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driven by local issues and the search for solutions that suit local 
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PROGRAM FOR THE DAY 
 
 
7.30 am Registration and Breakfast 

8:15 am Welcome  

John Richardson, Chair, LEADA 

8:20 am Nigel Wilhelm (SARDI) – GRDC Copper trial 

8.50am Blake Gontar (SARDI) - Stubble management project – managing ryegrass in 

stubbles 

9.20am Therese McBeath (SARDI) /Ed Hunt – Stubble management project – nutrition 

efficiencies, the economics 

9.50am Andrew Ware, SARDI – Canola agronomy and black leg  

   

 

10.40am Keynote Speaker 

  Johnathon Dyer 

Nuffield Scholar, Big Data and more 

11.35am David Davenport (PIRSA)/Luke Moroney – New Horizons, research into practice 

12.05pm Brett Masters (PIRSA)/Ben Pugsley – Managing soil acidity, technology into 

production 

12.35pm Wrap up and thanks 

 LEADA Committee 

     

12.40pm Lunch and static displays 

 

Drone demonstration after lunch 

 

  

10.10am Morning Break  
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CHAIRMAN’S INTRODUCTION 
John Richardson 

Welcome all members, sponsors, industry professionals and guests to another year of LEADA 
research and extension.  

2015 across LEP saw below average growing season rainfall; however the pattern and timing of 
falls resulted in above average yields for many. Soils with low PAWC suffered from the dryer 
finish, but all in all most farmers were happy with the season. There were few agronomic issues 
to deal with and it was pleasing to see that control measures for aphids were effective in 
combating Beet Western Yellows Virus. 

LEADA continued to focus on attracting funding for research and extension across LEP in 2015. 
A strategic review of research priorities for the region directed project proposals into increasing 
Lupin profitability and continuing soil amelioration work, amongst many others. A district tour 
with the GRDC Southern Panel allowed LEADA to communicate these local issues to the panel 
members, who were very receptive to our research priorities. 

LEADA had a productive 2015 with continuation of our major GRDC Stubble Management project 
with a focus on chemical rates for ryegrass control. We continue to support the New Horizons 
trial site looking at the value of treatment of sub soil constraints. 

The leadership program, funded through support from the EP Rail Levy fund has been finalised. 
This included delivery of a leadership program for younger farmer on lower EP – thanks Linden 
Masters as well as a series of development workshops for members – team work, governance 
and succession planning. 

LEADA was successful in gaining some new grants that are in full swing currently: 
o GRDC funded project looking at spray topping canola 
o EPNRM Adapt Grant to better understand past soil modifications and long term 

benefits 
o National Landcare Program to case study treatment for low pH soils (case studies 

are included in this booklet) 

LEADA continues to offer small grants for members and last year contributed funds to assist 6 
projects across the region. 

The LEADA committee welcome new members Josh Telfer, Derek Mcdonald, Mark Habner and 
Mary Crawford.  Thanks to outgoing committee members Jordan Wilksch, Michael Treloar and 
Pat Head for their service to LEADA and agriculture across LEP. 

We are now looking forward to a positive 2016.  Thanks to our ongoing sponsors and funders, 
thanks to the ongoing support from PIRSA through SARDI and RSSA delivery, thanks to ongoing 
relationship with EPNRM and thanks to committee for their support and input. 
 
 

John Richardson  

Chair 
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GRDC COPPER MANAGEMENT TRIAL 
Nigel Wilhelm, SARDI, Waite Research Precinct, Adelaide 

Why do the trial? 

Trace element disorders in cropping systems of the southern region are generally most 
common on the more infertile and lighter soils of the region.  While management packages 
have been developed for many of these problems, the packages are old (20-40 years), were 
developed in different farming systems and used old application strategies (such as amended 
single super or combines for delivering fertiliser). Many have not been updated for current 
systems (including new crops such as lentils or mustard) or technologies and several new 
techniques and formulations are now available (such as fluid delivery at seeding into the 
furrow, synthetic and natural chelates and amended high analysis fertilisers).  These old 
packages have to be tested under current cropping conditions to check if they are still relevant 
or need to be adapted and the new options compared for efficacy and cost to the existing 
approaches.  

This article reports on a trial from a GRDC-funded project which is testing current guidelines for 
diagnosing trace element deficiencies with soil and plant testing and investigating management 
packages to make them more effective and cheaper for current cropping systems. 

How was it done? 

SARDI contracted Landmark to undertake a field experiment comparing a wide range of 
application strategies for treating copper (Cu) deficiency in wheat at a site near Edillilie which 
has had a strong history of Cu deficiency.  Soil testing of the site prior to seeding showed DTPA 
Cu levels in the top 10 cm of 0.16 ppm which is considered very deficient by current guidelines.  
DTPA Cu was even lower in the subsoil, 0.03 ppm in the 10-50 cm layer, which gave us even 
more confidence to go ahead with the trial.  Management details are summarised in tables 1 
and 2. 

The trial was sown using a trial plot seeder with DBS tynes on 300 mm spacing in a randomised 
block design. Foliar copper treatments were applied at GS21 (early tillering) and at GS41 (flag 
emergence). Soil applied treatments (granular and fluid) were banded below the seed. Plots 
were harvested for grain yield and grain quality was analysed.  See list of treatments in table 3 
for more details. 

Foliar sprays were applied 4 weeks prior to flowering to protect pollen development, which is a 
very sensitive stage for plants for Cu deficiency. 

Table 1.  Site history and management details for Cu management trial in wheat at Edillilie, 
2015. 

Location: Edillilie 

Plot Size: 2 m x 8 m 

Replicates: 4 

Soil Type: Loamy sand over clay 

Sowing Date: 22 May 
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Harvest Date: 11 November 

Rotation: 2014 - Canola 

Seeding Density: 100 kg/ha Cobra wheat + 5L/T Wilchem Signature Zinc 

Fertiliser: Base  of 35N + 28P/ha applied at sowing 

20 L/ha Easy ATS + 80 L/ha UAN post emergent 

130 L/ha UAN post emergent                                       (126  kg/ha of N applied in total) 

Pesticides: Double Knockdown 

2.5 L/ha Boxer Gold + 1.6 L/ha Avadex 

670 ml Velocity + 75 ml Lontrel Adv + 150 ml Axial + 3 L/ha Wilchem Signature ZM + 0.5% 
Adigor 

150 ml/ha Prosaro + 0.5% Uptake @ GS30 

500 ml/ha Opus + 200 g/ha Piramor @ GS41 

 

Table 2.  Spray application details for the Cu management trial in wheat at Edillilie, 2015. 

Spray Details 

Timing: GS14/21 GS41 

Spray Date: 1 July 31 August 

Spray Equipment: 02LD nozzle, 150 L/Ha @ 2 Bar 02LD nozzle, 150 L/Ha @ 2 Bar 

Weather conditions: Temp: 9oC  RH: 82%  Wind: Light NW Temp: 19oC  RH: 55%  Wind: Light N 

Growing Conditions: Excellent Excellent 

 

What happened? 

Growing conditions were excellent at this site until late spring when the crop became stressed 
from lack of water.  Responses to effective Cu treatments became visible by late tillering as 
plots which were lighter green but this did not affect biomass production.  All treatments had 
similar shoot biomass at first node stage, which is not unusual for Cu deficiency, even when it is 
severe. 

Youngest fully emerged leaves, the most sensitive plant part for diagnosing trace element 
deficiencies were analysed for Cu at this first node stage to assess the effectiveness of soil-
applied treatments.  All levels were low (less than 2.5 ppm) but Cu applied as a fluid lifted YEB 
levels more than the Cu enriched granular fertilisers.  Levels in the controls were 1.6 ppm 
which is considered very deficient for wheat. 

As plants ran up to head, another symptom of Cu deficiency became obvious.  Plants in all 
effective Cu treatments had heads which stood up straight but heads in low Cu treatments 
were bent over.  This may have happened because Cu deficiency inhibits the production of 
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lignin, which is the mortar holding plant cells together.  With low lignin levels, plants are 
physically less robust. 

After the scorching weekend in early October, plants in effective Cu treatments stayed green 
but all others were badly scorched.  Despite looking spectacularly bad, it is difficult to know 
how much impact this scorching had on grain yield. 

Table 3. Crop performance and Cu in youngest fully emerged leaves (YEBs) at first node for 
the Cu management trial in wheat at Edillilie, 2015. 

 Cu in YEBs (ppm) Yield 
(t/Ha) Grain protein % 

Nil Control 1.6 0.70 16.2 

Coated granular fertiliser at seeding (0.5 kg Cu/ha) 1.6 0.99 16.5 

Dry blend Granular fertiliser at seeding ( kg Cu/ha) 1.4 0.31 16.1 

Dry blend Granular fertiliser at seeding (2 kg Cu/ha) 1.2 0.31 16.9 

Foliar spray sulphate (90 g Cu/ha)  2.09 14.0 

Foliar spray chelate (90g Cu/ha)  1.73 14.8 

Foliar spray sulphate x 2 (90 + 90g Cu/ha)  3.19 14.2 

Luxury (1.5 kg fluid Cu + 2 kg granular Cu + 90 g foliar Cu) 2.0 2.98 13.9 

Fluid at seeding (0.09 kg Cu/ha) 1.3 0.95 16.1 

Fluid at seeding (0.19 kg Cu/ha) 2.0 0.99 16.6 

Fluid at seeding (0.38 kg Cu/ha) 1.8 0.77 17.2 

Fluid at seeding (0.56 kg Cu/ha) 2.5 1.13 16.7 

Fluid at seeding (1kg Cu/ ha) 1.9 1.31 16.5 

Fluid at seeding (1.5 kg Cu/ha) 2.4 1.41 16.4 

    

LSD (P=0.05) 0.4 0.43 0.7 

 

Grain yield was severely reduced by Cu deficiency.  Yields in the untreated controls averaged 
0.7 t/ha (see table 3) and the best treatments yielded 3 t/ha or better.  Treatments in which Cu 
was only applied to the soil at seeding as a fluid were beneficial but were very poorly effective 
compared to foliar sprays.  Cu enriched granular fertilisers were little better than the untreated 
controls. The best yielding treatment was the very cost effective option of two foliar sprays of 
90 g Cu/ha as Cu sulphate, applied at first node and then 4 weeks prior to flowering.  A 
chelated source of Cu proved to be no more effective at correcting Cu deficiency than a 
sulphate source. Grain size in this trial was poor, reflecting the tough finish to the season with 
hectolitre weight averaging 66 kg/hL and screenings 7%.  However, grain size was no worse in 
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the high yielding Cu treatments, even though proteins were lower (approx. 14% in the highest 
yielding treatments compared to 16% in the untreated controls). 

Cu content in grain was also assessed and only treatments with a foliar spray had levels above 
detection for the lab (1 ppm).  Of these, sulphate foliar sprays lifted grain Cu higher than the 
chelated source.  Despite these very low levels of Cu in grain, germination in both untreated 
controls and the luxury Cu management were similar and well above 90% (note: only grain 
from these two treatments. 

Messages from the trial. 

 The site was severely deficient in Cu for wheat so growers in this district with similar soil 
types should heed the warning provided by this trial. 

 Under these severely deficient conditions, soil applications of Cu were poorly effective 
compared to foliar sprays but fluid applications performed better than Cu enriched granular 
fertilisers.  However, soil applications of Cu can persist for decades so we hope to re-seed 
this trial in 2016 to assess residual benefits of the treatments applied in 2015. 

 There was no evidence that a chelated source of Cu as a foliar spray was more effective 
than a sulphate source and less Cu seemed to end up in the grain with the chelated source. 

 A single foliar spray of Cu prior to flowering is often sufficient to protect a cereal crop from 
Cu deficiency but under the severe deficiency encountered in 2015, two foliar sprays were 
necessary to overcome the problem completely (one at first node, the second prior to 
flowering). 

 Cu deficiency can make a crop more sensitive to adverse conditions.  In this trial, the hot 
drying conditions of the early October weekend, severely scorched all plots with no or 
poorly effective Cu management strategies. 

 The soil and leaf tests taken during this trial support that the current guidelines for Cu 
deficiency are still relevant to modern farming systems and varieties.  A DTPA Cu level in 
soil of less than 0.3 ppm in the top 10 cm is considered deficient, and 1.3 ppm Cu in YEBS is 
considered very deficient for wheat. 

Many thanks to Patrick Head and his team for conducting the trial and to Terry Blacker and 
Sjaan Davey (SARDI) for assisting with operations and analysis of samples. 
 
  



LEADA Farmer Expo 9 March 2016 

  11 

DETECTING AND MANAGING TRACE ELEMENT DEFICIENCIES IN CROPS 
Nigel Wilhelm and Sjaan Davey, SARDI, Waite Research Precinct, Adelaide 

GRDC project code: DAS00146 

Keywords: trace element deficiencies; soil testing; plant testing; micronutrient deficiencies. 

Take home messages 

 Zinc, manganese and copper are the three most important trace element deficiencies 
for crops in southern Australia. 

 Diagnosis from soil testing or symptoms is often not reliable or too late to manage the 
problem well. 

 Deficiencies can be overcome with cheap (sulphate) foliar sprays but boosting soil 
reserves for copper and zinc is a good investment. 

Background 

Many soils in the cropping zone of southern Australia s are deficient in trace elements in their 
native condition and crops can still be deficient in one or more trace elements despite many 
decades of research into their management.  Just because these deficiencies have not been 
around much in recent years, do not assume they will not return.  There is increasing concern 
in some districts that trace element deficiencies may be the next nutritional barrier to further 
productivity because with current cropping systems, we are exporting more nutrients to the 
grain terminal than ever before. 

Why is there a need for trace elements? 

Essential trace elements are nutrients which are required by plants and animals to survive, 
grow and reproduce but are needed in only minute amounts.  There are three trace elements 
which are most common in southern farming systems because there can be too little of them in 
cropping soils; - these are copper (Cu), zinc (Zn) and manganese (Mn).  Of these three, Zn 
deficiency is probably the most important because it occurs over the widest area, although it 
has not been seen to cause the total crop failures that Cu deficiency is capable of.  However, Zn 
deficiency can still severely limit annual pasture legume production and reduce cereal grain 
yields by up 30%.  If these trace elements are not managed well, the productivity of crops and 
pastures can suffer valuable losses and further productivity can also be lost through secondary 
effects such as increased disease damage and susceptibility to frost. 

Adequate trace element nutrition is just as important for vigorous and profitable crops and 
pastures as adequate major element (such nitrogen or phosphorus) nutrition. 

Zinc deficiency 

Zn deficiency has been identified on many soil types; acid sandy soils, sandy duplex soils, red-
brown earths, “mallee” soils, and calcareous grey and red heavy soils have all had either Zn 
responses confirmed or crops have been identified with Zn deficiency symptoms.  Zn deficiency 
appears to be equally severe in both high and low rainfall areas. 
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Symptoms 

It is very difficult to diagnose Zn deficiency in pasture or grain legumes because characteristic 
leaf markings are rarely produced in the field.  Zn deficiency causes shortening of stems and 
leaves fail to expand fully.  This results in plants which appear healthy but are stunted and have 
small leaves. 

In cereals, symptoms are usually seen on seedlings early in the 
growing season.  An early symptom of Zn deficiency is a 
longitudinal pale green stripe on one or both sides of the mid-vein 
of young leaves (figure 1).  The leaf tissue in this stripe soon dies 
and the necrotic area turns a pale brown colour.  Severely affected 
plants have a “diesel-soaked” appearance due to the necrotic 
areas on leaves, which generally start mid-way down the leaf, 
causing the leaf to bend or break in the middle. 

Plant symptoms appear to be worst early in the season when 
conditions are cold, wet and light intensity is low.  In spring, 
symptoms often do not appear on new leaves but grain yields will 
usually be reduced. 

 

 

Diagnosis 

Plant tests for diagnosing Zn deficiency are reliable and have been calibrated in the field under 
Australian conditions for wheat, barley, medic, beans and peas.  In tillering plants of wheat and 
barley, YEB (youngest fully emerged blades) levels above 20-24 mg kg-1 are considered 
adequate.  The minimum value in YOL’s (youngest fully open leaves) of medic is 15 mg kg-1 and 
in beans and peas the figure is approximately 23 mg kg-1 (although our information on peas is 
very limited).  For lucerne, levels above about 20 mg kg-1 in young shoots appear to be 
adequate. 

Correction 

Correction of Zn deficiency in a way which provides benefits after the year of treatment is 
possible through the use of Zn-enriched fertilisers or a pre-sowing spray of Zn onto the soil 
(incorporated with subsequent cultivations).  There is also the option of a Zn-coated urea 
product which can be used to supply Zn to the crop, and is most useful when you are pre-
drilling urea before the crop. 

Another option which will also provide long term benefits but has become available only 
recently is the application of fluid zinc at seeding.  The advantage of this approach is that it will 
provide residual benefits for subsequent crops and pastures but at a low up-front application 
cost (providing you ignore the capital investment in a fluid delivery system !).  At current prices, 
a typical application may cost about $6.00/ha (this is 1 kg of Zn/ha). 

Only Zn-enriched fertilisers of the homogenous type (the fertiliser is manufactured such that all 
granules contain some Zn) are effective at correcting Zn deficiency in the first year of 
application.  A rate of 2 kg of elemental Zn per hectare applied to the soil is necessary to 
overcome a severe Zn deficiency and should persist for 3-10 years (depending on soil type).  
Short intervals between repeat applications of Zn will be necessary on heavy and calcareous 
soils in the higher rainfall areas, while 7-10 year intervals will be acceptable in the low rainfall 

Figure 1. Zinc deficiency in 
wheat 
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areas.  Following an initial soil application of Zn of 2 kg ha-1 repeat applications of 1 kg ha-1 will 
probably be sufficient to avoid the re-appearance of Zn deficiency in crops and pastures.  Most 
zinc-enriched fertilisers are now not sold as pure homogeneous types but providing a 
homogeneous fertiliser is used as part of the mix then the final product is still satisfactory for 
correcting zinc deficiency.  For example, the company may produce a DAP Zn 5% “parent” 
product which has zinc on every granule which they will then blend with straight DAP to give 1 
and 2.5% products for the retail market.  This option will currently cost approximately 
$17.00/ha. 

Zn deficiency can be corrected in the year that it is recognised with a foliar spray of 250-350 g 
Zn ha-1 but it has no residual benefits and is thus not the best approach for a long-term 
solution. This option will currently cost approximately $1.00/ha (plus the cost of the operation).  
Zinc can be mixed with many herbicides and pesticides but not all so check with your supplier 
for compatible tank mixes before you make the brew.  Recent trials in eastern Australia suggest 
that chelated sources of trace elements are no more effective at correcting a deficiency than 
their sulphate cousin (see figure 2 for an example with treating copper deficiency in wheat), 
although older results from WA showed that there are situations where they can be superior. 

Seed dressings of zinc are yet another option for managing Zn deficiency.  These products are 
effective and will supply Zn to the young crop but they will not completely overcome a severe 
deficiency, nor increase soil reserves of Zn.  Seed with high internal levels of Zn can also be 
used in a similar way.  However, both approaches should be used in conjunction with soil 
applications to correct and manage Zn deficiency in the long term. This option will currently 
cost approximately $3.00/ha. 

Copper deficiency 

Symptoms 

Apart from shrunken heads in cereals, heads with gaps in them or “frosted” heads, Cu 
deficiency rarely produces symptoms in plants in the field.  The symptoms produced by Cu 
deficiency in the maturing cereal plant are due to poor seed set from sterile pollen and delayed 
maturity   However, under conditions of severe Cu deficiency cereal plants may have leaves 
which die back from the tip and twist into curls.  Cereal stubble from Cu-deficient plants has a 
dull grey hue and is prone to lodging due to weak stems. 

Cu-deficient pasture legumes are pale, have an erect growth habit and the leaves tend to 
remain cupped (as if the plant were suffering from moisture stress). 

Diagnosis 

Leaf analysis to detect Cu deficiency in plants is a very important management tool because Cu 
deficiency can produce devastating losses in grain yield of crops and pastures with little 
evidence of characteristic symptoms. 

Cu concentrations in YEBs of cereals above 3 mg kg-1 are considered adequate and below 1.5 
mg kg-1 deficient.  Pasture legumes including lucerne have higher requirements for Cu and 
plants are considered deficient if YOL values are below 4.5 mg kg-1.  Lupins are tolerant of Cu 
deficiency and levels above 1.2 mg kg-1 are adequate. 

