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General Plenary Day 1 
To text questions during general plenary sessions please text to 0400 131 174 or tweet and include 

@NthGrainsInfo 

Soil Sodicity:  chemistry, physics and amelioration 

Neal Menzies, Mike Bell, Peter Kopittke 
School of Agriculture and Food Sciences, The University of Queensland 

Key words 

Sodicity, alkalinity, calcium deficiency, aluminate toxicity, gypsum 

Take home message 

At a mechanistic level, the adverse effects of sodicity on plant growth are reasonably well 
understood.  Unfortunately, differences in soil and plant characteristics, climate and agronomy 
mean that this understanding cannot be directly converted to a simple set of fool-proof rules.  

Like most cropping problems, growers and agronomists need to complement their knowledge of the 
underlying bio-physical system with careful observation to craft a solution appropriate for their 
situation. 

Introduction 

Sodicity, simply defined, is the presence of too much sodium (Na) in the soil.  Unfortunately the next 
step of stating how much Na is too much, is not something we can so easily deal with.  Part of this 
difficulty arises because of the usual differences we would find between different soils (differences 
in clay content, organic matter content, mineralogy, etc), and part arises because of the range of 
effects Na has on soils and on plant growth.  The most commonly considered sodicity problem is 
decreased soil structural stability, and the resultant soil physical problems.   We understand this 
problem, and have a number of amelioration strategies with which to address it.  We less frequently 
consider how we should address the problem of sodicity resulting in excessively high pH (alkalinity).  
This problem is also well understood, and amelioration strategies are available, but in the Australian 
dry-land farming context their implementation is seldom economically attractive.  Sodicity also 
results in a range of adverse impacts on plant nutrition, but this area is much less well understood.  
Indeed, it is the subject of considerable scientific debate, and I will provide you with an example of 
one of these science “conflicts” later in this paper. 

This is an enormous subject, and it would take me a reasonable size book to relate the state of our 
understanding of the subject.  For those of you who are interested, I refer you to the excellent book 
edited by Malcolm Sumner and Ravi Naidu “Sodic Soils, Distribution, Properties, Management and 
Environmental Consequences.  1998 Oxford University Press, New York.  I have drawn on it liberally 
in this paper.  Within this paper I will largely stick to the underlying science – the mechanisms by 
which Na creates problems in soils and by which ameliorants address these problems.   

Effects of sodium on the physical properties of soil 

Sodic soils have extremely poor physical characteristics which in agricultural soils lead to problems 
managing water and air regimes in the soil.  The lack of soil structural stability results in dispersion of 
the surface during rainfall to form a seal.  This seal limits infiltration partitioning a greater proportion 
of rainfall to runoff, and hence reduces water availability for crops growing in the soil, and increases 
the risk of erosion.  On drying, the seal hardens as a crust which can prevent emergence of 
germinating seeds resulting in poor crop establishment.  In addition, sodic soils are difficult to 
cultivate and have poor load-bearing characteristics.  These behaviours are a result of the influence 
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of Na on the clay fraction in the soil.  When the cation exchange is occupied by Ca or Mg, the 
individual clay platelets aggregate as illustrated in Plate 1, and the soil behaves in many respects like 
a silt or sand because the aggregates of hundreds of clay platelets are of this physical size.  The 
aggregated clay soil has good structural characteristics.  When the exchange is occupied by Na, the 
individual clay platelets repel each other and these aggregates of clay platelets break up.  The soil 
structure is destroyed, the clay disperses in water and is easily eroded.  The breakaway gullies we 
commonly encounter in duplex soils are an excellent illustration of how easily Na saturated clays are 
eroded – the soil literally melts away.  In a cultivated soil, much lower levels of Na saturation result 
in the various adverse agronomic outcomes as a result of only a small portion of the clay dispersing.  
It is always important to remember that sodicity is a problem that impacts on the clay fraction of the 
soil.  In a sand with little clay fraction, sodicity will not result in adverse physical conditions (though 
there may still be adverse chemical effects as we will discuss later. 

 

Plate 1. Scanning electron micrograph of aggregated clay platelets. 

 

Plate 2. Breakaway gully formation illustrates the ease with which Na saturated clay can be 
dispersed and eroded. 
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The composition of the CEC dictates the soils’ physical behaviour, with dispersion being a complex 
issue dictated by exchange cation composition, clay mineralogy, soil texture, organic matter content, 
etc.  Hence, rigid ‘rules’ and classification systems are not wonderful at predicting soil structural 
behaviour: this is where an understanding of the underlying processes (and a great deal of 
experience) are needed to permit us to manage soil sodicity. 

At a mechanistic level, two processes, swelling and dispersion, are responsible for the behaviour of 
sodic soils, with these two processes governed by the soil surface charge and how it is balanced by 
exchangeable cations.  So let’s start with a quick refresher on cation exchange capacity (CEC).  Clay 
surfaces in most surface soils carry a net negative charge.  This charge results in the cations being 
attracted to the surface, and these attracted cations balance the negative charge on the soil.  Our 
starting conception of this arrangement is negative charge on the mineral, and a set of cations held 
tightly against the surface – we often see diagrams representing the system in this way (Figure 1a).  
This is wrong!  The exchangeable cations are not held tightly against the surface, rather there is a 
higher concentration of cations in the soil solution near the surface where the cations have been 
attracted by the negative surface charge.  Conversely, there are fewer anions in the soil solution 
near the surface, because they have been repelled by the negative surface charge.  The zone of 
increased cation concentration and decreased anion concentration is called the diffuse double layer.  
Within this layer the sum of excess cations and deficit of anions equals the charge on the surface.  So 
the surface charge is balanced not at the immediate surface, but within a distance from the surface 
(Figure 1b, Figure 2). 

 

Figure 1.  Schematic representation of the soil surface charge (cation exchange capacity) being 
balanced by (a) cations held tightly against the soil surface (an incorrect representation), and (b) by 
an excess of cations and deficit of anions in a volume of solution extending some distance from the 

surface (a correct representation). 

Represented graphically (Figure 2), it is clear that the charge is largely balanced by cation excess 
(rather than anion deficit), and that distribution of cation excess is effectively an exponential 
decrease with distance from the surface.   
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Figure 2.  A representation of (lower) the distribution of 
cation and anions in the soil solution (analogous to Figure 
1b), and (upper) a graph of the concentration of anions 
and cations with distance from the soil surface.  In the 
diffuse double layer there is a higher concentration of 
cations than anions, while in the bulk solution the 
concentration of anions and cations is equal (represented 
by the dotted line). (This and following images are from 
van Olphen 1977 – I do not suggest that you read this, I 
am just acknowledging where I copied the figures from). 

 

If we could design an appropriate probe that could sense 
charge that was not balanced by extra cations or fewer 
anions and gradually move this probe toward the soil 
surface, it would show no charge in the bulk soil solution, 
but show an exponentially increasing charge as we move 
it through the diffuse double layer toward the surface.  
Our imagined probe is measuring potential – the potential 
to do work.   

 

If two charged soil particles approach each other until their diffuse double layers overlay, the work 
the potential can do is to push the soil particles away from each other.  This is not the only force 
acting on the particle.  Van der Waals forces attract particles to each other.  The van der Waals 
forces are strong, but only act over a small distance.  The balance between repulsion resulting from 
the surface charge and attraction resulting from van der Waals forces will determine if the particles 
come together (flocculate) or remain dispersed.  The extent of the diffuse double layer can be 
changed, so we have the capacity to alter the balance of these two forces. 

 

Figure 3.  Representation of the strength (y axis) 
and distance of influence from the soil surface (x 
axis) of the van der Waals forces which attract 
particles together (force of attraction VA) and 
double layer repulsion (force of repulsion VR).  
The force of repulsion is plotted for three 
different soil solution concentrations (the effect 
of concentration on diffuse double layer 
thickness will be discussed shortly) The van der 
Waals forces are not affected by environmental 
influences, hence only one line is needed to 
represent these. (Figure copied from van Olphen 
1977).   
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Figure 4.  The attractive (below x axis) and repulsive (above x axis) forces acting on soil particles, and 

the net effect (dotted line) under conditions of (left) low ionic strength and (right) high ionic 

strength.  (Figure from van Olphen 1977). 

In low ionic strength (Figure 4 left) solutions where the diffuse double layer is broad, the counter ion 
atmospheres interact and create repulsive forces at much greater distances than the short range van 
der Waals attractive forces.  Thus, flocculation of the soil is inhibited by an energy barrier.  In the 
diagram below, the net energy balance (attraction/repulsion) is represented by the dotted line.  This 
shows an initial high repulsion – the energy barrier to flocculation.  There is then an energy-well; 
once the particles come close enough together, then they will attract each other.  Given the large 
energy barrier, a system with this energy balance would take a long time to flocculate. 

Note that there is a strong repulsion once the particles come close enough together – the cause of 
this is not represented by a solid line in the figure (so the dotted line is not a true sum of the two 
solid lines).  This very short range repulsion is a result of two factors, Born repulsion (when extruding 
lattice points come into contact or interact), and the result of strong adsorption forces between the 
surface and water (normally surfaces are covered with one or two monomolecular layers of water). 

Where the ionic strength of the soil solution is high (Figure 4 right) the repulsion force is at a 
minimum.  Under this condition there is no energy barrier to flocculation.  As two particles approach 
each other (because of their random motion in water), they will reach a point at which they are 
attracted, and they will flocculate.  Such a system would rapidly flocculate. 

Increasing the ionic strength of the electrolyte, or increasing the valance of the saturating cation (for 
example by replacing Na+ with Ca2+) causes compression of the counterion atmosphere and reduces 
the range over which the repulsive force acts.  The attractive force is independent of concentration 
and valence of the counter ion.  Maximum flocculation is induced at high concentration and high 
counter ion valance, when repulsive energy decays rapidly and attractive forces dominate at all 
distances from the surface (close in short range repulsive forces remain dominant). 

The most common ameliorant applied to sodic soils to correct soil structural problems is gypsum.  It 
acts to promote flocculation through both mechanisms; increasing soil solution ionic strength and by 
supplying divalent Ca ions to displace Na from exchange sites.  The first of these effects (increased 
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ionic strength) is immediate and can be achieved by relatively low rates of gypsum application, but 
the effect is short lived (especially if the application rate is low).  Gypsum application can be 
particularly effective as a means of improving soil surface conditions at sowing, providing better soil 
tilth and reducing crusting.  Clearly timing is important to ensure that rainfall and/or irrigation do 
not dissolve and leach all of the gypsum before sowing. 

The effect of changing the counterion valance (replacing Na with Ca) is permanent (unless additional 
Na is supplied which will displace the Ca; for example through the use of poor quality irrigation 
water).  Rates of gypsum application to displace Na from the exchange can be substantial.  In Table 
2, I have provided data for a Grey Clay soil and the calculated rate of gypsum required to reduce the 
Na saturation of the CEC to below 5%.  The assumptions here are that replacement is perfect, i.e. 
that all of the Ca from gypsum replaces Na and none is leached, the gypsum is pure, and the soil bulk 
density is 1.2g/cm3.  For this soil, 17 t/ha would be required to replace Na to 60 cm, and 33 t to treat 
90 cm.  Clearly these rates of application would not be economically attractive!  Even if they were, 
we would need to consider the time it would take to move the gypsum derived Ca through the soil 
profile.  Gypsum solubility is approximately 2.5 g/L, so it will take 40 mm of rainfall to dissolve 1 t/ha 
of gypsum.  In an environment with 700 mm/year rainfall, it would take 2 years for the gypsum to 
dissolve from the soil surface.  However it will take a great deal longer for the gypsum to move to 
depth.  If we assume that 10 mm/year leaches beyond 90 cm (this estimate is derived from salinity / 
leaching work on the western Darling Downs), then it would take 65 years for the gypsum to reach 
the bottom of the soil profile. 

Table 1.  Exchangeable cation data for a grey clay soil, and the estimate gypsum requirement for 

different depth increments in the profile, and rainfall required to leach this gypsum into the soil. 

Depth CEC Na 5% of CEC Na reduction Gypsum Leaching 

requirement 

cm cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg t/ha mm 

0-10 29 2.3 1.5 0.8 0.8 30 

10-20 30 4.2 1.5 2.7 2.8 110 

20-30 29 4.0 1.5 2.5 2.6 100 

30-60 32 5.1 1.6 3.5 10.8 430 

60-90 30 6.8 1.5 5.3 16.3 650 

     33.3 1320 

Generally gypsum is applied at much lower rates than are required to displace all of the Na.  The 

expectation from these smaller additions is that they will help to ameliorate the surface soil, 

increasing infiltration, and encouraging more uniform crop establishment.  Repeat applications may 

be needed to sustain the surface soil improvement, and would certainly be needed if an impact on 

the subsoil sodicity was sought.  Such small applications can be economically attractive.  In the GRDC 

funded Combating Subsoil Constraints project (SIP08) one-time surface applied gypsum @2.5/ha 

increased cumulative gross margins by $207/ha over 4 crops (wheat 05, chickpea 07, wheat 08 and 

sorghum 09-10), reduced 115 t sodium chloride from the rooting depth and increased plant available 

water capacity by 15 mm (Dang et al 2010).  Unfortunately, gypsum application is not always 

profitable, and more effective prediction of gypsum response is needed. 
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Note that the application of lime (CaCO3) also supplies Ca to the soil, but the low solubility of lime in 

neutral and alkaline soils prevents Ca release to participate in exchange reactions.  Lime application 

to an acid sodic soil will address both the acidity and sodicity.  Application of lime to a neutral or 

alkaline sodic soil will have little or no effect. 

Some of the adverse soil structural aspects of sodicity may be addressed by increasing the organic 

matter content of soils – the organic matter acting to bind soil aggregates sustaining soil structure.  

There are a lot of reasons why growers would wish to increase the organic matter content of their 

soils; unfortunately, it is not an easy thing to achieve. 

Effects of sodium on the chemical properties of soil 

Cation nutrition 

As the extent of Na saturation of the CEC increases, the reservoir of cationic plant nutrients (Ca, Mg, 

K) is diminished, and the ratio of Na to the other cations in soil solution increases dramatically.  The 

selectivity of the soil CEC, with divalent ions held more strongly than monovalent cations, means 

that Na will be the dominant ion in soil solution, even when it only occupies a small proportion of 

the CEC.  This is well demonstrated for a range of non-sodic soils in Figure 5.  In these soils there is a 

trivial level of exchangeable Na, but Na is the dominant cation in soil solution.  In saline soils, the Na 

dominance of the soil solution can be even more pronounced; in a saline vertisol with 11% of the 

CEC occupied by Na, but 81% occupied by Ca, the ratio of Na to Ca in the soil solution was more than 

10:1 (100 mM Na, 8 mM Ca) (Dyer et al 2008). 

The most important of the cation nutrition problems induced by sodicity is Ca deficiency, where high 

solution concentrations of Na interfere with plant uptake of Ca.  It has long been recognised that Na 

is not the only cation which has this effect (high Mg readily induces Ca deficiency), and that the ratio 

of Ca to the total cations in solution is a better predictor of Ca deficiency than Ca concentration 

alone.  An even more accurate prediction of Ca deficiency is obtained when expressed as a ratio of 

activity in solution, the calcium activity ratio (CAR) (see Figure 7).    
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. 

  

Figure 6.  The distribution of exchangeable cations (left) and soil solution cation concentration in 60 

non-saline / non-sodic surface soils. In each box plot the central line represents the median, the box 

captures 50% of the data points (From Menzies et al 1994). 

 

 

Figure 7.  Relative root length of mungbean in nutrient solutions containing a constant 

concentration of Ca (0.60 mM) and Na (5 mM), where the Ca activity ratio (CAR) was manipulated by 

the addition of Mg.  (From Kopittke and Menzies 2005) 

.



Coonabarabran GRDC Grains Research Update  25th & 26th February 2015 

15 

Calcium has an important role in stabilizing the pectins in plant cell walls.  Calcium cannot be readily 

translocated within the plant, so for roots to grow into soil, there must be sufficient Ca available in 

the soil solution within that soil volume.  Thus Ca deficiency has a direct impact on root growth 

(Plate 3), with the resultant poor root system indirectly impacting the plant through the inability of 

the restricted root system to acquire water and nutrients.  A crop growing in a soil where sodicity 

induced Ca deficiency at depth has limited root proliferation into the subsoil will be more 

susceptible to drought and less able to obtain nutrients at depth, rather than showing symptoms of 

Ca deficiency on the shoots. 

 

Plate 3.  Cowpea root growth 

where adequately supplied with 

calcium (left) and plants grown at 

the same Ca concentration, but 

with sufficient Mg to induce Ca 

deficiency.  Note that the Ca 

deficient roots are not only much 

shorter, but also that lateral root 

growth is severely impacted.  

Although not apparent in this plate, 

Ca deficient plants cannot produce 

healthy root hairs, and this will 

profoundly impact the plants’ 

capacity to capture nutrients like 

phosphorus. 

 

Direct Na toxicity 

Most plants are not especially sensitive to Na, with yield primarily being reduced by the osmotic 
effect of elevated Na concentration (salinity) rather than a direct toxicity of Na.  Nevertheless, a 
portion of the yield reduction can be demonstrated to be the result of a specific Na toxicity.  In an 
effort to tease out the separate effects of the osmotic stress and Na toxicity, Sheldon (2005) 
compared the growth of wheat when exposed to increasing concentrations of NaCl and when 
exposed to solutions of similar osmotic potential composed of a mixture of chloride salts (NaCl, KCl, 
MgCl2, CaCl2).  The extent of Na toxicity can be assessed by a comparison of the yield of plants 
exposed to the same osmotic potential achieved using a mixture of cations to that achieved using Na 
alone (Figure 8).  The lower yield for the Na only plants is a result of Na toxicity.  In contrast, an 
analogous experiment comparing solutions where the anion component is Cl alone or a mixture of 
anions, shows that Cl is not toxic to wheat.  Thus wheat growing in a saline (NaCl) soil is limited by 
salinity and Na toxicity, but not Cl toxicity. 

Plant tolerance of Na varies extremely widely, with two broadly defined groups recognised: the 
glycophytes which are salt-sensitive, and the salt-tolerant halophytes.  Most cultivated crops are 
glycophytes.  Glycophytes rely on limiting uptake of Na, but because the plant uses a charge 
differential between the soil solution and the electronegative interior of the cell to drive the uptake 
of cationic nutrients, and because the cation transporters in the plasma membrane are to some 
extent permeable to Na, it is not possible for the plant to prevent Na accumulation.  In contrast, 
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halophytes do not restrict Na uptake, but compartmentalize the Na into cellular vacuoles as a useful 
osmotic regulation strategy to assist in dealing with saline soils.  The halophyte strategy permits the 
plant to survive in saline environments, and there may be merit in considering this strategy in 
breeding salt-tolerant crops – but it is worth remembering that this is a “survival” strategy; 
halophytes are not known for their rapid growth / high yield! 
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Figure 8.  The dry-weight of shoots compared to the osmotic potential of the treatment solution.  In 
the left hand figure the open symbols represent treatments where all the cations were Na+, in the 

right hand figure they represent treatments where all of the anions are Cl-.   The solid symbols 
indicate treatments that contained mixed anions and cations (From Shelton et al 2006). 

Alkalinity (and the vexed issue of aluminate toxicity) 

Where Na is the dominant cation in soil solution, the pH can rise to higher values than occurs where 
Ca or Mg is the dominant cation.  This is a simple reflection of the solubility of the respective 
carbonates of these cations.   Calcium and Mg carbonates are not very soluble, while Na and K 
carbonates dissolve readily in water to form solutions with very high pH (Table 2), according to the 
reactions; 

Table 2. The solubility of carbonate salts in water.   
More soluble salts will support a higher solution pH. 

Carbonate Solubility (g/L) 

CaCO3 0.014 

MgCO3 1.76 

Na2CO3 71 

K2CO3 1120 

 

   Na CO     2 Na  +  CO2 3
+

3
2-  

   CO  +  H O    HCO  +  OH3
2-

2 3
- -  
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The alkalinity of Ca2+-rich soils is precipitated in the form of CaCO3 (calcite), which controls the 
solution pH at a value near 8.2 (assuming a CO2 gas pressure of 0.3 millibar).  These soils are termed 
calcareous, and are not considered to be alkaline despite their pH, because they do not possess the 
negative attributes of the more strongly alkaline soils.  If on the other hand, alkalinity is present in 
the form of Na (or K) bicarbonates and carbonates, the soil can have a very high pH and pose an 
alkalinity hazard to plants.   

This issue of solubility of carbonates provides us with the mechanism by which the most widely used 
ameliorant for alkaline soils, gypsum, acts.  Application of gypsum to the soil supplies Ca ions which 
precipitate as CaCO3 consuming alkalinity.  Effectively the reverse of the equations written above for 
sodium carbonate.  Each mole of gypsum applied has the capacity to precipitate 2 moles of 
alkalinity.  This alkalinity is not removed from the soil, it remains present in the precipitated 
carbonate, with the pH lowered to the 8.2 to 8.5 range.  Another commonly used ameliorant for 
alkaline soils is elemental sulfur, which is oxidised by bacteria in the soil, effectively producing 
sulfuric acid.  In this instance the alkalinity is actually removed from the soil.  One of the limitations 
of this approach is the need to predict the elemental S application accurately to prevent an excessive 
application producing an acid soil.  In contrast, an excessive application of gypsum will not harm the 
soil (it is simply a waste of money). 

Plant growth at high pH is limited indirectly both by nutritional disorders and HCO- toxicity.  Iron 
deficiency (lime-induced chlorosis) is the most common nutritional disorder of plants growing on 
alkaline soils and is caused both by low Fe availability and by elevated concentrations of HCO-. The 
availability of other nutrients such as Ca, Zn, P and Mn, is also low in alkaline conditions due mainly 
to adsorption and precipitation processes.  Alkalinity itself (i.e. the OH- ion) is also directly 
detrimental to plant roots, but its’ influence is typically overshadowed by the problems induced by 
high pH.  Very careful experimentation is required in order to investigate the effect of high pH per se, 
but when sufficient care is taken, OH- can be shown to reduce plant growth at pH values commonly 
encountered in soils (e.g. mungbean root length was decreased at pH 8.5 Kopittke and Menzies 
2004).  We will return to this need for careful experimentation shortly when we consider aluminium 
(Al) toxicity at high pH. 

In acid soils the toxicity of Al3+ and other monomeric hydroxy-Al species (AlOH2+, Al(OH)2
+)  at low 

concentration is well established. The critical Al concentration at which root elongation is inhibited is 
as low as 5 to 20 mM in solutions of low ionic strength representative of acid soils.  To ameliorate 
acid, Al-toxic soils, lime is applied to raise the soil pH, as Al solubility decreases with increasing pH.  
Where we encounter acid sodic soils, lime acts as an ameliorant for the detrimental effects of both 
the acidity and the sodicity by raising the pH and supplying Ca ions into the soil solution.  

Interestingly, the solubility of Al increases again at high pH (Figure 9), with the Al in an anionic form 
as aluminate (Al(OH)4

-).  At a mechanistic level, it does not seem sensible to assume that Al in an 
anionic form will be toxic in the same manner as it is as a cation, and much of the evidence used to 
establish aluminate toxicity is based on correlation, rather than a demonstration of causation.  By 
this we mean that measurements of Al in soil solution show an increase as soil pH increases in 
alkaline soils, and at the same time, plant growth decreases as pH increases – hence the correlation 
between increasing aluminate and decreasing plant growth, and the basis of the claim that 
aluminate is toxic to plants.  Of course this correlation ignores the rapidly decreasing availability of 
Ca and Fe, and the increasing toxicity of HCO3

-, etc.  So correlation evidence is little better than no 
evidence at all! 
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Figure 9.  The concentration of various forms of aluminium in solution in equilibrium with aluminium 
hydroxide at a range of pH values.  The solid black line represents the total concentration in solution.  

Note that the y-axis units are Log (molar concentration) 

Other researchers have taken a more direct approach to demonstrating aluminate toxicity by 
comparing plant growth in alkaline solutions which are aluminate free (e.g. Na2CO3 solution), to 
growth in the same solution to which Al has been added to test the toxicity of aluminate.  Plants 
grow less well in the Al containing solution, and this is interpreted a clear evidence (causation 
evidence).  Unfortunately, it’s not that simple!  When Al is added to an alkaline solution, some of the 
added Al forms an Al13 polymer (Figure 10), and this is profoundly toxic with only 3 to 4 µM sufficient 
to fully inhibit wheat root growth (Parker et al 1989).  Of course, if you do not look for polymeric Al, 
you will not find it, and you will be happy to say that aluminate is toxic.  We went to extraordinary 
lengths to prevent the formation of polymeric Al in order to establish if aluminate was toxic, yet still 
found Al13 forming over time in our solution culture systems so that we could only establish that 
aluminate was not toxic by regular replacement of the test solutions (Kopittke et al 2004).  An 
important additional consideration then is whether Al13 will be a limitation to plants growing in 
alkaline soils.  This seems very unlikely.  It will not form where silicate or sulfate is present, it is 
thermodynamically unstable and will eventually precipitate as Al(OH)3 with this process speeded by 
the presence of soil minerals, and finally it has a charge of 7+ and so would be held extremely 

strongly by the soil CEC.  

 

Figure 10.  A stick model of the Al13 polymer.  Al 
atoms are represented by the green intersection 
points, with oxygen represented by red and 
hydrogen by white.  This polymer is profoundly 
toxic to plants, but is only likely to be encountered 
as an experimental artefact in solution culture 
experiments.  Its’ high surface charge of 7 would 
see it held very strongly by the CEC in soil. 
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Some concluding comments 

While we have discussed the various physical and chemical effects of sodicity (alkalinity) in isolation, 
the reality is that they will occur simultaneously in a sodic soil.  Furthermore, the observable impact 
of the various adverse soil conditions on plant roots will be similar, so it is very difficult to attribute 
the plant growth limitation to a particular mechanism.  For example poor soil structure will result in 
susceptibility to waterlogging, with the roots damaged (killed) by low oxygen availability, but these 
damaged roots would not be readily distinguished from roots damaged by Ca deficiency or by 
alkalinity.  At a whole plant level each of these problems (or the combination of all of these 
problems) will result in drought susceptibility, poor capacity to capture nutrients like phosphorus 
which are obtained by active uptake and diffusion toward the root. 

In the majority of instances, we do not need to know the precise mechanistic nature of the problem, 
as the same ameliorative strategy, the application of soluble Ca (most commonly as gypsum), will 
address most of the limitations.  Nevertheless, some knowledge of the specific problem faced (often 
gained by thoughtful observation) will guide the implementation of a remediation strategy.  For 
example, the various aspects of poor soil structure caused by dispersion are a diffuse double layer 
problem, but individual expressions of poor soil structure require different remediation strategies.  
At the immediate surface of the soil, dispersion can result in surface sealing, and in the short term 
this can be addressed by increasing the ionic strength of the soil solution through the application of 
relatively low rates of gypsum.  These applications must be repeated regularly as rainfall will dissolve 
the gypsum and leach it down through the soil profile, once the solid phase gypsum is all dissolved, 
the ionic strength of the soil solution will fall – approaching the very low ionic strength of rainwater 
at the soil surface – and the risk of surface sealing will re-emerge.  Deeper in the soil profile, the 
ionic strength of the soil solution is much more buffered, and the beneficial effect of gypsum 
application is limited to the replacement of Na by Ca on the CEC.   

Numerous important knowledge gaps remain in our understanding of sodic soils.  Stating these in 
pragmatic terms (rather than as the underlying science), we need  

 To be better able to predict on which soils an economic benefit will be gained from the 
application of gypsum (including setting the appropriate rate of application, and frequency of 
repeat applications) 

 To develop strategies for the amelioration of sodic subsoils, and the ability to predict when 
subsoil amelioration will be economically attractive 

 To refine water and nutrient management approaches for sodic soils. 

 To understand, and hence be able to optimize, alternative amelioration strategies (e.g. organic 
matter management). 
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Finding more yield and profit from your farming system 

Simon Fritsch & Peter Wylie, Agripath Pty Ltd. 
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APT00001 – Economics of closing the yield gap northern grains region 

Take home message 

There is enormous potential to improve farm profits if the gap between average farm yields and 
attainable grain crop yield, which is between 50 and 100%, can be reduced. This requires finely 
tuned farming systems and agronomy, but in conjunction with good management of machinery, 
labour, finance and the timeliness of operations. 

The main difference between average and top farmers is the occurrence of problems which affect 
yield.  In practice many crops are affected by several ‘profit draggers’, like disease, nematodes, 
weeds, low nitrogen, timeliness or harvest losses, which in combination affect yield by 20-30 % and 
drag down profit by 50-60%. 

To manage well requires attention to all the profit draggers, but good results also requires time and 
effort to be put into crop selection, rotations, crop frequency, risk management and farm cost 
choices. Teamwork, labour, safety and machinery decisions are also important.  

1. Attainable yields 

Water Use Efficiency benchmarks can be used to derive attainable yield for a location and season. In 
the higher rainfall areas of northern NSW and southern Queensland, an attainable average yield for 
wheat on short fallow is in the vicinity of 3.8 t/ha. This is based on average soil moisture of 140mm 
and 195mm of in-crop rainfall, of which 25 mm remains as harvest soil water. The 3.8 t/ha yield of 
wheat is produced from 310 mm at a water use efficiency (WUE) of 12.5 kg/ha/mm.   

In western NSW and south-west Queensland, attainable yields decline with rainfall and soil water 
storage capacity. Where there is 150mm of in-crop rainfall, 20 mm of which is left as harvest soil 
water, and 110mm is stored in the soil during fallow, the attainable yield of short fallow wheat is 
2.75 t/ha at a target WUE of 11.5 kg/ha/mm. 

Attainable yields for grain sorghum, as shown in Table 1, vary between 2.7 t/ha where water 
available to the crop is around 245mm and WUE 11 kg/ha/mm and 5t/ha where water available is 
330 mm and WUE is at 15 kg/ha/mm.  In the best of the sorghum growing districts, such as the 
Central Downs of Queensland and the Liverpool Plains of NSW a target yield for sorghum is 6 t/ha, 
produced from 375 mm of water at a WUE of 16 kg/ha/mm. Figures are shown for a September 
plant, but there are various scenarios for sorghum, such as where sorghum is grown on long fallow 
which can store an extra 50mm of water, and where the crop is planted in December or early 
January to maximise the chance of in-crop rainfall. 
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Table 1. Attainable yields of wheat and sorghum calculated from WUE and by APSIM 

    Wheat 

May  30 Plant 

Planting 
soil 
water 

In-crop  
Jun -       
mid-Oct  

Harvest 
soil 
water* 

WUE  
kg/ha/m
m 

Yield** 
average 

APSIM     
150 mm 
PAWC # 

APSIM    
180 mm 
PAWC # 

Northern NSW        

High yield Gunnedah 149 236 31 12.5 4.43 3.94 4.41 

Medium yield Moree 146 191 21 12 3.79 3.33 3.52 

NW NSW           

High yield Coonamble 106 159 16 12 2.98 2.72 3.10 

Medium yield Walgett 106 142 20 11 2.51 2.53 2.90 

 

  Sorghum 

 Sep 30 plant 

Planting 
soil 
water 

In-crop  
Oct -       
mid-Jan 

Harvest 
soil 
water 

WUE  
kg/ha/m
m 

Yield 
average 

APSIM    
150 mm 
PAWC 

APSIM    
180 mm 
PAWC 

Northern NSW        

High yield Gunnedah 136 274 14 13 5.14 3.65 4.29 

Medium yield Moree 121 252 22 11 3.85 3.08 3.72 

NW NSW            

High yield Coonamble 126 137 23 11 2.64 2.28 2.54 

Medium yield Walgett 125 148 28 11 2.70 2.3 2.59 
*Average soil water at harvest calculated by APSIM 
**Yield calculated from average rainfall data and water use efficiency figures 
# Yields modelled using APSIM show attainable yield is higher with increasing soil water capacity 
 

2. Benchmarking yields using local WUE numbers 

Water Use Efficiency estimates can be used as a benchmark to examine yields in hindsight or to 
project future yields. A better interpretation of WUE can reduce some of the variability that has 
limited the value of WUE in the past.  

The French and Schultz model has been widely used in southern Australia to benchmark wheat yield 
for a given water use, with a target of 20 kg/ha/mm, allowing for 110 mm of soil evaporation. 
Current varieties and farming practices now produce WUE closer to 25 kg/ha/mm (Sadras and 
McDonald 2011).  

Better benchmarks of WUE for the Northern Grains Region require soil stored moisture to be 
included in calculations, even if only an estimate. The application CliMate or the model How Wet can 
be used to estimate soil water. Deducting 110 mm for soil evaporation should be ignored because 
winter rainfall and soil evaporation is often below 110 mm and the deduction leads to spurious 
results where WUE is high in a poor yielding year, when in fact it is low due to a low harvest index. 

In most years, there is little or no moisture left in the soil at harvest, but when there is heavy spring 
rainfall, some account can be made of left-over water by adjusting the estimate of in-crop rainfall. 
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This approach, where evaporation is ignored, is supported by Hunt and Kirkegaard (2011) who say; 
“It is water use efficiency that is important as a benchmark when reviewing management, not 
transpiration efficiency”. Doherty et al (2010) and Sadras and McDonald (2012) also conclude that 
the most practical way of estimating WUE is to subtract soil water at maturity from soil water at 
sowing and add the rainfall that falls in between. This is what is proposed in this paper as the most 
appropriate way to use WUE in the Northern Region. 

WUE should be more than a single number 

The accuracy of using WUE to estimate yield can be improved by using a range, rather than a single 
number.  WUE improves with yield, as a result of a better harvest index. In extremely low yielding 
situations, the crop has used a lot of the available water growing to the flowering stage and the WUE 
can be less than a half of the WUE of a high yielding crop. As yield potential improves there is 
generally better tiller survival, more heads per hectare, more grains per head and higher grain 
weights. This all serves to improve the WUE. 

 

 

Figure 1. Water use efficiency of Wheat; NE NSW and SE Qld (2007-2012) 

Data for wheat in NE NSW and SE Queensland, shown in Figure 1, demonstrates that WUE increases 
from around 9 kg/ha/mm where yields are less than 3 t/ha, to 12 kg/ha/mm for yields between 3 
and 4 t/ha and is commonly above 15 where yields exceed 4 t/ha due to a favourable season.  This 
data is derived equally from farm and trial observations and so variation at any yield or WUE level 
can be the result of seasonal effects or impacts on yield by disease, nitrogen or other factors. 

Using several benchmarks for wheat, of  9, 12 and 15 kg/ha/mm, depending upon the yield potential 
greatly improves the accuracy of WUE compared to the use of one number, such as 12 kg/ha/mm. 
The other way WUE benchmarks can be adjusted to improve accuracy is to allow for sowing time. If 
the WUE for wheat planted in mid-May is 15 kg/ha/mm, this will decline by around 5% per week and 
would be only 12 kg/ha/mm for wheat planted in mid-June. 

Chickpea has a good correlation between yield and WUE (as shown in Figure 2). At yields below 1.5 
t/ha, WUE is around 5 kg/ha/mm, while above 2.5 t/ha the WUE is usually above 9 kg/ha/mm.  Using 
three numbers for WUE; 5, 7 and 9, depending upon the yield range will improve the use and value 
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of WUE calculations. At very high yield levels, the WUE of chickpea is usually above 11 kg/ha/mm. 
There is a reduction in WUE for chickpea with delayed planting, similar to wheat. 

