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BIO-GEO CHEMICAL CYCLES 

Definition  

 

“Chemical elements which are essential for life and circulate in biosphere in characteristic 

path from environment to organisms and back to environment”. This circular path of 

elements is known as biogeochemical cycles or nutrient or mineral cycles.  

Carbon (C), Hydrogen (H), Oxygen (O), Nitrogen (N) and Phosphorus (P) are elements 

needed for survival and good health of both plants and animals. 

 

Types of pools in biogeochemical cycles- 

 

a. Reservoir pool or nutrient pool: The different reservoir of nutrients like atmosphere 
and rocks. These are large. 

b. Cyclic pool or exchange pool: The cycle through which nutrient move. They are short 
term stores of nutrient. It is smaller but more active form. It goes from autotrophic to 
heterotrophs and then to geotrophs and it is again taken by autotrophs.                                                                                                                    

 

Biogeochemical cycle fall into two basic categories- 

1. Gaseous type: These involve cycling of gases like (Nitrogen, Oxygen, Carbon dioxide 

etc.).The main reservoir of nutrient is atmosphere and ocean. 

2. Sedimentary type: These involve cycling circulation of phosphorus and sulphur. Main 

reservoir is soil and rock of earth crust.  
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1. Hydrologic cycle or Water cycle (H2O) 

 

Water can occur in three physical phases: solid, liquid, and gas and is found in nature in all 

these phases in large quantities. Depending upon the environment of the place of occurrence, 

water can quickly change its phase. The whole variety of water bodies and structure 

containing water and forming a continuous envelop around the earth is called the 

hydrosphere.   

Definition: 

The process of constant water exchange or water circulation in the atmosphere-land surface –

soil cover-upper part of lithosphere system is called “hydrological cycle”. 

 

Water cycle is important cycle. Water is essential for all living being. It is an important 

ecological factor that determines the structure and function of the ecosystem. Cycling of all 

other elements is also dependent upon the water because-  

a. It provides the transportation of different nutrient and also provides a solvent 

medium by which nutrient are introduced into autotrophic plant. 

b. Water also serves as thermal regulator for plant as well as in animals. 

Water cover the about 75% of the earth surface, occurring in lakes, rivers, seas and oceans. 

Water also present in the form of frozen polar ice and glaciers. 

Hydrologic cycle over the oceans is very simple, the water is evaporated from the surface of 

the ocean and water vapors forms the clouds which when cool down precipitate the water as 

rain fall (precipitation). 

Cycling of water involve the atmosphere, sea, earth and entire living biota. Water moves 

from one reservoir to another by way of process like precipitation (condensation, deposition), 

runoff (Surface and Groundwater), evaporation, deposition, infiltration, sublimation, 

transpiration, melting, and ground water flow.  

The circulation of water can be divided into different categories: 

a. Precipitation- Precipitation (ppt) includes all forms in which atmospheric moisture 

descends to earth, rain, snow, hail, sleet and dew. The moisture that enters the 

atmosphere by the vaporization of water. Condenses either into liquid (rain) or solid 

(snow, hail or sleet) before it can fall. Water returns to the land and the sea from the 

atmosphere by means of condensation, deposition and precipitation. 

i. Condensation: It is defined as the process by which water changes from vapor 

phase to a liquid state (in the of dew droplets). 

ii. Deposition: It is the process by which water changes directly from a vapor into a 

solid (ice crystals) phase.    

 

Solar energy evaporates water from sea and the land. Water vapors condense in the 

atmosphere to form clouds which are transported to long distance by wind currents. Rain fall 

and melted snow replenish water in rivers, which carry it back to the sea. 

b. Runoff: Runoff is the movement of water, usually from precipitation, across the 

earth’s surface towards stream channels, lakes, oceans, or depressions or low points of 

the earth’s surface. Some of the rain fall is soaked into the soil and excess water flows 
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over the land surface along the natural slope of the area. Runoff is the main source of 

water for lakes and rivers which ultimately drain into the sea. Soil characteristic and 

the topography such as smoothness and steepness of the slope influence the rate and 

the magnitude of runoff.  

