
N management for high yield 
wheat and protein

John Heard, CCA



Overview
• Our dilemma

• Past guidelines – MB, NDSU, Montana

• Wheat N Uptake

• 4R Approach

– Rate

– Source, time, placement

• On-Farm-Testing



Dilemma

• High yields of milling wheat (80-100 bu/ac)

• Insufficient protein for market

• Price discounts

• Solutions
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1. 13.5% protein
2. 2.5 lb N/bu

Soil N and Fertilizer N (lb N/ac)



Price $/bu Price $/lb N

Price $/buPrice $/bu

MAFRD N Rate Calculator



Google Manitoba Nitrogen Rate Calculator
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http://www.ndsu.edu/pubweb/soils/wheat/



http://www.ndsu.edu/pubweb/soils/wheat/



A) Langdon area – behaves like MB

B) Eastern ND – high N losses



C. Jones, Montana

Montana Guidelines



Nitrogen Rate Summary
1. Soil test

2. Use existing N rate calculator for modest 
yielding wheat varieties

3. Consider scaling up rates with “thumb rule” 
of 2.5 lb N (soil & fert)/bu  x Yield goal

• 80 bu/ac = 200 lb soil & fert N

• 100 bu/ac = ______



2.5 lb N (soil & fert)/bu ?
Very high N rates for high yield varieties

• Financial risk – high $ outlay

• Agronomic risk – lodging

• Environmental risk – excess soil N

Better ways than brute force (high N) approach?

Lafond, AAFC



Wheat lodging – management or weather?



Manage to increase protein

• Timing

• Source

• Placement

• Scouting techniques? Time to assess 
yield potential before investing all N$



Jones, Montana State University



A top-up strategy?
1. Apply base rate N for modest yield & protein

2. Assess crop in June 

 Excellent yield potential

 Enough N supplied (2.5 lb N/bu expected)?

• Make up shortfall

• At tillering, stem elongation, boot.

• More important to get incorporation with     
> ½ ” rain event than  “correct” timing



How to apply in crop

• Dribble banded UAN

• Broadcast urea (& Agrotain to minimize 
volatilization)

Jones, Montana State UniversityLafond, AAFC



Sources

• Are there more efficient sources of N for yield 
and protein?

• What about S?



Manure and Alfalfa:
High N and continued release of N

Sure fire ways to make wheat protein



Urea 46-0-0 ESN 44-0-0

Urea + Agrotain  UltraUrea + eNtrench

SuperU 46-0-0

Many new enhanced efficiency additives to 
improve efficiency through reduced losses

Controlled 
release

Urease & 
Nitrification 
Inhibitors

Urease 
inhibitor

Nitrification 
inhibitor



Different N Sources have different loss 
potential versus urea

Source POTENTIAL LOSS VS UREA

Conventional Volatilization Leaching Denitrification

Ammonium nitrate Less More More

Ammonium sulphate Slightly less = =

UAN 28-0-0 Less More More

Enhanced efficiency

Urease inhibitors
(Agrotain)

Less = =

Nitrification inhibitors
(DCD, N-Serve, eNtrench)

= Less Less

Combinations (SuperU, 
Agrotain Plus & UAN)

Less Less Less

Controlled release polymer 
coat (ESN)

Less Less Less



ESN Increases Spring Wheat Protein

10.0

10.5

11.0

11.5

12.0

12.5

13.0

100 75 50 25 0

11.9 11.9

11.5 11.6
11.4

12.8 12.8 12.8
12.6

12.4

W
h

e
at

 G
ra

in
 P

ro
te

in
 (

%
)

Percentage of Total N as ESN

50 lbs N/acre

100 lbs N/acre

Data are means of four site years.  All N applied at planting
Yield did not differ significantly among treatments.  Average yield was 109 bu/acre.
Source:  Dr. A Sims, Univ of Minnesota-NWROC, Crookston, MN, 2008-09



Sulphur has a large effect on protein quality

• N and S are both required for protein production

• S-containing amino acids are important for high quality flour, 
dough, and gluten to enable proper loaf volume

Wheat grown after legumes on Breton Plots 
1938 (Univ. of Alberta Ext. Bull. 21)



Sulphur Fertilization and Wheat Quality

• Bread-making wheat requires protein quantity & quality

• Protein premiums for wheat reflect the importance of protein in 
crop quality … but only protein N is measured

• As currently measured, S has little effect on % protein
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Deer

Ft Sask Swift
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Swift
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No N

N Only

N+S

% Protein in Wheat

192 17 146 47 70 38 20 22

kg soil S in 0-60 cm
Source; Westco, 1998



Wheat yield response to S at Melfort in 1999

0 S 18 lb S /ac

Chris Unger at Melfort – STS 30 lb/acre (1999)

Yield increase of 3.4 bu/ac.  No increase at 10/12 sites. 



Sources, Placement, Timing

• Are there more efficient placements of N to 
make protein



Foliar N Application?

• Only 8-11% of foliar N taken up by leaves vs
37-67% of soil-applied N.

• under dry soil conditions – this slight uptake 
may be more helpful than N stranded on soil 
surface. 

• ½” rain can move foliar N into soil to be 
effective 



PAN Recipe (post anthesis N)

• Tested by NDSU and a track record

1. 30 lb N/ac as UAN (28-0-0) or 10 US gpa

2. Dilute 50:50 with 10 US GPA water

3. Apply 7-10 days post anthesis

4. Avoid heat of day – early morning or evening



Foliar N Options

• NDSU studies:

• A number of controlled release N fertilizers

• Usually urea hooked to a C chain

• Less foliar burn, more expensive

• Protein increase requires same N rate as UAN, 
which makes them quite expensive

• https://www.ndsu.edu/fileadmin/soils/pdfs/foliarNreport.pdf

https://www.ndsu.edu/fileadmin/soils/pdfs/foliarNreport.pdf


Foliar Urea
• Can also be used as a foliar spray but “brewed 

up” on own

• less salt injury to leaf than UAN(?)