 

Figure 2. Water use efficiency of chickpea; NE NSW and SE Qld (2007-2012) 

Sorghum also shows increasing WUE as yields increase, due to a better harvest index at high yield 
levels. But WUE is affected also by temperature and humidity as well as yield and harvest index. It is 
higher in the cooler more humid areas or growing seasons than hotter drier areas or growing 
seasons, in much the same way as wheat responds to later planting dates. 

 

 

Figure 3. Water use efficiency of sorghum – NE NSW and SE Qld (2005-2012) 
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The average WUE for sorghum grown on the Darling Downs and Liverpool plains should be in the 
vicinity of 15 kg/ha/mm. Benchmarks for sorghum are 10kg/ha/mm for yields less than 3.5 t/ha, 13 to 
15 for yields from 5 to 6.5 t/ha and 18 kg/ha/mm for yields above 6.5 t/ha. (See Figure 3). 

3. The economics of profit draggers 

Every disease problem, every mistake with seed, planting or variety selection, or not enough spent 
on inputs such as weedicide and fertiliser, can cost more than 10% in yield. It is common for three or 
more of these issues to be dragging down crop yields by some 30% and profit by 50-60%. 

Closing the yield gap is about managing these multitude of factors which drag on yield. The gap 
between average farm yields and the attainable yields which result from good farming practices and 
systems is around 50 to 90% in northern NSW. If this yield gap could be closed, farm profitability 
would increase enormously, up several times the present levels, as shown by the estimates below.  

Table 2. Profit from 30% less yield – Northern NSW 

 Wheat Sorghum 

 good 
yield 

less 
30% 

good 
yield 

less 
30% 

Yield (t/ha) 3.75 2.6 4.8 3.36 

Price 240 240 210 210 

Gross $/ha 900 624 1008 706 

Fertiliser: 123 93 150 112 

Seed 30 30 32 30 

Fallow sprays 60 48 50 40 

Weeds, Pests 35 15 55 45 

Fuel & Repairs 52 52 52 52 

Harvest costs 55 50 60 55 

Freight & Misc. 91 74 107 85 

Labour 60 60 60 60 

Machinery costs 78 78 78 78 

Total costs 584 500 644 558 

Gross Margin 316 124 364 148 

Gross Margin % 255% 39% 246% 40% 

Data from Agripath benchmarking 

Good crop yields are a result of good planning and implementation of crop production involving a 
myriad of details, starting with the crop choice, the rotation program and how moisture is stored 
and used on the farm. 

Combine this with good planting technology and timeliness, and the right details of fertilisers, 
weeds, pests and other aspects of crop agronomy and there is potential to substantially improve 
grain yields and profitability. 

4. The farming system 

The farming system needs to be designed to minimise the effects of crown rot in wheat and root 
lesion nematodes in wheat and grain legumes. Management of weeds, particularly glyphosate 
resistant summer grass weeds, is another factor driving farmer decisions on rotations. Disease 
control, diversification and risk management, as well as improved timeliness is often improved with 
a mix of summer and winter crop and making decisions on crop rotation is quite complex. 



Coonabarabran GRDC Grains Research Update  25th & 26th February 2015 

26 

Crop yield is highly influenced by fallow rainfall storage and soil moisture at sowing. A high 
frequency of low yielding crops, with small margins may be less profitable than a well-planned 
rotation which includes some crops grown on long fallow during the change between summer and 
winter cropping. 

Good farming systems take into account soil health, stubble cover and fallow management to reduce 
runoff and evaporation, thereby storing as much soil moisture as possible. A small amount of extra 
soil stored moisture can go close to doubling crop profitability as shown in the following example 
derived from APSIM modelling. At Coonamble an extra 16 mm is stored on average in a soil with a 
plant available water capacity of 180mm, compared to a soil with a PAWC of 150 mm. This extra 
water produced an extra 381kg/ha of wheat (a gain of 23 kg/ha/mm) which would improve profit 
from $144/ha to $219/ha. 

Table 3. Effect of soil water capacity on water storage and crop yield 

Soil 
PAWC      

mm 

Wheat          
May  30            

Plant 

Planting 
soil 
water 

In-crop  
Jun -       
mid-Oct  

Harvest 
soil 
water 

WUE  
kg/ha/mm 

Yield 
average 

150 Gunnedah 136 236 28 11.1 3814 

180 Gunnedah 158 236 30 12.0 4351 

  Increase 22   24.1 537 

150 Coonamble 126 201 16 8.7 2716 

180 Coonamble 143 201 17 9.5 3097 

 Increase 16   23.4 381 

APSIM modelling by G. Mclean, DAFF Qld. 2014 

5. How do good farmers achieve top yields of wheat, sorghum and chickpea? 

The following suggestions are ways in which good farmers achieve yields which may be high enough 
to more than double farm profitability. 

 

5.1 Better wheat and chickpea yields will result from sound rotations to manage disease, 
nematodes and weeds. 

Good rotations can manage crown rot, and if wheat has to be sown after wheat, it should be planted 
into the middle of the old wheat rows for up to 9% extra yield (Verrell 2014). New varieties of wheat, 
such as Suntop , offer potential to suppress nematode populations and avoid heavy losses from 
these pests, not only in wheat but in subsequent legume crops. Rotation plans which include some 
fixed cropping plans and long fallows can pave the way for increased use of residual herbicides to 
help reduce costs and to better manage glyphosate resistance.  

5.2 Manage profit margins with well-planned rotations and decisions based on soil stored 
moisture.  

Long fallow crop sequences can be more profitable than double crops. Do the sums! A double-crop 
of chickpea with a yield of 1.2 t/ha followed by wheat yielding 2.7 t/ha might have a combined 
margin of less than $200/ha. A chickpea crop on a long fallow with a yield of 2.6 t/ha, should have a 
margin close to $500/ha and could help to double farm profit. Good margins are important and too 
much opportunity cropping can result in reduced margins over the longer term. 
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Table 4. Margins from a double-crop sequence compared to a long fallow 

 
Chickpea 

double-crop 
Wheat after 

Chickpea 
Chickpea on 
long fallow 

Yield (t/ha) 1.2 2.7 2.6 

Price 400 240 400 

Gross $/ha 480 648 1040 

Fertiliser: 30 95 30 

Seed 40 30 40 

Fallow sprays 24 48 60 

Weeds, Pests 72 15 80 

Fuel & Repairs 52 52 60 

Harvest costs 55 50 55 

Freight & Misc. 53 76 74 

Labour 45 60 60 

Machinery costs 55 78 81 

Total costs 426 504 540 

Gross Margin 54 144 500 

5.3 Maximise legume opportunities and yields 

Faba beans, chickpea or other legume crops may improve farm profit if profitable in their own right 
and they provide soil and rotation benefits. If the legume is grown one year in three and provides 
half the nitrogen requirements of the following cereal crop it will halve nitrogen fertiliser costs.  

Good seed and inoculation techniques can pay dividends if yield and nitrogen inputs are enhanced. 
Investment in water injection for inoculation may be profitable. 

5.4 Extra soil water storage can double profit.  

An extra 20 mm of soil stored water could add 400 kg/ha to yield – enough to double the profit in 
some situations! Soil moisture storage improves with soil health, which is about building soil organic 
matter with plenty of earthworms. This can be destroyed by tillage, compaction or low soil cover. 
Controlled traffic in combination with zero tillage improves infiltration which results in less runoff 
and more even moisture storage across a paddock. Good soil structure can also reduce waterlogging 
and its effect on crop yield and nitrogen losses. 

5.5 More nitrogen for higher yields in better years 

Sorghum has the potential in better growing areas to yield more than 8 t/ha in three years out of 
ten. It will usually not reach these higher yield levels because it runs out of nitrogen. Wheat also can 
benefit from adjusting fertilizer according to yield potential. Some farmers have developed ways to 
put more N on at planting time or soon after, while for wheat, urea is reasonably efficient, with 
around 5% N loss, when broadcast at tillering (Schwenke 2014), to match extra yield potential. 
Feedlot manure is another way to provide sorghum extra nitrogen in a good season, due to the 
faster mineralization of the nitrogen it contains in an organic form. 

Seasonal forecasts are not helpful in most years, but when there is a strong signal, such as the 2010-
11 La nina, changes should be made to the nitrogen management of sorghum.  
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Table 5. Nitrogen required by sorghum at Gunnedah for different soil moisture and seasonal 
outlooks 

Soil 
water 
mm 

In-crop 
rainfall   

SOI <-5* 

In-crop 
rainfall 
average 

In-crop 
rainfall 

SOI >+5* 

Water 
use 

efficiency 

Yield 
estimate 
t/ha** 

Nitrogen 
required  

kg/ha 

80 175    12 3.1 52 

80   205  13 3.7 63 

80   220 14 4.5 71 

160 175    16 5.4 75 

160   205  17 6.2 105 

160   220 18 6.8 116 

**Sorghum is planted on September 30 at Gunnedah 
*Gunnedah rainfall from Rainman with SOI values for August and September 

5.6 Develop planters to create results and more timely planting opportunities 

Timeliness of planting can often result in more than a 10% improvement in water use efficiency and 
yield – potentially doubling crop margins. In some years, it may be the difference between a crop 
and not planting at all. Planters need to be fine-tuned to obtain reliable results from the deep 
planting of wheat, sorghum and chickpea. The planter is perhaps one of the most important 
machines on the farm and deserves investment to enable a good planting result with a variety of soil 
and moisture conditions. A poor strike can easily cost more than 10% in yield. 

5.7 Better chickpea yields  

Chickpea has yielded more than 4 t/ha in favourable situations, where there is a total of 300 mm of 
available water, but not too much waterlogging or disease. Improving the drainage of paddocks has 
in some instances helped farmers to double chickpea yields in the wetter seasons. 

Planting chickpea two weeks after wheat, in the last half of May, will result in smaller bushes, which 
can leave more moisture for pod filling. They will flower in late August, when flowers are less likely 
to be lost by cold weather (if the average daily temp is below 15). Row spacing around 0.5 metres 
has been demonstrated to improve yields under high yielding conditions (Verrell and Jenkins 2014 
and Mckenzie 2014). 

5.8 Good harvest management will boost farm profit 

Harvest time losses can be severe in wet seasons, while chickpea can lose yield through shattering in 
all years. A loss of 200 kg/ha of chickpea, worth $80/ha, can result from a delayed harvest of 
chickpea and will pay for investment in storage with in-silo (high flow aeration) drying. 

Increased storage is helping farmers to manage losses and in some instances reduce freight and 
handling costs where direct transport of grain to the end-user is possible. 

5.9 Learn from paddock variability and moisture 

Somewhere on the farm, a high yielding area of crop shows up what is possible. Yield maps, EM 
surveys, soil moisture and fertility testing and trials measured by yield maps can help farmers 
understand what produces high yields and the limitations of soils on their farm. Better knowledge 
can lead to managing crops better or to understanding and managing paddock variability. 
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Moisture is the key driver of grain yields and measuring soil water holding capacity and soil water at 
planting time can improve decision making on farms. EM measurements allows rapid assessment of 
soil moisture and soil moisture variability across paddocks (Foley 2013). 

5.10 Precise operations, on-time. 

Good results from spraying, planting and harvest and good timeliness of these operations are a 
result of good equipment, planning, training and staff management.  Failure in any of these aspects, 
such as equipment breakdowns not being managed or staff doing a less than satisfactory job, will 
result in poor yields and profits. Capital investment in plant needs to be managed to ensure 
timeliness and to reduce breakdowns and the cost of repairs. 

There are many aspects of farming systems, crop planning and risk management which can help 
timeliness. Some of these include diversification between summer and winter crop, the use of some 
long fallows and residual herbicides and a spread of varieties which do not have to be planted and 
harvested on the same date. 
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Take home message 

Don’t assume people know how to make a good decision.   

A ‘good’ decision is an informed decision where you need to appreciate the consequences of the 
various actions, especially the potential losses.   

Seek to understand what may be subconscious influences on a decision, be it the type of decision 
required, the ‘rules’ being applied, stress, emotion, the growers values and personality. 

Advisors can develop the capacity to apply the right process to enhance decision making but also to 
better ‘read’ and help the clients they are working with.   

We make decisions all the time so what’s there to learn? 

Well a lot.  In fact there is a lot to understand about your clients as well as the decision making 
processes they use.  

Have you ever been in a situation with a client where your advice, that seems so logical and obvious, 
isn’t followed?  The numbers stack up, the science supports it, the case is well presented and you 
know it will benefit their bottom line.  Yet it never seems to get implemented or if it does the timing 
is wrong or a few parts of the recipe are left out. 

We, as advisors and consultants often make the mistake of believing farm management decisions 
are largely influenced by technical or intellectual information. We present the argument in a way 
that we think makes sense, using facts and analysis that ‘speaks for itself’. Sadly these facts and 
figures don’t.  

In this paper I wish to challenge you about the decision making process you (or your clients) use and 
how we might improve it to become more effective.  

The head, the heart and the gut 

Firstly we need to understand there are three broad influences that shape a decision.   These are 
simply described as the head, the heart and the gut (figure 1). 
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Image courtesy of Alice long, AgCommunicators  

Figure 1.  The head, heart and gut influence our decisions. 
 

The relative influence of the head, the heart and the gut depends on;  

 The type of decision required (simple, complicated, complex) 

 The relevant information available (usually imperfect) 

 The risk involved 

 The personality of the decision maker. 

The type of decision required 

Not all decisions are the same.  Some are simple because there are few issues to deal with, there is a 
logical approach to solve it and the information is at hand.  For example knowing how much to 
herbicide to achieve knockdown of annual ryegrass is relatively straight forward as the label provides 
recommended rates and other critical comments. 

A decision can become more complicated if we have issues with herbicide resistance, plant back 
periods, multiple species that require mixes of herbicides etc.  Complicated decisions have more 

The head - this is the logical, 
rational processing of 
information, the calculations 
and some realities we can face 
such as a financial position, 
age or health. 
 

The heart – which 
captures the emotional 
aspects of a decision.  
They are value based and 
includes a farmer’s goals, 
beliefs and preferences.  
Put simply they are a 
guidance system for 
decision making.    
 
They tend to be acquired 
early in life, and are like 
attitudes, but are more 
ingrained and permanent 
and differ among 
individuals (even from 
husband and wife), and 
govern our perceptions 
and our behaviour.  

The gut – its intuition, shaped 
through experiences and 
knowledge. It allows us to make 
quicker decisions because it 
bypasses rational processes by 
linking past experiences and 
knowledge (both good and bad) 
with the present.   
 
Intuitive decisions are usually 
right if they ‘feel’ right. 
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issues to deal with but generally there is right answer that can be worked through until a satisfactory 
solution is found.    

The third type of decisions are complex. These are decisions that have many issues, commonly with 
other members of the farming business.  The possible solutions are not easy to compare and there 
can be many ‘right’ answers and possible pathways to get to an informed decision.  

The value in knowing what decision you are dealing with is that it changes the approach you should 
take.  Generally as decisions become more complex, the heart and the gut have an ever increasing 
influence on the decision. But not always - why else would we buy the new green tractor when we 
really don’t need it?    

The information available - intuition and rules of thumb 

We cannot expect to know everything. Two factors help us make timely decisions with imperfect 
knowledge.  These are intuition and rules of thumb. 

Intuition is formed primarily through experience. It allows us to make quicker decisions because it 
bypasses rational processes and relies on past experiences and knowledge (both good and bad) to 
inform what should be done in the future.  Intuition builds over time, with the more experiences and 
greater knowledge you have, the larger your intuitive capacity.  The ‘quality’ of past experience and 
knowledge determines the ‘value’ of your intuition. 

Rules of thumb are mental shortcuts that we use to simplify and speed up decision making. They are 
similar to intuition in that they can be useful in bridging gaps in knowledge, allowing decisions to be 
made without extensive analysis. The main difference between intuition and rules of thumb is their 
tangibility – rules of thumb are more easily learnt, taught and transferred whereas intuition is not. 

Rules of thumb are often used unconsciously, they are the thoughts that immediately comes to 
mind.  It is the starting point for a decision.  Decisions guided by rules of thumb may be as basic as 
‘how many spoons of tea should I put in the pot?’ through to ‘how much of my expected yield 
should I forward sell?’ 

All advisors will have their rules of thumb.  In a recent series of workshops across southern Australia 
farmers, consultants and researchers were asked to identify some of their rules of thumb. See if you 
recognise any of these? 

 Cover wheat seed with soil to the depth of a matchbox on its side 

 Only sow after weed seed has germinated 

 Sell 1/3 grain at sowing, 1/3 later in the season and 1/3 at harvest 

 $300/t is a good price for wheat (which may be different to the previous rule) 

 Storing fallow rainfall buffers grain income in seasons with poor growing season rainfall 

 If you can’t pay off new machinery in 3 or 4 seasons, then you can’t afford it 

 If you can see your mother-in-law’s underwear on her clothesline, your houses are too close! 

Good decisions are made based on good information, so it is important that rules of thumb have a 
solid foundation.  A potential trap with rules of thumb (and sometimes intuition) is that we continue 
to rely on them when circumstances have changed or are different. They can also be sticking points 
for change and result in missed opportunities or unrealistic expectations.  For example is $300/t a 
good price for wheat? 

Historic information (July2003 to June 2014) for APW wheat in an Australian Port would suggest 
$300/t is above the average price of $287/t ($300/t is about a decile 6 price).  However the most 
common price reached in this period of analysis is only $255/t, because the price distribution is 
uneven around the average (figure 2). If growers had $255/t in mind (because it is the price 
encountered most frequently), then $300/t is a substantial increase ($45/t) and may seem a good 
price, but compared to the average the difference is much less ($13/t).     
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Figure 2.  Price distribution for APW wheat at port (July 2003 – June 2014) 

To challenge the $300/t rule further, there may be times when the rule should not be strictly 
adhered to. In some cases, cash flow may be more important and a price of less than $300 can still 
be a profitable decision. Mae Connelly, a W.A. grain marketer with Farmanco stated in a workshop 
that “a good price is simply one that is profitable for your business”. It is important to know what 
makes a price profitable, and to be able to accurately make this decision, your must know your 
break-even price. 

So the $300/t target is generally a good guide, but the importance of doing your own cost 
calculations and setting the margin you wish to achieve should not be overlooked. 

Assumptions that underpin our rules of thumb can become so ingrained that we fail to consciously 
test their validity which leads to poorer decisions. They can even develop into beliefs and accepted 
as truths, and when challenged, people can become uncomfortable or defensive.   

There is a simple technique to ‘unpack’ a rule of thumb (ROT) to check its validity.  Ask yourself these 
five questions; 

1. Origin: where do you remember first hearing the ROT? 

2. Experience: what has been your experience with the rule? Have you found it to be 

(un)reliable? 

3. Research: what research verifies the rule? 

4. Blind spots: what areas may the rule may cause you to neglect? 

5. Adaptive management: how have you used this rule in different ways in your management? 

The risk involved 

Farming is a risky business, with significant volatility in prices, yields and some costs.  We accept this 
as a necessary part of farming and a necessary part of making a return.   
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Farmers have become very good at managing risk, employing strategies such as diversification of 
crop type and enterprise mix, operating with a low cost structure and creating off farm assets and 
reserves. Much of this learning has been from experience, the school of hard knocks and expresses 
itself through their intuition (gut).   

Risk is an individual thing, what is acceptable risk to one person may be unacceptable to another.  It 
also changes over time due to things like stage in life, health, family circumstances and financial 
position.   

This intuitive but changing ‘risk filter’ has a significant influence on what decisions are made.  While 
the numbers or argument might be compelling to us, the unease a farmer may feel could be because 
it does not meet the risk they are willing to accept.   

So if this risk filter is important in decision making, how well do we know our clients preference to 
risk?  There are some simple tests described in the soon to be released Farm decision making - The 
interaction of personality, risk and economic analysis to make more informed decisions booklet 
produced through the Grain and Graze program that can be used to better understand your client’s 
position on risk.  

The definition of risk is likelihood x consequence.  To think of it another way, risk is how frequently 
an event occurs and what the value is when it does occur. It is derived from the Italian word risicare, 
which means to dare.  There is little risk in making a decision where the outcome is predictable and 
it happens often.  Risk lies in the extremes, both negative where the outcome is unfavourable but 
also in the positive, where rare high value events occur eg 1 in 20 year season combined with high 
prices.   

By implication averages do not convey risk, because they indicate the middle of the range in values. 
Yet they are probably the most common way advisors compare scenarios and provide information to 
help inform a decision.  For example we use average yields and average prices to predict an income.   

To highlight this point refer back to figure 2.  The average price for APW wheat at port from 2003 to 
2014 (inflated to 2014 dollars) was $287/t, yet this actual price (+/- $5) is rarely achieved (only 4% of 
the time). The most common price was $255/t.  We could apply sensitivity analysis say by looking at 
prices +/- $40 from the average (i.e $247/t and $327/t).  However the chances of getting $247/t or 
less is roughly 1 year in 3 compared to the chances of getting $327 at 1 year in 4. 

According Ben Newell, a psychology with the University of NSW, one reason people perceive a 
decision as being ‘hard’ is because there is a serious potential loss if things go wrong.  Unless we are 
prepared to calculate and discuss the potential losses before a decision is made, we are avoiding one 
of the three requirements to make a hard decision easier. 

If we wish to talk about risk with our clients we need to frame the odds.  Historic information can be 
a very useful guide in framing these odds.  The Grain and Graze program has developed a simple 
web based tool to compared historic prices to help frame the odds. 

People and personalities 

Farming is more than a business.  While profits drive business, life is not all about profit.  Agriculture 
is an industry based around people, with farms traditionally being family affairs, commonly inter-
generational and set in a context of a close community.  As such the emotional and social connection 
tends to be strong, with decisions that protect or enhance the human aspects often over-riding 
technological advances that may be available.  

And we are all different! Understanding the human factors in decision making will not only help us 
understand the reasons behind our own decisions, but also some of the decisions that are made by 
others that may contradict our own.  
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Beliefs, values and goals shape the heart response referred to in figure 1.  Without delving into these 
aspects in this paper, it is critical for advisors to appreciate the beliefs, values and goals of the 
people they are advising.  It is also important for the people in the farming business to know these as 
well!  

Corporate businesses identify the values they want to underpin their business decisions and culture. 
Where this is working well you will see “people walk the talk” making their business decisions based 
on the clearly identified values. Farming businesses often don’t share their values, they remain 
assumed.  This can create serious problems and lasting resentment. 

We all have personal aspirations and dreams, the thing we would like to achieve or to do in our 
lifetime. These are our goals. Often these float around in grower’s heads and they are not 
articulated to other members of the farming family, business associates or financiers. Sometimes 
our beliefs will even stop us from admitting them to ourselves. The culture of many farming 
businesses has been one of not setting and sharing goals.  

Emotion and the fear of loss 

We are all emotional beings. Our memories are linked to emotion and so are our past experiences. 
The decisions we make are influenced by our emotions at the time.  Given the same data, we will 
make different decisions when we are angry or stressed compared to when we are relaxed and calm.    

Research has shown we often seek a logical explanation to justify why we have made a decision 
driven by emotion. That spur of the moment emotional decision is ‘backed up’ by a ‘good’ reason.   

Negative emotions can be very powerful. Daniel Kahnemann a scholar from Princeton University 
refers to the pain of loss as being twice as great as the pleasure of an equivalent gain.  This means 
we will go out of our way to avoid the loss because of the way it makes us feel.  Refer back to the 
earlier comment about not appreciating the potential loss being a major reason that makes a 
decision ‘hard’. We fear loss and it is a very powerful emotion. Considering this premise, are past 
emotional losses holding a farming business back because of the fear of another loss?  

There are some simple techniques than can be applied to surface the beliefs, values, goals and 
emotions that can have an influence on a farmer’s decision (refer to the booklet Farm decision 
making - The interaction of personality, risk and economic analysis to make more informed decisions 
– Grain and Graze 2015).  Advisors are encouraged to become familiar with these techniques. 

Stress 

Stress is commonly encountered in farming.  This can be during periods of heavy work load such as 
seeding, shearing, harvest, because of poor seasons, when under financial pressure or if 
encountering relationship challenges.  Like risk, when we think of stress we commonly associate it as 
being bad.  This is only part of the story.  Some types of stress (like risk) can be good and lead to 
favourable outcomes because it sharpens your alertness and your performance. 

The body produces the hormone Cortisol when we are stressed. In short bursts, called acute stress, 
it primes the brain for improved function. However if stress continues over a long period of time, 
called chronic stress, it will eventually impair the decision making process, sometimes to the point of 
inaction. When people are affected by chronic stress, the head part of decision making is reduced. 
What is diminished are reasoning, anticipation and the ability to plan and organise. 
 
Denis Hoiberg from Lessons Learnt Consulting (GRDC Advisor Updates, 2013) provides some very 
useful insights into recognising and managing stress which won’t be repeated here. However the 
point is that long term stress has a lasting effect on the decisions a farmer will make, often leading to 
more conservative and risk adverse positions.  After these periods it is rarely business as usual. A 
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very insightful example of this is the report prepared by the Birchip Cropping Group called the 
Critical Breaking Point study (www.bcg.org.au/cb_pages/SocialResearchProjects) 

Failure to recognise the impact emotion and stress has on a decisions usually leads to poorer 
decisions or decisions being made while in the “wrong frame of mind”.  The outcomes can be 
profound, long lasting and lead to regret. 

Personality 

Our personality type influences the way we learn, make decisions, organise our lives and 
communicate with others. There is often debate about personality types, and the percentages, 
but roughly 40% of our personality is genetic, 40% is formed during our formative years (up to 
about the age of 14) and 20% is from socialisation.  

It is important to recognise that while we have these innate personality preferences, it doesn’t 
mean we can’t learn to behave differently. By creating awareness of our preferences and how 
we automatically react, we can train ourselves to respond in a different way when it would be 
advantageous to do so, like making better decisions. 

There are useful frameworks to help identify our personality type and temperament and that of 
our clients (eg Myers Briggs Type Indicator, Keirsey temperament testing etc).  In using these 
frameworks, it is important to understand two things; 

 There is no good or bad personality type, it’s about acknowledging the differences and 
recognizing how this can impact on our behaviour and decisions.  

 Teams, families and businesses work well with a mix of personality types and can 
function extremely well when these differences are valued for what each can bring to 
the table.  

While there is nothing black and white about personality types, there are four temperament 
groups that have distinct characteristics which helps describe differences in the farming 
population (taken from Strachan, 2011). The categories have been given their own names to 
align more with the characteristics of farming (table 1). 

Three are some striking implications from the results; 

 Approximately 80% of farmers want to work in the business not on the business 

 Only 1 in 20 farmers are pre-disposed to be a team leader (and that team can be the 
family) 

 Most farmers start at the detail and build to the vision and therefore often struggle to 
connect practical actions with long term goals 

 Farmers often need to be ‘a jack of all trades’ but are usually only ‘masters of some’. 

Making good decisions great 

I believe there is significant scope for farmers and advisors to improve the decisions they make.  
This improvement will require some new thinking and possibly some new skills. Don’t assume 
people know how to make a good decision.  Work to recognise what may be subconsciously 
influencing your clients decision, be it the type of decision required, the ‘rules’ being applied, 
stress, emotion, their values and personality. 

Also reflect on yourself.  Advisors can develop a capacity to not only apply the right process to 
improve the decision making, but to also read the signs.  If you recognise a farmer has this type of 
personality, has theses values and has this position on risk, then you can better target the message 
or suggest ways to fill the possible deficiencies in their current decision making. 

http://www.bcg.org.au/cb_pages/SocialResearchProjects
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Table 1.  Four broad temperament types and implications for farm roles and decisions 

Temperament 
type 

Short description Farmers 

 

Aust 
pop  

Suitable farm tasks Communication Adoption of 
technology / 
practice 

Dependables Careful and reliable.  They seek social stability, 
order, security and loyalty.  They value the 
industry they are in and like the sense of 
belonging (I’m a farmer, I work in agriculture). 
Their skills include attention to detail, reliability, 
dependability and a capacity to work to a 
deadline. They are practically orientated and 
need to see results for their work. They like 
solid facts and dislike change for change sake.  

~55% ~40% Practical, hands on, 
will persevere with 
repetitive tasks 

They need to 
hear the task first 
and the 
instructions 
before explaining 
what it will lead 
to so there is 
purpose in the 
what they are 
doing 

Will adopt once the 
‘bugs are ironed 
out’ and the 
technology or 
practice appears 
less risky 

Doers Doers value the here and now and get things 
done.  They are at their best in a crisis, have a 
good sense of timing and don’t mind taking 
risks. They will do whatever works for a quick 
and effective payoff even if they have to ignore 
convention and rules. They are good with detail, 
realistic, open minded and fairly tolerant but 
are impatient with theories and abstractions. 
Doers are often tempted to do it now and fix 
the details later.  

~25% ~15% Practical, hands on, 
get pressure jobs 
done, crisis 
management 

Copy the pioneers if 
they can see 
tangible benefits.  
Will take a punt 
more so than the 
dependables. 

Pioneers Pioneers will try almost anything and will often 
be the first in the district to try something new.  
While they love getting their teeth into the start 
up, they have to concentrate to sustain interest 
once the project is past the design phase. Their 
strengths include problem solving, strategic 
planning and understanding complex systems.  

~15% ~25% Planning, seeking 
new ways and new 
innovation 

Need to see the 
big picture before 
accepting to do it 

They see 
opportunity and 
innovate.  They 
don’t need the 
recipe as they work 
it out as they go 
along. 
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Temperament 
type 

Short description Farmers 

 

Aust 
pop  

Suitable farm tasks Communication Adoption of 
technology / 
practice 

Team builders Team builders are genuine people with 
integrity. They always trying to reach their goals 
without compromising their personal code of 
ethics.  They tend to focus on the people needs 
of a business or community and make great 
community leaders. They support inclusive 
decision-making and firmly believe the strength 
of the business lies in the people. Their 
strengths include developing a vision and 
empowering others to join them.  They often 
avoid conflict, strive for harmony and may 
ignore problems in the hope that they will go 
away.   

~5% ~20% People managers to 
ensure equity and 
harmony within the 
team.  Often have a 
strong environment 
belief, to leave the 
land in a better 
condition for the 
next generation 

Any time as long as 
it makes lives easier 
and fits their values   
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Social media for ageing agronomists: Social media to speed access to and 
share new stuff 

Pru Cook, Grains Research and Development Corporation 

Key words 

Social media, Twitter, communication, networking, strategy 

Take home message  

Social media (Twitter in particular) is here to stay and has real benefits for those in the grains 
industry by allowing real-time information sharing. Outlining what you want to achieve from a social 
media presence and developing a strategy will help you derive the most value. 

Background 

Despite the big names in social media platforms being around for well over a decade, for many the 
mere mention of the term social media brings up images of celebrity gossip, cat pictures, mundane 
facts about distant relatives eating habits and drunken opinions best kept to one’s self. 

While social media may have started out being mainly about the above, it’s also emerged as a 
serious business tool with many industries using these platforms to not only promote their business 
but to gain a better understanding of their customers while tapping into larger and more diverse 
audiences. 

Agriculture has seen an explosion in uptake and usage. The past five plus years have seen 
agricultural use evolve from a platform used by a handful to combat anti-ag activism into a preferred 
information gathering channel used for everything from troubleshooting machinery problems, to 
linking up to international researchers, to understanding audience communications preferences. 

There are no signs that it’s slowing down despite initial feelings that it’s a fad. Grains industry 
audiences are growing daily and the wealth of information available, plus filtering and analytics tools 
are becoming increasingly sophisticated. Users are also hanging around; recent research conducted 
by Social:Farmer discovered that 87 per cent of farmers who joined Twitter before 2010 were still 
actively tweeting in 2014! 

Four main social media platforms dominate the Australian grains industry at present. They are: 

 Twitter – allows you to receive information from other users of your choosing. This 
information comes in short SMS style messages called ‘Tweets’. 

 Facebook – a social networking site that allows longer messages and greater control over 
who sees your content. 

 YouTube – a search engine for videos ranging from professional products to smartphone 
clips. 

 LinkedIn – a virtual resume service which allows networking on a professional level. 

There are a number of other platforms (image sharing platforms in particular) that are also in use 
but in a more limited manner. 

This paper will focus on Twitter as it currently has the most relevant content readily available to 
users in the Australian grains industry – the short nature of tweets makes it a nice complement for 
autosteer! That said, much of the advice in this paper can be equally applied to other social media 
platforms.  



Coonabarabran GRDC Grains Research Update  25th & 26th February 2015 

42 

This paper includes key questions, checklists and draft schedules that can help you start to develop 
your own social media strategy. I haven’t included a budget as Twitter and most of the other tools 
mentioned in this paper are free – you only need to factor in your time. 

Why use Twitter? 

A big mistake for those first wading into the world of social media is not understanding why they’re 
there in the first place. Social media is highly personalised; you adapt the platforms that you use, 
who you follow and how you use it depending on what you want to achieve. 

Before signing up for an account, think about what you want to get out of a Twitter presence. Some 
suggestions are below – choose as many options as are relevant or add your own. 

 Find timely, relevant information from individuals and organisations in my area of interest 

(You may wish to use Twitter solely for this reason and not tweet. No worries! However 
should you wish, further down the track, to seek help through Twitter, people are more 
likely to help you out if you’ve been active previously) 

 Network with those in my industry locally, nationally and/or globally 

 Distribute timely, relevant information to help clients and potential clients make decisions 

 Invite feedback on my system/business/research etc. 

 Troubleshoot problems I’m having (crop diagnosis, technical issues etc.) 

 Promote research/products/services/events etc. 

 Build my business and/or personal brand 

 Get real time intelligence by monitoring industry conversations 

 Other _____________________________ 

 

Once you’ve decided what you want to get out of Twitter, follow the Twitter FAQ section in the 
resources section of this paper and choose ‘signing up with Twitter’ to set up your very own account. 

Who should you follow on Twitter? 

Make a list of key information sources you rely on to do your job. Once you’ve finished, search for 
them and follow them on Twitter to receive the information they’re putting out. Also follow people 
who you think would benefit from your content as they may follow you back and it provides you 
with opportunities to engage with them and answer their questions. Examples of who to follow 
could include: 

 Growers 

 Advisers 

 Researchers 

 Grower Groups 

 Seed/chemical/fertiliser/marketing Companies 

 Local and agricultural media (newspapers/magazines/radio stations) 

 Other______________________________ 

Here are some tips that you may find handy when following people and viewing their tweets: 
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 To find good people to follow, go to a Twitter profile of someone who you think puts out 
good information and follow who they’re following. 

 Someone tweeting information that’s not relevant anymore? Go to their profile, hit the 
“Following” button is the top right hand corner and you’ll no longer see their info. 

 For more advanced filtering of tweets, use a free social media manager such as Tweetdeck 
(best for desktop users) or Hootsuite (best for mobile users) to sort information according 
to users, groups of users (called lists), keywords and hashtags.  

 If you follow someone that sends tweets that are really important to you, you can get them 
sent to your phone as a text message. See ‘enabling mobile notifications’ in the resources 
section. 

Posting your own content 

If you’re new to Twitter, spend a month or so watching how Twitter works to get your head around 
what the terminology means (there’s a glossary in the references section to help you here) and how 
people engage with one another. When you decide you’d like to start putting out content here are a 
couple of things to consider: 

 Remember (particularly if tweeting as a business/organisation) that engagement on Twitter 
is two way. Ensure anything you tweet has a value proposition for your followers. People will 
value genuine interaction over a sales pitch. 

 Add photos to catch the eye and boost engagement! 

 Add links to your tweet to give more information. Use a URL shortener to turn long URL’s 
into short ones! I use a site called bit.ly which gives me analytics on when and where the link 
was clicked. There are several other link shorteners that you may choose to use.  

