 Soil Testing Workshop - “Knowing Your Soil”

Welcome to  the first BHU Small Farmer Workshop.  “Knowing your soil” is a fundamental part of successful farming/cropping.  This workshop covers some broad aspects of how to assess your soil with and without a laboratory.  It looks at the important chemical, biological and physical attributes that affect plant production, quality and health.

Soil Type

There are a large number of soil types throughout the country and Canterbury contains a variety of these different types.  It’s useful to know what the soil type is and then find out information on that soil type – it may affect the viability of different farming options and crop choices.  Even within a small farm, there can be variation in soil type.  A good start if you have a high speed internet connection or high patience level is to utilise Environment Canterbury’s mapping information at the following webpage…

http://www.ecan.govt.nz/ecangis/ECanHome/viewer.htm
You need to zoom in to large scale to get the soils to show (drag a box over your area of Canterbury to zoom in).  Once you have zoomed in sufficiently, there will be a "detailed soils" check box to tick. You then get all the delineations. If you want to know about the soil within a delineation select the radio button "active" (next to the “detailed soils” check box) then select the "get info" tool and click 

in the box.

One of the factors that the soil type influences is water holding capacity details for each of the Canterbury soil types is currently contained in the webpage http://soilphysics.okstate.edu/toolkit/drainage/awc.html.  You can access much information on your soil type(s) from various texts, resources and local knowledge.
Soil Texture

One of our first practicals will be to identify soil textures i.e. the proportion of clay, silt, loam and sand present in a soil (these are listed in increasing order of soil particle size).  These can be determined exactly using soil sieves on dried, broken up soil but for the practical we will use a simple method of forming a moist ball with the soil.

Soil Texture by Hand

Simple Method: In your palm, crush a teaspoonful of soil and add drop by drop just sufficient water to mould the soil into a ball – note the feel of the soil.  If a ball can be formed, press it flat and observe how cohesive the ball is.

Soil Texture
Feel
Ball Formation and Reshaping

Sand
Gritty, rasping
Cannot form ball

Loamy sand
As above
Almost forms ball, loses shape completely on pressing

Sandy loam
As above but slightly so
Ball breaks apart on pressing

Silt loam
Soapy not gritty
Ball breaks apart on pressing

Clay loam
Very smooth, sticky or slightly so
Ball pressed down without breaking

Clay
Very smooth, sticky or very sticky
Ball pressed down without breaking

More Complex Assessment
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Other descriptive soil properties include

Soil Structure: are there well formed aggregates – do these remain stable when the soil is worked.  There are many factors that affect soil structure including cultivation, soil biology, root types present, organic matter level as well as soil texture itself.  Soil structure affects the ability of roots to penetrate and the ability to form a good seed bed.  Good aggregation offers drainage and aeration while still providing water retention  within the aggregates.  A soil may have subsoil properties that affect drainage and the performance of particular crops e.g. a hardpan – checking the soil profile is valuable.

To assess soil structure, general observations can be made on whether the soil looks like it can receive water freely, drain away excess water, facilitate root growth, form a good enough seedbed without surface capping.

Soil Colour : darker brown to black colours associated with humus (broken down and active organic matter) levels.  Most of the colour of the mineral part of the soil is due to the presence of iron (more iron can lead to a darker colour but the absence of oxygen will leave iron reduced and so unaerated soils are often a greyer or blue colour).  Good cropping soils usually contain iron that contribute a brown colouration.  Occasional waterlogging can result in a mottled effect of “rusty” areas again due to the iron or black areas of precipitated manganese – drainage will need attention.

Soil Organic Matter

Soil Organic Matter improves the structure, of soil including bulk density, aeration, water holding capacity, water infiltration (less damage from rainfall).  It also provides a better habitat and a food source for soil organisms and plant roots.  The net loss of soil organic matter is one of the greatest threats to soil condition and productivity.  Levels should be maintained or improved.

For organically farmed soils, soil organic matter is an important part of a soil test because fertilisers are generally not relied on to provide readily available nutrients.  The presence of good amounts of organic matter are needed for adequate plant nutrition.  

Measurement of Soil Organic Matter Without the Lab

Relative organic matter level from one soil to another can be assessed roughly by colour (more organic matter, more humus) or feel (more organic matter, easier to penetrate soil and more friability) but caution is warranted as other factors affect these soil properties.  In the workshop we will look at the use of potassium permanganate to determine active carbon (a measure of the amount of organic matter that is readily oxidised and therefore reasonably active).

