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Biogeochemical Cycle 

The internal cycling of nutrients within the ecosystem is a story of biological processes. But 

not every transformation of elements in the ecosystem is biologically mediated. Many chemical 

reactions take place in abiotic components of the ecosystem: the atmosphere, water, soil, and 

parent material. The weathering of rocks and minerals releases certain elements into the soil 

and water, making them available for uptake by plants. The energy from lightning produces 

small amounts of ammonia from molecular nitrogen and water in the atmosphere, providing an 

input of nitrogen to aquatic and terrestrial ecosystems. Other processes, such as the 

sedimentation of calcium carbonate in marine environments, remove elements from the active 

process of internal cycling. Each element has its own story, but all nutrients flow from the 

nonliving to the living and back to the nonliving components of the ecosystem in a more or 

less cyclic path known as the biogeochemical cycle (from bio, “living”; geo for the rocks and 

soil; and chemical for the processes involved).  

 

There are two basic types of biogeochemical cycles: gaseous and sedimentary. This 

classification is based on the primary source of nutrient input to the ecosystem. In gaseous 

cycles, the main pools of nutrients are the atmosphere and the oceans. For this reason, gaseous 

cycles are distinctly global. The gases most important for life are nitrogen, oxygen, and carbon 

dioxide. These three gases—in stable quantities of 78 percent, 21 percent, and 0.03 percent, 

respectively—are the dominant components of Earth’s atmosphere. 

In sedimentary cycles, the main pool is the soil, rocks, and minerals. The mineral elements 

required by living organisms come initially from inorganic sources. Available forms occur as 

salts dissolved in soil water or in lakes, streams, and seas. The mineral cycle varies from one 

element to another, but essentially it consists of two phases: the rock phase and the salt solution 

phase. Mineral salts come directly from Earth’s crust through weathering. The soluble salts 

then enter the water cycle. With water, the salts move through the soil to streams and lakes and 

eventually reach the seas, where they 

remain indefinitely. Other salts return 

to Earth’s crust through sedimentation. 

They become incorporated into salt 

beds, silts, and limestone. After 

weathering, they enter the cycle again. 

There are many different kinds of 

sedimentary cycles. Cycles such as the 

sulfur cycle are a hybrid of the gaseous 

and the sedimentary because they have 

major pools in Earth’s crust as well as 

in the atmosphere. Other cycles, such 

as the phosphorus cycle, have no 

significant gaseous pool; the element 

is released from rock and deposited in 

both the shallow and deep sediments 

of the sea. Gaseous and sedimentary 

cycles involve biological and 

nonbiological processes.  



Both cycles are driven by the flow of energy through the ecosystem, and both are tied to the 

water cycle. Water is the medium that moves elements and other materials through the 

ecosystem. Without the cycling of water, biogeochemical cycles would cease. Although the 

biogeochemical cycles of the various essential nutrients required by autotrophs and 

heterotrophs differ in detail, from the perspective of the ecosystem all biogeochemical cycles 

have a common structure. They share three basic components: inputs, internal cycling, and 

outputs. 

 

Nutrients Enter the Ecosystem via Inputs 

The input of nutrients to the ecosystem depends on the type of biogeochemical cycle. Nutrients 

with a gaseous cycle, such as carbon and nitrogen, enter the ecosystem via the atmosphere. In 

contrast, nutrients such as calcium and phosphorus have sedimentary cycles, with inputs 

dependent on the weathering of rocks and minerals. The process of soil formation and the 

resulting soil characteristics have a major influence on processes involved in nutrient release 

and retention. Supplementing nutrients in the soil are nutrients carried by rain, snow, air 

currents, and animals. Precipitation brings appreciable quantities of nutrients, called wetfall. 

Some of these nutrients, such as tiny dust particles of calcium and sea salt, form the nuclei of 

raindrops; others wash out of the atmosphere as the rain falls. Some nutrients are brought in by 

airborne particles and aerosols, collectively called dryfall. Between 70 percent and 90 percent 

of rainfall striking the forest canopy reaches the forest floor. As it drips through the canopy 

(throughfall) and runs down the stems (stemflow), rainwater picks up and carries with it 

nutrients deposited as dust on leaves and stems together with nutrients leached from them. 

