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THE NITROGEN CHALLENGE 

 Nitrogen is the nutrient most 

often limiting, and required 

in the greatest amounts, to 

meet crop yield and quality 

targets 



THE NITROGEN CHALLENGE 

Nitrogen is susceptible to 

environmental losses 

through:  
 

 Nitrate leaching  
 

 Nitrous oxide emissions 
 

 Ammonia emissions 
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THE NITROGEN CHALLENGE 

Manage fertilizer N on an individual field basis to: 
 

 Optimize crop yield and quality  
 

 Minimize environmental N losses 



THE NITROGEN CHALLENGE 



THE NITROGEN CHALLENGE 
Variation in soil N supply (lb N/ac) 



(Bélanger et al. 2000) 

THE NITROGEN CHALLENGE 



Using nitrogen efficiently: 
 

• The frequent interchanges of N between 

forms - soil testing of limited value 
 

•  N fertilization is necessary in non-

legume crops 
 

• Heavy N applications cannot substitute 

for poor management.   

 

THE NITROGEN CHALLENGE 



OUR GOAL 

 To balance N supply with  

 crop N demand 



 

Prudent Nitrogen Management:  
 

• Use recommended rates of fertilizer N   
 

• Use realistic yield goals  
 

• Applying N as close as possible to when the crop 

will need it,  
 

• Use winter cover crops to scavenge N left over 

from the previous summer  
 

• Credit N inputs such as legumes or manure 

application.  

 

OUR GOAL 



Crop 
 

Spring feed barley 

Corn 

Canola 

Spring malting barley 

Spring feed wheat 

Spring milling wheat 

Oats 

Spring cereal under-seeded 

lb N/ac 
 

60 

135 

100 

45 

70 

120 

45 

45 
 

kg N/ha 
 

70 

150 

115 

50 

80 

135 

50 

50 

N requirement 

CROP N REQUIREMENT 



CROP N REQUIREMENT 

Variety 
 

Russet Burbank 

Shepody 

Russet Norkotah 

Superior 

Snowden 

Goldrush 
 

Early table 

Other mid-season 

Other late season 

Other low N requirement 

N rate (lb N/ac) 
 

185 

160 

180 

170 

180 

170 
 

120 

140 - 160 

160 - 180 

120 - 140 



GENERAL RECOMMENDATIONS 

Use N credits to account for soil N supply: 



GENERAL RECOMMENDATIONS 

Fertilizer N rate is estimated by: 

 

Fertilizer N rate (FN ) =  
 

     Crop N requirement (R) 
  

     - Credit for manure ammonium (MAMM)  
 

     - Credit for manure organic N (MORG) 
 

     - Credit for previous crop (C) 
 

     - Credit for soil organic matter content (S) 
 

Or   FN = R - MAMM - MORG - C - S  



MANURE N CREDIT 

Manure ammonium: 
 

 Plant available form of N 
 

 Ammonia loss can occur rapidly after field 

application 
 

 Credit varies with: 

• Time of application (spring vs fall) 

• Time until incorporation 

• Soil/crop conditions 



MANURE N CREDIT 

Application 
 

Incorporated: 

   Injected 

   After 1 day 

   After 3 day 

   After 5 day 

Not incorporated: 

   Bare 

   Crop residues 

Spring/Summer 
 

 

1.00 

0.75 

0.65 

0.55 

 

0.34 

0.50 

Fall 
 

 

0.80 

0.60 

0.52 

0.44 

 

0.27 

0.40 



MANURE N CREDIT 

Manure organic N: 
 

 Must be mineralized before it becomes plant 

available 
 

 Credit varies with: 

• Animal type 

• Time of application (spring vs fall) 

• C:N ratio (reflects bedding) 



MANURE CREDIT 

  Organic N availability coefficients 

Manure type 
 

Poultry 
 

Other livestock: 
 

   C:N < 15 
 

   C:N 15 to 25 
 

   C:N > 25 

Spring 
 

0.30 
 

 
 

0.20 
 

0.10 
 

-0.20 

Fall 
 

0.30 
 

 
 

0.30 
 

0.10 
 

0.10 



CROP N CREDIT 

Credit for previous crop based on: 
 

 Crop species 
 

 Proportion of stand 



CROP N CREDIT 
Credit in kg N/ha: 

Crop 
 

Alfalfa 
 

Red clover: 

   Under-seeded 

   Establishment year 

   Second year 
 

Soybeans 
 

Annual ryegrass 

< 1/3 
 

0 
 

 

0 

0 

0 
 

0 
 

0 

1/3 – 2/3 
 

40 
 

 

0 

10 

20 
 

0 
 

0 

> 2/3 
 

80 
 

 

0 

20 

40 
 

10 
 

-15 

Proportion of stand 



Nitrogen Mineralization: 

• Decomposition of soil organic matter by 

microbes to release N (~60-80 lb N/A/yr) 

• Mineralization of soil organic matter and 

release of organic N will be slower in 

conservation tillage systems.  

