Introduction to Soil Biology

Soil Biology Notes No 1: Microbe Management Workshop

Note: these notes have been compiled from publicly available sources, including web sites that are listed at the end of this paper, ie. www.bettersoils.com.au.

Why is life in the soil important? 

Introduction

If you imagine the 4,500 million years of Earth's history compressed into a normal earthly day, then life begins very early, about 4am.  From here until 8:30pm there is no life other than this restless skin of microbes. Then comes sea plants, the odd jellyfish, and by 10pm a few land plants and animals. Then, thanks to ten minutes or so of balmy weather, by 10:24 the Earth is covered in the great Carboniferous forests whose residues give us all our coal. Dinosaurs turn up about 11pm and stay for 45 minutes. Humans arrive 77 seconds before midnight and recorded human history totals about 4 seconds. 

Plants evolved about 400 million years ago. Plants take carbon dioxide (CO2), water and sunlight energy (ie. photosynthesis to produce simple sugars) that converts sugars to carbohydrates/ proteins and gives 60% of this energy as exudates in roots as microbe food (a symbiotic relationship). This production system is fundamental to soil, plant, animal and human health.

The key point is that there may be billions of bacterial cells in a gram of healthy, biologically active soil that comprises microbes, microscopic animals and larger animals, such as termites and earthworms.  Without this abundant and thriving population in the soil food web the soil is dead and unable to sustain plant growth.

The soil biota (microbes) may comprise a million species or genetically variable ecotypes. However, all of these microbes are fundamentally dependent on the available substrate (eg. grassland, woodland, forest, agricultural crop, etc.) to sustain their population levels.  It follows that most of the billions of soil biota will be species that are well adapted to the dominant substrate, at that time and place. Most of the others will exist as very low residual and dormant populations as they are starved of substrate. As conventional methods of describing a microbe population normally detect only high dominant populations the dormant species in the population are often missed.

However, we know they exist and if we add a new substrate, for example a toxin, then we can progressively build up the populations of those bacteria or mixtures of bacteria able to detoxify that soil by using it as a substrate. These bacteria are generally not new species but simply dormant species whose populations have increased due to the selection advantage provided by a suitable substrate, even if that substrate is a toxin. We can use such enrichment culture strategies for the bio-remediation of toxic soils and breaking down even the man-made toxins such as DDT.  

The capability of microbes to adapt to disease suppression and detoxification is a critical and important role that is only gaining recognition, and will be vital in an ever-increasing threatened environment.

The management of microbes in our soils is also important to restore food nutrition in food and therefore the health of all land life, and the sustainability of farming.   

It is for these reasons, that soil health is the most critical environmental issue for industry and governments to address, and it starts with the soil microbes or biota: the soil food web. 

Where do soil biota live?

The majority of soil organisms are found in the top 10cm of soil, and comprise the soil food web. Agricultural practices which change the environment in the top 10cm of soil will impact on the type and number of soil organisms present.   Many soil organisms are smaller than soil particles. If the top-soil is lost by erosion or compaction then soil organisms are also lost. 

The soil food web

Nature's soil food web is the basis for all life within the soil, and from there the basis for life outside the soil. The top 30 cm of living soil abounds with organisms that eat and are eaten, digest, excrete, multiply and die. All plants, grass, trees, shrubs and agricultural crops thrive or suffer depending on the health of this dynamic network of living organisms.

A teaspoon of healthy living soil contains:

· Over 600 million individual bacteria

· Several kilometres of fungal hyphae

· Several thousand metres of mycrorrhizal filament

· Up to 100,000 protozoa

· Up to 500 beneficial nemotodes

· Micro-arthropods (mites and springtails)

The understanding of this dynamic ecosystem in our soil is a fairly recent discovery, a benefit of scientific technology.  This multitude of organisms has an inter-dependent relationship and perform vital functions for each other and for plants to survive. They decompose organic matter, create humus (made from the dead bodies of soil organisms), help mineral assimilation, bind rock particles together for soil structure, enhance soil permeability, produce hormones for plant growth, promote deeper root growth, protect plants from disease and parasites, convert or bind pollutants that get into the soil, and control soil organism populations and crop pests.  The list goes on and is discussed further in this paper.

The food source for these micro-organisms is organic matter (OM). In the paddocks and forests, the changing seasons offer the dying grasses and other organic sources (eg. manures) that provide the organic matter for soil life. But in our developed areas these natural resources are rarely available, and as a result this beneficial soil life is decreased, and in cases of continued chemical saturation, virtually eliminated. As soil life is decreased, the availability of nutritional materials needed by plants is decreased.  Therefore, in these situations (and on most conventional farming lands) OM has to be imported because the export of OM from farms in the form of food, fibre, fire, etc. exceeds the natural inputs.

