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NOTES FOR THE ‘TRAIN-THE-TRAINER’ POWERPOINT PRESENTATION
Slide 1
•

The aim of this module is to consolidate current thinking around soil health, what it is and why it is considered
important. The module discuss management practices that can be undertaken to improve soil health, and ways
of measuring and monitoring how those practices influence soil health. Some examples of successful soil health
programs are provided.

Slide 2
•

An introduction to soil and soil health, what is soil health, why is soil health important to viticulture, important soil
properties and functions, management to improve soil health in vineyards, measuring and monitoring soil health,
and examples of successful soil health programs.

Slide 3
•

There is an international awareness of the sustainable nature of our environment and our resources, including soil
health. Australia’s membership of international organisations requires us to be responsible for the condition of
our environment and brings reporting responsibilities. At the national level, the National Strategy for Ecologically
Sustainable Development (1992) calls for State of the Environment reporting, currently undertaken every 5
years. There are national projects such as ‘Caring for our Country’ and CSIRO flagship programs (eg Ecosystem
Services) that include soil management components.
At the State level, each State is required to provide their own State of the Environment reports to the Federal
government. Catchment Management Authorities are required to provide reports on the conditions of their soils.
States have developed policies on soil health, such as the DPI Victoria Background paper Sept 2006: Towards
a Soil Health Framework for the Department of Primary Industries, and have funded projects addressing soil
health management.
There is also an increased industry awareness, resulting in investment in several national projects. For example,
Land and Water and Grains RDC fund a program called “Healthy Soils for Sustainable Farms”, Horticulture
Australia Ltd fund projects on soil health in vegetables and potatoes, and there is currently discussion around
a multi-industry approach through a National Soil Health Consortium.

Slide 4
•

So how do we define soil health? Soil health considers the soil as a living entity, encompassing the soil biological
component as well as the physical and chemical components. To summarise, soil health is a measure of
sustainability of farming practices on soil. It is a relative judgement made according to our expectations with respect
to fitness for use. It is dynamic and can be influenced and changed depending on management practices. Soil
should be recognised as a significant part of the farm infrastructure, representing the natural capital of the business.

Slide 5
•

Good soil health can improve key vineyard management elements, such as water retention, soil structure:
reducing compaction and erosion, nutrient management and organic matter management.

Slide 6
•

There are many challenges for growers when considering soil health. There are legislative requirements and an
expectation to minimise the environmental impact of their business. They would like to improve the structure and
water holding capacity of their soil, while maintaining or preferably increasing profits. There are many management
practices on the farm to be integrated: irrigation systems, controlled traffic, cultivation practices, nutrient
management, pesticide usage, vineyard floor management and use of organic amendments. Some key soil
functions are structural stability, supply and recycling pf nutrients and suppression of pests and diseases. There
are a suite of tools available to measure soil functions, but which are the key indicators to use? Examples of good
indicators are bulk density, aggregate stability, soil carbon levels, pH, cation exchange capacity, plant parasites
and soil microbial diversity. There is no single indicator that can be used; rather a ‘tool kit’ of tests spanning all the
functions of soil should be used.

MODULE 13 - TECHNICAL NOTES Soil Health

13

Slide 7
•

So what do we want for viticulture? Grapevines are perennial crops, with a vineyard expected to have a
commercial lifespan of at least 30 years. The soil provides the habitat for the grapevine root system and
contributes to vine longevity, sustained yield and wine quality.
Over the lifespan of a vineyard with 1650 vines/ha, the vine roots will explore almost all the soil available. A
healthy vineyard soil supports uniform vine growth, making vineyard management easier. It maintains vine health,
increasing the ability to protect against disease. It improves water infiltration and water use efficiency. Compaction
and erosion are prevented, nutrients are recycled, off-site impacts are minimised and natural biological processes
are taken advantage of that reduce the need for chemical inputs.

Slide 8
•

There are three main components or properties of soil: the physical properties eg structure, strength, infiltration
rate, water-holding capacity; the chemical properties eg pH, plant nutrients, salinity, and the biological properties
eg microorganisms, arthropods, worms. Soil health is influenced by all three properties.

