Soil Ecology

10.2 Classification of Soil Organisms
Definitions
Phototroph: An organism that obtains its energy from sunlight, in most cases by photosynthesis.

Photo-autotroph: A phototroph that uses carbon dioxide compounds asits main or sole source of
carbon. Examples: algae and plants.

Photo-heterotroph: A phototroph that uses organic compounds as its main or sole source of
carbon. Examples. Green and purple bacteria.

Chemotroph: An organism that obtainsits energy from chemical reactions.

Chemo-autotroph: A chemotroph that uses carbon dioxide as its main or sole source of carbon.
Example: Nitrifying or S oxidizing bacteria.

Chemo-heterotroph: A chemotroph that obtains its carbon chiefly or solely from organic com-
pounds. Examples: Most bacteria, fungi, protozoa, and larger fauna.

Concepts

All organisms need organic carbon to build their cells. Chemoheterotrophs obtain the organic
carbon from organisms which convert carbon dioxide to organic compounds with either light en-
ergy (photoautotrophs) or chemical energy (chemoautotrophs). Photoheterotrophs utilize light en-
ergy and also utilize organic carbon. Organisms can be classified based on the energy and carbon
sources that they use (Table 10.1).

Table 10.1. Grouping of organisms according to energy and carbon sources.

Energy source Carbon Source

Autotrophs (fix CO,) Heterotrophs (utilize organic C)

Light (Photo-) Photoautotrophs Photoheterotrophs

Chemical (Chemo-) | Chemoautotrophs Chemoheterotrophs

Photoautotrophs conduct photosynthesis, a process in which they utilize atmospheric CO, and
water to produce organic C and oxygen in the presence of light. Photosynthesis is conducted by
bacteria, algae and the higher plants, and is the foundation of food webs in diverse ecosystems.
Photosynthesis is a biological process of converting CO, from the atmosphere and is a link to
terrestrial and aquatic ecosystems. The equation for thisreactioniis:

CO,+H,O - OrganicC + 0, (Eg. 10.1)
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Photoheterotrophs can also conduct photosynthesis, but they also utilize organic carbon com-
pounds. Therefore, itispossiblefor organisms, such asgreen and purple bacteria, to utilize organic
and inorganic forms of carbon.

Chemoautotrophs generate energy through the oxidation of inorganic compounds. Nitrifying
bacteria can oxidize ammonium to nitrate under aerobic conditions and use the energy to convert
CO, to organic carbon. The equations for these processes are:

NH,* +40, — 2HNO, + 2H,0 (Eg. 10.2)
CO,+H,O - OrganicC+ 0, (Eq. 10.3)

Sulfur oxidizing bacteria oxidize inorganic S compounds and also use energy to convert CO, to
organic carbon. The equations for these processes are:

25+30,+2H,0 - 2H.SO, (Eg. 10.4)
CO,+H,O - OrganicC+ 0, (Eq. 10.5)

Aerobic chemoheterotrophs, most bacteria, fungi, protozoa and soil fauna, utilize organic car-
bon compounds for biomass and energy production. The equation for thisreactionis:

OrganicC+ O, - Microbia biomass+ CO, + wastes (Eq. 10.6)

This process resultsin the conversion of organic compoundsinto carbon dioxide under aerobic
conditions. Oxygen isthe terminal electron acceptor resulting in the formation of wate.

Anaerobic chemoheterotrophs, mostly heterotrophic bacteria, utilize organic carbon compounds
for biomass and energy production but use other inorganic compounds, such as nitrate, asterminal
electron acceptors. The equation for denitrification is:

NO, - NO, ~N,O - N, (Eq. 10.7)

Thisprocess utilizes nitrate asaterminal electron acceptor, resulting in the formation of nitrous
oxide (N,O) and dinitrogen gas (N,). As nitrous oxide is a greenhouse gas, this microbia process
has a significant impact on radiative forcing of the troposphere.

Soil organisms constitute the living organic component of soil and range in size across five orders
of magnitude (viz. 107 to 102 m). The soil biota consist of microflora, such as bacteriaand fungi;
microfauna, such as protozoaand nematodes, mesofaunasuch asenchytraeids, acari and collembol g;
and macrofauna such as earthworms, millipedes, woodlice, slugs and snails (Brussaard and Juma,
1995). Soil organisms can be classified based on their size (Table 10.2). Sizesfor soil organisms
range from 1 pm to 20 mm.
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Table 10.2. Classification of soil organisms
(adapted from Swift et al., 1979).

Classification Body Width Examples
Microflora <10 ym bacteria
fungi
Microfauna <100 pm protozoa
nematode
Mesofauna 100 pumto 2mm  enchytraeids
acari
collembola
Macrofauna 2mmto 20 mm  earthworms
millipedes
woodlice
slugs
shails

NOTE: Clay size particles are <2 pm

Sail organisms inhabit the surface layers of soil and litter, or deeper soil horizons, or move
throughout the soil. The vertical and horizontal distribution of soil biota is generally limited by
temperature, water content, and soil texture. In addition to this, soil organic matter content and
distribution control soil biotic processes. The distribution of soil organisms and its relationship to
soil pores, particlesand plant rootsisshownin Fig. 10.2. Theimpact of faunaon important ecologi-
cal functionsis presented in Section 10.3.
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Fig. 10.2. The relationship between organisms, mineral particles, pores and plant roots
in soil (Rowell, 1994). Reproduced with permission from Longman, Harlow.
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