Flowing/running of water act as an agent of soil erosion and weathering of the 

underlying rock. Excessive run off during rainy season cause flood in many part of 

our country. 

c. Sublimation: It is the process by which solid water change directly to vapor phase 

without passing through the intervening liquid phase. 

d. Evapotranspiration: It includes the evaporation and transpiration. 

i. Evaporation- It is the process by which liquid water change into vapor at 

ambient temperature. Water evaporates from all aquatic body (lake, soil surface 

etc.) as well as from wet surface. Ocean surface is the large source of water 

vapor. Evaporation is an important means of transferring energy between the 

surface and the air above. The energy used to evaporate water is called “latent 

energy”. Latent energy is locked up in the water molecules when water 

undergoes the phase change from a liquid to a gas.   Evaporation is the process 

of returning moisture to the atmosphere. 

ii. Transpiration: It is refer to the loss of water vapor from the surface of 

(vegetation) leaves of plants. On land, transpiration is considerable. 

 
e. Infiltration: Infiltration is the entry of water into the soil surface. The rate of 

infiltration is influenced by the physical characteristic of the soil, soil cover (i.e. plant), 

water content of the soil, soil temperature and rainfall intensity.  

f. Percolation:  Percolation is the downward movement of water through soil and rock. 

It occurs beneath the root zone.  Soil moisture storage (ST):  it refers to the amount of 

water held in the soil at any particular time.  

g. Transport: Transport is the movement of water through the atmosphere, specifically 

from over the oceans to over land. Earth’s moisture transport is visible as clouds, 

which consist of ice crystals or tiny water droplets. Most water is transported in the 

form of water vapor, which is actually the third most abundant gas in the atmosphere.  

Importance of Water 
a. Required for solubilisation of chemicals and several biochemical reactions like 

hydrolytic digestion of polymeric nutrients, photosynthesis, etc. 
b. Important for the working of macromolecules, as a good ionizer, transport of 

materials, etc. 
c. Acts as a habitat for hydropyhtic and aquatic animals and as an agent of geological 

change. 
d. Acts as an agent of energy transfer and use. Water is a tremendous factor in 

neutralising heat radiations of sunlight, so also acts as a 'temperature buffer'. 
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2. Carbon cycle (C) 
Carbon is the basic constituent of all organic compounds. It is a minor constituent of 

atmosphere (0.032%) as compared to oxygen (20.95%) and nitrogen (78.804%). Without CO2 

life could not exist, for it is vital to the production of carbohydrate through photosynthesis by 

plant. 

Carbon present in the atmosphere mainly in the form of CO2. The source of all carbon in 

living organism, dead organic material and fossil deposits is CO2 found in the atmosphere. 

Large amount of CO2 is found in dissolved in oceans.  

The richest source of carbon is ocean, where it occurs in the form of carbonate and 

bicarbonate ions. Carbon cycle is not so simple; in fact it is quiet complicated. 

 

Carbon is returned to the environment about as fast as it is removed. Carbon from the 

atmospheric pool move to green plants, and then to animal. Finally, from them to bacteria, 

fungi and other micro-organism that return back carbon to the atmosphere through 

decomposition of dead organic matter. 

 

Carbon Pools or Source  

 

a. The Earth’s Crust: The largest amount of carbon on Earth is stored in sedimentary 

rocks within the planet’s crust. These are rocks produced either by the hardening of 

mud (containing organic matter) into shale over geological time, or by the collection of 

calcium carbonate particles, from the shells and skeletons of marine organisms, into 

limestone and other carbon containing sedimentary rocks.  

b. Oceans: where carbon remains stored as carbonates in the form of limestone and 

marble rocks.  

c. Atmosphere: The atmosphere contains carbon in the form of CO2, with much smaller 

amounts of methane (CH4) and various other compounds.  

d. Terrestrial Ecosystems: Terrestrial ecosystems contain carbon in the form of plants, 

animals, soils and microorganisms (bacteria and fungi).  Plants exchange carbon with 

the atmosphere relatively rapidly through photosynthesis, in which CO2 is absorbed 

and converted into new plant tissues, and respiration, where some fraction of the 

previously captured CO2 is released back to the atmosphere as a product of 

metabolism.  

e. Fossil Fuels: Fossil fuels are the transformed remains of ancient organisms: terrestrial 

plants and drifting plankton that once lived in oceans and lakes. All of the energy 

fossil fuels contain was initially captured by plants during photosynthesis and has 

become concentrated in various solid or liquid forms. The most common forms are 

petroleum, coal and natural gas, but other hydrocarbon deposits have also been 

recognized (oil shale, tar sands, and gas hydrates). 
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Carbon Fluxes 

 

The movement of any material from one place to another is called a flux. Fluxes are usually 

expressed as a rate with units of an amount of some substance being transferred over a 

certain period of time. The size of various fluxes can vary widely. 

