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Introduction

Soils and soil health are

critical for the viability and
sustainability of our farming
systems. Landholders and land
stewards need to understand
their soils and how they function
in their landscape. This includes
the physical and chemical
characteristics of their soil
types and the importance of
soil biota, microbial systems
and soil organic matter.

The Knowing your soils  South Australia
(SA) handbook and its companion
Knowing your soils  South Australia ute
guide , aim to provide comprehensive
information for landholders to manage
the health of their soils and improve
their productivity, resilience and
sustainability. This handbook explains
the key elements of soil management
while the ute guide is a tool to help
landholders understand and manage
their soils and soil constraints by using
simple DIY soil tests in the paddock.
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Section one
Assessing your landscape
and knowing your soil




Reading your landscape

To assess the soil on your property, it is important to look at where it is in the
landscape. Soils often vary due to underlying geology, topography, wind and
water erosion and local vegetation. For example, if you are in a higher location
in the landscape, the soil may have eroded resulting in shallow soils. A point
lower in the landscape would accumulate layers of soil material resulting in
_ggVYgaoeoZ¥OYa°m¥ge+
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» Does the soil get boggy after a small rain event or only during large
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The size of your property also determines the ‘scale’ of the changes you

might expect in the landscape. Smaller properties or more intensive production
systems such as horticulture and viticulture will require smaller scale soil
assessments, whilst larger broadacre cropping and grazing properties need

to be assessed on a larger scale.

When thinking about scale, the intended use of the landscape and the

long-term management unit size is important. For example, viticulture rows

will be set approximately 3 m apart that require narrower machinery, operate

on a small scale. A larger broad acre farm using a 36 m wide boomspray or

spreader operates on a larger scale management unit. The scale should also

take into consideration the amount of ‘known’ variability. If the property has
€Z2+°ZmMX<°00X%<°+ge0Z°08°Y°%ea<Y% O Z+g+0%Z+%O0<°_0¥° Og
can visually identify a ‘patchwork quilt’ pattern of soils in the landscape,

then the scale of the management units will need to match the variability

in the landscape.

A°_gaed<°_Z7°+006%Qg0_Zjgag°60e°Z¥08 YgeOo°°0O °yaoyYa°Ygad O-
in the landscape will help you to determine the suitability or limitations of

8% gOe°Z¥0€°a0_7jgag°d80yege+0FZ«yag0s0Ze0<0O®<YO°€08%g
southern South Australia. Knowing the soil type on your property is a key

step in managing your soils.



Biology

%% gOm gO®<Z°0@°Z¥!€°a®Z°«0€<

1. parent material

In South Australia, the main parent materials are ancient
basement rocks or a range of younger, often unconsolidated
sediments laid down by wind and water, and older soils. The
parent material breaks down or ‘weathers’ to form soil.

2. Climate

The type of climate changes the soil formation. A dry environment

might lead to more wind-blown material depositing, wetting

X X¥geéO0Z°nyg°XgO®° g®Qg°60<°_0_gY°eZ8Z°°0°€0®
a catchment and higher sea levels lead to marine incursion which

can leave behind old dune systems.

3. Topography

°% gOY°eZBZ°°0°€0<0&°Z¥0Z2°006%gO¥<° éX<YgOZ°
of erosion and deposition, drainage, and leaching. Soil depth is

often determined by its position in the landscape.

4. Z°¥%e7ZX<¥0Z°nyg°Xge

Soil organisms, plants, growing season and the type of organic
®<66ga072°nyg°XgO®Z°ga<¥0 g<06%gazZ°-o0°ydazg°d
organic matter formation and decomposition in soils.

5. Time

The longer soil materials are acted upon by soil-forming
processes, the more weathered, leached and infertile the
soils become.
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South Australian soil mapping resources

Many areas of South Australia have mapping resources that inform landholders
and land stewards about their soil types and soil conditions. They can be
e°yaxg_0Z°0_Zjgag°d0 < e+0OF°a0zZ°ed<°Xgu

ODR®Y¥gOeg<aX%0g°+Z°gO<YYa<X%O#0OG°+¥gOX<°OWgO<O-al
maps that may support your approach to better understanding your soils.

Searching key words such as ‘South Australia Soil Maps', or * your region Soil

Maps), ‘soil constraints map  your region . This approach can provide general

maps to put the region into perspective.

+ NatureMaps - This is a free digital mapping resource developed by the South
yeda<¥Z<°0G° ga°®g°d0+0t<byagr<YeO<¥¥° 0 °y0d°0<XXgeec
access data about land systems, vegetation, soil types and soil constraints.

Land systems are broad landscape areas within which there are recurring

patterns of geology, topography, soils and vegetation. Land systems have

local geographic names which are abbreviated to a three-letter code. Land
system Reports provide a summary of local geology, topography, soils and

6% ga0€g<dyageO<jgXdZ°-0¥<°_0yegO<°®°_0®<°<+g®g°06+

Soil horizons explained

T°0®<° 0@°Z¥0OYa’m¥geps006%aggOe°Z¥0%°aZ%°°e0X<
(topsoil), B horizon (subsoil) and C horizon (parent material). However,

C horizons can be quite deep and thus do not necessarily need to be

Z g°87Zmg_0OZ°0<+aZXy¥0ya<¥0egddZ°+e+0-°®gdZ®ge/(
and C horizons can be further subdivided.

Each horizon provides unique insights into the soil’s fertility and

@YyZB8<WZ¥76 O€°a0_Zjgag°80¥<° OyeégeO<° 0OYa° yX
usually has the highest amount of organic material, making it darker,

and supports most plant roots and biological activity. It also often has

less clay because, over time, clay is washed down to the B horizon.

The B horizon has often accumulated higher concentrations of clay,
iron, aluminium, manganese, carbonate or gypsum. The B horizon often
has the most structure and brighter colours than the A horizons above.
The C horizon consists of weathered parent material but contains no

or very few roots and supports minimal biological activity. 1

9% g0 yeBa<¥Z7<°0-°72¥0 ¥<éeéZmX<6Z2°°0e& €6g®0Ze0W
°€0¢g O@°Z¥0%°aZ%°°808%<60X<°0OWg0OZ g°dZmg_O
their distinct properties. These distinguishing properties are usually

combinations of colour, texture, structure and composition.




The land systems are comprised of soil landscape map units (or ‘soil

landscapes’). The soil landscape map units are smaller areas of land formed
0°0<OY<ABZXY¥<AO+gOo¥0eZX<¥0O®<BQgaZ<¥0°a0+a°yYO°€E0®<bgar’
AgXP0e°Ze<WY¥gOB°Y%ea<Y%ZX0EQY<OYyage+0°%gO®<YOY°Z6&0 %< |
and soil and land attribute  conditions. Similar soil landscapes therefore have

similar features, land use and management limitations, and land use potential.

ROy O X <°O<¥&SoDEharacerisation O&Z6geO % ZX% O0&%° OY<adZXy¥<ao
attributes and soil chemistry information.

Ask your Landscape Board for information about how to access NatureMaps .

Soil horizons

Most soils consist of two or more soil horizons, which are distinct layers that

develop over time due to various soil-forming processes. These horizons can

_2jga0Z°0Y% €ZX<¥0OX%g®ZX<¥OCAOWZO¥0e7ZX<¥OX%<a<XBga.
into horizons can help us to understand soil constraints and management.

U%g°O¥°0¢Z°«0€°a0_7jgag°60e°Z¥0%°aZ%°°egOWg0O+yZ g OW OB5%
+ the texture of the soil ( @ page 7 Soil texture)

« the structure of the soil (@ page 10 Soil structure)

« the colour of the soil

« change in pH ( @ page 14 Soil pH)

* increase in salinity (@ page 72 Salinity)

 presence of sodicity (@ page 67 Sodicity)

» presence of coarse fragments such as ironstone gravel
(@ page 25 Coarse fragments and ironstone gravels)

 colour changes such as mottling that could indicate waterlogging
(@ page 26 Waterlogging in soils).

Soil testing has historically focussed on analysis of the topsoil (0-10 cm).
However, a topsoil analysis doesn't identify what may be a constraint down
below. Understanding the distribution and characteristics of soil horizons
helps to predict how soils will respond to various agricultural inputs, such as
fertilisers and irrigation. It also helps in assessing the soil's drainage capacity,
root penetration depth, and potential for nutrient leaching. Recognising soll
horizons can help you make informed decisions about crop selection, soil
amendment needs, and sustainable land use practices.



<®Y¥gOe°Z¥0OYa°m¥g
S<W¥gOsOe%° €0<0e°Z¥0Ya’m¥gO€a°®0f<°+<a®°0Te¥<° _0Z2°0 %
horizon can be distinguished and subdivided. The A horizon includes the darker
organic matter layer and the underlying lighter coloured horizon of the same
texture (sandy loam). There is ironstone gravel in the A horizon which will be an
important consideration for nutrient availability ( @ page 25 Coarse fragments
and ironstone gravels).

°% g0 0%°aZ%°°0e6<abe0<60urOX®@g0Z _g°6Zmg_0<e08%gO_gV

. g°07°Xag<égOPE0X¥< O<° _0&dayxXdyag+0°%g0 O%°aZ%°°0
and so is not shown.

C<W¥gOsu0-°Z¥0Yaom¥g0°g<ane<a® <°<gOf<°e<a®oOTe¥<®

0-12cm — Ahorizon - Dark brown friable massive sandy
loam with more than 50% ironstone nodules (2-20 mm)

12-30 cm — A horizon - Pink friable massive sandy loam
with more than 50% ironstone nodules (2-20 mm)

30-50 cm — B horizon - Brownish yellow and red hard
¥7¢%00X¥< O Z6%0e8a°°+0m°gOVYo¥ %g_a<¥O W¥Oo)X

(Accumulation of clay, development of structure and
colour designates this as the B horizon).

50-75 cm — B horizon - Yellowish brown, light yellowish
Wa° °0<°_0ag_Oma®O¥Z«%00X¥< O Z6%0O g<¢tOX°
(column-like) structure

75-115 cm — B horizon - Pale yellow, yellowish brown
<° 0ag_Oma®O®g Zy®OX¥< O Z6% OédayXdyagO
minor ironstone nodules

115-140 cm — B horizon - Light grey, yellowish brown
and red hard medium clay with medium subangular
(rounded edges) blocky structure and 10-20% ironstone
fragments (20-60 mm)

Image: South Australia Department for Environment and Water*

Soil texture

Soil is a porous composite material, consisting of a collection of solid particles

of varying sizes. The space between the patrticles is also an important part of
gOZ¥+-0TB0ZeOm¥¥g O Z8%O0<O®Z 8yagOC°EO¥ZRYyZ O &° 2¥0é°¥y
Ya°YgadZgeO<° 0€y°Xd72°°20<ag0Z2°nyg°Xg_OW O8%gOeZ%gO°E
associated pores, so it is important to understand particle sizes in a soil.



Soil texture and pore size

The soil texture also dictates the size of soil pores. Large particles have
large pores between them, while small particles hav e small pores between

0% g®+0¢°age0°€0_7Zjgag°60eZ%geOY¥< O_Zjgag°s0a
like a ‘sponge’. They hold water strongly enough to prevent it from

quickly draining away but weakly enough that plant roots can access

them. Other larger pores allow the soil to ‘breathe’ providing a network

of passages that store air. This allows oxygen to e nter the soil and carbon

dioxide to be removed. Large pores also allow rapid water movement

during rainfall and irrigation events, and root growth from plants.

Soil texture summarises the particle size distribution in a soil — i.e. amount of

sand, silt and clay proportions in a soil. AiImost all soil properties and functions
<ag0Z°nyg°Xg_OW O8%gegO0eZ%ge0<°®°_08%gOeY<XgOWgd gg°O
Anything bigger than 2 mm is not considered ‘soil. However, it is necessary to

X°°@Z gaOea< g¥OWQgX<yegOZ60OX<°0Z°nyg°XgO%°® O8%gOe°Z¥0

Sand is the largest particle, followed by silt and clay. Clay and silt particles

cannot be seen without a microscope. Due to their tiny size, clay particles

8 YZX<¥Y¥ O<XXy®y¥<dgO¥° ga0Z°06%gOYacm¥gO<eOd%g OX<°(
8% gOe°Z¥0 g<d%gae+0-°®g0e°7Z¥80%< gO<0O&3a°°«OX%<°egOZ"
some soils change more gradually and others not at all.

The function of a soil changes depending on the relative amounts of the
smallest (i.e. clay) and largest (i.e. sand) patrticles. Soils which have more than
90% sand are generally poor at holding water and nutrients. They drain very
easily and the individual particles don’t hold together at all strongly. Soils which
are more than 50% clay are very good at holding water and nutrients. They can
drain very poorly and the individual particles do hold together strongly. Soils
with intermediate properties between sands and clays are loam.

All possible distributions of particle
sizes are summarised on the  Soil
texture triangle  in Figure 2.

F00% chay

Figure 2: Soil texture triangle. An example
is shown for a silty clay loam. This soil is
30% clay, 30% sand and 40% silt.

& m m o™ @ o4 mon o F4
Parcant sand |\ ¥
40% sand



Testing soil texture

¥0%°ye% 00g 0yagOE€°A®<¥Y O_geXaZWgeOd%gO_Zed
EYgXZmX0eZ%ge0Z°0e&°2¥pg072602&0Y°eeZW¥g0d°0¢e
based on the degree to which soil particles hold together and can be moulded
and squeezed into a ribbon. This is called hand texturing , or the ribbon test.
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To hand texture, place crushed soil in your palm and dampen with water (Figure

3). You are trying to form a ball of soil which can be moulded. It is easiest to

add water with a spray bottle. If it gets too wet, add more dry soil. Look at how

your soil is holding together and how it feels. Some soils won't stick together

(sands), some are like plasticine (clays) and some feel spongy (loams). You can

YyegOB% gOEO¥YO 7°e0ORYQgedZ°°¢06°0_geXaZWgO °ya0dg 8dyagoze
tests can give you a more precise amount of the sand, silt and clay present in

your soil.

NO
Does the soil
hold together in a —
coherent ball? JUST
YES

v

Can you form the NO
0 ball into a ribbon
i, or sausage?

Assemble equipment. You may need a mortar Wet up the soil with a \
and pestle to crush the soil. Remove any roots spray bottle gradually. YES
or gravel. Pour out some soil into your hand. ‘

Bend the ribbon. No
Does it crack?

Does it feel YES

very gritty?

Bring the soil into a ball (bolus) with your hand. You may need to add more dry NO
soil, then more water gradually until the soil comes together. Assess the ball ¢
€920 X %% ga<°XgO<°_OWQgeZ°006%gONn® OX%<ab06°006%g0i

Does it feel a YES
little bit gritty and
a bit spongy?

T

Does it feel silky YES
smooth?

Try to roll a sausage with the soil ball. Bend the sausage,
assess for cracks, feel if the soil is spongy, gritty, smooth
<°_°30eZ¥¢ +0$g6ga®2°g0 °ya0s6g 6yag0 Z<056%gOn® OX

Figure 3: Hand texturing a soil



Soil structure

Clays and loams do not have large pore spaces for the movement of water,
roots, air and nutrients. The soil particles (i.e. sand, silt and clay) tend stick
together to form larger clumps called aggregates. The aggregates form because
of the electrical attraction between clay particles, and with organic matter
particles. The pore spaces between the aggregates allow the soil to ‘breathe’,
allow water movement, and easier root growth.

Soil structure describes the way soil clumps together in topsoil and subsoil.
Good soil structure has both micropores (which are important for water
storage) and macropores (which allow movement of air, water, nutrients and
roots through the soil). Soil structure is crucial for productive farming as it
allows water retention, good drainage, aeration, root penetration and nutrient
availability. It also promotes seed germination and emergence, crop yields and
grain quality.

