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Abstract: 

Gairdner and Baudin are two high yielding, medium spring maturity barley cultivars being grown in Western 
Australia.  Under high yielding situations, Gairdner is susceptible to low grain protein.  Gairdner grain with 
protein levels below 9% is deemed as being unsuitable for use as malting.  Growers however are reluctant to 
use high rates of nitrogen on Gairdner barley due to the risk of high grain screenings and increased lodging 
risk.  The new malting barley cultivar Baudin differs from Gairdner in three key agronomic traits - grain 
plumpness, straw strength and head loss.  Small plot trials were set up to evaluate the response of Gairdner 
and Baudin to nitrogen, applied as single or multiple applications up to 12 weeks after sowing (WAS).  
Baudin was found to show the same grain yield and grain protein response to applied nitrogen as Gairdner.  
Whilst grain plumpness in both cultivars was sensitive to increasing nitrogen application in nitrogen 
responsive situations, screening levels in Baudin were consistently lower than Gairdner.  Baudin’s enhanced 
grain plumpness, in combination with stiffer straw and lower head loss risk, suggests that growers can have 
more confidence in sowing Baudin into situations with higher levels of nitrogen application or onto paddocks 
with higher background fertility than they currently have with Gairdner.  Therefore it should be easier to 
manage grain protein levels in Baudin and still deliver grain below the 20% malting barley screenings limit.  
There was little evidence for any major differences in grain yield, grain protein or screenings between 
applying a set nitrogen fertiliser application at 4 or 8 or 12 WAS as a single application or splitting it 
between 4 and 8 WAS or 4, 8 and 12 WAS.  That is, timing made little difference to grain yield and grain 
quality.  The results indicate, however, that where nitrogen was applied at 12 WAS, the timing may have 
contributed to high grain protein levels (up to 0.5% higher) without increasing screenings levels or changing 
grain yield.  The implication of this result is that post-seeding nitrogen may be delayed until 12 WAS when 
both varieties are completing tillering and beginning stem elongation.  In seasons with a dry finish, delaying 
nitrogen til 12 WAS may however result in a lower grain yield being achieved. 
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Introduction: 

Stack average grain protein levels for Gairdner barley have been a problem for the Grain Pool of WA since 
its release in 1998.  Some Gairdner bins are consistently averaging grain protein levels below 9.5%, levels 
not acceptable for the international malting market.  Examples of such bins are Scaddan, Gibson and Darkan.  
As a consequence of continued low protein deliveries, penalties have been introduced to discourage delivery 
of low protein grain.  Gairdner grain with a protein level below 9% protein is now classified as feed, whilst 
Stirling grain is not classified as feed until grain protein levels are below 8.5%. 
 
Previous research in Western Australia has shown that Gairdner is a low protein variety (3) and this has been 
confirmed by research in Victoria (1).  It appears that Gairdner has a lower efficiency at transferring biomass 
nitrogen to the grain.  One of the main reasons that growers are reluctant to increase their nitrogen 
application, or sow Gairdner on legume stubble, to improve grain protein is due to the risk of lodging and the 
production of small grain.  Limited data suggests that split applications of nitrogen, with the second 
application delayed until 8 weeks after sowing (WAS) rather than the traditional 4 WAS, appears to improve 
the ability to manage grain protein in Gairdner.  
 
With the release of Baudin, Gairdner growers have the opportunity to switch to a variety with improved 
resistance to lodging (due to shorter and stronger straw), plumper grain and a similar yield potential (2).  
Like Gairdner, Baudin has the potential to produce low protein grain, particularly when grain yields are 
above 4 t/ha.  The reduced straw length of Baudin however offers barley growers in the southern region the 
option of applying more fertiliser nitrogen or sowing onto legume stubble, as the risk of lodging is 



significantly reduced.  The aim of this project was to compare the efficiency of different timings and rates of 
nitrogen supply on grain protein levels in Gairdner and Baudin barley. 
 
Methods: 

Research and nitrogen application 
Research trials in this paper were sown after canola at four locations in 2003 (Darkan, Gairdner River, 
Scaddan and Gibson) and at three locations in 2004 (Darkan, Gairdner River and Gibson).  These locations 
were chosen as they are environments where stack average grain protein levels for Gairdner have been 
consistently low. 
 
