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[0 O O At the same time that the carbon cycle evolved, the nitrogen cycle emerged because nitrogen was a limiting
element for microbial growth. Although molecular nitrogen was abundant in the atmosphere, microbial cells could
not directly utilize nitrogen as N2 gas. Cells require organic nitrogen compounds or reduced inorganic forms of
nitrogen for growth. Therefore, under the reducing conditions found on early Earth, some organisms developed a
mechanism for fixing nitrogen using the enzyme nitrogenase. Nitrogen fixation remains an important
microbiological process, and to this day, the majority of nitrogenase enzymes are totally inhibited in the presence of
oxygen.When considered over this geologic time scale of several billion years, it is apparent that biogeochemical
activities have been unidirectional. This means that the predominant microbial activities On earth have evolved
over this long period of time to produce changes and to respond to changes that have occurred in the
atmosphere,namely, the appearance of oxygen and the decrease in carbon dioxide content. Presumably these
changes will continue to occur, but they occur so slowly that we do not have the capacity to observe them.One can
also consider biogeochemical activities on a more contemporary time scale, that of tens to hundreds of years. On
this much shorter time scale, biogeochemical activities are regular and cyclic in nature, and it is these activities that
are addressed in this chapter. On the one hand, the presumption that Earth is a superorganism and can respond to
drastic environmental changes is heartening when one considers that human activity is effecting unexpected
changes in the atmosphere, such as ozone depletion and buildup of carbon dioxide. However, it is important to
point out that the response of a superorganism is necessarily slow [J thousands to millions of years[J , and as
residents of Earth we must be sure not to overtax Earth's ability to respond to change by artificially changing the
environment in a much shorter time frame.14.2 CARBON CYCLE14.2. | Carbon Reservoirs A reservoir is a sink
or source of an element such as carbon. There are various global reservoirs of carbon, some of which are immense
in size and some of which are relatively small [ Table 14.300 . The largest carbon reservoir is carbon are rock found
in Earth's sediments. This reservoir is four orders of magnitude larger than the carbonate reservoir found in the
ocean and six orders of magnitude larger than the carbon reservoir found as carbon dioxide in the atmosphere.If
one considers these three reservoirs, it is obvious that the carbon most available for photosynthesis, which requires
carbon dioxide, is in the smallest of the reservoirs, the atmosphere. Therefore, it is the smallest reservoir that is most
actively cycled. It is small, actively cycled reservoirs such as atmospheric carbon dioxide that are subject to
perturbation from human activity.
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