Laboratories more commonly offer the Walkley-Black oxidation method for measurement of active organic matter but as this utilises chromium which is a potentially troublesome 

Organic Matter by Ignition

A measurement of the majority of soil organic matter can be gained by the combustion method.  This is provided at some labs but can also be done on the farm.  This method is more reliable for higher organic matter content soils.

Farm Method: Air dry soil in an open cardboard tray for several days until the soil is almost bone dry (usually around 4% moisture left.  Sieve the soil, breaking aggregates up and then place a known weight of soil into an oven tray and “bake” at 360oC for 3 hours.  Weigh the soil again, the difference from last time being the level of organic matter.

Soil Biology

The biology of a soil has a marked effect on soil structure and fertility.  It is the biologically led process of nutrient cycling, decomposition of organic matter and release of minerals that determine true soil fertility.

Some soil scientists consider the soil biology to be the main way of describing major differences in functionality of soils.  The two main types referred to are mull and mor soils.  Mull soils are biologically active and typically contain good levels of active earthworms.  Mor soils are typically less active, often acid and contain few if any earthworms and often a larger number of small soil animals including enchytrids (earthworm like but small and white/colourless) and springtails.

There is of course a continuum between mull and mor soils and the general rule of thumb is that the more earthworms the better and the more soil microorganisms and greater diversity of them the better.  Earthworms are a bio reactor breaking organic matter down into smaller pieces, altering soil and organic matter pH, calcium availability, moisture and temperature within their body to favour a faster nutrient cycling rate.  They also aid in the incorporation of organic matter and fertiliser into the soil and improve soil structure through their burrowing action, aggregate stabilising mucus and humus creation.

There are a number of ways of assessing soil biology, many of them involving laboratories.  In this workshop we will be looking at some of the practical non-lab ways…

Digging for Earthworms

The most straightforward method of assessing earthworm numbers is to dig a square hole of spade width dimensions and as deep as possible.  Carefully look through the soil to collect all earthworms present.  An excellent number for a Canterbury soil is 2000 per square metre (40 per 20cm by 20cm hole).  More complex earthworm assessments can include worm species, size classes, and a count of worms in each horizon in the soil profile (e.g. to high organic matter, remainder of topsoil and subsoil.

Potassium Permanganate Method for Earthworm Counting

Quick and easy but without the ability to see which horizons the worms came from and prone to some inaccuracies.  This method involves using potassium permanganate (non-toxic) to flush earthworms out to the soil surface.

Take 10g of potassium permanganate crystals (available from pharmacies) and dissolve in 4.5 L of water.  Apply this evenly by watering can onto a 1m by 1 m area to be sampled.  Ten minutes later count earthworms on the soil surface.  If performed well this method will flush out deeper burrowing worms.

Bait Lamina Probes

A method of measuring soil biological activity developed in Germany and being further developed by Lincoln University for local conditions is that of bait lamina probes.  These will be shown but are not yet commercially available.  A mixture of cellulose, charcoal powder and bran are made into a paste to fill holes on a plastic strip that is then placed in the soil.  After a set number of days or weeks, the strip is removed and the number of holes formed through the bait are counted to give a measure of soil biological activity.

Litter Bags

Simple method is to place a type of organic matter e.g. bran or leaf litter inside a tied piece of stocking (or material with larger diameter holes if soil fauna is being assessed also.  The relative loss of litter (assessed by final weight) is compared between two or more different areas to compare soil biological activity.

Lab Methods for Assessing Soil Biological Activity

There are various laboratory methods available for soil biological activity measurements.  Commercially available ones in New Zealand include substrate induced respiration (how fast is carbon dioxide produced from a set amount of carbohydrate being added to a sample of soil over several days), plate counting (number of bacteria and fungi per gram) right through to comprehensive analysis of different types of bacteria, fungi and soil fauna present.  There are various molecular and assay methods that have been developed and these will become available.  Each have their best uses and potential pitfalls (if interpreted beyond what they are designed for).

The best use of the lab measurements (which are susceptible to the vagaries of sampling, handling, time of year, moisture content of soil, vegetation present, soil type etc is perhaps to compare different treatments in a farm trial or to compare good performing areas with poor performing areas.

In most cases there are clear techniques available for generally improving soil biological activity.  Perhaps these biological tests can be used to assess how well these chosen techniques are working.

Assessing Soil Condition Before Cultivation

To preserve soil structure, soil should not be cultivated when it is too dry or too wet.  Structural damage can take years to rectify.  Soil should be assessed before cultivating.  This can be done simply by testing soil consistency as below but in many cases, a more thorough examination is warranted.