Plots were sown with a small plot air-seeder sowing between 6 to 8 rows on 25 to 18 cm row spacing.  Seed 
was drilled at 3 cm with a compound fertiliser supplying 20 kg N/ha.  Fertiliser nitrogen was applied as urea 
(46% N) and topdressed onto the soil surface in different combinations of 4, 8 and 12 WAS in single and 
split applications.  The rates of nitrogen applied were determined from an analysis conducted in the “Select 
Your Nitrogen” (SYN) computer program and are found in Table 1.  SYN is a decision support tool for 
quantifying nitrogen availability and crop response in broad acre farming systems developed by Art Diggle 
and Bill Bowden, Department of Agriculture Western Australia. 
 
Table 1. Predicted grain yield (t/ha) and grain protein (%, db) for barley with a potential yield of 4 
t/ha, using different rates (kg N/ha) and timings of applied nitrogen (4, 8 or 12 WAS).  Barley sown on 
a sandy surfaced soil with 1% organic carbon following a canola rotation. 

Drilled N     
(kg N/ha) 

Topdressed 
(kg N/ha) 

  Total N 
applied 

Predicted grain 
yield 

Predicted grain 
protein 

Seeding 4 WAS 8 WAS 12 WAS (kg N/ha) (t/ha) (%, db) 
20 0 0 0 20 2.9 9.3 
20 30   50 3.4 9.8 
20 60   80 3.8 10.4 
20 90   110 3.9 11.1 
20 120   140 4.0 11.7 
20  30  50 3.3 9.6 
20  60  80 3.5 9.9 
20  90  110 3.7 10.3 
20  120  140 3.9 10.7 
20   60 80 3.2 9.5 
20   120 140 3.4 9.8 
20 30 30  80 3.7 10.1 
20 20 20 20 80 ?a ? 
20 60 60  140 4.0 11.3 
20 40 40 40 140 ? ? 

aSelect Your Nitrogen calculator is unable to predict performance when nitrogen is applied at four timings. 
 
Grain yield and physical grain quality determination 
Grain yield was collected from 20 m long plots using an experimental harvester.  The harvested samples 
were cleaned and de-awned through a Pfeuffer Sample Cleaner Model SLN3 with a 1.5mm cleaning screen.  
Screenings were calculated as % of grain passing through a 2.5mm slotted sieve and were determined by 
placing approximately 100g of barley on a Pfeuffer Sortimat with a three stack setup (2.8, 2.5 and 2.2mm 
slotted sieves) for 2 minutes.  Grain protein (%, db) was estimated on a Foss Systems NIRS6500 using 
calibrations developed at the Department of Agriculture, South Perth (Allen Tarr and Stefan Harasymow). 
 
Results: 

Rate of applied nitrogen 
Of the seven sites sown over 2003 and 2004, only four produced grain within that was suitable for use as 
malting.  At those four sites (Darkan 2003 & 2004; Scaddan 2003 and Gibson 2004), the grain protein and 
screenings level averaged below 10% in the basal treatment of 20 kg N/ha (Table 2).  At the other three sites 
(Gairdner River 2003 and 2004 and Gibson 2003), where low rainfall was experienced during the grain 
filling period, grain protein levels were above 11% and screening levels were above 25% for the basal 
treatment of 20 kg N/ha (Table 3). 



Table 2. Grain yield and grain quality of Gairdner and Baudin barley where 20 kg N/ha was drilled 
with the seed and the balance of the nitrogen was topdressed at 8 weeks at sites where screenings 
<25%. 

 Total N applied (kg N/ha) 
Variety 20 N 50 N 80 N 110 N 140 N 

 Grain yield (kg/ha) 
Gairdner 3,223 3,847 3,784 3,933 3,939 
Baudin 3,436 3,622 3,857 3,999 3,996 

 Grain protein (%, db) 
Gairdner 9.4 10.3 10.8 11.4 12.2 
Baudin 9.8 10.3 10.7 11.5 11.6 

 Grain protein yield (kg/ha) 
Gairdner 305 398 409 449 481 
Baudin 338 373 414 459 464 

