Soil Properties

Soil Biology Notes No 3: 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.

Properties of a healthy soil 

Friability

· Good stable aggregates 

· Allows free movement of air and water 

· Easily worked 

· Allows root penetration (no hard pan) 

Freedom from barriers

· Physical - hard pans, sheet rock 

· Chemical - salinity, boron toxicity, chemical residues 

Limitations to storage of water and nutrients

· Loss of soil structure and biological activity

· Too much water-logging and toxicity

Resistance to erosion

· Loss of topsoil by wind and water will result in the loss of soil biota (microbes), nutrients, organic matter and structure 

Biologically Active 

· A two-way relationship exists between soil biota and plants, and therefore influences agricultural production
Free from Pests and Diseases 

· Soil health is limited by too many root, stem and leaf pests and diseases harboured in the soil 

Soil water facts 

Field capacity

Field capacity is the amount of water a soil continues to hold a few days after rain.  This will be higher for soils with greater clay content.  Clay holds soil water so strongly that plants can only extract about half of the water.  The result is that most soils (sandy loams to clays) hold about the same amount of plant available water.

Plant available water

This is the amount of soil water that can be extracted by roots and used for growth. Most plant available water is held in pores that range in size between 0.02mm and 0.005mm. Sands don't have many pores of this size.

Wilting point

When all available soil water has been used, the plant's wilting point is reached. In clay soils where approximately 50 percent of soil water is unavailable, moisture may still be recorded even when the soil is at wilting point.

Soil structure

The water holding, release and infiltration properties of soil are determined by its clay content and can be changed if soil structure can be improved.  The best soil structure for storage of available water and root growth will have a high number of water stable aggregates 1 - 2mm in size.  Between these aggregates will be stable pore spaces which hold available water and oxygen.  Stable aggregates are formed when the soil particles, ie. sand, silt and clay, are bound together by organic glues and fungal ropes.

Conclusion

· More organic residues = more food for soil biota and more soil biota 

· More soil biota = more 'organic glue' and 'fungal ropes' 

· More 'glue' and 'ropes' = more stable aggregates 

· More stable aggregates = more pore spaces = more available water storage 

· More water = more plant growth 

How does agriculture influence soil biota activity?

Any factor that changes the soil environment will impact on the activity and diversity of soil biota. Different soil environments support different types and numbers of biota, eg. soils under a legume have a higher level of rhizobia which fix nitrogen for that legume; soil, after a crop of canola, will have a lower level of root disease fungi because of the fungicidal compounds released by the decomposing canola residues.

Agricultural production can result in increased soil carbon inputs from retained crop residues, root residues and nutrient levels from organic fertilisers.  These inputs can increase biological activity, provided there is a balanced approach.  Where organic matter declines, biological activity will also decline.  Different plant residues will contain varying quantities and availability of carbon (energy), nitrogen and nutrients.  This is expressed as a ratio of carbon to nitrogen. The carbon nitrogen ratio (C:N) of biota is 6-10:1. The closer the residue C:N ratio is to the biota C:N ratio, the more readily it is broken down. Consequently, this will also influence the soils biological activity.

Cultivation alters the physical, chemical and biological components of the soil system. No-till/direct-drill systems (eg. Yeomans Plow or Eco Plow, www.ecoplow.com) result in significant (positive) differences in soil organism activity compared to conventional tillage. 

Agricultural inputs, such as fertilisers, have been shown to have both a positive and negative effect on soil biological activity.  High levels of nitrogen or phosphorus reduce the impact of the symbiotic fixing of these nutrients by Rhizobium (nitrogen) and mycorrhiza (phosphorus). A safe level of application of chemical fertilisers is about 20kg per hectare, however conventional farming often operates at 5 times this level.
Herbicides, insecticides and fungicides may be directly toxic to soil organisms or influence the predator-prey interactions.  The effect on non-target organisms will depend on whether the product is applied to the bare soil, rate of herbicide decomposition and leaching away from the site of the organisms.

Herbicides applied to stubble cover, as opposed to bare soil, have been shown to persist longer.  Continued use of some herbicides has been shown to significantly depress some groups of micro-organisms.  This is usually a short-term effect with levels recovering 20 days after herbicide application.  Nitrifying bacteria are the most sensitive to herbicide applications.

The impact of insecticides on soil biota is more questionable than herbicides, as they are designed to kill fauna. While, the majority of insecticides are applied to plants rather than to the soil, the soil biota is impacted to some degree.

Similarly, the concentration of fungicides should be low in the soil.  The frequency of use will also change the balance of the food-web, favouring organisms that are able to live by breaking down the chemical residues.