 Handles (usernames) and hashtags (used to categorise a tweet) can be worked into the text 
of the tweet. If unsure, add handles and hashtags at the end of the tweet. 

 Before posting ask yourself: “Will my audience members find this information useful? Can 
they do something with it that will help them?” 

 Feel free to tweet the same information more than once. This increases the likelihood of it 
being picked up. Change the wording of the tweet each time so as not to be repetitive. 

 Don’t forget the ‘social’ part! Many people will tweet about sport/hobbies/interests as well 
as farming – try to just stick to a few key themes though. 

Select the types of content you want to share and include examples: 

 Your website 

 You blog/Facebook page/YouTube channel 

 Photos and observations in the field 

 Interesting resources from other websites 

 Other 

The anatomy of a tweet 

Here’s what a tweet looks like with some of the key parts explained. 
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Retweeting 

Retweeting is a good way to start building followers when you first sign up to Twitter. Essentially, 
retweeting is the digital equivalent of ‘word of mouth’. If you see a tweet that contains information 
you think is relevant to your audience, retweeting it pushes that information out to your followers 
while still acknowledging the original poster. More retweets means further reach of your content.  

Here are some tips for retweeting: 

 Always read links thoroughly or watch entire video etc. before retweeting. 

 Sometimes retweets can be perceived as an endorsement – be mindful of this! 

 Try to retweet initial tweet (don’t retweet retweets). 

Engaging and dealing with feedback: 

Once you start posting content and building followers, you may start getting questions or comments. 
Through your monitoring, you may also see conversations that you want to join in. Here’s some tips 
on getting involved: 

 The agriculture community on Twitter is more than happy to help out newbies – don’t stress 
if you make some mistakes while learning the ropes. 

 Be prepared to be challenged on your point of view, one of the great things about Twitter is 
it allows you to see multiple points of view. 

 Be constructive in your feedback – don’t just criticise, present alternatives. 
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 Sometimes it can be hard to clearly articulate what you mean in 140 characters. If a tweet 
could be interpreted in different ways, ask the original poster (OP) to clarify before 
responding. 

 Stop, think, check, send and don’t drink and tweet! 

 You don’t need to respond immediately. Getting back to someone in 2-3 hours (during 
business hours) is reasonable.  

 You do not have to respond to every tweet. Sometimes leaving something alone, particularly 
if the commenter is being aggressive or abusive (trolling), is the best response!  

 Be mindful of providing advice on Twitter. Offer to take a conversation offline if unsure. 

Time commitment and scheduling 

Using Twitter can take as much or as little time as you have available. Here’s a suggested basic 
weekly schedule that will allow you to maintain your account without spending all your time on it! 
Feel free to adapt to suit your objectives. 

1. Monitoring: x4 five minute sessions (write down four suitable times and set reminders in 
your phone) 

2. Posting: three original and timely tweets per week  

3. Retweets and favourites: one per day (identified through monitoring activities) 

4. Responding and engaging where necessary 

Success 

If you’re using Twitter from an organisational perspective, set some targets to help monitor the 
effectiveness of your account to ensure you’re meeting the objectives you outlined in the first 
checklist in this paper.  

These targets will depend on what your account is trying to achieve, but could include: 

 Number (and type) of followers 

 Number of engagements 

 Number of clicks on links 

 Number of issues resolved 

 Number of new clients/sales/event attendees etc. as a consequence of Tweets  

 Examples of feedback and/or intelligence to help improve your business 

 Increase in website traffic (compare before and after Twitter using Google Analytics) 

The resources section includes a list of tools (both free and paid) that can assist with analysing your 
Twitter account. 

Resources 

The value and use of social media as a communication tool in the plant sciences: 
http://www.plantmethods.com/content/9/1/26 

QLD farmers surviving the dry – using social media to connect: https://t.co/1QyTD06AXb  

Twitter FAQs and Glossary: https://support.twitter.com/groups/50-welcome-to-twitter 

http://www.plantmethods.com/content/9/1/26
https://t.co/1QyTD06AXb
https://support.twitter.com/groups/50-welcome-to-twitter
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Enabling Twitter mobile notifications: https://support.twitter.com/articles/20169887-enabling-
mobile-notifications 

Social media analytics tools: http://www.socialmediatoday.com/content/50-top-tools-social-media-
monitoring-analytics-and-management 

Social Media Manual for Groups (Compiled by Landcare with info on Facebook, Twitter and 
YouTube): http://www.landcareonline.com.au/?page_id=11354  

Contact details 

Pru Cook 
Grains Research and Development Corporation  
Level 4 East Building, 4 National Circuit, Barton ACT 2600 
Ph: 02 6166 4500 
Email: prudence.cook@grdc.com.au  
Twitter: @theGRDC 
Facebook: http://www.facebook.com/theGRDC  
LinkedIn: http://www.linkedin.com/company/thegrdc  
YouTube: www.youtube.com/user/theGRDC  

 

https://support.twitter.com/articles/20169887-enabling-mobile-notifications
https://support.twitter.com/articles/20169887-enabling-mobile-notifications
http://www.socialmediatoday.com/content/50-top-tools-social-media-monitoring-analytics-and-management
http://www.socialmediatoday.com/content/50-top-tools-social-media-monitoring-analytics-and-management
http://www.landcareonline.com.au/?page_id=11354
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General plenary day 2 
To text questions during general plenary sessions please text to 0400 131 174 or tweet and include 

@NthGrainsInfo 

Seeding systems & pre-emergence herbicides 

Sam Kleemann1, Jack Desbiolles2, Gurjeet Gill1 & Chris Preston1 
1School of Agriculture, Food & Wine, University of Adelaide 
2Agricultural Machinery Group, Barbara Hardy Institute, University of South Australia 

Key words 

 Crop safety, weed control, soil throw, knife-points, disc seeders 

GRDC code 

UA00113 & UA00134 

Take home messages 

 Keeping the weed seeds on the soil surface will improve control by pre-emergence herbicides, so 
minimise soil disturbance. 

 Pre-emergent herbicides can cause crop damage. Separation of the product from crop seed is 
essential, this is more easily achieved in knife-point & press wheel seeding systems but 
considerably more difficult with low soil disturbance discs. 

 Choose the right herbicide for the job – not all pre-emergent herbicides behave the same so 
follow label recommendations closely. Be mindful that volatile herbicides like trifluralin and 
triallate (Avadex® Xtra) require some incorporation to limit herbicide losses from volatilisation 
and sunlight degradation. 

Background 

Over the last two decades seeding equipment used by the growers has changed considerably to 
enable greater stubble retention and more uniform seed placement, whilst creating minimal soil 
surface disturbance. As a consequence growers have now widely adopted knife-point and press 
wheel seeders, and more recently there has been some adoption of disc seeders. 

The behaviour of pre-emergent herbicides from both a crop safety and weed control perspective can 
vary considerably depending on the seeding equipment used and the level and type of soil 
disturbance it creates. 

Given that most pre-emergent herbicides are non-selective, herbicide safety at sowing is often 
obtained by creating ‘positional selectivity’, that is the physical separation between crop seed and 
herbicide. Achieving this separation involves the seeding system displacing and throwing herbicide 
treated soil into the inter-row to create a clean slot from which crop seed can safely germinate. This 
objective is more easily achieved by tined seeding systems fitted with knife-points which can more 
aggressively engage the soil than low disturbance discs. 
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Seed bed conditions, including soil type, soil moisture, soil compaction, row spacing, seeding depth 
and sowing speed, as well as the properties of the herbicide (Table 1) can all influence the ability of 
seeding system to create adequate herbicide separation from crop seed and provide crop safety. 

Table 1. Water-solubility and binding of some common pre-emergence herbicides 

Herbicide Trade name® Solubility 

(mg L-1)* 

Binding 

KOC (mL g-1)** 

Safety margin for 
wheat in adverse 
conditions 

Trifluralin TriflurX 0.22 Very low 15,800 Very high  Very low 

Pendimethalin Stomp 0.33 Very low 17,500 Very high Low 

Triallate Avadex Xtra 4.1 Low 3000 High Low 

S-metolachlor Dual Gold 480 High 200 Medium Low 

Prosulfocarb Boxer Gold*** 13 Low 2000 High Medium 

Pyroxasulfone Sakura 3.9 Low 223 Medium Medium-high 

*at 20 C & neutral pH; ** in typical neutral soils; ***Boxer Gold also contains S-metolachlor 

Knife-points & press wheels 

The no-till, knife-point press wheel has seen the revival in old products like trifluralin and triallate 
(Avadex), because controlled soil throw under these systems often provides adequate separation 
between the germinating crop seed and treated soil to provide sufficient crop safety. This has 
enabled the use of higher herbicide rates than previously with conventional full cut seeding systems. 
In addition, volatile pre-emergence herbicides such as trifluralin and triallate require mechanical 
incorporation via soil throw at seeding to reduce losses from sunlight degradation and volatilisation. 

Issues surrounding crop safety under knife-points can sometimes arise from the use of herbicides 
with high water solubility, which can move into the furrow after heavy rainfall events soon after 
seeding.  

Good weed control can be achieved under these low soil disturbance systems because weed seeds 
are mostly present on the soil surface, which maximises their exposure to the concentrated band of 
herbicide. This was particularly evident in the early days of trifluralin use under knife-points where 
ideal soil throw and concentration of weed seedbank on the soil surface resulted in exceptional 
improvement in weed control compared to previous conventional full cut incorporation (from 50 to 
>90% control). 

Disc seeders (Triple vs. Single) 

Many no-till farmers have now adopted disc-based zero-till cropping. Disc seeders enable growers 
under higher stubble loads to either maintain or even narrow their crop row spacing (5"). With low 
disturbance disc seeders, reliable separation of seed from pre-emergent herbicides can be difficult 
and lead to crop damage. Consequently no pre-emergent herbicide labels currently provide specific 
advice or recommendations for their use with disc seeders, with the TrifluX label specifically stating 
that it is not to be used with disc opening systems. The situation is complicated by the large number 
of disc seeders available to growers, which can differ enormously in their level of soil disturbance 
(pers. comm. J Desbiolles). 
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Triple discs – Influence of coulters 

Recent research by the University of Adelaide and University of South Australia has shown that pre-
emergent herbicides were consistently safer under triple disc (i.e. KHart, Bertini) than single disc 

systems (JD90 series, NDF 650 series). In triple discs, the engagement of rippled coulters (Figure 1) 
with soil can provide adequate soil throw and herbicide displacement, which often leads to  similar 
crop safety and establishment as tined seeders fitted with knife-points. The role of coulter induced 

soil throw in crop safety was clearly illustrated in field trials by using coulter skids. Herbicide damage 
from pre-emergence herbicides was significantly increased when coulter skids were fitted to Bertini 
coulters to minimise soil throw. These skids are ‘soil throw controllers’ designed to limit the amount 

of soil movement out of the furrow by preventing soil from riding up the coulter and thus keeping 
herbicide treated soil within or close to the furrow, thus increasing herbicide damage. 

Figure 1. Soil surface disturbance created by KHart triple disc with rippled Yetter coulter (80%; left) 
compared with JD 90 series single disc (<35%; right). Percentage soil surface disturbance (%) was 

determined by using fluorescent pigment Blaze-Orange & digitial image analysis software. 

Single discs – Influence of disc design, sowing speed & depth of sowing 

Disc seeding system design and setup can also influence pre-emergent herbicide behaviour. For 
example, greater soil throw by the seed banding boot deflector of the DayBreak Duodec disc seeding 
system significantly improved crop safety as compared to other single disc configurations 
investigated. 

Closing the seed slot/furrow and achieving adequate seeding depth were also critical to avoiding 
herbicide damage from pre-emergent herbicides. This is particularly important for water-soluble 
herbicides that are more likely to wash into and concentrate in an open seed furrow after rainfall. 
Disc seeders are often operated at fast travel speeds (i.e. in a 2007 disc seeder survey, 50% of SA 
farmers  operated between 11-13 kph, with some up to 16 kph), but higher speeds can reduce the 
uniformity of seed placement. Shallow seed placement can increase the risk of herbicide damage in 
situations where the pre-emergent herbicide has not been effectively removed from the furrow by 
the seeding disc. In our trials, increasing the sowing depth reduced herbicide damage when a double 
shoot version of NDF 650 single disc seeding system was used, which created greater soil 
disturbance and achieved deeper sowing depth (Figure 2). Such disc configurations are likely to 
increase herbicide removal from the furrow and increase the separation between the herbicide and 
germinating seed. 
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Figure 2. Influence of disc operating depth (shallow vs. deep) on wheat emergence (% of Control) 
with different pre-emergence herbicides. The single disc seeding system used was NDF 650 (single vs 

double shoot). Mean shallow & deep sowing depths were 25.2 & 40.5 mm respectively. Control 
wheat emergence = 168 plants m-2 (shallow) and 159 plants m-2, (deep). Bars represent SE of mean. 

Note the herbicides above are not registered for use with disc seeding systems & were used for 
experimental purposes. 

Single discs – Influence of closing furrow wheels & residue managers 

There has been considerable speculation amongst growers and advisors that some closing furrow 
wheels contribute significantly to herbicide damage by dragging herbicide treated soil from the 
furrow side wall into the seed slot. However, trial results showed that there was little or no effect of 
closing furrow wheel design on herbicide damage, but the furrow needs to be properly closed. In 
some single disc treatments, where the furrow-slot was deliberately left open, herbicide damage 
caused near complete crop failure. In the field this situation can occur with excessive bouncing of 
the closing wheel at speed, particularly with solid cast wheels. However, some growers have 
overcome this issue by fitting spoke wheels (i.e. Thompson closing wheel) which tend to bounce less 
whilst crumbling the furrow side wall. 
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Figure 3. Effect of pre-emergence herbicides on wheat emergence (% of Control) in John Deere (90 
series) single disc opener with & without Aricks wheel residue manager. Control (no herbicide) 

wheat emergence = 203 plants m-2 (+ residue manager) and 211 plants m-2 (- residue manager). Bars 
represent SE of mean. Note the herbicides above are not registered for use with disc seeding 

systems & were used for experimental purposes. 



Coonabarabran GRDC Grains Research Update  25th & 26th February 2015 

51 

Use of residue managers fitted in front of single disc openers were shown to significantly improve 
crop safety (Figure 3). The managers appear to sweep both herbicide treated stubble and soil ahead 
of the disc opener thereby limiting the interaction between the disc blade &/or closing furrow wheel 
resulting in greater crop safety. However, the ability of residue managers to operate under certain 
residue situations (i.e. tall stripper front residue) can be compromised and careful consideration is 
needed at harvest to ensure the residue is suitable for handling at sowing. 

Similar to the knife-point & press wheel system, research has shown that weeds seeds accumulate 
on or near the soil surface in disc opening systems. As a consequence most weed seeds germinate in 
close proximity to a concentrated herbicide band that can result in consistently greater weed control 
(Figure 4), in addition to hastening natural seed mortality. 
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Figure 4. Average ryegrass control (%) with pre-emergent herbicides across several trial sites sown 

with single disc seeding system. Note the herbicides above are not registered for use with disc 
seeding systems & were used for experimental purposes. 

Our trials have shown that some herbicides and rates of herbicides were better suited to disc 
systems than others. Inadequate soil throw and poor incorporation of trifluralin with single disc 
systems often causes crop damage and poor weed control, and can result in massive weed seed set 
and hence the label specifically recommends against using disc opening systems. Such large build-up 
in weed seed bank would be expected to have serious effects on productivity of subsequent crops 
grown in the rotation. Therefore careful consideration should be given to choosing the right 
herbicide for the job, and remember not all herbicides behave the same so follow the label 
recommendations closely. 
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Getting the right mix  

Rob Buttimor, Dow AgroSciences 

Key words 

Spraying, mixes, compatibility 

Take home message 

 Read the label:  there is a lot of good information on spray volumes and compatibility to be 
found. 

 Follow the correct mixing order, give lots of spray volume and try a jar test 

With growers trying to reduce the number of spray passes on a paddock there is a great temptation 
to start mixing multiple products in the one tank, often with five or six products, which often include 
two or three herbicides, an insecticide and some form of adjuvant.   This really starts to get 
complicated with the wide variation in the quality of water being used with these mixes.   

Add to this the fact that there are over 300 branded adjuvant products on the Australian market 
with 30 different active ingredients, it is no wonder agronomists and farmers can get into trouble. 

Reading the herbicide label usually gives a good indication of what the company considers as 
compatible with their product although this information might not be as detailed as the user would 
desire. 

An excellent resource is Table 33 in NSW Department of Primary Industries “Weed Control in Winter 
Crops 2014” which looks at a wide range of pesticide compatibilities. 

The pesticide user needs to remember a pesticide active ingredient has to be formulated to be:  

 As biologically effective as possible in controlling the pest/weed/disease 

 Physically and chemically stable in storage (minimum of 2 years) 

 Easy to mix 

 Compatible with other pesticides 

 Stable as a spray solution  

To achieve these qualities a range of other chemicals are mixed with the active ingredient and these 
are known as ‘inerts’.  These ‘inerts’ include: 

 Buffers 

 Dispersants 

 Defoamers 

 Solvents 

 Emulsifiers  

 Dyes 

Another complication is that formulations for the same active ingredient usually vary from 
manufacturer to manufacturer.  The ‘inert’ ingredients will also vary in quantity and quality. 

Tips about chemical compatibility and how to assess what mixes work 

It might sound trite, but read the label:  there is a lot of good information on spray volumes and 
compatibility to be found. 

The major factors that cause spray tank incompatibility include: 

http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0019/123157/Weed-control-in-winter-crops-2014.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0019/123157/Weed-control-in-winter-crops-2014.pdf
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 Spray volumes - higher spray volumes tend to have fewer problems as there is ‘more room’ 
in the solution for the various components. 

 The greater the variety of formulations (formulation type and active type) added to the 
spray tank, the greater the chance of problems, such as the active coming out of solution 
and becoming ineffectual. 

 pH – This is only a problem in extreme cases.. Typically glyphosate adjusts the pH to the 
correct level so test your spray mix pH, not your water pH. Acidifiers (such as Li-700) are only 
required in extreme cases. 

 Hardness – Metal ions such as calcium and magnesium can create tank mix problems with 
soluble liquids (SLs) such as glyphosate, and emulsifiable concentrates (ECs) such as 
triclopyr. High levels of bicarbonate can also affect Group A herbicides and 2,4-D amine. 
Avoid brackish water and  ensure you test bore water for hardness before using.  Rain water 
is always the best bet to avoid any hardness issues. 

With soluble liquids (SL) the amine salt used in the formulation (such as dimethylamine, 
isopropylamine, etc) will dictate the compatibility of the formulation with other formulations and 
water quality.  Some companies will add conditioners to their formulations to improve the 
compatibility.  Suspension concentrates (SC) generally mix well with all water and other 
formulations.   

In general, follow the correct mixing order, give lots of spray volume and try a jar test. 

How to conduct a jar test: 

 In a 500 mL jar mix the same ratio of chemicals with the same water at the same 
temperature and let it sit for 5 hours. 

 Look carefully for crystals that would cause spray filter blockages 

 Look for oil or general glug - a slight cream is not a problem. 

 Remember, a small amount of problem in the jar can mean big problems in the tank! 

Follow the proper mixing order (general guidelines below, but read the label to verify): 

 Fill tank two thirds with clean water, turn on agitation. Make sure there is lots of room for 
the fomulations to dilute. 

 Add water conditioners such as ammonium sulphate or EDTA. This covers up hard water ions 
that may cause incompatibility issues. 

 Add granules / flowables / powders and mix well. These take time to mix in so don’t rush it. 

 Add ECs and crop oils before SLs, this allows the emulsion to set up first. Add soluble liquids 
(SLs), such as glyphosate - the ions added at this stage are less likely to interfere with 
theemulsification 

 Add wetters (e.g. BS-1000). These are surfactants and have to be added after ECs have 
formed an emulsion. Adding wetters at the end also results in less foaming. 

 Top up with water to final spray volume. 

Further information: 

GRDC Spray water quality Fact Sheet 

GRDC Mixing Requirements for spray operations Fact Sheet 

Contact details 

Rob Buttimor 
Dow AgroSciences 
Ph: 0448 221 105 
Email: rbuttimor@dow.com  

http://www.grdc.com.au/Resources/Factsheets/2014/08/Spray-water-quality
http://grdc.com.au/Resources/Factsheets/2012/03/Mixing-requirements-for-spraying-operations
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Nutrition concurrent session 

Effect of macro and micro nutrients on grain yield in chickpea crops at 
Trangie and Coonamble 

Andrew Verrell1 and Leigh Jenkins2 
1 Tamworth Agricultural Institute, NSW Department of Primary Industries, Tamworth NSW 2340  

2 Trangie Agricultural Research Institute, NSW Department of Primary Industries, Trangie NSW 2823 

Key words 

nutrition, chickpea, grain yield 

GRDC code 

DAN00171 - Northern Pulse Agronomy Initiative  

Take home message 

• Phosphorus was the limiting nutrient at Trangie 
• If any single nutrient is lacking or not adequately balanced with other nutrients, crop growth 

may be suppressed or inhibited  
• The application of macro and micro nutrients to a crop that was both moisture and 

temperature stressed led to a reduction in yield  

Introduction 

There are seventeen (17) essential elements required by crop plants for optimal growth and 
development. These nutrients are commonly split into two categories, macronutrients, when 
required in high amounts and micronutrients, when required in smaller amounts. While the 
micronutrients are required in relatively small quantities, they are as important as macronutrients. If 
any single nutrient is lacking or not adequately balanced with other nutrients, crop growth may be 
suppressed or inhibited (Mengel et al., 2001). 

The northern NSW cropping region has been under continuous cropping for many years and this has 
led to a decline in the soil nutrient pool mainly through nutrient export in plant products. A typical 2 
t/ha chickpea crop will remove (per ha) approximately 66 kg N, 6.4 kg P, 18 kg K, 4 kg S, 3.2 kg Ca, 
2.8 kg Mg, 0.68 kg Zn, 0.68 kg Mn and 0.014 kg Cu (Grain Legume Handbook, 2008). 

There was a need to look at nutritional responses in chickpeas over a range of macro and micro 
nutrients, beyond simply P responses. Trials were established at 8 sites across the northern and 
central cropping belt of NSW in 2014 and this paper will report on two trials conducted by NSW DPI 
in the central west at Trangie and Coonamble. 

Methods 

Chickpea cultivar PBA HatTrick   was sown at all sites. 

Nutrients were applied in a nutrient omission format. In nutrient omission trials, one nutrient is 
deliberately omitted in each treatment, while all other nutrients are applied at rates considered as 
non-limiting. It is therefore not possible to determine optimum nutrient application rates directly 
from the results of these trials. 
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The 12 treatments were; Zero nutrients, All nutrients, - N, - P, - K, - Ca, - B, - Cu, - Zn, - Mn, 
 - Mg, - Fe.  

Application method varied between nutrients. Both P and N were applied at sowing, at 10 kg P/ha as 
Trifos and 10 kg N/ha as urea respectively. Ca, Mg, Zn, Mn, Cu and Fe were applied as chelates in a 
foliar spray.  

K was applied as Potassium citrate and B as Boron ethanolamine as foliar sprays. Besides N and P 
(applied at sowing), all other nutrients were sprayed on the crop at early flowering. 

Results 

1. Coonamble site 

The Coonamble site was located on a grey vertosol soil, tending sodic with depth (> 6% ESP, 10-30 
cm). The trial was sown on the 24th of May with adequate soil moisture.  

2014 growing season rainfall, 162 mm, was below the long term average (LTA = 179 mm) with 
October only receiving 5 mm (LTA = 42 mm). Yield was severely affected by the lack of in-crop 
rainfall with the maximum yield of 850 kg/ha occurring when NO nutrients (Zero treatment) were 
applied.  

Under these dry conditions applying nutrients at flowering led to a 20% decline in grain yield with 
the “All nutrients” treatment yielding 654 kg/ha (see Figure 1). 
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Figure 1. The effect of macro and micro nutrients on grain yield in chickpea at Coonamble, 2014 
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2. Trangie site 

The Trangie experiment was sown on a red brown chromosol on the 28th of May into good moisture 
conditions at sowing. The crop received only 130 mm during the growing season, well below LTA 
(180 mm). September and October were very dry with falls of 9.8 mm and 2.6 mm, respectively. 
Rainfall was well below the LTA for September (31.4 mm) and October (45.7 mm). 

Overall yields were reduced due to the lack of in-crop rainfall but there was still a significant 
response to applied nutrients. The application of a complete set of nutrients (1235 kg/ha) led to a 
23% yield increase over the zero treatment (1002 kg/ha) (see Figure 2). 

At Trangie the main limiting nutrient was P. This is a classic P response where unless a sufficient rate 
of P is applied as a non-limiting nutrient, grain yield shows no response to other applied nutrients 
(Figure 2). 
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Figure 2. The effect of macro and micro nutrients on grain yield in chickpea at Trangie, 2014 

3. Cold weather effects 

Mean temperatures below 15◦C have been shown to cause flower abortion (Siddique and Sedgley 
1986; Berger et al. 2004; Clarke and Siddique 2004). The 2014 growing season had significant cold 
weather events causing flowers to abort.   

Coonamble was at 50% flower around the 18th August and 100% flower at the 1st of September when 
sprays were applied. A significant frost (0◦C) occurred on the 4th of September, 3 days after spraying, 
then another cold period (av. 11.5◦C) occurred from the 17th-18th of September. A late frost at 100% 
flower production reduced yield significantly. Pod abortion would have occurred during early 
October due to the extreme dry period. 

Trangie was slower in development than Coonamble with 1st flowers appearing on the 1st of 
September. The frost (-0.8◦C) event on the 4th of September would have aborted these flowers but 
more would have been produced after this period. Further flowers would have been lost around the 
18th-19th of September due to low temperatures (av. 11◦C). The later development at the Trangie site 
allowed it to recover and produce a higher yield compared to the Coonamble site. 
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Conclusions 

• Late frosts and cold periods during flowering at both sites led to floral abortion and a reduction 
in yield; 

 Extended dry periods at both sites during September and October led to pod abortion; 

• At Coonamble, application of nutrients to a crop at 100% flowering, followed by a frost and 
moisture stress, led to a reduction in grain yield compared to the zero nutrient treatment; 

• At Trangie, phosphorus was the limiting nutrient and the application of macro and micro 
nutrients led to an increase in yield of 23% compared to the zero treatment; 

 Potential yield at Trangie was reduced due to early frosts and pod abortion due to terminal 
drought. 
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Nitrogen management in wheat – 2014  

Richard Daniel, Rachel Norton, Anthony Mitchell and Linda Bailey  
Northern Grower Alliance 
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NGA00003: GRDC Grower Solutions for Northern NSW and Southern Qld 

Take home messages 

1. Despite a generally moisture limited season, significant grain protein responses were measured 
at all ‘enhanced’ urea trial sites 

2. The rate of nitrogen applied was the critical factor in all ‘enhanced’ urea trials 

3. No ‘enhanced’ urea product provided any significant benefit compared to urea alone with ESN 
resulting in significantly reduced biomass and grain protein at two of the four sites 

4. Urea at 100 kg N/ha spread post sowing, and with no physical incorporation, provided at least 
equivalent crop responses to urea at 100 kg N/ha spread and incorporated by sowing 

5. A split application of urea at 50 kg N/ha incorporated by sowing followed by 50 kg N/ha spread 
in-crop at ~GS31 provided at least equivalent crop responses to urea at 100 kg N/ha spread and 
incorporated by sowing 

6. There was no significant impact on screenings at any site from nitrogen application at up to 200 
kg N/ha 

7. Late foliar nitrogen application increased protein in only one of four trials 

8. At the responsive site, mean protein increases of 1-1.5% were obtained but net benefits were 
only obtained from four of fourteen treatments ($9-33/ha) 

9. Multiple application of low rates did not improve agronomic or economic benefits 

10. Foliar applications of 20 kg N/ha trended to improved efficiency of grain N recovery and 
economic returns compared to applications of 40 kg N/ha 

NGA have been heavily involved in projects focussed on nitrogen management in wheat during 2012 
to 2014. The key aim in 2012 and 2013 was to evaluate the impact and fit of late nitrogen application 
(from awn peep onwards) to manipulate grain protein. Benchmark treatments in 2013 included the 
equivalent quantity of nitrogen added at sowing or split between sowing and the start of stem 
elongation. 

In 2014 NGA conducted two distinct projects involving nitrogen management; 1) The impact and fit 
of ‘enhanced’ urea products applied at planting, and 2) The impact of lower or multiple rates of late 
application foliar nitrogen. The second project was designed to complement and conclude the 2012-
2013 activity. 

1. Comparison of urea and a selection of ‘enhanced’ urea products applied at sowing 

This project was designed to evaluate the impact from ‘enhanced’ urea products under northern 
conditions. Benefits may be obtained by reducing N losses or by delaying the release of nitrogen to 
better match crop needs. Two of the products were polymer coated formulations that slow the N 
availability in an attempt to provide a canopy management benefit (ie slow the early crop growth to 
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allow more moisture at grain fill and provide more of the N late in the crop to benefit protein levels). 
The other two products were nitrification inhibitors which impact on the soil bacteria Nitrosomonas 
to slow the conversion of ammonium to nitrate and reduce denitrification and leaching losses.  

Table 1. Urea and ‘enhanced’ urea products and rates used in 2014 trials 

Product Urea 
‘Enhanced’ urea products 

ESN Agrocote 
N38 

eNtrench Entec 

Rates kg N/ha as IBS 50, 100, 200 50, 64*, 100 50, 84*, 100 50, 62*, 100 50, 89*, 100 

Formulation or 
Active ingredient 

- Polymer 
coated urea 

Polymer 
coated urea 

Nitrapyrin DMPP 

Mode of action - Controlled 
release  

Controlled 
release  

Nitrification 
inhibitor 

Nitrification 
inhibitor 

Application  - 60% ESN 
blend with 
40% Urea  

30% 
Agrocote 

blend with 
70% Urea  

2.5 L/ha on 
urea 

Urea 
pretreated 

IBS = Surface spread and Incorporated By Sowing  
*For each ‘enhanced’ urea product, the middle rate was an equivalent cost to a 100 kg N/ha applied as urea. All 
comparisons in this paper between ‘enhanced’ products and urea alone are for the 50 and 100 kg N/ha rates only.  

There were two extra urea alone treatments not listed in Table 1; 100 kg N/ha spread on the soil 
surface immediately post sowing (PSPE) and a split application treatment of 50 kg N/ha IBS and 50 kg 
N/ha spread in-crop at ~GS30 was also evaluated. 

Five trials were established in 2014 in paddocks nominated by agronomists as low in nitrogen or 
likely to be N responsive. Unfortunately the site near Moree became severely moisture stressed with 
grain yields below 600 kg/ha and associated high variability. Data from this site has not been 
presented.   

All trials were established with small plot planters using row spacings of 32-36cm and plot lengths of 
8-12m. EGA Gregory  was evaluated in all trials with 4 replicates at all sites.  

Table 2. Urea and ‘enhanced’ urea products site details 2014 

Location Narrabri 
(AM1410) 

Gunnedah 
(AM1411) 

Tummaville* 
(LB1412) 

Biniguy 
(RN1415) 

Sowing Date 11/6/14 10/6/14 23/7/14 20/5/14 

Available soil nitrogen at 
sowing (kg N/ha) 

128 (0-60cm) 138 (0-60cm) 100 (0-90cm) 42 (0-60cm) 

Basal starter application to 
all plots 

Granulock Z 
80kg/ha 

Granulock Z 
100kg/ha 

Granulock Z 
80kg/ha 

Granulock Z 
Extra 40kg/ha 

In-crop rainfall (mm) 111 164 138 144 

Timing and quantity of first 
rain post sowing 

3DAA 26mm 4-5DAA 23mm 3DAA 1mm 
24DAA 25mm 

1-2DAA 2mm 
9DAA 5mm 

In-crop application – date 
and growth stage 

13/8/14 
(GS30) 

13/8/14 
(GS31) 

16/9/14     
(GS30) 

22/7/14     
(GS30) 

Timing and quantity of rain 
post in-crop application 

3-5DAA 
32mm 

3-6DAA 31mm 6DAA 5mm 
9-10DAA 18mm 

5DAA 1mm 
25DAA 54mm 

PreDicta B – Crown Rot Low BDL Not analysed BDL 

PreDicta B – RLN BDL Medium Pt 
(2.0/g soil) 

Medium Pt 
(7.1/g soil) 

Medium Pt 
(2.6/g soil) 

Available soil nitrogen = total soil mineral N kg/ha (to soil depth) using a bulk density of 1.3. It does NOT include any 
mineralisation credit. DAA= Days after application. BDL= Below detection level. 
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*Tummaville is a locality near Millmerran on the southern Darling Downs. It was a late planted, irrigated site that was a 
replacement for an intended dryland trial that failed to receive sufficient planting rain. 

Results 

Biomass responses 

NDVI (Normalised Difference Vegetation Index) was used to provide an objective measurement of 
nitrogen response between treatments. Higher NDVI results indicate larger biomass and/or greener 
treatments.  

c

d

b

b c

a

a b

a

a ab

a

a ab

a

a a

a

0

0.2

0.4

0.6

0.8

1

Narrabri (GS43) Gunnedah (GS41) Tummaville (GS61) Biniguy (GS49)

N
D

V
I (

Ra
ti

o
)

0 50 IBS 100 IBS 100 PSPE 50 IBS + 50 GS31 200 IBS

P<0.01 P<0.01
LSD 0.01

P=0.06
LSD 0.08 (10%)

P=0.73
NSD  

Figure 1. Effect of N rate (kg N/ha), application method and timing on NDVI from urea alone in 2014 
Treatments that share the same letter within each site are not significantly different at P=0.05, except Tummaville P=0.10. 

The main crop growth stage at the NDVI assessment is shown in brackets for each site. NSD = No significant difference 

 

Figure 2. Mean effects from urea and ‘enhanced’ urea products on NDVI in 2014 
Treatments that share the same letter within each site are not significantly different at P=0.05. 

The main crop growth stage at the NDVI assessment is shown in brackets for each site. NSD = No significant difference. 
Means presented are from factorial analysis of all five products at both 50 and 100 kg N/ha 

 Nitrogen rate was the major factor affecting NDVI results (Figure 1) 

 50 kg N/ha significantly increased NDVI compared to the untreated at 3 of the 4 sites  
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 100 kg N/ha significantly increased NDVI compared to the 50 kg N/ha rate at both Narrabri and 
Gunnedah 

 There was no significant difference in NDVI, at any site, between the 100 kg N/ha treatments 
applied IBS, PSPE or split between IBS and GS31 

 There was no significant difference in NDVI between urea alone and eNtrench or Agrocote N38 
at any site 

 Both ESN and Entec significantly reduced NDVI at Gunnedah and ESN also resulted in 
significantly reduced NDVI at Narrabri compared to urea alone  

Key points: 

Significant crop growth responses to nitrogen were recorded at 3 of the 4 sites with nitrogen rate 
the main factor. Conditions for incorporation of nitrogen spread after planting or at GS31 were 
sufficient to provide equivalent results to the IBS application. ESN provided the most consistent 
‘canopy management’ difference to urea alone and significantly reduced NDVI results at 2 of the 4 
sites.  

Yield 

 

Figure 3. Effect of N rate (kg N/ha), application method and timing on yield from urea alone in 2014 
Treatments that share the same letter within each site are not significantly different at P=0.05. NSD = No significant 

difference 
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Figure 4. Mean effects from urea and ‘enhanced’ urea products on yield in 2014 
Treatments that share the same letter within each site are not significantly different at P=0.05. 

