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Take home  messages

Soil tests from throughout the region in 2012 
indicate that soil mineral N contents were low 
in comparison to years prior to 2010, which 
may help explain why grain proteins were 
generally low in 2012.

•

Mineral N contents were low primarily due to 
high rates of N removal (in grain) in the 
previous seasons. Denitrification may also 
have contributed to lower mineral N levels; 
however this is hard to clearly define.

•

There has been a reduction in the number of 
paddocks tested for N in recent seasons and 
this may be contributing to poor nitrogen 
decisions.

•

There were exceptions to the “11% protein 
rule of thumb” in 2012 where maximum grain 
yields were achieved at grain protein 
concentrations between 9-10%.

•

N fertiliser recovery in grain was moderate at 
best in 2012 VSAP trials.

•

Longreach Spitfire has been observed to 
have a grain protein concentration advantage 
over other varieties at a given yield level; 
however, the effect of variety choice on grain 
protein concentration is small compared with 
the effects of agronomic management.

•

Based on a range of trials and varieties that 
had plus or minus crown rot treatments the 
impact of crown rot on grain protein 
concentrations was negligible.

•

To ensure N does not become a major factor 
limiting yield, N supply needs to be enhanced 
using a combination of legume 
crops/pastures and tactical fertiliser N 
applications.

•

Introduction

The Northern grains region has traditionally produced wheat of a relatively high grain protein concentration; 
however, in recent seasons, those associated with the wheat supply chain from producers to end users have 
observed a reduction in grain protein concentration. Receivals of low protein wheat grades (less than 11.5 % 
protein) were greater than high protein grades for GrainCorp’s Dubbo Zone for the harvest of 2012/13, with low 
protein grades representing 60 % of total receivals (Table 1). The Dubbo Zone spans from Nyngan and 
Tottenham in the west, Coonamble in the north and to Birriwa (SE of Dunedoo) in the east.

Table 1: Wheat receival grades as a percentage of total wheat receivals (705000 tonnes) for GrainCorp’s 
Dubbo Zone for the harvest 2012/13

Grain Protein minimumProportion of wheat receivals

APH2 13 % 10 %
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H2/AUH2 11.5 % 30 %

APW 10.5 % 23 %

ASW/AGP1 No limit 37 %

The nitrogen (N) requirement of a crop is set by the water-limited yield potential (stored moisture plus in-crop 
rainfall), the crop species (e.g. wheat, barley, canola), the desired grain protein concentration and crop 

management (disease, phosphorus supply, weed control and sowing time).

The N supply for crops in moderate to low rainfall areas comes mainly from decomposing organic matter and 
this is controlled by the amount of organic matter, the quality of the organic matter (carbon to nitrogen ratio, 
particle size, age), soil type and suitable temperature and moisture conditions for mineralisation. Fertiliser N 
usually accounts for a small proportion of total N supply but can still be crucial for achieving desired yield and 
protein targets.

Soil mineral N  reserves

The low protein levels observed in 2011 were largely the result of low soil nitrogen supply. This observation is 
supported by the results from pre-sowing soil testing (Figure 1), where 64% of samples tested in north-central 
NSW had less than 60 kg of mineral nitrogen to a depth of 60 cm and only 10% had more 100 kg. While these 
numbers may not be truly indicative of all cropping paddocks (e.g. those thought to be high are less likely to be 
tested) they do show that many were low in mineral nitrogen. The dry winter and spring conditions in much of 
the region are likely to have inhibited in-crop mineralisation, further restricting soil nitrogen supply. 

Figure 1:  Frequency distribution of soil mineral nitrogen test values for 520 sites in north-central NSW in 2012. 
Sampling depths varied so values have been adjusted to estimate a 0-60 cm soil layer. (Data courtesy of Jim 

Laycock, Incitec Pivot Ltd)

Since 2010 there has been a distinct shift in the distribution of soil mineral N contents in the eastern states. 
Compared to 2005 the percentage of samples testing less than 30 kg N/ha has doubled while those exceeding 
120 kg N/ha has dropped from more than 20% to less than 5%. Similarly the proportion of soil mineral contents 
between 60 and 120 kg N/ha has reduced from 40% to less than 20%. Apart from the soil mineral N results, 
Table 2 also indicates a significant drop in sample number, which may suggest that soil testing practices have 
declined. The decline in soil mineral N along the eastern wheat belt might partly result from changing sample 
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numbers and locations; however it is still likely that there has been a major drop in soil nitrogen supply. This 
shift in soil mineral N observed from the IPL soil testing has coincided with a general decline in grain protein, 
particularly in northern NSW. 

Table 2:  Distribution (%) of soil mineral nitrogen contents (0-60, 10-60, or 0-100 cm depth) across Qld, NSW 
and Vic, 2005 to 2012. Data courtesy of Jim Laycock, Incitec Pivot Ltd.

Mineral N Crop year

(kg N/ha) 2005 2008 2010 2011 2012

<30 21 19 13 38 42

30-60 17 20 26 33 39

60-120 40 31 40 24 16

>120 22 30 21 5 3

Sample no. 5506 3669 2001 2146 2316

Rotation effects on mineral N

There may be a range of factors that have contributed to the lower soil mineral N including high 2010/11 grain 
yields, low residual nitrogen contribution from pulse crops, denitrification, depletion of deep N or organic 
reserves and insufficient fertiliser inputs. The 2010/11 seasons received above average rainfall throughout the 
entire region that created ideal conditions for high yielding winter and summer crops. It was not uncommon for 
winter cereals to be yielding in excess of 5-6 t/ha west of the Newell highway under dryland conditions. If these 
crops were achieving 11% protein then they were removing more than 110 kg N/ha in grain. These seasons 
also represented large yielding years for sorghum that would have removed similar quantities of N/ha as winter 
cereal crops. Pulse crops were also high yielding with chickpea yields exceeding 3-3.5 t/ha. In 2010 pulse crops 
had large crop biomass which would have contributed to soil N through N2 fixation, however pulse area was 
less than 20 % of the total crop area. Pulse area decreased in 2011, then with a dry start to the season followed 
by a wet finish many pulse crops had a high harvest index, effectively removing (as grain) the majority of N they 
fixed. Schwenke et al. (1998) report on a survey conducted in Northern NSW in the 1990’s, finding that the net 
residual nitrogen benefit of chickpeas was on average close to 0 kg/ha, while for faba beans the net benefit was 
on average 42 kg/ha.

