The Soil Web

A few types of organisms have already been mentioned.  In this section, the groups of soil organisms are described and the interrelationships shown diagrammatically.  The links between the groups are complex giving rise to the term the soil web (sometimes termed the soil food web though this focuses on just one of the important aspects of the relationships).  

“Food chain” is one term to describe the feeding relationship between the different types of organisms with e.g. protists grazing fungi, nematodes eating protists, larger animals eating the nematodes but in reality “web” is more accurate where there are also fungi predating nematodes, nematodes parasitising earthworms.  

Within this web of soil life there is constant release of nutrients (usually something like twice as much nutrient is lost through excretion or leaking than is actually utilised by the organism doing the eating.  This makes resources available to the rest of the web, including plant life.  The more complicated the web, the higher the rate of nutrient cycling.  Just as the biodiversity of plants and animals is a feature of a well designed organic farm, the diversity below ground is what drives the entire system along.

A list of the types of common soil organisms is given below with some indication of their relationship to the soil web.

Bacteria (1-8 micron in length)
Bacteria are a diverse group of very simple organisms.  Most bacteria are saprophytes (deriving energy from dead material) and parasites (energy sourced from living organisms) and some are autotrophs (creating energy from photosynthesis - photosynthetic bacteria - or energy from chemical processes such as the oxidation of e.g. nitrogen or sulphur).  Bacteria play a large role in the process of decomposition and recycling of nutrients.  Other species contribute to the availability of further elements from minerals or through chemical changes.

Some bacteria are capable of nitrogen fixation, something that benefits entire communities of organisms.  Usually the greatest contribution to biological nitrogen fixation in agricultural ecosystems are the Rhizobium bacteria in association with legume nodules.  There can also be free living nitrogen fixing bacteria or ones associated with the outside of plant roots (some do penetrate to fix nitrogen inside grass or cereal roots), leaf surfaces or fungi but the amount of such N fixation outside of tropical areas appears to be very small.

Cyanobacteria

There are a variety of types of photosynthetic bacteria in addition to cyanobacteria.  Sometimes grouped with bacteria and possibly more properly kept separate (even called blue/green algae) these are mostly single celled organisms (though some are colony forming and some filamentous) with very simple prokaryotic cell wall structure (like bacteria but more complex).  Photosynthesis is a major source of energy for these organisms but they can utilise carbon sources from organic matter.  They contribute to organic matter and humus build up in soils and can aid in soil structure by binding soil particles together.  There has also been success in the use of cyanobacteria and their products as biological fertilisers in rice paddies and field conditions.  Cyanobacteria are more prevalent in aquatic environments and include species that respond to high nutrient levels and cause eutrophication problems in waterways as well as species that form toxic “algal” blooms.

Actinomycetes (<2 micron, diameter of filaments)
When rain hits hot asphalt on a summer day, the smell is that of actinomycetes and their products being pushed up into the air from the hard surface.  This is a reminder of how hardy some of the actinomycetes are.  These are a type of bacteria but with some of the properties of fungi, namely a hypha-like (thread forming) growth.  Species of actinomycetes can tolerate harsher environments than most fungi and can decompose some rather hardy organic material.  Most of the actinomycetes are saprophytes but there are a few pathogens (e.g. potato scab – Streptomyces scoparium).  Many of them produce effective antibiotic compounds that control the balance of soil bacteria.  Some actinomycetes form specific symbiotic relationships with non-legume tree roots (e.g. those of alder) and fix atmospheric nitrogen. 

Fungi (3-50 micron in diameter, some form larger organised bodies like mushrooms)
Many of the fungi are saprophytes aiding the breakdown of organic matter.  A Mor soil is characterised by a higher ratio of fungi to bacteria as can be an untilled soil.  A Mull soil generally tend towards proportionately higher bacterial activity.  As well as the fungi that break down dead organic matter, some fungi can be pathogens of plants or animals.  

Some fungi function like predators of nematodes.  The nematode trapping species include ones that form rings to ensnare the nematodes, ones with sticky structures and some with motile spores that parasitise them.  Some fungi are also efficient at parasitising the sedentary stages of the nematode lifecycle.  Fungal control of nematodes is a significant part of reducing nematode plant pathogens and even some livestock intestinal worms and it is also a contributor to nutrient recycling.

Another role of some fungi is forming the symbiotic relationship of mycorrhizae with plant roots.  These are discussed in a later section.

Protists (large variety in size from 3 micron up)
The protists include a diverse range of microscopic single celled and multicellular organisms through to some reasonably large organisms (seaweed algae included).  Many of the protists are saprophytes or photosynthetic thus contributing to the nutrient cycle.  The diversity of the protists shows the difficulties in trying to pigeonhole organisms.  The photosynthetic bacteria are sometimes placed in the protists and the protists also include microscopic animals and motile organisms that many scientists still refer to as fungi.  Examples of the “fungi” include some important plant pathogens of the soil Pythium (e.g. damping off of seedlings) and Phytophthora (including potato blight P. infestans).  The protist “animals” are discussed in the next section along with the more obvious animals of the soil.

Soil Fauna

The soil animals or fauna help complete the web of soil life.  Many of the animals are key players in consuming soil microorganisms in effect ensuring nutrients do not remain locked up in these organisms for long.  As mentioned previously, most of the nutrients contained in those being eaten is released into the soil with perhaps a third remaining in the animal itself.  Part of the nutrient cycling then remains for the animals themselves to be killed, consumed or parasitised with plenty of other animals as well as bacteria and fungi able to make that happen.

