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Introduction
The Foundation for Arable Research’s Cropping Strategies were introduced in 2011 with the aim of summarising FAR’s 
research results over the last three to five years, and asking what those results mean for crop management. Farmers and 
advisers have consistently asked for concise summaries of “what this research means for me”. This strategy document 
begins with a summary and is followed by examples of consolidated research which forms the basis of the management 
strategies presented.

This Cropping Strategies booklet updates the 2011 Cropping Strategies Issue 1: Nitrogen Application in Wheat, with 
additional trials. It also includes a summary of nitrogen trial work in dryland and irrigated barley. For more in depth information 
on autumn sown dryland feed, biscuit and milling wheat, please refer back to the 2011 edition.

We hope that you find the information presented in this strategy document both interesting and informative.

Rob Craigie

Research Manager, Cereals

 

Other Cropping Strategies available:
Issue 1: Nitrogen Application in Wheat (2011)

Issue 2: Nitrogen in Perennial Ryegrass Seed Crops 
 and 
 Canopy Management Strategy for Autumn Sown Oilseed Rape (2011)

Issue 3: Cereal Disease Management



Summary

Autumn sown irrigated feed wheat
Total N rate
• On average, FAR trials show 300 kg N/ha (soil mineral N (0 to 60 cm depth) + applied N) maximises 

margin over nitrogen cost (MONC).

• The average applied N dose for maximum yield over the ten trials was 229 kg N/ha (range 160 to 
300 kg N/ha). Applied N rates of over 200 kg N/ha were optimum in seven of ten trials.

• On average, FAR N trials show 24 kg of N (soil mineral (0 to 60 cm depth) + applied) is required 
for each tonne of grain to maximise yield. For example, if the yield potential is 10 t/ha the N 
requirement is 240 kg N/ha. Soil mineral N is assumed to be 100% available. No account is taken 
of subsequent N mineralisation during the growing season. This method of N budgeting has the 
disadvantage of needing to forecast the yield.

• The actual amount of N required to maximise yield may vary from the guideline due to variability in 
N mineralisation. Knowledge quantifying the rate of N mineralisation due to variation in soil type, 
soil moisture, soil temperature and crop rotation is limited. 

• Grain protein with optimum N for yield is about 11%. If grain protein is less than 10% it indicates 
insufficient N has been supplied to the crop. Regular monitoring of protein at harvest can provide 
a future guide to N requirement.

Timing
• In general there is no yield loss by delaying N application until GS32 during stem extension and 

then applying the N in two applications 2/3 at GS32 and 1/3 at GS 39.            

• A small earlier (GS25 late tillering to GS30 pseudostem erect) N application (e.g. 40 kg/ha) can 
be beneficial if the spring soil mineral N is low (less than 60 kg N/ha to 60 cm depth) or if the 
crop has had poor establishment or tillering, or for second wheat, if the root system has been 
damaged by take-all.

Effect of increasing cost of N
• The optimal N rate is not very sensitive to increasing N cost. For example, if the cost of N doubled, 

from $1.50/kg to $3/kg, at a grain price of $400/T the most cost-effective rate of N reduces by 
only 20 kg/ha to 290 kg/ha (for a 11.3 t/ha crop). 

Autumn sown irrigated milling wheat
Premium wheat cv Conquest
• On average, 30 kg N (soil mineral N + applied N) is required for each tonne of grain to maximise 

yield. 
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• If adequate N has been applied to maximise yield through stem extension, the margin over N cost does not increase 
with a later GS59 protein dose of N. The grain protein content at maximum yield achieved was in the top price 
bracket for all four trials. Therefore, there was no increase in margin by increasing the grain protein content further. 

• There is evidence, from only one trial (with a soil mineral N of 90 kg/ha, from 0 to 60 cm), that bringing the first N 
application forward to GS30 increased yield while maintaining adequate grain protein content in cv Conquest.

Gristing wheat cv Amarok
• On average, FAR N trials show 30 kg of N (soil mineral N + applied N) is required for each tonne of grain to maximise 

yield.

• For cv Amarok a 40 kg N/ha protein dose at ear emergence (GS59) (in addition to the N applied through stem 
extension to maximise yield) should ensure the minimum protein specification (11%) is met. 

Autumn sown dryland feed and biscuit wheat
• On average, FAR N trials show 33 kg of N (soil mineral N + applied N) is required for each tonne of grain to maximise 

yield. This is based on two trials which were variable (21 to 46 kg N/t grain) so there is uncertainty with this guideline. 
Nitrogen was used more efficiently in the trial run on a deeper Wakanui silt loam, possibly due to access to more 
plant available water. 

Autumn sown dryland milling wheat
• On average, two FAR N trials show 38 kg of N (soil mineral N + applied N) is required for each tonne of grain to 

maximise yield. 