Clays tend to form stronger aggregates than loams. The organic matter provides
an important ‘glue’ that helps hold the aggregates together.

Sandy soils tend to have weak, or even no structure. But because they contain
large pores, the lack of structure is not as critical as it is for loams and clay.
The weak structure of sandy soils can make them particularly susceptible to
wind erosion, and also water erosion( @ page 76 Soil erosion).

Soil structure can be lost in farming systems due to compaction (e.g. by
vehicles or animals), high levels of sodium and the rapid wetting of dry soils.
Long term tillage practices lead to increased organic matter decomposition
which reduces structural stability.

An important goal of soil management is to encourage aggregation. You can
improve the soil structure by:

* maintaining and building the organic matter content ( @ page 16 Soil carbon
and soil organic matter)

* reducing soil sodicity via gypsum applications ( © page 70 Applying gypsum)

* using ground covers or stubble retention to add organic matter to the soil
over time ( @ page 54 Maintaining ground cover)

 using minimum or strategic tillage to reduce the loss of organic matter.
FZeyagOvOZ¥¥yeba<bgeOeoZ¥0edayXxoyagOZ°08 °0_Zjgaged0e°”
e0ayXo6yagO ¥g€6 O<°_0®°ag0_gm°g_0edayXdyago aZ+% 06 +OR°Y
structural stability using the slaking and dispersion tests ( @ page 66 Assessing

soil structural stability).

10
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A strong texture or structural change (i.e. from sandy in the topsoil and clay

in the subsoil) can reduce water, root and nutrient penetration at depth.

Understanding the change in soil texture and structure (or lack of change) in
°ya0e°Z¥0OYa'mM¥gOX<°O%g¥YO °y0Oy°_gaed<°_0O%° O <6gagOV¥
Z¥¥0®° g0 °a0Wg0Oags<Z°g_ 0Z°006%g0e°Z¥-0°°%gOX%<a<Xbg:

and their impacts on soil water, nutrient availability, soil structure and soil

organic carbon are shown in Table 2 (see following page).

Cation exchange capacity

Cation exchange capacity (CEC) is a measure of a soil's ability to hold and

exchange positively charged ions, known as cations. These cations include
geeg°o2<¥0°y8a’Zg°6e0eyX%0<eOX<¥XZy®0O <U— gO®<+°geZy®
<°_0<®®°°Zy®0 tOu— p0O<°_0®°e3006a<XgOg¥g®g°de+0 <b62°°0¢
(CEC) is measured with a soiltest (@ page 30 Planning your soil sampling) and
Z80<°0Z®Y°a8<°007Z2°_ ZX<06°40°€0e°7¥0€gabZ¥Z6 OWgX<yegOZ
hold onto and supply nutrients to plants.

Soils with a high CEC provide a more consistent supply of nutrients to plants,

% ZX% OZeOW(g°gmXZ<¥0€°30XAa°Y0+a° 6% O0<°_0OYa® yX&Z 26 +C
in soils with high levels of clay and organic matter (Figure 5). On the other hand,
sandy soils usually have a lower CEC.

To learn more about CEC, watch the light-hearted Cation exchange animation
from the United States Department of Agricultural (https:/www.youtube.com/
<8 X%p «O®. ®GP-E€T

11
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The science of cation exchange
*°gO°E0B0%gOWg°gmMXZ<¥OVYVacYgasZgeOC°EOX¥< OY<abd
charged. This means they can ‘hold’ onto nutrients which are positively

X% <aeg O¥Z¢gOX<¥XZy®O <0U— gO®<+°géZy®0 re0—
<E®°°Zy®0 tOu— O0<°_0O®°e506a<XgOg¥g®g°de+0°%g |
nutrients are called cations.

Cations themselves can only be ‘released’ from the soil surface by swapping
with another cation from the soil solution. Plants can swap their
cations (hydrogen ions) with the soil cations that they need for growth.

0Z80<°0Z@®Y%ad<°8072° ZX<B6°a0°€0&°Z¥0EgadZ¥Zb
soil's capacity to supply these nutrients (cations) to plants.

Clay soils and soils with high levels of organic matter particles are
naturally negatively charged and have a large surface which means they
can retain more cations. Sandy soils have larger particle size and lower
surface area which means that they retain fewer cations (Figure 5).

AV % EY oesro}lA Y}v £ ZvP % 15C ~ W (A Z EP ]85 U (A Y}ve Zo
e +®® b .
@. ®e Positively charged cations
—_ Negatively charged sites
]
@ ®,
®

Yiv &£ Z vP % ]85C ~ W uvG Z EP ¢]3 U uvg

KEP v] u© & r Z]PZ Y}v A& Z vP % ]SC ~ W uvGC Z EP °]8

Figure 5: Comparing cation exchange capacity betwee n sand and clay particles and organic matter.
Adapted from Soil Quality: 3 Soil Organic Matter (H oyle and Murphy, 2018).
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Soil pH

Soil pH measures the soil acidity or alkalinity. Neutral soils have a pH of 7.0,

although soils with pH in the range 5.5 to 8.0 are generally considered to be

near neutral. Acid soils have a low pH (pH 2 to 5.5), while alkaline soils have

a high pH (pH 8 to 10). Some soils, particularly those in high rainfall climates,

<ag0°<Oya<¥¥ O<XZ_ZX+00° g gagOe°Z¥0O<XZ_ 78 OX<°O<¥e°0OW
practices such as removing produce, adding fertilisers (especially nitrogen or

sulfur), or the accumulation of organic acids from organic matter. Alkalinity

is usually an inherent characteristic of soils, although it can be increased by

irrigating with alkaline or saline water.

07¥0OYO0Ze0<0¥°e<aZ83%®ZX0eX<¥grOB8%gageEcagOd%gO_Zjgac
280sr0672®gé0<°_08%g0_Zjgag°XgOWgsd gg°eOYOOwWO<°_OYOOy!
E@®<Y¥¥OX%<°+geOX<°0%< gO_a<®<8ZXO0gjgXs0°°0OY¥<°50Ygace:
soil pH is important for:

0<2egeeZ° 00%gO¥Zeg¥7Z%°° OCE0R°ZYO<XZ ZmX<3Z°°
« identifying calcareous soil
gedZ®<8Z2°+0°ydazg°60_gmXZg°XZge
* assessing crop suitability.

Most agricultural plants prefer near neutral (5.5 to 8.0) pH levels. Excessively

<XZ _7ZX0°a0<¥¢<¥7°g0e°7Z¥20<ag0°€6g°0¥gee0vYa’_yXo6Z g+OF;
that pH has on the availability of soil elements to plants. The wider the band

for each element, the more available that element is for uptake by plants. For

example, nitrogen and phosphorus have a wider band between pH 6 and 7.

This means that these elements are more available for plant growth at this pH.

Other elements can be toxic at certain pH levels. An example is the wide band

of aluminium between pH 4 to 4.5. The availability of aluminium at this pH is

toxic to plant growth (@ page 82 Aluminium toxicity).

A Meutral Alkaling
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FREAG+R %B.0+ 'R~DB-~RiRjOR~tRIM+R
Soil pH availability of plant nutrients. "
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Measuring soil pH

-07¥0YOO0OX<°0g<eéZ¥ OWgO®g<éyag OZ2°08%gOmg¥ 0086°0+Z gO<
the soil is acid or alkaline (Figure 7). The soil pH test kits are available from

hardware stores or garden centres. The test involves collecting some soil from

each soil horizon, mixing it with some indicator dye and barium sulphate, and

matching the dye colour using the colour wheel provided in the Kit.

°0° YyXBZ°+0<0OYO008ged0Z°00%gOmg¥ OX<°0<eeZeb0Z°0Z_g°b.
®< OWQgOO°oXXyaazZ°«0O ° °00%g0e°Z¥0Yam¥g+0OT60OX<°0%g¥VYO8
should be ‘split’ into soil horizons, especially when no obvious soil colour

X% <°egOZ20<YY<ag°6+0A&g06%gOmg¥ 06ged0¢Z280<e0<0y7Z_
with a laboratory analysis.

For more information on soil acidity and alkaline soils (calcareous soils), refer
(@ page 82 Soil acidity, page 23 Calcareous soils).

The i kit anel scal sample

Use codour whesl fo matich colour and determire pH of soi semple

Dhust an barkumn sulfate povder Dbserve colour changs

Do el ik, High pH (alkaline] = Purple colour
Hevtral pH = Gesen colour
Lowy pH [acadae) = Yallomo'oeange colour

FREAo+R %RA-RtER BjORI+-1RfRIRRIRIM+Rp+i#
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You can submit samples for a laboratory pH test. It is recommended that you
test soil pH inthe 0 to 5 cm, 5to 10 cm, 10 to 15 cm, 15 to 20 cm, and 20 to
30 cm depth ranges. In the laboratory, soil pH is measured in a 1:5 soil solution
extract using either water or a dilute calcium chloride (CaCl2) solution. The
reason a soil extract is needed is that the measurement is made using a glass
electrode that needs to be fully immersed in solution.

pH 1:5 water vs pH 1:5 calcium chloride

For acidic to neutral soils, measuring pH in 1:5 water extracts give a
higher pH value (by around 1 pH unit) than measuring pH in 1:5 calcium
chloride extracts. This is because calcium ions in the calcium chloride
solution ‘push’ acidic hydrogen ions into solution that remain on ‘cation
exchange sites’ ( @ page 11 Cation exchange capacity). Often this
provides a better replicate of a soil solution than the water extract

and is preferred when monitoring pH changes over time.

For alkaline soils, 1:5 calcium chloride extracts also usually give lower

YOO <¥ygéO0d%<°0suwO <dgalOg 6a<X6esOWyYys0£€°a0<
case, the calcium ions reduce the capacity of calcium carbonates to

dissolve in the soil water.

For sodic alkaline soils, measurement of pH in a water extract is more
informative because the combination of carbonate and ‘exchangeable’
sodium ions allows much more carbonate to dissolve into solution
resulting in more extreme pH values of 9, 10 or even 11.

Soil carbon and soil organic matter

Soil organic matter (SOM) consists of anything in the soil of biological origin —
such as roots, fungi, bacteria, crop stubble and animal manures — in various

states of decay. High levels of soil organic matter help to maintain agricultural
production by maintaining soil health, raising fertility, improving water holding
capacity, reducing erosion and encouraging soil biota. Soils with higher SOM
levels are generally more fertile, more productive and easier to manage than

soils with low SOM levels.

-07¥0°%3.<°ZXOX<aWP®°0 -+ 0Z80<0&YgXZmXOX°®Y°°g°BOCEOQ-or-
carbon in these organic materials. SOC is the most abundant and most easily

measurable element contained in soil organic matter, so SOC is typically

measured and reported in a standard soil test.

The part of organic matter that is broken down relatively quickly is the main
energy source for biological activity in soil. This consists mainly of discrete
pieces of plant cell wall material and is called the particulate organic carbon.
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Once organic material has decayed to a point where it can no longer be
recognised as discrete pieces of plant material, it is called humus. Humus
plays a role in all key soil functions, particularly in the provision of nutrients.

While the addition of organic matter is almost always positive for soil health, it

is important to note that during the breakdown of organic matter, hydrophobic
organic materials can bind to certain soil particles or aggregates. This can cause

or worsen non-wetting properties in some soils ( @ page 88 Non-wetting soils).

*3e<°ZXOX<AWP°°0OZeOyey<¥¥ OZ°00%gO8°Y0°€006% g0 0% °aZ%°
8). The amount of organic carbon that can potentially be stored in the soil is

_g8ga®Z°g_OW 0O@&°Z¥006 YgoOX¥Z®<8gO0<° 0O®<°<eg®Qg°6+0%$7jg:
management practices can negatively impact on carbon levels in the soil. It is

a good idea to increase soil organic carbon for the soil health and production
Wg°egmoesg0°°80Yyed0€°a0X<aWPe°O<XX2y°5Z2°+0OYyaYoege=

Organic matter residues

can cause short-term
°Z6a°g°0_gmXZg°XZ
microorganisms break

down the organic matter.

Over longer time frames,
organic matter is
converted to soil organic
matter which breaks
down, releasing nutrients.

Figure 8: Soil organic matter in the A horizon.
CM~1~%RB.rRIBBRh+B#+t

Managing your soils to increase carbon

Carbon levels in the soil are a balance between the rate at which organic

maitter is added (inputs) and the rate at which it decomposes and returns to

the atmosphere as carbon dioxide. Without continual inputs of organic matter,

the amount stored in the soil will decrease over ti me because the organic carbon
is continually decomposed by soil microbes and released as carbon dioxide.

Under perennial pasture production, soil organic carbon and soil organic matter
will remain relatively stable. However certain management practices, like
intensive tillage, overgrazing and removal of crop residues, can quickly degrade
organic matter levels in soils. Table 3 provides recommended management
practices that improve soil organic matter in both pastures and cropping.
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Table 3: Cropping and pasture management practices that improve soil carbon
and soil organic matter levels

Management

practice

Comments

Reduce soil
disturbance

Consider stubble retention, direct drilling and minimum tillage
practices ( @ page 60 Managing stubble, page 76 Soil erosion).
Tilling a paddock prior to pasture renovation or crop seeding
reduces the amount of organic carbon in the soil because it
decomposes faster and more completely.

Use pasture Pasture rotations and growing pastures in the inter -rows for
rotations or vines can help build organic matter. Plant perennia | species
use perennial where possible.
pastures
Manage grazing Adopt appropriate grazing management strategies that
minimise the impact of grazing on soil structure. Loss of
soil structure allows soil carbon to be depleted.
Maintain Maintain and conserve ground cover. To maximise ero sion control,
ground cover stubble should cover a minimum of 70% of the soil s urface,
preferably be left standing so it is anchored by ro ots (@ page 76

Soil erosion).

Promote
plant growth

Grow high yield, high biomass crops and pastures. Utilising good
rotation management in continuous cropping systems maintains
soil cover. It also minimises root disease that can limit below
ground organic matter production.

Maintain soil
fertility

Maintain soil fertility with inorganic and organic fertilisers to
maximise production. Soil testing can help you trac k soil fertility
and the amount of inorganic and organic fertilisers needed in

your soil ( @ page 30 Planning your soil sampling, page 37 Plant
nutrients and fertilisers, page 51 Organic fertilise rs).

Use green or
brown cover

Cover crops can increase organic matter inputs between winter
crop seasons. Evidence suggests that a mix of species from

crops <O <aZgd O°€E0Y¥<°60+a°yYe0Z2&0®°ag0gjgX6Z g+
Use organic If available locally, use manure, compost or other organic
amendments amendments to help build soil carbon.

Monitor changes
in soil carbon
levels

Test your soil to assess whether the management change is
depleting or restoring the carbon resource ( @ page 30 Planning
your soil sampling).
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Soil water holding capacity and plant available wat er

Soil is the main source of water storage and supply to plants between episodes
of rainfall or irrigation. Understanding the soil’'s capacity to store water will
improve your decisions about the potential return on crop inputs and other
management practices.

°°53°¥¥g 0B8a<kXgO®Z°ZAY®OOZ¥¥<egpOedyWW¥g0agdg°s2°°0-
practices can improve a soil's ability to capture and store water. Subsoil

X0°@da<Z°6e0 g+++0@° 7ZX7Z8 80%<a_Y<°& OeZ+°ZmX<°6¥ Oag_Vy
that crops can access from the subsoil.

Water is held in the soil in the spaces between the soil particles (called pore
spaces). The number, size and connectivity of the pores in soils determine how
much water a soil can store.