 Screenings (%<2.5mm) 
Gairdner 7 10 12 15 18 
Baudin 3 5 7 8 10 
 
At sites where the grain was suitable for delivery as malting (Table 2), grain yield, grain protein, grain 
protein yield and screening levels increased in both cultivars as the supply of nitrogen increased.  Grain yield 
increased from 3.3 t/ha to 4.0 t/ha, grain protein from 9.6% to 11.9%, grain protein yield from 320 to 470 
kg/ha and screenings from 5% to 14% (Table 2).  The average grain protein found at these sites matched 
very well with that recommended by the computer model “Select Your Nitrogen” or SYN, developed by the 
Department of Agriculture, for a 4-t ha nitrogen non-limited grain yield target.  Grain yield increases were 
non-linear, with grain yield reaching a plateau at higher nitrogen levels, whereas increases in grain protein 
and screenings were almost linear.   
 
The grain yield and grain protein of Gairdner and Baudin was similar at each level of applied nitrogen.  For 
example, at 80 kg N/ha applied the grain yield of Gairdner was 3.8 t/ha at a grain protein of 10.7% compared 
to Baudin with a grain yield of 3.9 t/ha at a grain protein of 10.8%.  Total protein yield was also similar.  The 
key difference between Gairdner and Baudin was in their grain plumpness.  At each level of nitrogen supply 
screening levels in Baudin were nearly half of those found in Gairdner. 
 
Table 3. Grain yield and grain quality of Gairdner and Baudin barley where 20 kg N/ha was drilled 
with the seed and the balance of the nitrogen was topdressed at 8 weeks at sites where screenings 
>25%. 

 Total N applied (kg N/ha) 
Variety 20 N 50 N 80 N 110 N 140 N 

 Grain yield (kg/ha) 
Gairdner 2,917 3,059 2,834 2,752 2,789 
Baudin 2,819 2,814 2,808 2,786 2,703 

 Grain protein (%) 
Gairdner 11.2 12.1 13.4 13.8 14.0 
Baudin 11.4 11.9 12.6 13.3 13.9 

 Grain protein yield (kg/ha) 
Gairdner 327  369  378  381  391  
Baudin 320  334  353  371  376  

 Screenings (%<2.5mm) 
Gairdner 38 44 54 52 58 
Baudin 37 42 50 57 62 
 
At sites where the grain was unsuitable for delivery as malting (Table 3), grain yield was unresponsive to 
applied nitrogen whilst grain protein, grain protein yield and screenings generally increased.  Grain yield 
averaged around 3.8 t/ha while grain protein increased from 11.3% to 14.0%, grain protein yield from 320 to 
380 kg/ha and screenings from 38% to 60%.  Because the nitrogen non-limited yield did not reach 4.0 t/ha at 



these sites, predicted results from SYN did not match what occurred in the field.  Increases in grain protein 
and screenings were almost linear with increasing nitrogen supply. 
 
As at the sites where screenings levels were below 25%, the grain yield, grain protein and grain protein yield 
of Gairdner and Baudin was similar at each level of applied nitrogen at sites where screenings levels were 
above 25%.  At these higher screenings sites however, screenings of Gairdner and Baudin were similar. 
 
Table 4. Grain yield and grain quality of Gairdner and Baudin barley where 20 kg N/ha was drilled 
with the seed and where a total of 60 kg N/ha was topdressed in single or multiple applications at sites 
where screenings <25%. 

 Total N applied (kg N/ha) 
Variety Single 

4WAS 
Single 
8WAS 

Single 
12WAS 

Multiple 
4+8WAS 

Multiple 
4+8+12WAS 

 Grain yield (kg/ha) 
Gairdner 3,744 3,784 3,758 3,814 3,716 
Baudin 3,829 3,857 3,869 3,778 3,959 

 Grain protein (%) 
Gairdner 10.7 10.8 11.1 10.8 10.8 
Baudin 10.5 10.7 11.0 10.5 10.9 

 Grain protein yield (kg/ha) 
Gairdner 401 409 418 410 401 
Baudin 400 414 424 398 431 

 Screenings (%<2.5mm) 
Gairdner 11 12 13 12 11 
Baudin 6 7 5 7 7 
 
Timing of applied nitrogen 
At the sites where the grain was suitable for delivery as malting, the optimum protein level (between 10% to 
11%) was achieved at 80 kg N/ha total nitrogen application (Table 2).  The data in Table 2 was for situations 
where the top-up nitrogen was applied at 8 WAS.  The question is, if the 80 kg N/ha was applied earlier or 
later, or in multiple applications rather than single applications, would this have affected the response of 
either cultivar? 
 