• If adequate N has been applied to maximise yield through stem extension, the margin over N cost does not increase 
with a later GS59 protein dose of N. The grain protein content at maximum yield was in the top price bracket for the 
two trials. 

Spring sown barley
• On average, FAR N trials show 23 and 26 kg of N (soil mineral + applied) is required for each tonne of grain to 

maximise yield in irrigated and dryland crops respectively. 

• Consider applying N from planting through to GS30. 

• Dryland trials either following long term pasture or with high spring soil N contents and a following dry season did 
not respond to applied N. 

• To ensure that grain is within the maximum protein content for malting barley, consider adjusting the applied N rate 
down if the soil type and crop rotation position indicate a high potential soil N mineralisation rate through the season.
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Autumn sown irrigated 
feed wheat

Table 1. Summary of irrigated autumn sown feed wheat trials: cultivar, soil mineral N, the optimum N required for maximum 
yield (using a polynomial model) and the yield for nil N and optimum N rate, protein and nitrogen use efficiency (NUE).

Optimal N Grain yield (t/ha) NUE (kg N/t grain)

Trial 
no.

Cultivar
Soil mineral N 

(0-60 cm) (kg/ha)
Applied  
(kg/ha)

Total 
(kg/ha)

Nil 
applied N

Opt. applied N 
for max. yield

Protein 
(%)

Nil 
applied N

Opt. 
applied N

1 Phoenix 57 273 330 5.9 11.3 11.1 9.7 30.1

2 Phoenix 60 240 300 5.5 10.7       - 10.9 28.0

3 Phoenix 46 194 240 9.2 13.5 10.9 5.0 17.8

4 Xi-19 200 160 360 10.3 12.9 10.0 19.4 27.9

5 Morph 62 210 272 5.9 9.6 10.3 10.6 28.4

6 Phoenix 71 245 316 9.8 14.3 10.9 7.2 22.2

7 Phoenix 56 235 291 10.8 14.6 11.1 5.2 20.0

8 Phoenix 28 300 328 6.7 13.6 10.8 4.2 24.1

9 Phoenix 69 250 319 4.7 11.8 11.0 14.8 27.1

10 KWW42 112 178 290 13.7 16.1 9.8 8.2 18.0

 Average 76 229 305 8.2 12.8 10.7 9.5 24.4

Ten N response trials on irrigated feed wheat from 2005 to 
2013 were analysed. The average soil mineral N content in 
the trials was 76 kg N/ha with a range from 28 to 200 kg 
N/ha (Table 1). The average grain yield of the nil N control 
treatment was 8.2 t/ha, and for the optimum N treatment, 
12.8 t/ha, a 56% yield increase. The average optimum total 
N (soil mineral N + applied N) for the ten trials was 305 kg 
N/ha (range 240 to 360 kg N/ha) for maximum yield (9.6 to 
16.1 t/ha). For the ten trials the average applied optimum 
N rate was 229 kg N/ha. Applied N levels of over 200 kg 
N/ha were optimal in seven of ten trials. On average about 
24 kg of N (soil mineral N plus applied N) is required for 
each tonne of grain to maximise yield.
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The economic benefit of applying N, or margin over 
nitrogen cost (MONC), was analysed in the same ten 
feed wheat trials. The average maximum MONC across 
these trials was $1,443/ha (Table 2). The MONC was also 
calculated for:

• Three increasing rates of total N (200, 250 and 300 kg 
N/ha soil mineral N plus applied N)

• The optimum applied N rate of 229 kg N/ha

• The average optimum quantity of N per tonne of grain 
for maximum yield (24 kg N/t grain)

The MONC increased by about $60/ha for each 50 kg/ha 
increase in the total N rate. The average MONC for 300 
kg N/ha over the trials was $1,401/ha. This is very close 
to that of the maximum possible MONC ($42/ha less) and 
therefore targeting a total of 300 kg N/ha, including soil 
mineral N, appears to be a sound method of managing N 
for irrigated feed wheat. 

Table 2. Summary of margin over nitrogen cost (MONC) $/ha, in irrigated autumn sown feed wheat trials: maximum, total 
N (soil mineral N + applied N) of 200 kg N/ha, 250 kg N/ha and 300 kg N/ha, applied N of 229 kg N/ha. Grain price $400/t 
and urea cost $1.60/kg N.