Living soils are nature's normal process, one that has been in motion for billions of years, while land plants have only existed for about 400 million years. The numerous problems we are witnessing in our environment result from our interference with nature's normal functions and particularly the inter-dependence of plants and microbes that has evolved over millions of years.  Our methods of development and input of numerous pollutants into our air, soils and water are continually assaulting organisms, of all life on Earth. The key to improving our soil, plants, our habitat and wellbeing is through nature itself. Enhancing this natural soil ecosystem produces healthier plants and a healthier environment for all living organisms.

Organic based techniques for improving depleted soils offer nutrient-rich living soils, teeming with beneficial microbial life and a balanced nutrient basis to provide for a strong sustainable soil food web. 

Changing the balance

Before the lands were farmed using conventional techniques, eg. ploughing and compaction, the soil biota lived in harmony with the stable vegetative cover and soil hydrology. As soon as the land was ploughed and pastures or crops planted, a new biological balance had to develop.

If the farming operation is exploitative with burning, ploughing, and chemical spraying then the soil microbes and animals suffer and their numbers decline.  When this happens, the soil processes which are essential for agriculture, such as organic matter breakdown, nitrogen fixation, nitrogen cycling and soil structure maintenance, will decline. 

Also, this decline in soil health has reduced soil pH and oxygen levels, decreased deep soil water percolation (soil dehydration) and increased water run-off and lateral flows.  This degradation is the primary cause of salinity and other soil constraint issues.  This is why we need to maintain an active living soil system and restore farm sustainability. 

Remember

· An active soil biota is essential to improve and sustain agricultural production. 

· We can ensure a healthy soil by increasing the food supply for the microbes and soil animals. 

· A healthy food supply can be achieved through increasing residue return (ie. organic matter), increasing pasture production and maintaining soil pH above 5.5. 

Three major factors affect life in the soil

1. Input of plant residues. Organic matter is the fuel that drives the soil biota. The higher the input of plant residues, the higher the biological activity and the greater the improvement in soil fertility.

2. Soil pH. Soil acidity can develop after soil health is degraded eg. loss of soil carbon, microbes and soil structure. As soils become more acidic, microbial activity slows down and earthworms disappear. This results in a reduction in organic matter breakdown, nitrogen fixation and productivity.

3. Cultivation. Every time a soil is cultivated there is a flush in microbial activity with a loss of valuable organic matter (as CO2) and this leads to a breakdown in soil structure. So wherever possible, we need to minimise cultivation, ie. use no till techniques such as the Yeomans Plow or Ecoplow. 

Biological activity 

Soil organisms (biota or microbes) carry out a wide range of processes that are important for the maintenance of soil health and fertility in both natural and managed agricultural soils. The total number of organisms, the diversity of species and the activity of the soil biota will fluctuate as the soil environment changes. These changes may be caused by natural or imposed systems. 

Biota facts

· Soil organisms range in size from microscopic, eg. bacteria, to centimetres, eg. earthworms. 

· Their activity is mainly concentrated in the top 10cm of top soil. 

· Millions of organisms exist, but only a few have been identified, eg. 5% of fungi and 3% of nematodes.  Many species are dormant and not found or recognised

· 80-90% of soil biological activity is carried out by bacteria and fungi. 

· Resistance to extreme changes in the soil environment improves as organisms decrease in size. 

· The reproductive interval reduces with a decrease in organism size, eg. bacteria reproduce themselves in an hour, whilst earthworms may take weeks. 

· In natural and managed environments a complex food web exists. These 'predator-prey' relationships help control the balance of species present in the soil. 

· When these relationships have evolved and a reduced incidence of disease is recorded, such soils are termed 'suppressive'. 

Functions of soil organisms

There is a two-way relationship between soil biota and agricultural production. Plant exudates or residues provide sources of energy (sugars derived from photosynthesis) and nutrients for the biota that turn over soil organic matter (SOM), improve nutrient availability and soil structure, transmit and prevent disease and degrade pollutants. Agricultural practices can be both beneficial and detrimental to the soil biota depending on the land management practices employed. Likewise, changes in soil biota diversity and density can increase or reduce agricultural production. 

Organic matter

Organic matter breakdown is not a single chemical transformation but a complex process. Breakdown of organic matter involves chemical alteration of organic matter, physical fragmentation and finally release of mineral nutrients. Organic matter breakdown is a biological process because it is the soil organisms (micro-organisms, earthworms, micro-arthropods, ants, beetles, etc.) that perform the chemical and physical changes. Different organisms are involved with the different stages of these processes. 