NSD = No significant difference. Means presented are from factorial analysis of all five products at both 50 and 100 kg N/ha 

 

 At Narrabri there were significant yield increases compared to the untreated from 100 or 200 kg 
N/ha  

 At Gunnedah, all nitrogen rates and timings resulted in significant yield decreases  

 At both Tummaville and Biniguy there was no significant impact on yield from any nitrogen 
treatment 

 At the two responsive sites, there was no significant difference between the 100 kg N/ha 
treatments applied IBS, PSPE or split between IBS and GS31 

 There was no significant difference in yield between any ‘enhanced’ urea product and urea alone 
at any site  

Key points: 

Although the addition of nitrogen produced significant crop growth benefits at 3 of the 4 sites, yield 
benefits were only recorded at Narrabri. Nitrogen rate was the key factor affecting yield with no 
significant difference between the ‘enhanced’ urea products and urea alone at any site. The most 
likely explanation for the negative yield response at Gunnedah is a combination of planting date, low 
to moderate starting soil moisture (following canola in 2013) and extreme temperatures during grain 
fill in late October. Yields were disappointing at the Tummaville site, despite frequent irrigations. The 
late planting resulted in flowering just prior to the late October heat extremes.  
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Grain protein 

 

Figure 5. Effect of N rate (kg N/ha), application method and timing on grain protein from urea alone 
in 2014 

Treatments that share the same letter within each site are not significantly different at P=0.05. 

 

 

Figure 6. Mean effects from urea and ‘enhanced’ urea products on grain protein in 2014 
Treatments that share the same letter within each site are not significantly different at P=0.05, except Gunnedah P=0.10. 

NSD = No significant difference. Means presented are from factorial analysis of all five products at both 50 and 100 kg N/ha 

 Untreated grain protein levels ranged from 9.5 to 10.9%  

 All urea rates and timings resulted in significant protein increases at all sites except the 50 kg 
N/ha urea treatment at Biniguy  

 All treatments of 100 kg N/ha or more, resulted in protein levels >13% at Narrabri, Gunnedah 
and Tummaville  

 Although the Biniguy site recorded significant protein increases, the maximum protein recorded 
was <11% 
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 There was no significant difference in protein level between the 100 kg N/ha treatments applied 
IBS, PSPE or split between IBS and GS31. However the split application trended to increased 
protein compared to the IBS application at Narrabri, Tummaville and Biniguy 

 No ‘enhanced’ urea product provided any significant increase in grain protein compared to urea 
alone at any site 

 Agrocote N38 (at Narrabri) and ESN (at Gunnedah and Tummaville) resulted in significantly 
lower protein levels than urea alone 

Key points: 

Despite the mixed yield results from the additional nitrogen, all sites recorded significant protein 
responses with the highest protein achieved at 200 kg N/ha in all trials. The split application of urea 
(50 kg N/ha IBS + 50kg N/ha ~GS30) had significantly higher protein than 50 kg N/ha IBS and resulted 
in at least equivalent protein levels to 100 kg N/ha IBS at all sites. This indicated that the in-crop 
application had been effective at all sites. 

The addition of nitrogen improved grain receival grades at all sites. The largest improvements were 
at Narrabri and Tummaville where the untreated was APW grade and grain from the 100 kg N/ha IBS 
treatment was APH2 or APH1 at the two sites respectively. At Gunnedah application of nitrogen 
improved the receival grade from GP to AUH2 and at Biniguy the change was from ASW to APW. 

Screenings  

Screening levels were <2% from all treatments at Narrabri, Tummaville and Biniguy with no 
significant difference between product or nitrogen rate. At Gunnedah, screenings levels were 
between 6 and 8% with no significant difference between any nitrogen rate or product and the 
untreated.  

Grain nitrogen recovery 

The grain nitrogen recovery (yield kg/ha x protein/100 x 0.175) was calculated to assess the 
efficiency of fertiliser use. Even at 50 kg N/ha, the recovery levels at Gunnedah, Tummaville and 
Biniguy were low and varied between 13 and 22%. The Narrabri site had the highest grain N recovery 
of 34%. Soil and stubble testing is being conducted to determine the fate of the remaining nitrogen. 

Economics 

The maximum spread in receival grade prices at the end of October 2014 was only ~$25/t. As a 
result, yield was the main driver of economic benefit. Figure 7 shows the net benefit/loss across all 
sites for urea alone.  

At Narrabri there was no significant difference in yield or grain receival grade between urea and the 
‘enhanced’ urea products. However there was a significant benefit in both yield and grain protein by 
applying 100 kg N/ha compared to the 50 kg N/ha rate. 

All rates of urea - except the 200 kg N/ha rate – provided a net benefit ranging from $46-151/ha. All 
rates of Agrocote N38, eNtrench and Entec also provided a net benefit with a range from $12-
123/ha (Figure 8). All ESN rates however resulted in a net loss of between $9 and 40/ha.  

Despite significant improvements in grain protein levels at Gunnedah, Tummaville and Biniguy, all 
nitrogen treatments resulted in a net loss.  
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Figure 7. Effect of N rate (kg N/ha), application method and timing on net benefit from urea alone in 
2014 

Assumptions: urea at $1.30/kg N ($600/t), spreading cost of $25/ha/application, grain prices delivered Moree 29/10/14 
APH1 $293/t, APH2 $288/t, H2 $277/t, APW/ASW/GP $267/t 

 

Figure 8. Mean effects from urea and ‘enhanced’ urea products on net benefit in 2014  
Assumptions: urea at $1.30/kg N ($600/t), spreading cost of $25/ha/application, grain prices delivered Moree 29/10/14 

APH1 $293/t, APH2 $288/t, H2 $277/t, APW/ASW/GP $267/t. Means presented are from factorial analysis of all five 
products at both 50 and 100 kg N/ha 

Conclusions – Impact and fit of ‘enhanced’ urea products 

2014 was not an ideal year to evaluate ‘enhanced’ urea products. Even in situations with untreated 
protein levels at or below 11%, factors other than nitrogen were generally more important for yield 
determination. However there were clear and significant nitrogen responses in crop biomass at 3 of 
the 4 sites and in protein levels at all sites which still allowed sound treatment comparisons: 

 Under conditions where useful rain was received within 3 to 24 days after sowing, urea spread 
immediately post sowing (PSPE) provided at least equivalent benefits to the same quantity 
incorporated by sowing 
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 Under conditions where useful rain was received within 3 to 25 days after in-crop spreading at 
~GS30, split application of urea with 50% IBS and 50% in-crop provided at least equivalent 
benefits to 100% IBS 

 There was no benefit from the nitrification inhibitor products at any site compared to urea 
alone. Benefit from these products is most likely to occur under wetter conditions resulting in 
denitrification or leaching losses 

 There was no benefit from the polymer coated products at any site compared to urea alone. 
However ESN in particular did appear to provide a significant canopy management benefit 
indicating reduced/slower N availability. However there was also a clear trend to lower grain 
protein from ESN treatments. Soil sampling may help to determine whether the ESN availability 
was delayed ‘too long’ 

 In terms of crop growth and grain protein, the rate of nitrogen applied was the most critical 
factor 

2. Late foliar application of nitrogen for grain protein – are lower/ multiple rates the answer? 

NGA conducted a total of 11 trials during 2012 and 2013 to evaluate the impact from late nitrogen 
application on protein levels in wheat. Nitrogen solutions were applied at a rate of 40 kg N/ha in an 
attempt to ensure that protein differences could be reliably measured. Despite the high rate, leaf 
scorch or tipping was generally minor. 

Although significant increases in grain protein were generated, there was no net benefit at any site. 
The project activity in 2014 was designed to examine whether a lower rate of N, or multiple low 
rates of N, may provide improved efficiency of uptake and deliver economic benefits. 

The products used in 2014 were Ranger – a 24% N aqueous urea solution - and an experimental urea 
formulation with added macro and micronutrients. Both products were evaluated at the equivalent 
rate of nitrogen. 

Four trials were established in 2014. Two trials were conducted in commercial crops with the other 
trials conducted at the Tummaville site, adjacent to the ‘enhanced’ urea trial, in a ‘planted small 
plot’ design. One of the Tummaville trials was on the site’s exitsting low N background, the second 
was on a high N background where 107 kg N/ha was applied prior to planting. EGA Gregory  was 
evaluated in all trials. Plot sizes varied from 2-4m width x 8-12m length, all with 4 replicates.  

Three foliar application timings were evaluated with single application treatments of 20 or 40 kg 
N/ha at all timings. Timing 1 was planned for awn peep to early head emergence (GS49-GS55), 
timing 2 for early flowering (GS61) and timing 3 was planned for ~ 10 days after timing 2. It was 
hoped that these timings would generate a timing response curve. 

In addition, two multiple application treatments were evaluated. Applications of 20 kg N/ha at both 
timings 1 & 2 or applications of 13.3 kg N/ha at timings 1, 2 & 3. Both multiple application 
treatments applied a total of 40 kg N/ha. Table 3 shows the timings and growth stages in each trial. 

Table 3. Late N application timings and growth stages 

 Application timing 1 2 3 

Yallaroi (RN1421) 30/8/14 (GS51) 11/9/14 (GS65) 22/9/14 (GS71) 

Mullaley (AM1418) 14/9/14 (GS49) 24/9/14 (GS61-65) 4/10/14 (GS65-71) 

Tummaville High N (LB1413) 21/10/14 (GS49) 30/10/14 (GS61) 5/11/14 (GS71) 

Tummaville Low N (LB1416) 21/10/14 (GS49) 29/10/14 (GS61) 5/11/14 (GS71) 

Untreated grain yields and protein contents were: Yallaroi 3.5t/ha and 11.2%, Mullaley 5.9t/ha and 
9.2%, Tummaville High N 2.0t/ha and 15.2%, Tummaville Low N 2.0t/ha and 10.8%. 
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Results 

Yield and protein  

Late application of nitrogen did not significantly impact on yield in any trial – as expected. At Yallaroi, 
and at both Tummaville sites, there was no significant difference in grain protein level between any 
treatment and the untreated grain.  

However, at the high yielding and low protein site, at Mullaley there were significant increases in 
protein from all treatments except Ranger at 20 kg N/ha applied at GS49. Figure 9 shows the results 
from the factorial analysis of product x rate x application timing. Figure 10 shows the performance of 
the multiple application treatments compared to the equivalent total nitrogen rate applied at the 
individual application timings. 

 

Figure 9. Effect of late nitrogen application product, rate and timing on grain protein level, Mullaley 
2014 

Treatments that share the same letter within each group are not significantly different at P=0.05. NSD = No significant 
difference. The broken line indicates the protein level achieved in the untreated grain (9.2%) 

 

Figure 10. Effect of multiple late nitrogen application on grain protein level, Mullaley 2014 
Treatments that share the same letter are not significantly different at P=0.05.  
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 There was no significant difference between the two urea formulations with both increasing 
mean grain protein by 1.1 to 1.2% compared to the untreated 

 The 40 kg N/ha rate significantly increased grain protein compared to the 20 kg N/ha 

 The largest increases in grain protein were achieved from nitrogen application during flowering  

 There was no significant difference in grain protein level from multiple applications of low 
nitrogen rates compared to the equivalent nitrogen rate applied in a single application 

 The largest protein increases compared to the untreated (+1.7 to 1.8%) were achieved from a 
single 40 kg N/ha application of either urea formulation at GS65-71 

Key points: 

Large responses in protein level were achieved in this trial with the main factors being product rate 
and application timing. There was no protein benefit from multiple low rate application of nitrogen 
compared to a single application of the equivalent rate at this location. 

Screenings and test weight 

There was no significant difference in screenings or test weight between any treatment and the 
untreated. Screenings were below 2% at Yallaroi and Mullaley but between 6-10% at Tummaville.  

Grain N recovery 

The Mullaley trial had the highest levels of grain N recovery of all 15 late N application trials 
conducted during 2012 to 2014. The mean level of recovery was ~50% with an individual treatment 
range from 26-98%. Factorial analysis did not show any significant difference in total grain N 
recovery between product, rates or timings. The highest mean recovery (64%) was achieved using 
the 20 kg N/ha rates compared to 38% when 40 kg N/ha was applied. 

Economics 

Despite the significant increases in protein, only 6 of the 14 treatments increased the receival grade 
from ASW to APW. In 2014 there was no price difference between these grades. Economic analysis 
was based on a grain price of $267/t, Ranger at $1.8/kg N and application cost of $8/ha/application.  

Four treatments provided a net benefit compared to the untreated ranging from $9-33/ha. These 
were the 20 kg N/ha rates of either urea formulation at GS61-65, the 20 kg N/ha rate of Ranger at 
GS65-71 and the multiple applications of 13.3 kg N/ha.   

Conclusions – Late foliar application of nitrogen 

NGA have conducted a series of 15 trials over the last three seasons on the varieties EGA Gregory  
and Suntop . Although none of these seasons were ideal for late foliar nitrogen application, there 
are some consistent conclusions from this work:  

1. Significant increases in protein can be gained from late foliar application of nitrogen  

2. The level of protein increase in these trials has only delivered economic benefit at one site 
and for four out of fourteen treatments at that site 

3. Timing differences have not been consistent but generally supported application between 
late head emergence and early milk stages for maximising protein  

4. In the 2014 trials, multiple low rate application did not appear to improve the response 
compared to the same rate applied in one application 
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5. Single applications of low rates (20 kg N/ha) trended to improved efficiency of grain N 
recovery and economic benefits compared to single applications of 40 kg N/ha   

6. Largest protein responses have been obtained in four trials conducted in high yielding crops 
(>4.5t/ha) with low untreated grain protein levels (9-11%). At these sites protein levels 
increased by ~1-1.5%.  

7. Economic benefits will only be delivered when grain N recovery rates are high, untreated 
protein levels are close to a receival grade threshold and the premium between receival 
grades is at least $20/t 

8. Application of the additional nitrogen earlier in-crop (IBS or GS30) has appeared a more 
economic option by improving both protein and yield  

The conclusions from the 2014 GRDC Update Paper ‘The effectiveness of nitrogen application for 
protein’ are still very appropriate “These results suggest that trying to increase wheat protein with 
late foliar nitrogen application is unlikely to be a very effective management tool in areas where 
spring rainfall is highly erratic. Unless nitrogen in grain recovery levels can be increased dramatically, 
grain price differentials of ~$20-40/t are probably necessary before even considering this type of 
approach. Supply of nitrogen requirements either prior to or at planting, or as a top up during early 
crop growth stages would appear a much more reliable and effective strategy. Economic benefits 
from nitrogen application targeting yield potential are likely to be far easier to achieve than when 
targeting protein increases”.  
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Grain Sorghum: Varietal reactions to heat stress and environment – what are 
they and why the differences? 
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GRDC code 

UQ00065 

Take home message 

1. Sorghum seed set is reduced by high temperature effects (>36-38oC) on pollen around flowering 
2. Sorghum genotypes differ in their tolerance to high temperature stress 
3. Risk of high temperature damage depends on sowing date and variety 
4. Climate change will exacerbate high temperature effects but avoidance by crop management 

and genetic tolerance seems possible 

Introduction 

Varietal attributes, such as heat stress tolerance, tillering, and maturity can all have large effects on 
yield. However, this will depend on starting soil water, time of sowing, crop management, and the 
nature of the season. 

There are two things that are for sure – 

1. we do not know what the yield outcome will be at the time of sowing, and 
2. the superiority of specific genotype and management combinations varies from year-to-year 

depending on how the season transpires.   

The best we can do is to estimate the risks of what might happen for different scenarios given 
historical climate data.  The APSIM model provides the best technology for doing this and the 
sorghum model has been recently updated to incorporate the latest scientific knowledge on the 
physiology of crop growth and development (Hammer et al., 2010).  We can now simulate risks 
associated with changes in genetics (G) and management (M) across environments (E) – the G*M*E 
landscape - with increased confidence by using the model with historical climate records (or with 
climate change scenarios).  

Here we look at specific varietal attributes associated with heat stress tolerance and how they might 
affect yield outcomes.  Recent research on high temperature tolerance is summarised and its 
implications for production risks evaluated by a crop simulation analysis.  
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High temperature effects on sorghum 

We have recently conducted a range of controlled environment and field experiments to study the 
physiology and genetics of high temperature effects on growth and development of sorghum.  

 Controlled environment experiment on varietal reactions to high temperature stress - 24 
diverse genotypes were grown without water limitation at four day/night temperatures 
ranging from of 30/22° (standard) to 38/22° (high) for their whole life cycle.   

 Controlled environment experiment on timing of high temperature effect - a tolerant and 
susceptible genotype were grown under either standard or high temperature for their 
whole life cycle except for 5 days when they were trnsferred to the other temperature 

 Field experiment to validate effects in controlled environment – a selection of genotypes 
were grown in the field either with/without specifically designed covers that raised daytime 
maximum temperature by about 6°C. 

High temperature conditions affected both vegetative and reproductive growth of the sorghum 
genotypes. High temperature increased development rate (i.e. shorter time to flowering), leaf 
number, and leaf appearance rate, but had no effect on leaf size. However, there was significant 
reduction in plant height, pollen viability and seed set under high temperature (Fig .1). There was 
significant variability in seed set and pollen viability responses among sorghum genotypes (Fig. 2) 
(Singh et al., 2015).  The most tolerant genotypes showed only small reduction in seed set at 38°C, 
whereas the most susceptible showed significant reductions at 36°C.  Seed set was highly correlated 
with pollen viability. All treatments were well-watered so this effect of high temperature on seed set 
is independent of the effect of moisture stress.   

 

Figure 1. Effect of high temperature on seed set of B923296 (left panel) and contrasting effect for 
genotype 85G56 (right panel) 
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Figure 2. Effect of a range of high temperature treatments on seed set percentage for a diverse set 
of sorghum genotypes. 

This evidence and that from other studies (Prasad et al., 2006) indicated that the effect of high 
temperature on seed set was most likely related to effects on pollen and thus likely occurred during 
the period of pollen formation or pollination.  This was confirmed in the temperature switching 
experiment, which showed the effect occurred over about a 10-day period centred on flowering.  

 

Figure 3. Effect on seed set of moving a susceptible cultivar from either Optimum Temperature to 
High Temperature (OT-HT) or the reverse (HT-OT) for 5-day intervals commencing prior to flag leaf 

full expansion.  The control represents results without transfer. 

We used this information to develop an index of the effects of genotype and high temperature on 
seed set that could be implemented in simulation studies.    

Implications of varietal reactions to heat stress on yield   

We simulated a range of sowing dates (Sept-Jan) at Gunnedah for a standard medium-late maturity 
sorghum hybrid grown in 1m rows at 50,000 plants/ha on a 150cm deep grey clay soil with water-
holding capacity of 285 mm.  50 years of historical climate data (from 1960) was used to simulate 
yield of crops assuming the same sowing date and starting soil water  each year so that the only 
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variable was the seasonal weather.  Simulations were conducted assuming that the profile held 
100mm available water at sowing.  In the initial set of simulations, the index representing the effect 
of high temperature on seed set was not invoked. 

 

Figure 4. Yield (kg/ha) likelihood versus sowing date at Gunnedah assuming 100mm available water 
at sowing.  The blue line joins the median (50/50) yield and the bars indicate the range of yield in 

80% of years.  The best and worst 10% are not included.  The 80% of years are broken into the best 
20% (top-green), middle 40% (yellow), and worst 20% (bottom-red) of those years. 

These results reflect the seasonal patterns of water availability to the crop via rainfall and 
evaporative demand patterns.  With 100 mm water availability at sowing, in-crop rainfall and 
evaporative demand becomes important.  There is not a large effect of sowing date on yield 
likelihood, although mid-Nov sowings show a slight disadvantage at the median.  However, these 
effects must also be considered in conjunction with timing of planting opportunities and cropping 
system issues.   

How are these yield likelihoods affected by incidence of high temperature conditions?  The historical 
climate data was first analysed to examine the frequency and timing of high temperature events in 
relation to the crop cycle associated with different sowing dates. Then simulations were repeated 
with the indices of the effect of high temperature on seed set invoked to estimate effects on yield.  
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Figure 5. Probability of occurrence of either one or four days with a maximum temperature 
exceeding 36 or 38˚C within an interval of 200˚Cd (10-14 days) commencing at various times of year 

for key locations in the sorghum cropping region of NE Australia. 

The frequency of occurrence in any 10-14 day period of days with maximum temperature >38C is 
greatest from mid-December until mid- January (Fig. 5).  While there are many occasions at 
Gunnedah (approx 30%) with at least one such day in the 10-14 day period, there are very few 
(approx 5%) with more than 4 days.  The effect on pollen viability, seed set, and hence yield, 
depends on the magnitude of the temperature event and its duration during the critical 
developmental window of this duration (10-14 days) around flowering.   

At Gunnedah, sowings during October will reach flowering at the high risk period for high 
temperature incidence (data not shown).  There will remain some, but lesser, risk for earlier and 
later sowings. However, as high temperature occurrences can occur over a wide time frame during 
summer, other sowing times are not totally immune.   

The simulated yield reductions due to high temperature effects on pollen viability and seed set 
varied considerably from year-to-year for a 15 Oct sowing at Gunnedah with a susceptible genotype 
(Fig. 6).  There were many years with more than 10% yield reduction (i.e. relative yield < 0.9), and 6 
years out of 50 had severe effects (i.e. relative yield < 0.7).  However, for a heat tolerant genotype 
there was only 1 year with more than 10% yield reduction.  
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Figure 6. Relative reduction in simulated yield due to high temperature effects for 15 October 
sowing at Gunnedah with 100mm available soil water with either a susceptible (Group 1 - left panel) 

or tolerant (Group IV- right panel) genotype 

It is plausible to reduce high temperature risks through changing sowing date.  At Gunnedah, early 
(Sept) and late (Dec-Jan) sowings have lower risk on average than sowings in Oct-Nov (Fig. 7), but 
there are instances of severe effects (i.e. relative yield < 0.7) for all sowing times, except very late 
sowing (Jan).  Hence, the simulations suggest management of sowing time to be a much less 
effective strategy in moderating high temperature risks than genetic modification.  It is also 
considerably more difficult to implement as there is limited opportunity to control sowing time and 
cropping system issues (e.g. weed and disease control, rotation opportunities) restrict options. 

 

Figure 7. Relative reduction in simulated yield due to high temperature versus sowing date at 
Gunnedah for a susceptible sorghum genotype. Each point represents the relative yield for one year 
of the 50-year simulation and the line connects the median relative yield for each simulated sowing 

date. 

The issue will be exacerbated as temperatures rise with climate change.  The frequencies and 
severity of high temperature events are predicted to increase over the next decades (IPCC, 2007).  It 
is clear that risks of yield reduction due to high temperature effects will increase. Our studies to date 
have identified potential sources of genetic tolerance to high temperature effects so that breeding 
options will be possible.  However, it will be important to progress this work to install this level of 
genetic tolerance into elite sorghum germplasm, while seeking new sources in order to keep ahead 
of climate change.  Interactions with management options, such as sowing date, will become more 
critical as risks increase. 
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Take home message 

Growers need to consider carefully whether earlier sowing is justified in seasons where warmer 
temperatures are predicted. 

Warmer temperatures may reduce the frequency of frost events but may also increase the rate of 
crop development bringing crops to the susceptible, post heading stages earlier. 

Situation analysis of national frost impact indicates substantial losses in all regions averaging 
approximately 10% using current best practice. 

In some regions, there are even greater losses in yield potential due to late sowing. 

These results indicate that continued research into reducing frost risk remains a high priority despite 
increasing temperatures. 

Analysis of frost impact on wheat is giving us our first nationwide assessment of the comparative 
impact of frost in different Australian cropping regions.  It is also providing important insights into 
how to manage frost risk in warmer cropping environments.  

Warmer temperatures accelerate plant development causing crops to develop to the frost-
susceptible, post-heading stages more rapidly.  So counter intuitively, planting earlier or even at the 
conventional date during warmer seasons may sometimes lead to increased frost risk. 

Climate data from 1957-2013 was used to assess the frequency and severity of frost for each region 
of the Australian cropping belt.  Night time minimum temperatures have been observed to increase 
over much of the Australian cropping region during that period.  However, our analysis showed that 
frost risk and frost impact did not reduce over the whole cropping area during that time.   

Historic climate data from a grid database and for 60 locations representing each of the four major 
cropping regions of Australia was used to determine the frequency and severity of frost (Figure 1 
top).  Crop simulation modelling using the Agricultural Production Simulator program (APSIM) was 
used to estimate crop yields.  Expert knowledge combined with data from frost trials was used to 
estimate crop losses.  Computer simulation allowed prediction of crop losses for all Australian 
cropping regions using damage information from a limited number of frost trial sites.  It also allowed 
simulation of potential yields using sowing dates optimised for yield in the hypothetical absence of 
frost risk, something that has not be achieved experimentally. 
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Figure 1.  Maps showing sites and regions for which climate data were analysed for the frequency 
and severity of frosts (top panel) and annual % change in yield loss due to frost from 1957 to 2013; 

negative values (yellow to red) represent areas where yield loss became worse over the recent 
decades (bottom panel). Estimations in the lower panel were for the cultivar Janz sown May 18th 

and are based on a ~5 x 5 km grid of climatic data.  Gridded climate data may not reflect local 
climatic conditions of particular paddocks within each grid as frost events are highly spatially 

variable. 

The study revealed that estimated current yield losses due to direct and indirect damage vary 
between regions and for crops of different maturities (Figure 2).  Frost damage averaged close to 
10% nationally for all maturity types, for current sowing guidelines.  A similar result was observed for 
the northern region (about 10% yield reduction).  For direct damage estimates, simulations used 
sowing dates optimised for seasonal climate data applying current sowing guidelines to reduce frost 
risk. To determine the loss of yield potential due to late sowing currently required in many areas to 
reduce  frost risk, a wider range of sowing dates were considered for a hypothetical crop that would 
survive even the most severe of frosts.  In many areas this allowed earlier sowing dates leading to 
higher yield estimates.  When accounting for the current delay in sowing imposed by frost risk, 
estimated yield losses increased from approximately 10% to 20% nationally for early and mid-
flowering genotypes and from approximately 11% to 18% for late flowering types (‘direct + indirect’ 
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impact in Figure 2).  In the northern region, these losses were even greater, with estimates at 34, 38 
and 23% for early, mid and late flowering cultivars, respectively (Figure 2).   

 

 

Figure 2.  Estimated yield losses (%) due to frost damage for crops sown at a fixed date 
corresponding to the best sowing date for local long-term yield achievement (‘direct’ frost damage); 

and crop losses due to both direct damage and relatively-late sowing of current best practice 
advocated to reduce frost risks (direct + indirect). 

In some areas in each region, simulated frost impact has significantly increased between 1957 and 
2013 (yellow, orange and tan areas, Figure 1, bottom panel). Estimated date of last frost has come 
later in some areas but earlier in others. However even in areas where last frost has come 
significantly earlier, increased temperatures have also increased the rate of development to frost-
susceptible post-heading stages.  The modelling suggests that crop heading dates have been brought 
forward at a more rapid rate than the date of last frost, leading to an increased frost impact in some 
areas. 
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These trends over time may have implications for growers making planting decisions.  They indicate 
that sowing early to increase yield potential may not always be warranted in warmer seasons, even 
if the likelihood of frosts is expected to reduce.  By increasing the rate of crop development, warmer 
temperatures will cause the crop to develop more rapidly to the frost susceptible, post-heading 
stages, which may actually increase frost risk. 

These results indicate that continued research to reduce frost risk remains a high priority despite 
increasing temperatures due to climate change. 

Results from this Frost Situation Analysis will provide valuable insights allowing GRDC to better 
direct research resources.  They also provide valuable insights for managing frost risk now. 
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Wheat breeding for the north: the impact of new technologies and breeding 
targets 

Haydn Kuchel, Meiqin Lu, Tom Kapcejeves, Kerrie Gleeson, Steve Jefferies  
Australian Grain Technologies 

Key words 

Wheat, breeding, markers, new traits, technology 

Take home message 

Wheat breeding won’t solve every problem facing growers, but it is a key component of continued 
wheat industry profitability. Excitingly, DNA testing is already increasing rates of variety 
improvement and is starting to open up opportunities to tackle traits that were previously placed in 
the “too hard basket”. Previously it was not feasible for a breeder to add new traits while focussing 
on improving the essential traits of yield, quality, and disease resistance.  New technologies in 
breeding now make adding new traits while also enhancing rates of genetic gain for yield, quality 
and disease resistance possible.  There are however still genetic and resource limitations. It is 
practically impossible to have everything, so where do we start? So what should be the targets going 
forward? How important is rust resistance vs weed competitiveness? What about quality vs long 
coleoptile for moisture seeking? What do you want? 

The role of wheat breeding 

Since its inception, wheat breeding has assisted growers in the north to meet their quality, 
production and profitability targets. However with changing farming systems, the impact of cost-
price squeeze, a rapidly growing world population and the potential impact of climate change, wheat 
breeding needs to deliver greater rates of improvement to growers. Many of the gains made by 
wheat breeding go financially unnoticed by growers. Improvements in end-use quality and a 
broadening of the genetic basis to rust resistance, protect the existing value of the wheat industry 
against competitors and nature’s challenges. They ensure growers profit margins do not reduce, but 
they don’t necessarily increase return. However growers (and consumers) also need to see varieties 
released that lead to improvements in productivity and profitability. So how can we achieve that? 

End use quality and rust resistance have always been key strengths of the northern wheat 
improvement programs. More recently, the Narrabri based AGT breeding program has placed 
additional emphasis on grain yield, crown rot tolerance and root lesion nematode tolerance. This 
strategy is now starting to pay dividends for growers, with the release of varieties such as Mitch  
and Suntop , which set new standards for grain yield in the northern region. 

It’s not just the variety that matters, but how you use it. 

Once a new high yielding variety is released, is that the end of it? Should breeders wipe their hands 
and move on to the next thing? Or are there more gains that could be achieved by breeders and 
agronomists working together to develop management practices tailored to each variety? For 
example, in 2014 many farmers would have started growing the new high yielding variety Suntop . 
This variety offers a great package to farmers in the north. It has high quality (APH), broad disease 
resistance and is higher yielding than any other wheat in its class (Table 1).  
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Table 1. The relative yield (from 2008-2013 NVT, % trial mean) and disease resistance ratings (from 
NSW sowing guide) features of five wheat varieties bred for the northern region. 

 Suntop  Dart  EGA Gregory  Spitfire  Sunvale  

NE NSW 116 102 110 104 99 

NW NSW 114 101 109 104 98 

SE QLD 108 99 105 103 99 

SW QLD 111 98 109 103 99 

Stem Rust MR MR MR MR R 

Stripe Rust MR MR MR MR MR 

Leaf Rust R MR MR MS MRMS 

Yellow Leaf Spot MSS MS MSS MSS MSS 

Crown Rot MSS MSS S MS MSS 

RLN Tol MT MI MT MTMI MTMI 

RLN Res MR MSS MS MS MS 

Black Point MR MRMS MS S RMR 

 

But with a big jump in yield, comes the need to modify or adapt management practices. As yield 
increases, protein concentration is diluted and more nitrogen (or timely application of nitrogen) is 
needed to maintain APH protein levels. Alternatively, growers may decide that they are better off 
accepting AH with Suntop  and save the cost of added nitrogen. Last year, in conjunction with the 
help of AMPS Agribusiness, AGT ran a trial specifically aimed at asking; what nitrogen application 
regime will lead to the maximum return for the growing number of Suntop  farmers? In Figure 1, we 
see that as expected, the yield of Suntop  increases (by ~0.8t/ha) with the application of nitrogen 
(100 units). However more importantly, the manner in which the nitrogen is applied can be 
manipulated to suit the objectives of each farming business. In the 2014 trial at Narrabri and 
Rowena, delaying nitrogen application reduced the risk of high screenings and increased protein 
content relative to the 100% upfront nitrogen application treatment. Grain yields were lower when 
nitrogen was delayed, but depending on the price premium of APH over AH, the higher protein 
achieved by delayed nitrogen application may be the more profitable option. The use of late (during 
flowering) foliar applications of N could be considered to specifically target APH in Suntop . 

This nitrogen application trial is just the start. Over the next few years, AGT will be increasing its 
investment in agronomic trialling in order to generate data to assist growers with decisions such as: 
time of sowing, sowing rate, disease management and fertiliser management. When combined with 
existing farm management strategies and new variety adoption, these variety specific practices 
should be another source of increased profitability for the northern region. 

 

 



Coonabarabran GRDC Grains Research Update      25th & 26th February 2015 

84 

 

 



GRDC Grains Research Update  Coonabarabran, February 2015 

85 

New technology: is DNA testing a game changer? 

New technologies, particularly in the realm of DNA testing, are already impacting on breeding 
effectiveness. Whilst the effect of DNA testing has already been dramatic, it is the potential that it 
offers over the next 5-10 years that may see a paradigm shift for wheat variety development. Up 
until now, we have used molecular markers (ie DNA fingerprinting) to select for relatively simple 
traits such as rust resistance, acid soil tolerance and basic end use quality, earlier in the breeding 
process (which take 8-10 years). As the price of DNA testing gets cheaper, and as we develop new 
knowledge about the genetic basis to more complex traits, we can begin to expand the application 
of this technology. Within two to three years, we expect to be able to use DNA breeding tools 
effectively for improving traits like crown rot tolerance, root lesion nematode tolerance, baking 
quality and even grain yield. 

This change will require greater financial investment by plant breeding companies, but should lead 
to a greater rate of genetic gain for growers. It may also allow us to take on more traits, but 
regardless of the technology we have access too we cannot add every trait, or in fact many traits, so 
it is critical to prioritise the traits we can add, but which ones? This is where we need grower input. 

So what do we focus on? 

When prioritising a set of target traits, it is a relatively straight forward process when the economic 
value of a trait is known. But what about traits where the value is either farming system dependent, 
or where the value is observed only in subsequent crops, or where the value is associated with an 
increase in risk? 

In addition to highlighting some breeding traits that might be targets into the future, this 
presentation will use TurningPoint® to get your response to the question “what traits should we 
focus on”? 

Summing it up 

 Breeder’s are constantly adopting new technologies which will increase the rate at which we can 
deliver benefits to growers into the future.  

 Clear communication between growers and breeders will ensure that breeding objectives will 
align with farming objectives.  

 Short term gains can be made by mixing and matching variety with agronomy to maximise 
productivity and profit, while limiting risk exposure to each farming enterprise’s business plan.   
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Wheat variety response to sowing time 

Rick Graham1, Peter Martin2, Greg Brooke3, Peter Matthews4 and Guy McMullen1. 
1 NSW DPI, Tamworth, 2 Howqua, Consulting, 3 NSW DPI, Trangie, 4 NSW DPI, Orange 

Key words 

Wheat variety, sowing date, maturity, genotype response, risk management  

GRDC codes 

DAN00167 – Variety Specific Agronomy Packages, HCP00001- Variety Extension for QLD  

 

Take home messages 

 Variety response to sowing time data can be used to better match variety to sowing date.  

 Variety selection and response to sowing time needs to be considered in the context of a risk 
management strategy. 

 Trial result case study scenarios highlight the potential yield and economic outcomes, of 
targeting sowing window opportunities with differing genotypes.  

 Growers are encouraged to retain a number of varieties with a range of maturities (yield 
response curves), to ensure that yield potential is maximised and risk is minimised. 

