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Nitrogen Cycle



Biological Nitrogen Fixation
 Conversion of molecular nitrogen (N2) of the 

atmosphere into inorganic nitrogenous 

compounds such as nitrates or ammonia is 

called as nitrogen fixation. When this nitrogen 

fixation occurs through the agency of some 

living organisms, the process is called as 

biological nitrogen fixation in which 

atmospheric nitrogen is converted into 

ammonia.

 An estimated 190 × 1012 gm per year of N2 is 

fixed by natural processes (both non-

biological and biological). Of this, biological 

nitrogen fixation accounts for about 90%. Non 

biological nitrogen fixation (by lightning (8%) 

and UV radiations (2%), contributes about 

10% of the total N2 fixed by natural processes.

 The Haber-Bosch industrial chemical process 

for ammonia production, which uses elevated 

temperatures (about 200°C) and high pressures 

(about 200 atmospheres) accounts for an 

estimated 80 × 1012 gm per year of 

N2 converted to ammonia on global basis and 

seldom meets agricultural demand. 

Significance of biological nitrogen fixation is 

quite obvious because it is carried out at 

ambient temperatures and one atmosphere by a 

variety of living bacteria, cyanobacteria (blue-

green algae) and symbiotic bacteria.



Biological Nitrogen Fixation
Biological Nitrogen-Fixing Agent: Type # 1.

Symbiotic Nitrogen Fixers:

A. Legumes and Nodule Bacteria:

 Leguminous crops, mainly peas, beans, clovers, soybeans 

etc., can fix about 14 x 106 metric tons of nitrogen on earth 

per year through symbiotic process (Delwiche, 1970). A large 

majority among about 13,000 legumes can fix nitrogen with 

the Gram- negative species of Rhizobium.

 The bacteria invade the roots of leguminous plants to form 

nodules. In the initial process of infection the bacteria 

accumulate around the root hairs probably because of root 

exudates and the bacteria release Nod factors in response of 

which the root hairs curl at their tips. As a result the rhizobia

get enclosed in the small coiled compartment formed by the 

curling.

 The Nod factors are lipochitin oligosaccharide signal 

molecules and are the products of three nod genes – nod A

nod B and nod C, which are host specific. Legume root hair 

exudates contain specific sugar-binding proteins called lectins

that being activated by Nod factors, facilitate attachment of 

the bacteria to the cell walls of root hairs.

 Then the bacteria either penetrate the soft root tips or invade 

damaged or broken root hairs and the plant produces 

infection threads, which are internal tubular extensions of the 

plasma membrane produced by the fusion of Golgi-derived 

membrane vesicles at the site of infection.



Biological Nitrogen Fixation
 The bacteria proliferate and progress further through the 

infection thread to the inner cortex, endodermis and pericycle. 

The cells of these regions dedifferentiate and start proliferation 

forming a distinct area within the cortex, called the nodule 

primordium, that gives rise to the nodule.

 When the infection thread reaches the primordial cells, the tip of 

the infection thread fuses with the cell membranes of the host 

cells, releasing the bacteria into them. The bacterial cells are 

then packaged in a membrane derived from the cell membrane. 

Branching of the thread enables the bacteria to infect many 

cells.

 For the first time, the bacteria start dividing and the surrounding 

membrane extends in surface area for accommodation of this 

growth.

 Ultimately the bacteria stop growing, begin to enlarge and 

differentiate into nitrogen fixing endosymbionts called 

bacteroids. The membrane surrounding the bacteroids is called 

peribacteroid membrane or symbiosome membrane and are thus 

separated from the cytoplasm of the host cell in a symbiosome.

 The mature nodules remain connected with the root via vascular 

tissues through which exchange of fixed nitrogen of the 

bacteroids and the nutrients of the host takes place and a layer 

of cells surrounding the bacteroids exclude O2 from the root 

nodule interior.

 Many infection threads abort before a nodule is formed 

indicating that the balance between plant and bacterium is very 

delicate. The cortical cells of the nodule occur in higher ploidy

level.



Symbiotic Nitrogen fixation

 Infection thread grows along with multiplication of bacteria. It branches and its ends come to lie opposite 

protoxylem points of vascular strand. The infected cortical cells dedifferentiate and start dividing. It 

produces swellings or nodules.

 Nodule formation is stimulated by auxin produced by cortical cells and cytokinin liberated by invading 

bacteria. The infected cells enlarge. Bacteria stop dividing and form irregular polyhedral structures called 

bacteroids. However, some bacteria retain normal structure, divide and invade new areas. In an infected 

cell bacteriods occur in groups surrounded by host membrane.

 The host cell develops a pinkish pigment called leg-haemoglobin (Lb). It is oxygen scavenger and is 

related to blood pigment haemoglobin. It protects nitrogen fixing enzyme nitrogenase from oxygen. 