In a trial at Trangie Agricultural Research Centre over two seasons (2011 and 2012) the grain yield and grain 
protein concentration of EGA Gregory  wheat following chickpeas was similar to wheat following canola that 
was fertilised with 46 kg/ha N. The application of 46 kg/ha N in June 2012 to the wheat significantly increased 
the 2012 wheat yield by 400 kg/ha and 1.4 % protein regardless of previous crop (Figure 2).
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Figure 2: Grain yield of wheat with two nitrogen rates (0 and 46 kg/ha) sown over two different 2011 crops 
(chickpea and canola) at Trangie in 2012 

l.s.d. (p = 0.05): Grain yield = 0.11 t/ha, grain protein = 0.19 %

In land adjacent to the above mentioned trials, three varieties of wheat were sown over a 2011 chickpea time of 
sowing trial and over a 2011 faba bean time of sowing trial. The average yield of the three wheat varieties was 
400 kg/ha more where sown over the 2011 faba bean trial than where sown over the 2011 chickpea trial. There 
was also a 1.2 % grain protein advantage where the previous crop was faba beans compared to chickpeas. 

The effect of crop sequence was clearly demonstrated in a trial at Condobolin in 2012 (Table 3). Mineral 
nitrogen values at sowing varied from 60 kg/ha after successive cereal crops up to 120 kg/ha after lucerne, and 
as well as higher yields this was reflected in a protein increase from 8.4% up to 13.4%. The pea brown manure 
treatment (sprayed out in September) gave high yield and protein and is of interest to some growers particularly 
where annual grass weeds are also a problem. 

Table 3 : Crop sequence effects on soil mineral nitrogen at sowing and subsequent barley grain yield, protein 
and grain nitrogen recovery at Condobolin, 2012.

Crop sequence Soil mineral N
Grain 
yield

Grain 
protein

Grain N 
content

2009 2010 2011
(kgN/ha, 0-

60) (t/ha) (%) (kgN/ha)

Pea Wheat Barley 56 2.67 8.4 36.1

Wheat Barley Barley 64 3.25 8.9 46.3

Lucerne/Fallow Wheat Barley 76 2.77 9.1 40.4

Wheat Pea Wheat 77 3.46 10.7 59.1

Lucerne/Fallow Wheat Pea 82 3.41 10.7 58.2
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Barley Pea Barley 83 3.24 10.3 53.7

Pea Wheat Lupin (poor) 101 3.07 11.8 58.2

Lucerne Lucerne/Fallow Wheat 117 3.27 11.8 61.8

Wheat Barley Pea brown manure 121 3.21 12.8 65.4

Lucerne Lucerne Lucerne/Fallow 126 3.23 13.4 69.0

  F pr. <.001 0.004 <.001 <.001

  LSD 35 0.39 1.5 11.4

Effect of denitrification on mineral N reserves

During 2010 and the 2011/12 winter fallow period a number of paddocks throughout the northern grains region 
were inundated with water, essentially creating ideal conditions for N loss via denitrification with these soils 
being warm and anaerobic. Biological denitrification is where plant available nitrate N is converted to a gaseous 
form and enters the atmosphere as either nitrous oxide (N2O) or dinitrogen (N2). Once in the gaseous form the 
N is lost from the system and cannot be recovered by plants. Reports of N losses from denitrification range 
anywhere from 5 - 250 kg N/ha in heavy clay cropping soils depending on environmental conditions and nitrate 
available in the soil profile. Measurements on classical crop production systems (non irrigated) show maximum 
N losses in the temperate climate of about 20–30 kg N/ha during the growth period of annual crops (Weier et al. 
1996). Some local data produced by nitrous oxide emission study at Tamworth indicated that the denitrification 
process was rapid occurring within a 48-72 period of the onset of anaerobic conditions (Schwenke et al. 2012). 
In this study key denitrification events were identified immediately following planting of wheat in July 2010 and 
sorghum in October in 2010. Shortly following planting of the wheat and sorghum 68 and 60 mm of rainfall was 
received on the individual sites, which initiated high emissions of N2O immediately. It should be noted that the 
soil was already moist prior to rainfall events and rainfall did not cause inundation. Based on the N2O emissions 
it was estimated that denitrification losses from applied N (80 and 40 kg N/ha for the wheat and sorghum, 
respectively) were between 9 and 14 kg N/ha for both situations.  These losses are in the order of a 12 -25% 
loss of applied N. Undoubtedly there will be large variation in the quantity of N lost to denitrification between 
regions and paddocks in the 2012 season, however, this does highlight the need to soil test in paddocks that 
were suspected of having denitrification losses in 2012 to give an indication what is available for the 2013 
winter crop.       

Removal of N in grain

The inherently fertile nature of soils throughout the northern grains region has provided a basis of good crop 
yields and protein achievement with minimal fertiliser inputs. A 20-30 year history of minor fertiliser inputs has 
mined the natural resource base in the soil including the organic N content. This organic N provides the basis 
for mineralisation in addition to the crop residues that are cycled near the soil surface. Over the years there has 
been little response to fertiliser application (especially in western regions) as the organic N supply has been 
sufficient to meet crop demands. However, with their continual depletion their has been a reduced ability of soil 
N reserves to fill the gap between moisture yield potential and N yield potential. Therefore, the last few seasons 
of low grain protein may be an indication that soil N supplies will need to be boosted by a combination of 
legume crops or pastures combined with applications of N fertiliser to meet yield and protein targets. 

