Soil-Net: The living soil

Section I viii The Living Soil.doc
The Soil Ecosystem
The soil is an ecosystem in which thousands of living creatures live and interact. There can be more organisms in a teaspoonful of good quality soil than there are people in the entire planet earth, i.e. more than 6 billion, a truly amazing fact. ( We need to show pictures/ diagrams of the main creatures in the soil)Not only are numbers very large but so is their diversity due to the fact that the soil is the source of a huge variety of foods on which they can feed and also provides a huge range of habitats in which they can live their lives. Rather little is known about many of these organisms and about their function. We live in a dangerous time when we are using soil more intensively than ever before but without a full understanding of the nature of the soil ecosystem. These vital ecosystems are subject to many man-induced influences such as pollution, climate change and a whole range of land management practices which may or may not be beneficial/damaging to the soil ecosystem because we know relatively little about the ecosystem. The soil ecosystem has been declared by some scientists as the last great biotic frontier.

The Many Different Types of Organisms That Live In The Soil
There is a very wide range of organisms in the soil, ranging in size from protozoa which require the strongest of microscopes to detect them, up to large burrowing vertebrates such as badgers and rabbits which can readily be seen with the naked eye. Coupled with this large size range is a range of different roles. The soil organisms can be classified in several different ways: by size, feeding habits, burrowing activities. Some spend their whole life cycle in the soil, others spend only part of their time in the soil and the remainder above ground.
The most usual way of classifying soil organisms is according to size category, in particular by separating them into macrofauna (larger than 2mm), mesofauna (0.1 to 2 mm), microfauna (less than 0.1 mm) and microflora (< 0.1mm).

 Macrofauna: These include rabbits, badgers, gophers, which spend part of their life in the soil ; and  snails and slugs, moles, earthworms, ants, termites, millipedes and woodlice, which spend most of their life in the soil. As they can be seen with the naked eye more is known about their lifestyle than in the case of the smaller soil organisms. The burrowing animals, such as earthworms, ants, millipedes, create their own living space by burrowing into the soil. Creatures such as mites and collembola live in the existing air spaces in the soil.  The short descriptions of the behaviour of some of these creatures provides some insight into their role in the soil. (We need to show pictures of these, examples of burrowing ones, examples of them breaking up organic matter, examples perhaps of an earthworm casting, etc

Earthworms: These are very helpful creatures to have in the soil. They do not eat living plants or their roots and so are not classed as pests. Instead they eat plant remains and injest soil organic matter in various stages of decomposition together with microorganisms associated with this material. They also ingest mineral particles from the soil and the material they excrete after it has been digested in their bodies is often nicely aggregrated and nutrient rich. They help to produce a good soil structure through their burrowing and casting. They also help to release nutrients and make them available to growing plants. There are several thousand species of earthworms worldwide. Numbers tend to be highest in fertile soils under pasture or woodland. Cultivation of the soil to produce crops tends to reduce numbers of earthworms. (Show pictures of one or two different species of earthworm)

Ants: Around 9000 species of ants that inhabit the soil have been identified. Some feed on dead organic remains, some are herbivores and a few are predators on other soil organisms. Like earthworms they tend to aerate the soil, thereby increasing soil drainage.


Termites: There are about 2000 species of termites. They are generally major contributors to the breakdown of organic matter, mainly in the tropics where up to 16 million have been recorded in a single hectare of tropical forest. Because they can be very destructive of crop residues they are not considered as valuable to soil life and productivity as earthworms.(Pictures to compare termites and ants)
Mesofauna (0.1-2mm):These include arthropods such as mites, collembola and enchytraeids.(Pictures to compare these and to show them in action) In excess of 200,000 arthropods in a square metre of old grassland soils has been recorded.  Some mesofauna feed on bacteria, fungi and algae, others scavenge dead organic matter usually after it has already been partially broken down. They contribute to the breakdown of organic material, stimulation of microorganisms and deposition of faeces which enhance the soil.

