Measuring Soil Biological Activity

Many organic practitioners claim to be able to intrinsically tell a “good” soil.  And there are certainly many field observations that can be made to confirm good soil biological activity.  This section looks at some of the field observations as well as other “tests” of soil biology and how well they can be quantified, compared and justified.

Field Observations

Smell 

The more fertile a soil, the higher the amount of actinomycetes and the stronger the musty/earthy smell.  It is unclear how reliable this observation can be for comparing soils but may be useful in comparing two treatments.  As yet, no gas chromatography work (or probably even panel assessment) has been carried out to quantitatively compare such samples.  Another aspect of soil smell is to test that the soil is not too sour (low pH due to unbalanced organic acids), and this can be quantitatively assessed by soil pH measurement.

Friability

As detailed in the section on Soil Structure, the friability of a soil is a good sign (and cause) of the level of soil biological activity.  The soil should feel nice and crumbly due to good aggregate structure.

Colour

Generally as a soil improves under good management, its colour should darken due to the increased formation of dark brown to black soil humus.  Earthworm activity in the subsoil can also be seen as the old worm burrows fill in with dark stable humus-soil particles.

Earthworm Counts and ID

An easily quantifiable method of assessing the health of soil ecology is to count and identify the earthworms present.  It is mostly the case of the more the better and some species (e.g. A. caliginosa) are better indicators of good soil conditions than others.  Care in interpretation would include the effect of time of sampling and temporary soil conditions as these will affect counts.  Counts can be made of smaller soil animals but this becomes more of a laboratory job due to the size or the organisms.  Pit traps are one method of assessing surface organisms like beetles and collembola.  

Litter Decomposition

Perhaps the most direct assessment of a soil ecology’s health is to test the rate at which litter is decomposed.  This can be done by field observation of length of time for “aboveground” or incorporated crop residues to “vanish” or it can be done with a litter-bag containing a measured amount of a certain type of organic matter).  An alternative being investigated for New Zealand soils by Lincoln University is the lamina bait probe which is a plastic strip with several holes that are filled with a mixture of bran, cellulose, charcoal and water.  The probe is placed in the soil for a set amount of time and the level of microbial activity is determined by the number of holes created by the resident soil biological activity.

Laboratory Methods

Monitoring Organic Matter Levels

Organic matter levels can be assessed by a variety of means with the simplest being homogenising a soil solution in a blender and assessing the settled layer of organic matter or igniting the soil in a crucible over a hot fame.  Commercial labs use flame and/or colorimetry (colour reaction of chemicals like potassium permanganate with organic matter).  The main value in these lab methods is long term monitoring of changes to ensure that system management is maintaining or lifting organic matter levels.

Plate Counts

A classic microbiological approach is to isolate and quantify the organisms on media in petri dishes.  This can be used to give concentrations of organisms and even, through the use of selective media, give specific information about certain organisms e.g. actinomycetes, sulphite reducing bacteria and single species of interest.  Some of the disadvantages include that it underestimates the total number of such organisms present and some types of organisms do not grow well, or at all, on media.

Microscopy

Some commercial labs are offering a service that goes a few steps further than plate counts by using microscopy and providing comprehensive information.  While this overcomes some of the disadvantages of plate counting, there may still be calibration required for good/useful interpretation.

Organism Activities

A less direct approach is to put the soil through its paces and in the case of Substrate Induced Respiration (SIR) put in a set substrate of organic matter (e.g. cellulose material) and measure the speed with which the soil metabolises it to carbon dioxide.

Fumigation

A further method is to fumigate a soil sample, killing the microbial biomass.  The production of carbon dioxide is then measured and the amount of killed biomass is calculated from that.  This gives no real information about the form of that microbial biomass and is probably more of value to general science studies than monitoring agricultural systems.

Organism Products

The levels of products from microorganisms can be measured e.g. certain enzymes, amino acids and nucleic acids.  This has the advantage of showing functional differences between soils.  It can be seen that the levels of enzymes for instance in a soil with regular organic matter addition have higher level of relevant enzymes for decomposition of the material as compared to a soil that has only just received the same organic matter addition.

Molecular Methods

A variety of methods are being developed that are able to take a “fingerprint” of the soil giving an idea of the types and overall variety and levels of soil microorganisms.  

Microbiological and molecular methods of assessing soil health are still in their infancy are probably at their best when comparing replicated treatments side by side and are probably difficult to use in comparing samples over time or over different areas.  There may be some value in looking at the relative level of different organisms and good scope for using organisms higher up the food pyramid e.g. nematodes or at specific pathogens or beneficial organisms.