Introduction 

Wheat needs to flower when the probability of frost at flowering and heat stress during grain filling 
are as low as possible. Varieties with large differences in maturity have been released by breeding 
programs. This maturity difference allows the late maturing varieties to be sown when the break is 
early and the earlier maturing varieties to be sown when there is a late break. These differences 
between varieties are implicit in the ‘sowing window’ reported in the NSW “Winter crop variety 
sowing guide” (Matthews et al., 2014) and the QLD Wheat variety information booklet (Anon, 
2014a) 

Maturity of wheat varieties is controlled by vernalisation (Vrn) and photoperiod (Ppd) genes (Eagles 
et al., 2010). Australian varieties have been characterised for presence of some of the Vrn and Ppd 
genes (Martin et al., 2011).  Varieties have been classified into categories of winter, facultative and 
spring. Varieties grown in NSW include varieties with winter, facultative and spring habit and those 
grown in QLD facultative and spring habit. 

Variety response to changes in sowing time have been estimated using data from both sowing time 
and National Variety Trials (Martin and Matthews, 2013). This NSW DPI Primefact publication has 
been updated regularly since 2006 with the most recent version available from the NSW DPI web 
site (http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0017/280115/Yield-response-of-wheat-
varieties-to-sowing-time-2013.pdf ). 

There seem to be three basic types of genotype response - genotypes that yield better when sown 
early (negative slope), those that yield better when sown late (positive slope) and those that 
perform similarly (flat slope) across all sowing times. A range of response types exist in each of the 
habit groupings, refer to graphs in Primefact for examples. The different response curves indicate 
that there is the potential to use response to sowing date as an aid in identifying the best genotype 
for a particular sowing date.  

Yield estimates from the Primefact can be used to better estimate the best time to change from 
varieties suited for early sowing, to varieties suited to later sowing. Yield estimates for some 
varieties with different responses in the Primefact have been graphed in Figure 1. Many of the yield 

http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0017/280115/Yield-response-of-wheat-varieties-to-sowing-time-2013.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0017/280115/Yield-response-of-wheat-varieties-to-sowing-time-2013.pdf
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response curves intersect between about year day 125 and 135, which correspond to May 5 and 
May 15 respectively. The data suggests for example, that if you are growing EGA Gregory   and 
Spitfire , then the best time to change from EGA Gregory  to Spitfire  is about year day 132, whilst if 
you are growing EGA Wedgetail  and Spitfire  the best time to change from EGA Wedgetail  to 
Spitfire  is about year day 127. Whilst Suntop  was shown to be high yielding across all sowing 
times.   

 

Figure 1. Variety by sowing day response curves of selected varieties 

Variety response to sowing time  

The combination of variety and sowing date determines the probable timing of environmental 
stresses (frost and heat stress) at key developmental stages, such as anthesis and during the critical 
post- flowering grain fill period. The relative maturity of a variety can vary widely and change with 
changes in sowing time and location. The optimum flowering window is considered an agronomic 
compromise between avoiding excessive yield loss due to frost and ensuring that flowering occurs 
early enough to allow a long grain fill period before heat and moisture stress reduce yield. Early 
maturing varieties sown before their recommended ‘sowing window’ predisposes them to increased 
risk of frost as well as quickening crop development. On the other hand, earlier than recommended 
sowing of mid to late maturing varieties, can increase total plant biomass pre-anthesis, potentially 
reducing the amount of plant available water for grain fill. 

Variety response to sowing time trials help to determine how new varieties compare in maturity and 
yield with existing varieties across the sowing window at a regional level. This provides data to 
better inform growers about varietal response to sowing window options and therefore to better 
match variety with sowing time. Overtime, these trials provide greater confidence in varietal 
performance estimates and flowering behaviour. This is a key trial series for the VSAP project. 
Recent results suggest for example, that Lancer  can vary in maturity relative to EGA Gregory  
(either earlier or later), depending on sowing time and prevailing seasonal conditions. Suntop  has 
also been observed to vary in relative maturity with changes in location and sowing time. 
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Trials in the NSW northern grains region 

The autumn break and subsequent sowing window in NSW can occur anywhere between March and 
June, with the reliability of the break being more inconsistent in Northern NSW in comparison to 
Southern NSW. There are also wheat varieties with a wide range of maturities available to growers in 
NSW and QLD, which coupled with no till farming systems, has increased the length of sowing date 
opportunities.  

Variety selection (maturity type/genotype response) for a given sow time opportunity and potential 
implications, in terms of risk management are critical issues for growers. In other words, what 
genotype response options are available for a sowing date and what are some of the possible 
outcomes from these options. Although the best estimate of variety response to sowing time is from 
response curves reported in the Primefact, considerable variation in responses between 
trials/environments occurs.   

To illustrate the variability of variety responses to sowing dates, data has been taken from a 
selection of VSAP sowing date experiments from the Western Plains, Liverpool Plains and North 
West Slopes and Plains. Varieties included both commercially available and advanced breeder lines, 
with a range of maturities and agronomic characteristics. All experiments were replicated with 
sowing dates spanning the growing season (April – July).  Experimental details are reported in the 
NSW Department of Primary Industries publication ‘Northern Grains Region Trial Results Books’ 
(www.dpi.nsw.gov.au/agriculture/broadacre/guide/ngrt-results). To compare possible varietal 
selection yield implications, examples using VSAP sowing date experiments as ‘case studies’ are 
reviewed. 

Case Study 1: Long season variety on early sowing 

This first example from Trangie in 2014 highlights the potential implications of sowing a long season 
variety, in this case EGA Eaglehawk  across a number of sowing dates rather than moving to a main 
or short season line. On the first sowing date of April 15 (year day 105) EGA Eaglehawk  yielded 5.8 
t/ha (Table 1). This was on average more than 2t/ha than the earlier maturing varieties Dart  and 
Spitfire . EGA Eaglehawk  was more than 1 t/ha higher yield than the main season lines EGA 
Gregory , Lancer  and Suntop . Yield differences between varieties in the second sowing date (29 
April, year day 119) were much lower than in first sowing date.  In the third sowing date (14 May, 
year day 134) however the shorter season lines Spitfire  and Dart  yielded 0.8 and 0.5 t/ha, 
respectively more than EGA Eaglehawk . The main season lines EGA Gregory , Lancer  and Suntop  
also yielded between 0.5 and 0.6 t/ha more than EGA Eaglehawk . In this case there is a strong 
argument to adopt varieties according to their appropriate sowing window (Matthews et al., 2014), 
and variety response sowing curves (Figure 1) based on yield (Anon 2014b). The gross returns based 
on listed GrainCorp contract prices also reflect the differences in yield (Table 1).  

http://www.dpi.nsw.gov.au/agriculture/broadacre/guide/ngrt-results
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Table 1. Grain yield (t/ha) and gross economic returns ($/ha) of selected wheat varieties sown at 
three sowing times at Trangie 2014 

 Grain Yield (t/ha) Gross Return ($/ha) 

Variety 15th April 29th April 14th May 15th April 29th April 14th May 

EGA Eaglehawk 1 5.76a 4.10abc 2.92c $1428 $1016 $724 

EGA Gregory 2 4.40b 4.14abc 3.18bc $1214 $1143 $878 

Dart 2 3.78c 3.91bc 3.42ab $1043 $1079 $944 

Lancer 2 4.61b 4.42a 3.49ab $1272 $1220 $963 

Spitfire 2 3.33c 3.85c 3.69a $919 $1063 $1018 

Suntop 2 4.45b 4.28abc 3.42ab $1228 $1181 $944 

Benefit $/ha  $156 $204 $294 

lsd (p=0.05) (TOS x Var) 0.48 
Values within columns with the same letters are not significantly different at the 95% confidence level 
*(http://www.graincorp.com.au/daily-contract-prices/NorthernNSW-Wheat.pdf?55 January 2015) 
1
H1 = $248.00/t, 

2
APH2 = $276.00/t delivered Trangie 

Case Study 2: Main season variety across sowing dates 

The second example, a 2014 time of sowing by variety experiment sown at the IA Watson Research 
Centre at Narrabri, demonstrated that in some situations some varieties are high yielding across a 
range of sowing dates (Table 2). The varieties Suntop  and Lancer  for example were high yielding 
across all sowing dates. Even on a very late sowing date of 4th July, the yields of Suntop  and Lancer  
were equivalent to the early maturing lines Dart  and Spitfire . These results highlight the yield and 
economic benefit of sowing in the earlier part of the optimum sowing window, with the main season 
varieties EGA Gregory , Lancer  and Suntop  achieving significant yield advantage, when sown in 
the correct sowing window. Sowing both Dart  and Spitfire , both early maturing lines on April 23 
(year day 113), well before their recommended sowing windows, resulted in significant yield 
reductions of 2.4 and 1.8 t/ha or 42% and 28% respectively. This is likely due frost induced sterility. 
The economic consequence of varietal choice versus sowing date can be seen when gross returns 
are compared (Table 2). 

http://www.graincorp.com.au/daily-contract-prices/NorthernNSW-Wheat.pdf?55
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Table 2. Grain yield (t/ha) and gross economic returns ($/ha) of selected wheat varieties sown at 
four sowing times at Narrabri 2014 

 Grain Yield (t/ha) Gross Return ($/ha) 

Variety 
23rd 
April 

15th 
May 

12th 
June 

4th July 
23rd 
April 

15th 
May 

12th 
June 

4th July 

EGA Eaglehawk 1 5.34a 4.14b 3.13b 2.06b $1371 $1063 $803 $529 

EGA Gregory 2 5.68a 5.10a 4.07a 2.74a $1606 $1442 $1150 $775 

Lancer 2 5.86a 5.71a 4.18a 2.79a $1656 $1614 $1182 $789 

Dart 2 3.31c 5.68a 4.23a 3.12a $936 $1605 $1196 $882 

Spitfire 2 4.07b 5.68a 4.55a 2.97a $1151 $1605 $1286 $840 

Suntop 2 5.65a 5.55a 4.65a 3.13a $1597 $1569 $1314 $885 

lsd (p=0.05) (TOS x Var) 0.67     
Values within columns with the same letters are not significantly different at the 95% confidence level 
*(http://www.graincorp.com.au/daily-contract-prices/NorthernNSW-Wheat.pdf?55 January 2015) 
1
H1 = $256.67/t, 

2
APH2 = $282.67/t delivered Narrabri 

Case Study 3: A comparison of maturity types across sowing dates 

The third example from Tamworth, highlights the benefit of targeting the early sowing window with 
the correct genotypes. Results from 2014 at Narrabri (Table 2) and Breeza on the Liverpool plains 
(results not shown), also report the yield penalty from sowing varieties too early and or outside their 
maturity/sowing window. 

Although earlier maturing varieties have the potential to perform well from earlier than optimum 
sowing dates, for example the 2012 Tamworth experiment (Table 3). The yield advantage is often 
small (e.g. Yield difference; Spitfire  vs. Lancer  or Suntop  not significant) whilst the potential yield 
penalty shown in Table 2, brings the risk management considerations into focus. 

Table 3. Grain yield (t/ha) of selected wheat varieties sown at three sowing times Tamworth 2012 

Variety 
26th April 

Yield (t/ha) 

20th May 

Yield (t/ha) 

20th June 

Yield (t/ha) 

EGA Eaglehawk  5.82a 4.85b 3.87ab 

EGA Gregory  5.26b 5.23a 4.16a 

Dart  5.32b 5.44a 3.58bc 

Lancer  5.91a 4.23c 3.59bc 

Spitfire  6.19a 4.90b 3.25c 

Suntop  5.99a 5.06ab 3.71b 

lsd (p=0.05) (TOS x Var) 0.41 

Values within columns with the same letters are not significantly different at the 95% confidence level 

http://www.graincorp.com.au/daily-contract-prices/NorthernNSW-Wheat.pdf?55


GRDC Grains Research Update  Coonabarabran, February 2015 

91 

Summary 

Variety selection to best match sowing date and variety needs to be considered in the context of a 
risk management strategy. Trial results show the importance of targeting varieties to their 
appropriate sowing window, taking into account potential yield penalties of early sowing or delayed 
sowing, past the optimum window. Genotype yield response curves also help to quantify varietal 
response to sowing date and can assist in varietal selection. Given the variability of the seasonal 
break and hence sowing window in any given season, growers would be encouraged to retain a 
number of varieties with a range of maturities (yield response curves), to ensure that yield potential 
is maximised and risk is minimised. Importantly, when considering variety selection, growers and 
advisors need to consider a wide range of information including long term NVT trial analysis results, 
market demand and disease ratings. 
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Pulses concurrent session 

Insect management in fababeans and canola – recent research 
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Take home message 

Compensatory capacity of canola supports the use of less conservative aphid thresholds, and 
increased consideration of natural enemies in controlling outbreaks. 

Beatsheet and sweep net sampling of faba beans both severely underestimate the density of larvae, 
and particularly the smaller larvae. A visual inspection of faba bean terminals, flowers and buds is 
critical to improved estimates of smaller larvae. 

Whilst important, insect damage does not constitute the majority of defective grain. 

Outcomes and recommendations - management of aphids in canola 

1. Simulated damage through the removal of raceme terminals by cutting provides an adequate 

way of simulating aphid damage.  

2. Trials conducted on the Darling Downs in 2013, and on the Liverpool Plains in 2014 show 

identical trends in terms of crop compensation for simulated aphid damage. Consequently, we 

can have some confidence that the conclusions drawn from these trials will have application to 

canola crops across a wide range of northern region growing conditions. 

3. Removal of the flowering portion of podding racemes (23 days post first flower) did not impact 

on yield, probably because the flowers removed would not have set harvestable pods. 

4. Simulated damage to the raceme during the first weeks of flowering had only minimal impact on 

final yield except where extreme damage was enacted (66% of or the entire raceme removed on 

every plant).  

5. Compensatory capacity and minimal maturity delay following damage to racemes suggests 

greater opportunity to harness the benefit of natural enemies in controlling aphid outbreaks. 

 

Aphid populations are extremely difficult to work with in the field. Manipulating densities, frequency 

and persistence of infestations are major constraints to getting trial outcomes. Therefore, simulated 

aphid damage is the only viable way to apply consistent treatments across a replicated trial. 

The purpose of the simulated aphid trials reported here was to assess the impact of differing levels 

of damage at different stages of crop development. The trials were designed to evaluate how much 

compensatory capacity canola has to recover yield if damaged by aphids at different stages of crop 

development. Understanding when canola is most susceptible to aphid-type damage is the first step 

in determining the need for, and timing of, aphid control in canola. 
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Darling Downs trials were conducted in dryland canola (43Y85).   

   

 
 

Figure 1. The two methods of inflicting simulated aphid damage. Bagging racemes to prevent normal 

development, used in 2013 only (left), and cutting racemes (right). 

Experiment 1.  Bagging canola racemes 

In the first experiment canola raceme development was inhibited by the placement of bags over the 

developing main stem raceme to limit development.  Three treatments and an untreated control 

were applied to randomly assigned plots. The primary raceme on all plants was bagged at first flower 

(treatment 1), 7 day later (treatment 2) and then 14 days after first flower (treatment 3).  

Analysis of grain yields showed that all of the bagged treatments yielded significantly less than the 
control but were not different from each other regardless of treatment timing (Table 1). The 
maturity of the plots at the end of the season was very similar to the control being possibly 3-4 days 
behind in terms of the rate of plant senescence. This results shows that the later flowers (those 
prevented from developing at +7 and +14 days) contributed little to the final yield, or that soil 
moisture limited continued growth/compensation in the treated plots. 
 
Table 1. Plot yields from experiment 1 where canola raceme development was limited by bagging at 

7 day intervals from first flower. 

Treatment Yield SE 

Control (unbagged) 1293  a 63 

Treatment 1  
Raceme covered first flower 

988  b 18 

Treatment 2 
Raceme covered first flower +7 days 

989  b 62 

Treatment 3 
Raceme covered first flower +14 days 

949  b 25 

Means with different letters are significantly different (P<0.002). LSD 0.05% = 146g 

Experiment 2.  Increasing severity of cutting flowering racemes 

A second experiment was laid out in the same canola field to test the effects of damage at different 

intensities during early flowering. Four treatments were applied with an undamaged control. 

The damage applied to the plots at 14 days post first flower resulted in a significant yield loss only 
for the most damaging treatment;  where all developing raceme terminals were cut (top 7 nodes) 
(Table 2).   
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The rate of crop senescence was observed to be marginally delayed in the two most severe cutting 
treatments. Crop maturity of treated plots was delayed by approximately 3-4 days compared with 
the controls.  
 

Table 2. Plot yields from experiment 2 where canola racemes were cut with increasing severity at 
14d post first flower. 

Treatment Yield SE 

Control (undamaged) 1137  a 108 

Terminal of raceme cut 1173  a 98 

Top 3 nodes of raceme cut 1133  a 65 

Top 5 nodes of raceme cut 1102  a 89 

Top 7 nodes of raceme cut (nearly all) 841  b 111 

Means with different letters are significantly different (P<0.005). LSD 0.05% = 242g 

Experiment 3.  Damage to flowering racemes at late flowering-pod filling 

The third experiment removed just the flowering portion of filling racemes at 23 days after first 

flower. In the treated plots, the terminals of  0, 10, 50 or 90% of the racemes in the plot were 

damaged. These treatments were designed to simulate the late terminal infestations commonly 

observed in late spring.  

This damage to the flowering terminals during late flowering –pod set, had no significant impact on 

grain yield (Table 3). There was no delay in crop maturity and no significant difference in the rate of 

crop senescence observed between treatments.  

Table 3. Plot yields from experiment 3 where increasing proportions of racemes were damaged 
during late flowering – pod set. 

Treatment Yield SE 

Control 1246  a 70 

10% of racemes terminal removed 1159  a 37 

50% of racemes terminal removed 1193  a 65 

90% of racemes terminal removed 1204  a 89 

Treatments were not significantly different (P<0.05). LSD 0.05% = 161g 

Experiment 4. Liverpool Plains 2014 

To further test the impacts of simulated damage on flowering canola a second series of experiments 

were conducted at 8 sites near Spring Ridge on the Liverpool Plains. For this experiment three 

treatments were applied with an undamaged control at each site. 

The damage was inflicted during the early stages of flowering (within 7-10 days of first flower) at five 
sites during early August and a further 3 sites that began flowering during late August. The results 
from this experiment are still incomplete as an analysis of oil quality and seed characteristics 
remains to be completed but harvested grain weights indicated again that main treatment to suffer 
significant damage was the plots where the entire raceme was removed leaving plants to regrow 
completely new flowering structures.  
 
The rate of crop senescence was observed to be marginally delayed in the more severe cutting 

treatments being 3-5 days behind the undamaged controls even for the most severe cutting 

treatment. 
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Treatment where 2/3 of raceme flowers removed 

(top) and 15 days later showing compensation 

(bottom). 

Treatment where entire raceme is removed (top) 

and 15 days later showing compensation 

(bottom). 

Figure 2. Images of treatments showing at treatment and compensation by the crops 15 days later 

 

Figure 3. Mean canola yield for treatments enacted soon after first flower during early August (5 

sites) and late August (3 sites). Bars denote treatment SE. 
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Figure 4. Aggregate treatment yields across ALL sites near Spring Ridge NSW, expressed as a 

percentage of the control. 

Conclusions and observations 

The bagging of canola racemes during early flowering had a significant effect on yield potential 
(experiment 1). In contrast, cutting the racemes (experiment 2) only had an impact on yield for the 
most severely damaged treatment that had all raceme terminals from the top 7 nodes disrupted 
(essentially all flowering racemes on the plants). The yield of the other treatments was not 
significantly affected, although the second most severe damage treatment did trend towards a lower 
yield. 

The difference in crop response to bagging and cutting is probably caused by the plants continuing 
to develop racemes under the bag for a significant part of the flowering period rather than deploying 
assimilates to newer compensatory racemes from lower down in the plant canopy. This contrasted 
with the plants where damage was inflicted by cutting, where compensatory growth of remaining 
racemes or the initiation of new racemes from adjacent nodes occurred rapidly after damage was 
inflicted.  

Late damage to flowering-podding racemes did not have any impact on crop yield. The flowers 
removed from the racemes at this stage of flowering would not have set viable pods, so their loss 
did not impact on yield. 

Whilst the physical damage inflicted during these experiments is different to that which could be 
expected during an aphid infestation the results suggest that canola has an excellent capacity to 
compensate for crop damage and that current spray thresholds of around 10% raceme infestation 
maybe more stringent than necessary.  

Given the capacity for compensation and the regular presence of effective aphid natural enemies in 
canola we contend that there is an excellent opportunity rely on and allow time for biological control 
by aphid parasitoids and ladybirds to take place during the first weeks of flowering. A delay in 
enacting a spray decision at the 10% infestation level could be considered to be a low risk and allow 
time for biological control.  If natural enemies were ineffective, spraying on an increasing level of 
infestation to the 20-25% level would be unlikely to result in irrecoverable crop damage. Similarly 
late infestations of aphids are also unlikely to pose a damage threat to canola as the associated 
raceme disruption mainly affects flowers that contribute little to final yield.  
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During the 2015 we hope to conduct a study to determine a better linkage between the simulated 
damage in these experiments with that caused by aphids in highly controlled small plot experiments 
so that we will be able to make a definitive recommendation on aphid thresholds. In the interim our 
work suggests that the use of the 10% raceme infestation as a spray threshold is very conservative. 

Insect pest management in faba beans 

In 2014, the warm autumn provided an opportunity to look at a number of insect pests in faba 
beans. The results reported here are preliminary, and require further investigation before definitive 
recommendations are determined. However, for some of these pests, this information is more than 
has been available to date to guide management decisions. 

Helicoverpa 

Helicoverpa is the most significant pest of faba beans in the northern region, occurring in most 
seasons from flowering to maturity. There is much debate over whether the threshold of 2 larvae/m2 
(by beatsheet sampling) is providing adequate control. There is no evidence that the helicoverpa 
threshold is based on trial work, rather it is likely to be a ‘best guess’. It is also likely that the 
threshold used in the north was originally 2 larvae per 10 sweeps (adapted from the south). The only 
threshold for helicoverpa in faba beans that may have been derived from trial work is the Western 
Australian threshold, which is: 90 kg yield loss per larva per 10 sweeps.  Both these thresholds 
appear to focus on yield loss, and do not consider quality. It is highly likely that in faba beans the 
quality threshold (defective grain) is reached before significant yield loss (kg/ha) occurs. The 
threshold clearly requires research attention. 

A simple conversion from sweep net sampling to beatsheet sampling is not currently possible 
because the two methods are not equally effective at collecting different larval sizes (Figure 5). Both 
methods are providing very low estimates of what is actually present in the crop, and are particularly 
poor at estimating the number of small larvae. This result is problematic, and may be a significant 
contributor to the perception of the threshold as being unreliable. If you cannot get a reliable 
estimate of how many larvae (and what size larvae) are in the crop, then it is impossible to 
effectively manage. The overall efficiency of the sampling (total larvae) will be heavily influenced by 
whether the population is biased towards smaller or larger larvae. If it is largely smaller larvae (as 
this crop was with 80% of larvae S-SM), then the sampling will severely underestimates the 
population. Being able to detect smaller larvae, before they start to damage pods is critical to 
preventing both quality and yield loss in faba beans. 
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Figure 5. Helicoverpa larvae in flowering faba beans are sampled with differing efficiency. Larger 
larvae are more easily dislodged with both methods, but smaller larvae are more difficult to assess 

accurately. The beatsheet sampling method is providing a better estimate of larval density, but is still 
poor overall. 

The smaller larvae are more difficult to dislodge with both the sweep net and beatsheet because 
they are ‘entrenched’ in the reproductive structures and terminal (Figure 6).  

 

Figure 6. Location of eggs and larvae on different structures in flowering faba beans. 

To ensure that these smaller larvae are not ‘ignored’ in sample estimates, it is important to visually 
examine these reproductive structures and the terminal. A visual inspection of the upper portion of 
the plant (flowers and terminal) should be sufficient (Figure 7). 

 

Figure 7. Smaller larvae are more abundant in the top part of a flowering faba bean crop (flowers, 

buds and terminal) than the lower portion (pods). 

Defective grain and the contribution of helicoverpa 

One of the concerns that has been raised repeatedly in terms of helicoverpa management in faba 
beans is the issue of defective grain. Because it is likely that the nature of pod feeding (repeated 
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minor penetration of pods) results in more damaged grain than significant yield loss; insect damage 
is suspected of being a major contributor to defective grain. To determine if this was the case we 
analysed the data from 120 receival notes from faba bean deliveries in NSW between 2010 and 
2012. We wanted to know if insect damage made up a major proportion of the overall defective 
grain. 

The results of this analysis were: 

i. the main contributor to defective grain was broken/damaged grain (2% of all seed) 

ii. insect damage was the second largest contributor (1.3% of all seed) 

iii. other categories in rank order were weathered (1.2%), shrivelled (1.1%) and poor colour 
(0.8%). 

These categories were those used at the receival depots. Further analysis to consider what field, 
harvest and storage practices may be influencing the level of defective grain (non-insect) is 
warranted as overall these contribute significantly more to defective grain than insect damage. 
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Take home messages 

 When sowing chickpea within the optimum sowing window (mid May – early June): 

  for yield potential ≥ 1.5 t/ha - sow at ≥ 30 plants/m2, 

  for yield potential ≤ 1.5 t/ha - sow at ≥ 20 plants/m2. 

 When sowing chickpea very late (not recommended) consider sowing at the higher target 
plant density, to compensate for potentially poorer establishment. 

 Mid-late May should be considered the optimum sowing window for chickpeas. A substantial 
yield penalty is likely to be incurred when sowing is delayed until mid-late June.  

 Kabuli chickpea types can have equal yield potential to desi types if sown early, but greatly 
reduced yields if sowing is delayed. 

 An optimum plant density of at least 30 plants/m2 for mungbeans is recommended under 
irrigated conditions, with further research required to justify an increase to 35 or 40 
plants/m2. 

Introduction 

Chickpea (a winter-grown pulse crop) makes a significant contribution to the northern farming 
systems region as a key rotation crop for both winter and summer cereal production. Mungbean (a 
summer-grown pulse crop) is considered more of an “opportunity” crop in the northern region when 
adequate rainfall or irrigation conditions are available. Both pulse crops, as well as being viable 
(profitable) in their own right, contribute to nitrogen fixation, disease control, weed control and 
herbicide resistance management when used in cereal crop rotations. 

The Northern Pulse Agronomy Initiative (NPAI) project was established in 2012 with the specific goal 
of achieving greater adoption, productivity and profitability of summer and winter pulse crops in the 
Northern Grains Region. A key output of this project is the development of improved agronomic 
management strategies to achieve seasonal yield potential and grain quality. 

This paper provides an update on some of the recent research trials being conducted by NSW DPI in 
the Western Plains region for both a winter pulse crop (chickpea) and summer pulse crop 
(mungbean). The common theme of these trials is to investigate management aspects which 
maximise yield potential. 

1. CHICKPEA – Optimum plant density targets to maximise yield 

Current advice from both NSW DPI (Matthews et al, 2014) and Pulse Australia (Cumming & Jenkins, 
2011) consistently recommend a target plant population of 20-30 plants/m2 for the northern region 
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of NSW. It is suggested that a population of 25 plants/m2 will optimise yields in the northern region, 
with slightly higher or lower target populations (i.e. still within the range of 20-30 plants/m2) 
allowing for establishment conditions at the time of sowing. 

These recommendations have been endorsed through a series of variety x plant density factorial 
experiments conducted by NSW DPI across central and northern NSW since 2011, with previous 
results up to 2013 reported at the 2014 Updates (Verrell et al, 2014). This series of trials has been 
continued in 2014 to achieve greater cross-seasonal validity. 

Methods 

In 2014 five chickpea varieties – PBA Boundary , PBA HatTrick , Kyabra , CICA0912, and CICA1007 
– were sown at six target densities of 5, 10, 15, 20, 30 and 45 plants/m2. The variety treatment 
CICA0912 has been excluded from these results due to a seed supply issue. In this paper only the 
main effect of yield response to plant density will be reported. 

The Coonamble site was sown on a grey vertosol soil on May 24 with adequate moisture conditions 
at sowing. Growing season rainfall in 2014 (162 mm) was below the long term average (LTA = 179 
mm) with October only receiving 5 mm (LTA = 42 mm).  

The Trangie site was sown on a red brown chromosol soil on May 28 into good moisture conditions 
at sowing. The crop received only 130 mm during the growing season, well below LTA (180 mm). 
September and October were very dry with falls of 9.8 mm and 2.6 mm respectively, compared to 
long term averages of 31.4 mm and 45.7 mm respectively. 

In addition to lower than average rainfall, potential yield at the two sites was reduced due to both 
flower abortion caused by frosts and cold periods during flowering, and pod abortion due to 
moisture stress/terminal drought during grain fill. 

Results 

The response of grain yield to increased target plant density at Coonamble and Trangie sites are 
shown in Figures 1 and 2 respectively. Actual plant densities achieved were slightly below target at 
Coonamble site (average 82%) and slightly above target at Trangie site (average 111%) based on 
plant count data (not included here). 
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Figure 1. The effect of plant density on chickpea grain yield at Coonamble, 2014 (s.e. 77.21 kg/ha) 
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At the Coonamble site the response of grain yield to plant density was significant from 5 to 15 
plants/m2, resulting in a 90% increase in yield from 301 kg/ha to 576 kg/ha (averaged for all 
varieties). Response at higher plant density was flat (i.e. not significant) from 15 to 45 plants/m2. The 
maximum plot yield achieved at Coonamble site in 2014 was 740 kg/ha. This trend is consistent with 
previously reported 2012 and 2013 Coonamble results (yield ≤ 1.5 t/ha), whilst in 2011 (yield ≤ 3.5 
t/ha) there was a significant increase in yield at higher plant density up to 45 plants/m2 (Verrell et al, 
2014). 
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Figure 2. The effect of plant density on chickpea grain yield at Trangie, 2014 (s.e. 76.238 kg/ha) 

 

At the Trangie site the response of grain yield to plant density was significant from 5 to 30 plants/m2, 
resulting in a 195% increase in yield from 425 kg/ha to 1256 kg/ha (averaged for all varieties). There 
was only a slight response (i.e. not significant) from 30 to 45 plants/m2. The maximum plot yield 
achieved at Trangie site in 2014 was 1454 kg/ha. This trend is also consistent with previously 
reported 2013 Trangie results where optimum yield was achieved at around 30 plants/m2  (Verrell et 
al, 2014) 

Conclusion – Chickpea plant density 

These two trials have confirmed the relationship between rainfall-limited yield potential, optimum 
plant density and yield response as follows: 

 When sowing within the optimum sowing window (mid May – early June) 

  for yield potential ≥ 1.5 t/ha - sow at ≥ 30 plants/m2 

  for yield potential ≤ 1.5 t/ha - sow at ≥ 20 plants/m2 

 When sowing very late consider sowing at the higher target plant density 

2. CHICKPEA – Optimum sowing window to maximise yield 

Choosing the optimum sowing time for chickpeas is a compromise between maximising yield 
potential and minimising disease levels. Earlier sowing can increase the risk of Ascochyta and 
Botrytis grey mould (BGM) disease, lodging, and soil moisture deficit during grain fill. Later sowing 
can attract increased heliothis pressure and lead to harvesting difficulties, but may reduce exposure 
to Ascochyta and Phytophthora infection events and lessen the risk of BGM (Matthews et al, 2014). 
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Chickpea time of sowing trials were conducted by NSW DPI at Trangie in 2010, 2011 and 2012, to 
evaluate the impact of sowing date on phenology and yield of current and potential release cultivars. 
The 2010 trial succumbed to in-crop waterlogging and wet weather at harvest and was not 
harvested. The results of the 2011 and 2012 trials were reported at the 2013 Updates (Jenkins and 
Brill, 2013). For currently grown chickpea varieties with a mid-season (Jimbour type) maturity such 
as PBA Boundary  and PBA HatTrick , optimum yields were achieved from mid May to early June 
sowing. Planting chickpeas in mid-late June produced significantly lower yields in both the 2011 (wet 
year) and 2012 (dry year) trials at Trangie. 

A much simpler trial was planted at Trangie in 2014 which demonstrates the comparative impact of 
time of sowing on desi vs. kabuli varieties of chickpea. 

Methods 

In 2014 fifteen desi types and five kabuli types of chickpea varieties were planted at two sowing 
dates. Time-of-sowing 1 (TOS 1) was planted on May 28 under the same conditions described above 
for the Trangie chickpea x plant density trial, whilst time-of-sowing 2 (TOS 2) was planted three 
weeks later on June 19. TOS 2 was sown into marginal seed-bed conditions, and received no 
significant follow-up rainfall until mid-July. In this paper only the main effect of yield response based 
on chickpea type (i.e. desi vs. kabuli) to time of sowing will be reported. 

Results 

The comparative grain yield response of desi and kabuli types of chickpea to time of sowing at 
Trangie site is shown in Figure 3. It should be noted that establishment was reduced by the delayed 
sowing time, with all varieties in TOS 1 achieving an average plant density of 32 plants/m2, compared 
to only 25 plants/m2 for TOS 2, a reduction of 22% (based on plant count data, not included here). 
Sowing rates were calibrated for seed size of each individual variety but otherwise unchanged 
between sowing dates (target plant density 35 plants/m2).  
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Figure 3. The effect of time of sowing on desi and kabuli chickpea grain yield at Trangie, 2014  
(data not analysed at time of publication) 

The graph shows the potential grain yield of current desi vs. kabuli types to be similar when sown at 
what is considered to be an optimum sowing time for chickpea (i.e. mid-late May). For TOS 1, 
averaged across all varieties within each group, desi types yielded an average of 1216 kg/ha and 
kabuli types yielded only 7.5% less at an average of 1125 kg/ha (TOS 1 mean 1193 kg/ha). 
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The three week delay in sowing until mid June resulted in reduced grain yield, with the kabuli types 
appearing to be affected to a greater degree than desi types. For TOS 2, averaged across all varieties 
within each group, desi types yielded an average of 804 kg/ha and kabuli types yielded an average of 
486 kg/ha (TOS 2 mean 724 kg/ha). This yield loss equated to 34% for desi types, 57% for kabuli 
types, and an overall grain yield reduction of just on 40% between TOS 1 and TOS 2. 

Contributing factors to the decline in yield between TOS 1 and TOS 2 could have included more 
marginal conditions at sowing, resulting in reduced establishment, and delayed phenology 
development, resulting in an inability to compensate for adverse environmental conditions during 
the flowering period (i.e. frost events, cold periods, and greater exposure at critical development 
stages to moisture stress). 

Conclusion – Chickpea time of sowing 

This trial has confirmed earlier research suggesting that mid-late May should be considered the 
optimum sowing window for chickpeas in this region. A substantial yield penalty is likely to be 
incurred when sowing is delayed until mid-late June. Kabuli types will have equal yield potential to 
desi types if sown early, but greatly reduced yields if sowing is delayed. This trial also confirms the 
conclusion above that a higher sowing rate should be considered if late sowing cannot be avoided, 
to compensate for potentially poorer establishment. 

3. MUNGBEAN – Optimum plant density targets to maximise yield 

Relative to other crop species, mungbean is a very short duration crop (90 – 120 days). Because 
there is little time for the crop to compensate for any adverse factors within that timeframe, 
establishing a uniform plant density is critical to achieve uniform plant maturity across the paddock. 
NSW DPI recommends an established density of 20 – 30 plants/m2 for dryland crops and 30 – 40 
plants/m2 under irrigation situations (Moore et al, 2014).  