• May result in a visual difference early in the 

season but rarely results in a yield difference  

 



NITROGEN RECOMENDATIONS 

Our objective: 
 

 Develop new fertilizer N recommendations 

which: 
 

•Are economically viable 
 

•Minimize environmental N losses 
 

•Represent the “state of the art” 



NITROGEN RECOMENDATIONS 

Why new fertilizer N recommendations? 
 

 May provide growers with marketing 

opportunities 
 

 May provide protection to growers using 

good practices (i.e. “due diligence”)  



PETIOLE NITRATE TESTING  



PETIOLE NITRATE TESTING  

HIGH: - Excessive N fertility 

 low specific gravity 

 vine kill difficult 
 

OPTOMAL:- Sufficient N 

 high tuber yield 
 

DEFICIENT:-  Requires N  

 reduced tuber yield 



Pre-Sidedress Soil Nitrate Test  

For Corn (PSNT) 

• Minimal N at planting 

• Sample when corn is 12” tall 

• Take 12” deep soil samples 

• Dry immediately 

• Test for nitrate 

• > 25 ppm – no N 

• Calculate sidedress N 
recommendation 

• Potential for N mineralization 
over growing season 



 Late Season Stalk Nitrate Test 

• Provides end of season 

assessment of N management 

• Won’t tell you exactly what 

worked or did not work but will 

give you a good bottom line 

assessment of your overall N 

management 

• Use this with management 

records to fine tune future 

management  



Low <250 ppm – N likely deficient, high probable 

   of response from more N 

Marginal 250 – 750 ppm – N availability close to  

   minimal, close to economic penalty 

Optimal 750 – 2000 ppm – adequate not excessive, 

          good N management 

Excessive > 2000 ppm – economic lose, potential for  

                environmental lose of N 

 

LATE SEASON STALK NITRATE TEST 



2010 Barley Trial - NDVI 

y = 13280x2 - 12724x + 5011.9 
R² = 0.624 
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Barley Trial - Flag Leaf Growth Stage 

Yield

Poly. (Yield)

y = 8E+09x2 - 2E+07x + 19455 
R² = 0.8757 
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2010 Barley Trial - SAVI 

y = 60932x2 - 50335x + 12468 
R² = 0.8309 
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y = -4E+09x2 + 1E+07x - 6921.9 
R² = 0.6274 
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Soil N pools 

Mineral N Labile  

mineralizable  

organic N 

Intermediate  

mineralizable  

organic N 

Stable  

mineralizable  

organic N 



Soil N pools 

Mineral N Labile  

mineralizable  

organic N 

Intermediate  

mineralizable  

organic N 

Stable  

mineralizable  

organic N 

Soil Mineral N (SMN) Test 



Soil N pools 

Mineral N Labile  

mineralizable  

organic N 

Intermediate  

mineralizable  

organic N 

Stable  

mineralizable  

organic N 

Kinetic model to predict soil N supply 



Kinetic model approach 

 Use SNS test to measure soil mineral N and labile organic 

mineralizable N 
 

 Use a regression model to predict intermediate and stable 

mineralizable organic N pools using: 

• Soil texture 

• Soil organic matter 

• Climatic zone 

 Use a simple model to predict soil temperature from air 

temperature 

 If necessary, use a simple model to predict soil water content 

from climate station data   

 Predict growing season soil N supply from climate normal's 

to identify the range of soil N supply values expected 



What we need 

 Soil samples to represent the range of soil types and 

cropping systems in New Brunswick 

 Focus on potato, corn and cereal crops 

 Samples collected in early spring 

 Samples MUST be collected prior to spring manure 

or fertilizer application 

 Samples from 0-15 and 15-30 cm depth 

 Replicated, composite samples from each field (i.e. 

divide field to form four reps, take multiple soil cores 

per rep) 

Air-dry or freeze sample and ship to me 

 Collect some basic management history from the site 



Questions ??? 