Total N (soil mineral N + applied N) Applied N

Trial no. Cultivar
Max 

MONC
200kg N/ha 

MONC
250 kg N/ha 

MONC
300 kg N/ha 

MONC
229 kg N/ha 

MONC

1 Phoenix         2,000        1,550       1,800          1,920           1,900 

2 Phoenix         1,600        1,300       1,540          1,600           1,600 

3 Phoenix         1,300        1,300       1,300          1,200           1,260 

4 Xi-19            810  -          475             650              650 

5 Morph         1,090        1,025       1,090          1,060           1,075 

6 Phoenix         1,350        1,100       1,250          1,350           1,350 

7 Phoenix            990           990          975             950              955 

8 Phoenix         2,280        1,910       2,160          2,275           2,175 

9 Phoenix         2,400        1,900       2,250          2,400           2,390 

10 KWW42            610           490          590             600              540 

 Average         1,443        1,285       1,343          1,401           1,390 

The average applied N dose for maximum yield over the 
ten trials was 229 kg N/ha (range 160 to 300 kg N/ha). The 
average MONC for 229 kg N/ha applied N was $1,390/ha.

This was only slightly less than the MONC for 300 kg N/
ha total N. If a soil mineral N test has not been taken, the 
application of 230 kg N/ha is a satisfactory method for 
managing N in irrigated feed wheat.

In the 2011 FAR Nitrogen Application in Wheat Strategy, 
26 kg of N per tonne of grain was the average optimum 
application rate for four trials. On analysis of an increased 
number of trials (ten) the average nitrogen use efficiency 
(NUE) improved to 24 kg N/t of grain (Table 1) with an 
average MONC of $1,363/ha. Using 24 kg N/t of grain is 
also an acceptable method for calculating N requirements 
but does rely on forecasting the yield.  
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N application timing
Previous work conducted in first wheat paddocks 
following a break crop (2005 FAR Cereals Strategy) has 
shown that there is no yield loss by delaying N application 
from late tillering until stem elongation. Applying 2/3 N 
at GS32 and 1/3 at GS39 is in general a sound practice 
provided the soil fertility is reasonably good and the crop 
root system has not been impaired by soil borne disease, 
poor establishment or water logging.   

An example of this was in trial 1 cv. Phoenix, where 
with a low soil mineral N of 57 kg/ha, there was a yield 
advantage of about 0.5 t/ha achieved by bringing the first 
application forward to GS30. Therefore, if soil mineral N 
is low, the yield potential can decrease by delaying the 
first N application. This clearly demonstrated the value of  
having deep soil N test results.

Table 3. Optimal N rate (kg/ha) (soil mineral plus applied) for maximum margin over N cost at a range of grain 
prices and N cost (urea) based on a N response trial with Phoenix wheat with a maximum yield of 11.3 t/ha.

Grain price ($/T)

200 300 400 500 600

N
 c

os
t (

$/
kg

)

1.0 290 300 310 310 320

1.5 280 300 310 310 320

2.0 270 290 300 310 310

2.5 250 280 290 300 310

3.0 240 270 290 300 300

How does the optimum N rate 
change with a changing price of 
grain and cost of N
If the cost of N doubled from $1.50/kg to $3/kg at a grain 
price of $400/T the optimal N rate for maximum MONC 
reduces by only 20 kg/ha to 290 kg/ha (Table 3 for trial 
1). A grain price increase of $100/T to $500/T justifies an 
additional 10 kg N/ha at a N cost of $2/kg and over. 
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Autumn sown irrigated 
premium milling wheat 
(Conquest)

Table 4. Summary of autumn sown Conquest N trials: soil mineral N, the optimum N required (using a polynomial model) 
and the yield for nil N, optimum N rate, protein and nitrogen use efficiency (NUE).

Optimal N Grain yield (t/ha) NUE (kg N/t grain)

Trial no.
Soil mineral N 

(0-60 cm) (kg/ha)
Applied  
(kg/ha)

Total 
(kg/ha)

Nil 
applied N

Opt. applied N 
for max. yield

Protein (%)
Nil 

applied N
Opt. 

applied N

1 130 160 290 9.1 10.9 13.0 14.3 26.6

2 60 265 325 4.9 9.7 14.0 12.1 33.4

3 90 300 390 6.7 11.5 13.6 13.5 33.8

4 101 220 321 9.8 11.6 12.6 10.4 27.8

Average 95 236 332 7.6 10.9 13.3 12.6 30.4

The average soil mineral N content in the trials was 95 kg 
N/ha with a range from 60 to 130 kg N/ha (measured to 
60 cm depth) (Table 4). The average grain yield of the nil N 
treatment was 7.6 t/ha, and for the optimum N treatment 
10.9 t/ha, a 43% yield increase. The average optimum 
total N (soil mineral + applied) for the four trials was 332 kg 
N/ha (range 290 to 390 kg N/ha) for maximum yield (9.7 to 
11.6 t/ha). For the four trials the average applied optimum 
N value was 236 kg N/ha. On average about 30 kg of soil 
mineral N plus applied N was required for each tonne of 
grain to maximise yield.
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Spring sown irrigated barley
Seven N response trials on irrigated spring sown barley 
from 2006 to 2012 were analysed. The average soil mineral 
N content in the trials was 82 kg N/ha with a range of 28 
to 155 kg N/ha (Table 5). The average grain yield of the 
nil N control treatment was 6.3 t/ha, and for the optimum 
N treatment 8.4 t/ha, a 33% increase. The average 
optimum total N (soil mineral N + applied N) for the seven 
trials was 188 kg N/ha for maximum yield. The average 
applied optimum N rate was 106 kg N/ha. On average 
approximately 23 kg of N (soil mineral N plus applied N) is 
required for each tonne of grain to maximise yield.