The challenge for agriculture is to minimise nutrient losses and to maximise internal nutrient cycling.  Agricultural practices usually alter more than one soil environmental factor making it difficult to isolate which change is the most significant.

A decline in the total and specific population size is considered detrimental to soil health, ie. nutrient status, disease resistance, structure and stability and long term productivity

Herbicides and life in the soil 

Pesticide applications have become a major practice in modern agriculture.  In Australia, over $800 million is spent each year on pesticides, with 65% of this expenditure on herbicides.

Many herbicides are applied directly to the soil, which has led to questions about their impact on the soil biota - the Life in Soil.

Soil biota consists of a diverse range of organisms; both flora (micro-organisms) and fauna (animals). These organisms carry out key soil functions and are grouped by both body size and function. For example, the function of nutrient cycling is carried out by microflora, eg. bacteria (microfauna), protozoa and mesofauna, eg.  collembola (springtails).

All the organisms involved in a specific function are grouped and termed a functional group, eg. nitrification is carried out by nitrifying micro-organisms.

Agronomic practices that interfere with specific organisms may reduce the output of a functional group but may not cause it to cease. However, this may result in a new population imbalance that could lead to plant pathogenic organisms becoming dominant.

An understanding of the impact of different herbicides on various soil functions will help farmers work in harmony with the soil biota and minimise the impact of herbicides on these functions.

Physical versus chemical weed control

The appropriate use of herbicides may be less destructive to the soil environment and soil organisms than traditional weed control techniques of cultivation and stubble burning. 

For this to hold true, the following management practices need to be in place:

· the retention of stubble/organic residues, a major carbon source for soil organisms
· retain a perennial native grass cover and inter-crop (eg. wheat) with the grasses.

· maintain a biologically active soil  

· apply low rates of chemicals or avoid all chemicals
· allow a recovery period for soil biota between herbicide applications 

· avoid repeated applications of the same herbicide within a short period. 

Are all chemicals OK?

Appropriate chemical use with stubble retention may be better for soil biota than cultivation and burning, but it does not mean that it is good for soil biota.  In general, soil biota may be affected by herbicide applications either directly or indirectly.  A direct effect is when the chemical kills the organism or inhibits its activity.  Indirect effects include changes in soil temperature and moisture due to removal of weeds, the addition of weed residues with low C:N ratios and changes in the populations of predators and prey.

Each herbicide needs to be considered separately. Consequently, farmers need to consider the use of organic stubble sprays, eg. compost-teas or other micro-organism applications (EM) to break down stubble.

Short term versus long term impact

The impact of herbicide on soil biota may be reversible or irreversible. A reversible impact is one where levels of microbial growth are returned to normal over a period of time after a single application. The duration of reversible impacts has been found to vary with:

· rate and type of herbicide application 

· place of application - soil, stubble or plant 

· frequency of application
· microbial balancing treatments to replace beneficial microbe populations and break down pesticides residues in the soil. 

Symptoms of microbial stress (reduced new microbial growth), even at recommended rates, can follow up to 2 months after the application some herbicides.  These effects can be soil type dependent. For example, in sandy soils with low organic matter and low microbial activity, the negative effects of these herbicides are greater.

Herbicides applied directly onto soil without any stubble cover at two and five times the recommended rate, can stress micro-organisms and limit their functioning up to six weeks after the application.  In most situations this low level of functioning can continue up to nine weeks.

However, when low or recommended levels of chemical was applied directly to the soil or to growing plants, the stress time for soil organisms is reduced.

Multiple applications of the same or different herbicides within the six to eight week window is a common practice in broad-acre agriculture. However, it can take six weeks for the microbial activity to return to normal.  Consequently, multiple applications before the end of the six to eight week recovery period would be expected to reduce soil biota function, especially if organic carbon food sources were also limited. 

The duration of this reduced biota function may be less significant than the timing. The majority of herbicides in broad-acre cropping are applied around seeding. At germination the plant is at its most vulnerable, as the root system is still developing. Reduction in biota functions, such as nutrient release and disease suppression, may reduce the early vigour of a crop or leave it more susceptible to root diseases. Application of another herbicide prior to the biota recovering from the first herbicide may accentuate the undesirable effects. 

Disease transmission

Some herbicides can alter the balance between bacteria and fungi populations near the plant litter.  For example, some herbicides increase the proportion of fungi near litter. This could result in the growth of opportunistic pathogenic organisms near the stubble, increasing the chance of root disease development.