Whilst these recommendations are generally applicable to the northern grains region, there has 
been no recent research in northern NSW to validate these guidelines for the newer varieties of 
mungbeans currently being grown. Under the NPAI project summer pulse trials commenced in the 
2013-14 summer crop season with a simple trial to investigate the impact of plant density on grain 
yield of mungbean; a row spacing component has been added to this trial for the current 2014-15 
season. 

Methods 

In 2013-14 three mungbean varieties – Berken, Crystal , and Jade_AU  – were planted at four 
target densities of 20, 30, 40 and 50 plants/m2. Sowing rates were adjusted for each variety and 
target density based on individual seed size and germination test results. In this paper only the main 
effect of yield response to plant density will be reported. 

The Trangie site was sown on a grey vertosol soil on 17 Dec into good moisture conditions at sowing. 
The trial site was irrigated and received a total of 216 mm rain and 5.5 ML/ha in seven irrigation 
events (including pre-water) during the growing season. Insect pressure was relatively light with 
three insecticide applications through the season (helicoverpa and brown vegetable bug). The trial 
was desiccated then harvested on 17 April (121 days post-sowing). 

Results 

Plant count data (not included here) showed a much higher establishment percentage than was 
anticipated, with an overall trial mean of 147%. Sowing rates for each variety were based on 
individual seed size and an allowance of 80% to account for germination and field conditions. Actual 
plant densities achieved were 31, 46, 57 and 70 plants/m2 for the target densities of 20, 30, 40 and 
50 plants/m2 respectively. 
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Grain yield response to increasing plant density is shown in Figure 4. Note this data has not been 
statistically analysed at time of publication. However averaged across all varieties, there appears to 
be little to no response in mungbean grain yield as plant density is increased, under irrigation 
conditions. The older variety Berken showed a very flat (i.e. nil) response. The two newer varieties, 
Crystal  and its more recent replacement Jade_AU , suggest a slight response with an optimum 
target density between 30 and 40 plants/m2. Mean grain yield for this trial was 2.13 t/ha (averaged 
across all varieties and treatments). For comparison, the companion mungbean variety trial planted 
at the same time was sown using a target density of 35 plants/m2 and achieved a mean grain yield of 
1.73 t/ha (data not included in this report). 
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Figure 4. The effect of plant density on mungbean grain yield at Trangie, 2014  
(data not analysed at time of publication) 

Harvested seed size appeared to show no response to increasing plant density in this trial (data not 
shown). The older Berken variety had the smallest seed size of the three varieties (average 6.53 
g/100 seeds); whilst Crystal  and Jade_AU  were slightly larger at 7.06 and 7.17 g/100 seeds 
respectively. 

Conclusion – Mungbean plant density 

This trial has confirmed an optimum plant density of at least 30 plants/m2 for mungbeans under 
irrigated conditions, but was inconclusive as to whether there is any significant yield response from 
targeting a higher rate of 40 plants/m2. The trial has been replanted in the 2014-15 season to further 
investigate both plant density and row spacing configurations on mungbean grain yield. 
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Take home message 

Ascochyta blight occurred in more chickpea crops (62 of 332 crop inspections) in 2014 than in 2012 
and 2013 combined. Most infected crops were PBA HatTrick  but PBA HatTrick  was also the most 
commonly grown variety. 

Inoculum for the 2014 Ascochyta infections resulted from dry summer (2012/2013 and 2013/14) 
conditions contributing to slow stubble breakdown and infection of volunteers. 

Work to determine if the unexpected number of 2014 infections, especially on PBA HatTrick , is 
related to the changes in the Ascochyta fungus has started.  Initial results show that the population 
varies both in ability to cause disease (pathogenicity) and time to develop fruiting bodies (latent 
period).   

Localities where Ascochyta was found on any variety in 2014 are considered high risk for 2015 crops 
and growers are advised to apply a preventative fungicide before the first post-emergent rain event 
to all varieties with less resistance than PBA HatTrick , PBA HatTrick  will also need to be sprayed.   

The 2014 GRDC Northern Region chickpea season 

Although all parts of north central NSW, northern NSW and southern QLD experienced a very wet 
March, the 2014 winter crop season in the GRDC Northern region was a mixed bag depending on 
where you were.  Overall, southern areas (north central NSW) were wetter than the northern ones 
(northern NSW/southern QLD), especially early in the season with above average rain in June and 
July.  However, from about mid-August onwards things started to get tough, with rainfall well below 
average throughout the region; some centres recording single digit falls in September and/or 
October.  In those areas, many chickpea crops were harvested before the end of October.  So how 
dry was it? 

 At Trangie, from June to November, 137 mm fell on 16 days with 6 days >1.0mm, compared with 
a long-term average of 225 mm on 41 days (28 days >1.0mm).   

 At Dubbo, for the same period, 167 mm fell on 37 days with 20 days >1.0mm, compared with a 
long-term average of 277 mm on 46 days (32 days >1.0mm).   

 Moree had 129 mm on 20 days with 12 days >1.0mm, compared with a long-term average of 
258 mm on 36 days (26 days >1.0mm).   

 Goondiwindi had 101 mm on 21 days with 15 days >1.0mm, compared with a long-term average 
of 254 mm on 35 days (26 days >1.0mm).   
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The season also had some unusual temperature events.  June was milder than normal which 
encouraged rapid growth and many crops sown mid-May had 10-15 nodes by the end of June.  In 
most areas, July and August had considerable extremes in daily temperatures with warm days and 
cold nights and some severe frosts.  The cool weather continued with frosts and low temperatures 
common well into spring.  The average daily temperature in all districts fluctuated above and below 
15°C until several times from early September to mid-October and did not stay above 15°C until the 
3rd week in October.  These milder conditions led to intermittent flower and pod abortion from 
August to mid-October, which, coupled with the lack of decent spring rain, resulted in missing pods, 
ghost pods and pods with single seed.  Many growers were disappointed in that crops looked better 
than they were.  In most areas, yields were restricted to 800 to 1500kg/ha; however, in more 
favourable areas yields reached 2t/ha and higher.  Hail storms on 25 Oct and 5 Nov caused some 
losses in a strip from east of Gilgandra to west of Armatree. 

These seasonal conditions did not favour diseases and across the region they were uncommon and 
generally had no or little impact on yield.  Most chickpea crops in northern NSW west of the Newell 
highway did not receive a single fungicide spray.  However, two diseases did occur in 2014 that 
warrant discussion because they highlight some basic elements of epidemiology. One disease also 
raises the question of "has the pathogen changed ie has resistance broken down"?  

There were two noteworthy cases of Phytophthora root rot (PRR) both illustrating the key drivers of 
PRR.  At Gilgandra, PBA HatTrick  had been direct drilled with a tyne planter on 19 May into a 
paddock with a history of PRR (although no chickpeas had been grown in the paddock for 10 years).  
From the end of May till 14 Jun, there were 6 rain events totalling 60mm.  When inspected on 25 
Jun, the planter furrows in low spots had 5-10mm water.  Seedlings in these spots were chlorotic, 
wilting and dying; laboratory work confirmed PRR.  The second crop, at North Star, had been sown 
into a paddock that had never had chickpeas but prior to wheat in 2012 and 2013, had been grass 
pasture with clover and medic.  On 23 May, it was sown 25mm deep with a tyne and levelling bar; 
13mm rain fell that night.  When first inspected on 8 July, there was no sign of PRR; but when re-
inspected on 1 September, there were several foci of chlorotic, wilting PBA HatTrick  plants (early 
flowering) but only where water had sat in the contours.  Following a call from the concerned 
grower, a 3rd inspection was done on 12 October (crop turning).   Scattered throughout most of the 
paddock were small circular patches of 2 – 10 dead or dying plants with black rotted roots.  
Laboratory work confirmed PRR.  The problem was absent from the lighter areas of the paddock and 
the grower noted that medics were far less prevalent in those areas.   

By far the most striking chickpea disease in the region in 2014 was Ascochyta. 

Ascochyta in 2014 chickpea crops 

Ascochyta Blight (AB) was first found in the GRDC Northern Region at North Star on 2 July as a small 
(2-5 plants) focus in a crop of Flipper .  By the end of September, AB had been detected in 62 of 332 
crop inspections (18.7%), considerably more than was found in 2013 (5/280 crops, 1.8%) and 2012 
(11/213 crops, 5.2%).  Most of the 2014 cases were in NSW but four were confirmed in QLD, 
including one crop of PBA Boundary  at Toobeah, west of Goondiwindi.  The NSW cases covered an 
area from Yallaroi in the east, west to Mungindi, Nevertire and Tullamore and south to Forbes. 

Four cases of AB were found in July, with the majority detected in August (25) or September (33) 
with none in October.   

Two cases involved Flipper , two PBA Boundary , one PBA Slasher , one Yorker  (that the grower 
believed was PBA HatTrick ) and the rest were PBA HatTrick . This distribution of cases by variety 
reflects the fact that in 2014, PBA HatTrick  was by far the predominant variety grown in north 
central NSW, northern NSW and southern QLD. 

Infected crops had typical symptoms of AB including ghosting leaf lesions, mature leaf lesions and 
stem lesions.  In most cases, the disease was limited to isolated areas in the paddock but in several 
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crops the infection was widespread with foci being detected every 10-30 seconds.  In these crops, 
stem breakage was common.  In spite of the incidence of AB infection and severity of symptoms, all 
growers were able to manage the disease with judicious use of chlorothalonil fungicides (up to four 
applications in the worst cases), further, all believed the disease had little if any impact on yield 
although it did impact on production costs.   

Why was there more Ascochyta in 2014 than in the previous two seasons? 

Although total winter crop rainfall was well below average across the region, June and July were 
above average in southern parts (57.4mm & 34mm respectively at Trangie; 57.6mm and 55.6mm at 
Dubbo).  At Moree and Goondiwindi, Jun/Jul rain was 23.8/5.0mm and 29.2/15.4mm, respectively.  
The AB fungus requires the impact energy of raindrops to disperse its conidia so it has to rain for the 
disease to establish ie dews alone will not produce the initial infection.  However, the pathogen only 
needs 3-6 hours leaf wetness to infect; a few mm of rain falling late on a winter’s day or at night will 
satisfy that requirement.  Although Moree Airport only recorded 23.8/5mm in Jun/Jul, the AWS at 
Kindee (north east of Moree) recorded 44.0/11.4mm for the same period with 5/2 days >1.0mm 
respectively.  Kindee is only a few km from a local epidemic of AB in several PBA HatTrick  crops.  
That the disease did occur over such a broad geographical is evidence that sufficient rain fell to 
initiate and spread infections.  As well as favourable weather conditions, another explanation for the 
amount of AB in 2014 is varietal impurity ie not every plant in a paddock of PBA HatTrick  was 
actually a PBA HatTrick  plant.  Varietal purity is a concern in the GRDC Northern Region and the 
presence of plants of susceptible varieties in a crop of PBA HatTrick  would increase disease 
pressure on bona fide PBA HatTrick  plants.   

Where did the inoculum come from? 

The AB pathogen, Phoma rabiei (previously called Ascochyta rabiei) survives on volunteer chickpeas, 
on chickpea residue and on seed.  Volunteers with AB were reported in fallows and nearby wheat 
crops.  We tested some of the seed used to plant the crops in the above-mention local epidemic.  
Five thousand seeds (untreated) were surface sterilised and plated to detect any seed borne 
infections – none were found.  This does not exclude seed as a source of primary inoculum, but 
together with the absence of any lesions on pods of 2012 and 2013 crops, presents a robust case 
against seed as the main source of inoculum for the 2014 infections. 

We believe the main source of inoculum was infected chickpea residue from 2012 and 2013 crops.  
We propose the dry summers of 2012/13 & 2013/14 slowed residue breakdown both in situ and in 
the following years chickpea paddocks and that this provided inoculum for summer volunteers and 
the 2014 crop. 

Has the Ascochyta pathogen changed? 

The short answer is we don’t yet know.  Why?  Because we have limited data on pathogenic 
variability in the pathogen population.  However, as a population of living individuals (isolates), we 
should expect it to change.  The little research that has been done shows that there are differences 
in pathogenicity among isolates.  Table 1 classifies 35 isolates of Phoma rabiei collected from 
northern NSW chickpea crops in 2013.  Isolates were rated low, medium or high based on their 
ability to cause disease on ICC3996 (R), GenesisTM 090 (R) and PBA HatTrick  (MR).  We conclude 
from Table 1 that none of the isolates caused severe disease on the two resistant genotypes and 
that most did likewise on PBA HatTrick .  Three caused severe, and three caused moderate, disease 
on PBA HatTrick .  This establishes that the pathogen varies in pathogenicity.  
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Table 1. Pathogenicity ranking of 35 isolates of Phoma rabiei collected in 2013 (location and host 
shown) on three chickpea genotypes, ICC3996, GenesisTM 090 and PBA HatTrick  

Location Variety ICC3996 GenesisTM 090 PBA HatTrick  Overall 
Pathogenic 

Rank 

North Star Flipper  Low Low Low Low 

North Star PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low High High 

Tooraweenah  PBA HatTrick  Low Low High High 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Medium Medium 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Medium Medium 

Tooraweenah  PBA HatTrick  Low Low High High 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Medium Medium 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah  PBA HatTrick  Low Low Low Low 

Tooraweenah PBA HatTrick  Low Low Low Low 

Tooraweenah PBA HatTrick  Low Low Low Low 

Tooraweenah PBA HatTrick  Low Low Low Low 

Tooraweenah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low High High 

Garah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low Low Low 

Garah PBA HatTrick  Low Low Low Low 

Another way of assessing pathogenic variability in the AB pathogen populations is to determine the 
latent period for individual isolates.  The latent period is the time from infection to the development 
of pycnidia, the small dark fruiting bodies that develop in the leaf and stem lesions.  Six isolates 
representing a sub-set of the pathogen population in Eastern Australia were evaluated in a growth 
cabinet (20°C/15°C 12h day/12h night) on four chickpea genotypes ICC3996 (rated R, coded ICC), 
GenesisTM 090 (rated R, coded GEN), PBA HatTrick  (rated MR, coded HAT) and Kyabra  (rated S, 
coded KYB).  There were eight replicates (pots) for each of the 24 genotype by isolate combinations. 
The latent period was estimated by survival analysis with the status of a pot being whether pycnidia 



GRDC Grains Research Update  Coonabarabran, February 2015 

111 

had or had not developed. For each pot, the data is the latent period or the day of last observation if 
pycnidia had not developed. Details of the isolates are: 

 T12437 – 2010, Darling Downs, QLD, highly pathogenic on PBA HatTrick  and ICC3996, moderate 
on GenesisTM 090 (glasshouse) 

 10TEM005 – 2010, Temora, NSW, highly pathogenic on PBA HatTrick  and ICC3996, moderate on 
GenesisTM 090 (glasshouse) 

 13MUR002 – 2013, Murtoa, VIC, highly pathogenic on GenesisTM 090 (field and glasshouse) 

 13DON002 – 2013, Donald, VIC, highly pathogenic on GenesisTM 090 (field and glasshouse) 

 TR6415 – 2014, Yallaroi, NSW, highly pathogenic on PBA HatTrick  (field) 

 10MEL001– 2010, Melton, SA, extremely low pathogenicity 

Latent Period (LP) varied with isolate and genotype (Table 2). All isolates had the shortest LP on the 
most susceptible entry, KYB and the longest LP on the most resistant entry, ICC.  The isolate from 
Yallaroi (TR6415) had the shortest LPs on all genotypes and we interpret this as meaning that isolate 
was the most aggressive in the experiment.  This LP experiment complements the pathogenicity 
work and confirms variability does exist in the pathogen population.  However, it does not prove 
that it has changed in response to the widespread cultivation of PBA HatTrick  

Table 2.  Mean Latent period (days) of six P. rabiei isolates on six  isolates of P. rabiei on four 
chickpea genotypes, ICC3996 (ICC), GenesisTM 090 (GEN), PBA HatTrick  (HAT) and Kyabra  (KYB). 

Genotype Isolate Latent Period SE (mean) 

GEN T12437 7.13 0.117 

HAT T12437 6.75 0.153 

ICC T12437 7.75 0.153 

KYB T12437 6 0 

GEN 10TEM005 7.25 0.153 

HAT 10TEM005 7 0 

ICC 10TEM005 7.88 0.117 

KYB 10TEM005 6 0 

GEN 13MUR002 7.38 0.303 

HAT 13MUR002 6.88 0.212 

ICC 13MUR002 8 0 

KYB 13MUR002 6 0 

GEN 13DON002 6.13 0.117 

HAT 13DON002 6.38 0.171 

ICC 13DON002 7.25 0.153 

KYB 13DON002 6 0 

GEN TR6415 6 0 

HAT TR6415 6 0 

ICC TR6415 7.13 0.117 

KYB TR6415 6 0 

GEN 10MEL001 7 0.25 

HAT 10MEL001 6.88 0.117 

ICC 10MEL001 7.88 0.117 

KYB 10MEL001 6 0 
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Management of Ascochyta in 2015 chickpea crops 

The following strategy should reduce losses from Ascochyta in 2015: 

 Spray all varieties with less Ascochyta resistance than PBA HatTrick  with a registered Ascochyta 
fungicide prior to the first rain event after crop emergence, three weeks after emergence, or at 
the 3 branch stage of crop development, whichever occurs first.  

 For localities where Ascochyta WAS found on any variety in 2014 inoculum will be present in 
2015 and the Ascochyta risk is high.  Apply a registered Ascochyta fungicide prior to the first rain 
event after crop emergence to all varieties with less resistance than PBA HatTrick , PBA HatTrick  

will also need to be sprayed.  Monitor the crop 2 weeks after rain and if Ascochyta is detected, 
consider a second fungicide spray. 

 Localities where Ascochyta was NOT found in 2014 are considered low risk. PBA HatTrick  or PBA 
Boundary  and most GenesisTM varieties should not require their first Ascochyta spray until the 
disease is detected.  Monitor these crops 2-3 weeks after each rain event from emergence 
onwards and spray if Ascochyta is detected in the crop or is found in the district on any variety. 

 Ground application of fungicides is preferred. Select a nozzle such as a DG TwinJet® or Turbo 
TwinJet® that will produce no smaller than medium droplets (ASAE) and deliver the equivalent of 
80–100 litres water/hectare at the desired speed. 

 Where aerial application is the only option (e.g. wet weather delays) ensure the aircraft is set up 
properly and that contractors have had their spray patterns tested. 

Further information  

Further information on chickpea disease management can be found at the Pulse Australia website 
www.pulseaus.com.au  and in the NSW DPI 2015 Winter Crop Variety Sowing Guide eg: 

http://www.pulseaus.com.au/pdf/Chickpea%20Ascochyta%20Blight%20Management.pdf 

http://www.pulseaus.com.au/pdf/2011%20Chickpea%20Disease%20Management%20Considerations.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Botrytis%20Grey%20Mould%20Management.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Integrated%20Disease%20Management.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Phytophthor%20Root%20Rot%20Management.pdf 

http://www.pulseaus.com.au/pdf/Virus%20Contol%20in%20Chickpea.pdf 

http://www.pulseaus.com.au/pdf/Pulse%20Seed%20treatments%20&%20Foliar%20Fungicides.pdf 
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Take home message  

 The susceptibility of pods to Ascochyta Blight is important as infection can cause pod abortion, 
blemish or kill seed, infected seed is also an inoculum source 

 Field trial results indicate that the varietal resistance of chickpea pods are similar to that of 
vegetative tissue 

Background 

Understanding the susceptibility of chickpea pod tissue to Ascochyta Blight (caused by Phoma rabiei 
formerly known as Ascochyta rabiei) is important. Because if pods get infected early in their 
development they will abort; if fully developed pods get infected near the peduncle (as many do 
because the calyx holds water), they will abort; pods with developing seeds will either abort, or the 
seed becomes infected and is killed or the seed becomes infected, but remains viable and is a 
potential source of inoculum to initiate an epidemic. 

Current Australian chickpea varieties and advanced breeding lines differ in susceptibility of their 
vegetative plant tissues to Ascochyta Blight (see paper on VMP14 trial in these proceedings).  
However, the chickpea industry believes that pods of all varieties are equally susceptible to 
Ascochyta (see http://www.grdc.com.au/GRDC-FS-ChickpeaDiseaseManagement).  The 2011 
Tamworth chickpea Ascochyta management trial, VMP11 suggested that may not be the case - 
anecdotal evidence indicated varieties with higher levels of resistance to Ascochyta eg Genesis™ 425 
had less disease on their pods.  For the past three seasons we have conducted trials at Tamworth 
designed specifically to capture data on susceptibility of pods of different chickpea genotypes to 
Ascochyta.  Each season we protected the plants with fungicides until 50% podding, then waited for 
a rain event to inoculate the trials but no rain came.  However, the 2014 Tamworth chickpea 
Ascochyta yield loss trial, VMP14, which was inoculated before flowering, provided an opportunity 
to collect data on susceptibility of pods of ten genotypes consisting of released varieties and 
advanced breeding lines. 

Methods 

Details of VMP14, including disease ratings of the varieties and breeding lines, are reported 
elsewhere in these proceedings.  The trial was inoculated on 15 Jul and re-inoculated on 16 Aug 
using a new isolate collected from HatTrick  at Yallaroi on 24 July.  By the end of August, Ascochyta 
was well established throughout the trial, especially in the unprotected Nil plots (no fungicides).  
Podding commenced in the 2nd week of September.  Eight mm rain fell on 24 Sep followed by 10mm 
on 25 Sep; 16.4mm fell on 13 Oct with 0.6mm on 14 Oct.  On 29 October, 5-6 plants were collected 
from the outer 2 rows on each side of the 4m wide x 10m long plots.  The pods were stripped from 
each plant, discarding the youngest two pods on each branch (these formed after the last rain event 

http://www.grdc.com.au/GRDC-FS-ChickpeaDiseaseManagement
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and could not have infected by Ascochyta).  The pods were sorted into four classes based on their 
Ascochyta status: Clean = no Ascochyta lesions; 1 lesion = pods with a single lesion; 2-5 lesions and 
>5 lesions.  A lesion was not called Ascochyta unless pycnidia could be seen either with the naked 
eye or under a low power dissecting microscope.  For each variety the number of pods falling into 
each of the 4 Aschochyta classes was analysed using ordinal regression. The model estimates (+/- SE) 
the 3 cut points between the 4 classes and gives a coefficient for each variety.  

Results 

We acknowledge that this Ascochyta pod data could be confounded, as the plots (JIM and KYB) with 
the most infected pods and the greater number of lesions were also those that had the highest 
levels of Ascochyta infection in the vegetative stage.  However, we are confident there was sufficient 
inoculum pressure in the trial.  In particular during the two rain events, all pods in the trial would 
have been exposed to the same aerosol of conidia (40 unsprayed Nil plots in the trial with a 
combined area of 1600 m2 and an estimated 48,000 infected plants, all with leaf and stem lesions 
bearing pycnidia).  The 2015 trial will hopefully clarify the potential issue of susceptible variety 
effects on pod infection. 

There were large differences in pod infection among the genotypes.  Only about 0.3 (30%) of 
Jimbour and Kybara  pods were clean (no disease), whereas about 96-99% of CICA1007, CICA0912, 
and GenesisTM 425 pods had no Ascochyta (Table 1). Not only did Jimbour and Kyabra  have a 
greater proportion of Ascochyta infected pods, but these pods were more severely diseased with 
most of the infected pods having 2-5 or more than 5 Ascochyta lesions (Table 1). 

Analysis showed that the varieties can be put into 4 groups with no differences between varieties 
within a group but significant differences between varieties in different groups.  The four groups 
from least to most susceptible were (C1007,C0912,G425), (BOU,HAT,KAL,MON), (C1211 ) and 
(JIM,KYB) (Fig. 1). 

Table 1.  Percentages of pods in each of four Ascochyta categories for ten genotypes 

Genotype %Clean %1 Lesion %2-5 Lesions %>5 Lesions 

C0912 98.5 1.0 0.3 0.3 
C1007 97.2 1.5 1.0 0.3 
G425 96.8 2.5 0.3 0.5 
KAL 86.7 7.5 5.5 0.3 
HAT 86.2 9.3 4.0 0.5 
MON 86.2 7.8 3.3 2.8 
BOU 84.3 5.5 6.3 4.0 
C1211 67.2 13.8 14.5 4.5 
KYB 33.8 15.5 30.5 20.3 
JIM 28.6 21.8 31.3 18.4 
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Figure 1.  Predicted cumulative proportions of pods for each of four categories of Ascochyta lesions 
for ten chickpea genotypes in VMP14 trial 

Key pod infection findings of VMP14 were:  

 Genotypes differed in the number of Ascochyta infected pods.   

 Genotypes differed in the severity of Ascochyta on infected pods.   

 The ten genotypes fell into four significantly distinct groups in the four pod disease categories 
with (C1007, C0912, G425) > (BOU, HAT, KAL, MON) > C1211 > (JIM, KYB) 

 This grouping agrees closely with current Ascochyta ratings for vegetative tissues 

Further information  

Further information on chickpea disease management can be found at the Pulse Australia website 
www.pulseaus.com.au  and in the NSW DPI 2015 Winter Crop Variety Sowing Guide eg: 

http://www.pulseaus.com.au/pdf/Chickpea%20Ascochyta%20Blight%20Management.pdf 

http://www.pulseaus.com.au/pdf/2011%20Chickpea%20Disease%20Management%20Considerations.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Botrytis%20Grey%20Mould%20Management.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Integrated%20Disease%20Management.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Phytophthora%20Root%20Rot%20Management.pdf 

http://www.pulseaus.com.au/pdf/Virus%20Contol%20in%20Chickpea.pdf 

http://www.pulseaus.com.au/pdf/Pulse%20Seed%20treatments%20&%20Foliar%20Fungicides.pdf 
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Effect of chickpea Ascochyta on yield of current varieties and advanced 
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Take home message 

Under medium to high disease pressure, Ascochyta can be successfully and economically managed 
on susceptible varieties such as Kyabra  and Jimbour.   

However, Ascochyta management is easier and more cost effective on varieties with improved 
resistance eg PBA HatTrick , PBA Boundary  

The Ascochyta resistance of the advanced breeding lines CICA0912 and CICA1007 has been improved 
to the point that in a typical average rainfall to dry season neither will require fungicide sprays. 

Background 

Ascochyta first caused widespread damage to chickpea crops in eastern Australia in 1998.  At the 
time, all Australian chickpea varieties were susceptible (some highly so) to the pathogen (Phoma 
rabiei formerly known as Ascochyta rabiei).  Following the 1998 epidemic, efforts to develop 
chickpea varieties with resistance to Ascochyta were increased, aided by considerable support from 
GRDC.  Fortunately Ted Knights, who led the National breeding program had already started 
incorporating Ascochyta resistance into desi chickpea types suited to the GRDC Northern Region.  
Howzat, released in 2002, had better resistance than Amethyst but it wasn’t until 2005 when Flipper 
and Yorker were released that substantial gains in resistance were available to the chickpea industry.  
These were followed by PBA HatTrick  in 2009 and PBA Boundary  in 2011.  Since 1999, Ascochyta 
management trials have been conducted at the Tamworth Agricultural Institute to determine yield 
losses caused by Ascochyta in current varieties and advanced breeding lines.  We report here on the 
2014 trial. 

2014 Tamworth Ascochyta management trial, VMP14 

VMP14 sought to match Ascochyta management to a variety’s Ascochyta rating.  The trial was sown 
into standing cereal stubble on 15 May 2014 using disc openers on 40cm row spacing in plots 4m 
wide by 10m long.  Each plot was separated from its neighbour on all sides by a 2m x 10m buffer of 
Genesis™425 (rated R to Ascochyta).  There were ten genotypes and four replicates.  On 15 Jul, 
when most genotypes were at the 6-7 node stage, the trial was inoculated with a cocktail of twenty 
isolates of the Ascochyta pathogen collected from commercial chickpea crops from 2009 onwards at 
a rate of 233,000 spores per mL in 100L/ha water.  Five and a half hrs elapsed before the rain started 
and whilst Ascochyta did develop, not all unprotected plants were infected and those that were had 
a limited numbers of lesions.  On 16 Aug, when plants had 13-15 nodes, the trial was re-inoculated 
during a rainfall event with the same isolate cocktail that also included a highly aggressive isolate 
collected from PBA HatTrick  at Yallaroi on 24 July (not included in the 15 Jul inoculation) containing 
833,000 condia/mL. It rained for 3.5 days and this time, every unprotected plant had multiple 
Ascochyta infections. From re-inoculation to desiccation (6 Nov), the trial received 94mm rain in 16 
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rain days (8 days >1.0mm) compared with the 120 year average for the same period of 141mm and 
20 rain days (15 days >1.0mm). 

Table 1 lists the ten genotypes and their current ratings to Ascochyta and Phytophthora (S = 
Susceptible, MS = Moderately Susceptible, R = Resistant, MR =  Moderately Resistant). 

Table 1. Chickpea varieties and advanced breeding lines used in the Tamworth VMP14 trial and their 
current ratings for Ascochyta and Phytophthora 

Genotype Ascochyta (AB) Phytophthora (PRR) Notes 

Jimbour S MS/MR Industry standard 

Kyabra  S MS Drought tolerant 

PBA Boundary  MR S High yield 

PBA HatTrick  MR MR High yield, moderate AB & PRR 

PBA Monarch  MS VS Medium/large seeded kabuli 

Genesis™ Kalkee MS/MR VS Large seeded kabuli 

Genesis™ 425 R S Small seeded AB resist kabuli 

CICA0912 R MR/R Potential release, good AB & PRR 

CICA1007 R/MR MR Potential release, high yield 

CICA1211 S MR Potential release, high quality 

There were three fungicide treatments:  a low disease scenario with regular applications of 1.0L/ha 
chlorothalonil (720g/L active) (5 applications were made), a high disease scenario with Nil sprays and 
a VMP treatment with low and off-label rates of chlorothalonil.  Data for the VMP treatment are not 
presented here but we describe the strategies for each genotype as these reflect their Ascochyta 
rating. The first VMP spray for Jimbour, Kyabra  and CICA1211 was applied before the first 
inoculation.  The first VMP spray for PBA Monarch  and Genesis™ Kalkee was applied on 14 Aug 
after two infection events, when the Jimbour, Kyabra  and CICA1211 were getting their 2nd spray.  
The first VMP spray for PBA Boundary , PBA HatTrick , Genesis™ 425 and CICA0912 was applied on 
12 Sep after four infection events, when Jimbour, Kyabra  and CICA1211 were getting their 4th spray.  
Conditions were not consistently favourable for Ascochyta and plants grew away from the disease 
between rain events.  Nevertheless, unprotected (Nil) Kyabra  plots were severely affected by 
Ascochyta and had no yield; unprotected Jimbour yielded only 22% of protected Jimbour. 

In spite of treating all planting seed with metalaxyl (and thiram), Phytophthora root rot, PRR 
developed following 39mm rain on 18-20 Aug and 18mm on 25-26 Sep.  By harvest, PRR had become 
quite severe in some areas of the trial; accordingly, %PRR infection was used as a covariate in the 
yield analyses  The covariate adjusted yields for label rate and nil fungicide treatments only are 
summarised in Table 2, covariate adjusted yields were also used to calculate gross margins. 

Key yield findings of VMP14 were:  

1. Under moderate to high disease pressure, Ascochyta can be successfully managed on 
susceptible and MR varieties with registered rates of chlorothalonil 

2. Under these moderate to high disease pressure conditions the Ascochyta resistance of two R 
and R/MR PBA breeding lines (CICA912, CICA1007) was robust and chlorothalonil application 
did not significantly improve yield 
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Findings for susceptible varieties: 

• all susceptible varieties had significant improvements in yield with chlorothalonil for Ascochyta 
management  

• Well managed Kyabra  yielded 2.4t/ha with a GM of $669/ha compared to zero yield and a GM 
of minus $377/ha where the disease was not controlled 

• The desi line, CICA1211 was perhaps the surprise of the trial, as although yield losses were 
significant the unsprayed CICA1211 yielded 86% of sprayed treatment.  CICA1211 was rated 
Susceptible to Ascochyta in PBA Chickpea screening nurseries under very high disease pressure.  
In this drier than average season CICA1211 certainly handled Ascochyta much better than the 
other two S rated entries, Jimbour and Kyabra  

Findings for MR and R/MR varieties: 

• The Ascochyta resistance of PBA HatTrick  was promising at 76% of the sprayed PBA HatTrick , 
although yield losses were significant.  Treatment effects for PBA HatTrick  resulted in a 
significantly lower unsprayed GM value of $492/ha in comparison to value of $630/ha for the 
sprayed treatment 

• Unsprayed PBA Boundary , yielded 88% of the well managed PBA Boundary  with GM of 
$637/ha 

• The recently released kabuli, PBA Monarch , also performed well, with the unsprayed yielding 
74% of the sprayed 

• The potential desi release, CICA0912, performed exceptionally well with no significant difference 
(P<0.001) in yield between five sprays of chlorothalonil fungicide (2183 kg/ha) and no sprays 
(2132 kg/ha) 

• There was also no significant difference (P<0.001) in yield of the desi line CICA1007 between five 
(2340 kg/ha) and no sprays (2343 kg/ha) 
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Table 2.  Number and rate/ha of chlorothalonil sprays, cost of spraying, grain yield, and gross margin 
(GM) for ten chickpea genotypes in the Tamworth VMP14 trial (yield LSD 274.7 kg/ha; GM LSD 132.9 

$/ha).  (GMs also take into account other production costs estimated at $300/ha; chickpea price 
desi: $450/t, kabuli: $550/t) 

Variety and treatment 
(rate/ha of 
chlorothalonil sprays)  No. Sprays 

Spray cost 
$/ha Yield kg/ha GM $/ha 

Kyabra  1.0L 5 105 2385 669 

Jimbour 1.0L 5 105 2180 575 

Genesis™ Kalkee 1.0L 5 105 1971 681 

PBA Monarch  1.0L 5 105 2205 810 

PBA HatTrick  1.0L 5 105 2301 630 

Genesis™ 425 1.0L 5 105 2143 775 

CICA1211 1.0L 5 105 2244 605 

PBA Boundary  1.0L 5 105 2351 653 

CICA912 1.0L 5 105 2183 577 

CICA1007 1.0L 5 105 2340 649 

Kyabra  Nil 0 0 0 -377 

Jimbour Nil 0 0 501 -76 

Genesis™ Kalkee Nil 0 0 1461 504 

PBA Monarch  Nil 0 0 1625 594 

PBA HatTrick  Nil 0 0 1761 492 

Genesis™ 425 Nil 0 0 1878 732 

CICA1211 Nil 0 0 1936 571 

PBA Boundary  Nil 0 0 2080 637 

CICA912 Nil 0 0 2132 659 

CICA1007 Nil 0 0 2343 754 

 

Further information  

Further information on chickpea disease management can be found at the Pulse Australia website 
www.pulseaus.com.au  and in the NSW DPI 2015 Winter Crop Variety Sowing Guide eg: 

http://www.pulseaus.com.au/pdf/Chickpea%20Ascochyta%20Blight%20Management.pdf 

http://www.pulseaus.com.au/pdf/2011%20Chickpea%20Disease%20Management%20Considerations.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Botrytis%20Grey%20Mould%20Management.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Integrated%20Disease%20Management.pdf 

http://www.pulseaus.com.au/pdf/Chickpea%20Phytophthora%20Root%20Rot%20Management.pdf 

http://www.pulseaus.com.au/
http://www.pulseaus.com.au/pdf/Chickpea%20Ascochyta%20Blight%20Management.pdf
http://www.pulseaus.com.au/pdf/2011%20Chickpea%20Disease%20Management%20Considerations.pdf
http://www.pulseaus.com.au/pdf/Chickpea%20Botrytis%20Grey%20Mould%20Management.pdf
http://www.pulseaus.com.au/pdf/Chickpea%20Integrated%20Disease%20Management.pdf
http://www.pulseaus.com.au/pdf/Chickpea%20Phytophthora%20Root%20Rot%20Management.pdf
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http://www.pulseaus.com.au/pdf/Virus%20Contol%20in%20Chickpea.pdf 

http://www.pulseaus.com.au/pdf/Pulse%20Seed%20treatments%20&%20Foliar%20Fungicides.pdf 
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Phytophthora in chickpea varieties –resistance rankings and yield loss 
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Take home message 

 Even in a dry season, substantial yield losses from PRR can occur in susceptible varieties such as 
PBA Boundary  

 do not grow PBA Boundary  if you suspect a PRR risk 

 avoid paddocks with a history of lucerne, medics or chickpea PRR 

 there is no yield penalty in the absence of PRR associated with varieties with improved 
resistance to PRR 

Varietal resistance to Phytophthora root rot 

Phytophthora medicaginis, the cause of Phytophthora root rot (PRR) of chickpea is endemic and 
widespread in southern QLD and northern NSW, where it carries over from season to season on 
infected chickpea volunteers, lucerne, native medics and as resistant structures (oospores) in the 
soil.  Although registered for use on chickpeas, metalaxyl seed treatment is expensive, does not 
provide season-long protection and is not recommended.  There are no in-crop control measures for 
PRR and reducing losses from the disease are based on avoiding risky paddocks and choosing the 
right variety. 