Correction 

Traditionally, Cu deficiency has been corrected by applying Cu-enriched fertilisers and 
incorporating them into the soil.  Most soils require 2 kg Cu ha-1 to fully correct a deficiency, 
which may be effective for many years.  Due to the excellent residual benefits of soil-applied 
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Cu, Cu deficiency in crops and pastures has been largely overcome in most areas from “blue 
stone” mixes used in the 1950s and 1960s.  However, it may be re-surfacing as a problem again 
for several reasons.  Firstly, the applications of Cu made 20-40 years ago may be running out.  
Secondly, the use of nitrogen fertilisers is increasing and they will increase the severity of Cu 
deficiency and thirdly, Cu deficiency is affected by seasonal conditions and farming practices, 
eg. lupins in a lupin/wheat rotation make Cu deficiency worse in succeeding wheat crops.  This 
option will currently cost approximately $19.00/ha. 

Cu deficiency in crops can also be corrected by fluid application at seeding for an application 
cost as low as $4.60/ha. 

Cu deficiency in livestock (steely wool in sheep; sway-back in lambs; rough, pale coats and ill-
thrift in young cattle) is a continuing problem in some areas because livestock have higher 
requirements for Cu than pasture plants and low availability of Cu in the diet can be induced by 
high Mo intake, which can be further exacerbated by high sulphur levels.  The introduction of 
Cu bullets which provide 12 months protection has made treatment of the problem simple and 
cost-effective. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although Cu deficiency is best corrected with soil applications, the performance of which will 
improve with increased soil disturbance, foliar sprays will also overcome the problem in the 
short term.  A foliar spray of Cu (75-100 g Cu ha-1) is very cheap (approximately 90c/ha for the 
ingredient) but a second spray immediately prior to pollen formation may be necessary in 
severe situations.  This was the case in a trial conducted on lower Eyre Peninsula in 2015 where 
a late foliar spray was necessary to completely eliminate Cu deficiency in a situation was 
extremely deficient for Cu, exacerbated by a dry spring when wheat was forming pollen ad 
setting grains (see figure 2). 

Manganese deficiency 

The availability of Mn in soil is strongly related to soil pH; the higher the pH, the lower the 
availability.  Hence, Mn deficiency is most frequently a problem on alkaline soils although 

Figure 2. Effectiveness of 4 application strategies for treating Cu deficiency 
in wheat.  Foliar sprays were applied at 90 g Cu/ha, the fluid at seeding at 
1 kg Cu/ha. Trial at Cummins, lower Eyre Peninsula, 2015. 
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responses to Mn have also been recorded on impoverished, acid to neutral sandy soils.  The 
availability of Mn is also strongly affected by seasonal conditions and is lowest during dry spring 
weather.  Transient Mn deficiency may also appear during cold, wet conditions but affected 
plants are often seen to recover following rains in spring when soil temperatures are high. 

Symptoms 

Mn is poorly translocated within the plant so symptoms first appear in young leaves.  Old 
leaves on plants severely affected by Mn deficiency can still be dark green and healthy because 
they acquired Mn from the seed and once Mn enters a leaf it cannot be shifted out. 

Mn deficiency results in plants which are weak and floppy and pale green/yellow in 
appearance.  Mn-deficient crops can appear to be water-stressed due to their sagging 
appearance.  Close examination of affected plants can reveal slight interveinal chlorosis; the 
distinction between green veins and “yellow” interveinal areas is poor. 

In oats, Mn deficiency produces a condition known as “grey speck”.  Mn-deficient oats are pale 
green and young leaves have spots or lesions of grey/brown necrotic tissue with orange 
margins (this contrasts with Septoria lesions which have purple/red margins).  These lesions 
will coalesce under severely Mn-deficient conditions. 

Mn deficiency delays plant maturity, which is a condition most marked in lupins.  Mn-deficient 
patches in lupins will continue to remain green months after the rest of the paddock is ready 
for harvest.  Delayed maturity in patches of the crop is frequently the only visual symptom of 
Mn deficiency in lupins.  Mn deficiency will also cause seed deformities in grain legumes.  
Lupins suffer from “split-seed” which is caused by the embryo breaking through a very weak 
seed coat.  “Split-seed” will reduce yields and also viability of the harvested grain.  A similar 
condition in peas is known as “marsh spot” due to a diffuse dark grey area within the seed. 

Diagnosis 

Plant analysis will accurately diagnose Mn deficiency in crops and pastures at the time of 
sampling but Mn availability in the soil can change dramatically with a change in weather 
conditions.  This means that the Mn status of the sampled crop or pasture can also change 
dramatically after sampling - this must be allowed for when making recommendations on Mn 
deficiency. 

Concentrations of Mn in YEBs greater than 15 mg kg-1 are considered adequate for cereals at 
tillering.  For legumes, the corresponding figure in YOLs is 20 mg kg-1.  The WA Dept. of 
Agriculture also advocates a main stem analysis of lupins for diagnosing Mn deficiency at 
flowering. 

Correction 

Due to the detrimental effect of high soil pH on Mn availability, correction of severe Mn 
deficiency on highly calcareous soils can require the use of Mn-enriched fertilisers banded with 
the seed (3-5 kg Mn ha-1) as well as 1-2 follow up foliar sprays (1.1 kg Mn ha-1).  In the current 
economic climate, farmers on Mn-deficient country have tended not to use Mn-enriched 
fertilisers (due to their cost) but have relied solely on a foliar spray.  This is probably not the 
best or most reliable strategy for long term management of the problem. 

Neither soil nor foliar Mn applications have any residual benefits and must be re-applied every 
year.  Another approach is the coating of seed with Mn.  This technique is cheap and will 
probably be the most effective in conjunction with foliar sprays and/or Mn enriched fertilisers.  
Mn deficiency in lupins must be treated with a foliar spray at mid-flowering on the primary 
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laterals.  The use of acid fertilisers (eg. nitrogen in the ammonium form) may also partially 
correct Mn deficiency on highly alkaline soils but will not overcome a severe deficiency. 

Mn deficiency in crops can also be corrected by fluid application at seeding. 

Final note. 

There are other trace element deficiencies which can occur in crops and pastures (eg boron, 
molybdenum, iron) but they are likely to be so localised,or may not occur at all I many districts 
that I did not include them in this paper.  If you require any information on these, please 
contact me. 

Conclusion 

Trace elements are as essential to productive and profitable crop as nitrogen and phosphorus, 
the difference is that crops only require them in minute amounts. Zinc, manganese or copper 
deficiencies are the most common and severe problems  

Trace element deficiencies are difficult to diagnose with soil tests or from plant symptoms and 
plant testing is the most reliable, if not fool proof, tool. 

Foliar sprays will usually correct a problem in crop but boosting soil reserves for copper and 
zinc is a sound investment as a longer term strategy. 

Useful resources 

https://www.agric.wa.gov.au/mycrop 

http://anz.ipni.net/topic/micronutrients 

 

Contact details  
Name   Nigel Wilhelm 
Business Address GPO Box 397, Adelaide, SA, 5001 

Phone    0407 185 501 
Email   nigel.wilhelm@sa.gov.au  
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IMPROVING PRE-EMERGENT HERBICIDE EFFICACY IN RETAINED STUBBLE 
Blake Gontar, Andrew Ware, Brian Purdie and Ashley Flint, SARDI Port Lincoln 

Decades of research has demonstrated the value of retaining stubble in continuously cropped 
paddocks. Significant benefits include retaining nutrients such as nitrogen, improving soil 
structure through the addition of organic carbon, increased infiltration and moisture 
conservation as well as erosion control. However, maintaining stubble cover also necessitates a 
greater reliance on herbicides for weed control, as herbicides take the place of traditional 
controls such as burning, tillage and grazing.  

With a shift towards earlier sowing and the recognition of the need to rotate herbicide ‘mode 
of action’ (MOA) groups, there has been widespread uptake of pre-emergent herbicides for 
weed control. However, efficacy of pre-emergent herbicides is limited by the requirement for 
soil contact and, ultimately, contact with the emerging root and/or shoot of the target weed. In 
stubble-retained farming, this soil contact may be impeded by direct interception by surface 
stubbles. There is evidence to suggest that this problem may be overcome by increasing the 
application volume during normal spraying operations (Borger et al., 2013). Alternatively, there 
may be a net benefit in either removing or manipulating the stubble itself to fit within the limits 
of the chosen herbicide.   

In early 2015, as part of the GRDC-funded Stubble Initiative, SARDI conducted a trial to evaluate 
and quantify a) the effect of varying stubble treatments on pre-emergent herbicide efficacy, b) 
the impact of application volume on herbicide efficacy and c) any specific interactions between 
common pre-emergent herbicides with either stubble or water rate. 

Method 

The trial was located 5 km southeast of Ungarra and comprised a ‘red-brown earth’ consisting 
of clay loam topsoil to a depth of approximately 15-20 cm, over calcareous clay. The site was 
selected based on relative homogeneity of soil and slope (level), as well as having tall (300-450 
mm) standing retained stubble (2014 wheat stubble from a 3.65 t/ha crop) and low pre-existing 
densities of ryegrass, the focus weed of this trial. An early break in April followed by delayed 
seeding of the trial ensured that pre-existing ryegrass seed in the soil had an opportunity to 
germinate, be assessed (< 0.1 plants/m2) and be sprayed with a knockdown herbicide prior to 
seeding the trial, in order to limit its influence on results.    

In March of 2015, prior to seeding, replicated 18 m x 20 m blocks of stubble were prepared by 
either retaining tall standing stubble, slashing to standard harvest height (‘beer can height’, 
150-200 mm) and spreading the straw/chaff, or burning to remove stubble completely. The 
burn was successfully carried out under optimal conditions, resulting in very little stubble 
residue in these blocks (Figure 1a). In both the ‘slashed’ and ‘tall standing’ blocks, the retained 
stubble averaged > 6 t/ha. This type of stubble load is consistent with the 3.5 t/ha wheat crop 
grown the previous season under no-till conditions and could be considered average for the 
region, with stubble loads of 5-15 t/ha regularly encountered in continuous stubble retained 
systems on the LEP. However, the nature of the two retained stubble treatments varied greatly 
with respect to percent cover, with the slashed stubble approaching 85-95 % cover (Figure 1b) 
and the tall standing stubble covering around 40 % of the soil surface (Figure 1c).  
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On the 21st May, Following good April rainfall of 71 mm and May rainfall (up to sowing) of 14.4 
mm, including 7.7 mm on the 19th of May, trial plots were spread with annual ryegrass at a rate 
of 50 plants/m2 using a plot seeder with the seeding tubes disconnected from the tines and 
elevated approximately 450 mm above ground level. Visual inspection confirmed that the 
ryegrass distributed from the seeding tubes established a reasonably even pattern, rather than 
an ‘unnatural’ straight sown distribution, as would have been achieved through the boots. This 
was intended to mimic a natural population of wind-dispersed ryegrass, whilst ensuring a 
known and relatively consistent number of starting ryegrass plants/m2.          

Trial plots were then sprayed with combinations of three herbicides – pyroxasulfone (as 
Sakura™ @ 118 g/ha), prosulfocarb + S-metolachlor (as BoxerGold™ @ 2.5 L/ha) and a mixture 
of trifluralin and tri-allate (as Trilogy™ @ 1 L/ha and Avadex Xtra™ @ 1.6 L/ha) – at three 
different application volumes: 50 L/ha, 100 L/ha and 150 L/ha. Plots were sprayed using a 
shrouded four-nozzle spray rig mounted on a Polaris ATV, at various speeds/nozzle types to 
ensure appropriate spray quality. Each block of stubble contained each of the nine 
chemical/water rate treatment combinations as 20 x 1.5 m plots.  

 

 

 

 

 

 

Figure 2 – Trial site prior to seeding 

Immediately following the application of chemicals, trial plots were sown with wheat (cv. 
Mace) sown at a rate to achieve a target 180 pl/m2 using a six tine plot seeder with knife points 
on 225 mm row spacing. Follow-up rainfall of 2.2 mm on the 31st of May was below ideal, 
however this was backed up by 19 mm on 13th and 25 mm on the 17th of June.   

Ryegrass control was evaluated on the 2nd July (6 weeks after sowing) by repeated sampling of 
ryegrass numbers within each plot (15 samples per plot, with the average used as a plot 

Figure 1 – example cover of the three stubble treatments a) stubble removed (burnt), b) 
stubble harvested low and spread, c) stubble harvested high and left standing 

a)
) 

b)
) 

c)
) 
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estimate). Untreated control plots at the end of the trial site were also evaluated in order to 
establish a baseline of ryegrass germination.   

The trial was harvested on the 30th November using a plot harvester, with yields recorded. Yield 
data was intended to provide insight into potential losses or gains which may impact net 
benefit associated with any treatment.   

Results 

Ryegrass Control 

Ryegrass germination in the untreated control plots averaged 44.3 pl/m2 (± 5.7), representing 
nearly 90 % germination in the absence of herbicides. These plots had either slashed or tall 
standing stubble at sowing.  

There was a significant difference in ryegrass control between the 27 treatment combinations 
(P < 0.0001). Table 1 (below) summarises the average ryegrass density.      

Table 1 - Ryegrass density (plants/m2) for pre-emergent herbicides under varying application 
volume and stubble characteristics. Figures represent mean density across four replicates 
with each plot (sub-sampled 15 times). Means followed by the same letter are not 
significantly different at P = 0.05.  

 

Over all herbicide types and stubble treatments, increasing the water rate above 50 L/ha had a 
significant effect on ryegrass control (P < 0.0001). Ryegrass density averaged 21.2, 11.83 and 
10.87 pl/m2 for each of the 50, 100 and 150 L/ha treatments. However, the difference in 
ryegrass density between 100 and 150 L/ha was not significant (across all stubble/chemical 
treatments).  
 

 

 

Herbicide mix Stubble 50 L/ha 100 L/ha 150 L/ha 

Prosulfocarb + S-metolachlor  Removed 14efghi 11fghi 8hi 

 Tall standing 17defg 10fghi 7hi 

 Slashed 26bc 10fghi 6i 

Trifluralin + tri-allate Removed 15defgh 13efghi 7hi 

 Tall standing 18cdef 14efghi 13efghi 

 Slashed 14efghi 10ghi 13efghi 

Pyroxasulfone Removed 23bcd 15defgh 12efghi 

 Tall standing 36a 13efghi 19cde 

 Slashed 28ab 15efghi 11efghi 
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Table 2 – Ryegrass density across all herbicides/all stubble types for the three application 
volumes, with average control given as a percentage reduction from control. 

 

 

 

 

 

 

 

Over all herbicide types and water application rates, no significant differences were found 
between the three stubble treatments (P = 0.215). However, at the low application volume (50 
L/ha), there were some differences in the prosulfocarb + s-metolachlor treatment where 
slashed stubble reduced efficacy, and in the pyroxasulfone treatment where tall standing 
stubble reduced efficacy. However, it is important to note that these stubble/herbicide 
interactions were only evident at the low application volume – increasing the application 
volume to 100 L/ha generally negated any stubble or herbicide type effect.  

Yield 

Yields ranged from 2.93 to 3.23 t/ha, with the site average 3.11 t/ha. Neither the chemical type 
nor application volume affected yield. However, there was a slight yield penalty associated with 
the tall stubble treatment (P = 0.0003). Table 3 (below) summarises the yields of all treatments, 
whilst Table 4 presents the averages yields of the three stubble treatments.  

Table 3 – Average yield (t/ha) of plots treated with pre-emergent herbicides under varying 
application volume and stubble characteristics. Means followed by the same letter are not 
significantly different at P = 0.05. 

Water Rate (L) Ryegrass (plants/m2) Reduction from 
control (%) 

50 21a 52 

100 12b 73 

150 11b 75 

Herbicide mix Stubble 50 L/ha 100 L/ha 150 L/ha 

Prosulfocarb + S-metolachlor  Removed 3.14abcd 3.23a 3.19abc 

 Tall standing 3.15abcd 3.08abcdef 2.96ef 

 Slashed 3.11abcdef 3.14abcde 3.13abcde 

Trifluralin + tri-allate Removed 3.14abcde 3.21ab 3.2abc 

 Tall standing 3.07abcdef 3.02cdef 3.01def 

 Slashed 3.14abcde 3.11abcde 3.22a 

Pyroxasulfone Removed 3.14abcd 3.14abcd 3.21ab 

 Tall standing 3.02cdef 3.13abcde 2.93f 

 Slashed 3.12abcde 3.04abcdef 3.03bcdef 
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Table 4 – Average yield across all herbicide types and applications volumes for each of the 
three stubble treatments. Means followed by the same letter are not significantly different at 
P = 0.05.     

 

 

 

 

 

 

The correlation between ryegrass density and yield was poor in this trial (P = 0.18, R2 = 0.0167), 
indicating that ryegrass numbers had very limited influence on the yield of each plot.    

Discussion 

The results of this trial clearly demonstrate the value of adopting higher application volumes 
when applying pre-emergent herbicides in stubble and that this factor alone is more critical 
than stubble characteristics for the herbicides examined, in the moderate stubble load tested 
in this trial. Whilst an application rate of 50 L/ha is below the generally accepted standard of 
70-80 L/ha, anecdotal reports indicate that lowering the application rate in order to complete 
spraying more quickly is reasonably common. However, this trial clearly highlights the sacrifice 
being made in doing so – no combination of herbicide or stubble treatment resulted in better 
than 69 % control of ryegrass when sprayed at an application rate of only 50 L/ha. And whilst 
increasing from 100 to 150 L/ha did not result in significantly better ryegrass control to the 95 
% confidence level, there is a reasonably good trend between higher water rates (> 100 L/ha) 
and continued increase in ryegrass control.  

Interestingly, stubble treatment was not a significant influence on herbicide efficacy in any of 
the herbicide combinations at or above 100 L/ha. Furthermore, there were quite variable and 
inconsistent results at the 50 L/ha. However, the level of ryegrass control achieved by removing 
stubble and lowering application rate was not significantly better (and in the case of 
pyroxasulfone, was significantly worse) than simply increasing the water rate to 100 L/ha and 
maintaining standard industry practice harvesting low and spreading straw/chaff evenly. In 
terms of improving profitability, it is unlikely that removing stubble in order to lower water rate 
and speed up spray application could prove more beneficial than maintaining full stubble cover 
and increasing water application to 100 L/ha.       

Conclusion 

No obvious and consistent interactions between certain herbicides and stubble were obvious in 
this trial and it is seems likely that ensuring high application rates and appropriate spray quality 
(coarse-very coarse) is far more influential than the amount of stubble covering the soil, up to 
at least the 6.5 t/ha stubble load tested in this trial. At higher application rates and with good 
incorporation, adequate ryegrass control should be economically viable even within reasonable 
heavy spread stubble.  

Of some economic interest is the slight yield penalty apparent in those blocks where the 
stubble was retained ‘tall standing’. The lack of correlation between ryegrass density and yield 
overall would generally indicate that the ryegrass numbers targeted in this trial were not 

Stubble Character Yield (t/ha) 

Removed 3.18a 

Slashed 3.12a 

Tall Standing 3.04b 
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sufficiently high to negatively impact the yields significantly. It may also indicate that ryegrass 
density (plants/m2) alone may not be a good measure of ryegrass impact on the crop, since the 
herbicides applied may have retarded ryegrass plants, without actually killing them completely. 
Notwithstanding these issues, the lack of correlation between ryegrass density and yield 
suggest another cause of the yield penalty. As the trial was relatively disease and pest free for 
the duration of the trial, it seems likely that the yield penalty is associated with poor 
establishment, which may reflect the challenge of seeding high-stubble trials with tined plot 
seeding machinery lacking GPS guidance.  
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LIMITING RYEGRASS THROUGH PROACTIVE WEED MANAGEMENT STRATEGIES 
Blake Gontar, Andrew Ware and Ashley Flint, SARDI Port Lincoln 

In 2015, as part of the GRDC-funded Stubble Initiative, SARDI continued to investigate the 
impact of variety choice, time of sowing and sowing density on ryegrass control. This research 
is part of a bigger project aimed at ensuring continued profitability in stubble-retained farming 
systems. With the cost of weed management a significant ongoing issue for Lower Eyre 
Peninsula (LEP) growers, LEADA and SARDI are reviewing alternative strategies suited to the 
LEP which may assist growers reduce weeds by complementing existing herbicide strategies.  

Assumptions about the efficacy of these strategies underpin the ryegrass population modelling 
used in UWA’s Ryegrass Integrated Management (RIM) model. The potential of such a model to 
successfully guide weed management on the LEP is therefore dependent on validating the 
efficacy of such control measures as HWSC, crop competition and herbicide efficacy.         

