdner 3.9

M Grimmett 3.8

15.5 Further reading
Barley Australia: www.barleyaustralia.com.au 

DAFF Queensland—Barley planting guide: http://www.daff.qld.gov.au/__data/assets/
pdf_file/0018/53019/barley-planting-disease-guide.pdf

GTA—Barley receival standards: http://www.graintrade.org.au/sites/default/files/
file/Commodity%20Standards/2013_2014/Section%2002%20-%20Barley%20
Standards%20201314%20Final.pdf 

GRDC—Wheat and barley leaf symptoms: The back pocket guide: http://www.grdc.
com.au/uploads/documents/GRDC-Wheat-Barley-BPG-2011.pdf

NSW Department of Primary Industries—Winter crop variety sowing guide 2014: http://
www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
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http://www.grdc.com.au/uploads/documents/GRDC-Wheat-Barley-BPG-2011.pdf
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http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide
http://www.dpi.nsw.gov.au/agriculture/broadacre/guides/winter-crop-variety-sowing-guide
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SECTION 16

Current research

Project Summaries of GrDC- 
supported projects in 2013-14
Each year the GRDC supports several hundred research 
and development, and capacity building projects.

In the interests of improving awareness of these 
investments among growers, advisers and other 
stakeholders, the GRDC has assembled summaries of 
projects active in 2013-14.

These summaries are written by our research partners 
as part of the Project Specification for each project, and 
are intended to communicate a useful summary of the 
research activities for each project investment.

The review expands our existing communication products where we summarise 
the R&D portfolio in publications such as the Five-year Strategic Research and 
Development Plan, the Annual Operating Plan, the Annual Report and the Growers 
Report.

GRDC’s project portfolio is dynamic with projects concluding and new projects 
commencing on a regular basis.  Project Summaries are proposed to become a regular 
publication, available to everyone from the GRDC website.

Projects are assembled by GRDC R&D investment Theme area, as shown in the PDF 
documents available.  For each Theme a Table of Contents of what is contained in the 
full PDF is also provided, so users can see a list of project titles that are covered.  The 
GRDC investment Theme areas are:

• Meeting market requirements;

• Improving crop yield;

• Protecting your crop;

• Advancing profitable farming systems;

• Maintaining the resource base; and

• Building skills and capacity.

The GRDC values the input and feedback it receives from its stakeholders and so would 
welcome your feedback on any aspect of this first review. This way we can continue to 
improve and extend this summary.

To send us your feedback please email us at feedback@grdc.com.au

A review of Research 
Projects supported by 
the GRDC in 2013-14

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
http://www.grdc.com.au/Resources/Publications/2014/10/Project-Summaries/Theme-1
http://www.grdc.com.au/Resources/Publications/2014/10/Project-Summaries/Theme-2
http://www.grdc.com.au/Resources/Publications/2014/10/Project-Summaries/Theme-3
http://www.grdc.com.au/Resources/Publications/2014/10/Project-Summaries/Theme-4
http://www.grdc.com.au/Resources/Publications/2014/10/Project-Summaries/Theme-5
http://www.grdc.com.au/Resources/Publications/2014/10/Project-Summaries/Theme-6
mailto:feedback%40grdc.com.au?subject=
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SECTION 17

Key contacts

GRDC Northern Regional Panelists

James Clark - Chair
James Clark lives in the NSW Hunter Valley and brings to the 
panel his extensive experience in both dryland and irrigated 
farming in the North Star area of northern NSW. James has 
served as a panellist since 2005 and chair since 2008. He says 
the role of the panel is to capture growers’ priorities, realise 
them into a pipeline of investments and empower growers to 
take up production gain opportunities as they arise. He believes 
the grains industry needs to continue to build future RD&E 
capacity and capability to service its needs going forward and 
ensure growers remain as competitive as possible.  
M 0427 545 212  E colane@bigpond.com

Loretta Serafin 
Loretta Serafin has extensive experience as an agronomist in 
northwest NSW and works with the NSW Department of Primary 
Industries in Tamworth. As the leader northern dryland cropping 
systems, she provides expertise and support to growers, 
industry and agronomists in the production of summer crops. 
Loretta is a member of numerous industry bodies and has a 
passion for helping growers improve farm efficiency. She sees 
her role as a conduit between advisers, growers and the GRDC 
to ensure growers’ research needs are being met.  
M 0427 311 819  E loretta.serafin@dpi.nsw.gov.au

Jules Dixon 
Jules Dixon has an extensive background in agronomy and 
an established network spanning eastern Australia and 
WA including researchers, leading growers and agronomy 
consultants through to the multinational privatesector. Based 
in Sydney, Jules operates a private consultancy specialising in 
agronomy, strategy development and business review. 
M 0429 494 067  E juliannedixon@bigpond.com