Above are some plausible reasons that may have contributed to the current trend of declining soil mineral N 
contents over the past 3 years. They also provide a reason to get a soil test of paddocks that have performed 
poorly or were at risk of losses from denitrification in the past couple of seasons. This is not a recommendation 
to test every paddock but rather a number of representative paddocks so that a re-evaluation of soil mineral 
contents can be made. Once a starting N point is established in paddocks where it was previously unknown, 
simple budgeting tools can be used to estimate N additions and losses. Targeting yield or protein without a 
starting N value, or a ballpark figure at least, ensures that there is a large possibility of either undersupplying or 
oversupplying N to the crop, both of which can reduce the return on cropping investments.  
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Crown rot and grain protein

There has been some speculation throughout the region that crown rot was responsible for low grain protein 
and poor N use efficiency. In Table 4 there are a collection of trials from throughout the Northern grains region 
that included bread wheats and durum varieties (Bellata and Weemalah) or a combination of barley, durum and 
bread wheat varieties. A plus or minus crown rot treatment for each variety was implemented where the plus 
treatment had durum seed colonised by five different isolates of Fusarium pseudograminearum sown with the 
plot seed. The plot seed and inoculated seed were thoroughly mixed prior to sowing to ensure even infection 
across the plots. The plus or minus crown rot treatments had no significant impact on grain protein when 
averaged across all varieties within each trial despite the plus crown rot treatment reducing grain yield at 
Weemelah and Coonamble in 2009 and 2011.  At the Coonamble 2011 site crown rot infection reduced grain 
yield by 0.7 t/ha without changing protein content, therefore, in this scenario crown rot has limited the quantity 
of N removed/ha. Yield loss from crown rot is related to moisture stress post anthesis. Under conditions of 
moisture stress, the crown rot fungus restricts water movement from the roots through the stems, producing 
whiteheads that contain either no grain or lightweight, shrivelled grain. This restriction of water movement within 
the plant also restricts the movement of N within the plant, which may limit the potential to accumulate protein in 
the grain even when adequate N is present in the plant. 

Table 4: Average grain yield (t/ha) and grain protein concentration (%) of five trials including wheat, durum and 
barley varieties that had a plus or minus crown rot treatment applied.

Site YearVarieties

Protein (%) Yield (t/ha)

Plus CRMinus CRPlus CRMinus CR

Bellata 2012 18 10.9 10.8 3.8 3.9

Weemalah 2012 18 9.7 9.5 3.0 3.2

Coonamble2011 18 14.2 14.2 2.6 3.3

Mungindi 2011 18 10.8 10.7 3.8 3.9

Coonamble 2009 16 12.9 13.0 3.0 3.3

Optimising N supply

Optimising N supply is difficult in western regions given the highly variable seasons. Excessive application of N 
may increase water use by enhancing early vegetative growth leading to greater water stress during flowering 
and grain fill, resulting in poor grain set or shrivelled grain. This was the case in a VSAP trial at Coonamble in 
2012, where increasing the rate of N applied at sowing from nil to 100 kg/ha significantly increased the average 
dry matter production of eight wheat varieties at anthesis (GS65) by greater than 1.5 t/ha. For dry matter 
measured at maturity (GS99), there was a significant increase for the 25 kg/ha N rate compared with the nil 
rate, with no further increase in dry matter from increased N applications above 25 kg N/ha. At the highest N 
application rate, there was only a small dry matter gain in the period from anthesis to maturity. The excessive N 
application had led to the water supply to the crop being exhausted by anthesis, so the wheat plants were 
forced to rely on stored assimilate for grain fill. In the case of this trial at Coonamble, stored resources were not 
enough to meet the yield potential of the crop, resulting in a yield reduction compared with where lower N rates 
were applied. Averaged across the eight varieties, the 100kg/ha N rate led to a significant yield reduction of 250 
kg/ha compared with the nil N rate (Figure 2). 
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Figure 3:  Average dry matter at anthesis (GS65) and maturity (GS99) and grain yield (t/ha) of eight wheat 
varieties, sown with 0, 25, 50 and 100 kg/ha N. 

l.s.d. (p = 0.05):  DM GS65 = 0.44 t/ha, DM GS 99 = 0.42 t/ha, Grain yield = 0.11 t/ha

11 % protein ‘rule of  thumb ’

With the application of N, yield will generally increase to a maximum level, whereas protein may continue to 
increase beyond this level with further N application. This was shown in a trial at Parkes in 2011, where wheat 
yield responses to N application diminished where N was applied at 30 kg/ha increments. Yield was maximised 
at 90 kg N/ha. Protein increased linearly for each 30 kg/ha increment up to 120 kg/ha N. In this trial, yield 
appeared to be maximised at a grain protein concentration of 11.2 % (Figure 4). The figure of 11 % protein has 
generally been considered a ‘rule of thumb’ for where the yield of wheat is maximised. 
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Figure 4: Grain yield (t/ha) and protein concentration (%) from 10 wheat varieties with 0, 30, 60, 90 and 120 
kg/ha applied nitrogen in a trial at Parkes in 2011.

Going against the 11 % protein ‘rule of thumb’, there were situations in 2012 where yield was maximised at a 
lower grain protein level. At Coonamble, grain yield of eight wheat varieties was maximised at a grain protein 
concentration of 9 % (Figure 5a), with 100 kg/ha N required to raise grain protein by 2 % but also reduce yield 
by 250 kg/ha. At Moree, grain yield of four wheat varieties was maximised at a grain protein concentration of 
9.7 % (Figure 5b) and it took a further 80 kg N/ha to shift protein from 9.7 to 11.7%. The reasons for this 
defiance of the 11 % protein ‘rule of thumb’ are not clearly understood and require further investigation.

a)

 
b)
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Figure 5: a) Grain yield (t/ha) and protein concentration (%) of eight wheat varieties with 0, 25, 50 and 100 kg 
N /ha in a trial at Coonamble in 2012. l.s.d. (p = 0.05): Grain yield = 0.11 t/ha, Grain protein  = 0.43 %; b) Grain 

yield (t/ha) and protein concentration (%) of four wheat varieties with 0, 40, 80 and 160 kg/ha N in a trial at 
Moree in 2012. L.s.d. (p = 0.05): Grain yield = 0.28 t/ha, Grain protein = 0.32 %

Apparent recovery of N fertiliser

Apparent fertiliser N recovery provides a measure of the yield and protein benefit as a result of N application. 
Recovery is determined by calculating the additional N removed in grain above the nil N rate, divided by the 
quantity of N applied and is expressed here as a %. This calculation does not represent total nitrogen use 
efficiency, which relates to soil N supply and mineralisation as well as N fertiliser applications.