Method 

Trial sites were established in 2014; one on a sandy loam over heavy clay at Wanilla and the 
other on a clay loam at Yeelanna. At each site, the trial layout and treatments were initially the 
same: four cereal varieties (Mace, Wyalkatchem, Emu Rock, Fleet), each sown at 2 target plant 
densities (150 & 250 plants/m2) at three sowing times (approximately, after break of season, + 
2 weeks, + 4 weeks). The trial was set out in a split-plot design with the 8 variety x seeding rate 
combinations as the main plot factor, and TOS as the sub-plot factor. Plots were sown on 24.5 
cm spacing using a tined plot seeder fitted with narrow points and press wheels. Seeding dates 
in 2014 were 5th May, 16th May and 11th June. The results of this work have been published 
previously (LEADA Expo Publication, 2015). 

In 2015, plots were overlaid on the 2014 plot locations, such that the compounded effects of 
each treatment could be monitored. In 2015, the same treatments were applied at Wanilla, 
however a change in paddock use at Yeelanna (farmer rotated to lentils) saw this site ‘held 
over’ by seeding all plots with the same variety of lentil at the same rate and timing. Given the 
poor competitive ability of lentils it was not viewed as worthwhile to manipulate agronomic 
factors. Ryegrass establishment was measured at Yeelanna prior to knockdown herbicide 
application and seeding of lentils on the 27th May, with this data reviewed as a potential 2nd 
year effect of 2014 treatments.  

At Wanilla, while all other treatment factors remained the same as in 2014, sowing dates 
changed to 27th April, 18th May and 27th May. One hundred grain weights for each variety were 
determined to estimate seed weight required per plot to achieve target crop density (assumed 
90% germination). All treatments were treated the same agronomically both at sowing and 
throughout the growing season. This included the use of pyroxasulfane, trifluralin and triallate 
pre-emergent herbicides at maximum label rates, and the addition of fertiliser as required.  
Ryegrass and crop emergence were measured approximately 4 weeks after sowing, for each 
time of sowing. A single visual estimate of ryegrass density was recorded in spring to verify the 
early season quantitative measurement. The results of the Wanilla trial will be discussed 
hereafter, with further trial work at Yeelanna to continue in 2016 and reporting of these results 
expected in 2017.        

Results & Discussion 

The ratio of crop establishment to target plant density (assumed 90 % germination rate) did not 
differ with time of sowing (P > 0.05). However, visual inspection of the emerging plots 
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suggested some plots in the second time of sowing may have been affected by spray drift very 
early. While this suspected effect was not sufficient to reduce plant density, it is likely to have 
reduced early vigour and may have impacted crop competition and yield in affected plots, 
adding variability to the trial data. Varieties differed in their germination ratios with Fleet 
germinating well above target rates and Emu Rock below (Table 1). Mace and Wyalkatchem 
had establishment ratios close to the target plant density. When the two target populations 
(150 & 250 pl/m2) were considered, independent of TOS, there was a noticeable decline for 
both Mace and Wyalkatchem, with establishment ratios for the 250 pl/m2 significantly lower 
than for the 150 pl/m2. This may suggest that the optimum seeding rate for these varieties may 
sit between these two numbers, above which higher seeding is actually creating competition 
between establishing wheat plants. This effect was not observed in the one barley variety, or in 
Emu Rock, where the ratio of establishment was generally poor regardless of target density. 
This effect would be dependent on specific seasonal conditions and is thus unlikely to be 
predictable/manageable. Crop establishment ratios are summarised in Table 1.  

        
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Mean ratio of observed crop establishment to target establishment for cereals sown 
at Wanilla. Means sharing a letter are not significantly different from one another.   

The poor germination of Emu Rock in this trial is likely due to poor seed quality rather than an 
intrinsic deficiency in this variety, since NVT testing of Emu Rock has not highlighted any 
germination/establishment deficiency specific to this variety to date. Nonetheless, these ratios 
highlight the potential differences in early crop competition and possibly to early canopy 
closure, due simply to varying establishment rates around an assumed germination average (90 
%). This illustrates the value in conducting grain weight and germination tests for all seed – 

  Crop Establishment Ratio (% of 
targeted plant density) 

Variety Target Crop 
Density TOS1 TOS2 TOS3 

Emu Rock 150 88hi 89hi 87hi 

Emu Rock 250 72j 084ij 90ghi 

Fleet 150 129a 109bcdef 113bc 

Fleet 250 101cdefgh 112bcd 112bcd 

Mace 150 118ab 104bcdefg 110bcde 

Mace 250 87hij 94fghi 108bcdef 

Wyalkatchem 150 111bcde 110bcde 105bcdef 

Wyalkatchem 250 101cdefgh 96efghi 97defghi 

P = 0.05 LSD = 0.15    
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both retained and commercial – from a weed management perspective, as well as a yield/profit 
perspective. 

There was no significant difference between the mean crop yields of the 24 treatment 
combinations. Whilst variability within the trial (possibly partially due to herbicide drift) may 
account for the lack of statistical significance in mean yield differences between variety, seed 
rate and TOS combinations, there appeared to be no indicative trend toward yield 
improvement with earlier TOS, something which is a key agronomic consideration for herbicide 
strategies. Table 2 (below) summarises the mean yields of treatment combinations.           

 

       

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Table 2: Mean yields of treatment combinations harvested at Wanilla.    

A key hypothesis of this trial was that delaying the time of sowing long enough to ensure a 
good germination of ryegrass and subsequent knockdown herbicide application remains a 
significantly beneficial weed management strategy; the long-term benefits of which would 
likely outweigh any observed loss of yield due to reduced growing season in any one season. 
However, the yield data in this trial demonstrate that delayed seeding may not necessarily 
confer a significant yield penalty at all (at least on this duplex soil type, under 2015 growing 
conditions), particularly where early-mid maturing varieties are preferred throughout a 
program and where an early break of season potentially sees these varieties being sown earlier 
than necessary. This effect may not be observed where a late break occurs and where delaying 
seeding further would potentially reduce the available growing season below the minimum 
requirements of the particular wheat variety planted. Likewise, an approach of delayed seeding 
following an early break may still have significant negative impact where a later maturing 
cereal (such as Trojan wheat) is chosen and the delayed approach further reduces the required 
growing season for the variety. 

  Crop Yield (t/ha)  

Variety Target Crop 
Density 

TOS 1 TOS 2 TOS 3 Variety 
Average 

Emu Rock 150 3.33 3.37 2.94 3.22 

Emu Rock 250 3.64 3.23 3.34 3.40 

Fleet 150 3.18 3.04 3.34 3.19 

Fleet 250 3.08 3.73 3.54 3.45 

Mace 150 4.00 3.88 3.15 3.67 

Mace 250 3.39 3.53 4.00 3.64 

Wyalkatchem 150 3.66 4.01 3.59 3.75 

Wyalkatchem 250 3.14 3.67 3.28 3.37 

TOS Average   3.43 3.56 3.4  

P = 0.05 LSD = ns     
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It is also worth noting that seeding rate did not significantly affect crop yield in this trial. This 
should be viewed in the context of seasonal conditions, as terminal drought conditions at the 
end of 2015 are likely to have reduced the number of grains filled per head where earlier water 
availability set up higher potential yields through increased tiller or grain number per head, as 
well as grain quality. And while it is possible that increasing seed rate may confer a yield benefit 
in years where there is a more favourable finish, the risk of such a strategy, namely in the 
increased cost of seed, needs to be weighed against any potential benefits.  

Whilst there were some significant differences in ryegrass density associated with either 
seeding rate or variety, there was not a clear trend within varieties or seeding rates. Table 3 
(below) summarises the mean ryegrass density for each of the variety x seeding rate 
combinations, across all TOS.  

       

 

  

 

 

 

 
 

 

 

 

 

 

 

 

Table 3: Mean ryegrass density for each variety x seeding rate treatment  

Previous research into the influence of variety and seeding rate on weed suppression have 
historically reported varied results (see Borger et al. 2015, Paynter & Hills 2009, Weiner et al. 
2001). Few trials have evaluated the actual compounding effect on weed density over a 
number of years, instead focusing on end of year weed seed set as a measure of the effect of 
seed rate or variety. While the table above seems to suggest that sowing either Mace or 
Wyalkatchem at 250 pl/m2 reduced ryegrass, it is important to note that these strategies only 
proved significantly better than the Emu Rock at 150 pl/m2, which, as discussed already, is 
likely to have suffered from poor seed quality, resulting in substantially low germination rates. 
So whilst the potential for control of ryegrass with competitive varieties and increased rates 
appears likely, there are evidently a number of other factors which influence ryegrass 
germination and seed set in any one year, resulting in quite variable outcomes in any one 
season.       

Ryegrass density across all combinations of variety and seeding rate was reduced by delaying 
seeding until at least the second time of sowing. Ryegrass density was approximately halved by 

Variety Seed Rate Ryegrass Density 
(plants/m2) 

Emu Rock 150 29.58a 

Emu Rock 250 21.09ab 

Fleet 150 18.16ab 

Fleet 250 20.27ab 

Mace 150 19.74ab 

Mace 250 9.84b 

Wyalkatchem 150 18.39ab 

Wyalkatchem 250 9.82b 

P = 0.05   LSD = 15.33 
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delaying seeding, likely the result of increased knockdown herbicide control of emerged 
ryegrass plants prior to seeding the 2nd and 3rd TOS.  Table 4 (below) summarises the effect of 
TOS on ryegrass density.   

TOS Ryegrass Density 
(plants/m2) 

Yield 

1 28.55a  3.43 

2 15.16b 3.56 

3 11.38b 3.40 

P = 0.05 LSD = 10.15 LSD = ns 

 

Table 4: Mean ryegrass density and yield for all each TOS    

When the difference between ryegrass density observations in 2014 and 2015 is considered, 
the magnitude of the benefit of delayed seeding becomes more pronounced (Figure 1). 

Figure 1: 2015 mean ryegrass density and 2015-2014 change in mean ryegrass density for all 
treatments  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TOS 1 not only resulted in significantly more ryegrass when compared to later TOS in 2015, it 
can also be seen that ryegrass density generally increased from 2014 to 2015. This is likely due 
to the compounding effect of inadequate control in 2014, resulting in an increasing seed bank, 
and further inadequate control in 2015. Plots sown in TOS 2 in 2015 however, showed a 
marked decrease in ryegrass numbers from high numbers in 2014. It is worthwhile noting 
however that the density of ryegrass in TOS 2 is still above the nominal 10 plants/m2 that is 
considered to provide sufficient competition to potentially reduce crop yield (???) and is 
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certainly great enough to continue to regenerate the weed seed bank. This strategy alone is 
unlikely to provide sufficient control in any one season. The increase in ryegrass density from 
2014-2015 in TOS 3 is associated with very low numbers in 2014, due to the very low 
germination of ryegrass at the time of counting in 2014 associated with severe waterlogging, 
rather than necessarily being an effect of 2015 control.       

Conclusion 

This trial demonstrates the potential cost-benefit of delayed seeding as a weed management 
strategy under specific seasonal conditions. The early break in 2015 provided an ideal 
opportunity to delay seeding in particularly weed-infested paddocks, allowing a significant 
portion of the weed seed bank to emerge and be controlled successfully with a knockdown 
herbicide application, without incurring a significant yield penalty. The relative success of this 
strategy is likely to be contingent on the intended selection of an early or early-mid maturing 
cereal variety, regardless of the timing of opening rains.  

However, the link between seeding density and ryegrass control was not clear cut in this trial 
and continues to be somewhat uncertain. Whilst logic and grower experience suggests that 
bare ground provides opportunity for ryegrass to flourish, it doesn’t appear to follow that 
simply increasing the amount of crop seed sown in a row from a base rate to a higher rate will 
reduce ryegrass density. Similarly, whilst a more vigorous and prostrate cereal variety might 
theoretically access light and nutrients ahead of weeds, where neither is limited, the small 
influence is unlikely to make sufficient impact on weeds to justify foregoing other potential 
varietal benefits such as disease tolerance/resistance, herbicide tolerance and certainly not 
yield benefits associated with more productive genotypes.  
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NUTRIENT REDISTRIBUTION ASSOCIATED WITH WINDROW BURNING 
Blake Gontar, SARDI Port Lincoln 

In 2015, SARDI undertook a limited monitoring project on behalf of LEADA as part of the GRDC-
funded Stubble Initiative which aimed to evaluate whether crops grown on sandy soils that had 
been managed with windrow burning were experiencing potassium (K) deficiency. This issue 
has been identified as a potential problem in the area, as windrow burning is becoming 
increasingly popular and several growers have reported seeing telltale ‘wave patterns’ in 
paddocks where windrow burning has previously taken place. These waves align with the 
previous year’s burnt windrows and, whilst the waves themselves actually represent areas of 
better crop, the overall pattern indicates a deficiency in the wider paddock.  

Burning stubble removes many nutrients. However, some of these are removed by fire more 
completely than others. For example, N, S and C are likely to be burned off relatively 
completely, whilst K may only be partially burned. For K, gathering stubble into windrows and 
burning does not completely remove the nutrient – rather, the K is redistributed and 
concentrated into narrow strips. The following crop growing over these strips are able to access 
abundant K. However, where K was only marginally sufficient at a paddock scale, the remainder 
of the paddock following windrow burning may be depleted of enough K to cause a crop 
deficiency.   

Whilst most nutrients are affected by the same process, the issue is likely to be more obvious in 
nutrients which are not being replenished regularly through fertilizer addition and K is rarely 
applied in current fertiliser management practices.  

Method 

Four sites were chosen for monitoring throughout the 2015 growing season. Sites were chosen 
based on their topsoil properties (sandy topsoil likely to suffer K deficiency), recent (2014) 
burnt windrows and the grower’s identification of telltale ‘wave pattern’ in nearby paddocks in 
recent years (as an indicator of whole farm K status). The aim of this selection process was to 
predict sites where the issue may arise in 2015. The four sites were located at Wanilla 
(sand/buckshot over sodic clay, canola stubble), Kapinnie (loamy sand over sandy clay, canola 
stubble), Moody (deep sand over sandy clay, canola stubble) and Brooker (sand over sandy 
clay, lupin stubble).  

Monitoring transects were established at each site, approximately 50 m into the paddock from 
the nearest access point. Two transects were established at each site; one in the burnt 
windrow and the other approximately halfway between windrows. Each transect comprised 
four sampling points, 5 m apart.  

Measurements consisted of soil sampling to 30 cm depth in early April and plant tissue tests at 
GS 31. On the basis of the plant tissue sampling and visual inspection of the crop at this stage, 
which demonstrated no K deficiency on any transect at any site, no further measurements 
(yield, DM etc.) were undertaken after this stage, since it was clear that K was not a limiting 
factor in these crops. Visual inspection of the crops at anthesis also confirmed no perceptible 
difference between burnt and unburnt sections later in the season.   

Differences in soil and plant tissue data were analysed using two-sample t-tests with every site 
treated individually. Deficiency was defined as less than 27 mg/kg for soil tests, although tests 
in the range of 80-200 mg/kg may begin to limit crop growth. Below 2.4 % K concentration in 
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leaf tissue samples at GS 31 (youngest emerged blade) is considered limiting (Reuter & 
Robinson, 1986).  

A fifth site (Ungarra) provided further data in this monitoring program; this was a gravelly sand 
(over sandy clay) between Moody and Ungarra where the property owner had identified a 
deficiency in a section of barley crop which displayed the characteristic wave pattern 
associated with the location of the previous two years of burnt windrows. Whilst not part of 
the initial monitoring program, some measurements and observations were taken in this crop 
as an example of the potential consequences of K redistribution from windrow burning.   

Results & Discussion 

None of the initial monitoring sites appeared to suffer from K deficiency throughout the 
monitoring period. The soil sampling confirmed that whilst there was certainly an effect of K 
redistribution throughout the paddock as a consequence of windrow burning, the effect was 
not substantial enough to limit the growth of the crop between rows. Table 1 (below) 
summarises the concentration of exchangeable (readily available) K in both the topsoil and 
subsoil to 30 cm.  

Table 1 – Exchangeable potassium (mg/kg) present in topsoil and subsoil on burnt rows and 
between burnt rows (paddock) and the P value for the two-sample t-test between burnt and 
unburnt areas. The differences are considered significant where P < 0.05. Critical value for K < 
27 mg/kg.      

Site Depth Burnt Row Paddock P-value 

Brooker 0-10 cm 144.3 62.4 0.012 

 10-30 cm 327.6 284.7 0.077 

Kapinnie 0-10 cm 226.2 85.8 0.004 

 10-30 cm 222.3 175.5 0.104 

Moody 0-10 cm 195.0 113.1 0.410 

 10-30 cm 300.3 261.3 0.268 

Wanilla 0-10 cm 549.9 97.5 0.004 

 10-30 cm 195.0 280.8 0.477 

 

The results demonstrate the potential for nutrient redistribution, with three of the four sites 
displaying significantly higher levels of K in the topsoil on the burnt row than in the wider 
paddock. None of the sites showed any significant difference in subsoil K. Given the time 
between burning of the windrows and soil sampling was very short with little exposure to 
rainfall, it is not unexpected that surface changes in nutrient distribution would not be 
measurable in the subsoil.  

Although some individual topsoil samples (particularly at Brooker) contained exchangeable K at 
levels close approaching the 27 mg/kg critical value – below which crop limitation may be 
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expected – averaged across the transect all sites displayed sufficient topsoil K to ensure healthy 
growth. It is likely even with some further reduction in topsoil K that young crops would ‘grow 
through’ the light topsoil into the subsoil, which contained ample K.  

Plant tissue sampling (youngest emerged blade, YEB) confirmed the sufficiency of K at all sites 
but again displayed differences between the windrow and other paddock area. At both Brooker 
and Wanilla there was a significant difference in plant K. These two sites had the lowest topsoil 
K levels and demonstrate that even though a reduction in soil exchangeable K may influence 
the concentration of K in the plant tissue, there may be no observable adverse growth effect – 
this suggests plant uptake of ‘luxury’ levels of K, where K is present in the soil at more than 
adequate levels, despite no requirement for it which further enhances the redistribution cycle. 
Table 2 (below) summarises the results of tissue testing conducted at early stem elongation (GS 
31 to 33).    

Table 2 – Potassium concentration (% w/w) in youngest emerged wheat leaf blade at early 
stem elongation for each monitoring site. P values for the two-sample t-test conducted 
between burnt and unburnt areas of individual sites are considered significant below 0.05. 
Critical value for potassium in YEBs at GS 31-33 is 2.4 %  

Site Burnt Row Paddock P-value 

Brooker 3.92 3.21 0.046 

Kapinnie 4.59 3.19 0.42 

Moody 4.61 3.86 0.081 

Wanilla 4.61 4.13 0.025 

 With no physical plant limitation observable at stem elongation and soil and plant tissue 
analysis confirming sufficient K at all sites, no further observations were taken at any site. 
However, the extra site at Ungarra demonstrated the effect of windrow burning on a gravelly 
sand soil. This site had wheat windrows burnt in 2014 and canola windrows burnt (at 
perpendicular angles) in 2013.  Figure 1 (below) is of a section of the barley crop affected by K 
deficiency.     

  

 

 

 

 

 

 

 
 

 

Figure 1. Image of 2015 barley crop with visual growth effects of 2014 and 2013 windrows. 
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Soil analysis conducted when the crop was at mid-grain fill showed that both the topsoil and 
subsoil between burnt rows was deficient in K (20.78 and 20.62 mg/kg), and was significantly 
less than the K concentration beneath the 2013 canola rows (29.31 and 33.13 mg/kg). Although 
these samples were taken when some of the available K was tied up in the plants themselves, it 
is likely that K concentration in the soil between rows was deficient at sowing. This deficiency 
had clearly observable visual symptoms including stunting and yellowed plants.  Dry matter 
averaged 8.36 t/ha over the 2013 canola windrows and just 4.66 t/ha in between the rows. A 
major effect observed in the crop was the presence of substantial spot-form of net blotch in 
areas of poor growth, with very little disease observed in the healthy crop rows – this effect 
reinforces the link between crop nutrition and disease susceptibility (see Brennan & Jayasena, 
2007).  

Conclusion 

This monitoring program demonstrates the concept of nutrient redistribution under what is 
rapidly becoming a commonplace weed management strategy for Lower Eyre Peninsula 
growers, whilst the example at Ungarra also demonstrates the potential consequences. Grain 
growers practicing windrow burning need to be aware of the nutrient status of their soils 
beyond standard phosphorus and nitrogen testing in much the same way as a hay enterprise 
would. Potassium removal may not have been widely considered hitherto, since harvested 
grain typically contains only small amounts of K relative to the straw (whereas N and P removal 
in grain is far greater than in straw) and K is slowly ‘replenished’ from the non-exchangeable 
available K (Hazleton & Murphy, 2007) and the breakdown of retained stubble which was 
historically chopped and spread. However, all growers practicing windrow burning should be 
conscious of the K status of their soil and the amount of straw being placed in rows and burnt 
and particularly those growers on lighter soils and those practicing full CTF (where harvesters 
are continually redistributing straw to the same location each year) should consider increased 
soil sampling and crop monitoring.  

