


Importance of Biogeochemical Cycles
Plays an important role in the survival of various organisms including 
humans. The importance of the biogeochemical cycles is given 
below:
1. It will transform the matter from one form to another which 

helps in the optimisation of matter in a form specific to particular 
organism. For Example- Water in liquid form utilized by the 
Human.

2. It facilitates the storage of the elements. For Example- the 
Nitrogen cycle help in the nitrogen fixation.

3. It will help in the functioning of ecosystem.
4. It connects different variants of the ecosystem such as living 
organism to other living organism, living organism to non-living 
organism.
5. It regulates the flow of substances through the cycles like 
sedimentary cycles and Gaseous cycles.



Based on the replacement period, a nutrient cycle is referred 
to as Perfect or Imperfect cycle.
A perfect nutrient cycle is one in which nutrients are 
replaced as fast as they are utilized. Most gaseous cycles are 
generally considered as perfect cycles.

Sedimentary cycles are considered relatively imperfect, as 
some nutrients are lost from the cycle and get locked into 
sediments and so become unavailable for immediate cycling.



Carbon Cycle (Gaseous Cycle)



Carbon is a minor constituent of the atmosphere
Vital for the production of carbohydrates through 
photosynthesis 
It anchors all organic substances from coal and oil to DNA 
Present mainly in the form of carbon dioxide (CO2).

Carbon cycle involves a continuous exchange of carbon 
between the atmosphere and organisms.

Carbon from the atmosphere moves to green plants by the 
process of photosynthesis, and then to animals.

By process of respiration and decomposition of dead organic 
matter, it returns to the atmosphere. 
It is usually a short term cycle.



Some carbon also enters a long term cycle. 
It accumulates as un-decomposed organic matter in the 
peaty layers of marshy soil or as insoluble carbonates in 
bottom sediments of aquatic systems which take a long time 
to be released.
In deep oceans, such carbon can remain buried for millions of 
years till geological movement may lift these rocks above sea 
level. These rocks may be exposed to erosion, releasing their 
carbon dioxide, carbonates and bicarbonates into streams 
and rivers.
Fossil fuels such as coals, oil and natural gas etc. are organic 
compounds that were buried before they could be 
decomposed and were subsequently transformed by time and 
geological processes into fossil fuels. When they are burned 
the carbon stored in them is released back into the 
atmosphere as carbon dioxide.







Q. Consider the following:
1. Photosynthesis
2. Respiration
3. Decay of organic matter
4. Volcanic action

Which of the above add carbon dioxide to the carbon 
cycle on Earth?
(a) 1 and 4 only
(b) 2 and 3 only
(c) 2,3 and 4 only
(d) 1, 2, 3 and 4



Q. Which one of the following is the process involved in 
photosynthesis?

a. Potential energy is released to form free energy
b. Free energy is converted into potential energy and stored
c. Food is oxidized to release carbon dioxide and water
d. Oxygen is taken, and carbon dioxide and water vapour are 
given out



Answer: b
Sunlight (free energy) is converted into carbohydrates 
(potential energy) using water and carbon dioxide. Oxygen is 
released in the process.









• Water is a cyclic resource as it is used and re-used.
• About 71% of the planetary water is found in the oceans.
• The remaining is held as freshwater in glaciers and ice caps, 

groundwater sources, lakes, soil moisture, atmosphere, 
streams and within life.

• About 59% of the water on the land surface evaporates and 
returns back to the atmosphere.

• The remaining run-off on the surface penetrates into the 
ground or a part of it becomes glaciers.

• The hydrological cycle is the circulation of water within the 
hydrosphere of Earth in different forms such as liquid, solid 
and gaseous states.

• It denotes the uninterrupted exchange of water between the 
land surface, oceans and subsurface and the organisms.

• The hydrologic cycle begins with the evaporation of water 
from the surface of the ocean.





1. Evaporation
The conversion of water from liquid to gas stage as it moves from 
the ground or bodies of water into the atmosphere as some water 
molecules attain sufficient kinetic energy to eject themselves from 
the water surface.
Factors such as temperature, humidity, wind speed and solar 
radiation affects evaporation.
The source of energy for evaporation is mainly solar radiation.
2. Transpiration
Water vapour is also discharged from plant leaves through minute 
pores/stomata by a process called transpiration. For practical 
purposes transpiration and evaporation from all water, soil, snow, 
ice and other surface are lumped together and called 
evapotranspiration or total evaporation.
3. Sublimation
The process in which solid water such as snow or ice directly 
changes into water vapour.



