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The Nitrogen Cycle 

 
AddiƟons 

• FerƟlizer AddiƟon 
– SyntheƟc FerƟlizer, Manure, Compost, Crop Residues, Other 

Organic Amendments 
• Atmospheric N FixaƟon 

– Conversion of atmospheric N₂ into plant-available forms by non-
biological processes. 

– Lightning — high energy breaks N₂ bonds, forming nitrate (NO₃⁻) 
which is then carried to soil by rainfall. 

• Biological N FixaƟon 
– SymbioƟc or AsymbioƟc 

 
TransformaƟons 

MineralizaƟon 

 
• Two step conversion of organic N to NH4

+  
– AminizaƟon-conversion of proteins in plant residues to amino 

acids, amines, and urea 
– AmmonificaƟon-conversion of organic amines to inorganic 

ammonium (NH4
+) 

 
ImmobilizaƟon 

 
• Conversion of plant available N to organic N 

– Microbes incorporate into cells to decompose high C:N residues 
 
 
 
 
 

What is C:N raƟo and Why is it Important? 
• The C:N raƟo is the amount of Carbon in the residue divided by the 

amount of Nitrogen in the residue. 
• The C:N raƟon is important because it gives you an indicaƟon of the 

quality of the residue. High quality residue is easily broken down by 
soil microbes. 

• C:N raƟo Thresholds to remember 
– Greater than 24:1 (Low Quality Residue) 
– Lower than 24:1 (High Quality Residue) 

• The quality of the residue controls decomposiƟon and the release 
of Carbon and Nitrogen into the soil. 

 
NitrificaƟon 

 
• Two step conversion of NH4

+ to NO3
- 

– Process slows below 50°F soil temp 
– Soil aeraƟon and moisture- Nitrifying microbes need O2 
– NitrificaƟon Inhibitors- Target first step NH4

+  to NO2
-  

 
Loses 

VolaƟlizaƟon 
• The loss of N as gaseous ammonia to the atmosphere 
• Risk Factors for Ammonia VolaƟlizaƟon 
• PotenƟal Losses can range from 10-40% of applied N 

 
 
Strategies to MiƟgate Ammonia VolaƟlizaƟon 
• FerƟlizer IncorporaƟon 

– Water > 0.5” 
– Mechanical? 

• Use a Urease Inhibitor 
• Avoid surface applicaƟons in high residue scenarios and on soils 

with high pH or low CEC 
 
 
 
 
 



Understanding The Nitrogen Cycle 
Dr. Richard Roth, Assistant Professor and Extension Nutrient Management Specialist | rtroth@iastate.edu | (515) 294-0506 

 
 
DenitrificaƟon 
• Microbial conversion of NO3

- to gaseous NO, N2O, or N2 under 
oxygen-depleted, saturated condiƟons 
– Microbes use oxygen from NO3

- to conƟnue processing SOM 
• Highest Risk= Heavy, poorly drained soils 

– Areas prone to ponding 
• Takes about two days for soils to become anaerobic and 

denitrificaƟon to ramp up  
• DenitrificaƟon rates increase as soil temperatures exceed 55 

degrees Fahrenheit.  
 

 
EsƟmates of denitrificaƟon losses 
• Important Factors to Consider  

– Soil SaturaƟon DuraƟon 
– Soil Temperature 
– FerƟlizer Source and Timing 
 

 
 
 

 
 
Nitrate Leaching 
• Process of nitrate migraƟng below the root zone with soil drainage 
• Tile-drainage increases leaching risk, by providing unobstructed 

pathway for water from field 
• Primary cause of nitrogen related water quality issues 
 

 
 

Strategies to Reduce Nitrate Leaching 
In-Field PracƟces 
• Important Factors to Consider 4R Nitrogen Management 

– Right Place 
– Right Rate 
– Right Source 
– Right Time 

• Increased Cropping Intensity 
– Cover Crops 
– Add winter cash crop 

 
Edge-of-Field PracƟces 
• Constructed Wetlands 
• Woodchip Bioreactors 
• Buffer Strips 
• Drainage Water Management 
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