There were six VSAP Nitrogen trials planted across the northern grains region in 2012. As the rate of applied 
nitrogen increased, the efficiency of applied N decreased. The efficiency of applied N ranged from moderate 
(with the exception of Coonamble) at the low N applications to low (with the exception of Trangie and Moree) at 
the high N applications (Table 5). Lack of in-crop rain may have reduced the uptake of applied nitrogen; 
however seasons that start with a good profile of moisture then follow with low in-crop rain are common in the 
northern region. 

Table 5: Apparent nitrogen use efficiency of wheat varieties in trials in the northern region in 2012

   Apparent N efficiency (%)

 Deep N (kg/ha)N rate 25 50 100

Trangie 50 (0-90 cm)

 

42.5 38.3 34.2

Coonamble 53 (0-90 cm) 4.8 9.0 3.5

 N rate 40 80  

Gilgandra 44 (0-60 cm)

 

36.3 8.6  

Wongarbon 14 (0-60 cm) 26.2 7.6  

 N rate 40 80 160

Moree 51 (0-120 cm)

 

31.9 31.5 23.8

Spring Ridge 85 (0-120 cm) 36.1 17.5 6.5

In each of the trials the middle N rates were split into two application timings; seedbed + stem elongation or 
seedbed + anthesis or both. On average, total N recovery was less with the later applications of N than where 
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all N was applied at sowing. The only exception was at Spring Ridge, where splitting the 80 kg/ha N rate into 40 
kg/ha at sowing followed by 40 kg/ha at stem elongation resulted in higher yield for EGA Gregory  and Suntop  
(and hence greater N uptake) compared to where 80 kg/ha of N was applied at sowing. Across all trials in 2012 
there was no significant increase in grain protein concentration from delaying some nitrogen to either stem 
elongation or anthesis. The lack of protein response to an anthesis application of N is most likely due to the lack 
of rainfall after that application to facilitate uptake, combined with the inherently inefficient nature of increasing 
grain protein from late fertiliser applications. The 2012 season highlights the difficultly of relying on in crop N 
application in the northern grains region where in crop rain is highly variable. 

Economics of N application

Based on the six northern VSAP nitrogen trials mentioned previously, the return on investment (ROI) of nitrogen 
application in 2012 was at best moderate. The ROI is calculated as the profit as a result of N application relative 
to the cost of the N application. ROI was greatest at low N rates, decreasing with increasing rates of N 
application at all sites. For all N application rates of 50 kg/ha or less, the average ROI was 93 % (Table 6). For 
N application rates of 80-100 kg/ha ROI was on average 48 %. While this may seem an acceptable ROI 
depending on your attitude to risk, it contrasts with an estimated ROI of fallow spraying at Dubbo of 876 % 
(Hunt and Kirkegaard 2011). 

Table 6: Return on investment (%) of nitrogen application in six trials in the northern grains region in 2012

 R.O.I. (%)

N rate 25 kg/ha50 kg/ha100 kg/ha

Trangie 302 188 128

Coonamble -159 -144 -95

N rate 40 kg/ha80 kg/ha  

Gilgandra 208 82  

Wongarbon 116 26  

N rate 40 kg/ha80 kg/ha160 kg/ha

Moree 151 80 35

Spring Ridge 69 69 -5

Variety choice for grain protein concentration

The effect of legumes and fertiliser are the two most important factors in N management for grain protein; 
however there does appear to be some difference among common wheat varieties for grain protein 
concentration for a given yield level. 

There were four common wheat varieties planted in each of the six VSAP nitrogen trials; EGA Gregory , 
Suntop , Longreach Spitfire  and Livingston . Averaged across all nitrogen rates, EGA Gregory  and Suntop  
were the highest yielding varieties and Longreach Spitfire  had the highest grain protein concentration (Table 
7). This higher grain protein concentration of Longreach Spitfire  is partly due to the negative correlation 
between grain yield and grain protein concentration; however where Longreach Spitfire  had similar yield levels 
as EGA Gregory  (Coonamble and Moree) it also had a grain protein concentration of at least 1 % more than 
EGA Gregory . Suntop  performed relatively well for grain yield, but did not display a grain protein advantage 
over EGA Gregory . 

The protein advantage of Longreach Spitfire  on average was 1% greater than the other varieties, which is 
consistent with previous findings. The expression of this protein advantage appeared to be greater under high N 
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conditions where the difference between Longreach Spitfire  and EGA Gregory  was 2.3%, whereas at the low 
soil mineral N site, Wongarbon the protein advantage was 1.1 % over EGA Gregory . 

Table 7:  Grain yield (t/ha) and grain protein concentration (%) of four wheat varieties averaged across varying 
nitrogen rates in six VSAP nitrogen trials in 2012

 EGA Gregory Suntop LR Spitfire Livingston

 
Grain yield 
(t/ha)

Grain 
protein (%)

Grain yield 
(t/ha)

Grain 
protein (%)

Grain yield 
(t/ha)

Grain 
protein (%)

Grain yield 
(t/ha)

Grain 
protein (%)

Trangie 2.6 8.8 2.3 9.2 2.3 9.6 2.3 9.5

Coonamble 3.9 9.4 4.4 9.7 3.9 10.9 3.7 9.2

Gilgandra 4.4 10.0 3.6 10.3 3.7 11.4 3.7 10.7

Wongarbon 2.7 8.0 2.6 8.7 2.3 9.1 2.5 9.0

Moree 3.7 9.0 3.8 9.2 3.7 10.0 3.6 9.4

Spring 
Ridge 4.6 14.0 4.7 14.2 4.3 16.3 4.6 14.6

Average 3.7 9.9 3.6 10.2 3.4 11.2 3.4 10.4

Conclusion

The 2010, 2011 and 2012 wheat crops as a whole have all been considered low protein years much to the 
frustration of growers. These low protein concentrations have occurred in conjunction with declining soil mineral 
N contents, where for the north-central region in 2012 nearly two thirds of soil had a mineral N content less than 
60 kg N/ha in the 0-60 cm depth interval. This trend of low soil mineral N contents extends beyond the local 
region to along the entire eastern grains belt, where the number of soil tests with <30 kg N/ha in the 0-60 cm 
zone has increased from 20 to 40%. There are a number of possible reasons for the decline in soil mineral N 
contents; however, without periodic or strategic soil testing it is difficult to make economic decisions on crop 
nutrition.  Enhancing soil nitrogen levels in order to increase grain yield and grain protein concentration can be 
done through growing leguminous crops or pastures, or through the application of nitrogenous fertilisers. The N 
recovery in the grain of wheat as a proportion of the amount of N applied may be low in the northern region as 
in-crop rainfall is often low. Increasing N rates reduces N use efficiency further. The tactical use of N fertilisers 
will continue to supplement the supply of N from the soil; however the most sustainable and low risk way of 
increasing soil N appears to be through planting leguminous crops and pastures. 