Acknowledgements        

Thank you to the five farmers who took time to identify paddocks suitable for undertaking this 
trial work.  

References  

Brennan, R.F. & Jayasena, K.W. (2007) Increasing applications of potassium fertiliser to barley 
crops grown on deficient sandy soils increased grain yields while decreasing some foliar 
diseases, Australian Journal of Agricultural Research, Vol. 58, 680-689.  

Hazleton, P. & Murphy, B. (2007) ‘Interpreting soil test results: what do all the numbers 
mean?’, CSIRO Publishing, Collingwood, Australia 

Reuter D.J. & Robinson J.B. (1986) ‘Plant Analysis: An Interpretation Manual’, Inkata Press Pty. 
Ltd., Melbourne & Sydney                   

 
 
 
 
  



LEADA Farmer Expo 9 March 2016 

  33 

MAINTAINING PROFIT WITH STUBBLE RETENTION- MONITORING OF THE NITROGEN 
(N) FERTILITY OF KEY LOWER EYRE PENINSULA SOILS 

Therese McBeath1, Blake Gontar2, Andrew Ware2, Vadakattu Gupta1 and Ed Hunt 
 
1Agriculture, CSIRO, Waite Campus 
2SARDI, Port Lincoln 
 
Background 
The best management practice for nitrogen (N) will depend on the specific combination of soil, 
season, crop and grower preference for yield vs. profit maximisation. As cropping systems 
continue to intensify on the Lower Eyre Peninsula (LEP), the pressure to manage N fertiliser for 
the most efficient outcome grows in parallel.  

At the moment, the estimated N losses have been managed through high inputs of N relative to 
yield potential. Growers perceive that they are operating at low N use efficiency, particularly on 
the waterlogging-prone duplex soils, and recent LEADA trials support this notion with fertiliser 
use efficiency or the amount of extra N exported in a crop generally less than 50% of the 
fertiliser N applied.  

In 2015 we developed a paddock monitoring protocol so that we could make assessments that 
would help us to understand the relative differences between LEP soil types in their N use 
efficiency. The components of N use efficiency that were measured included the ability of the 
soil to supply N through mineralisation and the mineral N readily available to the crop at 
sowing.   

Aims 
1. To develop estimates of the ability of these soil types to supply N to crops from the soil. 
2. To quantify nitrogen use efficiency on key Lower EP soil types. 
3. To link N use efficiency with the profit and risk of N management on Lower EP farms. 

Methods 
We identified twelve wheat paddocks for monitoring to represent six key cropping soil types 
(sand at Mt Hill, sand over gravelly clay and sand over gravel at Greenpatch, deep clay at 
Cummins, loam over sodic clay at Yeelanna and red brown earth at Ungarra) on LEP. At the 
beginning of the growing season, and prior to sowing we collected replicate core samples to 
approximately 80 cm depth along a fixed transect from each paddock.  

Pre-sowing soil samples were analysed for properties that are not related to N nutrition but 
might constrain crop productivity (soil water, phosphorus (P) nutrition, pH and salinity (EC)). In 
addition the C:N ratio, microbial biomass C and N, N supply potential (NSP) and mineral N were 
measured.  

The microbial quotient is used to identify whether there is likely to be a limitation to the 
turnover of microbial biomass which could reduce the supply of available N to crops. 

The microbial quotient (%) was calculated as     × 100 

The NSP is an estimate of the amount of N a soil will supply to a crop in a growing season. It is a 
combination of the amount of surface soil mineral N available at sowing, N mineralised in a 21 
day aerobic incubation (approximate number of days with optimal conditions for N 
mineralisation in a growing season) and the proportion of microbial biomass N which is 
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assumed to become available from microbial turnover over a growing season in the top 10cm 
of soil.  

During the growing season plants on the same transect were sampled at first node and anthesis 
to measure biomass and N nutrition, and at maturity for grain yield and protein.  

Several of the measurements were utilised to calculate the N use efficiency as a % of N 
available to wheat crops grown on these soil types including grain yield and grain N (derived 
from protein concentration) to calculate the N yield or N export from the paddock, fertiliser N 
input (at 0.5 of added based on the maximum fertiliser N efficiency measured on LEP N 
response trials), pre-sowing mineral N (in the rooting zone below 10cm) and the NSP.  

N use efficiency (%) =      × .     ( )    ×100 

The information generated will be used to update our evaluation of the case study farm profit-
risk outcomes of N fertiliser management on LEP soils.  

Results  
The range of soil types is clear with quite acidic through to slightly alkaline pH (Table 1). Salinity 
levels were moderate at depth for Mt Hill, Cummins and Ungarra (data not shown). There were 
some notable differences in surface soil pH between residue type pairs of a given soil type 
(Table 1). This may indicate that it is not a complete match in soil type which is very difficult to 
achieve at the paddock-scale.  

Some paddocks had quite low P status (Table 1) and this is being addressed through 
collaboration between the University of Adelaide and Landmark, Cummins.  

Generally a C:N in the range of 11-13 is considered to support optimal N mineralisation from 
organic matter for crop uptake. The red brown earth and deep clay soils had a wider ratio than 
the optimal range. The microbial quotient represents the relationship between the microbial 
biomass carbon and the total organic carbon pool. A microbial quotient in the range of 3-5% is 
required for sufficient microbial turnover, a process which releases nutrients (Gonzalez-
Quinones, 2011). Four of the six soil types tested had a microbial quotient of less than 3%. 
Table 1. Pre-sowing soil test results from LEP wheat monitoring paddocks. The pH, Colwell-P, DGT-P, 
soil C:N, and microbial quotient (%) measured to 10 cm depth. Cells shaded grey indicates prediction 
of a P deficiency or a soil C:N or microbial quotient below optimal thresholds.  

Soil Type Residue pH 1:5 

H20 
Colwell 

P 
(mg/kg) 

DGT-P 
(µg/L) 

Soil 
C:N 

Microbial  
Quotient 

 (%) 
Sand Vetch 5.7 15 247 14 3.7 
-Mt Hill V Pasture 6.4 13 195 13 3.3 
Sand over clay Lupin 6.1 44 153 12 2.4 
-Lincoln Canola 4.9 55 95 12 2.0 
Sand over gravel Lupin 5.9 120 399 12 2.0 
-Lincoln Canola 4.6 55 96 12 1.2 
Deep clay Beans 7.7 30 40 16 3.5 
-Cummins Canola 6.5 34 55 13 3.4 
Loam over sodic clay Beans 4.9 43 109 13 1.3 
-Yeelanna Canola  4.8 39 86 13 1.3 
Red brown earth Beans  7.8 21 21 17 2.8 
-Ungarra Wheat 7.8 29 31 19 2.3 

 



LEADA Farmer Expo 9 March 2016 

  35 

In-crop monitoring of crop N status indicated that plants were not deficient for N at GS31 
according to published thresholds (Table 2). There wasn’t a consistent effect of a legume 
residue causing the higher tissue N content in the subsequent wheat crop (Table 2). 
Measurements of peak biomass at anthesis and grain yield again did not show a clear response 
to residue type, but did illustrate the variation in yield potential across the key LEP soil types 
(Table 2).  
 
Table 2. Plant assessments including first node (GS31, youngest emerged blade, YEB) N 
content (%), anthesis whole plant N content (%w/w), anthesis biomass (GS65, t/ha) ± 
standard error and grain yield (t/ha) and protein (%) at maturity. 

Soil Type Residue *GS31 
N% 

 

#GS65 
N% 

GS65 
biomass 

(t/ha) 

Grain 
Yield 
(t/ha) 

Protein 
(%) 

Sand Vetch 4.7±0.4 1.2±0.2 6.2±0.2 2.2 9.5 
 V pasture 4.3±0.3 1.2±0.1 5.1±0.2 1.6 9.5 
Sand over clay Lupin 4.8±0.6 1.5±0.2 10.4±0.4 3.5 11.7 
 Canola 4.9±0.3 1.8±0.1 11.0±0.1 4.2 11.6 
Sand over gravel Lupin 4.6±0.6 1.2±0.2 9.5±0.5 1.5 13.0 
 Canola 5.3±0.3 1.6±0.1 10.4±0.3 1.6 13.3 
Deep clay Beans 4.0±0.1 1.4±0.2 10.5±0.4 6.4 10.6 
 Canola 3.9±0.3 1.2±0.1 9.2±0.1 5.0 10.5 
Loam over sodic clay Beans 4.4±0.2 1.6±0.2 9.1±0.1 5.3 11.3 
 Canola  4.8±0.1 1.7±0.2 10.3±0.2 4.3 11.8 
Red brown earth Beans  4.3±0.1 1.0±0.1 11.7±0.6 4.7 9.1 
 Wheat 4.3±0.3 1.3±0.2 10.5±0.5 4.1 9.5 

*YEB late tillering deficient <3.4, marginal 3.4, adequate 3.5-5.4 high 5.5-6.5 #anthesis- critical 
values at anthesis in development by Sadras et al. ±standard error 
 
Table 3. Components of N use efficiency, NUE; N yield from grain (kg/ha), fertiliser N applied 
(kg/ha), sowing sub-surface soil mineral N (to rooting depth of 60-80cm) and N supply 
potential, NSP (kg/ha/decile 5 growing season) ± standard error.  

Soil Type Residue *N Yield  
 

(kg/ha) 

Fertiliser  
N  

(kg/ha) 

Sub- 
Mineral  

N 
(kg/ha) 

NSP 
(kg/ha/ 
season) 

NUE 
 (% of N 

available) 

Sand Vetch 37 31 35±2 34±2 43 
 V Pasture 27 31 37±1 42±2 28 
Sand over clay Lupin 72 74 83±7 58±7 33 
 Canola 85 99 85±9 85±10 38 
Sand over gravel Lupin 34 74 93±14 90±13 14 
 Canola 38 90 131±29 102±9 19 
Deep clay Beans 120 100 33±2 80±3 74 
 Canola 93 102 66±2 65±6 51 
Loam over sodic clay Beans 105 94 55±1 44±8 72 
 Canola  89 126 53±5 61±5 51 
Red brown earth Beans  75 41 48±1 56±5 50 
 Wheat 69 64 52±2 54±6 43 

*N Yield (kg N/ha) is N exported from the paddock; Grain wt (kg/ha) x Grain N (kg N/ha). NUE 
calculation is given in methods. 
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Given the inability to consistently measure N-related benefits from a legume compared with 
canola or cereal, it is likely that a higher NUE due to a legume break (Table 3) is due to a 
combination of break effect factors (e.g. other effects including soil-borne disease effects must 
also be influencing how efficiently N is being used). 
 
The components of NUE are summarised below by soil type: 
 
Sand (Mt Hill)- This soil is a lower yielding, lower input system on a low fertility sandy soil type. 
The NUE is higher following a legume (the volunteer pasture contained a lot of grass) (Table 3). 
Interestingly, the potential microbial turnover (microbial quotient) was considered to be in the 
optimal range (Table 1), especially following the legume vetch. While the NUE was not 
especially high, this system would be expected to operate at the low end of the range due to 
the lack of protection of organic matter in sandy soils. 
 
Sand over clay (Lincoln)- This soil had a relatively high level of pre-sowing mineral N (Table 1). 
There was equivalent NSP and NUE following canola or lupin (Table 3) but the microbial 
quotient indicated there was likely to be some restriction to microbial turnover and supply of N 
in this soil type (Table 1). Lupin residues tend to have less of an effect on subsequent N supply 
(NSP) than a bean residue (Table 3). This soil type exists in the same paddock as the sand over 
gravel soil type. 
 
Sand over gravel (Lincoln)- On the poorer sand over gravel soil, a wider C:N and a lower 
microbial quotient (Table 1) contributed to the lower NSP after canola compared to the legume 
residue (Table 3).  This soil type appeared to be far leakier or less responsive to N than the 
other soil types that were monitored, and the NUE was constrained by the lower yield potential 
on this soil type. The high levels of mineral N and NSP suggest that this soil type may be a 
candidate for reduced inputs in scenarios of lower yield potential. 
 
Deep clay (Cummins)- This soil type recorded some of the lowest level of pre-sowing mineral N 
yet it is often considered to be one of the most fertile soil types in the region (Table 1). The 
inherent fertility is reflected in the fact that it was the only other soil type (apart from the sand) 
that did not indicate a likely constraint to microbial turnover, and in the high level of yield 
(Table 1). There was an apparent benefit from the legume N in this system and the NUE was 
higher on a bean residue compared with canola (Table 3). 
 
Loam over sodic clay (Yeelanna)- Similarly this soil type showed an apparent benefit from the 
legume N in this system and the NUE was higher on a bean residue compared with canola 
(Table 3). The difference to the deep clay was that the supply of N through the cycling of 
microbial biomass was more constrained (low microbial quotient (Table 1) and lower NSP 
(Table 3)). 
 
Red brown earth (Ungarra)- While this soil had a high level of microbial biomass (data not 
shown), it had a wide C:N and low microbial quotient constraining turnover and release of soil 
N (Table 1). Therefore, the legume didn’t appear to have a significant influence on N supply. 
However, the system did operate at a higher NUE (Table 3), largely driven by reduced N inputs 
and higher yields (Table 1) (one could assume here that the legume must have provided 
another non-N related benefit). 
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While this detailed level of monitoring has been useful for working through the drivers of NUE 
on these soil types, we now need to consider what the minimum level of knowledge of soil and 
residue drivers of N supply is required to understand the key drivers of NUE in order to drive 
improved N management. There are opportunities for ongoing work to explore the trade-offs 
between water and nitrogen use efficiency in these key LEP soil types and in some cases (eg. 
contrasting soils and yield potentials within paddock) this may guide soil-specific N 
management for the most profitable and sustainable outcomes. 
 
Conclusion 
We have monitored paddocks in 2015 across key crop production soil types and covering wheat 
grown on different types of legume and non-legume residues. The monitoring captured NUE 
for the purpose of identifying any components of the system that require improved 
management and to compare what levels of relative N supply might be expected from soil 
types within the region. The use of legumes in the sequence appears to offer some benefits to 
N use efficiency and not all of these can be attributed directly to improved N supply. 
 
Reference 
Gonzalez-Quinones, V. et al. (2011). Soil microbial biomass-interpretation and consideration for 
soil monitoring. Soil Research. 49: 287-304. 
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CANOLA: UNDERSTANDING VARIETY DEVELOPMENT TO IMPROVE YIELDS 
Andrew Ware and Blake Gontar, SARDI Pt Lincoln 

Key Findings 

• 2015 was cooler than 2014 which affected how canola varieties developed and their grain 
yields 

• Early sowing presents a good opportunity to improve canola water use efficiency and yields 
but variety selection is important. 

Why do the trial?  
2015 formed the second year of field trials conducted at a number of locations across South 
Australia investigating options to increase canola profitability and reduce production risk with 
tactical agronomy advice underpinned by physiological insights. In this project SARDI is working 
in conjunction with CSIRO and NSW DPI to undertake physiological and agronomic research 
from southern QLD to the Eyre Peninsula. 

Research conducted by John Kirkegaard and Mike Robertson, CSIRO, that concluded in 2005 
found that water use efficiency in canola was typically maximised through early sowing. 
However this research was conducted prior to the release of many of the modern hybrid 
varieties available today. It also didn’t explore the effect of canola yield and development that 
occurs when sowing time is pushed into even earlier sowing windows that are now possible 
with the advent of modern farming practices. 

In both 2014 and 2015 trial sites were established at three sites in South Australia (Yeelanna, 
LEP, Hart, Mid North and Lameroo, Mallee). In each year a range of high yielding canola 
varieties planted at multiple sowing times, starting from mid-April.  A range of development 
stages were recorded throughout the season as well as grain yield. The results are aimed at 
growers being better able to improve water use efficiency of canola, through early sowing and 
correct variety selection and will also provide researchers with information on how canola 
develops in different environments so that further improvements to yield can be exploited.   

How was it done? 

Plot size 

Seeding date 

2.0 m x 10.0 m 

Dates: 14 April                

            30 April 

            14 May 

Fertiliser 

 

Paddock 
History  

150kg/ha 19:13: @ sowing + 
100kg/ha Urea post emergent  
 

2014 Faba Beans 

Randomised block design (with times of sowing blocked together) 

Location: Yeelanna 

Measurements: pre-sowing nitrogen, soil moisture, flowering dates, hand harvest yields, grain 
oil.   

Results and discussion 

Comparisons between 2014 and 2015 from the Hart Site 

Similar trials have been conducted on the Hart Field Day site in 2014 and 2015, where sowing 
dates were within a day of each other in each year and the majority of the varieties were the 
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same. This allows for some comparisons between seasons and provides some insights into the 
drivers of development in several of the varieties.  

Chart 1 shows the cumulative average daily temperature for Snowtown from 15 April (used as 
it has longer term data). The cumulative daily temperature is the daily maximum temperature 
plus the daily minimum temperature divided by two, with each temperature from 15 April 
added together to provide a cumulative total. This shows that the temperatures observed in 
2014 were considerably warmer than the average figure and in 2015 temperatures were 
slightly cooler than average. Similar relative conditions were also observed on Lower Eyre 
Peninsula 
 

 
Figure 3:  Cumulative average daily temperature for Snowtown (long term average, 2014 and 
2015)  

The effect that temperatures had on flowering date and subsequently yield of two varieties in 
2014 and 2015 is shown in table 1. It shows that both varieties, Hyola 575CL and Pioneer 
45Y88CL flowered two weeks earlier in TOS 1 (mid April) in the warmer conditions of 2014 
compared with 2015, however Pioneer 45Y88CL flowered over two weeks later than Hyola 
575CL in the first time of sowing 2014. The grain yield of Hyola 575CL from time of sowing 1 
compared to time of sowing 2 (1 May) in 2014 showed that there was a 0.57t/ha yield 
advantage from delaying sowing by two weeks in this variety, but no advantage from either 
sowing date with Pioneer 45Y88CL. This indicates that thermal time (or cumulative 
temperature) is a factor in the development of both varieties, but plays a more important role 
in Hyola 575CL, as it when planted early (mid April), can race through its development and 
flower too early resulting in a yield penalty. This effect was stronger in warmer 2014 than 2015, 
but is still a risk if deciding to plant early.  
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Table 1. 50% flowering dates and yield of two selected canola varieties at Hart, 2014 and 
2015.  

    TOS1 TOS2 TOS3 

Hart   2014 2015 2014 2015 2014 2015 

Flowering Date 
Hyola 575 29-Jun 16-Jul 2-Aug 10-Aug 31-Aug 25-Aug 

45Y88CL 16-Jul 4-Aug 17-Aug 17-Aug 4-Sep 31-Aug 

Yield (t/ha) 
Hyola 575 1.49 2.31 2.06 2.4 2.05 1.75 

45Y88CL 1.98 2.54 1.96 2.16 1.89 1.76 

 

2015 Yeelanna Results  

Table 2. 50% flowering dates and yield for nine cultivars sown at Yeelanna in 2015 

Location Cultivar   Time of Sowing  

  14-Apr 30-Apr 14-May 

Yeelanna  44Y89CL 17-Jul 8-Aug 22-Aug 

 45Y88CL 2-Aug 14-Aug 29-Aug 

 Archer 8-Aug 17-Aug 3-Sep 

 ATR_Gem 22-Jul 9-Aug 28-Aug 

 ATR_Stingray 30-Jun 30-Jul 15-Aug 

 AV_Garnet 25-Jul 12-Aug 26-Aug 

 Hyola_559TT 20-Jul 8-Aug 23-Aug 

 Hyola_575CL 16-Jul 4-Aug 22-Aug 

  Hyola_750TT 2-Aug 15-Aug 30-Aug 
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Figure 4: Hand harvest grain yields (t/ha) from Yeelanna, 2015 (lsd P=0.05%: 0.54t/ha). Hand 
harvest yields may be slightly higher than machine harvest yields but relative differences 
between varieties x TOS should be the same. They were used in this case as they  

Harvest from the 2015 Yeelanna trial results show that seeding at end of April led to the 
highest yields in most varieties trialled at Yeelanna in 2015. The exception to this was the 
longer maturing variety Hyola 750TT when sown in mid-April, which was the highest yielding 
variety x TOS combination in this trial. Delaying sowing until the middle of May also led to a 
reduction in yield in all varieties.  

All of the highest yielding treatments flowered in the first week of August. This also resulted in 
maximising biomass at maturity and led to the conclusion that early sowing, and hence earlier 
flowering didn’t give the plants enough time to accumulate maximum biomass for the Lower 
Eyre Peninsula environment and resulted in lower yields.   