O        O O

• But BIURET   H2N-C-NH-C-NH2        H2N-C-NH2

• May result from heating urea above its melting 
point (132oC) during manufacture

• Toxic nature – more related to foliar than soil 
application

• <1% Biuret for foliar (<0.3% for some fruit crops)
Mikkelson, IPNI. Better Crops, 2007



check

Treated evening 
8 lbs/a N diluted in water
At anthesis

Lower yield and protein

Other protein enhancement treatment

R Picard, MAFRD



46.1% N

0.9% biuret

For example:



2015 MB studies
High yielding varieties: Brandon and Prosper

• Targeting N rates to achieve high yield in 
protein impact range

• Investigate N rate, timing ,source & placement

• Decision tools?
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C Jones, Montana State University

Optical sensors of biomass (NDVI)
Hand-held GreenSeeker



2015 small plot and OFT studies
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Suggested protocols
1) Increasing base rates of N

Base 

N

&30 &60 Base 

N

&60 &30 &60 Base 
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&30 Base 

N

Rest 

of 

field
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Rest 

of 

field

•Base rate – grower rate for yield
•3-4 reps
•randomized



Base rate N additions on yield - OFT

Soil texture and Base N (fertilizer & Soil nitrate-N to 2’) 
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Base rate N additions on protein - OFT

Soil texture and Base N (fertilizer & Soil nitrate-N to 2’) 
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2015 OFT findings

• Yield potential was modest compared to 
recent farmer experience

• Due to: lodging, late May frost, heat at 
heading

• Little yield advantage to increasing N

• Adequate (>14%)  protein levels attained with 
base rates and minor benefit to added N



Wheat yield with applied N
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Wheat protein with applied N
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2) Post anthesis N (PAN)
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PAN application



Leaf burn Rep 1 Rep 2 Rep 3 Average
Base N 1 2 1 1 Sign @ 

5%& PAN 30 14 16 15 15



Leaf burn Rep 1 Rep 2 Rep 3 Average
Base N 1 1 1 1.0

5%& PAN 30 9 17 9 11.7



Leaf burn Rep 1 Rep 2 Rep 3 Average

Base N 0 0 0 0.0
sign at 
5%

& PAN 30 5.4 4.8 3.7 4.6



Portage - CMCDC

Leaf burn
%

Yield 
(bu/ac)

Protein 
%

Base N 0.0 c 65.5 a 13.7

& PAN 30 FF 30.7 a 58.9 b 14.0

& PAN 30 DRB 16.8 b 62.6 a 14.2



Harvest



Harvest



Wheat Yield
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Wheat Protein
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Clay loam site with largest protein increase

Checks

PAN

Yield 
(bu/ac) Rep 1 Rep 2 Rep 3 Average
Base N 86.6 84.8 89.5 87.0 NS

& PAN 30 85.4 84.6 88.4 86.2

Protein Rep 1 Rep 2 Rep 3 Average

Base N 10.9 10.7 11.1 10.9 sign @ 
5%& PAN30 12.5 12.2 12.6 12.4

HVK% Rep 1 Rep 2 Rep 3 Average
Base N 58 60 62 60 sign @ 

5%& PAN 30 88 90 83 87

Summary – no yield impact, large protein increase
and increased HDK. R Picard, MAFRD



2015 OFT PAN Findings

• Severe leaf burn at some sites, related to heat 
and humidity at application

• Minimal effect of yield at most sites

• protein increase averaged about 1% 

(varied 0-1.5%)



Stage 1: Start of stem elongation. 



Stage 2:full flag leaf 
emergence



Prosper wheat – N timing
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Prosper wheat – N Timing
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Does it pay?

• Comparison of returns

– Protein from 13.6% to 14.5%

– Cost per acre $33.35 (application and material $24.71 plus 
lost of wheat to wheel tracks)

– Premium/discount $.05 per fifth ($.25 per %)

– Price/bu @13.5 protein (71.1 bu/a x $4.55=$323.51)

– Price/bu @14.5 protein (71.1 bu/a x $4.80=$341.28)

– Benefit of $17.77 per acre

– Net loss:  $17.77 minus $33.35 = -$15.58

(Ransom, 2015)



When does it pay (assuming a 1% 
protein bump)? (NDSU)

Protein
Premium 
($/point)

Yield (bu/acre)

50 70 90

0.25 -$20.85 -$15.85 -$10.85

0.50 -$8.35 $1.65 $11.65

0.75 $4.15 $19.15 $34.15

1.00 $16.65 $36.65 $56.65

(Ransom, 2015)



What for 2016?

• Seeding medium yield, 
high protein varieties

• Consider N rates with N 
calculator 

• Seeding high yield, 
lower protein varieties

• Consider 2.5 lb soil & 
fert N/bu  thumb rule

• Use PAN 



Partners in 2015 studies
MB Wheat and Barley Growers Association

Farmers Edge Laboratories

KOCH Fertilizers

Richardson Pioneer staff and Kelburn Farm

RJP Seed

MAFRD – ag extension and research staff

ANTARA Research

Agri-Truth

University of Manitoba

More in 2016!!!!  Small plot research and looking 
for more OFT cooperators 