Soil Consistency: Take a small sample of soil and try to roll it in the palm of your hand.  If you can get it down to a diameter of 2 to 3 mm without it breaking up then (for most Canterbury soils) it is too wet to be cultivated without damage to soil structure.  

Thorough Examination: Dig spade width holes to just below cultivation depth around the area to be cultivated.

· The soil should be friable and free of large clods when dug

· Upon breaking them up, aggregates should be rounded not angular

· The sides of a hole should indicate good pore structure and not a smooth wall

· The soil consistency test (above) should be applied at various depths

NOTE: In a later workshop we will examine soil structure and soil management in more depth.

Soil and Plant Testing

Soil Testing without the Lab

In the attached excerpt from my recent article appearing in Canterbury Farming, there is a discussion of ways to assess soil status on the basis of vegetation (weeds and pasture make up).  These should be interpreted with caution but in a small farm situation you may be able to get away with this together with field experimentation and experience.

Soil pH Testing

Soil pH kits are available from Lincoln University is practiced in the workshop.  There are various meters available with the expense being a reasonable but not absolute measurement of how reliable they are.

Laboratory Testing

Soil pH as well as other chemical characteristics are tested by a number of laboratories in New Zealand mostly with standardised procedures.  Some of the overseas lab services available offer some similar methods 

It is beyond the scope of this document to give recommended levels for each crop etc (some will be mentioned at stages of the workshop).  One of the aims is in fact to demonstrate that rather than look for some magic values, we should be taking soil test levels as indications of possible requirements and of change over time (monitoring).  We will also observe some of the reasons for proper sampling.

Sampling Methods for Soil Testing

We collect samples for soil tests properly to…

· Keep the results relevant to standardised recommendations and other results

· Make the results answer the question that we are really asking

· Avoid overly high or low results due to non-representative areas

Soil sampling should pay particular attention to 

· depth (higher nutrient availability closer to the soil surface – pastures generally sampled at 75mm, crops and fruit trees generally at 150mm, apples at 20 cm)

· sufficient numbers of samples (to avoid random effects of highly variable samples – should be at least 15 to 20)

· taking samples from a known transect or pattern (e.g. “W” shape) to allow accurate repeats

· covering the whole area selected

· selecting an area that is not too variable (e.g. separate sampling for hill and flat or for two different soil types)

· avoiding fence effects, shelterbelt effects, gateways, other high traffic areas and around troughs

· specific instructions for the crop e.g. “from drip zone” or “from rooting zone”

· time of year as recommended or the same as previous years to aid long term monitoring

· generally avoid times when the soil is overly dry or overly wet or frozen – preferably do not sample at a time of year like mid summer which will give high variation from one year to another making long term monitoring of changes more error prone (autumn to early winter good)

· sufficient time since fertiliser application preferably greater than 3 months

Interpretation

It is the policy of many of the soil labs to not give interpretation and recommendations when they return a soil test result.  This gives a degree of independence but frustrates many people when they get a result back and then wonder what they should do.

The results will have a set of recommended or “normal” levels that should be treated as indications of where a good performing soil would often have a soil test level.  It is still possible for a soil to be performing well and not be deficient of that nutrient even when the soil test value is lower than the recommended levels.  And it is rather sobering that even with a high soil test value, there may still be a response to a nutrient.  Soil testing is not an exact science. 

Fertiliser and or organic matter application should then be influenced but not completely dictated by the soil test result.  The net removal of nutrients by a crop or by grazing should be replaced by application and if the soil test indicates room for improvement in a particular nutrient then there may be value in applying extra.

The soil tests recommended for organic properties are…

Soil Test
Variability
Interpretation

Organic Matter
Stable
Would like to see it maintained or improved over years.  Generally higher the better for mineral soils.

Cation Exchange Capacity (CEC)
Slightly variable
Indicative of soil texture combined with organic matter level.  If low, “spoon feeding” of cations may be required and greater leaching could be expected.  If high, larger amounts of cations (e.g. calcium from lime) may be required to shift nutrient availability and pH.

pH
Somewhat variable
Slightly acid but good calcium levels for soil biological activity (too high a pH causes metal trace element and other nutrient deficiencies and too low causes phosphorus and molybdenum deficiencies)

Available Nitrogen
Highly Variable
Only use for certain crops as required.  Look for sufficient to provide good crop start.