The results from the Yeelanna trial were slightly different to results from a similar trial 
conducted at Hart in 2015 that showed most varieties sown in mid-April gave the highest 
yields. While ongoing work is being conducted to determine the difference, it is thought the 
warmer temperatures on Lower Eyre Peninsula led to the more rapid development of canola 
plants at the mid-April sowing which didn’t allow the plants time to maximise biomass and 
hence yield.    

Summary / implications 

Results from the 2015 trial at Yeelanna show that sowing canola early (Mid April) does have the 
ability to maximise yield and water use efficiency if the correct variety is chosen. However most 
of the commonly grown varieties yielded higher when planted in late April. This and other trials 
at the Yeelanna site in 2015 in indicated the optimal sowing window for most mid maturing 
varieties being from the 20th – 30th April. However varieties that have their development largely 
affected by cumulative temperature such as ATR Stingray and Hyola 575CL are probably not 
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suitable for planting in April and possibly should be considered in early May in the Lower Eyre 
Peninsula environment. Early sowing of canola must take into consideration the risk of pests 
and diseases that it may have and these should be carefully managed.   
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JONATHAN DYER 
It’s been said that through history there have been three major shifts or revolutions in the way 
people live and work. 

They include: 
1. The agrarian revolution, where people stopped being hunter-gathers and instead started 

growing crops and domesticating livestock. At this time the majority of the working 
population became involved in agriculture. 

2. The industrial revolution, where the wealth brought from mass-production shifted people 
out of rural areas and into cities. This process is continuing globally. The majority of 
employment in the economy has shifted from agriculture to manufacturing.  

3. The information revolution we are living through right now. Jobs are shifting from the 
manufacturing economy to the services and knowledge economy. The old saying is that 
knowledge is power.  

 
Figure 1 - Shezaf Rafaeli, 2014 

 This is an eye-opening perspective on what is happening and has happened to our agricultural 
communities. The skills required to flourish following each of these revolutions are completely 
foreign to the ones before it. Imagine a hunter-gatherer staring out across the river at a group 
of people planting seeds in the ground. Why do that when plants grow by themselves? Farming 
seems crazy to a hunter gatherer. It is a different skillset he has no knowledge of or need for.  

If the information revolution is as big as the previous two major revolutions, are we hunter-
gathers looking out across the river at a new information driven world which will require new 
technologies, skills and attitudes to prosper in? 

 What will the information revolution mean for agriculture?  Managing the information 
revolution will require new approaches and new ways of thinking in order for those of us on 
the front line of agriculture to adapt our mechanised industrial farming methods into the new 
reality of the information age.  
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New and cheap sensors are allowing farmers to measure more than we ever could before. Here 
is just a selection of the things on farm that can now be quantified that couldn’t previously:  

 Yield data – Tractors and harvesters have been sold with GPS guidance and steering as 
standard for around a decade now. The GPS enables yield information to be gathered 
and spatially mapped during harvest. We are even starting to see mapping of grain 
quality parameters such as moisture, oil content or protein levels. 

 Telemetry/Machine data – GPS data combined with recent advancements in telemetry 
has meant farmers can choose to log machine performance data in real-time as it is 
happening in field.  

 NDVI and aerial photography using drones and satellite imagery. 
 Paddock operation data – data is collected showing what inputs we apply to the fields 

as they’re applied. This includes seed, fertiliser and chemical applications. 
 Soil moisture and temperature levels at various depths. To see how much water is 

available for plants. 

These examples are biased toward grain production, but dairy farmers can collect individual 
production data for each cow milked and record information such as body temperature, milk 
production and daily movements. Horticulturalists can monitor radiation, humidity and 
temperature levels in greenhouses, optimising them all for the best plant growth when they 
aren’t even present! 

Collecting this data allows farmers to be more precise with inputs. The catch-cry of precision 
agriculture is “doing the right thing, in the right place, in the right way, at the right time”. This is 
where technology empowers both better farming and better environmental stewardship. Not 
only is using herbicides in a more targeted way better for the environment, it’s good farm 
practice and good business. Likewise, timely application of fertiliser allows for better yield, 
efficient application and less leaching into the environment. Digital agriculture is making better 
farmers and a healthier environment.  

The ability to collect and store all this farm related data presents many opportunities for 
farmers and also more than a few challenges. The opportunities lie in being able to consistently 
identify over and underperforming areas of the farm, and then having more accurate 
information about what to do with these areas.  

Understanding in a more nuanced way what happens on farm allows farmers to be more 
targeted with inputs and decisions such as feeding animals and machinery upgrades. Storing 
and collecting large amounts of data on farm may even lead to companies paying farmers for 
that information. A start-up company in the US called Farmobile is trying to develop a system 
to make this happen. This data may also lead us to discover things that we’ve been previously 
unaware of. 

However, there are challenges in harnessing new tools and technologies to the best of their 
capabilities. Collecting good data to store and analyse is not something many farmers have 
been taught, so it’s imperative new tools and applications come along that are well designed 
and easy to use. The skills need the connectivity and infrastructure to match them and the 
hope is that the National Broadband Network will aid this as it is rolled out across the country.  

Nonetheless this technology is coming to agriculture in a big way. The bellwether event for 
agricultural technology occurred in 2013 when agribusiness corporation Monsanto spent nearly 
US$1 billion to buy a company which was using climate data to help farmers manage weather 
risk. New investments are coming into our industry in a way that could shake it up. This new 
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money flowing into agriculture requires a fair bit of belief in technology. We farmers can use 
this technology to profit ourselves, or we can wait until those we deal with use it to profit at 
our expense. 

I was on a tech support call for some of our farm software the other day and the tech helping 
me made the comment, “some of our new programmers who have come from other industries 
(including mining and aviation) have been blown away by just how bloody complicated farming 
is”. He’s right, farming is complicated. We deal in the infinitely complex natural world, which 
means huge amounts of data about this complex world can be collected. As computing power 
gets cheaper and sensors become more available and easier to use, big data will enable 
farmers to improve what they do, in ways they don’t yet foresee. 
 
Jonathan Dyer 
Nerdfarmer.com/ 
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NEW HORIZONS AT BRIMPTON LAKE 
David Davenport, Rural Solutions SA 

Key points 

 Yield  increases were similar to or greater than 2014 with the best treatments including 
organic matter with or without clay 

 The spading only and the deep nutrition only treatments delivered less comparative 
yield benefit in 2015 compared to 2014 

 Poor grain quality was delivered by all treatments with the lowest screenings delivered 
by the spading with organic matter treatment (~13% compared to 20% of control). 

 Non-wetting did not appear to be an issue on this site in 2015 
 Unlike 2014, shallow incorporated clay treatments had no negative impact on plant 

emergence 

Background 

New Horizons is a South Australian Government funded program that aims to capture an 
additional $800 million in agricultural production per annum in South Australia. Up to 40% (4.1 
million hectares) of the broadacre farming area of South Australia has soil constraints that 
could be overcome through the application of new advances in technology, machinery and soil 
management. These include non-wetting sands with low fertility and water holding capacity 
and heavier soils with poorly structured subsoils. In 2014, the South Australian government 
established three trial sites on sandy soils in the Eyre Peninsula, Murray Mallee and South East 
regions; Brimpton Lake, Karoonda and Cadgee respectively. The Brimpton Lake trial was 
developed in conjunction with the Lower Eyre Agricultural Development Association (LEADA).  

The trial is located on the property of Michael Kenny and is farmed by Greg and Luke Moroney. 
The site is flat to gently undulating and is used for cropping (cereal, canola, and lupins) in 
rotation with annual grass and legume-based pastures. The soil profile comprises a grey, sandy, 
topsoil to 8-10 cm over a bleached white sand with sodic clay at 30-50 cm deep. Grain yields at 
the site are generally less than half the yields of better soils in the district. Treatments were 
developed to address the major issues on sands and focussed on the addition of various 
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combinations of clay, organic matter and nutrients to depth. In 2014 the best treatments were 
those including organic matter with or without clay. These treatments delivered wheat dry 
matter production of at least three times and yields at least double that of the control.  

Design 

The trial involves 12 treatments (Table 1), with 4 replicates.  

Table 1: New horizons Brimpton Lake Trial treatments – applied in 2014 

Un-clayed Treatments Clayed Treatments *** 

Unmodified (best district practice) Shallow Clay incorporation 

Deep Nutrition*  Shallow Clay with Deep nutrition 

Spading Spading + Clay 

Spading + Nutrition*  Spading + Clay + Nutrition 

Spading + Organic matter  Spading + Clay + Organic Matter 

Spading + Organic matter + Nutrition**  Spading +  Organic matter + Nutrition 

*”Nutrition” (spaded to 35 cm) and “Deep nutrition” (banded at 20-25 cm) treatments included 
an additional 60 N, 30 P, 50 K, 20 S, 4 Zn, 6 Mn, 3 Cu kg/ha 

** Organic matter – Lucerne hay @ 10t/ha 

*** Clay from nearby pit @ average 450 t/ha 

2015 Management 

The plots were resown with wheat in May 2015 using the same seed and fertiliser rates but 
with no new soil interventions. 

13/5/15 Sakura, Trifluralin and Gramoxone 

20/5/15  Seeding - Emu Rock wheat (aiming at 180 plants/m2) 

100 kg/ha DAP + 400 ml/ha Impact 

14/7/17 50 kg/ha SOA + 50 kg/ha Urea on all plots 

11/8/15 50 kg/ha of Urea applied to all plots except the treatments containing organic 
matter 

2015 total fertiliser N applied on treatments: with OM = 51 kg/ha, treatments without OM = 74 
kg/ha. 

2015 Monitoring 

 Pre-seeding gravimetric soil moisture and mineral N 
 Plant establishment counts  
 Dry matter cuts and nutrient composition at flowering    
 Root DNA analysis at flowering 
 Grain yield, protein and screenings   
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2015 Seasonal Conditions   

Total rainfall in 2015 was below average, however, growing season rainfall was well distributed 
to the end of September (Table 2). Above average rainfall in April supported vigorous early 
growth and regular, small rainfall events maintained soil moisture without any apparent 
waterlogging.  

 
Table 2: 2015 BOM Brimpton Lake Rainfall 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean 9.9 15.6 15.4 26.5 53.5 71 80.5 66.6 48 30.9 21.2 20.7 465.8 

2015 7.8 0 1.8 61.8 36.6 17.8 44.6 97.2 42.6 2.2 31.8 19 363.2 

Variation 
from 
mean 

2.1 -15.6 -13.6 35.3 -16.9 -53.2 -35.9 30.6 -5.4 -28.7 10.6 -1.7 -102.6 

 

Results 
Preseeding soil mineral N was highest in the organic matter treatments (Figure 1). 
 
 

 
 
Figure 1. Soil mineral nitrogen (kg/ha) pre-seeding in 2015. Error bars denote lsd at 5 %  
 

Consistent with 2014, water repellence did not appear to be an issue at the site in 2015, with 
no large differences in plant numbers observed. 

Analysis of the root DNA data showed there to be no significant differences in the volume and 
distribution of roots throughout the profile, however, there were differences observed 
between the unmodified control and the spading + OM treatments (Figure 2); the three 
treatments with the highest root DNA in the 30 – 50 cm layer all included spading + organic 
matter. 
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Figure 2. Pictorial representation of root DNA mass (pg/cc) in the unmodified control and the spading + organic 
matter treatment (width of bar represents amount of root DNA). 

   

In 2015 more favourable seasonal conditions delivered higher shoot biomass at flowering on all 
treatments compared to 2014 (115 to 350 % higher) (Figure 3). The four treatments that 
included spading plus organic matter (OM) performed the best in both years. Other points to 
note include:  

 Visually there appeared to be less surface sealing on the shallow clay treatment compared 
to 2014 and there was no the negative impact on plant numbers. There was also a 
significant increase in production compared to the unmodified control.  

 Unlike 2014, there was no substantial yield increase in the spading + clay only treatments 
compared to the shallow clay treatment. 

 Spading alone delivered no or only a small increase in biomass 
 Shallow clay incorporation increased biomass relative to the control 
 Influence on biomass from nutrition treatments was variable 
 

Figure 3. Comparison of biomass (t/ha) at Brimpton Lake in 2014 and 2015. Solid bars denote significance at 5% 
level. Hashed bars are not significantly different from the control.  
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Grain yields across all treatments were higher in 2015 than in 2014 (Figure 4). The best 
treatments in 2015 and 2014 were similar; the four treatments which included spading as well 
as organic matter delivered the best yields (average of 101 % for all four treatments in 2014 
and 89 % in 2015, relative to the control).  Whereas the percentage increase was lower, the 
best treatment delivered an increase of 1.93 t/ha over the control compared to a 1.56 t/ha 
increase in 2014. 

 

 
Figure 4. Grain yield (t/ha) of wheat at Brimpton Lake in 2014 and 2015. Solid bars denote significance at 
5 % level. Hashed bars are not significantly different from the control. 

Grain protein was similar for all treatments in 2015, ranging from 11 – 12 % (Table 3). 
Screenings in 2015 were high and much higher than in 2014. Anecdotal evidence form farmers 
in the district suggests that their crops sown at a similar time also delivered high screenings 
compared to early sown paddocks. Similar to 2014, October was extremely dry but unlike 2014 
there were several days of high temperature. This may have impacted on grain quality with 
high screenings and low grain weights delivered across treatments. 
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Table 3: Grain quality of wheat in 2015 

Treatment Protein 
% 

Screenings  

(%) 

control 12.1 19.5 

deep nutrition 11.8 21.6 

shallow clay 11.8 18.0 

shallow clay + deep nutrition 11.9 19.6 

spading 11.5 17.53 

spading + nutrition 11.07 19.03 

Spading + clay  11.9 17.2 

spading + clay + nutrition 11.7 17.1 

spading + OM 11.45 13.93 

spading + OM + nutrition 11.08 11.57 

spading + clay + OM 11.4 14.3 

spading + clay + OM + 
nutrition 

12.1 16.0 

 

 

Conclusions 

There appears to be a residual response to the organic matter treatments applied in 2014 with 
a lesser response to the deep nutrition, clay and spading only treatments. What factor(s) are 
driving this response is uncertain. The application of lucerne hay does provide a nutritional 
benefit with higher levels of soil mineral N found in the OM treatments pre-seeding in both 
2014 and 2015. However, these treatments also had lower rates of fertiliser N applied than the 
treatments without OM and the total mineral N (soil mineral N + applied N) should have 
provided more than adequate N to deliver yields above those delivered by the unmodified 
control. Questions on the role of organic matter and the length of benefit will require further 
work.  

PIRSA will continue to support these trials in 2016 with additional support through a new GRDC 
funded project. 
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MANAGING SUB SOIL CONSTRAINTS - MORONEY DEMONSTRATION  
Funded with support from the LEADA Small Grants Program 

After observing the yield benefits delivered by the incorporation of organic matter at the New 
Horizons trial, Greg and Luke Moroney wanted to see if the addition of organic matter at a 
lower rate would deliver similar yield increases; a demonstration site was established in 
March/April 2015 with funding support from the Eyre Peninsula Natural Resource Management 
Board and LEADA.  

The site comprises a delved sand over clay with a sandy rise on the southern portion of the site 
grading to a heavier flat on the northern portion (Figure 5). Four strips 36 m x 278 m long (1 ha) 
, running north-south were prepared with the following treatments; control, 2 strips with 
medic hay @ 5t/ha either spaded to 35 cm on the sand or disced to 20 cm on the flat), and a 
strip with cereal hay @ 5t/ha and spaded as per the medic hay (Figure 6). 

 
Figure 5. Moroney Demonstration Site 

Figure 6. Moroney Demonstration Trial Plan 
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The site was sown to Emu Rock wheat @ 90kg/ha with 110kg/ha of 28:13. All treatments 
except the medic hay + spading on the western side also received an additional 37 kg/ha of N 
applied midseason as urea. 

There were obvious visual differences in plant growth between treatments with the medic hay 
and to a lesser extent the cereal hay treatments having more uniformity in growth with greater 
plant vigour (Figure 7). 

 
Figure 7. Plant samples Moroney Demonstration 

Biomass measurements were taken at flowering and there were large visual and measured 
differences observed between treatments with the medic hay treatments standing out (Table 
4). Similar to the Brimpton Lake New Horizons site, conversion to grain yield was also poor, 
particularly on the medic hay treatment on the western side of the trial. This may be due to 
either the low water holding capacity of the deeper sand, or due to the exclusion of the 
additional urea the other treatments received.  
Table 4: Moroney Demonstration Results 2015 

Treatment Dry wt of 
shoots at 
flowering 

(t/ha) 

Grain 
Yield 
(t/ha) 

Grain 
Protein 

(%) 

Hectolitre 
Weight 
(kg/hL) 

Screenings 
(%) 

Grade Gross 
income 

$/ha 

Control 3.4 2.9 13.9 71 2.5 AUH2 $750 

"Hill" with medic hay  

disced in 

9.0 4.2 12.5 72.6 4.6 AUH2 $1,065 

"Flat"  with medic hay 
spaded 

7.5 4.5 11.3 72.6 3.3 AGP $1,060 

Cereal hay spaded 6.3 3.7 11.8 76.8 2.4 H2 $972 
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Grain quality was better than the New Horizons trial with considerably less screenings. Luke 
and Greg have made an estimate of return on investment in undertaking this work. Their view 
is that provided similar yield increases continue into the future, the costs involved in applying 
the best treatments could be recouped within 5 years.  

There is also the potential to reduce costs through not having to purchase and spread hay, but 
use paddock residues from on site. These options are going to be explored further this year. 
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CASE-STUDYING SUCCESSFUL MANAGEMENT OF SOIL ACIDITY ON LOWER EYRE 
PENINSULA, 2015 

Brett Masters, Rural Solutions SA 

 

Introduction  

More than 178,000 hectares of soils on Lower Eyre Peninsula are susceptible to acidification 
that can negatively impact agricultural production. These are predominately ironstone soils 
south of Cummins and coarse shallow sands on clay near Ungarra/Cockaleechie. Soil 
acidification is a natural process but is accelerated with agricultural practices such as crop/hay 
removal and use of high nitrogen fertilisers.     

These case studies, compiled under LEADA’s National Landcare Program (NLP) funded project, 
document the experience of two Lower Eyre Peninsula farmers in identifying and successfully 
treating acid soils on their properties.  These studies have captured historical soil test data, 
paddock yield maps, landholder observations and “real time” pH mapping data to identify 
changes to soil pH and production as a result of their treatments, and to document future 
management strategies for the site.  

 
 
 

 
 
 
 
 
 
 
 
 

 

 

 Soil sampling undertaken on Lower Eyre sites in recent years through 
DEWNR and EPNRM funded projects identified an average acidification 
rate of around 0.4 pH units in 4 to 5 years. 

 Previous estimates of lime required to offset soil acidification under 
agricultural systems for this region have been in the order of 80 to 150 kg 
lime/ha/year.  

 With higher intensity cropping, and consequently higher inputs of 
nitrogen fertiliser, it is suggested that this figure might now be in the 
order of 200 to 250 kg lime/ha/year.  

 If farming practices remain the same indications are that without the 
application of appropriate rates of lime the area affected by acidity will 
increase.   
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Site Description and Identifying the Issue  

Mark and Tamara Modra are partners in a 1920 ha 
family cropping and grazing farming enterprise 
with properties located at Yeelanna, Edillilie and 
North Shields.   

The study site (Padddock 2) is a 56 ha gently undulating paddock consisting of ironstone loamy 
soils, coarse shallow sand over clays and red brown earths (Figures 1 and 2). The ironstone 
loamy soils and sands are prone to acidification whilst the red brown earths are alkaline with 
fine carbonate (lime) present in the soil profile at a depth of around 40 cm.  

Mark has observed a large variation in yield across different soil types in the paddock 
depending on the season.  He says that crops don’t finish well on the ironstone and sandy soils 
in season with a dry finish and that waterlogging is a major production constraint in wet years.   
He feels that soil acidity is having an impact on crop root development which is resulting in less 
competitive crops and also considers that soil acidity is reducing root nodulation on legume 
crops.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. High production red brown earth. 

 

Case Study 1. Mark and 
Tamara Modra 

Location: “Mondalee”, Strawberry Hill 
Road, Edilillie 

Farm enterprise: Mixed grain and sheep 
production. 

Figure 1. Low production shallow sand 
on poorly structured clay            
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Prior to 2005 the site was two separate paddocks with a fence dividing it north/south through 
the middle.    Since this time the fence has been removed making one paddock.  However due 
to differences in soil type, the western and eastern halves have had different liming histories 
with nil lime in the western half and up to 4 applications in the eastern half.   

Historical Monitoring and Results of Treatment 

A monitoring site established in 1970 on the eastern side of the paddock provides data 
illustrating acidification and the impact of lime applications over a 40 year timespan (Figure 3). 
Sampling in 1970 showed pH (CaCl2) values of 5.1 in the 0-10cm layer, pH 5.0 in the 10-20 cm 
layer and 5.4 in the 20-30 cm layer.    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.   Change in soil pH over time at Modra’s monitoring site.  

