FUNDAMENTALS OF SOIL SCIENCE

10. SOIL ECOLOGY AND ORGANIC MATTER
A. ECOSYSTEMS

The sum total of life on earth, together with the global environments, constitutes the ecosphere. The ecosphere is composed in numerous self-sustaining communities of organisms and their organics environments and resources, called ecosystems.

All ecosystems have two types of organisms based on carbon source:

· Producers, autotrophs, use inorganic carbon from CO2. The primary producers are plants that use solar energy to fix carbon from CO2 during photosynthesis. 

· Consumers and decomposers, heterotrophs, use organic carbon. Consumers are animals that feed on plant material or on other animals. All organisms die and are added to the soil. All forms of dead organic materials are attacked by the decomposers, mainly, by bacteria and fungi.

b. some characteristics of soil microorganisms

Bacteria
Bacteria are single celled, among the smallest living organisms, and exceed all other soil organisms in kinds and number.

· 0.1% of soil(2000 lbs/acre).

· 2*10 18 individuals/hectare (/2 for acre).

· Heterotrophs, dependent fixed C.

· Play a major role in cycling of energy and nutrients.

· Aerobes, require oxygen from soil. (Most soil bacteria).

· Anaerobes, can not live in presence of oxygen.
· Facultative aerobes, can adapt to presence or absence of oxygen.

The kinds and abundance of bacteria depend on the available nutrients present and on soil environmental conditions.

Fungi

Fungi are the lignin decomposers.

· Heterotrophs, that very greatly in size.

· Tolerant to soil acidity, important in forest soils.

· Woody residues of the forest floor provide food.

· Most important is mycorrhiza that means fungus roots. In this hyphae invade young roots and grow mycelium both within the interior and on exterior of roots. In the interior utilize nutrients from host, and in the exterior increase plant uptake of water and nutrients, particularly important for P uptake.

Actinomycetes

· Fungi like bacteria.
· About same size as bacteria but morphology of fungi.
· Antibiotics.

· Present in great abundance in soil.

Algae

· Minor importance in soils (most important in water).

c. roles of bacteria and fungi

Nutrient cycling is the exchange of nutrient elements between the living and nonliving parts of the ecosystem.
Nutrient cycling process have two simultaneous processes:

· Mineralization, is the conversion of nutrients in soil organic matter to organic ions, principally by microbial decomposers. AA

NH4+

· Immobilization, uptake of inorganic nutrients by organisms. NO3-

    AA
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d. soil animals-macroorganisms

Soil animals are numerous in soils. Play an important role in organic matter decomposition. Most of the soil animals are consumers that feed on dead and decaying organic matter (digestion).
Kinds:

· Nematodes, are microscopic worms and are the most abundant animals in soils, are parasitic consumers.

· Earthworms, are the best known of the larger soil animals. Are consumers and soil mixers.

· Others, like mites, millipedes, springtails, etc.

e. soil organisms and environmental quality

· Pesticide degradation.
· Soil for sewage effluent disposal.

· Animal wastes.
f. organic matter
The labile form of soil organic matter is that which is unstable and liable to change over time.
The stable form of soil organic matter is that which is resistant to further decomposition.
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Organic matter equilibrium

During the early stages of soil formation, the soil's organic matter content increases rapidly.
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Soil organic matter = amount added - amount decomposed
Organic matter pools

There are 3 different pools of organic matter which exist in the soil ecosystem (above and below the soil surface).
· Above the ground - consisting of any actively growing vegetation.
· On the soil surface - consisting of any dead plant or animal matter such as grass clippings, leaves, twigs, and branches.

· Within the soil - consisting of all living or dead organic matter, both labile and stable.
g. vegetation

Forest ecosystems have more total organic matter than grassland ecosystems due to the above ground growth, but grassland ecosystems have more organic matter within the soil and are therefore more fertile (humus holds nutrients and stores nitrogen).
h. humus properties

Humus contains 6 carbon ring structures that resist enzymatic decomposition.
Humus contains about 58% carbon and 5% nitrogen, for a C:N ratio of 11.6.
Plant and animal residues may completely decompose in the soil within a year, but humus tends to decompose at a rate of only 1 to 3% per year.
Organic matter decomposition
When humus or organic matter is decomposed by the soil microorganisms, about 65% of the carbon is lost as respiratory carbon dioxide gas (CO2) and the remaining 35% is assimilated into new tissue.
The microorganisms commonly assimilate carbon and nitrogen in a ratio of 10:1.
If there is a deficit of nitrogen in decomposing organic matter, the microorganisms compete with the higher plants for the available nitrogen in the soil.
If sufficent nitrogen exists in decomposing organic matter, some excess nitrogen will be released from the organic matter and made available for other plants to use.
C:N Ratio
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If the C:N ratio of a given organic material is greater than 30:1, competition will exist between the microorganisms and the higher plants for the excess nitrogen in the soil.
Calculations

100 grams x percent C = grams of carbon

100 grams x percent N = grams of nitrogen

grams of C x .35 = grams of carbon assimilated
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100 grams x % N/100 = N supplied

N grams needed - N grams supplied = N grams in excess or deficit
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