Detailed information on control of PRR in chickpea is available at: 
http://www.pulseaus.com.au/pdf/Chickpea%20Phytophthor%20Root%20Rot%20Management.pdf 

Current commercial varieties differ in their resistance to P. medicaginis, with Yorker  and PBA 
HatTrick  having the best resistance and are rated MR (Yorker  slightly better than PBA HatTrick ), 
while Jimbour is MS - MR, Flipper  and Kyabra  are MS and PBA Boundary  has the lowest resistance 
(S). PBA Boundary  should not be grown in paddocks with a history of PRR, lucerne, medics or other 
known hosts such as sulla.   

From 2007 to 2014 PRR resistance trials at the DAFFQ Hermitage research Facility, Warwick QLD 
have evaluated a range of varieties and advanced PBA breeding lines.  Each year the trial is 
inoculated with P. medicaginis at planting.  There are two treatments, (i) seed treatment with 
thiram, thiabendazole and metalaxyl and regular soil drenches with metalaxyl and (ii) seed 
treatment with thiram + thiabendazole only with no soil drenches.  The first treatment has 
prevented infection by the PRR pathogen in all of these trials.  The difference in yield between the 
metalaxyl-treated plots and untreated plots are used to calculate the yield loss caused by PRR i.e. % 
loss = 100*(Average yield of metalaxyl-treated plots – Average yield of nil metalaxyl plots)/ Average 
yield of metalaxyl-treated plots. 

http://www.pulseaus.com.au/pdf/Chickpea%20Phytophthor%20Root%20Rot%20Management.pdf
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Yields in metalaxyl-treated plots were relatively high for the 2014 season with the lowest yielding 
varieties (CICA1328, CICA1007, PBA Boundary ) yielding close to 2.8 t/ha (Table 1).  The highest 
yielding variety, CICA0912, produced 3.2t/ha. 

In 2014 the level of PRR in the trial was less than those of previous 2012 and 2013 seasons.  
However, the 2014 trial again confirmed the Yorker >PBA HatTrick > PBA Boundary  variety 
resistance ranking order (Table 1), which has been consistent across previous trials.  

Results for this low disease pressure season showed that susceptible varieties still sustain substantial 
yield loss from PRR and that varieties with moderate resistance have reduced losses.  For example, 
although disease pressure was less than that of previous seasons PBA Boundary   still had a very 
high yield loss of 74%.  These losses were approximately 10% lower than the previous two seasons 
(85% in the 2012 trial and 82% in the 2013 trial).  In contrast, Yorker  which has moderate PPR 
resistance had a yield loss of 10% in 2014 but had respective losses of 35% and 66% in 2012 and 
2013. 

The 2014 trial again confirmed the superior PRR resistance of the PBA breeding line CICA1328 which 
is a cross between a chickpea (Cicer arietinum) line and a wild Cicer species.  

CICA1211 was included in the trial for the first time in 2014.  Results were promising with a good 
yield where PRR was controlled (3 t/ha) and a yield loss from PRR of only 12%. 

Table 1. Yields of commercial chickpea varieties and breeding lines protected from phytophthora 
root rot, and % yield losses from PRR in a 2014 trial at Warwick QLD.  (P Yield<0.05; LSD Yield = 0.80) 

Variety/lineA 

Yield (t/ha) in 
absence of 

Phytophthora 
infection 

Yield (t/ha) in 
presence of 

Phytophthora 
infection 

% yield loss due 
to 

Phytophthora 
infection 

CICA1328
A 2.76 2.71 1.8 

Yorker  3.01 2.69 10.4 

CICA1211 3.01 2.66 11.6 

D06344>F3BREE2AB027
 A 2.93 2.13 27.4 

PBA HatTrick  2.94 1.98 32.8 

CICA0912 3.23 1.79 44.6 

PBA Boundary  2.79 0.73 73.8 

A These lines are crosses between chickpea (C. arietinum) and a wild Cicer species 

We believe that the lower yield losses recorded in the 2014 trial compared to the 2012 and 2013 
trials were due to lower in-crop rainfall between July and November.  For the 2014 season at 
Warwick there were three months where the monthly total was ≤ 20mm (July 7mm, September 
20mm and October 15mm). In the 2013 season when PRR was severe, there was only one month 
(August 9mm) when rainfall was ≤ 20mm.  In 2012 when PRR severity was between the 2013 and 
2014 seasons, there were two months when rainfall was ≤ 20mm. In 2014 immediate post-sowing 
conditions were cooler than normal with 17 days in July having a minimum temperature ≤ 1°C.  The 
combination of low soil temperatures and low rainfall early in the season may have reduced the 
number of primary infections from the inoculum applied at sowing, and so reduced the capability of 
further disease development later in the season despite good rainfall in August (45mm). 
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Take home message:   

 Knowledge of Phytophthora medicaginis (Pm) DNA concentration in soil can assist Phytophthora 
root rot (PRR) management 

 In a field trial, treatments with 0 and 100 oospores/plant) resulted in low Pm DNA 
concentrations and had significantly less disease and significantly higher yields than treatments 
with higher oospore concentrations 

 Similar PRR disease levels and yield losses came from medium to high Pm soil inoculum 
concentrations for the Pm susceptible variety Sonali 

 The Pm DNA test is capable of identifying Pm in soil samples from growers paddocks 

 Pm DNA results and Pm isolation results agreed for most paddock samples with 82% of positive 
and 97% of negative (97%) being consistent. However, results for three samples indicate that 
further work is required to address some issues including subsampling effects 

Note: the SARDI test for Phytophthora medicaginis is under development and is not yet available 
commercially 

Phytophthora medicaginis detection in soil 

Phytophthora medicaginis (Pm), the cause of Phytophthora root rot (PRR) disease of chickpea is 
endemic and widespread in southern QLD and northern NSW.  The pathogen carries over from 
season to season on infected chickpea volunteers, lucerne, native medics and as resistant structures 
(oospores) in the soil.   

A PreDicta B® soil DNA test has been developed by the South Australian Research and Development 
Institute (SARDI) GRDC project DAS00137 to quantify the amount of Pm DNA in soil samples and to 
provide a measure of the amount of Pm inoculum (infected root tissue and oospores) in paddocks 
from which those samples were collected.  Studies are currently underway to assess the capability of 
this Pm DNA test to: 

1. Quantify Pm inoculum in soil from commercial paddocks 

2. Predict the risk of PRR disease and potential yield losses in chickpea 

Pm inoculum level, PRR disease and yield 

It would be useful if the DNA levels detected by the Pm test could predict PRR disease level and 
potential associated losses.  For example, would paddocks with nil, low and high Pm inoculum level 
respectively have nil, low and high PRR disease and yield losses?  
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This was the aim of a 2014 field trial at the NSW DPI Tamworth Agricultural Institute using the highly 
PRR susceptible chickpea variety, Sonali.  On 3 July 2014, a range of Pm inoculum levels was 
established by applying, at sowing, different rates of oospores in-furrow. On 4 Aug, when plants 
were at the 2 node stage, ten soil samples (150 mm depth cores) per plot were pooled and analysed 
for soil Pm DNA concentration by SARDI.  During the season PRR disease assessments and 
normalised difference vegetation index (NVDI) measurements were made and grain yields 
determined.  The trial was also sampled mid-season (4 August) and end-season (19 December) for 
Pm DNA quantification (data not available at time of writing). 

The soil Pm DNA results differed significantly among the oospore treatments but also indicated that 
some Pm was already present at the site (Table1).  Background concentration effects could have 
contributed to the higher than expected value for the 100 oospores/plant treatment.  The season in 
Tamworth was drier than usual but following 39mm of rain from 18-20 August, some PRR symptoms 
(wilting, chlorosis) were observed, and in mid-September during a period (15-22 Sept.) of hot dry 
winds and high evaporative demand (≥ 5mm/day) many plots rapidly showed severe PRR disease 
symptoms.  

In mid-September indirect biomass measurement by the reflectance based NVDI showed significant 
declines in NVDI values with increasing number of oospores/plant treatment.  By the end of 
September the 0 oospores/plant had less diseased plants than the 100 oospores/plant treatment, 
which itself had less diseased plants than the treatments with higher inoculum levels (500 to 4000 
oospores/plant treatments). The percentage of diseased plants did not differ between the 500 
to4000 oospores/plant treatments. The ranking of the 23 September disease assessment reflected 
the final grain yields for this trial, with the 0 and 100 oospores/plant treatments each having the 
highest and second highest yields respectively, and the yields of the 500-4000 oospores/plant 
treatments not differing.  

 
Table 1. Oospore level, soil Pm DNA concentration, PRR assessment and yield in 2014 Pm inoculum 

level trial at Tamworth NSW (SED=Standard error of difference between means) 

Inoculum level 
(oospores/plant) 

Pm DNA 
concentration, 
(DNA/g soil), P = 
0.004, 
LSD = 1749 

12 Sept indirect 
biomass 
measurement 
by NVDI  
P=<0.001 
LSD = 0.097 

23 Sept log-
transformed % 
of PRR diseased 
plants (back 
transformed), 
P=<0.001, logit-
transformed 
SED 0.87 

Grain yield, kg/ha 
log-transformed 
(back 
transformed), 
P=<0.001, log-
transformed  
LSD = 1.26 

0 44 0.68 0    (8.0) 7.1 (1248.9) 

100 1280 0.55 3.1 (65.7) 3.6 (38.1) 

500 443 0.34 6.4 (98.1) 1.4 (4.0) 

1000 2123 0.47 4.7 (90.8) 1.5 (4.4) 

2000 1905 0.36 5.3 (94.5) 1.1 (2.9) 

4000 3590 0.30 * (100) 0.5 (1.6) 

*100% values excluded from analyses 

 

There were relatively weak correlations between the post-sow soil Pm DNA concentrations and PRR 
disease (r = 0.45) and chickpea yields (r = - 0.39), although the percentage of diseased plants was a 
strong predictor of grain yield (r = - 0.96). 
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Pm can reproduce rapidly and cause new infections over a relatively short period (Ristaino et al. 
1993).  This may explain how the 500 to 4000 oospores/plant treatments had very similar PRR 
disease symptoms measurement values at 23 September, which then led to similar grain yields.  
These results indicate that for a susceptible variety like Sonali, PRR disease can build up to high 
levels under conducive conditions and cause considerable yield losses despite differences in initial 
Pm inoculum levels.   

Although the relationships between Pm DNA concentrations and PRR disease and chickpea yields 
were relatively weak, the trial showed low Pm inoculum levels (0 and 100 oospores/plant) had 
significantly less disease and significantly higher yields than treatments with higher oospore 
concentrations.   

These initial results are encouraging as they suggest that significantly lower PRR disease and higher 
yields occur at low Pm DNA concentrations with a highly susceptible variety. The test may be 
suitable at identifying low Pm inoculum sites where chickpea varieties with better Pm resistance 
(such as Yorker ) may be grown with less impact of PRR on yield.  The test may also be useful at 
identifying nil from low Pm sites, however, trial sites with nil Pm will need to be identified to fully 
assess this aspect.  

Pm DNA detection in soil samples from commercial paddocks 

We evaluated the ability of the Pm DNA test to detect Pm in soil samples from growers paddocks.   

Over the winter-spring period of 2013 soil samples were collected from fields in northern NSW and 
Southern QLD.  All paddocks included chickpeas in the rotation but not all had chickpeas in 
2013.There were eight sample sites per paddocks, one near each corner and one near the midpoint 
of each side.  At each of the eight sample sites, a W collection pattern was walked towards the 
centre of the paddocks and 10 soil cores (150mm depth PreDicta B® soil corer) collected every 20 – 
25 paces along the sample path (total distance 200 – 250m per sample site).  If soil conditions 
prevented coring (ie too dry), a trowel (15cm long by 6cm wide tapering to 2cm) was used. The same 
W sample collection pattern as for the coring method was walked.  Along this W path 5 trowel size 
clods were dug at each of 5 locations; each clod was broken in half and put in a bucket, the other 
half of the clod was discarded.  The half-clods at each sample site were placed in a bucket and 
further broken in two.  All the quarter-clods from the eight sample sites were thoroughly mixed in 
two buckets and a subsample (ca 5kg) collected after mixing.  Soil samples were stored in sealed 
plastic bags at 5°C. 

Samples from 47 paddocks were prepared for DNA analysis and a Pm baiting experiment.  After 
sieving (4 mm aperture), a 400g sub sample was sent to SARDI for DNA analysis. The remainder of 
each sample was slowly dried (72h @ 22-24C) then mixed with sand (40g soil + 112g sand), placed in 
a plastic cup (70mm width, 75mm height).  There were five replicates; soil from a Pm inoculated field 
trial (MET14) served as a control.  Four Sonali seeds were sown in each cup and the cups placed in a 
glasshouse (RCB design). The cups were watered to 22% Soil Moisture Content three times a week. 
After 18 days the cups were flooded for 48h then drained.  Seedlings were assessed for disease 
(chlorosis, stem cankers, death) three times a week.  Stem tissues were plated to isolate Pm.  
Cultures with Phytophthora like growth on cornmeal agar were plated on low strength V8 agar and 
colony morphology, oospore production and oospore size used to identify Pm like cultures.  The 
isolation of Pm was attempted from all treatments that produced chlorosis followed by the 
appearance of Pm like stem cankers, in addition, the isolation of Pm was also attempted from any 
treatments where there were disease symptoms or seedlings with poor growth. The experiment was 
terminated after six weeks.   

Twenty six of the 47 soil samples produced symptomatic plants but Pm like cultures were isolated 
from only nine samples from growers paddocks and also from the MET14 control soil. Of the 48 
paddocks soil (including the MET14 control soil), 11 had positive Pm DNA results.  Overall, most 
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samples (9/11, 82%) which had positive DNA results yielded Pm cultures and most samples (36/37, 
97%) which had negative DNA results did not yield Pm cultures (Table 2).   

Table 2. Comparison of Phytophthora medicaginis (Pm) DNA detection in 48 paddock soil samples 
and isolation success of Pm from Sonali chickpeas grown in these samples 

  48 samples analysed for Pm DNA 

  11/48 + Pm DNA 37/48 nil Pm DNA 

48 soil samples 
baited with 

chickpeas for 
Pm 

10/48 + Pm 

isolates 

9/11 

(positives) 

1/37 

(false negatives) 

38/48 nil Pm 

isolates 

2/11 

(false positives) 

36/37 

(negatives) 

 

Three samples gave contradictory results. One sample which yielded a Pm culture was negative for 
Pm DNA. Subsampling error may explain this result as this sample was part of a 5kg trowel collected 
sample; the 400g subsample used for Pm DNA analysis may not have contained Pm DNA. Two other 
samples were positive for Pm DNA but did not yield Pm cultures.  One of these had one seedling 
with a canker but Pm could not be isolated, in the other sample, seedlings in all 5 cups remained 
healthy.  These two samples had lower Pm DNA values (1,467 and 2,507 Pm copies/g soil) than all 
other samples (range 3022-872,069 Pm copies/g soil) except one (1,219 Pm copies/g soil).  Possible 
explanations for these results are: (i) more time may be required for symptoms to develop, or (ii) 
that the pathogen had died but some DNA had been detected. 

The initial results are promising with an overall good correlation between PM DNA detection and PM 
isolation. However, further work is required to address some issues including subsampling effects.   

Pm DNA sampling in paddocks and disease risk determination 

The DNA result for a soil sample from a paddock can only provide an indication of inoculum 
concentration and disease risk for the areas of the paddock which were sampled.  Therefore, the 
spread and locations of sampling across a paddock will affect how representative DNA results are 
for a paddock.  Because of the risk of rapid PRR disease build up following wet conditions it may be 
appropriate to treat a negative PreDicta B test result as indicating a low risk rather than a nil risk, as 
the pathogen could still be in areas of the paddock that were not sampled and so still cause PRR 
and reduce yield.   

To determine the risk of PRR disease it may be appropriate to target locations in a paddock where 
there is the best chance of Pm inoculum being present.  The pathogen thrives in soil with high 
moisture contents and so often occurs in low lying regions of paddocks where pooling following 
rain may occur.  The pathogen also carries over from season to season on infected chickpea 
volunteers, lucerne, native medics.  Including low lying areas and weedy areas of paddocks during 

PreDicta B® soil sampling may provide the best strategy to predicting a paddocks disease risk of PRR 
in chickpea.  

For detailed information on control of PRR in chickpea visit: 
http://www.pulseaus.com.au/pdf/Chickpea%20Phytophthor%20Root%20Rot%20Management.pdf 
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Background 

Herbicide resistance could possibly be one of the greatest threats to the sustainability of our current 
grain production systems.  The dominant minimum or zero tillage systems have evolved to place a 
heavy reliance on herbicides for weed control and, in many cases no other alternate methods of 
control are being employed. This reliance on herbicides has already led to the development of 
resistance in many cropping regions of the world with Australia being no exception.   

So it lends to reason that the Central West of NSW is not immune from the development of 
resistance either but the extent of which resistance exists in the region has not yet been quantified. 
Prior to this survey the only formal confirmation of resistance was through ad-hoc resistance testing 
by advisors or growers mainly in situations where herbicides had previously failed.  Or more 
informally, resistance was only diagnosed by “gut feel” or educated guess by advisors.  

This survey is the first attempt to quantify both the extent and types of resistance presently in the 
Central West of NSW. 

In contrast, other cropping regions in Australia have undertaken a number of surveys and these have 
started to form sound evidence of the level and types of herbicide resistance present. In other 
regions this evidence would be crucial in convincing growers for the need to address the issue of 
resistance and provide the insight into the characterisations of resistance to make informed 
decisions for its management. 

Local advisors within the Central West region have suggested there is an inherent lack of recognition 
and acceptance by many growers of the presence of herbicide resistance in the region and the 
threat and severity it poses. Partly because of this many growers are not often prepared to act to 
prevent, slow or combat resistance.  GOA’s engagement with local stakeholder groups expressed a 
clear need and desire to assess levels of resistance within the region and the products that were 
affected. In doing so it would help raise awareness of the issue through hard evidence, the presence 
of herbicide resistance. 

Aims 

The aims of this survey were to establish what the current level and types of herbicide resistance are 
in the Central West of NSW.  In doing so, this would raise awareness of the issue to foster a change 
in attitude and following on from this, a greater willingness to address the issue.  The information 
provided from this survey would aid growers and agronomists to make more informed decisions 
around herbicide choices or in fact even management strategies beyond simple herbicide rotations 
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Methodology 

In November of 2013, all growers and agronomists on the GOA contacts list were offered an 
opportunity to submit weed seeds of any of four common species for testing for resistance to a 
range of common herbicides. The four weed species were: 

o Annual ryegrass (ARG) 

o Wild or black oats (BO) 

o Wild radish (WR) 

o Sow or milk thistle (ST) 

These species were chosen as they were either already noted as key weeds in the region that were 
either commonly demonstrating herbicide resistance such as ARG and BO, or those that are thought 
likely to develop herbicide resistance such as WR and ST. 

Samples were limited to two per grower in an effort to survey a wider cross section of the GOA 
region.  Weed seeds were to be sampled from cropping paddocks in the local region with no 
stipulation as to their suspected resistance status. That is they could be taken from paddocks 
regardless of whether they were suspected resistant or not.  

Samples were to be collected in accordance with commercially accepted sampling instructions 
provided by Plant Science Consulting (www.plantscienceconsulting.com/seedtest), the commercial 
testing service that undertook the herbicide testing on the seed samples provided. The herbicide 
testing was carried out to industry accepted standards in calibrated spray cabinets with control 
populations introduced to ensure confidence in testing procedures. 

A range of herbicides specific to the weed species were applied and these are listed in tables 1 and 2 
below. The herbicide types and rates used were developed with input from a number of sources 
with an aim to characterise the resistance status of each population to commonly used products and 
if for some products at multiple rates to examine any rate responsiveness. The options tested are 
not completely exhaustive as cost would have been prohibitive but the results do serve to give a 
significant characterisation of the resistance status of the populations tested.  

Details regarding the herbicide history from the paddocks were also collected when samples were 
submitted for testing. Information such as the suspected resistance status, length of farming history 
and details regarding the number of herbicide applications of each mode of action that had been 
applied in the last 10 years. 

A total of 123 weed seed samples were collected, 79 ARG, 41 BO and 3 WR. No ST samples were 
received. The WR samples have been combined into Dr Christopher Prestons project monitoring WR 
for resistance and the results have not been included in this report. 

GOA returned the individual results growers or agronomists who submitted the samples so as to 
allow them to make informed decisions regarding the management of those weeds. This report 
however concentrates on the combined results and the broader overall impact of the survey.  

 

http://www.plantscienceconsulting.com/seedtest
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Table 1. Herbicides and rates tested on annual ryegrass samples 

Herbicide tested Common trade names 
Rate applied L/ha or 

g/ha 

Haloxyfop Verdict® 0.1L 

Clethodim Select® 0.35 L 

Clethodim Select 0.5 L 

Butoxydim Factor® 180 g 

Pinoxaden Axial® 0.3 L 

Triasulfuron Logran® 40 g 

Iodoulfuron-methyl 
sodium 

Hussar® OD 0.1 L 

Imazamox & Imazapyr Intervix® 0.6 L 

Atrazine Gesaprim® 2000 g 

Trifluralin Triflur X®, Treflan® 2 L 

Glyphosate 540 g/L Roundup PowerMAX® 1 L 

Glyphosate 540 g/L Roundup PowerMAX 1.5 L 

Glyphosate 540 g/L Roundup PowerMAX 2 L 

 

Table 2. Herbicides and rates tested on wild/ black oat samples 

Herbicide tested Common trade names 
Rate applied L/ha or 

g/ha 

Clodinofop Topik® 0.1 L 

Haloxyfop Verdict 0.1L 

Clethodim Select 0.35 L 

Clethodim Select 0.5 L 

Pinoxaden Axial 0.2 L 

Mesosulfuron-methyl Atlantis® OD 0.33 L 

Flamprop-M-methyl Mataven® 90 1.8 L 
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The herbicide resistance testing reported upon two measurements: 
1. The percentage of the treated population that survived the herbicide quoted as % survival 

2. A rating of the herbicide effect on the surviving plants as follows 

o “R” indicates surviving plants were significantly stunted and only recovered with a 

few tillers 

o “RR” indicates plants suffered stunting in the order of 40-70% relative to untreated 

plants 

o “RRR” rating which indicates survivors showed virtually no herbicide effect. 

This report concentrates mainly on the percentage survival to the individual herbicides as this gives a 
better indication of the potential frequency of resistance in the region. The second measurement 
aims to offer some insight into the relative “strength” of the resistance in the surviving plants.  

The industry accepted terminology for herbicide resistance is that: 
1. “Developing Resistance”-Survival of up to 19% but no more of the treated population 

2. “Resistant” -Survival of 20% or more of the treated population  

However, to simplify the reporting of the findings of this survey, any populations with survival 
greater than 10% is termed resistant. This approach has been taken for the following reasons- 

 To report on the levels of both “developing resistance” and “resistant” would serve only to 

complicate the message, lengthen the report unduly and potentially confuse the reader. 

 We cannot be 100% certain that very low levels of survival are not just an anomaly in testing  

 Differences in resistance between 10 to 20% survival would be indistinguishable in paddock 

situations and therefore irrelevant to managing such populations 

 Growers could expect a higher % survival to herbicides applied outside the “ideal” conditions 

under which testing so even these lower level of survival would be considered commercially 

unacceptable. 

Results 

Ryegrass 

79 samples of annual ryegrass were submitted, of which, one seed lot was unviable (poor 
germination) so 78 samples underwent testing.  91% of samples were collected and logged by 
advisors and only seven samples were collected and submitted by growers.  

The distribution of the sample locations is detailed in Figure 1 below and provides a reasonable cross 
section of the GOA region, with the notable exceptions of the western area beyond Trangie and 
Warren and the north eastern areas around Coolah where no samples were submitted. 
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Figure 1. Locations from where ryegrass samples were taken from. 
NB Multiple samples may have been taken from the general locality marked by only a single pin marker 

There appeared to be little clear correlation between the patterns of past herbicides usage or the 
length of cropping history indicated in the survey questions to the demonstrated resistance to those 
herbicides. However a number of populations demonstrated resistance to a particular herbicide 
where there has been no or very little previous use indicated. For example, 

 15 populations demonstrated resistance to Axial where it was indicated it had not been used 

in the past 

 Two of the four populations demonstrating resistance to trifluralin where it was not 

reported to have been used in the past. 

 Two populations had been reported to have not used a Group B applied however 

demonstrated 100% resistance to Logran 

 22 samples reported having less than two Group B applications yet all demonstrated 

resistance, 12 of which demonstrated 100% resistance to Logran. 

Of all the samples submitted, 30% of samples were predicted to be “possibly resistant”, 70% of 
samples were predicted to be “resistant” but no samples submitted were predicted to be 
“susceptible” in the submission questionnaires. 

There were no samples submitted that were susceptible to all the herbicides tested. In other words 
there was not one sample that was not resistant to at least one of the herbicides tested.  Table 3 
below details the demonstrated resistance of the submitted ARG samples to individual herbicides 
tested.  
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Table 3. Number of AGR samples demonstrating resistance to the various herbicides and rates 
tested 

Herbicide and rate tested No of samples > 10% survival % of samples with > 10% survival 

Verdict 0.1L/ha 59 75% 

Select 0.35L/ha 17 22% 

Select 0.5L/ha 6 8% 

Factor 180g/ha 1 1% 

Axial 0.3L/ha 47 60% 

Logran 40g/ha 77 99% 

Hussar 0.1L/ha 64 82% 

Intervix 0.6L/ha 44 56% 

Atrazine 900WG 2000g/ha 7 9% 

Triflur X 2L/ha 4 5% 

Glyphosate 540 1L/ha 5 6% 

Glyphosate 540 1.5L/ha 4 5% 

Glyphosate 540 2L/ha 3 4% 

Only ten samples, or 13%, demonstrated resistance to only one of the herbicides tested. Multiple 
herbicide resistance, where a sample demonstrates a resistance to more than one herbicide types, 
was found in 86% of the samples tested as detailed in Table 4 below.  54% of samples demonstrated 
resistances to four or more herbicide groups or sub-groups and the largest single group, constituting 
37% of the samples demonstrated resistance to only four groups or subgroups.  

Note that for the purpose of this table Fops, Dims and Dens are considered as subgroups of Group A 
because it has been previously shown that differential levels of control can be expected when using 
these herbicides. Similarly for the Group B’s they are in two subgroups being the sulfonylureas (SU’s) 
and the imidazolinones.  

Table 4. Number of ARG sample populations demonstrating resistance to multiple herbicide groups 
and sub groups. 

No. of herbicide groups or sub 
groups with demonstrated 

resistance# 
No of samples % of samples submitted 

1 10 13% 

2 15 19% 

3 10 13% 

4 29 37% 

5 12 15% 

6 1 1% 

7 1 1% 

# Herbicides groups and subgroups considered- Fop, Dim (Select® only), Den, SU, Imi, Triazines and Glycines. 

Further analysis of the levels of cross resistance due to the significant number of resistance 
combinations over such a number of herbicides is quite difficult and potentially unsound. However it 
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is interesting to note some of the variations within a particular herbicide group and/or over a 
number of rates. 

Group A’s - Fops, Dims & Dens 

 59 (75%) samples were resistant to Verdict but only 17 of those were resistant to Select @ 

350mL/ha and only six to the higher rate of 500mL/ha.  

 Of the samples resistant to Select, all were also resistant to Verdict. 

 Only one sample demonstrated low level resistance (10% survival) to Factor and it was 

already resistant to both Select and Verdict. 

 47 (60%) samples demonstrated resistance to Axial, of these 100% demonstrated resistance 

to Verdict but only 17 populations were also resistant to Select® (350mL/Ha) 

Group B’s - SU’s and imidazolinones 

 Logran was all but ineffective with 77 of the 78 (99%) samples demonstrating resistance  

 64 (82%) of the samples demonstrated to be also resistant to both Hussar OD and Logran 

 43 samples were resistant to Intervix and both Logran and Hussar OD. 

Group M 

 Only five samples demonstrated resistance to Glyphosate 540 

 Three of these demonstrated significant levels of cross resistance to more than two other 

herbicide groups or sub groups 

This is only a small sample of resistant populations so any characterisation of a glyphosate resistant 
population based on this would be not well founded. However it should be noted that for most 
populations tested glyphosate is still effective but for some of the more resistant populations tested 
(multiple resistances) found it was one of the last few effective options left. 

Wild oats 

41 samples of wild or black oats were submitted to the survey. All samples were collected and 
submitted by advisors. 

The distribution of the sample locations is detailed in Figure 2 below where a reasonable cross 
section of the GOA region has been taken in by this survey but noticeably the area around and east 
and north east of Dubbo had no samples submitted. 
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Figure 2. Location of wild oats sampling locations 

NB Multiple samples may have been taken from the general locality marked by only the one pin marker 

There appears to be little clear correlation between the patterns of past herbicides usage or the 
length of cropping history indicated in the survey questions to the demonstrated resistance to those 
herbicides. But similarly to the ARG samples, a number of herbicides demonstrated resistance where 
it has been indicated that no applications of that herbicide had been applied. For example, 

 16 samples demonstrated resistance to Mataven where no Mataven had been applied. 

 Four samples demonstrated resistance to Axial where no Axial had been applied 

Of all the samples submitted, 56% of samples were predicted to be “resistant”, 41% were predicted 
to be “possibly resistant” and none were predicted to be “susceptible”, and two samples did not 
indicate their suspected resistance status on the submission questionnaires. 

Despite the strong predictions for the samples to be resistant, 29% of the samples demonstrated no 
resistance to any of the herbicides tested with five of these predicted to be “resistant” and the 
balance only “possibly” resistant.   

73% of the samples submitted demonstrated some level of resistance to the herbicides tested as 
detailed in table 5 below. The most common resistance in these samples has been demonstrated to 
be Topik (56%) but closely followed by Mataven 90 (51%). Resistance to Axial has been 
demonstrated to be 37%, nearly three times greater than that for Verdict® at 12%. Interestingly 
there was no demonstrated resistance to Select in the samples tested and only two samples 
resistant to Atlantis OD.  
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Table 5. Number of samples demonstrating resistance to the various herbicides and rates tested 

Herbicide and rate tested No of samples >10% survival % of samples with >10% 
survival 

Topik 0.1L 23 56% 

Verdict 520 0.1L 5 12% 

Select 0.5L 0 0% 

Axial 0.2L 15 37% 

Atlantis 0.33L 2 5% 

Mataven 90 1.8L 21 51% 

Table 6 below details the level of multiple resistances in the samples submitted. 22% of samples 
demonstrated to be resistant to two herbicide groups or sub groups and a similar number (22%) 
were three herbicides groups or sub groups. A much smaller number were resistant to four, at 7% of 
the samples submitted. 

Table 6. Number of sample populations of black oats demonstrating resistance to multiple herbicide 
groups and sub groups. 

No. of herbicide sub groups 
with demonstrated 

resistance# 

No of samples % of samples submitted 

0 11 27% 

1 9 22% 

2 9 22% 

3 9 22% 

4 3 7% 

# Herbicides groups and subgroups tested- Fop, Dim, Den, SU, Grp Z. 

Of the six herbicides tested on these samples they all belong to only three different herbicide 
groups, Group A, B’s and Z.  

 Of the 23 samples that demonstrated resistance to Topik only five were resistant to Verdict 

which is also a Fop herbicide, but 15 demonstrated to be resistant to Axial, a Den herbicide. 

 All samples resistant to Axial® were also resistant to Topik 

 In those cross resistant samples, the level of resistance demonstrated to Verdict and Axial 

was much lower than that was shown to Topik in the majority of cases - but not all 

 As shown above there was no demonstrated resistance to Select®. 

 There were only two samples with Atlantis OD resistance at a low level - for one sample it 

was the only resistance demonstrated, the other sample was also resistant to Topik, Axial 

and Mataven as well but susceptible to Verdict. 

 15 of the 21 samples resistant to Mataven were also resistant to Topik, 11 were resistant to 

both Topik and Axial. 

 Six samples were resistant to Mataven but demonstrated no cross resistance to the other 

herbicides tested. 
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Discussion 

Acknowledgement should be first given to the collection method and the potential bias that may 
have given to the samples submitted to this survey. This was not a random survey of the region and 
most likely growers and advisors would most likely sampled weed seeds from more suspicious 
populations than not. This is highlighted in the sample submission questionnaire where all samples 
were either suspected to be “resistant” or “possibly” resistant. Therefore it should be considered the 
outcomes and information presented from this survey maybe a “worst case scenario”. 

In defence of this approach, testing is carried out through seed testing and that the target 
populations for this survey are from cropping paddocks.  Therefore it is most likely the only seed 
available to sample would be those from plants at maturity that have survived in crop herbicide 
applications. This scenario would by definition support a theory they are possibly resistant to at least 
some herbicides. Another way to put it is that susceptible plants would have been controlled by 
herbicide applications and simply not available to sample- suggesting seed tests will always bias 
towards a greater level of resistance whether the collection method is random or directed.  

A “Quick Test” which samples live seedling plants from populations not already “selected” for a 
resistance by a herbicide application and as such may not have as stronger bias for resistance 
applied. 

Given this bias towards sampling populations suspected of resistance the finding of some levels of 
resistance is no surprise. That said though for both ARG and BO, the samples that were submitted 
have overwhelmingly demonstrated a high level of resistance to many of our common herbicides. 
Nearly all (99%) the samples of ARG and 73% of BO samples submitted were resistant to at least one 
of the herbicides tested.  

The higher level of susceptibility in the BO samples is interesting given that 27% of the samples 
submitted showed complete susceptibility to the range of herbicides tested yet sufficient survivors 
were available to sample from (assuming the paddock was treated for BO) which does fly in the face 
of the above comments. There are a number of potential explanations however no clear evidence in 
the data set is available to confirm as to which one. BO is well noted for seed dormancy and possibly 
the plants sampled germinated after the paddock was treated with herbicides. Alternatively does 
the presence of susceptible plants at maturity suggest reduced effectiveness of the herbicides 
through poor application or the impact of plant stresses? This could suggest that more attention and 
care should be paid to application of BO herbicides to ensure the highest level of control. 

