PART II The Global Cycles

THE NITROGEN CYCLE

Introduction

In the world we have more nitrogen than any other component but the supply of food for creatures that populate the world is more limited by nitrogen than by any other nutrient. Nitrogen is the major component of the earth’s atmosphere, making up about 78% of it. As well as being important as part of the atmosphere, it is also a vital component of the     biosphere, where it is an essential part of DNA, RNA and proteins. All living organisms need nitrogen to live and grow.
In the atmosphere, nitrogen is in the stable N​​​​​​​​2 form. It cannot be used by plant or animal life in this form and has to be broken down into other forms use by life on earth. Fortunately, nature has discovered ways of breaking down a small part of the atmosphere nitrogen into forms that can be used by plants, animals and humans, through a process called nitrogen ‘fixing’. However, this form of biologically available nitrogen is often in short supply due to the inert nature of the N2 gas from which it is derived.
The Nitrogen Cycle
This is one of the ‘magical’ cycles of nature in which essential elements are cycled between atmosphere, soil and water without the elements vanishing and an equilibrium exists between nitrogen in the atmosphere and nitrogen in soils and the oceans. Plant and animal life  requires nitrogen directly or indirectly in order to survive on earth. However, plants and animals cannot take in their nutritional requirements for nitrogen in a gaseous N2 form. The gaseous form needs to be broken down into compounds of nitrogen that can be taken up by plants and for this the bacteria in the soil are very important. Bacteria are the main organisms responsible for ‘fixing’ atmospheric nitrogen in a form capable of being used by plants and animals on earth. (We need a global cycle diagram that brings in the whole cycle)
The nitrogen cycle involves a series of stages between the atmospheric nitrogen being converted to a form that can be used by plant and animals, often through a series of stages within the soil, and then for it to be converted again to the gaseous form and returning to the atmosphere. These stages include: Fixation by which the gaseous atmospheric nitrogen is converted into  
Nitrogen Fixation
This is the critical stage of converting small amounts of the highly stable atmospheric nitrogen (N2) into forms that can enter the biological system. There are two main ways in which this is done. The major one is by certain types of bacteria in the soil which convert the N2 into NH4, the ammonia form of nitrogen. This process is achieved by certain bacteria of the genus Rhizobium that have a symbiotic relationship with the roots of certain host plants, particularly legumes such as alfalfa, clover, peas, beans. They enter the plant mainly through the root hairs and pass into the inner root tissues of the plant where they form nodules, which serve as the site of nitrogen fixation (needs a picture of root nodules, rhizobia). The bacteria supply to plants nitrogen that they have fixed, and the plants supply nutrients and organic compounds needed by the bacteria in return. In addition to the Rhizobia, there are some bacteria that live freely in the soil that are capable of fixing nitrogen, species such as Clostridium and Azotobacter. These use energy from decaying organic matter to enable them to fix nitrogen. The first stable product of this process of nitrogen fixation is ammonia but this is quickly incorporated into other nitrogen compounds that will be part of the nitrogen cycle.
In addition to this bacterially induced nitrogen fixation, natural phenomena such as lightning and forest fires can lead to the fixation of smaller amounts of nitrogen. It should be stressed however that the natural fixation of nitrogen from the atmosphere amounts to only a small fraction of that held in the atmosphere and is very small in terms of the needs of plants, animals and humans. Nitrogen is one of the major elements required by the biosphere but one that is often is in shortest supply. In the case of agricultural cropping, for example, crop needs for nitrogen can quickly exceed the nitrogen supplied into the system by natural fixation. This has led to a huge increase in the use of nitrogen fertilizer to supplement the amounts derived from natural processes.
(We need a mini-soil nitrogen cycle somewhere here)
Nitrogen Mineralisation
The nitrogen fixed by the symbiotic and non-symbiotic bacteria eventually becomes part of the fresh and decaying organic matter in the soil. Most (over 95%) of the soil nitrogen at any one time is in the organic matter, and only a very small percentage (<5%) of this is converted for the use of plants in any one year. Thus turnover of the nitrogen content of organic matter is very slow but vitally important in any one year. 
The first stage in preparing the organic nitrogen in the organic matter for use by plants is to transfer it to an inorganic form by the process of mineralization. In this process ammonia (NH3) is formed, most of which quickly forms ammonium (NH4+).
NH3     +   H+      =     NH4+
The ammonium ion ​​is available to plants and may be the chief way in which forests and grassland receive their supply of nitrogen. It is also an importantroute for nitrogen to plants in poorly drained and flooded soils.
Nitrification

The ammonium that is not used by roots or microorganisms or held by the clay particles is rapidly converted to nitrate by the process of nitrification. This is a two-stage process by which the ammonia is first converted to nitrite (NO2ֿ) by Nitrosomonas bacteria and the nitrite then converted to nitrate (NO3ֿ) by Nitrobacter bacteria. Nitrification leads to nitrogen being available to the plant in a readily available form and along with the ammonium ions are the two forms of nitrogen most readily taken up by the natural flora and several agricultural crops such as wheat, barley, oats. By comparison the rice plant takes up most of its nitrogen in the ammonium form because the waterlogged conditions under which paddy grows inhibit the nitrification of ammonium.

Immobilisation of the Nitrogen Store

Immobilisation is the process by which available inorganic forms of nitrogen are returned to the organic form and in so doing become unavailable again. Immobilised nitrogen is reasonably secure in the soil in this form and can continue to be recycled again within the soil from organic-mineral-organic states again via the mineralization, nitrification immobilisation stages. The organic form provides safe storage for the nitrogen supply but in the mineral form, particularly the nitrate form, it is liable to leaching out of the soil system. Immobilisation of nitrogen is a temporary phase in the soil and will again become subject to mineralization and become available to plants again.
Denitrification

Denitrification is the mechanism that allows the return of nitrogen to the atmosphere thus completing the cycle: atmosphere-fixation in the soil-mineralisation and nitrification for use by plants-return to the atmosphere following denitrification. The process is performed by various microscopic bacteria, fungi and other organisms. Denitrification is the reduction of nitrate to gaseous nitrogen, enabling it to escape from the soil to the atmosphere again. It is a significant process in soils because it is a loss mechanism for one of the soils most precious and needed nutrients and clearly puts the onus on the incoming parts of the cycle to recharge the soil and compensate for what has been lost.
Human Influence on the Nitrogen Cycle (This section lends itself well to some photographs (e.g fertiliser factory chimneys belching out, the difference between wheat grown on a heavily fertilized soil and a poorly fertilized soil; water affected by eutrophism, legumes being grown)
In the past 200 years man has had an important influence on the nitrogen cycle. This influence has led at times to more nitrogen being added to the cycling system, at other time to a loss from the natural system. Changing the system of agriculture to a more intensive one, coupled with the manufacture of large amounts of fertilizer has had a major effect. On the one hand, more land being used to grow crops, less attention paid to legumes in the farming programme, and deforestation has led to less naturally occurring nitrogen in the soil. On the other hand, particularly since World War II, the amount of nitrogen fertilizer applied to land has tripled in many countries. In many cases this has exceeded crop needs and has been leached from the soil into the underlying groundwater from where it can enter streams and rivers, leading to eutrophication and potential damage to human health.  Further this increased application has required the manufacture of large amounts of artificial nitrogen and the factories involved have released large amounts of nitrogen to the atmosphere. Man has a habit of embarking on great inventions without fully thinking through or understanding the likely consequences. It is important that these natural cycles, which are so important for the future of mankind, are well understood so the implications of any of mans’ actions can also be anticipated and properly managed.