There may be a small protein advantage in planting varieties that achieve higher grain protein concentrations 
for a given yield level; such as has been shown with Longreach Spitfire . However variety choice only plays a 
small part in long term management of soil N.   
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Background

Grain protein was a crucial issue for growers in the past two seasons. For the 2011 harvest, there were large 
premiums (up to $80/tonne) paid for AH and APH grades over ASW and APW. The loss of payments for protein 
increments within grades (the old “Golden Rewards”) and the volatility of prices during harvest added further 
complications. While the premiums for these grades are not guaranteed, they have encouraged growers in 
central and southern NSW to select varieties acceptable for these grades. There has also been considerable 
discussion among growers and agronomists as to whether some varieties achieve higher grain protein than 
others when grown under the same conditions.

Nitrogen nutrition and grain protein

Grain protein is determined by the balance between the N requirement of a crop and the supply of N to that 
crop, as well as by environmental conditions during grain filling. The N requirement of a crop is set by the water-
limited yield (stored moisture plus in-crop rainfall), the crop species (e.g. wheat, barley, canola), the desired 
grain protein and crop management (disease, phosphorus supply, weed control and sowing time).  
The N supply for crops in the lower rainfall areas comes mainly from decomposing organic matter and this is 
controlled by the amount of organic matter, the quality of the organic matter (carbon to nitrogen ratio, particle 
size, age), soil type and suitable conditions of temperature and moisture for mineralisation. Fertiliser N usually 
accounts for a small proportion of total N supply but can still be crucial for achieving desired yield and protein 
targets.  
 
Optimising N supply is difficult in western regions given the highly variable seasons. Excessive application of N 
may increase water use early in the growing season leading to greater water stress during flowering and grain 
fill, resulting in poor grain set or shrivelled grain. Insufficient N may limit grain yield and grain protein, reducing 
profitability. Within a given season, fertiliser rate and timing are the major tactical tools used for N management. 
Applications of N at sowing or up to the start of stem elongation can increase crop biomass, grain number and 
grain yield whereas later applications (around anthesis or GS61) have little influence on grain yield but can 
drive a significant protein response.  
 
The time course of N uptake by a wheat crop at Condobolin is shown in Figure 1. Early growth consists 
predominantly of leaves and while these have a high N concentration the low dry matter at this stage means 
that the total requirement is low (Figure 1). Demand is greatest during stem elongation and ear emergence, a 
period of rapid dry matter production, during which about 60% of total uptake occurs. This explains why N 
fertiliser application during tillering can be very effective for yield, provided conditions are suitable for N uptake.
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Figure 1. Relationship between growth stage and accumulated uptake of nitrogen by a wheat crop, expressed 
as a percentage of the total uptake.

 

Much of the N that is converted into grain protein is taken up before flowering, stored in the leaves and stems 
and remobilised during grain filling. Protein synthesis continues in the grain throughout filling, the rate of N 
accumulation being almost linear (Figure 2). Water stress or high temperatures during grain fill can result in 
high protein percentages because these conditions tend to reduce starch synthesis more than protein 
synthesis. In this example, the low stress treatment took up sufficient N to achieve a grain protein level close to 
the stressed treatment.

 

Figure 2. Influence of water stress on wheat grain growth and nitrogen accumulation in the field at Condobolin.  
Water stress was applied before and after anthesis (Early + late).  Final protein concentrations were 13.6% 
(Low) and 14.4% (Early + late).

 

 As the rate of N supply is increased, yield will generally increase to a maximum level, whereas protein may 
continue to increase with further N application. This is demonstrated by the results from a trial at Parkes in 
2011, sown as part of the VSAP project (Figure 3). Wheat yield was responsive to N fertiliser but at a reducing 
rate where N was applied in 30 kg/ha increments. Yield was maximised with N application of 90 kg/ha. Protein 
increased linearly for each 30 kg/ha increment up to 120 kg/ha N. In this trial, yield appeared to be maximised 
at a grain protein concentration of 11.2 %, a useful ‘rule of thumb’ in deciding whether a crop was yield limited 
by N.
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Figure 3. Grain yield (t/ha) and protein concentration (%) for 10 wheat varieties with 0. 30, 60, 90 or 120 kg/ha 
applied nitrogen, Parkes 2011.

 

Grain protein by variety interactions

It is generally considered that there are only minor differences among commercial varieties in regard to grain 
protein accumulation. However, there have been suggestions from growers and agronomists that, relative to 
other varieties, Gregory has a lower grain protein concentration. It must be noted though that Gregory has 
demonstrated wide adaptation across grain growing regions in New South Wales with high relative yields, good 
resistance to stripe rust, high level of tolerance to root lesion nematode (Pratylenchus thornei), flexibility with 
sowing date and classification as an AH or APH variety depending on the region.

NVT data

Variety comparisons for protein accumulation are difficult because of the ‘dilution’ effect from variations in grain 
yield. In a preliminary study, the relationship between grain yield and protein was examined using results from 
the NVT trial network. This approach has some limitations as the protein measurements are not replicated at 
each site and it was not possible to weight individual sites according to the precision of the trial, but the large 
number of sites lends confidence to the findings. Gregory was compared to Sunvale, a variety with similar 
phenology and quality, together with the newly-released Spitfire, using the 103 main season NVT trials (since 
2008) in which all three varieties were present. Across these sites, Gregory was the highest yielding variety and 
Sunvale was the lowest, while Gregory had the lowest and Spitfire the highest grain protein concentration.  
A regression analysis of grain yield and grain protein concentration showed the expected dilution effect, with 
protein decreasing as yield increased. The slope of this relationship was similar for the three varieties, grain 
protein decreasing by 0.6 percentage units for each 1 t/ha of yield increase. However, grain protein at any yield 
level differed significantly (P<0.001) among varieties, with the value for Gregory being 0.8 lower than Sunvale. 
This lends support to the observations made by growers and agronomists but the magnitude of the difference is 
probably not enough to influence variety choice. In contrast, Spitfire protein values were 1.5 units higher than 
Gregory across all yield levels.  
Varietal differences in grain protein concentration and the relationship between yield and grain protein were 
examined further using information from the GRDC-funded VSAP project, using a sowing time trial at 
Condobolin and N use efficiency trials at Condobolin and Parkes, all conducted in 2011.