Breakdown starts almost immediately after the organism (or part of it) dies. The organic material is colonised by micro-organisms that use enzymes to oxidise the organic matter to obtain energy and carbon.  For leaves and roots, their surfaces are colonised by micro-organisms even before they die. Soil animals such as earthworms assist in the decomposition of organic matter by incorporating it into the soil where conditions are more favourable for decomposition than on the surface. Earthworms and other larger soil animals, such as mites and ants, fragment organic material and this increases the surface area and allows more micro-organisms to colonise the organic matter and decompose it. 

During decomposition the organic molecules in organic matter are broken down into simpler organic molecules that require further decomposition or into mineralised nutrients. The compounds in organic matter vary in the ease with which micro-organisms can break them down. The first organic compounds to be broken down are those that are easy to break down, including amino acids and sugars. Cellulose will break down more slowly and phenols, waxes and lignins will remain in the soil for the longest time. 

Why do stems and leaves degrade at different rates?

Leaves and stems are made up of different kinds of molecules that require different enzymes for their degradation. 

· Leaves generally have more cellulose than lignin 

· Stems generally have more lignin than leaves 

· Cellulose is a simple molecule which is decomposed more quickly than lignin 

· Cellulose tends to be a straight, chain-like molecule 

· Lignin has a complex, folded structure so the enzymes cannot break up the component parts quickly 

· When lignin is linked within the plant cell walls with cellulose, it makes it harder to degrade the cellulose. 

· After 10 weeks, most parts of leaves will have been degraded, but it may take about 30 weeks to degrade the same amount of stem material.

What is mineralisation of organic matter? 

This needs to be considered in terms of carbon, nitrogen, phosphorus and sulphur. Mineralisation is the biological process where organic compounds in organic matter are chemically converted by the micro-organisms in soil to simpler organic compounds and other organic compounds or mineralised nutrients. Bacteria and fungi are responsible for most of the mineralisation of organic matter in soils. Micro-organisms release enzymes that oxidise the organic compounds in organic matter. The oxidation reaction releases energy and carbon, which micro-organisms need to live. The final end product of mineralisation is nutrients in the mineral form. Plants require nutrients to be in mineral form to take them up from soil. Therefore, all nutrients in organic matter must undergo mineralisation before they can be used again by living organisms. For example, consider a protein molecule containing carbon nitrogen, phosphorus and sulphur. When micro-organisms mineralise the protein molecule it may undergo several changes to simpler organic molecules before the carbon is converted to carbon dioxide, the nitrogen to ammonium, the phosphorus to phosphate and the sulphur to sulphate. 

What is the immobilisation of nutrients?

Immobilisation of organic matter is the opposite process to mineralisation. In immobilisation, mineralised nutrients are incorporated into organic molecules within living cells. The process of immobilisation is very important because it relocates mineral nutrients into pools within the soil that have a relatively rapid turnover time, making them available to plants and preventing their loss by leaching. Plants are generally not efficient at competing with micro-organisms for mineral nutrients in soil. 

What is the C:N ratio of organic matter and why is it important? 

The C:N ratio of organic matter means the amount of carbon relative to the amount of nitrogen present.  There is always more carbon than nitrogen in organic matter. It is usually written as C:N and is a single number, because it expresses how much carbon there is than nitrogen.  For example, if the ratio is 20, this means that there are 20 grams of carbon for each gram of nitrogen in that kind of organic matter.  If the ratio is 100, it means that there are 100 grams of carbon for each gram of nitrogen.  So if the number is low it means that the amount of carbon is reasonably similar to the amount of nitrogen.  If the ratio is a large number, it means that there is considerably more carbon than nitrogen.  The C:N ratio does not tell us what form the carbon and nitrogen are in, just how much is there.  

The C:N ratio is important because of what happens when organic matter is incorporated into soils.  Firstly, the larger organisms like mites and soil animals break it into smaller pieces.  Then the fungi and bacteria start to decompose it (they secrete enzymes to break up the chemical compounds).  When the enzymes have disrupted the compounds, the bacteria and fungi can use some of the parts released in this process as nutrients. For example, if the enzyme is degrading a protein, the microbe would be able to use the carbon, nitrogen and sulphur (if it is available) for its own cell wall structure and cellular contents. Excess nutrients to the requirements of the micro-organisms are available for other soil organisms or plants to use. 

The micro-organisms can access nitrogen in soil more easily than plants can, so the plants sometimes miss out. This means that if there is not enough nitrogen for all the organisms, the plants will probably be nitrogen deficient and nitrogen addition will be needed to meet the requirements of the plant. This is why incorporating organic matter into soils can change the amount of nitrogen (and other nutrients) available to plants. Incorporating organic matter that has a high C:N ratio will at least in the short-term cause some nitrogen deficiency in the crops/plants.
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