4. Condensation
The transformation of water vapour to liquid water droplets 
in the air, forming fog and clouds.
5. Precipitation
The condensed water vapour falling to the surface of the 
Earth is known as Precipitation. It occurs in the form of rain, 
snow, and hail.
6. Runoff
Runoff is a visible flow of water in rivers, creeks, and lakes as 
the water stored in the basin drains out.
7. Snowmelt
The runoff created by melting snow.
8. Percolation
Water flows vertically through the soil and rocks under the 
effect of gravity.





Oxygen
• the vital element in Earth.
• most common element of the human body.
• constitutes about 65% of the mass of the human body and

most of this is in the form of water.
• makes up about 30% of the Earth and 20% of the atmosphere.

Processes that consume Oxygen
• Breathing
• Decomposing
• Rusting: also known as oxidation in which iron turns into iron 

oxide. When iron things rust they absorb oxygen.
• Combustion
Processes that produce Oxygen
• Photosynthesis
• Sunlight



Oxygen Cycle
• The biogeochemical cycle of oxygen is a complex process.
• Oxygen occurs in several combinations and chemical forms.
• It combines with nitrogen to form nitrates.
• It also combines with several other elements and minerals to 

form different oxides such as the iron oxide, aluminium oxide 
and others.

• The carbon dioxide is absorbed by plants during 
photosynthesis.

• A considerable amount of oxygen is produced from the 
decomposition of water molecules by sunlight during 
photosynthesis.

• Respiration by humans and animal consumes oxygen and 
releases carbon dioxide into the atmosphere.

• Again this carbon dioxide is taken up by plants, for 
photosynthesis and the process repeats.







Nitrogen
• chief constituent in the proteins and DNA molecules 
• a common limiting nutrient in nature and agriculture.
• exists in the atmosphere as N2
• Usually, nitrogen is usable only after it is fixed.

• Nitrogen fixation is a process where bacteria convert N2 
into ammonia, a form of nitrogen usable by plants.

• Only a few types of organisms like  blue-green algae and 
certain species of soil bacteria are skilful of consuming 
nitrogen directly in its gaseous form.

• When animals eat the plants, they obtain usable nitrogen 
compounds.

• When fertilizers comprising phosphorous and nitrogen are 
transported in a runoff to rivers and lakes, they can result 
in blooms of algae. This is called eutrophication.





The Nitrogen Cycle
Biogeochemical cycle of N2 in atmosphere (75% of the gases.)
The major source of free N2 is the action of soil micro-organisms 
and associated plant roots on atmospheric nitrogen found in pore 
spaces of the soil. 
In nature, lightning and ultraviolet radiation provide enough 
energy to convert nitrogen to nitrogen oxides (NO, NO2, N2O).
Industrial combustions, forest fires, automobile exhausts and 
power-generating stations are also sources of atmospheric 
nitrogen oxides.
Fixation: is the primary step in the process of converting nitrogen, 
usable by plants. Bacteria change nitrogen into ammonium.
Nitrification : process by which ammonium converted into nitrates 
by bacteria. The plants absorb these Nitrates.
Assimilation: only plants get nitrogen through this process. They 
absorb nitrates from the soil into their roots and using them in 
chlorophyll, nucleic acids, and amino acids.



Ammonification: part of the decaying process.
When a plant or animal expires, decomposers such that 
bacteria and fungi turn the nitrogen back into ammonium so 
it can go back into the nitrogen cycle.
De-nitrification: Surplus nitrogen in the soil gets put back out 
into the air.
There are special bacteria that execute this job as well.

Two kinds of nitrogen-fixing bacteria are recognized. 
The free-living (non symbiotic) bacteria: cyanobacteria (or 
blue-green algae) Anabaena and Nostoc and genera such as 
Azotobacter, Beijerinckia, and Clostridium.

The mutualistic (symbiotic) bacteria: Rhizobium(in 
leguminous plants), Frankia (in certain dicotyledonous 
species), Azospirillum (in cereal grasses)





Nitrifying bacteria are chemolithotrophic organisms that include 
species of the genera Nitrosomonas, Nitrosococcus, Nitrobacter
and Nitrococcus. These bacteria get their energy by the oxidation 
of inorganic nitrogen compounds.

Denitrifying bacteria convert nitrates in soil to free atmospheric 
nitrogen, thus depleting soil fertility and reducing agricultural 
productivity. 
Examples: Thiobacillus denitrificans, Micrococcus denitrificans, 
and some species of Serratia, Pseudomonas, and Achromobacter.