A single carbon pool can often have several fluxes both adding and removing carbon 

simultaneously.  

 

a. Photosynthesis: During photosynthesis, plants use energy from sunlight to combine 

CO2 from the atmosphere with water from the soil to create carbohydrates (carbo- and 

–hydrate, signify carbon and water). In this way, CO2 is removed from the atmosphere 

and stored in the structure of plants. Virtually all of the organic matter on Earth was 

initially formed through this process.  

 

 

 

Because some plants can live to be tens, hundreds or sometimes even thousands of years old, 

carbon may be stored, or sequestered, for relatively long periods of time. When plants die, 

their tissues remain for a wide range of time periods. Tissues such as leaves, which have a 

high quality for decomposer organisms, tend to decay quickly, while more resistant 

structures, such as wood can persist much longer.  

The rate of primary production and rate of decomposition both these process are strongly 

influenced by temperature and moisture. 

Example: In tropical rain forest where ecosystem is wet and worm, the rate of productivity 

and decomposition is very high, this result in rapid circulation of water. In drier region such 

as grass lands, carbon stored as humus. In swamps and marshes where dead material fall in 

water and is not completely decomposed, Carbon stored as humus or peat and circulate very 

slowly. A number of aquatic plants occur in alkaline water release CaCO3 as byproduct of 

photosynthesis. This pure CaCO3 mixed with clay to form lime stone over a number of years. 

There is a continuous exchange of CO2 between atmosphere and organism on one hand and 

between the atmosphere and the sea on the other hand. 

 

b. Plant Respiration: Plants also release CO2 back to the atmosphere through the process 

of respiration. Respiration occurs as plant cells use carbohydrates, made during 

photosynthesis, for energy.  

c. Litter fall: In addition to the death of whole plants, living plants also shed some 

portion of their leaves, roots and branches each year. Because all parts of the plant are 

made up of carbon, the loss of these parts to the ground is a transfer of carbon (a flux) 

from the plant to the soil. Dead plant material is often referred to as litter (leaf litter, 

branch litter, etc.) and once on the ground, all forms of litter will begin the process of 

decomposition. 
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d. Soil Respiration: Microscopic organisms living in soil, when dead organic matter is 

broken down or decomposed (consumed by bacteria and fungi), CO2 is released into 

the atmosphere.  

e. Ocean—Atmosphere exchange: Inorganic carbon is absorbed and released at the 

interface of the oceans’ surface and surrounding air, through the process of diffusion.  

 

Once in a dissolved form, CO2 goes on to react with. These are relatively simple chemical 

reactions in which H2O and CO2 join to form H2CO3 (also known as carbonic acid, the anion 

of which is called carbonate or CO3). The formation of carbonate in seawater allows oceans to 

take up and store a much larger amount of carbon than would be possible if dissolved CO2 

remained in that form.  

Carbonate is also important to a vast number of marine organisms that use this mineral form 

of carbon to build shells. Carbon is also cycled through the ocean by the biological processes 

of photosynthesis, respiration, and decomposition of aquatic plants.  

f. Fossil fuel combustion and land cover change: The most important of these is 

combustion of fossil fuels: coal, oil and natural gas. These materials contain carbon 

that was captured by living organisms over periods of millions of years and has been 

stored in various places within the Earth's crust.  Another human activity that has 

caused a flux of carbon to the atmosphere is land cover change, largely in the form of 

deforestation. With the expansion of the human population and growth of human 

settlements, a considerable amount of the Earth's land surface has been converted 

from native ecosystems to farms and urban areas.  

g. Geological Processes: Geological processes include the formation of sedimentary 

rocks and their recycling via plate tectonics, weathering and volcanic eruptions.  

 

Human impact on carbon cycle: 

Human activities have greatly influenced carbon cycle. The discharge of CO2 into the 

atmosphere is increase by burning of fossil fuel and destruction of forest. 

Green house is usually a type of glasshouse used for raising tender plants. Air inside the 

green house is usually warmer than the outside, though it receives less solar radiation due to 

the carbon dioxide present inside, produced by plants (by respiration). This is called 'green 

house effect'. 