Condobolin sowing date trial

 
Grain yield and protein values for 14 main season wheat varieties sown on three dates at Condobolin in 2011 
are presented in Figure 4. Gregory (and Waagan) grain protein values were significantly lower than the other 
varieties (11.6 cf. 12.7) whereas Spitfire was much higher (14.4 cf. 12.7). All varieties followed the trend of 
reduced protein with increased yield, at a rateof 0.6 percentage units for each 1 t/ha of yield increase. The 
lower protein of Gregory was only partly explained by its grain yield, while Spitfire achieved greater protein 
concentration than other varieties at all yield levels.
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Figure 4. Grain yield and grain protein of 14 main season wheat varieties for 3 sowing dates at Condobolin, 
2011.  the trendline (excluding Gregory and Spitfire) shows taht grain yield and grain protein were negatively 
correlated (R2 = 0.74). LSDs were 0.30 (yield) and 0.27 (protein).

Condobolin NUE trial

The Condobolin NUE trial contained nine wheat varieties sown at 5 N rates. There was no significant effect of N 
rate on grain yield but the effect on protein was significant with protein increasing with rates of applied N. As for 
the sowing time trial, there was a negative correlation between grain yield and grain protein concentration, and 
Gregory did not differ from other varieties. Once again Spitfire was an exception achieving a protein 
concentration about 1.5 units higher than expected from its yield.

 

Figure 5. Grain yield and protein for nine wheat varieties averaged across five nitrogen rates at Condobolin in 
2011.  The trendline shows that, excluding Spitfire, grain yield and grain protein concentratioon were negatively 
correlated (R2 = 0.69).

Parkes NUE trial

At Parkes nine wheat varieties were sown at five N rates, from 0 to 120 kg/ha. Eight of the nine varieties 
(including Gregory) followed the general negative correlation between grain yield and grain protein 
concentration. The exception was Spitfire which produced a relatively high grain protein concentration at a high 
yield level (Figure 6). The slope of the protein dilution relationship at this site was quite steep (3% protein per 
t/ha), and gross returns may have been higher with a lower yielding variety (e.g. CrusaderA, SunvexA) 
achieving a higher grain protein.
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 Figure 6. Grain yield and protein for nine wheat varieties averaged across five nitrogen rates at Parkes in 
2011.  The trendline shows that Spitfire, grain yield and grain protein concentration were negatively correlated 
(R2 = 0/76). LSDs were 0.24 (yield) and 0.35 (protein).

Discussion

The analysis of NVT data and the 2011 trial results confirmed the negative correlation between grain yield and 
grain protein concentration, although the slope of the relationship varied greatly among sites. For the biggest 
data set, the NSW NVT trials, grain protein decreased by 0.6 percentage units for each 1 t/ha of yield increase 
for the three varieties examined. The relative importance of yield and protein will depend on grain prices and 
particularly the spread between grades. The situation is further complicated by the re-emergence of “cliff-face” 
pricing and by price volatility at harvest time.  
The results also suggest that Gregory may sometimes achieve somewhat lower protein concentrations at a 
given yield level than other mainstream varieties. In the NVT trials, Gregory was 0.8 percentage points lower 
than Sunvale, and at Condobolin it also fell below expected proteins for its yield level in some comparisons. In 
others, it grouped closely with other varieties on the yield/protein relationship, achieving lower protein levels 
only as a result of higher yield. Overall, the magnitude of the difference from other varieties is probably not 
enough to influence variety choice, given the high yield and other attributes of Gregory.  
 
The performance of Spitfire was particularly interesting. In the NVT trials, Spitfire achieved protein 
concentrations that were 0.6 % units higher than Sunvale and 1.5% higher than Gregory. In the 2011 trials, 
Spitfire had protein values 1.5 to 2.5 % units higher than other varieties at the same yield level. These findings 
need to be confirmed and work is underway to investigate the mechanisms of this response. Meanwhile, 
producers and agronomists are advised to treat this information cautiously and select varieties based on their 
overall agronomic package rather than on one trait in isolation.  
While this paper has focussed on genotypic responses, these play a relatively minor role in determining grain 
protein compared to N nutrition and environmental conditions during grain filling. Future work within the VSAP 
project will investigate whether N rates or timing should vary for different varieties, especially with regard to 
varieties such as Gregory and Spitfire.
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Date: 05.03.2013 

Low protein: is it timing decision making or something else?

Chris Dowling, Back Paddock Company

Take home message

Low protein in cereal grains is indicative of poor nitrogen supply to the grain during the grain fill period. This is 
influenced by factors such as the location and concentrations of mineral nitrogen resulting from fallows and 
application of fertilisers, fallow soil moisture amount and soil profile distribution, seasonal rainfall and 
temperature patterns, and crop species and varietal genetics. Contributing factors in the 2012 crop included: 

Long term loss of soil nitrogen supply elasticity as a result of organic matter decline•
General lack of legumes in rotations•
Record wet summers prior to the 2012 winter crop•
High yields in crop preceding 2012 winter crop•
Summer 2011/12 denitrification events•
Fertiliser N management strategies – quantity and timing•
Dry spring – subsoil finish - moisture and available nitrogen dislocation•

Does the 2012 outcome mean that we have the foundations of N nutrition wrong? No, the soil N cycle is still the 
same, but we need to heed the low protein warnings. These warnings suggest that “set and forget” nitrogen 
management of the past was a legacy of the fortunate combination of soil organic N reserves and climate and 
this may need to change. With increasing impact of factors such as declining N reserves and apparent 
increasing varietal difference in N use, nitrogen management especially for high grain protein may well need 
more considered in-season management oversight and different N management options for the future. 

