Back to
soil structure basics
Background
Soil is composed of sand, silt, clay and organic matter. The
minute particles of sand and silt are bound by clay and
organic matter into aggregates. These are the crumbs or
lumps soil breaks into when you dig. The technical term for
them is peds.
The arrangement of aggregates gives soil its structure.
Good soil structure has adequate spaces (pores) between
aggregates to allow water and air to enter the soil and drain
easily, while holding enough moisture to maintain plant
growth(Figure 1). Poor soil structure has few aggregates and
few pores between soil particles.
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Figure 1. The arrangement of soil particles influences the
amount of air and water maintained within a soil (Source:
DEEDI, 2010)
Understanding the physical properties of the different soils
across your farm and using management practices that
maintain a good soil structure, are important for growing a
healthy, productive Tea Tree crop.
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Key points
•

Soil structure can be managed.

•

Maintaining a good soil structure enables soil
permeability for infiltration of water, nutrients
and movement of air.

•

Organic matter is important for holding soil peds
or aggregates together.

•

Well structured soil is less prone to erosion.

The structure of a soil is determined by soil texture (sand,
silt, clay and organic matter composition), wetting and
drying cycles, soil organic matter, and the activity of soil
biology such as worms, insects, fungi and micro-organisms.
While soil texture is difficult to change, soil structure can
be altered through management. There are activities that
negatively impact soil structure, especially when practiced
repeatedly overtime. Others assist to maintain or improve
soil structure, positively affecting the way in which water,
nutrients, oxygen and plant roots function within the soil
and reducing constraints to production, such as loss of the
soil resource (e.g., erosion) and compaction.
There has been limited specific research undertaken for Tea
Tree on the impact of fertiliser application, soil ameliorants
or plantation floor management on soil health indicators
such as physical structure, biology, chemistry, and
consequences for tree health, growth, and productivity. It is
hoped the industry will develop improved knowledge in the
near future but for now, general rules of thumb researched
and recommended for other industries in the region can
certainly be applied to Tea Tree.

Why is good soil structure beneficial?
Soils with a good structure are friable with numerous macro
and micropores to hold moisture and nutrients (Figure 2). The
soil is aggregated into loosely packed peds that are resistant to
erosion. This allows for infiltration of air and water into the soil
and root zone, enabling drainage and moisture retention over
dryer seasons.
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•

Workability – soil with good structure is easy to work and
retains peds following tillage operations.

•

Erosion – well-aggregated soil is less prone to erosion.

What are management practices known now
to encourage improved soil structure?
Decisions regarding how soil is worked will have long-term
impact upon soil structure, tilth, and resilience. Reducing
tillage operations, limiting compaction and finding ways to
add organic matter to soils will improve soil structure. These
general rules of thumb can be used as a guide to improve your
soil structure:
•

Limit compaction to ensure the soil maintains its
capability to hold moisture and pore space for the
movement of air and water. Machinery operations that
are not restricted to specific zones (i.e., the trafficked
area in controlled traffic) compact soil, removing the
pore spaces that are important for permeability of
water and air. To prevent compaction, keep machinery
wheel tracks away of the growing area. Trafficking wet
soil will intensify compaction (Figure 3), therefore it is
recommended to wait for soils to dry before entering with
heavy machinery.

•

Undertake tillage practices that are the right type,
frequency and timing to increase porosity and aid in the
establishment of a new crop. Tillage should be conducted
when soils are not too wet, as this will lead to compaction
and plough pans at depth, or too dry, as this breaks-up
natural aggregates and damages the soil structure
(Figure 3). Overworking a soil and using aggressive
tillage methods can decrease soil organic matter and
soil porosity. Limited use of implements such as zonal
rippers prior to planting can loosen the soil in the growing
area without excessive impact. Rotary hoes are known
to smear soil causing smooth impenetrable layers of
compaction below the turned soil.

•

Add organic matter to soils, inter-cropping, or
maintaining living ground cover between trees and
mulching, will improve soil structure. The addition
of mulch provides benefits such as reducing soil
temperature and evaporation of soil moisture, improving
rainfall infiltration, and providing additional organic
matter and soil nutrients that are slowly released
to the plant. Mulching has the added benefit of
weed suppression.

•

Use soil ameliorants if soils are prone to slaking or
dispersion. Both dispersive and slaking soils are prone to
erosion, compaction, reduce aeration and infiltration in
soils. They manifest as boggy soils when wet, and hardsetting when dry resulting in a surface seal or crust.
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Figure 2. Water moves through the macropores between
peds. Water and nutrient are stored within the micropores
(Source: MacDonald, 2021)
Good soil structure will deliver the following beneficial
properties:
•

Permeability – macropores that exist between soil peds
allow for air, water, and nutrients to move through the
soil. Plant roots and soil biology that cycle organic matter
and make nutrients available to plants prefer a moist but
well-aerated environment (Figure 3).

•

Water holding capacity – soil water is stored within
micropores that exist within soil peds. This water is
available to plants, providing resilience to crops during dry
weather. Water readily runs off the surface of compacted
soil, meaning that the soil holds less moisture for plants
to take up over dry periods. In irrigated crops, compacted
soil has reduced water-holding capacity making irrigation
less effective and more costly.

•

Drainage – loosely aggregated peds allow excess
water to penetrate more easily through the soil to
reduce waterlogging.

•

Root development – the ability of roots to move through
the soil to seek nutrients and moisture is improved when
soil is loosely aggregated and macropores exist
in abundance.