Organic matter breakdown

Application of some herbicides at twice the recommended rate can reduce the ability of bacterial populations to use some of carbon substrates available from decomposing residues and near the growing root.  This could result in a slower rate of stubble breakdown and associated nutrient mineralisation.

Nutrient cycling

Other work has shown that the nitrifying bacteria, responsible for the transformation of ammonia nitrogen to plant available nitrate, are the most susceptible to herbicide applications.

Herbicide effect on mycorrhizal colonisation is two-fold.  Firstly, herbicides affect the mycorrhizal fungi itself and, secondly, herbicides reduce root growth affecting the available root length for mycorrhizal colonisation.

Pesticides as food

Micro-organisms feed on simple carbon compounds and agrochemicals, therefore all pesticides, to a lesser or greater extent, can be used as a food source by the soil biota. Different chemicals will be used by different microbes, therefore populations of appropriate microbes must be present if the pesticide is to be degraded by microbes.

It may take time for the populations of appropriate microbes to build-up. During this period these pesticides may harm other soil organisms and temporarily or permanently alter the balance of biota populations present in the soil.

Microbial degradation of herbicides is an important method of breakdown. As the majority of microbes in southern Australian soils are located in the top 10cm of soil, movement of herbicides beyond this zone may result in long-term persistence of herbicides.

In search of a recipe for disease suppressive soil 

Take home messages:

· Disease suppressive soils are found throughout the world 

· Suppression develops due to positive changes in soil biology 

· Suppression is often against several disease organisms (pathogens), exists in rotations and requires healthy populations of beneficial micro-organisms
· Increased inputs of beneficial microbes and carbon are associated with the development of suppression. 

For many years, farmers and scientists have focused on the soil organisms that cause disease, the pathogens.  However, more recently, beneficial soil organisms that prevent disease have been put under the microscope and the search is on for farming practices that encourage the multiplication of disease suppressive organisms.

Soil organisms carry out a range of functions. One of these functions is disease transmission and suppression. Suppression is restoring the balance between the soil organisms in the soil so the pathogens do not dominate.

A suppressive soil is one that, despite having conditions that favour the establishment of a disease-forming organism, results in the pathogen:

· either not establishing, 

· establishing, but not producing disease, 

· establishing and then declining. 

Suppression is not the elimination, but the control of disease forming organisms.  Farmers should be trying to achieve a level of suppression (microbial balancing) that prevents disease.  But suppression is relative - a soil may be suppressive, but disease at a lower level is still experienced.

Advantages 

· reduces the legal, environmental and public safety hazards of chemicals 

· should achieve control equal to the best currently available by other methods 

· can be used in organic or reduced pesticide systems, thereby adding value to the product 

Disadvantages

· requires a change to biological farming practices 

· may restrict flexibility in early years 

· requires new knowledge and skills 

What makes a soil suppressive?

Naturally, all soils have the capacity to suppress disease.

Microbial activity, which depends on soil moisture, temperature and the ratio of carbon to nitrogen, is the precursor to suppression.  Conditions that change biological activity or relationships between organisms can effect suppression.

Warm, moist soils with high levels of carbon to nitrogen will have higher levels of microbial activity and a relatively higher level of suppression.

Which diseases can be suppressed?

Suppressive soils may suppress a single disease.  However, this suppression requires a monoculture to be maintained.  There are soils that are able to suppress a range of diseases under a range of crop types and which remain suppressive over different seasons where the soils are balanced with microbe populations.

What management practices improve suppression?

Maximising the return of crop residues to the soil has been found to increase microbial activity and turn a soil into a disease-suppressive soil.  Stubble retention, spraying liquid microbe cultures on the soil and plants, slashing grass cover (including weeds) and minimising grazing have been found to help maximise residue return.

How long does it take for a soil to become suppressive?

Suppression develops over a period of time. The duration will depend on the conditions and the return of organic residues and beneficial microbes.  Disease suppression may develop over 1-2 years with microbial balancing, irrespective of rotation or tillage.

Attempts to highjack public-good microbes 

Sadly the US Supreme Court has upheld claims by US oil firms that they have patent rights over such selected organisms on the false premise that they are novel, that is, not part of the natural pre-existing systems. This is further obfuscated by the ability of genetic engineering to incorporate other nonsense genes into that organism so that it is ‘patently’ novel and defensible in US courts. The reinforcement that soil may naturally contain millions of species of bacteria may help in challenging such claims over ‘novel’ organisms putting the onus of proof on the patent claimant that similar genotypes do not occur naturally. These issues are serious as once we allow people to own parts of our natural genetic diversity they can own and commercialise key biological organisms or even processes that protect us from or control diseases or have a critical role in other critical processes in the biosphere.

1
7