In nature, gases like carbon dioxide, methane and water vapour are called 'green house 

gases' because these absorb the long wavelength infrared radiations emitted by the earth's 

surface. CO2 is the major gas of “green house effect” because rise in temperature of earth’s 

atmosphere depend upon the concentration of CO2 present in atmosphere. Dust and clouds 

also prevent the dissipation of these heat radiations, so also exert green house effect. 

Certain human activities have resulted in increased production of carbon dioxide leading to 

its increased concentration in the atmosphere. This has lead to disturbances in the climatic 

conditions of the environment and has caused conditions which may melt away polar as well 

as alpine ice resulting in 18 - 20 metres rise in sea level and submerge vast areas of land. 
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3. Nitrogen Cycle (N2) 
 

Nitrogen gas comprises about 78 percent of the earth's atmosphere. Nitrogen (N) in various 

forms is also found in rocks, soils, sediment, oceans, and living matter. Growing plants, 

animals, and microbial populations need a continual source of nitrogen. It is an essential 

component of the proteins that build cell material and plant tissue. In addition, it is necessary 

for the function of other essential biochemical agents, including chlorophyll (which makes 

photosynthesis possible), many enzymes (which help organisms carry out biochemical 

processes and assimilate nutrients), and nucleic acids such as DNA, RNA (which are 

involved in reproduction). Most microorganisms and plants obtain nitrogen from the 

surrounding soil and water. Animals get nitrogen from the food they eat. A few organisms 

obtain nitrogen directly from the pool of nitrogen gas (N2) in the atmosphere, but this 

requires the organism to expend energy. 

Green plants obtain nitrogen from soil solution in form of ammonium, nitrate and nitrite 

ions. The atmospheric nitrogen is not directly used by the organism. It can be utilized only by 

transformation of nitrogen into a variety of nitrogenous compounds.                                                                                                                        

Nitrogen cycle consist of following steps- 

A. Nitrogen fixation: It refers to oxidation or reduction of atmospheric nitrogen to 

nitrates (NO3ˉ) and ammonia   (NH3) which can be utilized by living organisms. In 

mature nitrogen fixation occurs in two ways:                

a. High energy fixation: Through cosmic radiations, lightening, volcanic activity and 

meteorite traits which provides high energy needed to atmospheric nitrogen 

combines which O2 and hydrogen of water. 

N2 +2[O]                      2NO 

2NO +2[O]                   2NO2 

2NO2 + [O]                  N2O5 

NO2 gets dissolved in rain water & on reaching on earth’s surface where the reaction 

with mineral compound to form nitrate & other nitrogenous compound. 

N2O5 + H2O                                          2HNO3 

b. Biological N2 Fixation: About 63% of all nitrogen is fixed through biological 

fixation. It is carried out by prokaryotes, bacteria and blue green algae. It is an 

interesting fact that nitrogen fixation regulated by two enzyme nitrogenase and 

hydrogenase in nature, required low energy.     

It is done by two ways-   

i. Symbiotic nitrogen fixation: Symbiotic nitrogen fixing bacteria (Rhizobium) 

inhabiting the root nodules of legumes. Some non legume woody plants are also 

have root nodules and fixed nitrogen symbiotically. Organism that cause formation 

of nodules and fixation of nitrogen are Actinomycetes (a kind of fungus).Symbiotic 

nitrogen fixer are more efficient than free living ones.                                                                                                               

ii. Non symbiotic N2 fixation- There is certain group of free living bacteria both 

aerobic and anaerobic and blue green algae that fix nitrogen.                                                                                                                               
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Example of symbiotic and free living nitrogen fixing organisms 

Symbiotic host plant                                                                                Nitrogen fixing organisms 

Legumes 
(pea, alfa alfa, pulses like arhar, clover etc.)                                 

Rhizobium 

Non legumes 
(Alnus, myrica, casuarina, hippophae, coriaria etc.)               

Actinomycetes 

Tropical grasses 
(paspalum, digitaria, maize, sorghum)   

Azotobacter, Spirillum, Klebsiella 

Cycads                Blue-green algae 

Ferns (Azolla) Blue-green algae(Anabaena) 

Lichens Blue-green algae 

 

Free living- 

a. Aerobic bacteria- (Azotobacter) 

b. Anaerobic bacteria- (Clostridium) 

c. Anaerobic photosynthetic bacteria- (Chlorobium , Chromatium , Rhodospirillum)                         

d. Blue green algae ( Nostoc)                                                                                                                                                                     

 

Nif gene 

17 gene is called nif gene which are responsible for making the enzyme of nitrogen fixation. 
 