Slide 9
•

Soil physical properties include structure, texture, aggregate stability, available water capacity and depth,
including restrictions to depth such as surface and subsurface compaction. Soil structure is the arrangement of
solids and spaces within the soil and determines the water and nutrient reservoir available for vine growth. An
ideal soil will retain water in the rootzone, and have good aeration following irrigation and rain (minimum 15 – 25%
air in soil pores). Texture refers to the types and proportions of solid materials, namely sand, silt and clay. Soil
particles are arranged and bound together to form aggregates. Aggregate stability refers to the way that the soil
particles are arranged and bound together. The spaces between particles and aggregates are called micro- and
macro-pores respectively. Macropores are the spaces that allow water to drain, and micropores are the spaces
that trap and hold soil moisture. Soil porosity is measured indirectly by bulk density ie low bulk density indicates a
high number of pores.
Grapevine roots have been recorded up to six metres deep searching for moisture if vines are grown on deep
gravely soils. As a general rule, roots reach more than 60 cm on irrigated vines and up to 2 metres on non-irrigated
vines. Therefore, an ideal soil allows roots to grow and function unrestricted by compaction layers. Compaction
layers can occur naturally, or from the use of heavy machinery particularly when the soil is wet.

Slide 10
•

Soil has all three phases of matter common to the rest of the universe! Solid, liquid, gas. Soil functions depend
on the composition and relationships between these. Soil is a system and so the ‘static’ representation of the
pie chart must be used to explain the dynamic nature of the soil and its phases, the changeable and changing
relationships between them.
Solid material makes up approximately 50% of the total soil. Solid organic matter is only a small proportion of the
solids but very important for soil biology, chemistry and physics. Organic matter helps to build structure in loams
and sands and ameliorate heavy structure in clay loams and clays.
The rest is space. Space may be filled with liquid (mostly and usually water) or with gas/air. Different size pores
serve different functions – water storage and supply, drainage and aeration, root growth. The larger pores drain
first and become air filled. These are important pores – ‘macropores’, they are visible to the naked eye – root
channels, cracks, worm holes, and other very fine pores. In a well structured soil, pores in this class should make
up 20% of the total soil volume.
The pores that contain water once the soil is freely drained hang onto that water against gravity – gravity can’t pull
the water out but a plant can. The suction that a plant root can exert is huge – several atmospheres. (We’d be
crushed to death – imagine diving to a depth of 150 metres without protection. This is the pressure or suction that
a plant is capable of. ) Some pores are so small they hold the water too tightly for plants to extract – the more clay
in a soil, the more volume is occupied by pores holding water that will not be available to plants.
The pie diagram shows the bulk relationships or proportions of solid to space and gas to liquid filled pores. We
change the relation of solid to space by compaction and by tillage. It is the large pores, the macropores that are
changed by traffic and tillage. So, soil aeration and drainage are affected when soil structure is changed by traffic
and tillage. The pores that hold water are mostly unchanged. The proportion of water and gas filled pores
changes constantly.
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Slide 11
•

Soil particles are assembled into aggregates. The spaces between aggregates are the larger pores in soil, the
‘macropores’. Spaces within the aggregate occur due to packing of primary particles of sand, silt and clay and
are the smaller pores in soil, the ‘micropores’. Macropores are generally visible to the naked eye or with a hand
lens. They serve important functions with respect to drainage, aeration and root growth. Micropores are not
visible. They hold water in the soil against gravity. They store the water that is available to plants as well as the
residual unavailable water.

Slide 12
•

Both these images are of clay surface soils that have resulted in sodic soils that have not had careful
management. The crust (left) is strong enough to prevent seedling emergence. If there are sufficient reserves (as
in a large seed) the shoot may grow sideways and emerge through the fractured crusts. The soil on the right has
very high bulk density due to dispersion and compaction. The soil has little or no capacity to support plant growth.

Slide 13
•

This red ferrosol is inherently very well structured with plenty of small stable aggregates, but the roots are telling us
something about the condition of the soil in a fine layer. Is it a restriction due to smearing, perhaps by cultivation?
The structure above and below the root mat appears to be good for root growth.
Rooting depth in grapevines: > 60 cm for irrigated vines, up to 2 m for non-irrigated vines, can reach up to 6 m
in deep gravelly soils. The woody ‘framework’ roots, > 30-35 cm deep, do not increase in number after the 3rd
year from planting. Extension roots grow horizontally and vertically from the main framework and may extend
several metres from the trunk. The extension roots and finer lateral roots in the top 10-60 cm soil provide the main
absorbing surfaces for the grapevine.

Slide 14
•

This slide shows electron microscope images of roots and root hairs growing in the macropores of soil between
soil aggregates. It also demonstrates the role of root hairs in binding soil aggregates together.