•

Seedling development – seedlings emerge more readily
from loosely packed soils with aeration and adequate
organic matter.
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Monitoring soil health for improved soil
structure management
Evaluating the health of soil is done by monitoring and
measuring changes over time. Regular assessment allows
for interventions and changes to management that can be
monitored over the short and long-term.
There are some simple tests for assessing soil structure that
can be repeated over time to measure change in response to
management:
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Test for slaking and dispersion
•

Place a few small peds into a dish with distilled water, or
the water you use to irrigate.

•

Wait five minutes.

Figure 3. Excessive tillage or traffic when the soil is wet
can lead to a compaction layer, limiting root development
and air and water movement through the soil (Source:
DEEDI, 2010)

•

Observe. If the peds stay together you have good ped (or
aggregate) stability. Slaking occurs when the peds fall
apart but the water remains clear. If the water is cloudy,
it is likely the soil is dispersive which relates to soil
chemistry and indicates a sodic soil.

Slaking soils further explained

If your soil is slaking structure can be improved with the
addition of organic matter. If the soil is dispersive a soil test
should be taken and analysed at a reputable laboratory.
Analysis will provide information on exchangeable sodium
levels required to calculate the required gypsum application.
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Slaking is the disintegration or slumping of soil peds when wet.
A soil that slakes does not maintain its structure and will loose
porosity, therefore becoming more prone to early runoff.
Slaking soils are often the result of excessive cultivation and
low organic matter content. Adding organic matter in the form
of mulch, manure or compost will reduce slacking by binding
the particles together and slowly wetting the soil.

Dispersive soils further explained
Clay particles diffuse into solution when dispersive soils are
wet. This causes aggregates to collapse, resulting in the loss of
porosity. Dispersive subsoils become dense with very few pores.
Dispersive soils are often sodic, with a proportion of
exchangeable sodium of greater than 5% of the CEC. Gypsum
is used to ameliorate sodic soils, replacing the sodium ions
with calcium. Increasing organic matter can aid in reducing
dispersion, although it is important to be aware of the sodium
content of any product used.
Dispersive soils may also be magnesic, with a magnesium
level of greater than 25% of the CEC. High levels of
magnesium can also enhance the effect of sodium in
causing soil dispersion. Magnesic soils can be ameliorated
with gypsum and/or organic matter the same as sodic soils.
Dispersion is found to be a greater issue in magnesic soils
where tillage occurs in wet conditions.
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Drop Test for soil structure
This assessment is best conducted within a week of irrigation
or rain. Dig a block of soil from the area you wish to assess and
drop from a height of one metre into a large plastic container
or onto a tarpaulin. Collect the clods that have broken apart
and drop again a minimum of two times. If possible, pass the
soil through a sieve to separate smaller clods from the fine
particles. This assessment is focussed on soil aggregation,
which can be arranged in order of size (Figure 4).
A soil with good structure will hold together rather thWan
readily disintegrate, the soil should be friable and break into
small crumbs. Evidence of organic matter and root penetration,
or the tunnelling of insects and earthworms through the soil
is a good sign. Look for smaller aggregates with limited large,
hard clods or fine powder. Hard and tightly packed soil could be
evidence of compaction or a loss of structure through excessive
tillage. Soil that disintegrates easily into a fine powder may
be showing signs of over-working and is likely to be lacking
organic matter. Both conditions will benefit from the addition of
organic matter such as green manure crops,mulch or compost.
If reducing tillage operations and moving to a controlled traffic
farming system consult your local agronomist to discuss a
transition process.
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Figure 4. Soil aggregates from an alluvial loam arranged in
order of size following a drop test.
Test for infiltration
Infiltration measures the rate at which water is able to
infiltrate the soil. An infiltrometer can be easily made from a
sturdy tube of a known depth and area (such as a length of
poly pipe) with measurements in cm marked inside (Figure
5). The infiltrometer is pushed partially into the soil and filled
with water. After one minute has passed the measurements
inside the tube provide a guide as to how fast water is
absorbed into the soil. More information can be found here:
https://www.soilcare.org/soil-health-card.html

Figure 5. Using an infiltrometer ring to measure water
infiltration rate (Source: SRA Wet Tropics Soil Health Project)

If the water is absorbed very quickly the soil has a high
infiltration rate. This could be due to high sand content and
indicates the soil will struggle to retain moisture. This can
be partially remedied through the addition of organic matter
such as mulch or compost to the growing area. Very slow
rates of infiltration indicate a compacted soil that lacks
structure. This can be remedied through strategic tillage to
break up the compaction followed by the addition of organic
matter and importantly removing the source of compaction.
Heavy machinery is typically responsible for compaction and
adopting a controlled traffic farming system where machinery
wheels are kept away from the growing area is the most
reliable solution.

Coleman M, Kristiansen P, Fyfe C & Sindel B (2020) Scoping
study of sustainable weed management in tea tree oil
plantations, Review of literature, Agrifutures Australia.

Test for bulk density
Soil compaction can be measured through bulk density, which
is a measure of soil porosity, or the number of pores in a soil.
The bulk density test indicates how tightly packed the soil
particles are. It is the ratio of the weight of dried soil (mass) to
its volume and is measured in g/cm3. A bulk density reading of
higher than 1.6 g/cm3can restrict root growth. An agronomist
can help you assess your bulk density or instructions can
be found here: https://soilquality.org.au/factsheets/bulkdensity-measurement. High bulk density typically indicates
high levels of soil compaction which can be resolved as
through the strategic use of tillage, incorporation of organic
matter and adopting a controlled traffic farming system.
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