Phosphorus Cycle


The phosphorus cycle is different from the water, carbon, and nitrogen cycles because phosphorus is found in sedimentary rock. Phosphorus is a necessary element in DNA, in many molecules found in living cells, and in the bones of vertebrate animals. A smaller source of phosphorus is the droppings (guano) of fish-eating sea birds.


Erosion caused by rainfall and the runoff of streams removes phosphorus from phosphate rock. This results in a phosphorus supply in the soil which is available to plants. The phosphorus is absorbed by the plants' roots and used to make organic compounds. As animals eat the plants, the phosphorus is passed along to them. Decomposing plant or animal tissue and animal droppings return organic forms of phosphorus to the water and soil.


Much of the phosphorus is eventually lost in the oceans. The phosphorus in the soil is dissolved in water, which in turn flows into bodies of water. Some of this phosphorus is used by plankton, which in turn is eaten by fish. These fish are then consumed by sea birds. But the majority of phosphorus washed into the sea sinks to the ocean floor and is not recycled. 

 
The major sink for phosphorus is sediments and rock.   Unlike carbon and nitrogen, this cycle has essentially no atmospheric component. However, the little phosphorus that may get into the atmosphere can be converted to phosphoric acid and contribute to acid rain.   Phosphorus is initially made available to living organisms through weathering of the rock or sediment that it is stored in.  Phosphorus is found in the environment as a form of soluble phosphate ions.  These ions tend to bind to clay particles in the soil.  Therefore, phosphate that is applied to soil in the form of fertilizer or waste rapidly becomes bound to soil particles and then does not leach through the soil into the ground water.  This property of phosphate is responsible for a couple of important situations.  One is that phosphorus can build up to very high and even toxic levels in soil. 

Phosphorus is a major surface water pollutant and is responsible in large part for the severe algae bloom observed on many rivers, ponds and lakes.  This causes eutrophication of lakes and depletes them of oxygen, killing fish and other organisms.   Soil particles that contain phosphorus are eroded into these lakes and streams causing the phosphorus to build up to high enough levels to cause problems.  Therefore, soil erosion not only depletes our soil resource, but also contributes greatly to water pollution.  Another source of input into water systems comes from our society’s use of detergents and soaps that end up in runoff. 

Phosphorus is the key to energy in living organisms, for it is phosphorus that moves energy from ATP to another molecule, driving an enzymatic reaction, or cellular transport. Phosphorus enters the living component of its cycle by plants taking up phosphate ions through their roots and animals licking or eating phosphorus containing rocks/soil.  This phosphorus is incorporated into living tissue.  A very important groups of molecules that require phosphorus as part of their structure are DNA (deoxyribonucleic acids) which is the genetic material of living organisms, and RNA (ribonucleic acids) which contain the genetic messages to be translated into proteins as well as the protein synthetic machinery.  Phosphorus is also the glue that holds DNA together, binding deoxyribose sugars together, forming the backbone of the DNA molecule. Phosphorus does the same job in RNA.  In animals, a major requirement for bone formation is phosphorus.  It is incorporated into living organisms and is passed on through the trophic levels in the ecosystem just like carbon and nitrogen.  This phosphorus ultimately enters the detritus food web from excreted waste or death of organisms and is returned to its major storage reservoir in the soil and sediment.  

The keystone of getting phosphorus into trophic systems are plants. Plants absorb phosphorous from water and soil into their tissues, tying them to organic molecules. Once taken up by plants, phosphorus is available for animals when they consume the plants. 


When plants and animals die, bacteria decomposes their bodies, releasing some of the phosphorus back into the soil. Once in the soil, phosphorous can be moved 100s to 1,000s of miles from were they were released by riding through streams and rivers. So the water cycle plays a key role of moving phosphorus from ecosystem to ecosystem.


In some cases, phosphorous will travel to a lake, and settle on the bottom. There, it may turn into sedimentary rocks, limestone, to be released millions of years later. So sedimentary rocks acts like a back, conserving much of the phosphorus for future eons

QUESTIONS:

1. Compared to the water, carbon, and nitrogen cycles, why is phosphorus different?

2. What is the major sink of this nutrient?

3. Why is phosphorus important to living things?  Give examples.

4. How is phosphorus transferred from the abiotic to the biotic elements in an ecosystem?

5. Why is phosphorus a pollution problem?  Where does it come from?  What does it do?

6. Too much phosphorus in a water system results in?  

7. What is “guano”?  Where does it come from?  Why would it have phosphorous in it?

8. What are soluble phosphate ions?  What role do they play in this cycle?

9. What is eutrophication?  Why does it happen?