Nitrogen is returned to soil in the form of organic compounds, through manure, dead plants 

and animals, micro-organisms. Organic nitrogenous compounds changes into inorganic 

compound by two processes- 

B. Ammonification:  Many heterotrophic bacteria (Bacillus vulgaris), Actinomycetes and 

fungi in soil and water, metabolize organic nitrogen and release it in an organic form 

as ammonia. This process is called ammonification or mineralization. 

C. Nitrification: Ammonia or ammonium salts are converted into nitrate in a process 

called nitrification. This process occurs in warm moist soil and takes place in 2 steps- 

a. Ammonia oxidized and converted into nitrite by Nitrosomonas. 

2NH3 + 3O2                                       2NO2ˉ +2H+ +2H2 O + energy 

b. Nitrite is further oxidized and converted to nitrate by Nitrobacter. 

2NO2ˉ +O2                                           2NO3ˉ + energy 

 

Conversion of nitrogen into its gaseous form 

D. Denitrification: The process by which molecules or gaseous nitrogen as well as NO 

(nitrous oxide) and nitric acid (N2O) and nitrogen oxide (NO2) are formed from NO3ˉ 

(nitrate) by bacteria (Pseudomonas) and fungi. The bacteria reduce nitrates into nitrites 

which are finally converted into free nitrogen. 

 

2NO3ˉ                    2NO2ˉ                      2NO                           N2O                           N2 

 

E. Sedimentation: Nitrate of the soil are washed down to sea or leached deep into earth 

surface, along with percolating water. Thus nitrate locked up in the rocks and only 

release when rocks are exposed and weathered.   
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F. Nitrogen assimilation: Inorganic nitrogen in the form of nitrates, nitrites and 

ammonia is absorbed by the green plant and converted into nitrogenous organic 

compound.  Nitrate first convert into ammonia which combine with organic acid to 

form amino acids. Amino acids are used in the synthesis of protein, enzyme, 

chlorophyll, nucleic acid etc. 

  

Human impact on nitrogen cycle  

 

Human activities are profoundly effecting cycling of nitrogen in nature. Use of nitrogen 

fertilizer affects the distribution of nitrogen on earth. Much of nitrogen from the harvested 

crops enters the aquatic ecosystem through run off and leaching. Nitrogenous compound 

leached into the ground water may be abundant in irrigation and drinking water where they 

can cause serious health hazards. Nitrogenous compound entering the lakes have fertilizing 

effect resulting in algal blooms and promotes cultured eutrophication. Extensive growth of 

phytoplankton, produce huge quantities of biomass and finally collapse due to nutrient 

exhaustion.                                                                                                                                                                                   

The dead organisms are consumed by detrivores which use up the oxygen supply. The 

problem of cultural eutrophication is more severe in the case of phosphorous addition than 

nitrogen.                                                 

 

Effect of excessive use of nitrogen  

  

1. The increased use of nitrate fertilizers leads to increased denitrification which can 

release dinitrogen monoxide (N2O) into the atmosphere. Dinitrogen monoxide can 

give rise to nitrogen monoxide (NO) which sets off a series of reactions which end 

with the destruction of the stratospheric ozone layer. This ozone layer protects us from 

carcinogenic UV radiation, so increasing nitrate fertilizer use is linked to increasing 

skin cancer. Dinitrogen monoxide is also a greenhouse gas, contributing to the 

warming of the lower atmosphere (troposphere).  

2. Nitrogen dioxide (NO2), from the combustion of fossil fuels, stimulates the production 

of ground level (tropospheric) ozone which is a respiratory irritant and which reduces 

resistance to bacterial infection. Both NO2 and N2O combine with volatile organic 

compounds and carbon monoxide in sunlight to produce photochemical smog. It 

combines with water to form nitric acid (HNO3) which forms 30% of the strong acid in 

the acid rain.                                                                     

3. Nitrogen oxides released from the combustion of fossil fuels form nitrous and nitric 

acid in the atmosphere which are major contributors to acid rain. Acid rain damages 

aquatic and terrestrial ecosystems and is another example of a natural phenomenon 

being made much worse by human activity. 

4. In infants under 3 months old, nitrates are converted to nitrites which enter the 

bloodstream. There they convert the ferrous (Fe2+) ion of haemoglobin into the ferric 

(Fe3+) form which prevents the haemoglobin carrying oxygen. The consequence - 
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methaemoglobinaemia or blue baby syndrome - is characterised by cyanosis of the lips 

and skin, shortness of breath and eventually suffocation. 