U<6ga0Z2e0%g¥ 0Z°08%g0e°Z¥072°0 7jgag°s0 < €0<°_0°°50<¥
to plants. Water that is held by electrostatic forces between the water and

clay particles and other minerals is not available to plants. Similarly,

gravitational water is held in very large pores and drains rapidly under

gravity after rain or irrigation.

Capillary water is the water that is available to plants. It is held around the

soil particles and in the soil pores so plants roots can access it easily. Water

220 _a< °0°yB60°€E00%gO¥<asgOY°ageOmaeso<®_0d8%g°0°yd0°EC
soil saturation and the gravitational water drains from the soll, p+i#B | RIBR

or drained upper limit (DUL) is established, and water is drawn rapidly by roots.

As water is used by the roots, water is extracted more slowly until no more

water is available. This is called wilting point  or crop lower limit (CLU) . The plant

available water is the water which can be extracted between p+i#B | RAB

wilting point O FZeyagO{ +0O 608%Z&0Y°Z°80Y¥<°e0X<°0eéyjgaOeda
yield is reduced.

The soil water holding capacity is determined by the root depth. The depth of
roots can be limited by subsoil constraints, such as waterlogging, carbonates,

Saturation: Field capacity: Available Water Wilting point:
a°m¥gOZe0€EY¥¥0 €0 LbYRGADAgO<Z°2°+02°006%gPORFZFMgY¥_OX<Y<XZ28 0<1°0 <6ga0< <Z¥<W¥gO
U<6gaOm¥¥eO0<¥¥0O VYV agE®YaRnFgHD %<& OWgg°Od%PBRK IO Z¥62°0Y°Z2°5+0YU<THYAG® 6% +0U<bgi
t90° +g°O< <Z¥<W¥gO€R&OYa<8g_0<°_O<¥¥° g Q@3CD¥<W¥gO€°a0Y¥<°50+a° S8y 0 OBBAXOY <abZXy
Y¥<°50+3° 6% +0U<6gaQa&@°0€aggy¥ +0 <6ga0<°_0° +g°0Yageg 00Z€MZ°<XXgeeZW¥gOos*
da<°eYeadyg_O0°Y00°€08%gOe°Z¥+0 YoagOevY<XgOWgd gg°OecZ¥0Y<adZX¥ge=

FREAo+R %RU 1+aRM~i#RtER | RI!RR~DRIM+R-~RiRRiiA-1n tRtER-~ Ao 1R~t"Rp+i
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soil acidity, salinity, soil texture, soil structure and the presence of coarse
fragments such as ironstones (@ page 26 Waterlogging in soils, page 23
Calcareous soils, page 82 Soil acidity, page 72 Salinity, page 7 Soil texture,
page 10 Soil structure, page 25 Coarse fragments and ironstone gravels).

The higher the water holding capacity, the better the plants can survive during

YgaZo @0°E0¥° DA<Z°€<¥¥+0°°%gOd<W¥gOWg¥° 0Z° 7ZX<6ge0<O0
to calculate available water holding capacity. All layers in which root growth

occurs should be included and the texture of each horizon is required. Note

that excess gravel content (i.e. ironstone gravels) can lower total soil water

holding capacity as it occupies the space that can otherwise be storing water.

Assessing water holding capacity

The water holding capacity of a site can be estimated by using the texture of

g<X% 0% °aZ%°°0Z°00%gOe°Z¥0Ya’m¥gO<°® 08%g0ac°60_gVYad%-:
roots are visible. First, determine the soil texture for each horizon. Next, use
S<W¥gOvO0d°0m°® _008%g008°8<¥0< <Z¥<W¥gO <8ga0%°¥_ Z°+0OX<Y
depending on texture.

*3.<°ZX0®<68ga0<°_0e8ayXdyagoO<jgXd0%°® O®YX% O <dgad<0e
Where the structure is dense and there is little organic matter, the low end of

the range should be used. Where there is good, open soil structure with higher

organic matter content, the upper end of the range can be used.

S<cW¥gOVvU0°°5<¥0O< <Z¥<W¥gO <8ga0%°¥ 7Z°«OX<Y<XZ0 0geédZ®
texture types

Texture Total available water holding capacity
(mm water/m soil)

Medium to coarse sand 40-80
Fine sand 60-100
Loamy sand 80-120
Sandy loam 100-140
Light sandy clay loam 110-170
Loam 140-200
Sandy clay loam 130-180
Clay loam 150-220
Clay 120-220
Clay (weak structure) 30-90
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Once you have your texture and the total available water holding capacity

(AWC) for each horizon, multiply by the depth in meters to determine the total

water holding capacity for each horizon. Add the total for each horizon together
€°30<08°0<¥0< <Z¥<W¥gO <8gaO0%°¥_Z°+OX<Y<XZB O€°406%gO0
an example.

Note that it is important to adjust for gravel (inc luding ironstone gravel) in your
calculations. If there is 10% gravel in the horizon you need to reduce the available
water holding capacity by 10% (as the gravel is occ upying more volume).

For example,

-<° O¥°<@®0@°Z¥0+0srrO®® ®+0UZ6%Osr"O«a< g¥g0ag_yXgOd%
multiplying by 0.9.

_Yyedg O U 0€°30<0&<°_ O¥°<®O¥< ga0 Z8%Osr’0+a< g¥0+0srrO®®

Table 5 (following page) indicates soil water holding capacity for this soil
Yaom¥goO<° 0Z° ZX<8geé0d%gOd°8<¥0<®°y°60°E0®°Z&6yagOVY°d
non-irrigated crops. The total available water holding capacity for this example

yuzvO®® OX<°OWgOX¥<géZmg _0<eéO0rg _Zy®0OyeZ°+008%gOX¥<ed
X+0¥g< 7Z¥ O< <Z¥<W¥gO <8ga0O <¥ygeéO<agO _Zjgag°60<°_O<ag!
irrigators to determine irrigation schedules. Seek help from your Landscape

°<a _0e&6<j06°0.gd0O®°ag0g <X80gedZ®<Bge0°€0ag<_Z¥ O< <Z¥
capacity for your soil. Water holding capacity is not considered to be limited
if the storage in the root zone is above 100 mm.

O<W¥gOXU0 ¥<eeZmX<86Z°°0XaZ6gaZ<0€°a0< <Z¥<W¥gO <5ga0%

AWC capacity Root zone AWC

High >100 mm
Moderate 70-100 mm
Moderately low 40-70 mm
Low 20-40 mm
Very low <20 mm

* This information is for non-irrigated crops.
Source: Adapted from Assessing agricultural lands, South Australian Government 2
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Improving soil water holding capacity
To improve water holding capacity, landholders can:

OY¥<°80_ggYO0a°°dg _OXa°Ye0d%<dOX<°O<XXgeéeéeO <d6galO _ggVyg
« limit subsoil constraints to root growth

» add soil ameliorants such compost and organic matter to assist with better
soil structure (@ page 10 Soil structure)

 use calcium amendments such as gypsum and lime ( @ page 70 Applying
gypsum, page 86 Applying lime)

* increase soil cover with stubble retention practices to reduce evaporation
losses from the soil surface (@ page 76 Soil erosion)

« select plants tolerant of local soil and climatic conditions
* use strategic tillage with gypsum application.

For more in-depth information about plant available water and how to calculate
it, see the Grains Research & Development Corporation booklet, Estimating
plant available water capacity .2

Calcareous solls

Calcareous soils contain high levels of carbonates that result in these soils

being alkaline, i.e. they have a high pH (@ page 14 Soil pH). Mostly the carbonate
is present as calcium carbonate but small amounts of sodium carbonates or
bicarbonates, or magnesium carbonates can also be present. Calcareous soils

are common in many agricultural regions in South Australia, especially where

annual rainfall is low (between 350 and 600 mm) (Figure 10). The presence

and distribution of carbonates is the result of complex, long-term processes

including wind deposition, leaching, precipitation and cementation.

Fine carbonates, which include calcareous sand, silt and clay-sized particles,

are often dispersed throughout the soil. They can be uniformly distributed,

appear in concentrated nodules, or as calcrete sheets in the soil. Nodular or

rubbly carbonates form due to wetting and drying cycles near the soil surface.

These nodules can range from a few millimetres to over 300 mm in size and are

typically found near the top of calcareous layers. Multiple periods of formation
X<°0Xag<8gO<¥6ga°<dZ°«0¥< gae0°€0ayWW¥ O<°_Om°gOX<awe

Calcrete is a more continuous sheet or pan of cemented carbonate. It forms

from prolonged wetting and drying cycles of calcareous materials near the
EYAE<Xg+0°%Ze0¥< gaOX<°0 <a 0&Z+°ZmX<°0¥ OZ°08%ZXt°gee
X<¥X<agoyeO®<BgaZ<¥OWQg¥° +0°%g0OYageg°XgO°€0X<¥XagdgO)
by limiting root zone depth and impeding drainage, especially when it forms a

continuous, unfractured layer.
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%% gO X% g®ZX<¥0O<°_OY% €ZX<¥0QgjgX06e0°€0e°Z¥0OX<aWo °<dgec
yegO<® 0®<°<eg®Qg°8+0°% gO0% 2% O<¥C<¥Z°78 OCPEOX<¥X<agOye
availability and plant growth. High carbonate levels can suppress the plant

availability of essential nutrients, especially phosphorus, zinc, manganese,

copper, and iron.

C% EZX<¥¥ gOm°gOX<aW°°<3geOX<°0agesdazZXo0_a<Z°<e+gOZ°0OX
while nodular and rubbly carbonates can reduce water holding capacity.

Understanding the type and distribution of soil carbonates is essential for

managing soil health and optimising plant growth.

Testing for soil carbonates

Soil carbonates can be easily detected using one molar (1M) hydrochloric acid.
U%g°O<YVY¥Zg 0°°0<0e®<¥¥0e°Z¥0eé<®Y¥gw0OZ60Ogjga gexXgeo®°,
You can also use vinegar if hydrochloric acid is not available. The strength of

this reaction indicates the carbonate content. It is important to measure for
X<aW°°<5ge0Z°0g<X%0%°aZ%°°0_@ papé %SPOdAZDKEL.Y a°m¥ g0

%% gO X% g®ZX<¥OQgjgXBeOP E0E°PZ¥0OX<aWe°<dgeO_gVYg°_0°°08% g
<®°Y°F0<°_008%g0O_gYB8% O°E00%gOX<¥X<ag®yeO¥< gae+0-yat<]
Yo8Qg°0Z<¥0e°Z¥0°yBAaZg°00< <Z¥<WZ¥706 80 % Z¥gOeyWeeZ¥0OX:-
growth of carbonate-sensitive crops, such as lupins.

Unlike acidic soils, calcareous soils cannot be easily neutralised. If calcareous
€°7¥20<ag0Z_g°8Zmg_@s0°ydazZg°80< <Z¥<WZ¥7Z3 08°0Y¥<°3eO"
to ensure adequate trace elements and soil phosphate reserves. In very highly

calcareous soils, trace elements might need to be applied via foliar application

€°340(gjgX8Z g0O°y6azg°80yYB<tgOW OB8%gOY¥<°6+0OTEO °yOZ ¢g°6
@O07¥eg08%gO®°e50gjgX6Z gOeda<dgs O Z¥¥OW(gOG°0Y¥<°FO<¥
and appropriately managing nutrition with knowledge of the constraints.

==

Figure 10: Calcareous soil in South Figure 11: Soil carbonates bubble when hydrochloric
A-to iR $REM~1~%R.#U o#R- ~cidis added. © Soil Science Australa
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Course fragments and ironstone gravels

0<38g0€a<+®g°620<agOY<aBZX¥ge0Z°08%g0e°Z¥0vYacm¥goOw?Z
typically rock fragments and gravel, charcoal or shells. Coarse fragments can be
¥oX<dg O _ggYOZ°06%g0e°Z¥0Yaem¥g0°a0°°06%g0Oeyas<Xg+0-
of coarse fragments can have limited total soil water holding capacity, plant
available water and nutrient availability.

Ironstone gravel is commonly found on South Australian agricultural land.

(Figure 12). Ironstone gravel forms through the process of laterisation . In this
process, iron-rich minerals undergo weathering and leaching, causing the iron
oxides in the soil to accumulate and cement together. This typically occurs in

warm, humid climates with alternating wet and dry seasons. The silica in the

soils and rocks is dissolved and leached out and the iron is concentrated in

the gravels.

Ironstone gravels often form a hard, cemented layer called duricrust . They can
be found at or near the surface, or within the subsoil, depending on the local
environmental conditions and geological history.

Ironstone gravels present challenges for farmers and land managers and

soils containing ironstone gravel may not be suitable for cropping. The hard,

Xg®g°6g_O¥< gaéOX<°0eég gag¥ 0agedazxs0ac°d0+a° §%0<°_0O
the depth at which plants can access nutrients and moisture. This can result

in poor crop performance and reduced agricultural productivity, particularly in

dry seasons. Additionally, ironstone gravel can make soil management practices

EYX% O<@OBZY¥¥Z°e0<°_O%<a gedZ°+0®°ag0_ZKkXYy¥00<°_ OX°ed¥
and tear on farming equipment.

Also, when ironstone gravels are present, the uptake of phosphorus by plant
roots can be reduced. This is because phosphorus preferentially binds to
ironstone gravels. In some areas of Western Australia where ironstone gravels
are present, up to 60% of the phosphorus (Cowell P) has bound to the gravel
surface rather than the soil, and hence, is unavailable to plant roots. 4

In addition, the rapid water drainage of ironstone gravel soils means that the

application of soluble nutrients can wash out of the soil before they can be

taken up by plant roots. Where these soils are suitable for cultivation, it is
Z®Y°aB<°008°0¢°° O8%gO0°yBaZg°00%°¥ 7°+0<°_0g X%<°egOX<
as well as the amount of gravel so that you can estimate fertiliser application

rates and frequency. Testing soil and plant tissue, and applying less fertiliser

more frequently during the growing season, can be useful tools to match

nutrient availability with plant demand.

Managing ironstone gravels

Research is currently investigating methods to increase production on soils
with ironstone gravels. It is important to be aware of limitations to plant

growth and seek specialist advice for dealing with your individual circumstance,
especially regarding how to manage the type and frequency of fertiliser inputs
and which crops and pastures to plant.
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Waterlogging in soils

Waterlogging occurs when soil becomes saturated with water. When water
MY¥¥EO<¥¥0B8%gOY°agOeY<XgepO6%gagOZe0°°0eY<XgO€°a0<2Z3
<€0ga0%g< OA<Z°E<¥¥0°A0N°° 7°+g0°a0WgX<yegO°E€0Z°gjgXd:
More permanent waterlogging occurs in areas where there is poor drainage

or compacted soils.

At the landscape scale, clearing native vegetation in agricultural settings can

worsen waterlogging in soils in lower parts of the landscape. This is because

less water is taken up by deep-rooted native vegetation and transpired to the

<B®°eY% gag+rO¥g®° <¥0°€00%Z2e02872°¢30°€0 <dga0Z°Xag<ege
raising the water table to the point where some soils are saturated

continuously.