Symbiotic nitrogen fixation requires cooperation of Nod genes of legume, nod, nif and fix gene clusters of 

bacteria.



Symbiotic Nitrogen fixation
Symbiotic Nitrogen Fixing Bacteria:

 Rhizobium is nitrogen fixing bacterial symbiont of papilionaceous roots. Sesbania rostrata has 

Rhizobium in root nodules and Aerorhizobium in stem nodules.

 Frankia is symbiont in root nodules of several nonlegume plants like Casuarina (Australian 

Pine), Myrica and Alnus (Alder). Xanthomonas and Mycobacterium form symbiotic association 

with the leaves of several members of Rubiaceae and Myrsinaceae (e.g., Ardisia).

 Both Rhizobium and Frankia live free as aerobes in the soil but are unable to fix nitrogen. They 

develop the ability to fix nitrogen only as a symbiont when they become anaerobic. Rhizobium

is rod-shaped bacterium while Frankia is an actinomycete.

 Out of these Rhizobium is the most important for crop lands because it is associated with pulses 

and other legumes of family Fabaceae, e.g., Chick Pea or Gram (Cicer arietinum), Pigeon Pea 

or Red Gram (Cajanus cajan), Garden or Edible Pea (Pisum sativum), Soya bean (Glycine

max), Lentil (Lens culinaris), Green Gram (Vigna radiata = Phaseolus aureus), Black Gram 

(Vigna or Phaseolus mungo), Sweet Clover, Sweet Pea, Alfalfa, Broad Bean, Clover Bean. 

Several species of the bacterium (e.g., Rhizobium leguminosarum, R. meliloti) live in the soil.

 They are unable to fix nitrogen by themselves. Roots of a legume secrete chemical attractants 

(flavonoids and betaines). Bacteria collect over the root hairs, release nod factors that cause 

curling of root hairs around the bacteria, degradation of cell wall and formation of an infection 

thread enclosing the bacteria





Biological Nitrogen Fixation
B. Non-Leguminous Plants:

 A number of non-leguminous plants too can fix nitrogen through the process of symbiosis. As 

a modern agronomical practice, Azolla, an aquatic fern is often grown in rice fields to increase 

the soil fertility particularly in humid tropics.

 The cycads establish a symbiotic association with some blue-green algae that fix nitrogen. 

There are other non-leguminous woody dicotyledons like Gunnera, Ceanothus, Myrica,

Purshia, etc., which can fix nitrogen symbiotically.



Biological Nitrogen Fixation

Biological Nitrogen-Fixing Agent: Type # 2.

Non-Symbiotic Nitrogen Fixers:

A. The Blue-green Algae (BGA):

 The nitrogen-fixing blue-green algae belong to the families Oscillatoriaceae, Scytonemataceae, 

Chroococcaceae, Rivulariaceae and Stigonemataceae. In Asian countries the BGA are used as 

microbial fertilizer in the rice fields. The N2-fixing BGA are usually heterocystous.

 The heterocyst’s are thick-walled cells, devoid of pigment system II, that liberates O2 during 

photosynthesis. This device suggests that the localization of N2-fixing system requires 

protection from oxygen and oxygen is not generated in heterocyst’s. The nonheterocystous

BGA can fix nitrogen only under anaerobic condition such as those that occur in flooded fields.

B. Yeasts:

 Yeasts are not such important N2-fixers, but there is a report that a pink Rhodotorula sp. can fix 

atmospheric nitrogen in the soil.



Biological Nitrogen Fixation
C. Bacteria:

(a) Aerobic Azotobacter sp. and closely related Beijerinckia sp., the Mycobacterium and Derxia

sp. represent this group. Wide distribution in soil and water and their vigorous respiration 

characterize these microorganisms. Species of Azotobacter, in particular, are very important 

because they are normally present in the soil and may add an average of about 10 kg of 

nitrogen/hectare/year to the soil.

(b) Anaerobic:

i) Non-photosynthetic:

 Examples are Clostridium sp., Desulfovibrio desulphuricans and Methanobacterium sp. The 

Clostridia are highly resistant to unfavourable conditions and display a cosmopolitan 

distribution. The latter two are less efficient in fixing the atmospheric N2.

(ii) Photosynthetic:

 All the photosynthetic bacteria like Rhodospirillum rubrum, Chromatium, Chlorobium, 

Rhodomicrobium, etc., can fix atmospheric nitrogen. They are abundant in soil and water.



Mechanism of Nitrogen Fixation

 Nitrogen fixation requires (i) a reducing power like 
NADPH, FMNH2 (ii) a source of energy like ATP (iii) 
enzyme di-nitrogenase and (iv) compounds for trapping 
ammonia formed by the reduction of di-nitrogen. 
Enzyme nitrogenase has iron and molybdenum. Both of 
them take part in attachment of a molecule of nitrogen 
(N2).