5. Nitrates may be reduced to nitrites by bacteria in adult saliva. Nitrites then combine 

with amines to form carcinogenic nitrosamines. Thus, high nitrate concentrations have 

been linked to the increasing incidence of gastric, urinary and bladder cancers.  

6. High levels of nitrates in aquatic ecosystems can lead to eutrophication. High nitrate 

concentrations result in algal blooms. As the algae die their decomposition by bacteria 

creates a huge biochemical oxygen demand (BOD), oxygen concentrations fall and 

aerobic organisms may die. 
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4. Sulphur Cycle 
The sulphur cycle is both sedimentary & gaseous. Sulphur is found in gaseous form like 

hydrogen sulphide (H2S) & sulphur dioxide (SO2) in atmosphere and as sulphates (SO4ˉˉ), 

sulphides and organic sulphur in soil. Natural source of sulphur in atmosphere is volcanic 

emission. 

Sulphur enters the atmosphere as hydrogen sulphide (H2S) and sulphur dioxide (SO2) from 

several sources like burning of fossil fuel, volcanic eruption, weathering of rocks, surface of 

ocean and gases released by decomposition of organic matter (Biological decomposition).  

 
Sulfur Reservoirs in Nature 
 

a. The largest physical reservoir is the Earth's crust where sulfur is found in gypsum 
(CaSO4) and pyrite (FeS2).  

b. The largest reservoir of biologically useful sulfur is found in the ocean as sulfate 
anions, dissolved hydrogen sulfide gas, and elemental sulfur.  

c. Other reservoirs include: - 
i. Freshwater - contains sulfate, hydrogen sulfide and elemental sulfur 
ii. Land - contains sulfate 
iii. Atmosphere - contains sulfur oxide (SO2) and methane sulfonic acid (CH3SO3-); 

volcanic activity releases some hydrogen sulfide into the air. 
 

The essential steps of the sulfur cycle are:  
 

a. Mineralization o f organic sulfur to the inorganic form, hydrogen sulfide,  
H2S. 

b. Oxidation of sulfide and elemental sulfur (S) and related compounds to sulfate, SO4 2–.  
c. Reduction of sulfate to sulfide.  
d. Microbial immobilization o f the sulfur compounds and subsequent incorporation into 

the organic form of sulfur. 
 

H2S also oxidizes into SO2. Atmospheric SO2 is carried back to the earth dissolved in rain 

water as weak sulphuric acid (H2SO4). Sulphur in the form of sulphates (SO4ˉˉ) is taken up by 

plant and incorporated through a series of metabolic processes into sulphur bearing amino 

acid.  

Sulphur is an essential constituent of certain amino acid and vitamin of B-complex group. 

Sulphur in the form of sulphate is incorporated in the protein of autotrophs tissues. It then 

passes through the grazing food chain. Sulphur bound in living organisms is carried back to 

the soil, to bottom of pond and lakes and sea through decomposition of the dead organic 

material by bacteria and fungi. Within detritus food chain the decomposition of protein 

releases Sulphur. 

Under aerobic condition fungi like Aspergillus , Neurospora and under anaerobic condition the 

bacteria like Escherichia and Proteus are responsible for decomposition of protein.   
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Role of some microbe in Sulphur cycle (O= oxidation, R= reduction) 

 

Microbes Reaction , Transformation 

Colourless, green and purple bacteria H2 S        O       S     O        SO4 

Desulphovibrio  

(Anaerobic) bacteria(soil and sediment)            

SO4         R         H2 S 

Thiobacillus  (aerobic) H2 S       O         SO4 

Aerobic heterotrophs Organic S     O          SO4 

Anaerobic heterotrophs Organic S      R          H2 S 

 

In anaerobic soil and sediments H2S is formed by sulphate reducing bacteria like 

Desulphovibrio desulphuricans. The species of colourless Sulphur bacteria such as Beggiatoa 

oxidize H2S to elemental Sulphur. 

H2S     oxidation      S 

 

The sedimentary aspect of the cycle involve the precipitation of Sulphur in the presence of 

iron(Fe) and calcium(Ca) as highly insoluble ferrous sulphide (FeS) and ferric sulphide (Fe2 

S3) also known as ‘Pyrite’ or relative insoluble calcium sulphide (CaSO4) thus contributing to 

the reservoir of Sulphur from this it enters the cycle through weathering  of rock and soil 

erosion. 