Waterlogging in soils impacts both crop growth and soil function. Saturated
8O07¥e0AageBazZX804a°°80ageYZa<8672°°OWgX<yegOd%gO&eZ¥0OYag
<° 0<ag0® «g°0_gmXZg°8+0¥°°50a°6g0ag_yXg 0O°ydazg°60yVYd
growth are common. Crops such as wheat, barley and canola are particularly

susceptible to waterlogging. In severe cases, prolonged waterlogging can lead

to soil erosion, loss of topsoil and degradation of soil structure.
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Identifying waterlogged soils

U<Bga¥leeg 0&°Z¥20X<°OWQgOZ g°67Zmg_O08%a°y+% 0O <azZ°yeOoY%
indicators. A key sign of seasonal or intermittent waterlogging is mottling in the
XO¥O0ya0°€E008%QgOe°Z¥+0°%g0O®°86¥Z2°+0<YYg<aéO<eéOZaagsy¥<a
2°00%gOe°Z¥0OVarm¥gO#008 YZX<¥¥ Oag o0 g¥¥° 0°a0eag +0Or°5
Z2°08%g0e°Z¥0VvVacm¥g0Z°006%g0 O%°aZ%°°+0r°68¥2°«0°XXyaec
some parts of the subsoil results in chemical and biological processes that turn

insoluble orange-red iron oxides into soluble iron species that are temporarily

mobile until they encounter soil with adequate oxygen or the soil dries

eykXZg°o¥ OB°0<¥¥° 0° «g°06°0ag!g°8ga06%gOe°Z¥0<°_ _006%g!
-07¥200%<060<agO®°agOYga®<°g°s¥ O <6ga¥°--g_OX<°OWgOZ_g
ofa gleyed O W¥yZe% Oea< O%°aZ%°°0Z°08%g0e°Z¥0Ya’m¥g+0°%:
is subject to prolonged saturation and the iron oxides cannot re-form.

In South Australia, areas susceptible to water logging have been mapped by the
South Australian Government (Figure 13).
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Figure 13: Waterlogging susceptibility map for southern
South Australia. Source: South Australia Department
for Environment and Water*
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Managing waterlogged soils

Addressing waterlogging requires a combination of short-term and long-term

strategies to improve soil drainage and structure. Immediate measures include

implementing surface drainage systems, such as ditches, drains or diversion
W<°te0B8°0RYyZXtY¥ Oag®° gOg XgéeO <6ga0€a°®0Omg¥ é&+0-yW
YZYgeosOX<°0<¥e°0WgOgjgX6Z gOZ°0<ag<eO Zd8%OYgaezedsg®
with your local Landscape Board prior to any drainage installation, as it may

require a permit.

o M

)
(

A longer-term strategy is to improve soil structure by incorporating organic
matter. This can enhance soil permeability and reduce compaction. Additionally,
selecting waterlogging-tolerant crop varieties and practicing crop rotation can
help reduce the impacts. In areas where waterlogging is persistent, consider
revegetation strategies throughout the catchment area using plants native to
the region.




Section two
Soil sampling and planning




Planning your soil sampling

Soil sampling and analysis is an important data collection step. It ensures that
actions and inputs are targeted to optimise soil improvement for a particular
purpose. A soil sampling plan ensures the variability in soil constraints and
nutritional requirements are considered.

The Knowing your so ils SA ute guide provides a simple approach to look at your

soils year on year. This can be the simplest way to see where your most limiting

soil constraints are across the paddocks on your property and to keep track of
@O7¥0%g<¥83%O0<°_ _0VY°8g°8Z<¥0g®gasZ°+072eeyge006%<80®< O<

For a more in-depth approach to soil sampling and understanding potential

limitations to your production, it is important to consider the following

information when designing a soil sampling plan. Working with a soil advisor

or your Landscape Board can further help to ensure that soil sampling is

customised to your particular soil type, constraints and aims. It is important to

_gm°gOpWpos® O°€0 °ya0e°Z¥0e<®Y¥Z°+0OV¥<°+0U% O_°0 °y0°gg
For instance, you may want to:

O 7<+°°2g0°y6azZg°d80_gmXZg°XZgé0<° 0°Y8Z®ZégO€gadl¥Zeq:
« diagnose soil constraints (topsoil and/or subsoil)
* monitor soil health
B<asgdO<0eYgXZmX0°<¥g0OZ+g+027Z°Xag<e’Z°®°+0e°Z¥0X<awe®

* troubleshoot why certain areas are under-performing.

Planning steps

1. Decide which paddocks to sample. The type of soil sampling should be

chosen based on the paddock characteristics, the goals of the sampling

Yacea<®pO<°®° 08%gOageé®yaXgeO< <Z¥<W¥g+0°<W¥gOyO géXxaz
between zonal soil sampling and targeted soil sampling.

Non-targeted or non-zonal sampling is completed when very little is

¢°° "O<W°y8008%g0<ag<+0 O_gm°g_0e<®Y¥Z°+0Y<08ga°0 yey<¥
or random pattern as per Figure 14) can investigate an area in detail to

determine variability.
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2. Decide how to sample within the paddock or zone.

°%gag0<agO_Zjgag 60 < ¢

PEOXO¥¥gXBZ°+0e<®Y¥ge006°0+g80<0agYageg®°d<6Z gOe<®Y¥gO
patterns each have advantages and disadvantages (Table 8). The design of

8% gOE<®Y¥Z7°¢0e726ge08%°y¥ OmbB06%gOYyaY°egOPCED °ya0e°?7
1). Atypical zones, such as changes in soil type, breaks in slope, fence lines,

waterlogged patches and obvious stock camps zones, should be excluded.

Uniform grid W-pattern Zigzag Transect Random

@)

© O O llo o o o) o o
O 0 O O o © o

O O
o o0 0 o o
O o O

© o o0 ofo O 4 o) o
0O 0 0 O ol| © o © o
0O 0 0 O o © o o
O O O Ollo o) © e o

FREAo+R %R¢ 1+0t-RD~aRé~t iR-~RiR- riiRtER-R1+-

Table 8: Patterns for soil sampling

Patterns

for soil

sampling
(Figure 14)

Pros and cons

8ZX0<

Uniform Soil samples are Enables a good representative sample of the
grid soil collected in a area of interest or provides precise location data
sampling grid pattern. as needed for research and precision agriculture.
Helps to identify patterns and variations that
inform better management practices. Is labour
intensive. However, results in data which can
WgOgjgX8Z g¥ Oyeég_0€°a0e6<62e8Z2X0°a0®
_7804ZWyYB87Z°°0°€0e°Z¥0X%<a<XdgazZe
W-pattern Soil samples are Commonly used in small paddocks to get a
and zigzag collected following agvYagege°o<6Z gOe<®Y¥g+0-Z®Y¥g0O<°_0gjgX
sampling a W-shaped or €°30g°éyazZ°+0e<®Y¥geOX° gaO_Zjgag°60Y<a
zigzag pattern 8% gOY<__°XCtOWYyB0®< 0°°50X<YbdyagOmeg!e
across the variability in larger paddocks or those which
paddock. have high variability in constraints or nutrient
requirements.
Transect Soil samples are It is useful to assess soil variability, identify
soil taken along a distinct management zones, or where precise
sampling straight line or a data is needed for research and precision
series of lines agriculture. Helps to identify patterns and variati ons
(transects) across that inform better management practices.
0% gOmg¥_+
Random Soil samples are Commonly used in small paddocks to get a

taken in arandom
pattern across the
area of interest.

agYagege6<6Z gOe<®Y¥g+0-Z®Y¥gO<°_0gjgX
€0340g°eyaZe-0e<®@Y¥geOX® gaO 7jgag°60Y<a
the paddock.
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UBgXZ_g0°°08%g0O6Z2®Z°+0<°_0€agRyd KOPEGAARMH¥O O FedLO 62 (
tested every year but is useful to rotate which paddocks are getting soil testing

each year. Some nutrients, such as nitrogen, and some salts, are more mobile

and dynamic are often tested annually whereas phosphorus and cations may be

tested periodically. It is also useful to decide when in the season you plan to

soil sample. For instance, will you test before pasture rejuvenation or before a
Xa°YYZ°eOY%<egh

4. Consider other data sources of information in your sampling plan, if available.

% gegOX<°OZ°X¥Yy gO%Z&8°aZX<¥0O¢°° ¥g «gO°EO0OmMQg¥ O <azZ<W
satellite imagery, NDVI biomass index data, and state government soil and

landscape mapping.

w®gsga®z2°g006%gOe<®Y¥gO Reyth %adpesdf0ta y0 crtare

commonly collected to assess the nutrient content of the soil. However, soil

X<°0 <a 0@Z+°ZmX<°86¥ O_° °00%a°y*% O08%gOYaem¥g+0-yWeoZy
and 30 to 60 cm) is always recommended, particularly if subsoil constraints are

likely. Recent research has shown that 5 cm increments for the top 20 cm is
Wg°gmXZ<¥OZ€0&°Z¥0<XZ 78 OZ2808%g0d<asgdg_0OX°°Xga°+0°¢
<4 0&Z+°ZmX<°8¥ OWgd g df mge BXEpk acigie O

6. Decide how you will collect the samples. Soil samples can be collected with
a shovel, intact corers or augers. Samples should be clearly labelled and kept
cool before sending to laboratory for analysis.

¥gRygeodZ°«O¥<W°a<d®a Ob6gede

Typically soil testing in a laboratory is focussed on the soil chemical attributes

of the soil. This provides insights into the physical behaviour and nutrient

X0° 787°°@0°€E006%Qg0Oe°Z¥0Yaem¥g+0°%Ze0Z®Ya°® geO_gXzezo°
applications and soil constraint management.

Not all soil samples sent to the laboratory will ne ed to undergo the same testing
suites. The topsoil (0 to 5 cm, 5 to 10 cm) may require a full comprehensive
test, but the subsoil layers may only require subsoil analysis testing.

Laboratory analysis of soil can include a simple assessment of pH and salt
content or a more comprehensive analysis of all nutrients and attributes.

It may be necessary to contact your Landscape Board for further information
on what tests to request from the laboratory.

Table 9 provides some guidance on recommended soil chemistry testing suites.
Please note that laboratory testing suites may vary.
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Table 9: Soil chemistry testing suites

Purpose U%<60<°<¥ éZé0Zé0agRyZag_p

Use when you have Comprehensive soil analysis

limited background This analysis is conducted generally for pH, EC (sa Its), organic

information or if an carbon, macronutrients (N, P, K, S), cations (Ca, M g, Na, K,

extended length of Al), cation exchange capacity (CEC), exchangeable s odium

time has elapsed percentage (ESP), micronutrients (Zn, Mn, Cu, B, Fe ).

since the previous

soil sampling. Often there is an option for a technical report whi ch will
present the desirable ranges for nutrients rather t han a

basic table of results.

Use when Use the Comprehensive soil analysis as above. Augment with
troubleshooting a a subsoil constraint test option. Generally, this i ncludes
potential subsoil pH, EC, nitrogen, cations, cation exchange capacity (CEC),
constraint. exchangeable sodium percentage (ESP), boron, chlori de.
Use when assessing This requires more targeted testing. Commonly this analysis
mg¥_0 <aZ<W Z¥Zadnaudés gk Phosphorus, EC, exchangeable sodium

multiple individual percentage (ESP). This data is used for variable rate lime,
samples, such as grid phosphorus and gypsum applications and calculations.

or zone sampling.

Testing your own soil

Laboratory soil testing is very useful but there are some simple tests that can

be conducted on your own property to give a broad understanding of possible
constraints and variability. You can use the Knowing your soils SA ute guide as
a starting point. These include:

« assessing soil horizons ( @ page 5 Soil horizons)

« simple home pH test kits (@ page 14 Soil pH)

« the water and ethanol test for non-wetting soils ( @ page 88 Non-wetting soils)

« soil dispersion test (@ page 66 Assessing soil structural stability)
Q2°Z¥0X<aW?°°<dg @page GacateOus soils)

« the ‘soil your undies’ method for assessing soil bi ology ( @ page 48 Soil biology).
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Section three
Nutrients for productivity
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Plant nutrients and fertilisers

Plant nutrients
All plants require essential nutrient elements. Plant nutrient elements can be
broken down into macronutrients, secondary nutrients, and micronutrients.

Macronutrients
nitrogen (N), phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg)

Secondary nutrients
sodium (Na), silicon (Si)

Micronutrients
zinc (Zn), manganese (Mn), copper (Cu), iron (Fe), boron (B), molybdenum (Mo),
cobalt (Co), nickel (Ni), chloride (CI), silicon (Si)

Nutrient management in soil requires knowledge about:

« the nutrient requirements of the plant type and how much has been taken
up by the plants (Figure 15)

« the amount of nutrition removal from the farm gate per year (Table 10)
ho® O0%gOE°Z¥005 YgeépOXO0° 7872°°60<°_0OX°°e8a<7°6e0<jgXs0< <

Using this information, a nutrient balance can be calculated and nutrients can
WgOagY¥<Xg 0Z2°008%g0Oeé ¢8g®p0Og°eéyaZz®°s0_gmXZg°XZgéO<agC

It is also important to consider the soils’ nutrient requirements needed to
optimise its function and performance. For example, calcium is an essential
plant nutrient but is also a critical nutrient for improving soil structure

and drainage.
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Figure 15: Role of nutrients necessary for plant growth.

38



Table 10: Nutrients removed from the farm gate by each crop type, per ha,

per season

Crop type N P foO Ca S Mg Cu
(kg) (ko) (kg) (k) (kg) (k) (9

Cereals
Wheat 23 3 4 0.4 15 1.2 5 20 40
Barley 23 27 5 1.3 15 11 3 14 11
Oats 17 3 5 15 1.6 11 3 17 40
Grain legumes
Chickpeas 33 3.2 9 16 2 14 7 34 34
(Desi)
Chickpeas 36 3.4 9 1 2 1.2 8 33 22
(Kabuli)
Faba beans 41 4 10 1.3 15 1.2 10 28 30
Lentils 40 3.9 9 0.7 18 0.9 7 28 14
Lupins 53 3 8 2.2 2.3 1.6 5 35 18
(sweet)
Lupins 60 3.6 10 2 2.4 1.4 5 30 60
(white)
¢g<éO mg¥| 38 3.4 9 0.9 1.8 1.3 5 35 14
Mung beans 45 51 11 1.6 11 n/a 6 n/a n/a
Soybeans 70 4.8 17 n/a n/a n/a n/a n/a n/a
Oil Seeds
Canola 41 7 9 4 10 3.8 4 40 40
Linola nfa nfa n/a nfa nfa nfa nfa n/a nfa
-<l° ga 25 4.3 9 2 4 n/a n/a 14 13
Pastures
Lucerne hay 33 3.3 28 11 2.4 21 6 21 56
Lucerne seed 60 2.9 n/a 10 1.4 n/a n/a n/a n/a
Medic hay 30 3 2 n/a 2 n/a n/a n/a 15
Medic seed 64 8.4 12 2 5 8.4 7 23 13

# [1+#RDo~r%RO é+il~t"RE¢I"RRARrAa MR "R tRE afBTtl+aja+!RtER-~RIiBO+-1R¥
tAr +a-Rr+ tZR M+rRtR#+R Rii sEA+1% R -HENcuRdi.ArgiF0A01RIMBI4B6303977
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When adding nutrients to the soil in the form of fertilisers, it is important to

make sure that applications to the paddock are appropriate for the nutrient

requirements of the crop and farm. Excessive fertiliser use can lead to high

Z°YyB80X°e5e0<° 0°)18Z6g0Z®Y<X6&08°08%g0g° Za°°®g°d+

It is important to identify soil constraints by undertaking a soil health

assessment. This is because physical constraints such as compaction and

waterlogglng, and chemical constraints such as low or high pH can reduce
°y8azg°d80yegOgkXZg°XZgéOW OVY¥<°3eé+0 0&°72¥089ged0<°_0°yd

be used to develop a nutrient budget ( page 30 Planning your soil sampling).

It is possible to calculate the amount of nutrient required, based on the current
fertility status of the soil (by doing soil tests), the target nutrient level (depends
on the type of farming) and the amount of seasonal nutrient removal (uptake
by plants). The use of precision agriculture and variable rate technology will
g°eyago°yd6azg°80<YY¥ZX<8Z2°°0Z¢&0°gg_e!W<eég_0<°_0®°agOX"
g k X Z g °@@ Page 45 Precision agriculture).
Fertilisers should NOT be applied to:
* bare soil (except when sowing)
» on paddocks with low surface cover if heavy rain is forecast within 4 days
» waterlogged soils
O a<Z°<+g0O¥7°gépOazZY¥Y<azZ<°OWyjgaO<ag<eO<°_O <dga < &

» stock camps.