The Modra family purchased the property in 1990.  Soil samples from the site in 1993 recorded 
levels pH (CaCl2) of 4.2 in the 0-10cm layer and 4.7 in the 10-20 cm layer. Mark applied lime 
(2.5 t/ha) on the eastern half of the site in 1995.  Soil sampling in 2010 delivered similar 0-10 
cm pH levels to 1993 with 10-20 cm pH values increased to around those of 1970.  This 
suggests that acidifcation occurred more rapidly in the 0-10cm layer than the 10-20 cm layer 
and that Mark’s application rate of 2.5t/ha in a 15 year period was not sufficient to maintain pH 
at desirable levels in this layer.  Mark again applied 2.5 t/ha of lime to the eastern half of the 
site in 2012.  Soil sampling in December 2013 showed that the lime applications had lifted 
surface pH to 4.6 (CaCl2), however this was still below the desired surface pH value of 5.5 
(CaCl2).   

As Mark was growing beans in the paddock in 2015 he was concerned that soil acidity would 
impact on crop root nodulation.  He applied a further 2.5 t/ha to the eastern half of the site in 
January 2015 to try and bring pH in the 0-10 cm layer above 5.5 (CaCl2).   

Composites of harvester grain yield maps spanning a number of years (appendix 1) confirmed 
the yield variability across soil types and seasons.  From these maps Mark was able to broadly 
identify low, medium and high production zones within the paddock and in March 2015 soil 
sampling was undertaken along transects in these zones.  Field analysis of these samples 

0

10

20

30

40

50

60

70

80

90

4 5 6 7

De
pt

h 
(c

m
) 

pH(CaCl2)

1970

1993

2010

2013

2015



LEADA Farmer Expo 9 March 2016 

  58 

identified that the worst producing areas of the site broadly correlated to the shallow coarse 
sands on clay, with the loamy ironstone soils having moderate production and the best 
producing areas being the alkaline red brown earths.    

Laboratory analysis of pH (CaCl2), electrical conductivity (a measure of salinity) and 
exchangeable cations was undertaken on all soil samples with an analysis of major nutrients, 
trace elements, organic carbon, boron and PBI (phosphorus buffering index) also conducted on 
0 -10 cm samples (Appendix 2). Mark’s history of applying adequate nutrition for expected crop 
yield is reflected by the soil test results with nutrient levels in the 0-10 cm layer of the medium 
and high production zones above those generally considered adequate for crop growth.  
Surface organic carbon levels are in a range which suggests good inherent fertility and PBI 
values indicate that crop production is unlikely to be constrained by phosphorus tie-up.  
Exchangeable sodium and salinity values were also low in these zones.     

Soil pH values on the high production zones were neutral to alkaline (> 6.0 pH CaCl2) 
throughout the profile.  Although results show that Mark’s lime applications have had some 
effect in arresting further pH decline on the medium production zone, they were only enough 
to combat annual acidification and in March 2015  surface pH was still below the level of 1970. 
Furthermore subsurface pH levels had dropped by 0.2 pH units.  This may be because too little 
time had elapsed between the lime application in January and sampling in March for the lime 
application to effect pH change.  In the low production zone surface pH values were also acidic.  
Higher pH values in the 10-20 cm layer compared to the 20-40 cm layer on the limed area 
however suggest that Mark’s previous lime applications have been successful in treating 
acidification of this layer.    Phosphorus and organic carbon levels in the 0-10 cm samples from 
the low production zone were also higher than expected given surface soil textures.   This 
might reflect low fertiliser use efficiency and microbial activity due to low soil pH.  

Paddock Scale pH mapping   

Figure 4. Modra pH map (Western half unlimed, eastern half limed).  
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With support from the Agricultural Bureau of South Australia “Innovative technologies for 
managing soil acidity” project funded by the Australian Government National Landcare 
Program, pH mapping of the site was undertaken using a Veris pH detector probe mounted to a 
quadbike (Figure 4).  

The pH mapping identified that only 15 ha (27 % of the total paddock area) has surface pH 
currently below the target pH of 5.5. Mark has been applying a uniform rate of 2.5 t/ha on the 
eastern half of the paddocks.  If Mark were to apply a uniform application rate of 2.5 t/ha 
across the whole 56 ha paddock the total lime requirement would be 140 t with a total 
application cost of $4480. By using the pH mapping data however, Mark can target applications 
to only the 15 ha that are below 5.5, with a total lime requirement of 17 t costing $544. If the 
cost of mapping is added this gives a total cost for the liming application of $1008 delivering a 
saving of $3472 (Table 1).    
Table 1.   Cost of lime application; Modra Site  

 

Discussion of Results and Conclusions  

By investigating and characterizing the soil profiles in each of the production zones Mark was 
able to identify that the poor producing areas are coarse shallow sands which tend to be highly 
leaching and often have bleached A2 horizon or ironstone gravel above the clay layer.  These 
soils tend to have low inherent fertility, poor nutrient holding capacity and are unable to 
readily buffer pH change.  His best producing areas were largely alkaline red brown earths with 
friable loamy surface soils on well-structured clays.   With more clay in the 0-30 cm layer these 
soils have higher inherent fertility and are better able to buffer pH change (i.e. acidify more 
slowly) than the soils in the low production zones, however through high input agricultural 
production they may acidify over time.  The medium production zone on the unlimed western 
portion of the paddock consists of a gravelly sand over dispersive red clay whilst the medium 
production zone on the limed eastern half of the paddock is an ironstone loam. 

Soil analysis at this site has provided Mark with some confidence in his nutrition strategies and 
provided sufficient data to evaluate changes in soil pH over time.  He has also gained some 
understanding of the length of benefit from lime applications. In both the high and low 
production zones, field pH measurements in the 0-10 cm soil layer were higher on the limed 
area than the unlimed area.  In the low production zone the surface pH of the area that had 
been limed was also higher than the subsurface (10-20 cm) which could reflect an increase in 

 

Uniform 
Paddock 
Rate 

Tailored rate 
from 
paddock map  

Area requiring lime (ha)  56 15 

t/lime required  140 17 

Cost lime ($12/t) 1680 204 

Cost freight and spreading 
($20/t) 2800 340 

Cost of Mapping ($10/ha)  -  560 

Total cost  4480 1008 

Saving ($= cost blanket rate - 
cost of mapping  - adjusted cost)  $3472 

 Previous experience on these soils suggests 
that to increase pH by around 1 unit in the 0-10 
cm layer from a starting pH of around 4.5 
would requires an application of around 3.0 
t/ha of high quality lime.  

  If we use this rate as a standard multiplier, to 
raise surface pH to the target 5.5 those areas of 
the paddock in the range 4.3 to 4.4 would 
require 2.5 to 3.0 t/ha.  

 Areas in the pH range of 4.5 to 4.9 would 
require around 2 t/ha lime  

 Those in the pH range 5.0 to 5.4 would require 
1 t/ha.  
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pH from liming. On the medium production zone however, pH was higher in the unlimed area 
than the limed area which reflects the variation in soil type for the medium production zone.   

The pH mapping has provided Mark a more complete understanding of spatial variability and 
when compared to yield maps identifies the relationship of soil type to productivity.  This map 
added an extra layer of information to the site reflecting and more clearly delineating the 
variation in soil types and soil pH values identified by sampling. The pH map also reflected the 
liming history of the paddock with results from similar soil types generally being higher and less 
variable on the limed areas than the unlimed. This has led him to conclude that further 
acidification may have potential impacts including; aluminium toxicity; poor crop competition 
and poor legume nodulation which are key drivers for his decision to counteract soil acidity.   

While Mark considers that there has not been an immediate yield response to lime application, 
on soils prone to acidification he is implementing liming strategies so as to remove soil acidity 
from the list of factors potentially limiting current production and ensure that problems 
(particularly in the subsoil) do not develop in the future.   Mark considers that the key to cost- 
effectively managing soil acidity is to identify soil pH levels through soil testing and to 
determine the distribution within and between paddocks. The data gathered under this project 
supports his own observations of more competitive crops and better legume nodulation on 
limed soils compared to unlimed ones and has given Mark some confidence and that his “blind 
faith” in combatting soil acidity is starting to bear fruit.  

Recommendations. 

Mapping soil pH at the site has provided more data which well reflects the liming history on the 
site and supports the development of cost effective liming strategies. On this paddock, due to 
the low tonnage of lime required at present and the short amount of time elapsed between the 
January 2015 lime application and the pH mapping in June, Mark has decided that the best 
management strategy is to continue to monitor pH levels over the next 2 to 3 years and apply 
lime when a large proportion of the paddock is approaching pH 5.0 (CaCl2).  

Where to from here?  

Although the information gathered for this project has been able to assess the impact of Mark’s 
current soil acidity treatments Mark sees a number of challenges and opportunities for 
strategic and effective management of soil acidification at the site.   Mark is concerned about 
the potential for acidification of deeper soil layers on the low buffering and highly leaching soil 
types and the difficulties and costs of addressing this should it occur.    He would also like to be 
able to further quantify the impact of liming on crop yields.  Mark will continue to monitor soil 
pH across his properties, liming paddocks to bring the surface pH to the target 5.5 (CaCl2) and 
then continue a maintenance liming program where necessary.  Having treated the soil acidity 
at this site Mark is interested to investigate how to best manage nutrition (particularly trace 
elements) to best reflect soil variability.  
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Site Description and Identifying the Issue  

Ben and Brooke Pugsley are partners in a 1350 ha family cropping and grazing farming 
enterprise with properties located at Ungarra. The study site (Winnow/Flat Paddock) is an 83 
ha paddock comprising a generally flat northern half and a gently sloping southern half.  Soil 
profiles in the northern half comprise of loamy red brown earths and acidic coarse sands to 
sandy loams on poorly structured clay (Figures 5 and 6).  The southern half of the paddock is a 
shallow red brown earth on quartzite rubble.   

       
Figure 5. High production loamy red brown earth      Figure 6. Low production coarse sand on poor structured 

clay  

Ben’s investigations into the impact of soil pH began in 2009 when Ben was curious as to why 
crops were not performing as well as expected on a leased property at Moody Tanks.  He was 
inspired to look at soil acidity by his neighbour Bill Adam’s who had tried liming acid soils on his 
property with good effect.  Bill’s comment to Ben was that although “liming acid soils may not 
turn a paddock into the best on the farm, it will make a poorly producing paddock pay for 

Case Study 2. Ben and Brooke 
Pugsley “Glenora Ag”,  

Cockaleechie Road, Ungarra 

Mixed grain and sheep production. 

Average Annual Rainfall: 450 mm 
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itself”.  Ben bought a field pH kit and during 2009 tested the soil pH of many paddocks across 
his property with the field kit returning pH values between 4.5 and 5.0.  During the same year 
Ben also sent a soil sample from the case study site for laboratory analysis of nutrition and pH.  
Results of this analysis returned a pH value of 4.9 (CaCl2) for the paddock. Ben considers that 
the major production issues on the site are found on the sandy areas which have bleached A2 
horizons, low nutrient retention and low pH buffering capacity.  These issues are evidence by 
poor weed competition, poor crop growth and water logging in patches. Ben has observed that 
where soil acidity is an issue weeds are a major issue and he struggles to grow competitive 
barley and canola crops.  

In the past the northern flat and sloping southern half of the site have been managed as two 
separate paddocks.  Removal of an internal fence in recent years has resulted one larger 
paddock.  Lime was applied at 3 t/ha to the northern part of the paddock in 2011.    

Historical Monitoring and Results of Treatment  

Composites of harvester grain yield maps spanning a number of years were produced in March 
2015. The maps were able to look at crop performance over a number of years compared to 
the paddock average yield and low, medium and high production zones were identified within 
the paddock (Appendix 3). Soil samples were taken in March 2015 along transects in these 
production zones.  Field analysis of these samples identified that the worst producing areas of 
the site broadly correlated to the coarse sand over poorly structured clays at the northern end 
of the paddock and the highest producing areas correlated to the loamier brown earths which 
were generally more elevated and less prone to water logging than the sandier profiles.  The 
rise in the southern half of the paddock consists of a shallow red brown earth that has 
moderate production.     

Laboratory analysis of pH (CaCl2), electrical conductivity (a measure of salinity) and 
exchangeable cations was undertaken on all soil samples with analysis of major nutrients, trace 
elements, organic carbon, boron and PBI (phosphorus buffering index) also conducted on 0-10 
cm samples (Appendix 4). Laboratory analyses showed moderate levels of nutrients on all 
transects. PBI values <30 indicate some potential for some phosphorus to be leached in the 
northern zones.  Ben applied 2-3 t/ha of lime to the northern area of the paddock in 2011.  Soil 
analysis in 2014 indicated that this lime application had increased the surface soil pH to 6.1 
(CaCl2) on the high production zones and 5.8 (CaCl2) on the low production areas.  However, 
when sampled in March 2015 pH in the 0-10 cm layer had dropped to 5.6 (CaCl2) on the low 
production and high south production zones and was much lower (5.0 CaCl2) on the high 
producing north transect.   This suggests that the surface soil on northern high production zone 
is acidifying at a greater rate than in the southern high production zones and corresponding 
low production zone.  The pH level in the subsurface (10-20 cm) layer of this transect was also 
low (5.2 CaCl2) 

Paddock Scale pH mapping   

With support from the Agricultural Bureau of South Australia project funded by the Australian 
Government National Landcare Program, the site was mapped using a Veris pH Detector 
mounted to a Can-Am (Figure 7).      
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Figure 7. Pugsley pH map and soil sampling transects (southern half unlimed, northern half 
limed).  

The pH mapping identified that 34 ha (41 % of the total paddock area) has surface pH currently 
below the target pH of 5.5 (Figure 7).  Ben was considering applying a uniform rate of 2.5 t/ha 
across the northern half (flat) area of the paddock.  If he were to apply this rate across the 
whole 83 ha paddock this would require 280 t of lime with a total spreading cost of $6056 
(Table 2). However, using rates targeted to the 34 ha of area identified by the pH mapping the 
total lime requirement is 73 t for the paddock.  Taking into account the cost of the pH mapping 
this results in a total lime application cost of $3166 delivering a saving of $3490    

Table 2.   Cost of lime application; Pugsley Site   

 
Uniform  
Paddock rate 

Tailored Rate from 
pH mapping  

Area requiring lime (ha)  83 34 

t/lime required  208 73 

Cost lime ($12/t) 2496 876 

Cost freight and spreading ($20/t) 4160 1460 

Cost of Mapping ($10/ha)  -  830 

Total cost  6056 3166 

Saving ($= cost blanket rate - cost of 
mapping  - adjusted cost)  $3490 

Discussion and Conclusions 

The interaction between soil pH and weed control has been a key driver for Ben to investigate 
soil pH across the property and he now uses weed competition, herbicide effectiveness and 
crop performance as indicators of low soil pH. Ben considers that a key factor influencing the 
profitability of his system is the cost of weed control, particularly ryegrass.  He has observed 
that applied herbicides which rely on some soil bound residual activity work more effectively 
on areas which he has limed.   He considers that this may be a function of healthier crop 
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growth and therefore more crop competition following liming. He also thinks that he is gaining 
a benefit from better herbicide efficacy.   As a result of these observations Ben now checks soil 
pH if he notices a particularly good or poor result from herbicide applications.   

The data gathered under this project has given Ben confidence in the impact that his lime 
applications have had and provides a starting point to devise management strategies for the 
site and other paddocks on the property.   Ground truthing the production zones indicated by 
yield maps by targeted soil sampling has linked some of the yield variability to soil type and 
allowed some inferences to be made as to the expected rate of acidification and the likely soil 
pH response from a lime application.   When compared to a composite grain yield map made 
across seasons there was also a correlation between yield and soil type.  Ben has investigated 
the relationships between soil texture and organic matter and acidification rates and has learnt 
the importance of well buffered soils for reducing the rate of soil acidification.  As a result of 
this he sees great value in retaining as much plant residue as possible on light textured soils to 
improve organic matter which will in turn improve soil structure, water holding capability, store 
nutrients and buffer pH change.   

The pH map added an extra layer of information to the site, reflecting the variation in soil types 
identified through the soil sampling.  The pH map also seemed to reflect the liming history of 
the paddock as when taking into account the different soil types the pH levels were generally 
higher and less variable on the limed northern half of the paddock than the southern unlimed 
area.  

Recommendations  

The pH mapping identified that most of the very low surface pH is in the unlimed area in the 
southern portion of the paddock.   It is recommended that Ben apply lime to this area as soon 
as possible to bring surface pH values up to the target 5.5 (CaCl2).   Following this application it 
is recommended that Ben monitor changes in pH with maintenance lime applications as 
needed.   

Where to from here?  

Ben considers that the knowledge gained through this project on the Winnower/Flat paddock is 
just a starting point for continuing to investigate and manage the impact of soil acidity on his 
property.  Despite not seeing a direct correlation between lime applications and yield Ben is 
confident that he is getting production and agronomic benefits from treating soil acidity and 
feels that it is important for him to “get ahead” of the issue.   He likens his approach to 
managing acidity to those landholders in the district who applied gypsum for managing sodicity 
10 to 15 years ago and now have better structured, more productive soils as a result.   He feels 
that compared to the cost of some of the other crop inputs liming is a cheap solution to give his 
crop its best chance even if the only benefit is increasing the competitiveness of crops against 
weeds.   
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APPENDICIES 

APPENDIX 1.  MODRA PRODUCTION ZONE (WHEAT YIELD 2014) 

 
 

 

APPENIDIX 2.  MODRA SOIL ANALYSIS DATA  

  WEST (UNLIMED ) EAST (LIMED)  

PRODUCTION ZONE  
DEPTH  pH EC 

Organic 
C.  CEC ESP PBI pH EC 

Organic 
C.  CEC ESP PBI 

cm CaCl2 dS/m % cmol+/100g %   CaCl2 dS/m % cmol+/100g %   

HIGH                                                     
- ALKALINE RED 
BROWN EARTH 

0-10 6.4 0.169 1.61 20 2 85 6.2 0.131 1.78 11 1 54 

10-40 6.6 0.082 NR 27 2 NR 7.1 0.204 NR 25 2 NR 

40-80 7.7 0.160 NR 23 3 NR 7.7 0.160 NR 22 6 NR 

MEDIUM                                                
WEST-(UNLIMED) 
Gravelly sand over 
dispersive red clay. 
EAST (LIMED)- 
Ironstone loam   

0-10 6.9 0.180 1.43 20 1 78 4.8 0.072 1.29 6 2 62 

10-20 7.3 0.065 NR 16 2 NR 5.3 0.035 NR 5 2 NR 

20-40 7.5 0.122 NR 23 3 NR 6.8 0.091 NR 8 3 NR 

40-80 7.8 0.150 NR 22 6 NR 7.3 0.127 NR 8 4 NR 

LOW                                                        
- Shallow sand over 
clay  

0-10 4.9 0.088 1.68 5 6 56 5 0.072 1.30 6 2 52 

10-20 6.1 0.070 NR 7 10 NR 6.4 0.130 NR 10 1 NR 

20-40 7.6 0.349 NR 19 17 NR 5.7 0.076 NR 9 2 NR 

40-80 8.1 0.530 NR 27 28 NR 6.3 0.100 NR 8 4 NR 
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APPENDIX 3. PUGSLEY PRODUCTION ZONES (YIELD COMPARED TO PADDOCK AVERAGE)  
 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 4. PUGSLEY SOIL ANALYSIS DATA  

Sample ID 
PRODUCTION 
ZONE 

Depth pH EC 
Organic 

C.  
Colwell 

P CEC ESP PBI 

  cm  CaCl2 dS/m % mg/Kg cmol+/100g %   

BP_Z1HS HIGH SOUTH  0-10 5.6 0.08 1.47 70 6 5 39.2 

BP_Z1HS HIGH SOUTH  10-35 7 0.25 NR NR 20 14 NR 

BP_Z1HS HIGH SOUTH  35-80 8.1 0.50 NR NR 24 22 NR 

BP_Z1HN HIGH NORTH  0-10 5 0.04 0.83 23 3 2 13.7 

BP_Z1HN HIGH NORTH  10-20 5.2 0.02 NR NR 1 5 NR 

BP_Z1HN HIGH NORTH  20-80 7.1 0.16 NR NR 20 10 NR 

BP_ZM3 MEDIUM  0-10 5.8 0.06 1.30 34 6 2 57.9 

BP_ZM3 MEDIUM  10-30 6.6 0.10 NR NR 14 4 NR 

BP_ZM3 MEDIUM  30-80 7.5 0.21 NR NR 13 5 NR 

BP_Z2LN+S COMBINED LOW 0-10 5.6 0.06 0.86 40 3 4 21.9 

BP_Z2LN+S COMBINED LOW 10-20 5.7 0.02 NR NR 1 6 NR 

BP_Z2LN+S COMBINED LOW 20-30 7 0.03 NR NR 1 9 NR 

BP_Z2LN+S COMBINED LOW 30-80 7.2 0.16 NR NR 11 25 NR 
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Take home messages 

 Blackleg symptoms higher in the canopy (stem/branch cankers) have continued to 
occur, these symptoms have caused some yield loss. 