Slide 15
•

Development of a compacted layer or plough pan - aggregates are crushed and in extreme cases a compacted
layer forms below the tillage depth and under the tyres of heavy machinery. A How soil moisture affects soil
compaction. The lines in the soil under the tyre represent the curves of equal pressure. In all three situations the
tyre size was 11 x 28, load was 1,650 pounds (748.4kg). On wet soil, pressures were transmitted to depths
of more than 24 inches (61cm) B How tractor loads affect soil compaction. The lines in the soil under the tyre
represent curves of equal pressure. In this diagram pressure per unit area is a constant 12 psi (0.08 MPa). The
size and total weight increase with tractor size, as does depth and width of transmitted pressure. (Adapted from:
Soehne, Journal of Agricultural Engineering, May 1958).

Slide 16
•

This brick-like unit in the upper subsoil (right image) is the result of wheeled traffic in moist conditions. Left image
is less compacted – note root distribution. The first pass of a vehicle over wet soil causes 90% of the damage. To
reduce soil compaction time mechanical operations carefully, keeping off wet ground, reduce axle loads, confine
traffic in laneways and use low ground-pressure tyres.

Slide 17
•

Water infiltration is also adversely affected by wheeled traffic. Infiltration viewed by penetration of water soluble
white paint: right image – wheel-trafficked soil, note little infiltration; left image – between wheel tracks; note much
better infiltration.

Slide 18
•

The ideal soil provides grapevines with an adequate supply of macro-and micro-nutrients, with an absence of
toxicity and deficiencies. Chemical properties include pH, nutrients, organic matter, CEC, salinity and sodicity.
All of these can be tested readily. pH, organic matter, salinity and sodicity (EC) are determined directly from soil
samples. Nutrient analysis is best determined from plant tissue such as sap or petiole analysis.
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Slides 19 and 20
•

Show examples of typical vineyard soils such as calcarosols, sodosols, red-brown clay loams. All have high pH > 7.

Slide 21
•

Plant nutrients. Plants need 16 elements to grow normally and reproduce: macronutrients (C, H, O, N, P, S,
Ca, Mg, K, Cl) and micronutrients (Fe, Mn, Zn, Cu, B, Mo). Most of these are taken up by the plant via the roots
from the soil. Nutrient form and availability is highly dependent on soil pH, so it is best to monitor N, P, K and
micronutrients by plant analysis rather than soil analysis to ensure the vines are getting their requirements.
Nutrients are cycled continually. In an undisturbed ecosystem, nutrients are recycled continually. However, under
agricultural production, nturients are removed and have to be replenished. On average, 1.2-2.4 kg nitrogen, 0.6 kg
phosphorus and 1.5-5 kg potassium are removed per tonne of grapes from Australian vineyards during harvest.

Slide 22
•

Cation exchange capacity and chelation. Many nutrients are present in the soil as positively-charged ions called
cations. Clay particles and organic matter particles in soil are negatively-charged. The cations are held in the
root zone on the negative clay and organic matter particles (cation exchange capacity). Cations are ‘chelated’
when organic molecules wrap around them, preventing them from being complexed in a way which makes them
unavailable to plants.

Slide 23
•

Soil organic matter is a small but crucial proportion of the solids, comprising of decomposed and partly decomposed
remains of living material including by-products such as root exudates, etc. The final breakdown product is known as
humus, which has five times the water holding capacity and cation exchange capacity of clay particles.
Most organic matter is found in the surface layer of soil. The rate of organic matter decomposition is influenced
by temperature, moisture, oxygen, and nutrient content of organic materials. An ideal vineyard soil contains 2-4%
organic matter.

Slide 24
•

The carbon – nitrogen ratio (C:N) ratio of organic residues is extremely variable and at the same time important in
terms of the energy budgets for the breakdown of various residues. C:N ratio influences mineralisation of nitrogen.
C:N ratio >25:1 stimulates immobilisation. C:N ratio <25:1 stimulates mineralisation.

Slide 25
•

The community of soil organisms consists of bacteria, fungi, protozoa, nematodes (some are predators of
microorganisms and pathogens of plants) earthworms, arthropods and other organisms. The soil biology is
involved in at least 80% of the soil’s functions. Farming systems that include organic amendments as nutrient
sources are particularly dependant on biological activity for decomposition and the release of nutrients.

Slide 26
•

Soils support a diverse range of organisms, including fungi, bacteria, nematodes, worms and insects. A single
gram of soil may contain more than 2,500,000,000 micro-organisms.