Table 5. Summary of spring sown irrigated barley N trials: soil mineral N, the optimum N required (using a polynomial 
model) and the yield for nil N, optimum N rate, protein and nitrogen use efficiency (NUE).

Optimal N Grain yield (t/ha) NUE (kg N/t grain)

Trial 
no.

Cultivar
Soil mineral N 

(0-60 cm) (kg/ha)
Applied  
(kg/ha)

Total 
(kg/ha)

Nil 
applied N

Opt. applied N 
for max. yield

Protein 
(%)

Nil 
applied N

Opt. 
applied N

1 County 50 200 250 5.3 8.7 11.4 9.5 28.8

2 Classique 59 22 81 6.7 7.5 9.4 8.8 10.7

3 Oxbridge 74 60 134 5.2 7.0 10.5 14.2 19.0

4 Fairview 28 200 228 2.8 6.4 12.1 10.0 35.8

5 Tavern 88 136 224 7.4 11.5 10.7 11.8 19.5

6 Doyen 120 80 200 9.2 10.1 12.4 13.1 19.8

7 Doyen 155 45 200 7.3 7.8 11.9 21.2 25.5

 Average 82 106 188 6.3 8.4 11.2 12.7 22.7

Trial 4 had the malting cultivar Fairview in it. To maximise 
yield at this site it required the highest quantity of N (228 
kg N/ha, soil mineral N plus applied N) of the seven trials. 

The grain protein content (12.1%) was still within a malting 
company specification of 12.5%. Actual protein contents 
at a particular site, soil type and crop rotation can be a 
guide to whether sufficient N has been applied. 

Timing
Spring sown barley crops benefit from early N application 
from planting through to GS30. Early N encourages 
tillering and fast canopy cover. This reduces the risk of 
secondary tillering and consequent increased screenings. 
Early N application will help keep the grain protein content 
of malting barley below the maximum malting specification 
of 12.5%.

In trial 1 there was no difference in yield between a N 
application split between planting and GS22 and a split 
between GS22 and GS30.
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Spring sown dryland barley
Six N response trials on dryland spring sown barley from 
2005 to 2012 were analysed. The average soil mineral N 
content in the trials at the start of the season was 82 kg 
N/ha with a range of 27 to 155 kg N/ha (Table 6). The 
average grain yield of the nil N control treatment was 
5.7 t/ha, and for the optimum N treatment 7.2 t/ha, a 26 
% increase. The average optimum total N (soil mineral 
N + applied N) for the seven trials was 160 kg N/ha for 
maximum yield. The average applied optimum N rate was 
78 kg N/ha. On average approximately 23 kg of N (soil 
mineral plus applied) is required for each tonne of grain to 
maximise yield. If trial 2 is excluded because it is an outlier, 
the average increases to 26 kg N/tonne grain.

Trial 2 followed long term pasture. Although the spring soil 
mineral N content was low (36 kg N/ha) there was no yield 
increase with applied N. Nitrogen mineralisation over the 
season provided adequate N to maximise yield without 
the addition of N fertiliser. Trials 5 and 6 combined high 
spring soil mineral N content with low yields due to dry 
conditions. There was no yield increase from applied N in 
these trials. 

Table 6. Summary of spring sown irrigated barley N trials: soil mineral N, the optimum N required (using a polynomial 
model) and the yield for nil N, optimum N rate, protein and nitrogen use efficiency (NUE).

Optimal N Grain yield (t/ha) NUE (kg N/t grain)

Trial 
no.

Cultivar
Soil mineral N 

(0-60 cm) (kg/ha)
Applied  
(kg/ha)

Total 
(kg/ha)

Nil 
applied N

Opt. applied N 
for max. yield

Protein 
(%)

Nil 
applied N

Opt. 
applied N

1 Fairview 27 130 157 4.0 5.6 9.1 6.7 28.0

2 Fairview 36 0 36 7.6 7.6 11.8 4.8 4.8

3 Doyen 32 210 242 6.9 9.8 9.6 4.7 24.8

4 Tavern 123 125 248 5.7 10.0 9.9 21.5 24.8

5 Doyen 120 0 120 4.7 4.7 13.9 25.4 25.4

6 Doyen 155 0 155 5.5 5.5 12.3 28.1 28.1

 Average 82 78 160 5.7 7.2 11.1 15.2 22.7
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