 Fungicide tolerance to blackleg has been found in approximately 15% of 200 paddocks 
screened. 

Increased prevalence of blackleg infection of the stems and branches  

Blackleg most commonly causes lesions on the cotyledons and leaves of canola plants. It then 
grows without symptoms through the vascular tissues to the crown where it causes a necrosis 
resulting in a crown canker at the base of the plant. This crown canker causes yield loss as it 
restricts water and nutrient uptake by the plant. Blackleg can occur on all plant parts, however, 
leaf lesions and crown cankers are the most commonly observed symptoms. 

In 2010, cankers on the upper stems and branches were observed in a commercial paddock. 
These cankers appeared to cause yield loss as the pods on affected branches senesced 
prematurely leading to early pod shatter. Interestingly, preliminary data suggest that 
stem/branch cankers are not correlated with the presence of traditional crown cankers. 

Two species of the Leptosphaeria fungus are present in Australia. The most common species is 
Leptosphaeria maculans which is more virulent and causes the crown canker symptoms 
relating to yield loss. Leptosphaeria biglobosa is also present but less common and in Europe 
where L. biglobosa is more widespread, it is associated with damage to the branches. In 2010, 
isolates were collected from the cankers on the stems and branches, molecular tools were used 
to genotype these isolates as L. maculans. L. biglobosa was not identified in any samples. 

In 2011, 2012 and 2013 cankers on the stems and branches were observed each year but 
symptoms were not generally severe and were not present at all sites. In 2014, the symptoms 
were widespread and in many cases caused significant yield loss. In 2015, stem / branch 
cankers were observed at all sites and again caused severe yield losses in some instances. The 
presence of effective major gene resistance in cultivars may protect plants from stem/branch 
cankers.  
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Figure 1. Symptoms of blackleg infection on flowers, peduncles, upper stems and branches. 

 

Possible causes of stem/branch infection 

With the adoption of no-till cropping systems, many canola crops are now sown earlier in the 
growing season or even into dry soil. These crops are developing earlier, elongating and in 
many cases flowering in late winter. In the past, crops typically remained in the vegetative 
growth stage during the winter period, elongating at the onset of spring. Ideal conditions for 
infection by L. maculans (constant leaf wetness that coincides with ascospore release) occur 
during winter. This suggests that the stem/branch cankers result from direct infection at the 
stem elongation/flowering growth stages due to advanced development of the crop. 
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In 2015, the GRDC/CSIRO canola profitability project had treatments with commercial fungicide 
applications for blackleg and sclerotinia control applied to crops with different sowing times. 
Fungicides applied to control blackleg and sclerotinia did not reduce the severity of 
stem/branch cankers, however, earlier sown crops had significantly greater branch infection 
than later sown crops (Figure 2). Despite the high level of infection, the earlier sowing also had 
significantly higher yield, this is probably due to the hot dry 2015 spring. Yield may have been 
even greater in the absence of stem/branch cankers (Figure 3). In a glasshouse experiment, 
Marcroft Grains Pathology inoculated plants with blackleg spores when plants had elongated 
20cm.  Plants were treated with various fungicides to determine efficacy in controlling stem 
cankers. The results are presented in (Table 1). 

 

 
Figure 2. The effect of time of sowing on the severity of blackleg branch infection 

(p=0.07, l.s.d. = 0.46). Plants scored on a 0-4 scale (0 being no infection). 

 

Table 1. Effect of fungicide application on incidence of plants with a stem/branch lesion after 
direct infection at the 20cm stem elongation growth stage. Foliar fungicides were applied 
immediately prior to inoculation. 

Fungicide  
Treatment 

Incidence of plants 
with a branch/stem 

lesion 

Untreated   

- 58% 

Range of Foliar 
fungicides screened  0 -33%  

Management of stem/branch infection 
 Try to ensure stem elongation occurs in the normal flowering window, not in winter when 

blackleg intensity is at its highest. 
 Reduced blackleg severity by maintaining 500m distance between your crop and the previous 

season’s stubble.  

Blackleg has developed tolerance to fluquinconazole (trade name Jockey) 
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In regions where canola is grown intensively growers depend on fungicides to support cultivar 
resistance. The only commercially available fungicides are different forms of triazoles (DMIs; 
Group 3). Due to the widespread use of fungicides with the same mechanism of action, and the 
propensity for L. maculans to overcome cultivar resistance, the canola industry has concerns 
that L. maculans may develop triazole resistance. 

2015 survey 

 In 2015 the GRDC provided funding for 200 paddocks to be screened for the presence of 
fungicide tolerant blackleg populations. This project utilised social media, direct email and 
the print media to inform growers and advisors of the survey. The project acknowledges 
the GRDC for their assistance in promoting the survey and getting industry to supply 
samples from the 200 paddocks to be screened.   

 Growers/advisors submitted samples from their paddocks which contained 20 randomly 
selected canola stalks from the previous year’s crop. They also supplied the paddock GPS 
coordinates, the cultivar sown and fungicides used on the crop 

 Cultivar ATR-Stingray was treated with Jockey at the commercial rate and sown into 
punnets. Two hundred trays were established, one for each sample to be screened.  The 
untreated seed was used as controls to ensure the inoculation process was successful.  

 When the seedlings were at the open cotyledon growth stage each individual tray was 
placed into a single plastic tub. The stubble from the paddock to be screened was placed 
above the seedlings and wet to trigger ascospore release.  

 Fourteen days after inoculation each individual plant was scored for the presence of lesions 
on their cotyledons. 

Findings 

 Fungicide tolerance to fluquinconazole has been detected for the first time in Australian 
populations using an in planta assay whereby stubble is used to inoculate seedlings grown 
from Jockey-treated seed. 

 The large-scale survey (200 paddocks) revealed 15% of populations across Australia have 
this tolerance ranging between 7-21% for the individual states.  

 This was the first time a survey has been done, it is unknown whether the frequency of 
tolerance is increasing, always remained the same or decreasing. 

 Fluquinconazole still provides some (reduced) protection of the cotyledons (where the 
fungicide concentration is at its peak) but does not protect older seedlings (where the 
fungicide has become dilute).  

 The fungicide tolerant isolates can cause significant stem cankers at plant maturity. 
 As yet it is unknown whether there is cross tolerance to other triazole fungicides ( In-furrow 

or foliar).  
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Results of the in planta screen for fungicide tolerance in 200 Australian populations.  

 Number 
of 
samples 
submitted 

Total numbers Percentage per state 

State 

No tolerance 
High 
Tolerance No tolerance 

High 
tolerance 

VIC 50 30 7 60.0 14.0 

SA 44 27 7 61.4 15.9 

NSW 62 33 13 53.2 21.0 

WA 42 32 3 76.2 7.1 

ACT 2 1 0 50.0 0.0 

Total 200 123 30 61.5 15.0 
 

Methodology used for screening Australian blackleg populations for fungicide tolerance. (a) A 
tray of seedlings are inoculated per population. Two punnets are untreated controls (red circle) 
whilst the remaining 8 punnets are jockey-treated. (b) Each tray of seedlings is place under 
moisten stubble in a plastic tub. (c) All tubs are placed in a constant temperature room for 36 
hours to allow spore release to occur. (d) Examples of a ‘no tolerant’ (left) and ‘tolerant’ (right) 
population.  
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Recommendations 

Fungicide is only one control mechanism against blackleg, it is recommended that growers read 
the GRDC’s current Blackleg Management Guide available at www.grdc.com.au/GRDC-FS-
BlacklegManagementGuide and follow the management steps to reduce the effect of blackleg, 
such as choosing resistant cultivars, avoiding previous year’s stubble and rotating cultivars to a 
different resistance group. 
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RYEGRASS MANAGEMENT IN A RETAINED STUBBLE SYSTEM - FARM 
DEMONSTRATION 

Amanda Cook1, Andrew Ware2, Wade Shepperd1 and Ian Richter1 
1SARDI, Minnipa Agricultural Centre, 2SARDI, Port Lincoln 

 

Key messages 

 Managing herbicide resistance in ryegrass continues to be crucial in maintaining sustainable 
crop production on Lower Eyre Peninsula. 

 Management strategies other than herbicides need to be deployed to ensure sustainable 
ryegrass control into the future. 

 Windrow burning proved to be an effective method in reducing ryegrass seed numbers in 
2015. 

 Managing ryegrass on differing soil types will prove a challenge into the future. 
 Information generated by this project will provide data to simulate how different 

management strategies can be used to manage ryegrass in a sustainable, cost effective way. 

Why do the research?  

Ryegrass management is one of the key drivers of profitability in Lower Eyre Peninsula (LEP) 
cropping systems, and herbicides have recently been used as the main strategy for control. The 
intensification of cropping rotations and a decrease in livestock in farming systems has 
increased pressure on herbicides, resulting in the development of herbicide resistance. Other 
management strategies need to be assessed to manage ryegrass. The Australian Herbicide 
Resistance Initiative (ARHI) based at University of Western Australia developed the Ryegrass 
Integrated Management (RIM) model. This model enables growers and advisors to run various 
ryegrass management scenarios, with the model showing the cumulative effect on ryegrass 
numbers and profitability of the management strategies. This model can be accessed at 
ahri.uwa.edu.au/research/rim. 

The GRDC ‘Maintaining profitable farming systems with retained stubble - upper Eyre 
Peninsula’ project has a focus on barley grass (Upper EP) and ryegrass (LEP). The research on 
this project has been undertaken by SARDI Minnipa Agricultural Centre staff. As part of this 
research a LEP farm was selected to monitor in-paddock ryegrass populations and weed 
management strategies. This research aims to ground-truth the effect (predicted by the RIM 
model) that various ryegrass management strategies have on ryegrass populations on a LEP 
farm with high ryegrass numbers and extend this information to EP growers and advisors to 
assist them in improving ryegrass management decisions using the RIM model. 

How was it done? 

A recently leased property south east of Cummins with six paddocks was selected to monitor 
the ryegrass populations under different paddock management options. The property receives 
approximately 400 mm of rainfall annually. It has an undulating topography where the soil 
types range from medium clay loams to acidic sands, with ryegrass populations being 
significantly larger on the acidic sands. The ryegrass population is suspected of having 
resistance to Group A and D (and possibly Group M) herbicides. It was previously intensively 
cropped in a wheat/canola rotation (Table 1), where the principle method of ryegrass control 



LEADA Farmer Expo 9 March 2016 

  74 

was through the application of herbicides. Paddocks were regularly burnt, with a wide 
cultivated firebreak (which has very high levels of ryegrass). 

The six ryegrass populations were assessed across given paddock transects during the 2015 
season, as well as crop plant numbers and herbicide resistance. The soil weed seed bank was 
assessed in 2015 as well, and this assessment will continue over the next 18 months in 
germination trays at Minnipa to determine the extent of seed dormancy. 

The ryegrass management strategies which were implemented by the managers in 2015 
include: 

 use of triazine tolerant canola (low amounts of Group C herbicides used in the past),  
 use of propyzamide pre-emergent (Group D) in canola,  
 use of clethodim (Group A),  
 using glyphosate under the windrower bar,  
 windrow burning and spraying at windrowing time in the canola crops,  
 later sowing of cereals in 2015 plus using Fathom barley as a competitive crop, with 

windrow burning after harvest for ryegrass weed seed control. 

Soil weed seed bank samples were collected  on the 8 and 14 April along a transect across the 
paddock comprising 10 GPS-located sampling points. The soil sampling method used was as 
described by Kleemann et al. (2014). Prior to narrow windrows being burnt a 5 m section of 
chaff was removed (non-burnt area) within each paddock (Figure 1). Three subsamples of very 
fine chaff from in the windrow were also collected and germinated on trays. Chaff was also 
collected and germinated from three chaff dumps to assess the weed seeds being collected at 
harvest.  

After burning of the windrows, sampling of the three areas occurred with 10 soil core samples 
(using a 7 to 10 cm diameter core to 10 cm depth) from each of the following three locations  

1. Burnt section of windrow (10 cores) 
2. Sample from within 3 m on the non-burnt section of windrow (i.e. section raked) (10 

cores) 
3. Sample from middle of adjacent unburnt inter-row area (10 cores) 

The 10 soil core samples were pooled or bulked so a total of 3 soil samples are collected for 
each of the 10 GPS locations in the paddock (i.e. burnt, non-burnt, adjacent unburnt inter-row). 
The 3 soil samples (1. burnt, 2. non-burnt, and 3. adjacent inter-row) for each of the 10 GPS 
sites were spread across 3 soil trays for germination as described above. 

 

 

Figure 1 Sampling methodology for each of the 
3 locations (1. burnt, 2. non-burnt, & 3. 
adjacent inter-row), (Kleemann et al. 2014). 
Shaded areas represent windrows. 
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The early weed counts were done on 26 May and 1 July, when ryegrass plants were also 
sampled and sent for herbicide resistance testing using the Quick-Test method. These ryegrass 
plants had not had post emergence chemicals applied. Late weed counts were done after 
windrowing canola and before harvest on 22 October. 

The herbicide resistance Quick-Test takes approximately 4 weeks and involves sampling plants 
which are growing in the paddock (from seedlings to tillering). Plants can either be sampled 
before herbicide application or after herbicide is applied and poor control is noticed. For more 
detail see www.plantscienceconsulting.com. 

What happened? 

The ryegrass management strategies undertaken by the farm mangers will be entered into the 
RIM model in 2016 to determine the impact of these strategies on ryegrass seed set within 
rotations. 

The weed counts taken in May (break crops) and July (cereals) show greater ryegrass weeds 
present on the grey acidic soils than the red clay loam soils (Table 2). The soil weed seed bank 
sampling showed the windrows in N5 had some ryegrass and self-sown cereal collected in the 
windrow, and burning achieved a high rate of seed destruction. The N5 paddock and the 80 
Acre paddock had higher levels of ryegrass present in the seed bank (Table 3). 

Table 1 Paddock rotataion and chemical use in 2014 and 2015. 

Paddock 2015 2014 2013 2012 2011 

 Crop Rate L/ha, Chemical 
(Group) 

Crop Rate L/ha, Chemical 
(Group) 

   

N5 

TT 
canola 

1.3 trifluralin (D), 1.7 
atrazine (C), 1.0 

propyzamide (D), post - 
500 clemodim (A) 

Scope 
barley   

CL 
canola 

Wheat  Wheat 

Airstrip 

Wheat 1.3 trifluralin (D), 2.0 
triallate (E), 0.5 

metolach (K), 0.3 
diuron (C)   

CL 
canola 

2.0 trifluralin (D), 1.0 
propyzamide (D), 500 
clemodim (A), 40 gm 

On Duty (B) 

Wheat  Wheat CL 
canola 

80 Acre Beans 1.0 terbyne (C),1.0 
propyzamide (D) 

Wheat 1.3 trifluralin (D), 2.5 
Boxer Gold (K&J) 

Wheat  CL 
canola 

Wheat 

Shearing 
Shed 

Barley 1.3 trifluralin (D), 2.0 
Boxer Gold (K& J) 

Post - 1.0 Boxer Gold 
(K) 

TT 
canola 1.7 atrazine (C), 1.0 

propyzamide, Post - 
500 clemodim (A) 

Wheat  Wheat CL 
canola 

West 
Well 

Barley 1.3 trifluralin (D), 2.0 
Boxer Gold (K&J) post 
- 1.0 Boxer Gold (K) 

Wheat 1.3 trifluralin (D), 2.5 
Boxer Gold (K& J) 

Wheat  CL 
canola 

Wheat 

Salt Lake 

TT 
canola 

1.3 trifluralin (D), 1.7 
atrazine (C), 1.0 

propyzamide (D), Post 
500 clemodim (A) 

Wheat 
1.3 trifluralin (D), 2.5 

Boxer Gold (K&J) 

CL 
canola 

Wheat  Wheat 
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Table 2 Weed counts (plants/m2) in paddocks in May 2015. 

Treatment 
Rotation  Ryegrass 

(plants/m2) 

Cereal 

(plants/m2) 

  Grey acidic sand Clay loam  

N5 Canola 1.3 0.2  

Airstrip Wheat 2.3 1.2 148 

80 Acre Beans 50.2 0.2  

Shearing Shed Barley 0.3 0.0 125 

West Well Barley 17.7 3.8 116 

Salt Lake Canola 17.6 3.0  

 

Table 3 Weed counts (plants/m2) in soil weed seed banks for paddocks, 2015. 

Treatment Barley 
grass  Ryegrass Self-sown 

cereal Canola Medic/Other broad 
leaved weeds 

3. N5 Inter row (before burning) 0.0 0.7 0.0 0.0 1.7 

2. N5 In row non burnt (straw 
removed from 5 m row - soil collected 
after burning) 

0.1 9.8 38.0 0.0 1.5 

1. N5 In row burnt (In row soil 
collected after burning) 0.0 0.1 0.0 0.0 0.5 

% reduction in seed bank by windrow 
burning  99% 100%  64% 

N5 Straw/chaff in row 0.2 3.2 1.6 0.1 0.7 

Salt Lake 0.2 1.2 1.2 0.0 1.3 

80 Acre 0.1 7.2 0.2 0.0 1.7 

Shearing Shed 0.0 0.0 0.0 0.0 2.0 

West well 0.2 2.7 0.7 0.0 2.2 

Herbicicide resistance tests taken in-season using the Quick-Test method showed many of the 
paddocks have resistance to Group A herbicides present, including resistance to some of the 
newer chemicals and modes of action (Table 4).  

It was thought the herbicide resistance may be moving from areas with high chemical weed 
control use (within the dam and fire break areas) via the waterways with the movement of 
weed seeds during periods of intense rainfall. The results from the quick test show higher levels 
of resistance across the paddock transects than the areas in creeklines, gullies and dams. 
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The ryegrass plants were tested for glyphosphate resistance but this was not detected in any of 
the samples (data not shown). 

Table 4 Herbicide resistance (using Quick-test) in paddocks, 2015. 

Chemical Group 

A 

DENS 

 

A 

DIMS 

B 

IMIS 

C 

Chemical Axial Select Factor  Intervix Atrazine 

Rate (ml/ha) 300 350 500 700 180 750 2000 

N5 paddock transect 80% 
RRR 

      

N5 creek line 65% RR       

N5 60 acre 20% RR       

Airstrip paddock transect 40% RR 25% R 15% 
R 

15% 
R 

20% R  15% R 

Airstrip creek line 40% RR 10% R      

80 Acre 75% 
RRR 

10% R    15% RR  

Shearing Shed paddock transect 25% RR     50% RR  

Shearing Shed dam and creek 55% RR 20% R      

West Well 60% RR 50% 
RR 

20% 
R 

  55% RR 15% R 

Salt Lake transect 70% RR 20% R     15% R 

Salt Lake gully area 70% RR 20% R     20% R 

Salt Lake power pole (high chemical 
usage area) 

90% RR 80% R 5% R     

 

What does this mean? 

Research conducted over a number of years by the Australian Herbicide Resistance Initiative 
and the University of Adelaide weeds research program has found that keeping ryegrass 
numbers low is critical not only to reduce the immediate yield loss caused by ryegrass 
competing with crops, but also as part of sustainable weed control to reduce weed seed set 
and the potential increase of resistant ryegrass (Preston et al., 2015, Storrie, 2014). Herbicides 
will continue to form a crucial role in keeping numbers low. However, as resistance to 
herbicides continues to develop, other practices need to be used to keep numbers to 
manageable levels.  
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Resistance tests conducted as part of this project have shown that this property is typical of 
many on the LEP, as verified by Boutsalis et al. (2015) in the 2014 EP survey, with resistance 
developing to Group A and B herbicides in most paddocks and also likely in Group D (although 
unable to be tested by this project). 

The paddocks monitored as part of this project demonstrate how effective strategies such as 
windrow burning can be in reducing weed seed numbers. Soil samples have been have been 
collected to assess weed numbers present at the end of the season and will determine how 
effective the other  management strategies such as different chemical groups and later sowing 
employed in 2015 were in influencing the overall ryegrass populations in paddocks.  