 

Sulphur cycle is important in general pattern of production and decomposition in an 

ecosystem. Example: When iron sulphide (FeS) are formed in the sediment , phosphorus is 

converted from insoluble into soluble form and phosphorus enter the pool available to living 

organisms. This is an excellent exchange of how the cycle regulates each other. 

 

Sulfur assimilation or assimilative sulfate reduction: in which sulfate (SO42–) is reduced to 
organic sulfhydryl groups (R–SH) by plants, fungi and prokaryotes. The oxidation states of 
sulfur are +6 in sulfate and –2 in R –SH. 
 
Desulfuration and Dissimilative sulfur reduction:  in which organic molecules containing 
sulfur can be desulfurated, producing H2S. Similarity to deamination. 
 
Oxidation of hydrogen sulfide produces elemental sulfur (So). This reaction is done by the 
photosynthetic green and purple sulfur bacteria and some chemolithotrophs. Further 
oxidation of elemental sulfur produces sulfate. 
 

Importance of sulphur  

 

a. Sulfur is an essential component of proteins (primarily two amino acids: cysteine and 
methionine), therefore essential for life. 

b. Sulphur is an essential constituent of certain amino acid and vitamin of B-complex 
group. 
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Human impact on Sulphur cycle 

 

Human impact on the sulfur cycle is primarily in the production of sulfur dioxide (SO2) 

emitted by the combustion of fossil fuel. Combustion of fossil fuel greatly increased the 

concentration of oxide of nitrogen (NO2, N2O) and Sulphur (SO2) in air especially in urban 

and industrial areas where biotic component are adversely affected. SO2 is damaging to 

photosynthesis, it is one of the most potent phytotoxic pollutant. It interaction with water 

vapour to produce H2 SO4 and ultimately returns to earth as ‘acid rain’. Acid rain affect the 

land, vegetation and aquatic system in a variety of ways useful micro-organisms in soil are 

harmful disease causing fungi. 

 

 

Environmental effect on water 
 
Both the lower pH and higher aluminum concentrations in surface water that occur as a 

result of acid rain can cause damage to fish and other aquatic animals. At pHs lower than 5 

most fish eggs will not hatch and lower pHs can kill adult fish. As lakes become more acidic 

biodiversity is reduced. Acid rain has eliminated insect life and some fish species. 

 
Environmental effect on soil 
 

Soil biology can be seriously damaged by acid rain. Some tropical microbes can quickly 

consume acids but other microbes are unable to tolerate low pHs and are killed. The 

enzymes of these microbes are denatured (changed in shape so they no longer function) by 

the acid. The hydronium ions of acid rain also mobilize toxins and leach away essential 

nutrients and Minerals. Acid rain can slow the growth of vulnerable forests and cause leaves 

and needles to turn brown and fall off. 
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5. Phosphorus cycle 
 

Phosphorus is found in water, soil and sediments, it cannot be found in air in the gaseous 

state like other compounds of matter cycles. It is found mainly cycling through soil, 

sediments and water. The phosphorus cycle is the slowest of the biogeochemical cycles. 

Phosphorus enters the environment from rocks and from deposits. Phosphate rock is 

commercially known as apatite and other deposits from the fossilized bone or bird 

droppings. Weathering of rocks releases phosphorus as ions which are soluble in water. 

Terrestrial plants need phosphate as fertilizers in the form of nutrients. 

Phosphorus is a very important nutrient because of its role in the form of phosphate, in 

reaction that store release energy. Phosphorus often a limiting factor of ecosystem. 

 

Definition 

The phosphorus cycle is defined as the biogeochemical cycle which describes the movement 

of phosphorus through the spheres of the ecosystem that is through lithosphere, hydrosphere 

and biosphere. Atmosphere does not have an important role in the phosphorus cycle as 

phosphorus and phosphorus based compounds are usually in solid form in typical 

temperature range.  