Slide 27
•
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Soil Biology is not evenly distributed in soil. It usually occurs in ‘hot-spots’ associated with soil organic matter.
Decomposing residue, which is an obvious site for both physical and enzymatic attack by a range of soil biota, the
rhizosphere, which is the soil zone that surrounds and is influenced by the roots of plants and is likely to have a
suite of both beneficial (eg. nitrogen-fixing bacteria and mycorrhizal fungi) and deleterious (eg. fungal and bacterial
pathogens) biota in close association and macroaggregates are all examples of such hot spots.
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Slide 28
•

The benefits of soil organisms are considerable. They decompose plant residues, contributing biomass to soil
organic matter, forming humus and producing carbon dioxide which dissolves in water to form weak carbolic
acid, breaking down insoluble mineral compounds in rock. They convert nutrients from organic to mineral forms,
rendering them available for uptake by roots. They stabilise soil structure, providing the ‘glue’ that holds soil
aggregates together, thus improving water holding capacity. And they can reduce disease problems by outcompeting soil-borne pathogens.

Slides 29, 30 and 31
•

Soil organisms carry out a number of roles and functions. Ecosystem engineers such as ants and earthworms
primarily alter the physical structure of soil but also have an influence on the overall rates of nutrient cycling and
energy flows. Litter transformers such as the collembolans (or as commonly known, springtails) are involved in
fragmenting plant litter which makes this material more available to microbes for further degradation and nutrient
cycling. Soil biota also play a major role at all levels in micro-food webs whereby energy is transferred from one
organism to another and as a consequence nutrients are cycled through the soil environment. For example,
bacteria and fungi decompose plant litter through enzyme degradation to sequester nutrients and the same
bacteria and fungi may provide a food source for predatory protozoa, nematodes and arthropods.

Slide 32
•

One of the major stabilising effects on soil structure results not just from the stickiness of root exudates but
from the association that these roots have with fungi. The fine fungal threads or hyphae (a tenth the diameter
of the finest grass root) form an extra network to bind the micro-aggregates of soil. This slide shows electron
microscope images of fungal hyphae binding soil particles.

Slide 33
•

Grapevine roots form a special relationship with some species of fungi. This symbiotic relationship is called
a mycorrhizal association. Several forms of fungi infect, but do not harm, plant roots, assisting the uptake of
nutrients such as phosphorus and zinc, and generally assisting plant growth. The plant provides sugars in
exchange. Fine, thin walled hyphae grow away from the plant root and penetrate the soil – so the plant in effect
gets an extended root system. Following a period of growth and development, the mycorrhizal fungus produce
spores that remain in the soil and can infect another plant root.

Slide 34
•

Tisdall and Oades (1982) – European Journal of Soil Science – Organic Matter and water-stable aggregates in
soils. The water-stability of aggregates in many soils is shown to depend on organic materials. The effectiveness
of various binding agents at different stages in the structural organization of aggregates is described and forms
the basis of a model which illustrates the architecture of an aggregate. Roots and hyphae stabilize macroaggregates, defined as > 250 μm diameter; consequently, macroaggregation is controlled by soil management
(i.e. crop rotations), as management influences the growth of plant roots, and the oxidation of organic carbon.
The water-stability of micro-aggregates depends on the persistent organic binding agents and appears to be a
characteristic of the soil, independent of management.
Soil biology is the life in the soil and a regulator of many processes that affect the chemical and physical attributes,
and is regarded as the key to soil health. Soil organic matter provides the carbon (energy source) that supports
the soil biology and is universally accepted as the major indicator of soil biological health.

Slide 35
•

Soil organic matter ranges between 1 - 4% in temperate soils. Soil organic matter essentially provides the base
energy source for the entire soil biology ecosystem. It also contributes to good structure, improving aggregate
stability, increasing porosity, water holding capacity and cation exchange capacity, and providing a buffering
capacity for soil pH. 95% of soil N, 40% of soil P and 90% of soil S are associated with soil organic matter. The
quality of SOM of aboveground plant community is reflected in the below ground biological communities.