Multiple resistances 

As detailed above in tables 4 & 6, multiple resistances are common with only 13% of ARG samples 
and 22% of BO samples demonstrating resistance to just a single herbicide group or subgroup. The 
clear majority of the samples submitted from both species demonstrated multiple resistances. 
Therefore within this set of samples, multiple resistances are significantly more common than no 
resistance or just single product resistance. Put another way, samples with no resistance or single 
product resistance is a rarity. 

It was found that the levels and types of cross resistances, as discussed below, for each population 
tended to be unique. Hence the reader should exercise caution as what is demonstrated in this data 
will not necessarily be applicable to all populations. Further to this the complexity of relationships 
between the large numbers of herbicides tested can be overwhelming and the results potentially 
completely unrelated.  
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Source of resistance 

As detailed in the results above there are a number of samples that have demonstrated resistances 
to a number of products where it has been indicated that the particular herbicide group has not 
previously been used.  

For example there were- 

 15 populations of ARG that demonstrated resistance to Axial where use of Axial was not 

indicated, 

 Two of the four populations of ARG demonstrating resistance to Trifluralin had not reported its 

application, 

 Two populations of ARG had not reported the use of a Group B herbicide  yet demonstrated 

100% resistance to Logran 

 Four BO samples demonstrated resistance to Axial where its use was not reported 

 16 BO samples demonstrated resistance to Mataven where its use was not reported. 

This phenomenon is not uncommon and potentially could occur through a number of mechanisms.  

 The population is naturally resistant to the herbicide, explained by simple genetic variability 

within species 

 Some resistances can simply be selected for indirectly. That is selection for resistance by use 

of one particular herbicide may at the same time select for a resistance for another 

unrelated herbicide.  

 Resistant plants or seeds can be introduced into your system, carried in on machinery and 

stock or in seed, wind or flood waters. 

There is no way to confidently identify which mechanism has resulted in the outcomes in the 
examples listed above but their occurrences do highlight challenges for management of herbicide 
resistance.  There are unfortunately no defence growers and advisors can employ to manage the 
natural presence of resistance in a population. For the second mechanism there is also little that can 
be done to avoid this other than sound and informed chemical rotations. However for the third 
mechanism sound farm hygiene for machinery, seed and stock can slow the spread or incursions of 
resistant weeds. 

Knowing your resistance status 

For the set of samples provided to this survey we have detailed the frequencies of individual 
resistances as well as a number of generalisations about levels of cross resistances between some 
herbicides. However it should be again noted these apply to this set of samples only and may not 
apply beyond these in the wider farming systems or other regions. There is no unique and distinct 
characterisation of a “resistant” ARG or BO plant- each one can be different.  

As growers and advisors this survey showed our predictive skill for identifying resistance without 
testing may be variable. For ARG, all samples were predicted to either possibly or definitely resistant 
and that was shown to be true. For BO however 29% of the samples that were predicted to be 
possibly or definitely resistant were not resistant to any of the products tested. 

So given our questionable skill at predicting resistance and that it can occur somewhat independent 
of past herbicide resistance testing is a must. The results from this survey have demonstrated 
populations where some products have retained effectiveness when it could easily be assumed that 
they would be ineffective and visa-versa. To highlight this point; 

 56% of BO samples demonstrated resistance to Topik, but only 12% demonstrated 

resistance to Verdict with both herbicides in the same herbicide group 
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 99% of ARG samples demonstrated resistance to Logran, only 82% demonstrated resistance 

to Hussar OD® and 56% to Intervix- all  Group B herbicides 

 51% of samples demonstrated resistance to Mataven but only one quarter of those had 

Mataven applied previously. 

This highlights the value in herbicide resistance testing not so much to confirm that a particular 
product has not worked due to resistance, but to identify which products may still work in the 
future.  

Worthy of a mention 

As discussed above, the identification of resistance to a number of key products such as the Fop 
herbicides and Group B herbicides such as Logran have come as no surprise.  Alarmingly though the 
testing has highlighted some cases of resistance to a few “less used” products thought to be safe and 
still effective and which many growers would be potentially relying on for herbicide control in the 
future. 

Atrazine and trifluralin have had much less reliance or use in the region compared to many other 
products for the control of these weeds. Experience from other regions also indicated that 
resistance can take much longer to develop and are much less common. However six populations 
(10%) of ARG samples demonstrated resistance to atrazine with another six populations 
demonstrating 5% survival in testing which could indicate very early stages of developing resistance. 
There were also four populations of ARG that demonstrated resistance to trifluralin.  

Similarly Intervix, as a product mainly utilised in Clearfield canola and hence only a small proportion 
of our annual cropping area, demonstrated resistance in 56% of the ARG samples.   

Identification of resistance to Select® in the region is not a total surprise but for many populations of 
ARG it was the only reliable in crop selective herbicide available and is therefore a key in the 
management of ARG. But nearly a quarter of the samples submitted (22%) of ARG samples 
demonstrated resistance at the lower application rate of 350 ml/ha.  All of these populations were 
already resistant to Verdict, Axial, Logran, and Hussar OD.  Increasing the application rate to 
500ml/ha did decrease the survival to 8% of the populations but this for many populations is the last 
lever to pull for ryegrass control. 

Mataven is often talked of as an alternate herbicide product for the control of BO and in recent 
times had very little use with only six samples indicated to have received any applications of 
Mataven in the past 10 years. However 51% of the BO populations demonstrated resistance to 
Mataven.  As an alternate product to control Topik resistant BO only 36% of the Topik resistant 
populations would be susceptible. There are currently questions over the continued manufacture 
and supply of Mataven but its usefulness on these populations would be limited. 

Finally, herbicides play a pivotal role in our current minimum-till or zero till farming systems.  
Possibly the most important product in the northern farming region is glyphosate. This herbicide is 
invaluable in the control of weeds in our fallow systems which are essential to conserve out of 
season rainfall to achieve profitable crop yields. It is also important for managing pre-planting 
flushes of weeds, potentially the largest germination of winter weeds. Loss of the effectiveness of 
this herbicide will seriously challenge the sustainability of this otherwise profitable system. 

Testing of the ARG samples submitted to this survey has revealed 6% of them demonstrated 
resistance to Glyphosate 540 @ 1lt/ha. Higher application rates improved control but only 
marginally. Although this is only a small proportion of the samples tested the importance of the 
product and lack of comparable alternatives is reason enough to be very alarmed by these results.  
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Conclusion 

As intended, the survey included weed seed samples from a healthy cross section of the GOA region 
of the Central West of NSW.  Both AGR and BO were submitted to the survey with ARG samples 
attributing approximately two thirds of the total samples and BO one third. 

Testing revealed that herbicide resistance was common place and that in the vast majority of the 
samples submitted multiple resistances were most dominant. In a number of cases the broadness of 
multiple resistances was such that there are only a few potentially effective herbicide options left 
that might control those weeds.  

This survey has proven herbicide resistance is not an issue confined to Western Australia or other 
regions only. This survey has identified many populations in the Central West of NSW that rival and 
possibly surpass the severity of Western Australian herbicide resistance. It should no longer be 
considered “someone else’s issue” and that “it’s not that bad”. 

The survey was also invaluable in identifying what some of the most challenged herbicide groups are 
in terms of effectiveness. But the survey also served a warning to growers particularly for what many 
have thought to be “safe” and “effective” herbicide options such as Select®, atrazine and trifluralin 
and even glyphosate with clear signs of resistance developing. 

The results of this survey are damning and its strength may be the force that has been needed to 
change attitudes, to acknowledge the issue of herbicide resistance which of course is the first step to 
better manage the issue of herbicide resistance into the future. 
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NGA chickpea herbicide trials 2014 
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Take home message 

1. Factor® (butroxydim) was not effective as a knockdown for wild oats in chickpeas.  

2. Of the Group A herbicides, 500 mL/ha of Status (clethodim) or mixtures of Verdict® (haloxyfop) 
plus Status® (clethodim) proved the most effective brews for knockdown control of wild oats 

3.  Clethodim (as Status) benefited from the addition of Liase® even when rain water was used as 
the carrier 

The issue 

In reviews of the 2013 winter season agronomists and farmers had raised managing resistant 
populations of wild oats as a major issue for the region. Wild oats are a key weed of winter crops 
throughout the region and for the past 30 years growers and agronomists have relied on Group A 
herbicides for control. 

Haloxyfop a ‘fop’ herbicide is perhaps the most widely used herbicide in the region for knockdown of 
wild oats in chickpeas and other pulse crops, however resistance to this herbicide is becoming 
increasingly frequent.  Many agronomists, where they have concerns about the Group A resistance 
status of wild oats in a paddock, will mix haloxyfop (eg Verdict 520) with a ‘dim’ herbicide (most 
commonly clethodim), other agronomists might use clethodim alone. NGA was questioned as to 
what was the best strategy to use. 

Butroxydim (eg Factor) is another Group A ’dim’  that although registered for wild oat control in 
many broadleaf crops has not been widely used in the Northern NSW/Sth Qld region. Reports have 
filtered up from southern Australia that in some situations butroxydim is the last group A herbicide 
effective against annual ryegrass. The question was asked “Could butroxydim have similar attributes 
against wild oats in our region?” 

What was done? 

In 2014 the NGA team conducted 4 small plot replicated trials looking at control of wild oats in 
chickpeas with knockdown herbicides.  

Trials were situated in commercial chickpea paddocks near Mungindi, North Star, Bowenville and 
Edgeroi. The Mungindi and North Star sites were known to have wild oats with resistance to 
haloxyfop. 

Aims of the trials were:  

1. Does mixing haloxyfop with clethodim give an advantage in wild oat control compared to 
either product applied alone? 

2. Can we get equal benefit by just increasing the herbicide rate? 
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3. Does butroxydim control many fop resistant weed populations, in a similar way to 
clethodim? 

4. Is there an advantage in adding ammonium sulphate (as Liase) to the herbicides? 

Table 1. Spray dates, growth stage of wild oats and water quality of trials conducted in 2014 

Site Spray date Wild Oat Growth 
stage at spraying 

Water source Bicarb ppm 

Mungindi July 1 2014 2 – 4 leaves Goondiwindi Town water 104 

North Star June 26 2014 3 – 5 leaves Goondiwindi Town water 104 

Bowenville August 11 2014 Up to 3 tillers Rain water 18 

Edgeroi September 4 2014 Up to 7 tillers Gunnedah Town water low 

Table 2. Products used in trials 

Trade name Active ingredient Formulation  

Verdict® 520 Haloxyfop 520 g/L  

Status® Clethodim 240 g/L  

Factor® Butroxydim 250 g/kg   

Uptake® Paraffin oil + 
Non-ionic surfactants 

582 g/L + 
240 g/L 

Adjuvant 

Supercharge® Paraffin oil 471 g/L Adjuvant 

Liase® Ammonium sulphate 417 g/L Adjuvant 

Applications were made with quadbike mounted booms. In all cases using AIXR110015 nozzles at 50 
cm spacing and a water volume of 70 L/ha. 

Uptake was added to all tank mixes containing Verdict or Status at a rate of 0.5% 

Supercharge was added at 1% to treatments of Factor (But not when tank-mixed with Verdict) 

Results 

Trial RN1419 Mungindi 

 

Figure 1. Surviving wild oats per square metre at 43 days after application at Mungindi trial 
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Uptake 0.5% added to all treatments containing Verdict or Status, Supercharge 1% added to all treatments 
ONLY containing Factor.    DAA = days after application 

Summary: 

 Verdict applied alone failed to give effective control 

 Addition of 250 ml/ha of Status improved efficacy compared to verdict applied alone 

 Factor applied alone or as a tank-mix with Verdict failed to give effective control  

 Status was the most effective herbicide 

 There was a non-significant rate response for Status.  

 Addition of Liase trended to improve the performance of Status in low bicarb water 

 

Trial RN1420 North Star 

 

Figure 2. Surviving wild oats per square metre at 47 days after application at North Star trial 

Uptake 0.5% added to all treatments containing Verdict or Status, Supercharge 1% added to all treatments 
ONLY containing Factor.    DAA = days after application 

Summary: 

 Similar pattern of results to the Mungindi site 

 Verdict applied alone failed to give effective control 

 Factor applied alone or as a tank-mix with Verdict failed to give effective control  

 The Verdict + Status tank-mix gave the best level of control 

 There was a significant rate response for Status.  

 Addition of Liase significantly improved the performance of Status 
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Trial LB1409 Bowenville 

 

Figure 3. Surviving wild oats per square metre at 38 days after application at Bowenville trial 

Uptake 0.5% added to all treatments containing Verdict or Status, Supercharge 1% added to all treatments 
ONLY containing Factor.    DAA = days after application 

Summary: 

 Verdict gave effective (although not complete) control of wild oats at this site 

 Factor applied alone was not commercially acceptable giving ~ 80% reduction in surviving 
plant number. Factor gave no improvement when tank-mixed with Verdict compared to 
Verdict applied alone 

 The Verdict + Status tank-mix gave very good control with complete control achieved by the 
nix of 75ml/ha of Verdict and 250 ml/ha of Status 

 There was a non-significant rate response for Status.  

 Addition of Liase trended to improve the performance of Status – even though rain water 
was the carrier 
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Trial AM1409 Edgeroi 

 

Figure 3. Surviving wild oats per square metre at 34 days after application at Edgeroi trial 

Uptake 0.5% added to all treatments containing Verdict or Status, Supercharge 1% added to all treatments 
ONLY containing Factor.    DAA = days after application 

Summary: 

 Treatment list changed at this site following earlier results 

 Verdict either alone or in mixture gave excellent control of wild oats at this site  

 Factor applied alone at 180 g/ha only gave an unacceptable 60 % reduction in surviving wild 
oat number  

 As in the other 3 trials there was a (not statistically significant) rate response for Status and 
addition of Liase trended to improve the performance of Status 

Conclusions 

Remarkably similar responses considering the different resistance profiles of the wild oat 
populations. 

 Factor applied alone was not effective at any of the sites.  

 Addition of 250 ml of Status to Verdict improved efficacy where the haloxyfop resistance 
was in question.  

 Addition of Factor to Verdict did not improve efficacy  

 A rate response for the herbicide Status was indicated in all trials  

 There was a Liase response when added to Status irrespective of the water quality 
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The nuts and bolts of efficient and effective windrow burning 
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Take home message 

 Herbicide resistance is rapidly becoming more widespread and growers need to act to save what 
effective herbicides that are left. Harvest weed seed control is a suite of tools to combat this and 
narrow windrow burning the cheapest and easiest to implement. 

 Narrow windrow burning (WB) has proven to be successful in other regions on key weeds such 
as annual ryegrass and wild radish 

 There is no reason to doubt its effectiveness here on those same key weeds. WB effectiveness 
on other species that shed seed early such as wild oats may be less reliable.  

 Successful WB is not hard and may take some practice to become an expert.  Following some 
simple suggestions may help avoid mistakes 

 The biggest factor to success - you must cut the crop low, less than 15 cm 

 There are some downsides to WB such as selection for weeds resistant to WB, negative impacts 
on fallow efficiency or nutrient implications but these must be weighed up against the positive 
for weed control and resistance management. 

What is narrow windrow burning and why do it? 

Narrow windrow burning (WB) is the process where the crop residue during grain harvesting is 
placed in a narrow windrow and then burnt.  

Why?  

Research has shown that a large percentage of weed seeds present at harvest that enter a header, 
exit in the trash fraction with the chaff and to a lesser extent, the straw fraction.  If you can capture 
and concentrate those seeds and render them sterile by burning them, they’re not going to be there 
to germinate and compete with next year’s crop, hence breaking the weed’s reproductive life cycle.   

It is a technique that has been widely adopted in Western Australia over the past 10 years and has 
shown to be a very effective tool to manage herbicide resistance for a number of key weeds such as 
annual ryegrass and wild radish.  

But with any new tool there are some tricks of the trade to ensure the best results which will be 
discussed here. 

Tips for successful windrow burning 

For WB to be successful, growers should plan for its use a long time before you strike a match so 
let’s start at the beginning. 
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Ahead of harvest 

Well ahead of harvest time consider which paddocks and crops you might like to WB. Your choice 
will be influenced by many characteristics but here are a few of the main considerations: 

Which crop? 

The trick with WB is to just burn the windrows and not the whole paddock. Despite many growers 
doubting this possible, it has been proven in over tens of thousands of hectares every year in 
Western Australia. The majority of growers in WA now use WB to some extent on their farms.  

Two simple things make this possible: 

1. The crop is cut short to capture the weed’s seeds into the header front. Then the entire trash 
from the header is deposited in a defined, narrow windrow not spread back over the paddock. 
This means the fuel load is in the windrow and not outside of it and the fire can only burn where 
there is fuel. This is demonstrated in figure 1 below showing the residue distributed over the soil 
surface in the conventionally harvested section on the left, which allows the fire to spread. In 
contrast the soil surface on the right has less residue left on the soil surface for the fire to carry 
on. 

 

Figure 1. Remaining trash loads when a paddock is harvested for windrow burning on the right 
compared to the trash load being redistributed by the header when conventionally harvesting on the 

left. Photo taken Narromine June 2013 

2. Weather conditions when windrow burning need to be calmer and cooler than what is required 
in more traditional paddock burns which need a little more heat and wind to ensure the fire 
carries.  

However despite these points the fire can still get away to burn the whole paddock. Bulky cereal 
crops with thick stubble will be most prone to the fire getting away. So it is recommended, especially 
if inexperienced, to target lighter yielding cereal crops or break crops such as canola, chickpeas, 
lupins or field peas that tend to have lower levels of trash remaining outside the windrow.   

Barley stubbles in particular have a reputation of being more difficult to burn without fire escapes  
and maybe better left for when more confident in WB. Experienced “windrow burners” have shown 
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that burning wheat stubble in excess of three ton per hectare or even barley is possible as shown in 
the photo below.  

 

Figure 2. 4.5T/Ha Hindmarsh barley stubble windrow burnt 22nd March 2014. Photo taken 27th 
March 2014 

Think of this: You must cut low when WB and when 2T/ha or 4T/ha crops are cut off both at 15cm 
they don’t often look that different. In regions with summer rainfall, large amounts of that 
flammable basal leaf has also long been smashed up by rain leaving behind just the stalks which 
limits the potential for fire escapes. 

Another point to consider is heavier windrows resulting from larger crops or wider header fronts 
have more fuel to burn. This increase in fuel load and concentration can help insure a more 
complete burn in cooler or damp windrows (although not recommended). Figure 2 below shows a 
windrow missed in the main burn from the same paddock above that was burnt on a cool, damp and 
overcast 26th of April 2014. Note the white ash indicating a hot fire and no unburnt residue. 
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Figure 3. 4.5T/ha Hindmarsh barley stubble windrow being burnt on 26th April 2014. Weather 
conditions: 23 degrees C, 55% humidity. The soil surface and windrows were wet from 0.5mm rain 

previous day and 49mm total rainfall since 4th April 2014. 

Which paddock? 

You most likely won’t be looking at WB the whole farm at your first attempt so it is worth identifying 
which paddocks you intend to do well ahead of the rush of harvest time. Below are a few things that 
may help identify what paddocks are most suited to WB. 

 Weed types.  

o WB has shown to be very effective on weeds that retain their seed at harvest above 
15cm such as ryegrass and wild radish as this makes it easy to capture into the 
header front. So target tall weeds. 

o Wild oats, brome or barley grass that shed or drop their seed may do so before the 
header has a chance to capture those seeds to put in the windrow so these may not 
be reliable candidates for WB.  

o Short weeds that set seed lower than practical to capture in a header front are not 
capable of targeting, an example may be wireweed. 

o Weeds that are able to re-sprout or re-seed after harvesting such as fleabane and 
sow thistle are also not likely to be good targets for WB. These two culprits also 
have seeds that are very mobile by air and as such could drift from the trash stream 
at harvest anyhow.  



GRDC Grains Research Update  Coonabarabran, February 2015 

153 

 Paddock conditions: To successfully capture those weeds you must cut low. Obstructions or 
hindrances such as rocks, sticks, gilgais or poor header driving skills that stop you getting 
low can reduce the effectiveness of WB.  Address these issues ahead of time if possible. 

Preparation of the harvester 

To successfully sterilise the weed seeds during the burning process the fire must burn hot enough 
and long enough. This can really only be reliably achieved when the trash is concentrated into a 
narrow windrow.  Research has shown that simply dropping the residue out of the back of the 
harvester in a wider windrow or a broad scale burn will not achieve the results possible from a 
narrow windrow burn. 

To achieve this narrow windrow there will be a need for some simple modifications to the rear end 
of the header to simply direct the trash stream into a narrower windrow. These need not be too 
complicated and only need to observe a few important characteristics. 

 The chute design should aim to form a windrow that is around 60cm wide however the 
lower opening of the chute can be slightly wider than this as the angled sides of the 
chute will direct the trash stream towards the middle of the machine. 

 The ability to adjust the sides of the chute or the lower opening to influence the 
windrow width may be of some advantage in adapting to varying trash levels. In very 
heavy trash loads a wider windrow is suffice but crops with less trash such as chickpeas 
may benefit from a narrower windrow to ensure a critical mass in the windrow for 
burning. However many chutes are not adjustable and work fine so this may be an 
undue complication. 

 Ensure the chute does not unnecessarily restrict the airflow from the rear of the header 
as this could affect grain separation 

 Obstructions: Modern harvesting rates and the extra trash feeding through the header 
when harvesting low mean the throughput of trash is enormous. Do not underestimate 
what catastrophic ramifications can occur and how quickly blockages form from the 
smallest obstruction in flow. Design chutes that minimise the use of bolts, brackets or 
sharp angles near the trash flow as these tend to be problematic and should be avoided. 
Also aim to keep the bottom of the chute open and avoid any horizontal or near 
horizontal ledges where trash will need to slide as this slows the materials exit and can 
build up very quickly. 

 Ideally build a unit that is easy to remove, particularly if you don’t intend to windrow all 
paddocks. 

A few photos are shown below. 
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Figure 4. Various windrow chutes fitted to headers  
(Source: Bing Images, search term “Windrow Burning chutes” January 2014) 

A number of videos are available concentrating on the design of chutes along with other tips on 
successful WB at www.weedsmart.org.au 

At harvest 

Hopefully by this time you have a clear plan of which paddocks are to be windrowed and the header 
chute has been prepared. 

Driver training 

It is important for header driver to understand what is trying to be achieved at harvest. That is to get 
the weeds seeds in the header front. For many years’, drivers have been directed to get the 
maximum speed and efficiency out of headers and that often means taking minimal straw and 
harvesting high. Cutting low is a new concept and old habits can be hard to break. Harvesting low 
can bring in other considerations as well such as: 

 Cut low and observe that you are getting the weed’s seeds in the front. Adjustments to reel 
speed, height as well as the condition of the knife can be important particularly if weeds 
have begun to lodge. 

 Blockages: The fitment of the chute on the rear of the header means that trash exits in a 
very small space.  If a header comes to a stop suddenly in the paddock this space is quickly 
filled and the header can block from the rear forwards within seconds.  Drivers need to be 
educated to swing out of the crop to let the residue clean out of the header unrestricted or 
in the least, reverse immediately to avoid costly downtime in unblocking the machine. 
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 Monitor grain losses. Extra straw is taken in when cutting low and this can increase the load 
on grain separation and if not addressed there is potential for increased grain losses. 
Modern headers are certainly capable of operating with much larger crops than common in 
Australian conditions so capacity is not the issue but adjustments may be required to the 
header setup and operation to cater for the increase in load.  

Operators should refer to the header manufactures instruction to identify and minimise 
harvest losses and maintain efficiency but below are a few key considerations: 

o The increase in throughput is in straw volume not chaff, so rotor or straw walker 
losses are more probable. Operators should concentrate on the rotor or drum setup 
to ensure grain is not carried over the back as rotor or straw walker losses.  Even if 
the grain is separated from the stalk evidenced in the windrow, it can still be carried 
out in the large trash load. Rectification may involve different setups. Changing 
concave clearances or rotor/drum speeds or changing concaves to larger sizes to 
allow the grain to exit easily and quickly.  Other options maybe available such as 
extended concaves or adjustments or modification to increase opportunity for grain 
to exit from the rotor.  

o Don’t over thrash the crop. This could increase the load on the sieves, unduly slow 
the machine down and the resultant windrows are chaffier and can be more prone 
to smouldering. 

o Slow down a bit? 

 Cut low - getting the message? 

Despite these adjustments to machine setups there still may in some cases simply be no 
other option but to simply slow down to minimise losses.  

This is a common concern when considering WB however the perceived reduction is often 
worse than it really is.  Foremost for many is the concept that the increased trash load taken 
into the front of the header has a huge drain on engine power which slows harvesting rates.  

However it should be remembered that for many, there will be no requirement to run the 
straw choppers and or spreaders. This will save on a significant power requirement that can 
be directed to the increased throughput.  

Another point to consider is that in a number of cases growers may already be harvesting at 
a height that captures a large percentage of weed seeds already.  Take for example 
chickpeas, field peas, shorter or lower yielding wheat or barley crops or crops that have 
lodged. In many cases there will be little or no need to alter harvesting height simply the 
fitting of a chute on the rear of the header. 

After harvest 

For the most part a paddock harvested for windrow burning should be managed not too dissimilar to 
any other paddocks. As for any fallow, weeds should be controlled to both minimise moisture usage 
but also maximise N mineralisation and accumulation. Below are a few extra considerations for 
managing windrowed paddocks during the fallow. 

 Delayed and staggered weed emergence: The thick layer of the stubble in the windrows can 
delay or hinder the emergence of weeds. The increase in groundcover can also hold 
moisture closer to the surface for longer supporting continued emergences resulting in 
stagged germinations of weeds. This condition may require the first fallow spray to be 
delayed to allow for the weeds to emerge from the windrow and a spray target to develop 
which is often only 1-2 days. However this condition seems only apparent for the first fallow 
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spray as assumedly the windrow settles and increases density with rain often suppressing 
future germinations. 

 Grazing of paddocks harvested for windrow burning can also have negative impacts on the 
effectiveness of WB.  Foraging livestock will tend to seek out grain and weed seeds in the 
windrow, hence spreading the stubble and affecting the integrity of the windrow, resulting 
in lower and uneven burning temperatures and duration leading potentially to a poorer 
control. 

Burning the rows 

Burning the windrows is the most critical phase of the technique and arguably takes the most 
amount skill and experience. The key to getting this part right involves burning when the conditions 
are warm and mild enough to ensure the fire gets enough heat to sterilise the weed seeds but not 
too supportive of fire to see it escape from the windrows and burn the whole paddock, or worse still, 
the neighbour’s paddock. 

The potential risk for fire escapes is influenced by four main conditions: temperature, humidity, wind 
speed and the curing of the fuel load. Striking the right balance of these conditions is a large part of 
successfully burning windrows. Many growers who have burnt many windrows in the past will be 
comfortable identifying the right balance through experience but less experienced growers may 
benefit from a tool that helps do this for them.  

The McArthur fire danger index is one such tool that can do this. Developed by the CSIRO in the 
1960’s it uses algorithms based on the four key characteristics listed above to produce a single 
number to estimate the fire risk. Originally developed and adapted to help manage and predict grass 
fires it is also useful to growers wishing to burn windrows safely. 

The McArthur fire index is available from a number of sources but most useful to growers may be 
the “Pocket Fire NSW” App for iPhones.  

Growers can use this App live in the paddock to help identify when conditions are most suitable for 
burning the windrows. Growers should aim for an index value between 5 and 15. An index value 
below 5 indicates conditions are too suppressive to result in a hot enough burn to completely burn 
the weed seeds. A value above 15 indicates conditions are too supportive of fire and the risk of the 
fire escaping possibly beyond acceptable levels.  

A word of warning though is that wind speed can have a significant influence over the index value 
for any given situation. High wind speeds can often see the fire move too fast along the windrows 
often quickly burning the straw off the top of the windrow and leaving the chaff fraction containing 
the weeds seeds unburnt. It is suggested growers should place an upper limit on the acceptable wind 
speed for windrow burning of around 10km/hr to avoid disappointing results.  

Green weeds in the windrow or along the edges can also be problematic as they reduce introduce 
moisture to the fuel load and can reduce the effectiveness of the fire. Growers should aim to keep 
weeds controlled ahead of burning periods. 
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Figure 5. A burnt windrow demonstrating unacceptable control in the background possibly due to 
less than ideal weather conditions at burning leading to lower temperatures, duration and 

incomplete burning of the chaff fraction containing the majority of weed’s seeds. 

The fire index will help serve as a good guide for growers to indicate when might be a good time to 
burn the windrows but there is nothing like actually giving it a go. 

So provided growers have undertaken the other necessary precautions suggested below and 
conditions are indicated as OK by the fire index, actually lighting up a windrow may be the best test 
for ideal conditions.  Growers can easily pick a typical windrow on the downside of the prevailing 
wind, use a garden rake to break the row say three meters apart and light one end of this section 
and observe how it burns. In many cases it may seem that the flames die down before the windrow 
is completely burnt to the ground but wait until there is no more smoke before making your final 
judgement as the fire may smoulder for some time whilst burning the chaff fraction on the 
underside of the windrow. If the burn is not achieving the desired result you may need to wait for 
more ideal conditions. 

Before all this, growers need to prepare for burning taking the normal precautions for a stubble 
burn. There are the obvious considerations such as preparing firebreaks in case the fire does escape 
and making ready your firefighting equipment such as filling tanks and checking pumps.   

If WB is a new technique in your district, warning neighbours of your intentions and filling them in 
on what you plan to do may avoid unnecessary panic or alarm. You may also require fire permits or 
permission to burn in some districts. Secure these once you have entered a period where you think 
you might burn and try not to stipulate one particular day as not all days are suitable. Seek 
permission for a longer period.  

Lastly, when conditions are ideal, be prepared to act. Not every day is ideal to burn windrows and 
even the ones that are can change as the day gets later.  Growers needs to take full advantage of 
suitable days when available. 
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A common misconception is that the entire length of the windrow needs to be lit this is wrong. You 
do not have to drive up and down each row to light them.  Growers often light the windrows at 
points 200-300 meters apart by travelling perpendicular to the windrows. By lighting them at one 
point, the fire will burn along the windrow till that windrow ends or it meets the fire burning along 
the other way.  How close you choose to light each row depends on you. If you have a large area to 
get over and you suspect weather condition will remain kind, light them further apart but if 
conditions are likely to decline or you want rows to burn out quickly, light them closer together.  

Drip torches are an obvious choice for lighting the windrows but if large areas need to be lit an 
Accufire may be a better choice. An Accufire is a unit that can be mounted on the tray of a utility 
with an arm that mounts off the side that acts similar to a drip torch to light the windrows. The 
advantage of this system is that the lighting can be controlled from within the cab and the vehicle 
can travel up to 30km/hr to light the windrows. This allows for larger areas of windrows being lit in 
very little time. 

Other considerations 

Although WB has been shown to be effective for many growers, and despite the best advice here 
and from elsewhere, it doesn’t always go right and WB is not without other side effects either. 

The greatest opportunity for the failure of WB is not killing the weed seeds as a result of the burn 
not being hot enough. This can leave large populations of weeds where the windrows were. An 
alternate view would be that this is quarantining the problem weeds into a distinct zone and 
allowing the larger areas beyond the windrow to thrive with less weed burdens.  A 60cm wide band 
of uncontrollable (resistant) weeds has to be better than a full paddock as shown in the photo below 
of unburnt windrows in a paddock sown to canola with no herbicide applied to date. 

 

Figure 6. Concentrated, high populations of ryegrass in an unburnt windrow after paddock has been 
sown to canola without any pre-emergent herbicides.  Burroway July 2013 



GRDC Grains Research Update  Coonabarabran, February 2015 

159 

In fact this very scenario has been adapted by a number of growers in Australia where the chaff 
fraction containing the weeds seeds is dropped in distinct areas such as tramlines and wheel tracks 
and growers are relying on this isolation only as a key control technique that is they are not burning 
them. This technique has been referred to as “windrow rotting” or “chaff lining” 

In either case, not achieving a kill of the weeds seeds’, the subsequent crop should experience less 
competition through this quarantining and there is always the opportunity to get those seeds in a 
windrow next time and incinerate them then.  

What about wet windrows? Well there has been plenty of experience with autumn rain ahead of 
burning windrows. Experience shows that 10-14 days dry weather is sufficient for the rows to dry 
out enough to achieve acceptable results while 3-4 days is enough to see the rows dry enough to 
allow the larger bulk of the windrows to be burnt to allow seeding without trouble (though with sub-
optimal weed control????). Growers need to monitor predicted weather patterns and as discussed 
above, when conditions are ideal be prepared to act.  

As with any control technique imposed on a weed population there is a risk that you will select for a 
characteristic that makes it resistant to that control and WB is no exception.  Continued reliance on 
WB may select for more prostate weeds, weeds that shed seed early, quicker or even delayed 
maturities. As such WB or any control technique should not be relied on as the single or main control 
method but form part of an integrated approach to weed management.  

For growers in the northern region that rely heavily on out-of-season rainfall and its conservation in 
the soil for crop profitable production, any action that could negatively affect this is of serious 
concern. The technique of WB which actively moves crop residues to the windrow and burns it 
rather than redistributing on the surface will have an impact on groundcover distribution. There are 
concerns that this could have serious ramifications to fallow efficiency and subsequent crop yields. 
GOA has established trials in 2013-2014 and again in 2014-2015 investigating this and preliminary 
results from the 2013-2014 trials have indicated a limited impact but further work is required to 
confirm this.  

Whether or not there is an impact on fallow efficiency, the growers need to consider the control 
options available to them. If resistant weeds are failing to be controlled by other means, their 
suppressive effects on crops yields will easily exceed any reductions in fallow efficiency due to the 
effects of WB. Which is the lesser of the two evils? 

Similarly this relocation and concentration of crop residues can affect nutrient availability and 
distribution. Large amounts of nutrient held in stubbles are transported and deposited in the 
windrow zones leaving the remaining area with lower levels of available nutrient.  

WA growers have observed nutrient deficiencies, particularly potassium, outside the windrow zone 
and replacement fertiliser strategies come at some increase in costs compared to standard 
approaches.  

This scenario is likely to be more acute in WA with their sandy soils with low inherent nutrition. 
Cropping soils of the eastern seaboard with higher clay contents generally have greater levels of 
nutrition particularly potassium, and as such may be buffered against these induced deficiencies.  
However with repeated use of WB some adjustment to fertiliser strategies may be required over 
time. One other strategy suggested is to alternate harvesting direction to avoid placing windrows in 
the same position each year to avoid compounding any effects. However this may not be possible in 
Control Traffic Farming systems using permanent tramlines. 

In summary  

Windrow burning has been proven to be effective in other Australian cropping regions on key weeds 
and there is no reason to doubt its effectiveness on those same weeds in other regions. But WB may 
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not be effective in every paddock and on every weed species so planning where and when to use it is 
the first step to success.  

To undertake WB, growers will need to make modifications to their header but these are simple and 
cheap to build and fit with flexible designs only needing to adhere to a few key principles. Header 
operators need to clear on what’s to be achieved and remember don’t stop dead. 

Burning the windrows is the difficult thing and getting the weather right is the most important. 
Growers need to plan ahead, watch the forecast and be prepared to go when things are good.  

There are some downsides to WB as with any control tool but growers need to weigh up their 
options and remember weed control has always had a cost. And finally WB is a terrific tool in the 
battle against herbicide resistance but it should be only one of many otherwise its effective lifespan 
may be limited. 
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