The data collected on this farm throughout 2015 will provide the information needed to be 
able to simulate (through RIM) the ryegrass population dynamics on LEP, and then allow for a 
number of management strategies, such as herbicide applications, crop rotation, weed seed 
capture and others, to be evaluated to provide growers with options on how best to 
management ryegrass into the future.    
One of the key findings from the monitoring work conducted in 2015 showed that ryegrass 
populations were lower than expected and strongly influenced by differences in soil type. This 
may mean that ryegrass could be managed better if methods (involving precision agriculture) 
can be developed to map and manage soil types differently. 
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Location: Yeelana 

Rainfall 

Av. Annual: 395 mm 

Av. GSR: 314 mm 

2015 Total: 358 mm  

2015 GSR: 293 mm 

Yield 

Potential: (W) 3.7 t/ha, Canola 2.7 t/ha, Pulses 2.4 t/ha  

Actual: (W) 3.8-4.4 t/ha, Barley 3.5 t/ha, Canola 1.8 t/ha, Beans 2.0 t/ha 

Soil type 

Shallow medium clay loams to acidic sands 
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MECHANISMS THAT LEAD TO YIELD LOSS AFTER GRAZING ACROSS AGRO-
ECOLOGICAL REGIONS  

Jessica Crettenden, SARDI, Minnipa Agricultural Centre 

Background 

Wheat varieties respond differently to stresses due 
to genetic and phenological variances. This can 
impact their production, including plant recovery 
after grazing. Grazing cereals to growth stage 30, 
then removing livestock and taking the crop 
through to yield, is a common practice in low 
rainfall mixed farming systems. However, with 
shorter and variable growing seasons the practice 
carries risk, and can impact negatively on the 
quantity and/or quality of grain produced from the 
crop.  

An aspect of the Grain and Graze system that is yet 
to be explored is how different cultivars recover 
from a stress, such as grazing. Nitrogen (N) is a 
common yield limiting factor that can assist in the 
recovery of a crop after grazing, however the 
optimal N rate required for recovery and efficiency 
in this system requires further research.  

A trial was undertaken at the Minnipa Agricultural Centre to determine the ability and drivers 
of grain yield recovery of two different wheat varieties after grazing. The study also 
investigated whether N has the ability to assist in grazing recovery of yield and/or quality 
compensation. Similar trials were conducted for the GRDC funded Grain and Graze 3 project in 
2015 across other agro-ecological regions including Mid-North of South Australia, Wimmera 
Mallee region of Victoria and Southern Victoria to determine regional and seasonal differences. 

Results 
 The trials across agro-ecological zones have highlighted differences between varieties in 

their ability to respond to a range of production drivers over varied environments and 
seasons. 

 There was no varietal difference between Mace and Trojan at Minnipa with both yielding 
an average of 1.7 t/ha, and the ungrazed treatment yielded 0.2 t/ha higher than the 
grazed. There was no difference in grazing response between cultivars. 

 Nitrogen (N) can provide assistance in plant recovery through higher yields and grain 
quality with in-season application of N after grazing. 

Figure 1 presents the cultivar response to N of grazed versus ungrazed Mace and Trojan wheat. 
Similar to biomass results, there was no varietal difference with both Mace and Trojan yielding 
an average of 1.7 t/ha. Across varieties the ungrazed treatment yielded 0.2 t/ha higher than the 
grazed (P=0.003, LSD=0.105), with no difference in grazing treatment between cultivars. The N 
treatments of 25, 50 and 75 kg N/ha out-yielded the nil and 10 kg N/ha treatments by 0.2 t/ha 
on average (P=<0.001, LSD=0.166) with higher N application resulting in higher yields and 
better recovery from grazing as a trend, with the exception of grazed Trojan. 
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Figure 1 The response to N of grazed versus ungrazed Mace and Trojan in 2015, showing grain quality 
parameters of protein and screenings percentages. 

Discussion 

Many farmers are unwilling to graze their grain crops due to the potential risks of grain 
quantity or quality reduction; however the value of feed to the livestock at this crucial period in 
the season is often left out in the cost-benefit ratio in the mixed farming systems equation. 
Previous Grain and Graze research has shown that crops have the ability to recover after 
grazing if grazed early, enough biomass is retained, and there is sufficient soil water and/or 
rainfall post-livestock removal. This trial shows that nitrogen can provide assistance in plant 
recovery through higher yields and quality with in-season application of N after grazing, which 
is a step towards making the practice more attractive to farmers in low rainfall mixed farming 
systems. Unfortunately, as there often is, there can be a trade-off between grain yield and 
quality, and the amount of N application required for optimum profitability. Yield results show 
that it is beneficial to apply at least 25 kg/ha of N in the 2015 season for the best yield of crops 
left ungrazed. However, to recuperate yields in the grazed crops more N may be required, 
which could pose a risk to decreasing grain quality, hence delivery grade, depending on the 
finish of the season. 

These trials have highlighted differences between varieties in their ability to respond to a range 
of production drivers, including grazing, N application and irrigation over varied environments 
and seasons. Similar trials will be repeated in 2016 to broaden this database in order to gain a 
greater understanding of these interactions within the mixed farming system. 

For more information please read the full article in the Eyre Peninsula Farming Systems 
Summary 2015 (due out in April 2016) or contact Jessica Crettenden on (08) 8680 6227. 
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IMPROVING MEDIC PASTURES IN LOW RAINFALL MIXED FARMING SYSTEMS - HOW 
TO GET THE MOST ‘FREE’ N 

Jessica Crettenden, SARDI, Minnipa Agricultural Centre 

Background 

Medics are a common and attractive break ‘crop’ option in low rainfall mixed farming systems 
due to their natural regeneration, good quality feed value, low cost maintenance and valuable 
nitrogen (N) fixation qualities. To capture these advantages, medic pastures need to be kept in 
a productive state to ensure that the seed bank is adequate and that the plant is fixing the N 
that is needed for the following crop. In recent years, some medic pastures have been of poor 
quality due to a range of factors including chemical usage, incorrect grazing methods, 
mechanical damage and other modern farming practices, resulting in reduced production and 
subsequent N2-fixation. Best practice medic production guidelines have already been 
established, however some of these techniques are not adopted due to the time and expense 
involved. For these reasons, many farmers are looking for simple practices to establish medic 
pastures and boost their production using cost and time efficient methods.  

The aim of this trial was to look at current techniques used by farmers, or recommended by 
consultants, to improve medic pastures and determine the most effective method to optimise 
N2-fixation. Biomass, nodulation and N2-fixation differences between management practices, 
including inoculation treatments on both sown and regenerating medic stands were measured. 
The trial also investigated if grazing medic pastures in the break phase of the rotation benefits 
or impedes nodulation and subsequent N2-fixation. The trial was designed to mimic current 
options used by farmers to manage their regenerating and sown medic pastures, with a focus 
on treatments adding fertilizer and/or rhizobial inoculant in some form (Table 1). Simulated 
grazing (mowing) was imposed on half of each plot at opportune periods throughout the 
season, to imitate the grazing management of medic pastures in a mixed farming system. A site 
was located in a paddock that had grown wheat for the past two years.  

Table 1 Number, sowing method, seed type and rate of trial treatments.  

Sowing 
method* 

Seed 
type** 

Treatment  

R Nil Control 

R Nil Inoculum liquid mix*** sprayed on regenerated medic  

R Nil None (in-season opportune treatment) 

R Nil In-furrow inoculum liquid mix*** applied to regenerated medic 

R Nil Fertiliser broadcast @ 50 kg/ha MAP 

S B Sown  

S C Sown (commercial seed coat) 

S B Sown, pre-coated with peat slurry inoculant 
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S B Sown with in-furrow inoculum liquid mix*** 

S C Sown (commercial seed coat) with fertiliser @ 50 kg/ha MAP 

B C Seed broadcast (commercial seed coat) and prickle-chained 

S B Powdery Mildew tolerant medic (new variety), pre-coated w/peat slurry inoculant 

*Sowing method: R=regenerated, S=sown (10 kg/ha), B=broadcast (10 kg/ha) 

**Seed type: B=bare, C=commercial pre-coated treatment (Jaguar variety)  

***Inoculum liquid mix created through peat inoculant hung by tea-bag (stockings) in spray/liquid fertiliser tank 
and dissolved in water (in-furrow or sprayed @ 10 kg/ha peat inoculant with 100 L/ha water) 

Results 

 The paddock utilised for the trial had a 
significant number of effective 
naturalised medic rhizobia. There was 
no rhizobial inoculation response.  

 Total annual biomass was higher in the 
regenerating medic plots versus sown 
treatments due to earlier germination 
and growth of naturalised medic. 

 Grazing increased overall medic 
production. 

Medic growth across the site was substantial in 
2015. The timing of medic emergence and growth stages varied between treatments due to 
differences in treatment management around this period, which mostly correlated to biomass 
growth later in the season. Sown treatments 4 (cultivated at the time of liquid in-furrow 
inoculation), 6-10, and 12 had slower growth than the regenerated treatments due to late 
sowing, which resulted in these plots only being grazed once. Total annual biomass results 
showed that regenerated treatments produced more biomass per hectare, regardless of 
whether they were grazed or not, which is most likely due to earlier germination of naturalised 
medic and consequent greater production levels. It is important to note that how the pasture 
performs over the longer term following the introduction of the new cultivars is crucial to 
pasture improvement; therefore these results may not reflect the success of each treatment. In 
particular, comparing sown to regenerated medic should be determined by plant growth in the 
following season. Although not significant, grazed treatments showed a trend towards higher 
total biomass, which is most likely due to the initial medic establishment and ensuing 
substantial growth throughout the season. Grazing allowed the medic to boost production 
levels with timely rainfall events throughout the growing season.  

Discussion 

Legume pastures typically fix around 20 kg/ha of N per tonne of dry matter (GRDC Nitrogen 
fixation factsheet, 2014). However, a poorly nodulated legume plant will contribute less fixed 
nitrogen to soil reserves, which can occur due to a number of agronomic factors affecting 
rhizobial persistence or the processes of nodulation (e.g. low soil pH, herbicide residues). The 
number of medic rhizobia measured at the site indicated that there were liberal numbers of 
‘natural’ rhizobia and they were good at N₂-fixation. At these levels (and effectiveness), an 
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inoculation response is unlikely because inoculating usually adds 100 rhizobia/g of soil (top 10 
cm) and so the inoculant strain is outnumbered by more than 10:1. The amount of N 
contributed from each treatment will be determined when soil nitrogen levels are measured 
prior to sowing the site in 2016. Medic regeneration on each treatment will also be measured 
in-season. The trial will be repeated in 2016 on a site that has a history of poor pasture 
establishment and production. 
 

For more information please read the full article in the Eyre Peninsula Farming Systems 
Summary 2015 (due out in April 2016) or contact Jessica Crettenden on (08) 8680 6227. 
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NVT VARIETY TRIAL RESULTS 
SA Barley variety yield performance - 2015 and long term (2009-2015) expressed as t/ha and 
% of site average yield 

Variety 

Mid and Lower  Eyre Peninsula 

2015 (as % site average) Long term av. across sites (09-15) 

Wanilla Wharminda Cummins t/ha % site 
av. # trials 

Alestar 93 102 99 4.37 106 9 
Bass 92 95 95 4.21 102 17 
Buloke 94 100 91 4.07 99 20 
Commander 90 99 102 4.22 102 20 
Compass 117 112 123 4.66 113 11 
Fathom 115 108 104 4.36 106 17 
Flagship 98 100 - 3.87 94 19 
Fleet 103 93 93 4.25 103 20 
Flinders 98 98 87 4.12 100 17 
Gairdner 85 97 77 3.83 93 18 
Granger 104 100 101 4.36 105 20 
Hindmarsh 120 104 114 4.45 108 20 
Spartacus CL 117 106 118 - - - 
Keel 111 106 112 4.04 98 20 
LaTrobe 116 101 115 4.52 109 14 
Macquarie 73 90 83 3.84 93 13 
Maltstar 87 102 89 4.29 104 11 
Maritime - - - 3.89 94 17 
Oxford 81 88 89 4.33 105 20 
Rosalind 122 112 111 4.98 120 6 
Schooner 101 85 - 3.63 88 19 
Scope CL 90 104 94 4.03 98 20 
SY Rattler 105 103 97 4.09 99 10 
Westminster 74 89 88 4.01 97 15 
Site av. yield (t/ha) 3.50 4.28 4.28 4.11     
LSD % (P=0.05) 9 7 9    
Sowing date 15 May 11 May 13 May       
Soil type SL SL L     
J-M/A-O rain (mm) 25/328 22/284 26/299     
pH (water) 6.1 6.5 8.2     
Previous crop Lupin Pasture Canola     
Site stresses fr, dl fr, rh, dl fr, dl       
Abbreviations       
Soil type: S=sand, L=loam      
Site stress factors: dl=dry post anthesis, fr=frost  rh= rhizoctonia   
Data source: NVT & SARDI/GRDC (long term data based on weighted analysis of sites, 2009-2015)  
Data analysis by GRDC funded National Statistics Group    
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SA Wheat variety yield performance - 2015 and long term (2011-2015) expressed as t/ha and 
% of site average yield 

Variety 
Mid and Lower Eyre Peninsula 

2015 (as % site average) Long term av. across sites (11-15) 
Cummins Rudall Ungarra Wanilla t/ha % site av. # trials 

AGT Katana 101 107 106 107 3.94 102 17 
Axe 99 91 98 88 3.67 95 17 
Beckom 104 95 108 112 4.18 108 11 
Cobra 103 108 99 101 4.10 106 17 
Corack 111 114 119 119 4.28 111 17 
Cosmick 106 104 102 100 4.18 108 11 
Cutlass 110 90 105 106 - - - 

DS Darwin 96 90 97 98 3.83 99 10 
Emu Rock 103 109 111 107 3.93 102 17 
Estoc 100 93 92 100 3.79 98 17 
Gladius 90 90 90 90 3.76 97 17 
Grenade CL Plus 98 98 95 91 3.68 95 17 
Harper 91 92 86 91 3.72 96 10 
Hatchet CL Plus 98 89 86 83 3.55 92 14 
Kord CL Plus 84 84 87 77 3.73 96 14 
Mace 105 116 114 105 4.18 108 17 
Scepter 108 115 112 112 - - - 

Scout 104 82 102 102 3.97 103 17 
Shield 101 90 88 91 3.81 99 17 
Tenfour - - - - - - - 

Trojan 108 93 103 94 4.15 108 17 
Wyalkatchem 103 106 103 107 4.04 104 17 
Yitpi 85 74 86 91 3.56 92 13 
Site av. yield (t/ha) 3.83 3.16 4.33 3.28 3.84     

LSD % (P=0.05) 8 5 8 10      

Date sown 13 May 12 May 15 May 15 May       
Soil type L SL SL SL     
J-M/A-O rain (mm) 26/299 25/229 20/268 26/299     
pH (water) 8.2 8.3 6.6 8.2     
Previous crop Canola Pasture Canola Canola     
Site stresses fr,dl fr,dl   fr,dl       
Soil type: S=sand, L=loam       
Site stress factors: dl=dry post anthesis, fr=frost  rh= rhizoctonia    
Data source: NVT & SARDI/GRDC (long term data based on weighted analysis of sites, 2011-2015)  
Data analysis by GRDC funded National Statistics Group    
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Eyre Peninsula canola variety trial yield performance   

2015 and predicted regional performance, expressed as % of site average yield 
 Variety 2015 Long term average across sites  
  Mt Hope Yeelanna t/ha  % of No.  
        Site Mean Trials  
AV Garnet 94 96 2.05 104 10 

Co
nv

en
tio

na
l AV Zircon 107 88 1.99 101 10 

Hyola 50 - - 2.13 108 8 
Nuseed Diamond 85 96 2.19 111 7 
Victory V3002 103 94 2.11 107 6 
Site av yield (t/ha) 2.05 2.23 1.97     
LSD % (P=0.05) 9 9       
Archer 104 101 2.11 106 6 

Cl
ea

rfi
eld

  

Banker CL 113 107 2.27 114 2 
Carbine - - 1.94 98 4 
Hyola 474CL 89 99 1.95 98 8 
Hyola 575CL 86 94 1.98 99 8 
Hyola 577CL 91 99 2.03 102 4 
Pioneer 44Y87 (CL) 91 102 2.03 102 4 
Pioneer 44Y89 (CL) 91 100 2.05 103 3 
Pioneer 45Y86 (CL) 97 98 2.07 104 8 
Pioneer 45Y88 (CL) 114 - 2.14 107 5 
Rimfire CL 94 95 2.03 102 3 
Site av yield (t/ha) 2.13 2.12 1.99     
LSD % (P=0.05) 9 9       
ATR Bonito 102 97 2.01 102 6 

Tr
iaz

ine
 T

ole
ra

nt 
ATR Gem 105 105 1.95 99 10 
ATR Mako 94 106 2.02 102 4 
ATR Stingray - - 1.84 94 8 
ATR Wahoo 110 94 1.99 101 8 
Hyola 450TT 92 92 1.93 98 6 
Hyola 559TT 104 102 2.08 105 7 
Hyola 650TT 107 112 2.05 104 5 
Pioneer 45T01TT  - 98 2.01 102 3 
Pioneer Atomic TT - 91 2.02 103 2 
Site av yield (t/ha) 1.93 1.78 1.97     
LSD % (P=0.05) 10 11       

Date sown 28-Apr 27-Apr        
Soil type SL CL       
pH (water) 5.4 8.0       
J-M/A-O rain (mm) 284 295        
Soil type:  S=sand, C=clay, L=loam     
Data source: SARDI/GRDC, NVT.  2011-2015 MET data analysis by National Statistics Program. 
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FARM SAFETY 

Top tips to manage on-farm safety 

Managing health and safety in farm work is not only a good way to avoid incidents - it's also a 
way to contribute to higher income and profit.  
And there are some simple steps primary producers can take to ensure a safe workplace for themselves 
and their employees. 

Over the eight years from 1 July 2003 to 30 June 2011, 356 people died while working on a farm – that’s 
17 per cent of all worker fatalities according to Safe Work Australia. 

Primary Industries Health and Safety Partnership (PIHSP) advisory panel chair Gordon Gregory said 
identifying and fixing safety risks on-farm isn’t a complex task if producers follow a few basic steps.  

They include consulting with workers, identifying hazards, assessing risks, controlling risks, keeping a 
record of actions taken, and monitoring and reviewing those actions.  

 “Involving and consulting workers is key and should include regular meetings where safety issues are 
discussed,” Mr Gregory said. 

“It’s always important to be on the lookout for on-farm hazards, but that’s especially true when familiar 
systems change, such as with the arrival of new machinery and equipment.  

“Property owners, managers and workers all have a responsibility to identify those jobs and situations 
that may cause injury or illness, not only to people doing the work, but also to bystanders and visitors.” 

People working on farms should report to their manager anything that could be considered hazardous 
to health and safety. 

Risk associated with each hazard can be assessed in terms of the severity of the potential harm that 
could occur, and the likelihood that such an outcome could occur. 

The best thing to do is to eliminate the identified hazard, for instance by swapping to a piece of 
equipment or infrastructure that can do the same job but is less risky. 

Reducing the risk can also be achieved by providing workers with safe operating procedures or rules, 
organising work in such a way that reduces risk, giving safety induction and training to workers, and 
closely supervising unskilled workers. 

Personal protective equipment must be provided and used where workers cannot be protected from a hazard by a 
control measure. This includes providing helmets to protect riders of motorbikes and quads. 
Records should also be kept of all activity in an occupational health and safety program. 
More information about these steps can be found in the Managing Grain Farm Safety guide, published by the Rural 
Industries Research and Development Corporation (RIRDC) and the Australian Centre for Agricultural Health and 
Safety. 
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RIRDC manages the PIHSP, which it co-funds along with the Cotton and Grains Research and Development 
Corporations, the Australian Meat Processor Corporation and Meat & Livestock Australia. The goal of the PIHSP is 
to improve the health and safety of farmers and farm workers and their families across Australia.  
For more information about the partnership, visit www.rirdc.gov.au/PIHSP 
 

FIVE STEPS TO A SAFER FARM 

Consult - involve your workers  

Identify hazards - look for unsafe conditions and unsafe practices  

Assess the risk - for each hazard, consider the likely outcome  

Control the risk - use the ‘hierarchy of control’ approach to eliminate each hazard, or find something else to use 
instead; if that can’t be done, use protective equipment and put procedures in place to minimise the risk 

Keep records – write down your OH&S activity  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Primary Industries Health and Safety Partnership (PIHSP) is funded by the Australian Meat Processor Corporation (AMPC), Cotton 
Research & Development Corporation (CRDC), Grains Research & Development Corporation (GRDC), Meat & Livestock Australia (MLA) and 
Rural Industries Research & Development Corporation (RIRDC). The PIHSP aims to drive sustainable improvements to work health and safety 
outcomes in agriculture, forestry and fishing through investment in RD&E. 

 

 


