
Note: These numbers are by no means accurate.  
Schlesinger 1997 
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Six processes in cycling nitrogen through the biosphere 

• N2 fixation  
• Ammonification 

(decomposition) 
• Nitrification  
• Denitrification 
• Assimilation 

(immobilization) 
• Deposition 
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N2 ---> NOx  ---> NO3
-  

Internal combustion engines 
produce NO and NO2 
because the high internal 
temperatures and pressures 
cause atmospheric N2 and O2 
to react.  

High-voltage electrical discharges, 
such as lightning, can oxidize N2. 



                                            200 ATM + 500 C  

4N2 + 12H2  -----------------> 8NH3  
                                                     Catalyst  

Industrial Nitrogen Fixation 

Total N fertilizer use 
in the world: ~130 
million metric tons 
per year as of 2010. 





Mechanism of Biological N-fixation 
(Nitrogenase) 

N2 + 8H+ + 6e- + 16ATP ---------------------> 2NH3 + H2 + 16ADP + 16Pi 
(Fe, Mo) 

 
• This reaction is performed exclusively by prokaryotes (the bacteria 

and related organisms), using an enzyme complex termed nitrogenase. 
• Nitrogenase consists of two proteins - an iron protein and a 

molybdenum-iron protein, as shown below 
 

 
electrons 

N2 in 

NH3 + H2 out 

Small protein 
supplies e- 
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Iron-sulfur clusters 

Molybdenum-Iron-
sulfur clusters 



Facts about Biological N2-fixation 

• Reduction of N2 to NH3 requires a lot of energy to break 
triple bond.  

• Nitrogenase is destroyed by free O2. 
• The reduction reaction is end-product inhibited -- an 

accumulation of ammonia will inhibit nitrogen fixation. 
• Nitrogen fixing organisms have a relatively high 

requirement for Mo, Fe, P, and S, because these nutrients 
are either part of the nitrogenase molecule or are needed 
for its synthesis and use. 



Legumes 

• Bacteria: 
Rhizobium and 
Bradyrhizobium 

• Legume plants 
(examples): peas, 
lentils, beans, 
alfalfa, lupine, 
peanuts, clover 

Pea root system 



Nodules 
Soybean 
roots and 
nodules 



Leghemoglobin 

Nitrogenase is destroyed by free O2.  N fixing organisms must protect 
the enzyme from exposure.  One means of protecting the enzyme from 
free O2 is the formation of leghemoglobin, which binds O2 to protect 
nitrogenase while making oxygen available for respiration in other parts 
of nodule tissue. 

Soybean and alfalfa nodules 



Nonlegumes 

• Cyanobacteria 
• Bacteria  
• Actinomycetes (Frankia) associated with 

angiosperms 



Alder root 
nodules 

Red Alder (Alnus rubra) 
forms a symbiotic 
association with an 
actinomycete of the 
genus Frankia.  



A microbial mat at a 
hot spring in eastern 
Oregon. Some of the 
organisms in the mat 
are cyanobacteria 
that can fix nitrogen.  

"Free-living” N-fixers: e.g., Azotobacter, Azospirillum, 
Beijerinckia, and cyanobacteria 

A transmission electron micrograph of 
Acetobacter diazotrophicus.  These 
bacteria live and grow inside sugarcane 
plants and fix N2 for both the plant and 
themselves. 



A Simple Terrestrial N-Cycle 
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Assimilation 

• Nitrogen assimilation is the process in which inorganic 
nitrogen (NH4

+ or NO3
-) is converted into organic nitrogen 

forms.  
• A typical one:  
        NO3

- (NH4
+) ----> R-NH2  

    (Amine group) 

 
• This process happens only within biological systems (or 

living cells).  
• N assimilation by soil microorganisms is also called “N 

immobilization.” 



A Simple Terrestrial N-Cycle 
Atmospheric N2 

N2O 

NO 

N03
- 

NH4
+ 

Organic matter 
R-NH2 



Ammonification 

• Ammonification is the biological conversion from organic 
nitrogen to inorganic nitrogen--ammonium.  

    R-NH2 ----> NH4
+  (NH3) 

 

• Many microorganisms are capable of 
ammonification.  Most decomposers do it.  