What is low protein in cereals telling us?

In essence, low protein content in cereal grain is symptomatic of the inability of the soil and/or dry matter mass 
of the crop to maintain an adequate nitrogen (N) content to maintain a protein content relative to grain yield. In 
reviewing the 2012 season it is pertinent to review what constitutes low grain protein.  

Grain protein can be an important measure of crop performance from both economic and agronomic 
perspectives. From an economic perspective the dollar value of some in cereal crops is directly or indirectly 
related to it grain protein content, while from an agronomic perspective it is a reasonable barometer of seasonal 
adequacy of nitrogen supply. In recent years the benefit of higher protein has been negligible from an economic 
perspective due to the low premiums. Selection of wheat varieties with yield advantages at the expense of 
protein have frequently provided the best economic return (Table 1) and now dominate crop areas. This may be 
influencing protein averages in many districts.

Table 1:  Quantity of grain required to provide equivalent income as grain premium at a range of base grain 
prices. (e.g. at base grain price of $300  and a varietal yield advantage of 10 % it would take a grain price 

difference of $27.30/t to provide the equivalent income.)
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For wheat grown in northern NSW and Qld achievement of grain protein of 11.5 – 12.5 % in varieties with hard 
classification is thought to indicate optimisation of N availability (quantity and location) for the seasonal moisture 
availability (quantity and timing) (Figure 1). This protein range also includes the 90 % Relative Yield (RY) point 
that is commonly associated with economic optimum.

Figure 1: Grain protein % reflects the seasonal adequacy of nitrogen supply

Agronomically, grain protein also provides a historical perspective of the risk associated with having added 
more N (Table 2), and the likely residual soil N at the commencement of the next fallow (Figure 2).

Table 2: Probability of grain yield increase from added nitrogen based on historical grain protein % (Strong 
2000)
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Grain Protein Frequency of response to applied nitrogen 

<12.5% 8/10

<11.5 % 9/10

<10.5 10/10

  

 

Figure 2: Post harvest soil residual nitrate-N is related to grain protein in wheat

How and when does protein get into the grain?

After flowering as grain is developing, N in the form of amino compounds derived from breakdown of proteins in 
other plant parts such as leaves and stems and nitrate from the soil are transported to the grain where it is 
deposited. Translocation of N from the crop biomass to grain is dominantly via the glumes, and upper leaves 
and where functional the roots (Figure 3). Damage to these plant parts post-anthesis can significantly affect 
both yield and protein content.

Deposition of both starch and protein take place during this period, starch deposition beginning about 1 week 
after anthesis with storage proteins first appearing in the endosperm about 10 days after anthesis. Grain fill has 
two components, rate and duration; both are under genetic and environmental controls.

Starch deposited in grain is mostly derived from CO2 fixed during grain fill whereas grain protein is largely 
derived from N absorbed and assimilated in earlier stages of growth and stored throughout the plant in a 
soluble form or as protein that is subsequently re-mobilised for deposition in grain. Climatic conditions such as 
cool temperatures and good availability of moisture that prolong grain fill favour high yield but frequently at the 
expense of grain protein %.
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Figure 3:  Movement of nitrogen compounds to the grain for deposition as protein after flowering. (from 
Simpson et al. 1983)

Starch deposited in grain is mostly derived from CO2 fixed during grain fill whereas grain protein is largely 
derived from N absorbed and assimilated in earlier stages of growth and stored throughout the plant in a 
soluble form or as protein that is subsequently re-mobilised for deposition in grain. Climatic conditions such as 
cool temperatures and good availability of moisture that prolong grain fill favour high yield but frequently at the 
expense of grain protein %.

Stems and leaves are the most important reserves of N. Each may contribute 30 % of the protein deposited in 
the grain. Environmental events (hail, frost, insect damage, disease) that reduce and cause traumatic death of 
stem and leaf tissue may significantly affect the N supply for grain fill. Contribution from the root is small, about 
10 %. The glumes may contribute 15 % but more importantly act as a temporary site for deposition of N in early 
grain fill. Diseases such as head blights and melanism may also impact on grain N though a reduction in 
function of the glumes.

Grain fill is considerably affected by environmental factors, N nutrition and water balance being the most 
important. Depending on the nature and timing of the stress, starch deposition and /or protein deposition may 
be affected.

Elevated temperature (>30 oC) post-anthesis may cause premature cessation of starch deposition in the 
endosperm even with adequate water supply (pinched grain). Protein deposition is largely unaffected by 
temperature. Water stress will cause similar poor deposition, starch deposition being more sensitive than 
protein. It has been postulated that wheat varieties that sacrifice grain protein content for higher yield (e.g. EGA 
Gregory ) may be less sensitive to temperature during grain fill and therefore able to maintain starch production 
and grain weight for a longer period.

Protein and starch deposition are not always synchronous, the rate and duration being mostly independent 
events. The rate of protein deposition may reach its peak earlier than starch, explaining higher protein in grain 
when grain fill is shortened by high temperature or lack of moisture.
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Every season presents us with a different set of environmental and biological circumstances that culminate in a 
grain yield and protein outcome that can largely be explained by events that affect the processes described 
above. 

How does grain protein relate to soil and fertiliser nitrogen?

A multitude of factors affect the pathway of N from the soil to the grain and hence influence grain protein.  The 
rate of nitrogen fertiliser applied is an attempt to bridge the gap between the nitrogen a soil can supply 
(mineralisation plus residual mineral-N minus denitrification), the crop demand for the season, and the 
efficiency of the crop accessing and transferring soil and fertiliser N to grain (Figure 4).

Figure 4: Gross seasonal nitrogen budgets – winter cereal

When the system fails and yield and/or grain protein are below optimum the causes can generally be put into a 
couple of major categories

Insufficient nitrogen available across the season from the soil (inadequate quantity) 1.
The combination of mineralisable N and fertiliser N does not match the yield potential as 
determined by climatic conditions. The decline in soil organic matter has also seen a parallel and 
related decline in soil N supply capacity (Figure 5). If the decline in organic N supply is not 
matched by a parallel increase in N from other sources (fertiliser, recycle organics, legume) with 
equivalent uptake efficiency then yield and /or grain protein will decline.