Table 5. Grain yield and grain quality of Gairdner and Baudin barley where 20 kg N/ha is drilled with 
the seed and where a total of 60 kg N/ha was topdressed in single or multiple applications at sites 
where screenings >25%. 

 Total N applied (kg N/ha) 
Variety Single 

4WAS 
Single 
8WAS 

Single 
12WAS 

Multiple 
4+8WAS 

Multiple 
4+8+12WAS 

 Grain yield (kg/ha) 
Gairdner 3,027 2,834 2,810 2,948 2,947 
Baudin 2,947 2,808 2,741 2,985 2,900 

 Grain protein (%, db) 
Gairdner 12.7 13.4 13.1 13.3 12.7 
Baudin 12.8 12.6 13.2 12.7 13.1 

 Grain protein yield (kg/ha) 
Gairdner 383 379 367 391 373 
Baudin 376 353 362 380 380 

 Screenings (%<2.5mm) 
Gairdner 52 54 52 54 49 
Baudin 50 50 57 51 57 
 
The results from small plot trials suggest that the timing of nitrogen supply had little effect on grain yield, 
grain protein and screenings in Gairdner and Baudin (Table 4).  The last application at 12 WAS occurred 
around the growth stage of stem elongation.  The data suggests that whilst overall timing had little effect on 
grain protein, the application of nitrogen at 12 WAS may increase the grain protein concentration by up to 



0.5% without any effect on grain yield or screening levels.  Even at sites where grain filling moisture was 
low, delaying nitrogen application until 12 WAS did not appear to have been detrimental to grain quality 
(Table 5).  In these situations however, grain yield was slightly lower than if it was applied at 4 weeks after 
seeding. 
 
Discussion 

Our research shows that, like Gairdner, low protein deliveries may also be a problem with Baudin barley in 
high yielding situations.  Small plot trials have demonstrated that grain plumpness in both Gairdner and 
Baudin is sensitive to applied nitrogen, ie. screenings will increase in both nitrogen responsive and non-
responsive situations as nitrogen supply is increased.  In nitrogen responsive situations, screening levels in 
Baudin were lower than Gairdner.  Baudin’s enhanced grain plumpness, in combination with stiffer straw 
and lower head loss risk, suggests that growers can have more confidence in sowing Baudin into situations 
with higher levels of nitrogen application or onto paddocks with higher background fertility than they 
currently have with Gairdner.  Therefore it should be easier to manage grain protein levels in Baudin and still 
deliver grain below the 20% malt limit.  Matching grain protein levels to the yield potential of the varieties, 
rotation, soil type and season is critical to ensuring that their protein levels are above 9% and below 13%.  
 
A grain protein level of just over 10.5% was achieved when 80 kg N/ha was applied (20 kg N at seeding and 
60 kg N topdressed at 8 WAS).  However, the question is, if we applied the topdressed nitrogen earlier at 4 
WAS or in multiple applications, did it make any difference to grain protein and screening levels?  This is 
particularly important in light of farmers’ ability to use liquid nitrogen and apply nitrogen more tactically 
during the season.  Table 4 suggests that there was little difference in grain yield, grain protein or screenings 
between applying a set nitrogen fertiliser application at 4 or 8 or 12 WAS as a single application, or splitting 
it between 4 and 8 WAS or 4, 8 and 12 WAS.  That is, timing made little difference to yield and quality in 
our trials.  The results indicate, however, that where nitrogen was applied at 12 WAS, the timing may have 
contributed to high grain protein levels (up to 0.5% higher) without increasing screenings levels or changing 
grain yield.  It should be noted that stem elongation occurs in Baudin and Gairdner around 12 WAS after 
sowing, so the application of nitrogen at this time coincides with the completion of tillering and may explain 
why there is a slight response in grain protein.  If further trials were to be conducted they would need to look 
at the efficacy of nitrogen applications at and after stem elongation and compare the performance of 
Gairdner and Baudin after legume versus after non-legume crops under various nitrogen management 
strategies. 
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