Protist Fauna (0.01–0.5 mm)
Microscopic animals included in the protists are important nutrient cyclers.  Examples are rotifers, amoeba, flagellates, and ciliates.  Mostly they are extremely important “grazers” effectively consuming and releasing nutrients from microorganisms.  Less commonly, some are parasites (including giardia).

Nematodes (<2 mm, mostly microscopic)
Extremely small “roundworms” mostly feeding on microbes, and plant and animal remains.  Some are parasites of earthworms and insects and some (the eelworms) are major plant pests (e.g. potato root eel worm).

Mites (0.1-1 mm)
Along with the collembola (below), these can be important in nutrient cycling especially in the absence of significant earthworm populations.  Many consume fungi and some are predatory or omnivorous).  Some above ground mites are plant pests.

Collembola (0.5-2mm)
Small animals, springtails, characterised by their ability to spring backward into the air as a mechanism to escape danger.  Common in soils, most feed on fungi or decaying plant matter but some are carnivorous eating protozoa, nematodes and other collembola – all aiding nutrient cycling.  Only a few graze on live plants but the lucerne or clover flea (Sminthurus viridis) is a major pest.  

Enchytraeids (10-25mm)

These worm like animals consume organic matter and microorganisms (including nematodes) in a similar manner to earthworms.  Hardier than earthworms to cultivation and low pH conditions, they can be important contributors to the rate of decomposition but in good soils, earthworms have a greater effect.

Earthworms

Earthworm presence is highly beneficial for agriculture.  Through their channeling, mucus production and assistance of microbial action, they increase aggregate stability, water holding capacity, pore size and infiltration rate of soils.  Earthworms are capable of penetrating deep plough pans and reducing soil compaction (the casts have a much lower bulk density than the original soil).  

Plant litter, other organic matter and soil progress through the earthworm’s pharynx, oesophagus and gizzard all the time being physically transformed and reduced in particle size.  The material then continues though the anterior intestine with much enzyme secretion and the posterior intestine where some of the nutrients released are absorbed by the earthworm.  

Earthworms and Microorganisms

Microorganism numbers can increase through earthworm gut process by over a thousand-fold.  The activity of microorganisms in the earthworm is enhanced by the relatively warm moist environment provided, the smaller particle size of organic matter and the ready supply of calcium from calcium bicarbonate secreted by the calciferous glands of the oesophagus.  Mineral nutrients in readily available forms (for microbial or plant growth) are left lining the earthworm burrows and in casts.  The earthworm is also an important grazer of fungi and bacteria aiding nutrient cycling.

Earthworms are important in the distribution of microorganisms for organic matter breakdown and also for the dispersal of beneficial mycorrhizal fungi (discussed later).  

Earthworms and Decomposition

Through the processes mentioned above, earthworms speed up the rate of decomposition and nutrient turnover.  In New Zealand pastoral soils, they can be the single biggest key to good soil fertility.  But they should not really be seen as a single key since their action is so closely interrelated with soil ecology as a whole.

Earthworms are also important for the consuming and burying plant litter which can, in the case of fallen apple leaves for instance, reduce the over-wintering of the black spot fungus and, in the case of pasture, remove and prevent the build up of a thatch layer of dead plant roots and shoots that locks up nutrients, restricts root growth and impedes water and fertiliser incorporation.

The Types of Earthworms

All earthworms play some role in improving soil fertility but some species far exceed others in their agricultural importance and the different species also play varying parts in soil processes.  In New Zealand it is the introduced worms that are agriculturally important mainly belonging to five genera, Aporrectodea (formerly Allolobophora), Eisenia, Lumbricus, Octolasium and Perionyx.  

There are three main groupings of these earthworms according to their activities…

Soil Surface Dwellers or Compost Worms e.g. L. rubellus (dung worm), E. foetida

These earthworms aid decomposition of surface litter, dung and compost.  E. foetida thrives in compost but does not fare well in soil due to lack of rich amounts of fresh organic material. 

Top Soil Dwellers e.g. A. caliginosa, O. cyaneum
The main species of importance in New Zealand soils is A. caliginosa with O. cyaneum being less active and sometimes a sign of lower soil fertility.

Subsoil Dwellers e.g. L. terrestris, A. longa
These species are important for accessing surface litter including leaves and incorporating it into the soil.  Can be particularly important in orchard systems.  A. longa is widely established and the distribution of L. terrestris appears to be slowly increasing being still reasonably uncommon in the South Island.

Other Macrofauna

Similar to earthworms, many of the soil insects and molluscs (slugs and snails) play a role in decomposition of plant litter, dung and other organic residues by breaking the material into smaller pieces, providing a gut environment conducive to microbial activity, dispersing the organic matter and eventually themselves succumbing to death or predation.  Some of them may also be occasional or frequent pests, consuming living plant tissue.  Centipedes, formidable hunters of snails and insects, also prey on worms.  The only “megafauna” of reasonable significance in New Zealand are rabbits, which can cause erosion problems, and but otherwise do not form a major part of the workings of the soil ecosystem aside from aboveground effects of grazing and droppings.