Slide 36
•

Viticulture is ahead of the game! There are several practices already encouraged in viticulture such as the use
of composts, mulches and cover crops. The importance of these for soil health cannot be emphasised enough.
Other benefits include waste management, by composting grape marc and returning it to the soil.
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‘Mature’ compost is made with aeration and controlled moisture and temperature for optimal microbiological
decomposition, to ensure effective pasteurisation of organic materials. The Australian Standard for Compost
(AS4454 – 1999) specifies maturity and stability, and ensures a manufacturer’s claims can be supported, ie
suppression of weed seed germination and pathogens during composting and the levels of nutrients and salts in
the final product. ‘Finished’ or ‘mature’ composts differ from the raw materials in consistently having a C:N ratio
of about 10 – 20, with temperatures below 40°C and in not being susceptible to rapid breakdown and loss of
nutrients. Fresh (uncured) compost can be used as a soil conditioner if applied at least four to six weeks prior to
planting but cured composts are preferred for mulching. A specification sheet showing a typical analysis should
be supplied with all compost products and other organic amendments as the composition of each product will
vary depending on its source. Compost is often surface applied. The main difference is that a non-composted
mulch has not decomposed to any extent at the point it is applied. Because it requires decomposition it provides
the same benefits as a compost just at a much slower rate. However, the variability in C:N ratios in noncomposted mulches is an important issue.

Slide 37
•

Advantages of composts, mulches and cover crops include supply of organic matter, particularly humus,
water retention, weed suppression, supply of plant nutrients and yield increases. Disadvantages may include
competition for water by the cover crop, oversupply of nutrients, particularly nitrogen, and heavy metal
contamination depending on the source of the compost. A relatively easy way of monitoring N being released
from decomposing plant residues is to sample water at varying depths beneath the inter-row area. Ceramic tubes
are placed in the soil and soil water extracted under suction following a heavy irrigation or rainfall. The soil water is
tested for nitrate with an RQ Flex test strip metre.

Slide 38
•

Application of slowly degrading stabilised composts/organic matter, such as biochar, fully composted grape marc
and green organics improves long term water holding capacity of soil. This slide shows compost being applied as
a mulch.

Slide 39
•

Straw mulch is often used undervine, reducing the need for herbicide.

Slide 40
•

Permanent sward cover crops compete with grapevines for water during summer, however this can be minimised
by mowing the cover crop during spring and leaving it on the surface as a mulch. Cover crops are plants grown
to vegetate ground that would otherwise be bare or weed ridden. Cover crops are important tools for ecological
vineyard management. They are used to promote soil microbial populations, prevent soil erosion, add N and other
nutrients, manage and improve soil moisture content, improve drainage, enhance trafficability during wet weather,
improve footing for vineyard workers, suppress resident vegetation (weeds), devigoration of vines and to enhance
beneficial arthropods.

Slides 41, 42, 43
•

There is growing interest in using Australian native plants as cover crops where possible, as they are well-adapted
to Australian conditions and encourage beneficial insects. These examples in the Henschke vineyards are of
creeping saltbush and wallaby grass. Prue Henschke compared the soil moisture content under permanent
swards of ryegrass and wallaby grass during 2001-2003. During the critical spring months of October and
November, when budburst and flowering were occurring in the vineyards, there was less competition for water
from wallaby grass than from ryegrass.

Slide 44
•
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Choice of cover crop can influence the amount of nitrogen available for vine growth. Winter leguminous cover
crops such as vetches, clovers, medics, beans, and peas increase N, resulting from bacterial fixation. Winter
grasses and cereals, incorporated prior to budburst, generally have no net effect on vine N status. Permanent
sods, summer grasses, and winter grasses that are incorporated in December or January can lower vine N levels.
Non-leguminous cover crops (grasses etc) utilise N during the winter months acting as a reservoir against N loss
through leaching. Ultimately they contribute nutrients to the soil when they are slashed and decompose nutrients
are re-released (not as much N as legumes).
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Slide 45
•

Research in New Zealand demonstrated that mulches encourage grapevine mycorrhizae. Four different mulches
tested all resulted in increased numbers of roots with mycorrhizae. Mulches have also been demonstrated to
decrease overwintering pathogen inoculum (not shown in this slide).

Slide 46
•

How do other agricultural inputs impact on soil health? Mineral fertilisers appear to have little direct effect, but
indirectly may increase soil microbes by increasing plant growth. Nitrogen fertilisers, however, can increase soil
acidification, which negatively affects soil organisms. Among the pesticides, few effects of herbicides have been
documented, but negative effects of insecticides and fungicides are common. Copper fungicides in particular are
known to be highly toxic to soil organisms.
In this diagram, the potential effect of pesticide application is taken as an example. Pesticide effects could be
either reversible or irreversible. In most cases the effect of a single application is reversible (Pesticides 1 & 2).
Effects may be irreversible if the mode of action also applies to a microbial biochemical process (Pesticide 3). The
impact of the chemical on beneficial soil fungi depends upon the rate of degradation in soil, which is influenced by
overall level of soil microbial activity.