Foliar fertilisers

Some soils in South Australia have low nutrient-holding capacities and can
WgovYacegose0°ydaz29g°60_gmXZg°XZge+0°%geég0Od YZX<¥¥ O0Z°X
with very low or very high pH. Periods of low rainfall and high temperatures can

exacerbate uptake of nutrients from the soil.

FO¥Z<a0€gadZ¥7éegaeg0 %ZX%O<agO<YY¥Zg O _ZagXo6¥ 08°08 %
<° 0gkXZg°80®g<°@0°€0eyYYY¥ Z°«0Qgeeg°d82<¥0°yda’g°d6e0_ya:
This method bypasses soil-related issues, ensuring that nutrients are available

for absorption through the leaf surface.

Foliar fertilisers need to be assessed as part of the whole nutrient management
system. They are often unable to meet the complete nutritional needs of most
crops, especially macronutrients like nitrogen, phosphorus, and potassium.
Foliar burn, high labour costs and variable uptake by plants are also important
considerations. Foliar fertilisers are best used in conjunction with considered
soil nutrient management practices.
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C¥<°BEOX<°0e%° 08%g0gjgXd8e0°E0Xgad<Z°0°ydazg°60_gmXZg
growth habits. Figure 16 gives some examples in cereal crops for manganese,
°78a°g°g0eYy¥EYyan<°_0OX°YVYgaO_gmXZg°XZgé+0°<W¥gOssO+Z g
nutrient and the leaf and growth symptoms to look out for in crops.

Interveinal chlorosis $+p R+t BRRtR +u+ iR ©Ehl6rosis and necrosis of the
Rt#R 'RtER#+p R+t R ~&aBing to chlorosis leaf tip and leaf ‘pig tailing’
manganese in cereal crop (yellowing) of leaves. Rt#R 'RtER ~jj+eBlB#+p R+t B

Nitrogen typically expresses
as chlorosis of lower leaves,
sulfur expresses as chlorosis
of newer leaves.

FREAG+R %R¢i t1-R tR-M~URIM+R+0+ 1-RB~DR +0! RtRtA1aR+tiIR#+p R+t R+-RI
a+RB#R- ~i~Ao+#IREM~1~-2%R.#U a#R- ~11
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on nutrient availability

Nutrient

$gmXZg°X Oé ®Yd°®e

Soil conditions reducing
nutrient availability

Nitrogen Light green- or yellow-coloured Light textured or sandy soils where
¥g< geé0 maeédOg Z_g°o60Z° dRrteqitiogég ¢s lgached
Stunted growth Waterlogged soils
Lower protein levels in pasture Mineral soils low in organic matter
and grain Soils where nitrogen has been
Delayed maturity depleted by a previous crop
Decreased resistance to disease
or insect attack
Smaller grain and light
test weight
Phosphorus Stunted or reduced growth Soils with a pH less than 5.5 or
Dark green leaves or leaf more than 7.5
purpling (severe) Soils with a high clay content
Reduced tillering in cereals Mineral soils low in organic matter
Soils with high levels of available
aluminium, iron or calcium
Potassium Light green to yellow older leaves Continuously cropped soils with
which later develop marginal low organic matter
leaf sporch or chlorosis (a yellow Light sandy soils where potassium
mottling of the leaves) has been leached
t(?]rele” ;st_pear tips appear on Dry conditions due to drought
e leaf tips
P Prolonged periods of heavy rain
High biomass export such as
hay production
Sulfur Fga OZ®Z¥<a08°0°7Zda°+§di®low m drgamitXnader that

— a uniform pale green to
yellow leaf

Starts in the new leaves whereas

have been continuously cropped
Low pH soils
Acid sandoy sails where sulfate has

°264°+9g°0_gmXZg°X O &0 < 30 Re4ch@P&HiHon in areas

old leaves
Poor, low yielding plants and

¥° OVa°6gZz°0Z°0Omg¥_OX

Canola leaves can have a
cupped appearance

with high winter rainfall)

Where high rates of nitrogen
havebeen used
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Nutrient

$gmXZg°X Oé ®Yd°®e

Soil conditions reducing
nutrient availability

Magnesium Interveinal chlorosis beginning in Sandy acid soils — particularly
the tips of older leaves in high rainfall areas
Veins remain green, the chlorotic Cold wet conditions
areas change from yellow to Where high rates of potassium
brown (other colours in or nitrogen have been used
some plants)
Leaves become brittle and
necrotic and may drop
prematurely
Grass tetany in sheep and cattle

Zinc Leaf striping — light striping on High pH soils or soils which have
both sides of the midrib been heavily limed
Shows up initially as spotting Where high rates of nitrogen and
along the middle of the leaf phosphorus have been used
Chlorosis (yellow mottling of Cold wet conditions
leaves) leading to necrosis and Soils high or very low in
premature leaf fall organic matter
Stunted growth 07¥&0 726% 0<0%780°4 0°€0&7+°7
In legumes, there is bronze topsoil drift and erosion which
spotting on older leaves, giving exposes the sub-soils
amottled appearance Clay soils with high
Leaves reduced in size magnesium levels
and misshapen

Manganese Chlorosis of recently matured High pH soils
leaves with no reduction in Light sandy soils
leaf size I .

o Soils with low organic matter
Loss of turgidity in cereals )
¥g< ge0+°0n°YY 0<°_ O gQeldwetperlods

Cereal leaves can show multiple Limed soils
longitudinal striping Soil high in copper, iron or zinc
Less pronounced mottling in
some broad leaf plants

Copper Marginal chlorosis of young leaves High pH soils

and necrotic tips

Grains missing in the head
of cereals

Necrotic and brown spots over
leaf surface

Reduced growth and yields
In cereal crops, there can be

2YZ+00<72¥72°3072°0°g 90

Soil with low organic carbon
High rates of nitrogen and
phosphorus have been used
Alkaline and calcareous soils or
soils which have been limed
Cold wet periods

Leached acidic soils
n<eO¥ %.< ge .
Soils with“high“concentrations

of iron and manganese

43



Nutrient

$gmXZg°X Oé ®Yd°®e

Soil conditions reducing
nutrient availability

Iron In young leaves, it appears as High pH soils
interveinal chlorosis Poorly drained or aerated soils
Late in the season, leaf can Compacted soils during cold,
yellow (veins remain green) wet years
Scorched margins and tips Soils with high levels of metallic
(G2 EpIERY ions like zinc, copper and
Stunted growth manganese
Reduced yield and quality Soils which have been
In legumes, nodules are pale heavily limed
to white in colour

Boron Thick, curled and brittle tissues — Soils with high levels of nitrogen
cracking and splitting or calcium
Surfaces of leaf, petioles, stems Sandy soils that are easily leached
and midribs develop cracks Soils with low organic carbon
Growth points can die when Cold wet weather (especially
forming multiple side shoots following a protracted dry period)

Molybdenum hZ¢gO°Z6a°+g°0O _gmXZg° XSail#@ith low phosphate levels
yellowing or pale leaves, stunting, Low pH soils — particularly if they
necrotic leaf margins and tips contain aluminium or iron oxides
e0<adzZ°+«0Z°0°¥_galO¥g< %e_Om_%%o

. oils with high copper levels

Flowers can wither or be or undergoing copper foliar
suppressed applications
In legumes, nodules are pale
to white in colour

Nickel Yellowing leaves and may lead to YOO<_VYyeo®g°6e0X<°0<jgX60
some dead spots on leaf margins availability, increasing pH can
Stunted growth and reduce availability
reduced vigour

Chloride $gmMXZg°X O<YYg<aeO <e Oy 8ails énserde inland high
of the younger leaves rainfall areas (chloride is present
Plant wilts in coastal rainfall)
Distinct chlorotic and necrotic
lesions (spotting) with abrupt
boundaries between live and
dead tissue
Wilting of leaves at margins
Highly branched root systems
in cereal crops

Silica Weak plants that may be prone Silica is generally abundant in

to lodging
High susceptibility to pests
or diseases

soils, but plant availability is
dependent on soil pH, weathering,
organic matter content
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Nutrient $gmXZg°X Oé ®Yd°®e Soil conditions reducing
nutrient availability

Cobalt ¢°°30°Z64a°+g°0Om <8Z°° g OApphcgtiodsskauldbe treated
if molybdenum is adequate and cautiously as overapplication
legumes inoculated can result in toxicity

Selenium Poor plant recovery after stress Applications should be treated

cautiously as overapplication
can result in toxicity

Precision agrlculture

CAgXZeZ°°0O<eaZXy¥dyagO ¢ Og°<W¥geO¥<° 0<° _0OXa°YO <az<\V
managed. Precision agriculture technologies are a suite of tools which include

Global Positioning Systems (GPS), yield maps, auto-steer tractors, controlled

da<kXOeé é6g®eép0 <aZ<W¥g0a<sgO B¥ O<° _0&78g!éYgXZmXO0dg
discrete products that can be adopted individually or as a package.
B<AZ<W¥gOa<dgOBgX%°O¥%eZge0 D¥° O<¥¥° 0«3° gae0d°0eYgX:’
<OXAa°YYZ°+Omg¥_+O0OTBOX<°0Z°X¥y_gO®°agO<XXya<dgO®<°<eg(
the rate of application of fertilisers) and soil improvement (e.g. monitoring of

YOOX%<°ege& +O g°gmBeO°E0P¥O<YVY¥ZX<HZ°°0O Z¥¥0 <a OWgd ¢
farmers within a region.

Do the sums before investing in PA to ensure any investment in new technology
Z¥¥0Z°Xag<egOagdyacégOZ®Ya® gOgkXZg°X g0°a0%g¥YO®QgQgd
maintaining or enhancing soil health.

Implementing precision technologies

U%Qg°OmaedOe%Z€62°+006°0 <aZ<W¥g0a<dg0OZ°Yyd6eg0ed<aso Z
time-critical such as applying lime ( page 86 Applying lime).
B<AZ<W¥gOa<dgOBgX%°°¥°eZge0®<B6X%0°ydazZg°80°a0¥Z®gO<Y
<ag<0760Z2é0agRyZag_+0°%Z2e0<YYa°<X%OX<°0° gaX°®g0OZ°gk
¥7Z®gOyegO<°_0°l€<a®O¥°¢e0°€0°yb6azg°d80z°0ay°°j+

At seeding, PA tools such as GPS guidance, auto-steer and variable rate

application allow seed and fertiliser inputs to be changed on-the-go and

placed where they are most needed. In many situations this results in improved

productivity.
°%gOmaed0edgY0Ze0d°0e0<adOXO¥¥gXBZ°+0eY<HZ<¥0O<°_ORy<
such as yield, biomass, elevation etc. This step will identify in-paddock variation

8% <8O Z¥¥O<¥¥° O °y08°0_gXZ_gO %gB8%gaOd%gOV<__°XEO°Ac(
from variable management.

In-paddock crop or pasture variation can be measured and mapped at harvest
and during the growing season. Soil variation is best measured between
seasons. This data can be combined to map management zones.
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If in-paddock variation is present, then consider investing in low-cost PA tools
maed+0OR°YOX<°O<__08°°¥e0<e0 °ya0g YgazZg°XgO<°_0OX°°m_g°
many growers start with a yield monitor with GPS guidance that provides

+10 cm accuracy. They then combine this with some soil sampling to identify

blocked management zones. Rates of treatment can then be changed manually.

More experienced growers may install or share a base station with real time
kinematic (RTK) guidance that gives +2 cm accuracy. They may add auto-steer
equipment that can vary rates on-the-go to manage more complex zones.

Initially, the rate of lime or top-dressed phosphorus can be varied within or

between paddocks based on a comprehensive nutrient analysis involving soil

and plant tests. Starting variable rate technology with these activities allows

operators to gain experience with the equipment set-up and coverage maps

at periods when breakdowns or delays will not impact on harvest returns. As

g YgazZg°Xxg0O<°®°_0OX°°m_g°Xg0ea® eg0Z°Yy6e0X<°OWgO <aZg_Oc<
key periods.
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Soil biota relates to the organisms (other than plants) within soil. The sizes
range from relatively large soil animals such as ants, worms and dung beetles
to microscopic organisms such as mycorrhizal fungi and bacteria. These
organisms carry out a wide range of processes that are important for soil health
and fertility.

All these organisms depend — directly or indirectly — on the organic matter in

the soil. That means that some organisms feed on the organic matter in the soil

while others eat the organisms that feed on the organic matter. These feeding
Ag¥<B87°°%ZYEOWQgs gg°008%gO_7jgag°d0d YgeOP°E€E0 ae<°Z228®e&0
complex. However, the simple consequence of this complicated food web of

feeding relationships is that the higher the levels of organic matter in the soil,

the higher the diversity and populations of soil organisms.

This means that soil with a wide variety of soil biological organisms and higher
levels of organic matter can produce crops with higher yields and increase the
sustainability of farming. This is because a healthy soil biota can:

* increase nutrient cycling and nutrient transformations

* regulate plant nutrient supply and loss ( page 37 Plant nutrients and fertilisers)
» decompose plant residues

* improve soil structure.

Soil biological processes can assist in building soil organic matter which
maintains soil health, increases fertility, improves water holding capacity,
reduces erosion and encourages additional soil biology. These processes
develop slowly. Growth and survival of soil organisms is dependent on
varying soil conditions and land management practices. Table 12 explains
the management practices that can improve the productivity and
sustainability of soil.
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Table 12: Management practices that improve soil biology, productivity
and sustainability

Management practice Why
Retaining organic matter When organic matter is retained in the
(* page 60 Managing stubble) system, it provides energy for biological

activity in the soil.

Minimising soil disturbance Maintaining good soil structure through

through no or minimum till farming minimum till practices retains organic

(¢} page 54 Maintaining ground cover) r[latter (energy for biological acvtivity), o
Ya°®°3geOWg°gmXZ<¥0€y°+<¥OX°®®Y°Z06Z

<0ga0Z°m¥8a<62°°0<°_0 <8ga0%°¥_Z°+0

Managing soil constraints — Managing soil constraints provides a

maintaining good soil structure, favourable habitat for soil biota to be able

treating soil acidity and sodicity, to decompose organic matter, cycle nutrients

preventing waterlogging and improve soil structure.

(" page 10 Soil structure,
page 82 Soil acidity, page 67
Sodicity, page 26 Waterlogging

in soils)
Using a diverse range of crops A diverse range of plant species helps avoid
and pasture species a build-up of pathogens which can be
harmful for soil biology and crops.
Including cover crop rotations Crop rotations provide living roots in the
("1 page 58 Living roots and soil year-round which allows soil organisms,
cover crops) in particular fungi, to survive year-round.
Cover crop residues can also provide energy
for soil biology.
Using organic fertilisers and Composts and manures can help provide
amendments in combination energy for soil biology. Organic amendments
with inorganic fertilisers can also help to build a favourable habitat
(77 page 51 Organic fertilisers) (good soil structure) where soil biology
can thrive.
Maintaining ground cover using Ground cover can help prevent erosion,
gjgX6Z gOedeX¢Z°+0a<dge O <regulate temperature, and retain moisture
fertiliser management ( page 54 which can help provide a favourable habitat
Maintaining ground cover) for soil biology. It also assists in supressing
weeds which reduces the need for herbicides
%0 ZX % OX<°O<jgXBOCOZ¥OWZO¥O0e +
Ensuring proper inorganic Overuse of fertilisers can inhibit soil
fertiliser inputs. biological function.