 

In nature phosphorus available in inorganic phosphate form. Through erosion and 

weathering of rocks, inorganic phosphate is made available to plants that absorb it from soil 

or in the case of aquatic plant from the soil. Phosphate may be become a part of ATP 

(Adenosine triphosphate), nucleic acid etc. Phosphate may be returned to the soil or 

sediment when the plant die and decomposes. In consumers the phosphorus may be 

incorporated into the bones and teeth. It is excreted as waste and is immediately available to 

the decomposer. Inorganic phosphates are taken up rapidly by phytoplankton, which is turn 

may be ingested by zooplankton or detritus feeding organisms. Zooplankton excretes 

phosphorus in their biomass which is again taken up by the phytoplankton. The rest of the 

phosphorus in aquatic system is in the form of organic phosphate that may be utilized by 

bacteria. Phosphorus is deposited in shallow sediments and part in the deep water because 

phosphorus is precipitated largely as calcium compound. 

 

Phosphorus is the key limiting factor in aquatic system because in which determine the 

productivity in many aquatic system. 

Example: Excess phosphates can stimulate the explosive growth of algae and photosynthetic 

bacteria population. 

 

The phosphorus cycle process is as follows:  

 

1) The phosphorus enters the soil and water through the weathering of rocks.  

2) Plants take in these phosphorus ions from the soil.   

3) The phosphates are then transferred from plants to herbivores animals.  

4) These herbivores animals are eaten by carnivores.  
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5) The phosphates that are absorbed by the animals are returned to the soil through 

excretion and from decomposition of plants and dead material by microbes.   

6) The dead plant materials and other waste products are decayed through the action 

of bacteria. 

7) The phosphate is released out to the environment by this process. 

8) The phosphate in the soil is leached out or eroded into water.  

9) The water is again utilized by algae and plants as nutrients.  

The lack of phosphate results in slow growing or stunted plant growth. If there is more of 

phosphate in the plant, there is excess growth seen in the some algae. 

 

Importance of phosphorus  

a. Plants and animals require phosphorus as an essential nutrient, but it is a limiting 

nutrient for aquatic organisms.  

b. The primary biological importance of phosphates is as a component of nucleotides, 

which serve as energy storage within cells (ATP, ADP and GDP) or when linked 

together, form the nucleic acids DNA and RNA. The double helical form of the DNA 

is possible only because the phosphate molecule forms a phosphate ester bridge that 

binds the double helix.   

c. Phosphorus is also found in bones, whose strength is derived from calcium 

phosphate, and in phospholipids (found in all biological membranes). Phosphates 

move quickly through plants and animals; however, the processes that move them 

through the soil or ocean are very slow, making the phosphorus cycle overall one of 

the slowest biogeochemical cycles. 

d. Phosphorus is also found in cell membranes (as fats called phospholipids). 

e. Some of the important life sustaining molecules is composed of phosphorus.  

f. Most of the phosphorus that is mined is used to make fertilizers.  

g. Weathering of rocks and minerals releases phosphorus to the environment which is 

taken up by plants and is processed into organic compounds. 

h. It is also present in the enamel of teeth of mammals, in the exoskeleton of insects.  

i. Phosphorus also functions in maintaining the acid base homeostasis in the human 

body acting as a buffering agent.  

j. It is also essential for metabolic reactions to release energy.  

k. It is also required to encode information on genes. 

 

Human impact on phosphorus cycle 

 

Human being mine phosphate rocks and guan deposit to make phosphorus available for 

production of fertilizer, detergents and animal feed, medicines, pesticides and numerous 

other products. 

Concentration of phosphorus in detergent is wastes of food processing plant and animal feed 

lot and sewage etc poured the phosphorus in natural water. This problem becomes acute in 

urban areas. 
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Human influences on the phosphate cycle come mainly from the introduction and use of 

commercial synthetic fertilizers from cropland as well as run off of animals waste from 

livestock feed lots and discharge of untreated and treated municipal sewage can all add 

excess phosphate nearby water and. The phosphate is obtained through mining of certain 

deposits of calcium phosphate called apatite. Huge quantities of sulfuric acid are used in the 

conversion of the phosphate rock into a fertilizer product called "super phosphate".  

Plants may not be able to utilize all of the phosphate fertilizer applied, as a consequence, 

much of it is lost form the land through the water run-off. The phosphate in the water is 

eventually precipitated as sediments at the bottom of the body of water. In certain lakes and 

ponds this may be redissolved and recyled as a problem nutrient. 

 

Phosphorus is recognized as one of the major nutrients contributing to the increased 

eutrophication of lakes and other natural waters. This has led to many water quality 

problems including increased purification costs, interference with the recreational and 

conservation value of impoundments, loss of livestock and the possible sub-lethal effects of 

algal toxins on humans using eutrophic water supplies for drinking.  
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