NO2
- 

Nitrification (Nitrosomonas) (Nitrobacter) 
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Nitrification 

                  Nitrosomonas                             Nitrobacter 

NH4
+ {N2O  NOx  } NO2

-    NO3
-  

 

Both Nitrosomonas and Nitrobacter are chemolithotrophs, 
both can be active under low pH since nitrification lowers 
the pH of the environment. There are many kinds of 
ammonium-oxidizing bacteria and archaebacteria living in 
the soil. 

 
 



Nitrification 
Step 1:    Nitrosomonas 
NH4

+ + 1.5 02 -------------> N02
- + 2H+ + H2O + 275 kJ energy 

Nitrosomonas 

Step 2:    Nitrobacter 
N02

- + 1.5 02 -------------> NO3
- + 76 kJ energy 

Nitrobacter 

Ammonium to 
Nitrite 

Nitrite to Nitrate 



Nitrification 
 
From NH4

+ to NO3
- is a very significant change, especially in soil.  

NH4
+ is absorbed on soil surface (cation exchange), while NO3

- is 
free moving.  

 
Nitrate in ground water is a serious problem:  
1. Nitrate + amino compounds ---nitrosamines (highly carcinogenic)  
 
2. Nitrate can be reduced in gastrointestinal tract of infants into toxic 

nitrite, which combines with hemoglobin of the blood, causing 
respiratory distress or the so-called blue baby syndrome.  

 
3. Nitrate reduction to nitrite may also occur in the rumen of live stock, 

causing animal disease.  
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Denitrification 
• Denitrification is a series of processes starting from nitrate 

(NO3-) and ending with N2.  
  NO3

- ---> NO2
- ---> (NOx) ---> N2O ---> N2  

• Some microbial species capable of denitrification: 
(Paracoccus denitrificans, Thiobacillus denitrificans, 
Pseudomonans spp.), Bacillus licheniformis, and others. 
 



Denitrification 
• 1. Denitrifying microbes use NO3

- or NO2
- as electron 

acceptors.  
• 2. Denitrification only occurs under anaerobic condition.  
• 3. Denitrification needs reducing substrates as energy 

source.  
• 4. The enzyme system is totally inhibited by free oxygen, 

but not ammonia.  
• 5. acetylene can block the N2O (nitrous oxide) reductase 

(Balderson et al.1976), so now this is used for measuring 
denitrification rate, since N2 is very hard to measure due to 
the high background in the air. When adding 0.01 atm 
acetylene gas to the incubation atmosphere, the final 
product of denitrification is N2O. 
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From: Van Breemen et al. 2002. Biogeochemistry 57/58:267-293 
 
 

Nitrogen Cycling in Watersheds 



From: Van Breemen et al. 2002. Biogeochemistry 57/58:267-293 



Hypoxia and Eutrophication 

Increased nutrient input to aquatic ecosystems may 
cause eutrophication. Eutrophication leads to 
excessive growth of algae and cyanobacteria.   
Later after death of these excessive biomass, much 
increased decomposition by bacteria depletes 
oxygen in the water, which causes fish kills and 
other detrimental effects –the Dead Zone. 



Summary 
1. Comprehend the global N budget (pools and fluxes) 
2. Articulate the interconversions of several different forms 

of nitrogen.  
3. Clearly understand all the concepts (processes) about 

nitrogen transformation. 
4. Clearly distinguish different types of N2-fixation, both 

biotic and abiotic.  
5. Understand the inputs and the outputs of N at the 

watershed level. 
6. Capable of making the connection between the human-

enhanced N-cycle and the issue of eutrophication. 



A large reservoir of bioavailable nitrogen (up to ~104 
kilograms of nitrogen per hectare, as nitrate) has been 
previously overlooked in studies of global nitrogen 
distribution. The reservoir has been accumulating in subsoil 
zones of arid regions throughout the Holocene. 
Consideration of the subsoil reservoir raises estimates of 
vadose-zone nitrogen inventories by 14 to 71% for warm 
deserts and arid shrub lands worldwide and by 3 to 16% 
globally. Subsoil nitrate accumulation indicates long-term 
leaching from desert soils, impelling further evaluation of 
nutrient dynamics in xeric ecosystems. Evidence that 
subsoil accumulations are readily mobilized raises concern 
about groundwater contamination after land-use or climate 
change. 

Abstract of Walvoord et al. 2003 (Science 302:1021) 
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