# j1+#RDo~rRF~~#RB t#R EoR AilAc+RenE tRé 'R~tBR~DR!M+RBAtRI+#Rt R~t-RA--
the world beneath our feet’ (2019)**

Assessing soil biology

Soil biology can be assessed with laboratory tests. However, research is still
assessing the best methods to relate the amount and type of biology with soil
health. A simple and inexpensive way for landholders to assess soil biology is
by using the ‘Soil your undies’ method.

To do this, bury a pair of 100% cotton underwear in the ground for around two
months, after which it is excavated to assess the extent of decomposition. The
decomposition of the cotton serves as a proxy for microbial activity in the soil.

Remember to mark the location of the undies when you bury them.

Healthy, biologically active soils, rich in microorganisms such as bacteria

and fungi, will decompose the cotton fabric more rapidly and completely.
Conversely, poor soil health with low microbial activity will result in minimal
decomposition. This test provides a simple way for farmers visualise presence
of soil microorganisms in organic matter breakdown and nutrient cycling.

For more information about the ‘Soil your undies’ test, watch the video

2$7306 OM¥®Oy°g<ad%oeOt°0 é° htiIyarudeisiNB-JBEHBY. 0 <6 O
It was produced by Territory Natural Resource Management and shares the

experiences of three Northern Territory farmers.
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Organic fertilisers refer to fertilisers supplied or manufactured from animal or
plant by-products. A fertiliser is any material added to the soil or applied to a
plant that improves the supply of nutrients and directly promotes plant growth.

A soil conditioner is a product which is added to soil to improve the soil's
physical qualities, especially its ability to indirectly provide nutrition for plants.
Biological inoculants, biochar and humic acids are considered soil conditioners.

It is important to compare nutritional value between products to ensure
gkXZg°80O<YY¥ZX<8Z2°°0<e0 g¥¥0<e08°0_g6ga®Z°g0OZ€08%gOY
of the crop or soil. A nutritional analysis should be sourced from the provider,

or it would be a good idea to send samples to a soils laboratory for analysis.

Organic fertilisers typically have lower N, P, K values per kg compared to

inorganic fertilisers, with nutrients being variable in quantity and composition.

They are also slower releasing, meaning that it takes time for the nutrients

to become available in the soil for plants. Organic fertilisers have the added
Wg°gmoO°EOZ®YA® Z°«08%gOY % €ZX<¥0eb6ayXdyagO<°_OWZo¥o
the soil. This helps to increase organic matter, cycle nutrients, and assist

in improving productivity.

Recycled organic wastes, manures and biological ame ndments are a more
environmentally friendly source of nutrients to imp rove soil health and productivity.
Organic fertilisers have become popular with farmer s and are used in combination

Z28% 0Z2°°3+<°ZX0€9gabZ¥72¢gaeg006°0+<Z2°00%gOWg°gmde0°jgag.

yaag°eoy¥ g0e°®g0<ag<e0Z°0-°Y8% O yeda<¥Z<0O_°0°°50%< gOey
organic fertilisers to meet the needs of the broadacre cropping and grazing
industries. Transportation of organic fertilisers is an expensive option when
compared to inorganic fertilisers. Thus, organic fertilisers are often not an
economically feasible fertilising option for broadacre cropping and grazing
industries. Local sourcing of wastes will improve the economics of their use
on-farm due to lower freight costs.

Currently farming systems largely rely on energy-intensive inorganic fertilisers
to supply nutrients because it is often simpler to apply and to time applications
in response to plant demand. However, some farming enterprises are
experimenting with the use of compost and compost tea liquid fertiliser to
augment their existing nutrition program. As above, if practicable, composts
should be tested before use for nutritional composition and presence of heavy
metals. Composts should be spread when they are cool.

The interest in soil biology has encouraged market responses in the form

of organic amendments, biological inoculants and microbial stimulants. The

use of biological products is becoming more widely accepted by the farming

X°®®Yy°Z86 +00° g gag0Od%gOgjgXdZ g°gee0°€0e°®gOWZO¥0e7ZX<¥
remains poorly understood.
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Manures and composts have been in use for many years and have shown

Yoe7Z87Z gOagey¥8e0€°a08°2Z¥0%g<¥8%O0<° OWZO¥% +00° g gag
remains a challenge for some farming systems. Some biological inoculants

have been subject to rigorous trials and have been proven to be useful across
7jgag°60e°Z¥0<°_0Ya° yX672°°08 Yge+0 °0Og <®Y¥gOZé0d%gO
W<X8gaZ<0ageVve°eZW¥g0O£€°a0°Z284a°+g°0Om <8Z2°°0Z2°0¥gey®ge=+C
history of research and development, and quality assurance.

Many organic amendments, inoculants and stimulants are now entering the

market with varying levels of research and validation. Some excellent and

novel research has been conducted in this space. However, ensuring research

is replicated and trialled in your area can improve the chances of successful

outcomes for your property. As with all new products it is advised to review

8% gO_<8<p0g°eyagOd%hgOvYae _yXs0Z2e0<Om60O€°A0 °yaoOvao_yX
on a smaller area of your property to validate it for yourself.

U%g°0O_gXZ_Z7°+0 % Q0% ga006%gO<__Z8Z°°0°E0WZO¥°+ZX<¥0OVYaP"
8°0 °ya0vac_yX6Z°°0e& ¢8g®80Z2602¢6072®Y°a6<°606°0Wg0O< <ag
and chemical constraints of a soil. The physical and chemical constraints
2°nyg°Xg006%g0gjgXdZ g°gee0°EO0OWZo¥%7ZX<¥0OYa°_yXde+0OF°ao0
¥° 0Z°0OYO0O0<®° _O%Z*% OZ°0O<XZ_78 80<__7°+0e°Z¥OWZO¥0eZX<Y
the soil pH is increased by liming ( page 86 Applying lime). In this case, it is
WQgo8gaod°0Z@Y¥g®Qg°60<0¥°°«15ga®O¥Z®Z°+0eda<dge Omaeda(
<®Qg°_®Qg°6e0°°Xg0e°Z¥0Y0O0%<eOWgg°OagXsZmg_~

A soil assessment of compaction, waterlogging, soil acidity and low soil organic
®<86ga0X°°6g°00Ze0Wg°gmXZ<¥OWg€°agO<() pAde @A\EGI°¥0e7 X <¥C
compaction, page 26 Waterlogging in soils, page 82 Soil acidity, page 16 Soil

carbon and soil organic matter).

Biochar is a form of charcoal produced from organic materials through pyrolysis

(heating to a high temperature in the absence of oxygen) (Figure 17). Biochar
%o<@O0e&Ze°ZmX<°8072°6gaged0Z°0 yeda<¥Z<0<e0<0e°Z¥0<®g°_Q
enhance soil health, improve crop yields, and sequester carbon.

FREAo+R %R R~ M oBR-I
a form of charcoal

produced from

organic materials

through pyrolysis
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Biochar has a high surface area and porosity, and can retain nutrients and

water in some soils. Research trials have shown that there is, in some cases,

an increase in soil organic carbon levels, improved soil structure and enhanced

water retention, particularly in arid and semi-arid regions. Some trials have

2% ° °080%<80<__Z°+OWZ°X%<a0<808%g0e<®g0dZ2®g0O<e0X°®Y
some soils.

¥geg<aX% 0% <eO<¥e°0%Z % ¥Z*%8g_ 08%<8006%gOWg°gmse0°E
dependlng on the type of feedstock used, the pyronS|s conditions (the pyrolysis
og®Yga<oyagO<JgXon< <Z¥<WZ¥78 O°€Oe°®gO y6azZgeoe o006 %
eYgXZmX0OXa°Y+0-°®g0eédy _Z2gé0O%< gOagYcadg O°gyda<¥0°alc
crop yields. The chemistry of pyrolysis is complex and so long-term data has

yet to determine the impact of biochar of soil ecosystems and nutrient cycling.

Inadequate quality control remains a challenge for biochar production. This

¥g< 206°087+°ZmX<°80 <aZ<WZ¥7Z8 OZ°OWZ°X%<aORy<¥7Z8 O<°
condition. Further research and monitoring are essential to fully understand the

potential of biochar for soil health.

Some areas of South Australia, like Kangaroo Island, have local sources
PEOWZ°o°X%<a0_ygOd°00%gOtrs{ltrtrOmage0<°_0e°0<ag0Z_g<¥Y¥
gjgXdZ g°gee0Z2°0_7Zjgag°60e°Z2¥08 YgeO<° _OX°° 78Z2°°e&+0 Z°X
soil for varying reasons, for example biochar can increase the capacity for sandy

soils to retain nutrients and can also be utilised in soils with high sodium to aid

in ‘binding up’ some of the sodium.

If farmers wish to conduct a trial on their farm, there are a few steps to
follow to determine if the product delivers on its promise and the investment
is worthwhile.

1. Have a clear understanding of what the product is claimed to do and how
7880Q9gjgX87Z g°geé0e%°y¥ OWgO®g<éyag_ =+

2. Choose a trial site paddock which is underperforming (but not the worst
performing site).

3. Make sure boundaries are clearly marked with a GPS or physical markers.
4. Isolate the paddock from grazing animals.

5. Split the trial areas into an area to test the product and a similar sized
adjacent area on the same soil type as a control (not treated).

6. Complete a suite of soil and pasture tests before adding the product.
7. Apply only the product to the trial site.

8. Have detailed records of the trial including dates, application rates, weather,
pasture responses and other observations. Take photos during the season.

9. The trial should be undertaken for a minimum of 3 years to recognise any
improvement in production and soil health.

53



Maintaining ground cover

Soils become more susceptible to wind and water erosion when there is no
protective vegetative soil cover, particularly during dry periods. Valuable topsoil
can be lost, leading to long-term decreases in productivity, soil structure

and soil biology. Invasion of weeds is also common when ground cover is not
maintained, and grazing pressure can further exacerbate soil structural stability
and erosion.

CM~1~%R -- t#o R$~AEiI ~BRORii CM~1~% R.#U o#R- ~11

Management that maintains a protective vegetative cover on the soil surface
can help minimise potential damage and allow rapid the recovery after rain.
The vegetative cover can be living plant material, failed crops, crop stubbles
or pasture residues.

The measurement and monitoring of ground cover is important in both grazing
and cropping systems. A minimum of 70% ground cover is the accepted
benchmark where rainfall is high. In sloping country, closer to 100% ground
cover is needed.

Use the following photos as a guide to the amount of ground cover in your
paddocks (Figure 18).
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20% groundcover 40% groundcover 50% groundcover

80% groundcover 90% groundcover 100% groundcover
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Maintaining vegetative cover on pastures
The following practices will assist in maintaining vegetative cover on pastures:

* Reduce grazing pressure on pastures where groundcover is patchy or below
acceptable levels.

« Remove stock from paddocks once the pasture falls below the
following triggers:
10yr"0Oea®y°_0OX° ga0°°0On<d0OX°y°da
- 90% ground cover on hilly country
- 800kg dry matter per ha.

¢ Reduce stock numbers prior to summer (e.g. sell lambs, poor breeders
or mothers).

« Establish a stock containment area, where selected areas of the property
are set up to hold, feed and water livestock during adverse weather periods.
Once established, containment areas should be maintained and be available
for use during emergencies.

« Plant kikuyu (not near watercourses), summer fodder, cover crop or a diverse
range of summer active species suitable to climate and soil conditions to provide
feed and groundcover in summer ( page 58 Living roots and cover crops).
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» Try to maintain and manage perennial pastures during dry periods as these
Z¥¥OWQgO08%gOmaedo6°0Yae Z_gO€gg_O€°¥¥° Z°eOWag<tZ°e0a<’
however, the cost of repairing or re-sowing perennial pastures will be high.

 After a dry period, annual pastures may need to be re-sown with a
subsequent lag in providing feed following breaking rain.

The following practices are recommended to provide vegetative cover in
cropping paddocks:

» Maintain groundcover through stubble retention.

» Consider green manure cover crops for summer soil cover ( page 58 Living
roots and cover crops).

OB8<° 7°«0<°X%°ag_0Xa°yYe0°a0edyWw¥gOYa® Z go®°agovacs

« After harvest, assess the quantity of stubble remaining to determine the
extent of grazing it can support without risking topsoil loss. This will depend
YyY°°0@eoZ¥0d YgoO¥oX<8Z2°°0<° O %Qgd% gaO6%gOedyWW¥gOZé

 Avoid the burning of stubbles and cultivate sparingly.

» Establish stock containment areas. These are selected areas of the property
which are set up to hold, feed and water livestock during adverse weather
periods. They should be considered as part of the property management
plan and once established should be maintained and be available for use
during emergencies.

hZ¢gOg<ad% °a®ep0Z°8a° yXg O _y°~OWQggo¥geOX<°0eZ+°ZmX<
health of your soil. Dung beetles break down dung and build tunnel systems
under dung pads, and so create large pores (macropores) in the soil.

$y°eOWQgQgo¥geoOWwWgegmoO °y0O<° 0O °ya0e°Z¥eowW u

OZ®Ya° 7Z°+0 <6ga0zZ°m¥da<dzee

* aerating the soils

* breaking down organic matter

 providing habitat for soil organisms

» enhancing plant root growth

* reducing soil compaction

 cycling nutrients and minerals between the subsoil and the surface
OZ°X°aY%a<87°0°3+<°ZX0®<66ga0<°_O<YY¥Zg O¥Z2®gOZ°08%g
Cag®°® Z°«0_y°+05°0ag_yXgOnZgeépO©° °yae0<°_O_y°«IW°a°g0O_7

» sequestering carbon in the soil.
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Dung beetle tunnels vary in depth from less than 10 cm to up to 1 m, depending
on the beetle species and the soil type. The tunnels are often lined with dung.
The beetles lay their eggs in ‘brood balls’ made from dung.

Soil casts around dung pads indicate beetle activity.

Managing dung beetles
Check your dung pads to assess the number and species of dung beetles you
already have. The poster, Introduced dung beetles of the Limestone Coast ,
provides information about the 9 dung beetle species found in southern South
Australia. ¢ The poster includes useful management advice about the seasons

% g°O_7jgag°60_y°+OWggd¥gOeYgXZgeéO<agO<XdZ g+

Maintain healthy populations of dung beetles by selecting parasite control
chemicals, insecticides and other farm chemicals that do not harm dung
beetles.

For information about how you can increase and manage your dung beetle
population, go to the webpage, SALER ++1i+B +t+pl=-

This webpage contains a series of three videos that explain:
« the importance of dung beetles

« establishing your dung beetle population

* managing threats to your dung beetle population.

To help manage your dung beetle population, consult with your neighbours
to implement a neighbourhood program to establish sustainable dung beetle
populations in your area.

CM~1~% [ t#o+ R°- MRot+ao
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Living roots and cover crops

Deep rooted cover crops can provide living roots over the winter and or the

summer season. Summer cover crops and perennial pastures take advantage

of episodic summer rains and prevent premature annual pasture germination

and erosion. They also provide energy for soil biology ( page 48 Soil biology).

-°®QgOX° ga0Xa°YeO X°a°g0e&%a*%y®0O<°_0ey°n® gaé O% < gOd% g
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Stocking rates need to be carefully managed over summer. Release paddocks
°30X°°m°g®Qg°60€gyg_Z°*0Ya° Z_gO<0eé<€gd 0°g60Z2°0_a 0ey®®(

South Australia has low summer rain. Harvesting is often still underway

when soil moistures are high enough to ensure successful planting. For these
reasons, it can be advantageous to harvest and plant in close succession. Cover
crops can also be used to rejuvenate pastures in grazing systems or in rotation
over the winter growing season in annual cropping production.