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
mailto:colane%40bigpond.com?subject=
mailto:loretta.serafin%40dpi.nsw.gov.au?subject=
mailto:juliannedixon%40bigpond.com?subject=
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Neil Fettell 
Neil Fettell is a part-time senior research adviser with Central 
West Farming Systems and runs a small irrigation farm near 
Condobolin, NSW. Neil has a research agronomy background, 
conducting field research in variety improvement, crop 
physiology and nutrition, water use efficiency and farming 
systems. He is a passionate supporter of research that delivers 
productivity gains to growers, and of grower participation in 
setting research goals. 
M 0427 201 939  E fettells@esat.net.au

Penny Heuston 
Penny Heuston is an agronomist based in Warren, NSW. She is 
passionate about the survival of the family farm and its role in 
the health of local economies. Penny is dedicated to ensuring 
research is practical, farm-ready and based on sound science 
and rigor. She sees ‘two-way communication’ as one of the 
panellists’ primary roles and is committed to bringing issues 
from the paddock to ‘the lab’ and conversely, the science to the 
paddock.  
M 0428 474 845  E pennyheuston@bigpond.com

Andrew McFadyen
Andrew McFadyen is an agronomist and manager with Paspaley 
Pastoral Company near Coolah, NSW, with more than 15years’ 
agronomy and practical farm management experience. He is 
an active member of the grains industry with former roles on 
the Central East Research Advisory Committee, NSW Farmers 
Coolah branch and planning committees for GRDC Updates. He 
is also a board member and the chair of Grain Orana Alliance. 
M 0427 002 162  E amcfadyen@paspaley.com.au

John Minogue
John Minogue runs a mixed broadacre farming business and 
an agricultural consultancy, Agriculture and General Consulting, 
at Barmedman in south-west NSW. John is chair of the district 
council of the NSW Farmers’ Association, sits on the grains 
committee of the NSW Farmers’ Association and is a winner of 
the Central West Conservation Farmer of the Year award. His 
vast agricultural experience in centralwest NSW has given him a 
valuable insight into the long-term grains industry challenges. 
M 0428 763 023  E jlminogue@bigpond.com

Jack Williamson 
Jack Williamson is a private agricultural consultant and helps 
run a family broadacre farm near Goondiwindi, Queensland. 
Six years of retail agronomy and three years of chemical sales 
management have given Jack extensive farming systems 
knowledge, and diverse crop management and field work 
experience. He is a member of the Northern Grower Alliance 
local consultative committee and Crop Consultants Australia.  
M 0438 907 820  E jack.williamson1@bigpond.com 

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
mailto:fettells%40esat.net.au?subject=
mailto:pennyheuston%40bigpond.com?subject=
mailto:amcfadyen%40paspaley.com.au?subject=
mailto:jlminogue%40bigpond.com?subject=
mailto:jack.williamson1%40bigpond.com?subject=
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Arthur Gearon
Arthur Gearon is a grain, cotton and beef producer located near 
Chinchilla, Queensland. He has a business degree from the 
Queensland University of Technology in international business 
and management and has completed the Australian Institute 
of Company Directors course. He is vice-president of AgForce 
Grains and has an extensive industry network throughout 
Queensland. Arthur believes technology and the ability to apply 
it across industry will be the key driver for economic growth in 
the grains industry.  
M 0427 016 658  E agearon@bigpond.com

Dr Tony Hamilton
Tony Hamilton is a grower from Forbes, NSW, and managing 
director of an integrated cropping and livestock business. He is 
a member of GRDC’s Regional Cropping Solutions Network – 
Irrigation panel and a director of the Rural Industries Research 
and Development Corporation. He has worked as an agricultural 
consultant in WA and southern NSW. With a Bachelor of 
Agricultural Science and a PhD in agronomy, Tony advocates 
agricultural RD&E and evidence-based agriculture.  
M 0406 143 394  E tony@merriment.com.au

Brondwen Maclean
Brondwen MacLean was appointed to the Northern Panel in 
August 2015 and is the GRDC executive manager for research 
programs. She has primary accountability for managing all 
aspects of the GRDC’s nationally coordinated R&D investment 
portfolio and aims to ensure that these investments generate 
the best possible return for Australian grain growers. Prior to her 
current appointment, Brondwen was senior manager, breeding 
programs, and theme coordinator for Theme 6, Building Skills 
and Capacity.  
T 02 6166 4500  E brondwen.maclean@grdc.com.au

David Lord - Panel Support Officer 
David Lord operates Lord Ag Consulting, an agricultural 
consultancy service. Previously, David worked as a project 
officer for Independent Consultants Australia Network, which 
gave him a good understanding of the issues growers are facing 
in the northern grains region. David is the Northern Panel and 
Regional Grower Services support officer.  
M 0422 082 105  E northernpanel@gmail.com

mailto:grownotes.north%40grdc.com.au?subject=Feedback%20on%20GRDC%20GrowNotes
mailto:agearon%40bigpond.com?subject=
mailto:tony%40merriment.com.au?subject=
mailto:brondwen.maclean%40grdc.com.au?subject=
mailto:northernpanel%40gmail.com?subject=
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