Slide 47
•

How do we measure soil health and monitor the impact of management practices? Many tests are available to
measure particular aspects of the soil, such as pH, nutrients, organic matter content, aggregate stability and
bulk density. Some of these can be carried out on-site, while others require samples to be sent for analysis to
a commercial laboratory. It is easier conceptually to group the tests into levels of ease – Level 1 tests are visual
assessments that can be done by the farmer, Level 2 tests are still conducted on-site, but require some specialist
knowledge and are usually done by consultants or advisors. Level 3 and 4 tests required specialised facilities and
equipment in laboratories and generally conducted for research purposes.

Slide 48
•

A simple visual assessment of soil structure using particle sizes. All three samples are of the same soil, but under
different management practices. The sample on the left has been under pasture and has uniform particle size and
a good friable texture. The middle sample was taken from under a banana crop and the ‘cloddiness’ caused by
cultivation is evident. The sample on the right is from the inter-row and the surface compaction caused by the
machinery traffic can be seen.

Slide 49
•

Penetration resistance is an important mechanical property that can be used to indicate compaction.
The readings taken with the penetrometer should be taken when the whole profile is at field capacity
(approximately 24 hours after a soaking rain). If the soil is too wet (muddy), compaction could be underestimated
because the soil acts as a liquid. If the soil is too dry, compaction could be overestimated because roots will be
able to penetrate the soil when it dampens. The idea behind using the penetrometer at field capacity is that this is
the best-case scenario for roots.
If no penetrometer, surface hardness can still be tested very simply. This test should be carried out after good
soaking rains when the soil is at field capacity. Push the sharpened point of a pencil into the soil with the centre
of the palm of the hand. If the pencil enters easily without inflicting any pain on the palm of the hand, then the soil
strength is less than 1MPa. If the pencil moves in the soil but causes pain, the soil strength is between 1-3MPa. If
the pencil moves into the soil reluctantly, the soil strength is greater than 3MPa.
Interpretation of Soil Strength*:
*Note soil strength may be irrelevant if the soil has many pores and cracks for roots to grow through.
Less than 1 MPa - Roots and shoots will grow through the soil without difficulty. Physical quality is good.
1000 kPa – 3000 kPa - seedling emergence will be retarded and root growth may be restricted. If resistance is
greater than 1000 kPa at field capacity, resistance is likely to increase to above 3000 kPa before wilting point is
reached. Root growth will be limited to periods when the soil is wet, just after rainfall. Physical quality is moderate
Above 3000 kPa - soil strength will limit root growth most of the year and physical quality is poor.
(Better Soils SA website)
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Slide 50
•

A simple test of soil strength and aggregate stability involves putting intact and remoulded aggregates in distilled
water and observing what happens. The aggregate may: remain unchanged, swell, fall apart (slake), or disperse.
Surface soils should be stable. Most subsoils slake on immersion in water. Slaking results from entrapped air
being forced out of the aggregate by water. If the bonds between particles around the air pockets are weak, the
aggregate will fall apart. If the bonds are strong then the aggregate remains intact and small bubbles will be visible
coming out of the aggregate. Slaking in confined subsoils is not a problem. However if the soil is exposed by
excavation and subject to inundation or heavy rain then slaking will result in soil breakdown, slumping and erosion.
Water test for slaking:
Air-dried aggregates float - soil is structurally stable, bulk density of aggregates is very low (less than 1g/cm3).
Very good macrostructure quality.
Air-dried aggregates sink but do not slake - soil is structurally stable, bulk density is greater than 1g/cm3. Good
soil macrostructure.
Air-dried aggregates sink and slake slowly - unstable macrostructure on wetting. Organic matter is probably below
optimum. Tilled soil may set hard after rain. Reduced tillage should be adopted and organic matter increased.
Air-dried aggregates sink and slake rapidly - macrostructure is very unstable, organic matter is below optimum
and tilled soil will probably hard set after rain and/or crust badly, will have poor infiltration and will cause runoff and
probably erode if on a slope. Reduced tillage should also be adopted and organic matter increased.
(Better Soils SA website)
Many Australian soils disperse. Dispersion is a property common to ‘sodic’ soils but can occur in other soils too.
The evidence of dispersion is cloudiness in the water. This is caused by clay particles becoming free from each
other – clay particles are very fine (less than 2 micron, usually much finer) and commonly are bonded together in
parallel sheets, rather like pages in a book. When the binding falls apart the pages become separate. The distance
between the pages controls whether they stay together. When the soil gets wet clays swell forcing the ‘pages’
further apart. In sodic soils the ‘pages’ become further apart than in other non-sodic soils, they reach a critical
degree of separation which results in total breakdown of the soil microstructure.
Slaking and dispersion can be managed. Aggregate resistance to slaking is improved by additions of organic
matter. Aggregate resistance to dispersion is improved by addition gypsum. Surface application of gypsum will
amend subsoil dispersion.