Often cover crops are considered when soil condition is already degraded. This
X<°0®<¢tgOged<W¥Ze%Z°+OX° gaOXa°YeO_ ZkXy¥d+0-g¥gXd0<0
and consider drought tolerant species, particularly deep-rooted ones. The

improved soil and additional soil organic matter helps water retention. Table

suUOg Y¥<Z°@00%gOYa®_yXo6Z gO<°_0eyed<Z°<W¥gOWg°gmodeOo°f
-ggtO<_ ZXgO€a°®O0 °yaOh<°_&X<YgO °<a_0&8<jO<WOoy30 % ZX %
successful in cover crop mixes in your area.

°<W¥gOsuluO g°gm6e0°€0X° gaoXxaoye

g°gmoO°EOX® gaOXacye Why

Soil structure improvement Living roots create pores and channels, which
g°%<°Xg0e°Z¥0<ga<dZ2°°0<°_0 <dga0Z°m¥da-
leads to better root growth and nutrient uptake for
subsequent crops.

Increase in soil organic matter When cover crops decompose, they contribute

and carbon organic matter to the soil with essential nutrients,
supporting an active soil microbial community,
nutrient cycling and soil fertility.

Erosion prevention Cover crops protect the soil from wind and water
erosion by providing a continuous ground cover.

Water retention Cover crops increase organic matter and build
soil structure which are important for nutrient
retention

tZ6a°eg°Om <8Z2°° Leguminous cover crops, such as clover and vetch,

m O<6®°eY%gaZX0°28a°+g°0<°_0OX°° gad0Z6C
that plants can use.
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g°gmB0O°EOX® gaoXxacye Why

Weed suppression Cover crops suppress weed growth by
outcompeting weeds for sunlight, water
and nutrients.

O<WZ8<860€°a0Wg°gmXZ Co@¥ctéps ¥rdwide habitat and food sources for
Wg°egmXZ<¥0Z°egX8eg0eyX%O<eOY°¥¥Z°<poa
pest predators.

Crop diversity Crop diversity can disrupt pest and disease cycles
<°_0ag_yXgOod%gOYag <¥g°XgO°€0OXaoyY!evgX
and diseases.
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Managing stubble

Stubble management involves retaining stubble either in or on the seedbed
Wgo gg°OXacYe+0°%gO¢tg OWg°gmde0°€0ags<Z2°2°+0e8yWW¥gO
« maintaining or increasing soil organic carbon (SOC) levels ( page 16 Soil
carbon and soil organic matter)
¢ promoting nutrient recycling

« increasing both the amount and activity of microorganisms in soil
(¢ page 48 Soil biology)

« providing cover that reduces erosion risk ( page 76 Soil erosion).

Retaining crop stubble can also improve soil moisture retention by reducing

g <Y°a<8Z°°0<°_0Z°Xag<eZ°+0Aa<Z°€<¥¥0Z°m¥da<dzZ°°0a<dge+0
Zg¥ _0OVY©°8Qg°872<¥0<°_0 <6ga0OyegOgkXZg°X OZ°08% gOE€CYY0 7°.
r<°<eZ°00%Z*%0e0yWW¥gO¥°o< @0agRyZageOX<ageEy¥OY¥<coZe.

sowing during the following season. There is a suite of measures that can

be applied to manage stubble including no-till and minimum till cultivation

& e8g®eg0Z°X°aY%a<BZ°°BOR®Y¥X%Z°+@0°a<%Z°+gOmages0<°_038"

technologies such as stubble digesters. 8

CM~1~% R.#U o#R- ~11

60



CM~1~% R.#U o#BR- ~11

SBYWWY¥gO®<°<eg®g°60agRyZage0<0Y¥<®°g O<YYa°<X%O Z8&% C
changes as the harvest cycle progresses.

r2°Z@®y®0°a0°°15Z¥¥0€<a®Z°+0VYa<X8ZXge0e%°y¥ OWgOyeég Oc<
soil health as well as retaining stubble cover. They can be integrated with wide

row spacing and inter-row planting (particularly for grain crops) and with other

practices like tramlining and slot planting.

For weed control during the fallow period, disc implements can be used
to handle high stubble loads and minimise soil disturbance. However, the
implements need to be able to handle high stubble and trash loads.

Keeping stubble on ground for as long as possible on erosion-prone paddocks
during the fallow period will minimise the erosion risk. Stubble will break down
naturally to some extent depending on the season, particularly with rainfall.

When faced with a combination of stubble issues such as weed, pest and

disease pressures during higher rainfall periods, it may be necessary to

intervene with tillage disturbance or to burn the stubble. Use best management
Ya<XB8ZXge08°0<X%Zg gO<OWYa°08%<80®Z°Z®Z&ge08%gO_gb
health, erosion risk and environmental impacts.
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There are three key cropping stages in which decisions need to be made about
managing stubble loads.

1. At harvest, you need to decide the height of the header cutting and the
spread pattern of the stubble. A stubble cutting height of at least 10 cm is
agRyZag_06°0gjgX87Z g¥ Oag_yXgOgaceéze°c0azZetO<®° 08%gOesd
evenly spread.

2. Post-harvest, you need to consider:

« the amount of stubble left on the paddock now and is likely to be present
when sowing

« the post-harvest stubble characteristics

« the amount of stubble your sowing implement can handle.
Recommended post-harvest practices include:

* using minimum or no-till practices

* grazing with livestock — monitor stubble levels to ensure paddocks are not
overgrazed or compacted. Also, the nutritional value of stubble is variable
depending on the crop grown.

» mulching to incorporate and break down stubble using harrows, prickle
chains, disc chains, stubble crunchers or trash cutters

* incorporating stubble using either shallow or deep incorporation. This
YAa<XBZXgOYa® Z_ge0eZ®Z¥<aOWg°gmdeOd°O®Y¥X%Z°+OWYS

Excessive tillage, apart from removing stubble, can reduce soil health and
_gera<_gOe°oZ¥0edayxdyag+0 yacZ°«0<° OW<¥7°«0<agOgjgXsZ g
but results in a loss of soil carbon and nutrients. If used regularly it will result

in a decrease in soil health. Burning is used as a last resort to manage heavy

stubble loads and invasive weeds or pests.

3. At sowing, there are several options for managing stubble and achieving
successful sowing. The seeding equipment used may require that stubble
°gg_e08°0Wg0Oag_yXg_0€°a0gkXZg°X +OTEOedyWW¥g0O°gg_¢eo0
preferable that this is done as close to sowing as possible.

Disc implements can often handle heavier stubble loads and disturb the soil
less than tined implements. But the use of disc implements can result in ‘hair
pinning’ (that is, stubble is bent rather than cut and pushed into the sowing
groove with the seed). This reduces the seed to soil contact. Other equipment
combinations including press wheels, coulter discs and trailing harrows can be
used to reduce stubble loads.

High stubble load planters or alternative cultivation methods (no-till and
minimum till cultivation) can be used without the need to reduce stubble loads.
If using tramlines and inter-row sowing, standing s tubble will make sowing easier.
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soil constraints
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Soil compaction and soil structural stability

Soil compaction

OX°®VY<Xdg 0e&°7¥07220<0_g°ega0eégX62°°0°a0¥< ga0P°E€0e°Z¥C
(Figure 19). The soil particles are packed closer together with reduced pore
spaces between them. Compacted layers can be formed by natural processes
PA0W O%y®<°0O<XBZ 26 OeyX% O0<eO%g< 08a<kX+OT°0-°Y8% O
compacted by the movement of machinery or livestock, particularly when the
soil is moist. Although compaction may also occur in dry, light textured soils.

FREAG+R % RT#+t!RDRRtER ~rj 1+#R-~RitREM~1~-%R.#U a#R- ~11

The decrease in pore spaces is a problem in cropping paddocks and pasture

because large pores are needed to store air and water, for roots to grow in

and support soil biology for plant growth. The diagram on the left of Figure 20

shows a normal soil which allows good movement of water and air through the

pore spaces. While the diagram on the right shows a compacted soil where

the movement of water and air is constricted. Hence, compaction leads to

rough seedbeds, poor crop establishment, slow root growth, reduced water
Z°m¥6a<62°°g0ag_yXg OWLZO¥0eZX<¥O<XBZ 726 O<°_0ag_yXg_OX

‘®Y<XBg_0O¥< gaéO0%Z° gal <6ga0Z°m¥da<dZ°°OW OVYag g°6Z°-
storage of organic matter in the soil. Reducing the use of farming practices
8% <BOX<yegOX°®Y<XBZ°°0eyX%O<eOy°X°°5a°¥¥g O®<X%Z°ga
from livestock. Minimum tillage can prevent the loss of organic matter in your
system. Soils with more organic matter have better structure. Retained stubble
<°_OX° ga0Xa°yYeoO _gX°®Y°egOZ°O06%gOePZ¥0<__7°0°a+<°ZXO0¢
This acts like a glue to aggragate soil particles together.
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Assessing soil compaction

You can evaluate the density and resistance of soil to penetration using tools
like a penetrometer. Commercial penetrometers with pressure gauges are
available. But you just need a steel rod with a pointed end.

AéZ°«0®° ga<dgOYageeéyagoOVYye% O0d%gOa® 072°8°08%g0e&°Z¥C
in the strength required to push the rod into the soil. Note the depth at which
you feel more resistance.

Using a penetrometer can give you a good indication of any surface or
subsurface compaction layers. Be careful to watch for tree roots or rocks.

To assess if the soil is truly compacted the penetrometer test should be
conducted when the soil is moist. An option is to conduct the test around
rainfall events to ensure the soil is moist. Repeat at several locations. The
penetrometer test can be conducted on drier soils, especially in sands, to
identify hard-setting soils. If the soil is dry, then the assessment is commonly
‘comparative’ between sites to assess the depth to which the resistance
increased.

You can also look at root depth and growth habit. If plant roots begin to grow
sideways or are stunted, there may be a subsurface compaction or hard-set
layer blocking their growth.

Prevent soil compaction by:

OyOZ°+0OX°°Fa°¥¥g 08a<kX$Z°+0°€0®<X%Z°ga O<°_0OYga®<°g°6
(cropping and horticulture)

* retaining stubble (cropping) and maintaining good groundcover (grazing)
Oy®Z°0QgjgX0Z gOa°o<62°°<¥0+a<%Z°+0Ya<XdZXxgeOdo0vae Z_g
%o g¥YOXYe%Z°°08%gOgjgXB80°€0¥Z géd°Xt0%°° gé0°°0e°72¥0
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tracks. It involves the use of precision agricultural technologies (page 45).

Repair compacted soils by:

» growing deep-rooted perennial pastures (grazing) and ‘primer’ crops
(cropping). For instance, growing tap-rooted plants such as lucerne on
alkaline soils. Primer crops such as tillage radish and chicory are sometimes
able to ‘drill’ through gaps in compacted layers.

« strategic deep ripping or delving paddocks. This needs to be done with
specialist advice to make sure the soil structure created is not quickly lost.

* introducing deep burrowing earth worms and dung beetles ( page 57
Managing dung beetles).

Soil structural stability

Soil structural stability refers to the soil’'s ability to maintain its structure and

porosity under external stresses like water, wind and mechanical forces. Stable
€°7¥20ageZed60gaceZ°°0<° OX°®Y<XB8Z°°g0<° _O%< gOWgddgao
penetration and air exchange.

F<X6°a@0Z°nyg°XZ2°«0e°Z¥0e0ayXoya<¥0ed<WZ¥Z8 OZ°X¥y_gu
* soil texture ( page 7 Soil texture).

¢ organic matter content ( page 16 Soil carbon and soil organic matter)

* microbial activity ( page 48 Soil biology).

These factors help bind soil particles together. Sodicity (the amount of sodium
7°08%gO0e&°Z¥ OX<°0<¥@&°0<jgXiPafHaySedicty AraficviNg/séir 8 O
structural stability involves practices like adding gypsum, organic amendments,

reducing tillage and maintaining vegetation cover.

Assessing soil structural stability
When you test for soil stability, you are looking for either slaking or dispersion.

Slaking is the process whereby soil aggregates fall apart when they become
wet, especially when dry soils rapidly become wet. During this wetting up
process, the dry soil inside the aggregate strongly attracts water and the air
escaping the previously dry soil pores can produce enough outward pressure
to break apart the aggregate, a situation exacerbated by the cohesive forces
weakening as the aggregate becomes wetter.

Topsoils are more susceptible to slaking than subsoils because they (a)
become drier and (b) wet up more quickly during rainfall or irrigation events.
Organic matter provides a great deal of protection against slaking because it
both acts as a ‘glue’ that holds aggregates together and its presence tends to
slow the rate of wetting of aggregates enough to reduce the pressure of
escaping air bubbles.
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Dispersion is a process whereby individual clay particles are released into soil
solution. Dispersion usually requires some degree of physical disturbance of
wet soil, but the degree to which dispersion occurs depends on the amount of
sodium present.

Dispersive soils can cause many land management challenges including:
 gully and tunnel erosion
« surface crusting
* reduced seedling emergence
OZ°Xag<eég_Oay°°j+

When erosion is a risk, they may require specialist management. Applying
gypsum (page 70) can assist in managing dispersive soils.

Note that some sodic soils do not disperse (i.e. if they are saline as well) and

some dispersive soils are non-sodic. A laboratory soil test for exchangeable

sodium percentage (ESP) can help identify sodic soils ( page 68 Exchangeable
sodium percentage test).

Sodicity

Sodicity refers to the presence of high levels of sodium ions in the soil relative

to calcium and magnesium ions. This condition can cause problems for farmers
WgX<yeégOZdO¥g<_e08°0Y°°a0eczZ¥0edayXxdyagesOag yXg_O <dbg
aeration. All these factors negatively impact plant growth.

Sodic soils can have high pH. They have a slippery, soapy texture when wet.

For more detailed information on dispersive soils see the GRDC Dispersive

SoilManual % 88Ye&l ead X+X°®=<y )) <8< <@eégdeée Y_€)m¥g rrus wzw\
DispersiveSoilMan_Final.pdf

These soils tend to form hard crusts when dry, which can prevent seedling
g®gacg°Xg+0-° ZXZ8 OWgX°®ge0O<0eZ+°ZmX<°60Ya°W¥g®0£€°a0
restrict the crops which can be grown, decreasing agricultural productivity

(Figure 21).

Managing sodic soils often involves the application of gypsum (calcium sulfate)

to displace the sodium and improve soil structure ( page 70 Applying gypsum).
-YgXZmXO <ogaO®< <sg®g° oOYa<XOZXgeO<agO<¥e°O gg_g_0¢o6°
g XgeeO0e® Zy®0Ze0¥g<X%g_OE€a°®08%g0Oe°Z¥0Ya’m¥goOY<ad:
less than one metre from the surface ( page 26 Waterlogging in soils).

ROYyOX<°O_°0<°0g<eé 08ged0€°a0e°Z¥0()pagé GRRIAMYMZ ° 06 % gOmg
soil dispersion and slaking). Laboratory tests will also give a good indication

of the degree of sodicity using the exchangeable sodium percentage ESP test
(¢1 page 34 Requesting laboratory tests).

67



Exchangeable sodium percentage test (ESP)

Exchangeable sodium percentage is calculated as the proportion of the cation
exchange capacity (CEC) occupied by the sodium ions and is expressed as a
percentage. An ESP test can be conducted by most soil laboratories. For

more information on laboratory soil testing refer to ( page 34 Requesting
laboratory tests).

In Australia, sodic soils have an ESP of 6 to 14% and strongly sodic soils have an
ESP of 15% or greater. Soils with an ESP of greater than 6 are usually responsive
to gypsum. However, predictions based on ESP alone may be inaccurate.
Therefore, a soil dispersion test should also be done.