 Bonds between the two atoms of nitrogen become 
weakened by their attachment to the metallic 
components. The weakened molecule of nitrogen is acted 
upon by hydrogen from a reduced coenzyme. It produces 
dimide (N2H2), hydrazine (N2H4) and then ammonia 
(2NH3).

 Ammonia is not liberated. It is toxic in even small 
quantities. The nitrogen fixers protect themselves from it 
by providing organic acids. The reaction between 
ammonia and organic acids gives rise to amino acids.

 N5 + 8e– 8H++16ATP- di-nitrogenase → 2NH3 + 2H++ 
16ADP + l6Pi

 Ammonia + α-ketoglutarate + NAD(P)H- dehydrogenase
→ Glutamate + NAD(P)+ + H2O

 Symbiotic nitrogen fixing organisms hand over a part of 
their fixed nitrogen to the host in return for shelter and 
food. Free living nitrogen fixers do not immediately 
enrich the soil. It is only after their death that the fixed 
nitrogen enters the cycling pool. It occurs in two steps, 
ammonification and nitrification.





Ammonification and Nitrification

Ammonification:

 It is carried out by decay causing organisms. They act upon 

nitrogenous excretions and proteins of dead bodies of living 

organisms, e.g., Bacillus ramosus, B. vulgaris, B. mesentericus, 

Actinomyces. Proteins are first broken up into amino acids. The 

latter are deaminated. Organic acids released in the process are 

used by microorganisms for their own metabolism.

 Ammonia does not remain in the gaseous state in the soil but is 

changed to ionic form (NH+). It can be used by plants directly 

provided pH of soil is more than 6 and the plant contains abundant 

organic acids. Unlike nitrates, very few plants can store 

ammonium ions (e.g., Begonia, Oxalis).

Nitrification:

 It is the phenomenon of conversion of ammonium nitrogen to 

nitrate nitrogen. It is performed in two steps— nitrite formation 

and nitrate formation. Both the steps can be carried out by 

Aspergillus flavus. In the first step, ammonium ions are oxidised

to nitrites Nitrosococcus, Nitrosomonas. Nitrites are changed to 

nitrates in the second step, e.g., Nitrocystis, Nitrobacter.

 Most of the bacteria performing nitrification (e.g., Nitrosococcus, 

Nitrosomonas, Nitrobacter) are chemoautotrophs. They use the 

energy liberated during nitrification in synthesis of organic 

substances from CO2 and a hydrogen donor. They are thus 

autotrophs which do not use solar energy for synthesis of food.



De-Nitrification

De-nitrification:

 Under anaerobic conditions (e.g., water logging, oxygen 

depletion), some microorganisms use nitrate and other 

oxidised ions as source of oxygen. In the process, nitrates 

are reduced to gaseous compounds of nitrogen. The latter 

escape from the soil. Common bacteria causing de-

nitrification of soil are Pseudomonas denitrificans, 

Thiobacillus denitrificans, Micrococcus denitrificans.

 Nitrogen oxides escaping into atmosphere or formed 

during abiological fixation can also be broken down by 

raidations to form molecular nitrogen. De-nitrification of 

soil not only depletes the soil of an important nutrient but 

also causes acidification which is equally harmful in 

solubilisation of harmful metals.



Nitrate assimilation
Nitrate Assimilation:

 Nitrate is the most important source of nitrogen to the plants. It can 

accumulate in the cell sap of several plants and take part in 

producing osmotic potential. However it cannot be used as such by 

the plants. It is first reduced to level of ammonia before being 

incorporated into organic compounds. Reduction of nitrate occurs in 

two steps.

 (i) Reduction of Nitrate to Nitrite:

 It is carried out by the agency of an inducible enzyme called nitrate 

reductase. The enzyme is a molybdoflavoprotein. It requires a 

reduced coenzyme (NADH or NADPH) for its activity. The reduced 

coenzyme is brought in contact with nitrate by FAD or FMN.

 (ii) Reduction of Nitrite:

 It is performed by enzyme nitrite reductase. The enzyme is a 

metalloflavoprotein which contains copper and iron. It occurs inside 

chloroplasts in the leaf cells and leucoplasts of other cells. In 

contrast nitrate reductase is found attached loosely to cell membrane. 

Nitrite reductase requires reducing power.

 It is NADPH in illuminated cells and NADH in others. The process 

of reduction also requires ferredoxin which occurs in higher plants 

mostly in green tissues. Therefore, it is presumed that in higher 

plants either nitrite is trans-located to leaf cells or some other 

electron donor (like FAD) operates in un-illuminated cells. The 

product of nitrite reduction is ammonia.

 Ammonia is not liberated. It combines with some organic acids to 

produce amino acids. Amino acids then form various types of 

nitrogenous compounds.