Therefore, rainfall reaching the forest floor is richer in calcium, sodium, potassium, and other 

nutrients than rain falling in the open at the same time. The major sources of nutrients for 

aquatic life are inputs from the surrounding land in the form of drainage water, detritus, and 

sediment, and from the atmosphere in the form of precipitation. Flowing-water aquatic systems 

(streams and rivers) are highly dependent on a steady input of dead organic matter from the 

watersheds they flow through. 

 

Outputs Represent a Loss of Nutrients from the Ecosystem 

The export of nutrients from the ecosystem represents a loss that must be offset by inputs if a 

net decline is not to occur. Export can occur in a variety of ways depending on the specific 

biogeochemical cycle. Carbon is exported to the atmosphere in the form of CO2 via the process 

of respiration by all living organisms. Likewise, various microbial and plant processes result 

in the transformation of nutrients to a gaseous phase that can subsequently be transported from 

the ecosystem in the atmosphere. Examples of these processes are provided in the following 

sections, which examine specific biogeochemical cycles. 

Transport of nutrients from the ecosystem can also occur in the form of organic matter. Organic 

matter from a forested watershed can be carried from the ecosystem through surface flow of 

water in streams and rivers. The input of organic carbon from terrestrial ecosystems constitutes 

most of the energy input into stream ecosystems. Organic matter can also be transferred 

between ecosystems by herbivores. Moose feeding on aquatic plants can transport and deposit 

nutrients to adjacent terrestrial ecosystems in the form of feces. Conversely, the hippopotamus 

(Hippopotamus amphibius) feeds at night on herbaceous vegetation near the body of water 

where it lives. Large quantities of nutrients are then transported in the form of feces and other 

wastes to the water. Although the transport of organic matter can be a significant source of 



nutrient loss from an ecosystem, organic matter plays a key role in recycling nutrients because 

it prevents rapid losses from the system. Large quantities of nutrients are bound tightly in 

organic matter structure; they are not readily available until released by activities of 

decomposers. 

Some nutrients are leached from the soil and carried out of the ecosystem by underground water 

flow to streams. These losses may be balanced by inputs to the ecosystem, such as the 

weathering of rocks and minerals. Considerable quantities of nutrients are withdrawn 

permanently from ecosystems by harvesting, especially in farming and logging, as biomass is 

directly removed from the ecosystem. In such ecosystems, these losses must be replaced by 

applying fertilizer; otherwise, the ecosystem becomes impoverished. In addition to the nutrients 

lost directly through biomass removal, logging can result in the transport of nutrients from the 

ecosystem by altering processes involved in internal cycling. 

Depending on its intensity, fi re kills vegetation and converts varying proportions of the 

biomass and soil organic matter to ash. Besides the loss of nutrients through volatilization and 

airborne particles, the addition of ash changes the soil’s chemical and biological properties. 

Many nutrients become readily available, and phosphorus in ash is subject to rapid 

mineralization—a process known as pyromineralization. If not taken up by vegetation during 

recovery, nutrients may be lost from the ecosystem through leaching and erosion. Stream-water 

runoff is often greatest after fi re because of reduced water demand for transpiration. High 

nutrient availability in the soil, coupled with high runoff, can lead to large nutrient losses from 

the ecosystem. 

 

Biogeochemical Cycles Can Be Viewed from a Global Perspective 

The cycling of nutrients and energy occurs within all ecosystems, and it is most often studied 

as a local process; that is, the internal cycling of nutrients within the ecosystem and the 

identification of exchanges both to (inputs) and from (outputs) the ecosystem. Through these 

processes of exchange, the biogeochemical cycles of differing ecosystems are linked. Often, 

the output from one ecosystem represents an input to another, as in the case of exporting 

nutrients from terrestrial to aquatic ecosystems. The processes of exchanging nutrients among 

ecosystems requires viewing the biogeochemical cycles from a much broader spatial 

framework than that of a single ecosystem. This is particularly true of nutrients that go through 

a gaseous cycle. Because the main pools of these nutrients are the atmosphere and the ocean, 

they have distinctly global circulation patterns. In the following sections, we explore the 

cycling of carbon, nitrogen, phosphorus, sulfur, and oxygen, and examine the specific 

processes involved in their movement through the ecosystem. We will then expand our model 

of biogeochemical cycling to provide a framework for understanding the global cycling of these 

elements, which are crucial to life. 