Microfauna (<0.1 mm)(Pictures of these)The two groups having the most impact on soils are the nematodes and protozoa. Nematodes are widely distributed in soils, particularly sandy soils. They depend on a thin film of water around soil particles for their movement. Their distribution in soil is usually linked to organic matter distribution. Some species are plant parasites and can be a problem for crops.
Protozoa are small and variable in shape. Although the biomass of protozoa in arable soils may be about the same as that of earthworms, protozoa have a much shorter lifespan. Protozoa are major consumers of bacteria. They are well suited to soil because they slide over surfaces relatively easily, feeding on soil particles, roots and the thin water films that occur in soils.
Microflora (<0.1mm):The three main microflora in soils are the bacteria, fungi and viruses. 
The bacteria are very small organisms composed of single cells and without a distinct nucleus. They occur in various shapes. They are extremely numerous in the soil and there may be 20,000 different species of bacteria in just one gram of soil. Numbers can be up to many billions in each gram of soil. So we are dealing with truly huge numbers. They can also show extremely rapid rates of reproduction when the soil environment is favourable to them. Bacteria take part in most important transformations in the soil including weathering of rocks and minerals, breakdown of organic matter and many aspects of nutrient cycling. (Pictures of bacteria)
Fungi exhibit a range of structures in the soil including filaments, spores and globules. They depend on living and dead material in the soil for their carbon and their energy They play a major part in the decomposition of organic materials in soils including cellulose, starch, gums and lignin, proteins and sugars. They also play a major part in the formation of the different humus forms and in the stabilisation of soil aggregates. Very importantly, mycorrhizal fungi play a major part in plant production and many plants are dependent on such relationships. Many thousands of species of fungi have been identified in soils and it is thought that many more species are awaiting discovery. (Pictures of fungal hyphae and mycorrhiza)
Viruses are the smallest and simplest multiplying entities in the soil but perhaps because of their small size rather little is known about them. All are parasites and they can only multiply within living cells. A range of plant, insect and human viruses can be found in soils. The conditions in soils that most affect numbers of viruses will be moisture, surface of the soil particles and structural units and the below ground parts of the plant system.
Organisms in soils are crucially important to the use soils for a variety of purposes. They are influential in the way that land can be used. In turn land use can have an enormous influence on soil fauna and flora. In the current attention being given to preserving and sustaining soils for future generations, the need to understand the biotic community is extremely important. Unfortunately, we know relatively little about the soil flora and fauna, so much so that the soil has been described as the last biotic frontier. Pollution events related to acid rain, climate change and the use of the soil for burial of metal contaminants can all affect the soil ecology both in the short term and in the longer term. Because of the key role of soil organisms in maintaining and developing soil structure, in nutrient cycling and in supporting plant roots, it is essential that there is a good understanding between the soil biota and the uses made of soil. ( Perhaps a diagram to show some of the major threats to the soil ecosystem)
SUMMARY
· There are billions of organisms in just a spoonful of good soil. It is said that numbers in just one spoonful of soil can equal the total population in the world –a truly amazing statistic.
· The soil ecosystem is important for the decomposition of plant remains, and for recycling of nutrients on which plant productivity and animal life in the soil depends. It also plays an important part in the development of good soil structure
· Earthworms are one of the most important soil animals. They take in plant remains and mineral particles and their faeces contribute to mixing of soil and the development of good structure
· There are several thousand species of earthworm worldwide. There can be be as many as 500 earthworms in a square metre of pasture land or deciduous woodland. Numbers are generally much less in arable fields
· Termites and ants are important from the point of view of decomposing organic matter and creating pore space in soils
· There is a wide range of soil animals that are so small that they cannot be seen with the naked eye.  These make up the large number of animals in the soil. They include mites, collembola, enchytraeids, protozoa
· Bacteria are the most numerous organisms in the soil and play a vital role in the circulation of nutrients in the soil, and in making them available for plants
· A gram of fertile soil can contain many, many millions of bacteria
· Fungi are also important in the soil, particularly in acid soils. They play an important part in the breakdown of organic matter, and the mycorrhizal forms are vital in the production of nutrients for many plants
· The soil ecosystem has been described as the last biotic frontier. We still do not know very much about  the roles of some flora and fauna, about how many species there are, and what these species are capable of doing.
VITAL POINTS
· There are more soil organisms in a spoonful of good soil than there are people in the whole world

· The soil ecosystem is the most undiscovered of all the world ecosystems

· Soil organisms play a crucial part in the development of soils and in the ability of soils to support plant life
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