Slide 51
•

Most growers are very familiar with sending samples away for nutrient analysis, pH and organic matter content.
These are generally level 2 tests. This slide show examples of such soil test results.

Slide 52
•

While it is possible to measure soil organisms, it is not an exact science to prescribe remedies to promote
beneficial organisms to enhance soil health. This is further complicated as we do not know all of the organisms
associated with soil health. For bacteria alone it is estimated that we have only identified around 1% of the total
bacteria in soil. There are many research programs around the world trying to establish practices that can be used
to promote a sustainable microbial community in soil, and identify which key organisms are involved in soil health.

Slide 53
•
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So how do we measure soil biological health? Horses for Courses: a vast suite of tests/indicators have been
developed to measure and/or monitor a vast range of factors that relate directly to or give an indication of soil
biology. Often the measurements are indirect indicators of soil biology eg earthworm counts give us information
about things like carbon levels and soil structure, while other tests may be more direct such as microbial biomass
where the data tells us exactly what carbon or nitrogen is in the soil. The list here shows just a handful of
examples of tests and what information we can attain from them. Each of the above approaches reveals different
information about soil biology and remember each test has its own strengths and weaknesses.
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Slide 54
•

Earthworm counts are an example of a level 1 test that growers can do themselves. Earthworms are common in
vineyards underneath vines eg Aporrectodea longa. They play an important role in incorporating lime, gypsum,
surface applied organic matter and fertiliser around rootzone. Most are found under straw mulches, also
associated with conservation of crop residues (prunings etc). There is a rapid response to manure application.
Numbers are usually significantly higher undervine than midrow areas, and numbers are reduced by discing /
rotary hoes.

Slide 55
•

An example of a level 2 test commonly used is that of arthropod trapping in vineyards, and subsequent counts of
the different types in the traps. High levels of springtails in particular are considered to be indicative of a healthy
environment. Other indicator species are predatory mites, parasitic wasps and spiders.

Slide 56
•

Although the first reaction to the word ‘nematode’ is to think ‘plant disease’ such as caused by dagger
nematodes and root-knot nematodes, in fact the majority of soil nematodes are completely harmless to plant
roots. They feed on bacteria or fungi, and some are even predatory and feed on other nematodes and insects. A
commonly used level 3 test by researchers is the ratio of each of these types of nematodes in a soil sample. This
can give a considerable amount of indirect information. If there are high levels of bacterial-feeding nematodes,
it indicates that there are high levels of bacteria in the soil, which occurs when there is easily digestible carbon
available following recent soil disturbance or addition of fresh organic matter. High levels of fungal-feeders, on the
other hand, indicate the presence of high levels of fungi which can break down more complex carbohydrates such
as cellulose and lignin, and usually indicates that the soil contains stable organic matter such as humus, and has
been undisturbed for a while. High levels of predatory nematodes mean that there are lots of other nematodes
around to feed on, either bacterial or fungal-feeders. It also tells us that there are likely to be very few plantparasitic nematodes present, because they will have been eaten!

Slide 57
•

Level 3 tests can be used to derive direct measures of microbial diversity, such as the use of selective media
and plate counts of bacteria and fungi. Tests such as enzyme assays and carbon utilisation assays are used as
indirect measures of microbes, by measuring their activity rather than actual numbers. There are many research
programs around the world trying to determine which of these tests are the most useful as indicators of soil
health. All are good, but all have limitations, and data interpretation is still in a relatively early phase
of development.

Slide 58
•

Example of an enzyme assay used to determine whether recycled water used for irrigation in McLaren Vale
negatively impacted on vineyard soil health. The enzyme β-glucosidase, involved in microbial degradation of
cellulose to glucose, is a useful biological indicator of changes in soil microbial activity. Sampling highlighted the
variability in microbial activity under the vine and between vines and the importance of assessing rhizosphere soil.
Rhizosphere soil showed higher levels of microbial activity than bulk soil. Reclaimed water increased microbial
activity, suggesting that it did not have a negative impact on soil health in this case.