◦

Nitrogen loss prior to crop access – denitrification depletes the mineral N pool that is derived from 
both mineralisation of organic N and fertiliser N residues. Where in the past it was thought that 
most denitrification was limited to the surface soil, recent anecdotal evidence suggests that under 
some circumstances denitrification may be occurring down to 60 cm where decaying root 
systems are present at the time of waterlogging.

◦

Page 5 of 11Low protein: is it timing decision making or something else? - Grains Research & De...

19/12/2013http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/...



Figure 5: Soil organic carbon capacity to supply annual crop nitrogen demand at three levels of grain 
yield (assumptions:  soil C/N ratio = 11, annual mineralisation % total N = 5)

Sufficient nitrogen available but not taken up (low efficiency) 2.
Nitrogen available to the crop not accessed -  located in dry soil or hostile (salinity, sodicity, 
nutrient toxicity, density) soil

◦

Low supply of another key nutrient such as phosphorus that can affect N acquisition.◦

Nitrogen not transferred to the grain (internal nitrogen use efficiency) 3.
Variety – based on the NVT trials data there appears to be reasonably significant and consistent 
difference in cereal varieties in their apparent nitrogen efficiencies (Figure 6) and their yield – 
protein balance (Figure 7). Dominance of a particular variety can bias the average protein 
outcomes of a district and region. 

◦

Low supply of another key nutrient such as  potassium, sulphur and  zinc that can affect  internal 
use efficiency 

◦
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Figure 6: Relative wheat varietal nitrogen uptake performance assessed by grain nitrogen content (kg/ha) – 
Qld and NW NSW NVT Trials - 2011
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Figure 7: Relative grain yield – grain protein performance of wheat varieties, NW NSW NVT Trials 2010 and 
2011.

What happened in 2012?

In any unexpected event, such as industry-wide low grain protein in dryland crops in 2012, the causes can 
generally be understood with the clarity of hindsight but prediction is frequently difficult. Prediction is clouded by 
complexity and uncertainty, particularly where weather events are a large component of the unknown. In the 
2012 winter crop the combination of near term extremes such as the wet summer fallows and denitrification, 
small cumulative effects such as the depletion of subsoil mineral nitrogen reserves (built up during the mid-
2000s drier seasons) by the crops in 2009 and 2010 as well as organic matter decline, and the seasonal 
growing conditions combined to create conditions where low protein was inevitable and probably reasonably 
predictable.

Low protein in cereal grains is indicative of poor nitrogen supply to the grain during the grain fill period. This 
can, and was, influenced by factors such as location of concentrations of mineral nitrogen in the soil, soil 
moisture, seasonal rainfall and temperature patterns and crop species and variety genetics. 

Identified significant contributing factors in the 2012 crop included:

Long term loss of soil nitrogen supply elasticity as a result of long-term organic matter decline.•
General lack of legumes in rotations to supplement background organic matter nitrogen.•
A record wet summer prior to the 2012 winter crop leading to significant denitrification through the soil 
profile.  Soil test data from autumn 2012 suggests that many paddocks had no benefit from normal 20 – 
50 kg/ha summer fallow N mineralisation due to losses from waterlogging or the >20 kg/ha residual 
mineral N present in the post-harvest ( Figure 2).

•

High yields in crop preceding 2012 winter crop creating low mineral N availability in the subsoil.•
Fertiliser N management strategies – quantity and timing unsuited to the seasonal soil moisture use 
pattern. Due to the wet summer and autumn, N was applied in late autumn and into full soil profiles. As a 
consequence there was little possibility for movement of fertiliser N away from the application zone.

•

Dry spring – depending on the sowing dates of the crop, from mid-tillering or noding onward, many crops 
were dependent on reserves of soil moisture and mineral N below 30 cm because the last effective 
rainfall was in July.  This meant that greater than 60 % of the above ground dry matter was grown with 
adequate moisture from subsoil reserves but limited nitrogen. During grain fill, the low N reserves in the 
biomass appears to have been sufficient to sustain yield but was not sufficient to maintain protein. After 
long fallows where there was generally more N in the subsoil, despite denitrification, grain proteins were 
frequently significantly higher.

•

Widespread adoption of varieties that are yield dominant at the expense of grain protein content.•
Apparent low soil N transfer efficiency (% of soil and fertiliser N in the grain) in N Budgets resulting from 
underestimate of denitrification loss and possible stranding of fertiliser nitrogen during the period of 
majority of dry matter accumulation.

•

Plant tissue analysis for N prior to first node does not appear to provide any information about final 
protein.

•

Not all of the above conditions were necessarily active in each case but the widespread seasonal low protein 
outcomes suggest a number of these conditions were present for many growers in 2012.

How do we avoid or adapt to the low protein challenge?

Ignore it! The protein price premium signals are not sufficient to forgo yield or chase protein.•
Consider varietal performance in relation to N use. As for pest and diseases select a variety with it 
reaction to N supply in mind.

•

Know your situation – don’t ignore the signs from previous crop outcomes.  Frequent occurrence of low 
protein indicates N supply is not well matched to water supply.

•

Recognise that high protein now needs to be a planned outcome and may be less frequently a 
consequence of the season.

•

Measure to manage. Need to consider a range of tools to establish N management strategies, tactics 
and monitor seasonal progress. Soil testing 3 months before the crop is sown may be a good starting 
point for seasonal N but it should not be the only consideration.

•

Rethink “set and forget” – there is no right rate of N to achieve a particular yield and protein outcome, but 
there is a range of acceptable and unacceptable yield and grain protein outcomes from N that are 
available (Figure 8). The outcomes can be biased in positive direction using a combination of paddock 
and variety selection and judicious use of the 4 Rs (Right Product, Right Rate, Right Timing and Right 
Placement) for N fertiliser management.

•

New fertiliser strategies – higher efficiency products and strategies, application timing for protein only?•

Page 9 of 11Low protein: is it timing decision making or something else? - Grains Research & De...

19/12/2013http://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/03/...



Figure 8: A range of grain yield and protein outcomes based on a range of  soil and fertiliser N availability and  
standard nitrogen transfer efficiencies associated with grain protein%.  Total crop N supply 60 (No N added), 90 
(Low), 120 (Expected) and 150 (High) kg/ha N.
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