Resin P
Variable
Olsen P better known but less reliable than Resin P in some soils and with the use of RPR fertiliser.  High level means probably sufficient, low level means possibly deficient.

Exchangeable Potassium
Variable
Best interpreted in milli equivalents or Quick test units or kg/ha (not just as % of CEC).  Medium to high level means probably sufficient.

Exchangeable Calcium
Variable
Best interpreted in % of CEC.  Medium to high level means probably sufficient.

Exchangeable Magnesium
Variable
Best interpreted in % of CEC.  Medium to high level means probably sufficient unless potassium % is high in which case magnesium may be limiting especially in spring and autumn times of high potassium.

Exchangeable Sodium
Variable
Not required for plants.  Best interpreted in % of CEC.  Very high level may mean problem with soil salinity and poor drainage.  Medium to high level means probably sufficient unless potassium % is high in which case sodium may be limiting (to grazing animals) especially in spring and autumn times of high potassium.

Organic Sulphur (Easily Extractable Organic Sulphur) 
Variable (less so than Sulphate Sulphur)
High value probably sufficient, low value possible deficient

Trace Elements

There is still a disliking of soil testing for trace elements amongst New Zealand (and overseas) soil scientists.  Part of this is a disappointment in not finding good correlations between trace element test levels and actual uptake by plants.  Recently, however, good progress has been made allowing reasonable interpretation of cobalt, copper, zinc and total selenium.   Boron soil testing is well established.  Trace element testing can also be useful in monitoring the effect of a fertiliser or other management programme on trace element levels and soil testing can also be useful in explaining the reasons for already identified trace element deficiencies.

The interpretation of these trace elements is improved by taking into account the other factors that affect plant uptake (such as pH, waterlogging, CEC and the relative levels of competing elements).  Soil pH and waterlogging appear to largely outweigh (but not completely) the soil test value for iron and manganese (high availability in low pH and waterlogged soils) and molybdenum (high availability in high pH soils).

Many people prefer to use plant tissue tests or animal testing to determine trace element deficiencies as there is generally more information on the interpretation of results and they are a more direct assessment of likely problems.

Monitoring

A powerful way of using soil tests is in long term monitoring.  The levels of several tests over several years (taken at the same time of year) will show a downward trend if the fertiliser and management system is neglecting a nutrient too much.  If the trend is upwards and the soil test levels are above the recommended or “normal” range, additions may be uneconomic and could even cause nutrient imbalance problems.

Plant Tissue Testing

For most of the same reasons as for soil testing, sampling method is critical for proper interpretation.  In the case of plant tissue testing, the type of leaves or area of shoot sampled can be important as can the time of year and crop growth stage.  In this document, a number of useful testing methods that suit various situations will be discussed.

Pasture Herbage Testing

Use stainless steel scissors and try to avoid soil contamination (often difficult and indicated by high iron readings – soil also gives false high readings of cobalt, aluminium and to a lesser extent of copper and zinc).

There are two main strategic types of herbage test.  The mixed pasture test is 

Mixed Pasture: An overall sample of what the livestock will be grazing for animal nutritional value assessment.  For plant requirements the clover only test is recommended as this is the plant that will generally show nutritional deficiencies first.  (If mixed pasture sample is desired for testing plant requirments then it is best to standardise the sampling to include 25% white clover as the levels of many elements are very different from white clover to grasses.   

White Clover Only: A way of assessing what nutrients are limiting this plant that (through nitrogen fixation) pushes the whole pasture along.  Sample during vegetative growth, not when flowering or when not growing.  Sample poor performing plants rather than healthy plants to heighten chance of seeing limiting factors.

Plant Tissue Testing of Crops

A strategic method is to sample from poor performing plants or areas and from good performing ones and compare.   This has the added advantage of not relying so much on recommended levels (which may not even have been established for some crops).

With some crops (e.g. many tree crops), plant tissue testing may be more suitable than soil testing because the root system is deeper than the soil sampling depth (can be very significant for potassium and elements affected by potassium level.

Soils Around the BHU

Our last practical exercise is looking at some of the effects of different management in and around the BHU area at Lincoln University including the effect of organic matter addition and of compaction and vegetation avoidance in orchard areas.  This serves as general practice in assessing soils.

Extra Resources

Practical Soil Management by Ian Cornforth (Lincoln University Press)

A very comprehensive USDA initiated soil quality monitoring kit is described in the following website.  It includes many practical techniques that can be used without fancy gear as well as some that do need the fancy gear.

http://www.statlab.iastate.edu/survey/SQI/Attach/KitGuideComplete.pdf
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