Slide 59
•

A NZ study assessed the use of different mulches to reduce Botrytis bunch rot by degrading vine debris carrying
Botrytis inoculum. The activity of soil micro-organisms under the different mulch treatments was monitored using
Biolog plates which measure soil carbon usage. Composted grape marc encouraged the highest diversity of
soil microbes.

Slide 60
•

This field of research is evolving rapidly with all the latest technology that is available. Given that approximately
99% of all soil microorganisms cannot grow on artificial media (ie culture plates) and have therefore been
completely unknown until the recent era of genomics, metabolomics, etc., we are discovering new things every
day about the microbial complexity of the soil. There is very little known about which key organisms are involved
in improving soil health under viticultural practices.
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Slide 61
•

Examples of some successful soil health programs around the world. The Lodi Rules for Sustainable
Winegrowing: California’s first sustainable winegrowing standards, peer-reviewed by scientists, academics and
environmentalists, and implemented on a region-wide basis. Participating growers use the Rules detailed in the
Lodi Winegrower’s Workbook to make measurable improvements in the environmental health of their vineyards
(including soil health) and the surrounding communities and ecosystem. They are then certified as producing
sustainably-grown winegrapes. http://www.lodiwine.com/

Slides 62, 63
•

In Australia, the ‘Healthy soil for sustainable farms’ program funded by Land Water Australia and Grains Research
& Development Corporation works with farmers, community groups and researchers to unite and grow soil health
information. Through a national approach, linking industries and regions, it assists the adoption of a coordinated,
concerted and cost-effective approach to improved soil health across Australia. This program has mainly
focussed on dryland cropping regions, but has made forays into other industries such as vegetables. In the near
future, it is anticipated that the website will contain a ‘toolkit’ of simple tests that growers can use to assess the
health of their soils. http://healthysoils.gov.au/

Slides 64, 65, 66
•

The Cornell Soil Health program, based at Cornell State University, USA, utilises a researchable database of
regional soil health data, based on a suite of 12 biological, chemical and physical parameters, to benchmark
results and produce a ‘soil health test report card’ for farms. This program is well-established for fruit and
vegetable farms, and is currently expanding to include viticulture. http://www.hort.cornell.edu/soilhealth/

Slide 67
•

Summary slide reiterating that good soil health can improve key vineyard management elements, such as water
retention, soil structure: reducing compaction and erosion, nutrient management and organic matter management.

Slide 68
•

Soil health management plan for viticulture - a suggested program is:

•

Know your soil (soil map)

•

Soil analysis every few years for pH, EC (salinity), chlorides, CEC

•

Conduct yearly plant nutrient analyses

•

Organic matter management. Where possible utilise
o Inter-row cover crops
o Undervine mulches
o Compost

•

Avoid soil compaction
o Modify equipment (lightest possible, wider tyres, low tyre pressures)
o Maintain permanent cover crops
o Never use heavy machinery in vineyard when soil is saturated
o Utilise undervine mulches to minimise compaction under drip irrigation
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•

Minimise soil erosion

•

Consider no tillage systems

•

Establish permanent cover crops in vineyard, on farm roads, along irrigation channels.

MODULE 13 - TECHNICAL NOTES Soil Health

Acknowledgements and useful resources
The Healthy Soils for Sustainable Farming Program (LWA & GRDC); Mark Imhof, Pauline Mele and Nigel Crump,
DPI Victoria; Cliff Ohmart, Lodi Winegrape Commission, California; the Cornell State University soil health team;
Prue Henschke; Tony Pattison, QDPIF; Belinda Rawnsley, SARDI; Dion Mundy, Hort Research, NZ; Marco Jacometti,
Lincoln University, NZ and Mark Krstic, GWRDC.
‘Soils for Fine Wines’ R.E. White (2003) Oxford University Press
‘Lodi Winegrower’s Workbook’ C.P. Ohmart, C.P. Storm, S.K. Matthiasson (2008) Lodi Winegrape Commission, CA.
‘Building Soils for Better Crops’ F. Magdoff, H. van Es (2000). Sustainable Agriculture Network handbook series:
book 4, USA.

MODULE 13 - TECHNICAL NOTES Soil Health

23

Notes

Notes

Notes