Pseudomonas aeruginosa can, under anaerobic conditions (as in 
swampy or water-logged soils), reduce the amount of fixed 
nitrogen (as fertilizer) by up to 50 percent. 
Without denitrification, the Earth’s supply of nitrogen would 
eventually accumulate in the oceans, since nitrates are highly 
soluble and are continuously leached from the soil into nearby 
bodies of water.





Summary of the process:
Step 1: N2 Fixing ==> Nitrogen → Ammonia or Ammonium Ions
Step 2: Nitrification ==> Ammonia or Ammonium Ions → Nitrite 
→ Nitrate
Step 3: Ammonification ==> Dead Matter + Animal Waste (Urea, 
Uric Acid) → Ammonia or Ammonium Ions
Most of the ammonia escapes into the atmosphere. Rest is 
Nitrified (Step 2) to nitrates.
Step 4: De nitrification ==> Nitrate → Nitrogen

The amount of nitrogen fixed by man through the industrial 
process has far exceeded the amount fixed by the Natural Cycle.
As a result, nitrogen fixed by man has become a pollutant which 
can disrupt the balance of nitrogen. It may lead to Acid rain, 
Eutrophication and Harmful Algal Blooms.



Q. Which of the following adds/add nitrogen to the soil?
1. Excretion of urea by animals
2. Burning of coal by man
3. Death of vegetation
Select the correct answer using the codes given below.
(a) 1 only                                            (b) 2 and 3 only
(c) 1 and 3 only                                 (d) 1, 2 and 3

Q. Consider the following:
1. Carbon dioxide
2. Oxides of Nitrogen
3. Oxides of Sulphur
Which of the above is/are the emission/emissions from coal 
combustion at thermal power plants?
(a) 1 only                                             (b) 2 and 3 only
(c) 1 and 3 only                                  (d) 1, 2 and 3.



Q. What can be the impact of excessive/inappropriate use of 
nitrogenous fertilisers in agriculture?
1. Proliferation of nitrogen-fixing microorganisms in soil can 
occur.
2. Increase in the acidity of soil can take place.
3. Leaching of nitrate to the ground-water can occur.

Select the correct answer using the code given below.
(a) 1 and 3 only
(b) 2 only
(c) 2 and 3 only
(d) 1, 2 and 3





• Phosphorus plays a central role in aquatic ecosystems and 
water quality. Unlike carbon and nitrogen, phosphorus occurs 
in large amounts as a mineral in phosphate rocks and enters 
the cycle from erosion and mining activities.

• This is the nutrient considered to be the main cause of 
excessive growth of rooted and free-floating microscopic 
plants (phytoplankton) in lakes (leads to eutrophication).

• The main storage for phosphorus is in the earth’s crust.
• On land, phosphorus is usually found in the form of 

phosphates. By the process of weathering and erosion, 
phosphates enter rivers, streams and finally oceans.

• In the ocean, phosphorus accumulates on continental shelves 
in the form of insoluble deposits.

• After millions of years, the crustal plates rise from the seafloor 
and expose the phosphates on land.

• After more time, weathering will release them from rock, and 
the cycle’s geochemical phase begins again.









• The sulphur reservoir is in the soil and sediments, locked in organic 
(coal, oil and peat) and inorganic deposits (pyrite rock and sulphur 
rock) in the form of sulphates, sulphides and organic sulphur.

• It is released by weathering of rocks, erosional runoff and 
decomposition of organic matter and is carried to terrestrial and aquatic 
ecosystems in salt solution.

• The sulphur cycle is mostly sedimentary except two of its compounds, 
H2S and SO2, which add a gaseous component.

• Sulphur enters the atmosphere through volcanic eruptions, combustion 
of fossil fuels, from the surface of the ocean and gases released by 
decomposition.

• Atmospheric H2S gets oxidised into SO2, carried back to the earth after 
being dissolved in rainwater as weak sulphuric acid (acid rain).

• Sulphur in the form of sulphates is taken up by plants and incorporated 
through a series of metabolic processes into sulphur bearing amino 
acid, incorporated in the proteins of autotroph tissues and passed 
through the grazing food chain.

• S in organisms are carried back to the soil, bottom of ponds, lakes and 
seas through excretion and decomposition of dead organic material.





Q. With reference to agricultural soils, consider the following 
statements:
1. A high content of organic matter in soil drastically reduces 
its water holding capacity.
2. Soil does not play any role in the Sulphur cycle.
3. Irrigation over a period of time can contribute to the 
salinization of some agricultural lands.
Which of the statements given above is/are correct?

(a) 1 and 2 only
(b) 3 only
(c) 1 and 3 only
(d) 1, 2 and 3