Typical application rates for gypsum are around 5 t/ha and are applied every 3
to 5 years. Longer-term management strategies need to be in place to maintain
and increase organic matter in soils to improve hardsetting soils and to

g°% <°XgO08%gOgjgX80°€0 Yey®+
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Testing for soil dispersion and slaking
1. Collect some surface soil aggregates (10 to 20 mm in diameter).

t+OQ° Y OY¥<XgOG%gO<e+age<dge0Z°6°0<0OnN<d60W°35°®0_7&%O0
water or rainwater to cover the aggregates. It is important to use rainwater
a0 _Ze67Z¥¥g_0 <6ga0€°a00%Z2e08ged+0°<Y0O <dgaOXxo°g<z ec
the test.

UDROX% O08% gO<eeage<dgeOX<AgEY¥Y O€°208%g0OmaedOEg O®Z°
slaking occurs i.e. the soil aggregates fall apart. It will typically occur
28%Z2°00%gOmaedotrOo®Z°ydgeé+0AegOFZ+yagOtt06°0&X°agOq
The lower the number, the higher the degree of slaking.

4. After 20 minutes, check for dispersion. it is indicated by cloudiness or
milkiness around the base of the aggregate. Use Figure 22 to score the
degree of dispersion that has occurred. Again, the lower the number, the
higher the degree of dispersion. If the soil is dispersive, use the ‘testing
for gypsum-responsive soils’ information below to assess whether the soll
can be treated with gypsum ( page 67 Sodicity).

Slaking test

Complete slaking.

Aggregates break apart in less
than one minute.

Partial slaking.
Aggregates remain partially intact.

No slaking.
Aggregates remain intact.
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Dispersion test

Dispersion present.

Obvious milkness after
20 minutes.

Slight dispersion present.

Faint milkness observed after
20 minutes.

Not dispersive.

No milkness observed after
20 minutes.

Figure 22: How to score the slaking and dispersion tests. © Soil Science Australa

Applying gypsum

Gypsum is a soft, soluble sulfate mineral composed of calcium and sulfate ions.
When added to sodic soils, the gypsum replaces the sodium with calcium on
the exchange sites of charged clay particles. This makes the soil less prone to
dispersion and hardsetting when dry. Calcium also improves the soil structure,
so the soil is less prone to swelling and surface crusting.

Some soils do not respond to gypsum treatment e.g. non-sodic soil, saline soil
and some sandy soils.

geégeeZ°+0 Yey®lageYecez gOeozZ¥e
To identify gypsum-responsive soils:

1. Do a soil dispersion and slaking tests ( page 69 Testing for soil dispersion
and slaking).

2. Ifthe soil is sodic, do the ‘testing for gypsum-responsive soil’ to show if
the soil responds to added gypsum (Figure 23).

3. Check the exchangeable sodium percentage (ESP) values using a laboratory
soil test explained below.



°ge6Z°-0€°a0- Yey®lageVYo°eZ gOeoz¥e

1. Place a small handful of soil in each of two glass jars (or transparent
X0°§<Z°gae0 Z6% O¥Z & O%<¥EIm¥¥g O Z8% 0O _Z&672¥¥g O <6g
‘gypsum’ on one jar with a marker.

2. Add a small handful of gypsum to the ‘gypsum’ jar.
3. Shake the two jars and leave them for 24 hours.

4. If the soil is dispersive and responsive to gypsum, the soil will settle out in
the ‘gypsum’ jar. But the jar without gypsum will remain cloudy. As shown
in Figure 23, the jar on the left is dispersive soil without gypsum, jar on the
right is the dispersive soil with gypsum. The gypsum helps to aggregate the
clay particles together rather than staying as individual particles in solution.
In aggregates, the clay can fall to the bottom of the jar.

Figure 23: Example of the gypsum jar test. Jar on the left is

dispersive soil without gypsum, jar on the right is the dispersive

soil with gypsum. The application of gypsum aggregates the clay

i B8R i+~ R~AR~DR-A-j+t-R~tfRE¢M~1~%R.#U a#R- ~11
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Salinity

Salinity has a negative impact on the productivity of agricultural land. Salinity in
-0y 0% O yeda<¥Z<OZeO<OVYa°'W¥gR®OZ°O<¥¥OYAaZ°XZY<¥0O<eaZXy:
and irrigated land.

The clearing of deep-rooted native vegetation following European settlement

triggered a rise in groundwater tables resulting in the spread of saline seepage.

-<¥7°786 0°°80°°¥ O<jgX8806%g0+a® 8% 0°E0XacYe0O<° OY<eédya
the quality of surface water, groundwater and biodiversity.

Salinity and sodicity are often confused. Salinity refers to the accumulation
of salts. These salts can be composed of sodium, calcium and magnesium
combined with chloride, sulfate or carbonate to form salt molecules. Sodicity
refers to the presence of a high proportion of sodium in the soil.

You can recognise soil salinity by looking at the types of plants in the

landscape. In pastures, plant indicator species such as samphire and sea barley

grass can indicate elevated levels of salinity (Figure 24). In cultivated land,

@<¥7°7Z8 OX<°OWQgOZ_g°8Zmg_OW OY°°a0Xa°YO Zg¥_e0°a0OW?P°e.

Figure 24: Finding samphire in the paddock can help identify high salinity.
CM~1~-%R -- t#ae R$S~AEi ~BRORIii"RtR fRr~#n

Units used for measuring electrical conductivity
* deciSiemens per metre (dS/m)
* milliSiemens per centimetre (mS/cm)

e microSiemens per centimetre (US/cm)
To convert between these units:
srrrO“- X®0+0sO®- X®O+*0OsO_- ®
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Testing soil salinity

Salinity, or total soluble salt content, can be measured in a soil solution.
Usually this is done by mixing a 1:5 ratio of soil and distilled water (i.e. 10 g of
soil with 50 mL of distilled water), shaking the sample and measuring with an
electrical conductivity (EC) probe. The probe will give the salinity of the sample
in deciSiemens per metre (dS/m). The reading usually is labelled EC (1:5
laboratory test results.

in

water )

°% gOB % Age%°¥_O¥Qg g¥e0°€0Q7¥OIKEXKLO QgXOLONMW<°5O+a° &
varies depending on the soil texture. The salinity threshold values are

commonly 0.15 dS/m in sands, 0.2 dS/m in loams or 0.3 dS/m in clays. They
_Z2jga0WgX<yegOe°Z¥eO Z8% O% Z+%gaOX¥< OX°°5g°60X°°d<Z°e
unavailable for plants to use.

An alternative measure of soil salinity provides salinity thresholds that don’t
vary with soil texture. This test is known as EC for a saturation extract and is
usually labelled ECe in laboratory test results. ECe values are higher than EC
(1:5,,,) values because their measurement involves adding only enough water
to create a ‘paste’, so the dissolved salts are much less diluted than when 1
part of soil is mixed with 5 parts of water. To estimate ECe from an EC (1:5
reading, multiply the EC (1:5 ) reading by the conversion factor for the soil

texture (Table 14).

water )

water

Table 14: Conversion factors for estimating ECe from EC (1:5

Texture Conversion factor

) readings

water

Sand to clayey sand 14
Sandy loam to clay loam 9.5
Clay 6.5

Source: South Australian Government  °©

FOAO<eaZXy¥0ya<¥OYac_yXdZ°°g0eég ga<¥0e<¥Z°7Z6 OX<dge°azZgy:
on ECe ranges (Table 15). These can be used to make decisions about how
E<¥06!<jgXB8g_0<ag<eO®Z+%d0OWgO®<°<eg_=+

ECevs EC (15, )

The measurement of ECe is much harder than measurem ent of EC (1:5
because most electrical conductivity probes are designed to measure EC

of water (rather than ‘mud’). In fact, laboratory test results showing ECe

are usually not measured but are calculated from EC (1:5 water ) USING
X0° gaeZo°0£€<XB°ae0¥Z2¢g0d%°egOe&%® °OZ°0°<W¥gOs
over EC (1:5 is that the additional water needed to create a paste

water )

)
water -
€a°®O<OX¥< 0e°Z¥0<¥®°e080Qg <X0¥ OX°y°dga<XdeOd%
strongly held water that clays provide. This makes interpreting ECe

simpler because the same threshold values apply to all soil textures.
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Managing salinity

-<¥7°gO¥<°®° 0Z80¥<° 08%<B80X°°85<Z2°80Qg°°ye%0e<¥508°0°ge<d
of most plants. It can be managed as pasture to improve ground cover and

maintain productivity. Remediating saline land takes time and money. Some

highly saline land may not be able to sustain vegetation growth at all.

U%gagO¥<® 0Z2&080a°°«¥ 0&<¥7°gp0€g°Xg08%g0O<jgXdg_O<ag<
overgrazing the groundcover. Then revegetate with native salt-tolerant trees
and shrubs, if possible. This will also protect the soil surface from erosion.

In some cases, you may need to construct surface drains or subsurface drains.

Manage waterlogging by installing shallow drains or constructing diversion
W<°¢e08°0ag_yXg0Oay°!°j0°°8°006%g0eZ6g+0 %gXetO Zd% O °yacC
to any drainage installation as it may require a permit. 10

rZ¥ ¥ 0é<¥7°gl<jgXdg_0*a<%Z°+0<ag<eéOX<°0OWgO®<°<eg OW U
* sowing tolerant pasture species
« allowing 12 to 18 months for plants to establish before grazing

 ensuring that established tall wheatgrass is well grazed to maintain the
pasture in a vegetated state

» fencing small areas and managing them separately to avoid under-
or over-grazing

» planting deep rooted vegetation like trees in groundwater intake areas.
This will stabilise or reduce the level of the groundwater table.

e minimising irrigation in areas of shallow groundwater levels.

Salt tolerant pasture species
A range of salt-tolerant native grasses and introduced grass and legume
species can be established as pasture on saline land. These include:

« ¢A Rt+iaR tallwheatgrass— ¢A Rt+ idéRd should be dropped on the
surface while tall wheat grass needs to be sown beneath the soil surface.
Seed ¢A Rt+idtf to 10 kg/ha and tall wheat grass at 10 to 20 kg/ha (or
at 8 to 12 kg/ha if sown with tall wheat grass).

. i t- , strawberry clover or messina

» Saltbush is an option if waterlogging is not an issue. Cultivate and seed in
early autumn. Leave the soil as ridged and rough as possible to allow some
@<¥BO¥Qg<X%Z°+0°yB80°€08%gOe°Z¥0Yaom¥g+

Control weeds such as sea barley grass, through chemical topping the previous
spring. Also control existing volunteer plants on saline land, including natives.
Volunteer plants are plants which grow on their own without being planted.
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Soll erosion

Soil erosion, the mass movement of soil particles by wind and water, is a
@7+°7ZmX<°8008%ag<608°0 y¥°ga<W¥gOeoZ¥e0Z°0-°98% 0 yeda<y
depletes the productive capacity of the land by removing nutrients, organic

matter and clay from soil. The removal of 1 mm of topsoil represents 10 to 12

tonnes per hectare, with the loss of approximately 10 kg/ha of nitrogen and 2

kg/ha of phosphorus.

Large tracts of agricultural land can be lost due to gully erosion, while silt in
watercourses and dams can damage aquatic and marine habitats and interfere
Z8% O00%Qg0ageYZa<dZ°°0°€E0Omeé% 0<°_0°3%gaOeYgXxZge=

The risk of erosion is increased by the physical disturbance of soil and the
removal of ground cover. Ground cover can be living plant material, cover crop,
failed crops, crop stubbles or pasture residues. Very dry seasonal conditions
increase the risk of erosion because of the poor growth of crops and pasture.

Fortunately, there has been an overall improvement in erosion protection in
South Australia over the last 20 years despite several years of very dry seasons.
°%g0aZeét0<°_0Z°XZ_g°XgO°€0e°Z¥0QgaceZ°°0%<e0eZ+°"ZmX<°5

* the adoption of minimum tillage (now used for sowing around 80% of crops)
and stubble retention farming practices

OZ®YAa® g 0+a<%Z°+0®<°<eg®Qg°d0Z°X¥y 7Z°¢0X°°m°g®g°80€gg_.
However, erosion still occurs predominately because of episodic and extreme )

Z° _0°a0a<’Z°€<¥¥0g g°0egOY<adzZXy¥<a¥ O<€d6gaOeg gagO°aOoy
¥gX¥<Z®Z°+0<ag<eOeyWVYgXd006°0e°72¥0gaceZ°°0Z2e0_ZkXy¥6g0
takes decades.

Figure 25: Wind and water erosion in South Australia
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and structural properties of the soil. This makes it more prone to erosion.

Climate change is likely to increase soil erosion risk because it is expected to
deliver a warmer, drier climate with an increase of severe weather events.

Assessing soil erosion risk

Measure and monitor your ground cover regularly. This applies to both pasture

and cropping (growing crops and stubble). Use Figure 18: Visual representation
of ground cover % (page 55) as a guide to estimate the percentage of ground
cover in your paddocks.

Wind erosion risk

Wind erosion is more likely to occur on sandy soils. Sandy soils lack structure

and individual sand patrticles, because they don't strongly cohere (hold

together), are susceptible to being moved by strong winds. The tendency of

clay particles to cohere means that the surface of loam and clay soils is usually
aggregated and individual aggregates are usually too big to be moved by strong
winds. The low water holding capacity of sandy soils also means they are more

likely to be bare, especially during dry periods. 1Sandy soils susceptible to wind
erosion are primarily found in the southern coastal areas of Kangaroo Island,

Eyre peninsula South-east of the state and the Mallee region.

Water erosion risk

If ground cover is less than 70%, most soils are at risk of soil erosion. Land
slope is also a key factor (moderate to high risk above 3%). Sodic soils are more
vulnerable to water erosion, particularly if the topsoil is lost or degraded.

Managing erosion risk
BO0<0OY<__°XCtO0eX<¥gp008%gOXAZBZX<¥O®<°<eg®Qg°BOYA<XBZXG

soil erosion are:

* the occurrence, intensity and timing of tillage operations

* the quantity and nature of surface cover (growing crops, stubble and pasture)

 application of gypsum.

Land management should aim to maintain a protective ground cover of the
soil surface. See Table 16 for the desirable and minimum percentage cover
to minimise wind and water erosion. The vegetative cover can be living plant
material (native vegetation or pasture), crops and stubble.
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Table 16: Protective ground cover percentages to mi nimise wind and water erosion
Minimum cover Desirable cover
% %
Wind erosion
Loam 15 35
Sandy Loam 20 50
Sand 50 70

Water erosion

Level land 60 75

Sloping Land 75 85

Source: Government of South Australia https:/cdn.environment.sa.gov.au/landscape/docs/ki/amir
managing_soils_for_production.pdf

Also, maintain and improve soil health. A decline in soil health will reduce
plant growth and yield, reduce grain and pasture quality, and increase the risk
of soil erosion.

Minimise land disturbance by:

ORRZ°8<Z2°2°+0°<BZ gO gegB<8Z°°0VY<abZXy¥<a¥ 0°°0<ag<eO”Z_
risk because of soil type, topography (slopes above 3%) or in degraded areas

¢ not overgrazing
« minimising soil disturbance by cultivation
« retaining vegetation (preferably native) in gullies and watercourses

0E@°XZ°+0°jO<ag<eéO<¥ag<_ 0OYac°cg0s°0gacez°°0 Z¥¥0<eeZedo
It makes it easier to manage grazing pressure and revegetation.

The highest soil erosion risks associated with grazing occur in late summer and
autumn when feed availability and pasture cover is declining.

Minimising soil erosion in pastures
« Include grazing rotations where possible.

« Adopt appropriate grazing management strategies that minimise the impact
of grazing on soil structure and maximise soil organic matter.

« Maintain and conserve ground cover. To maximise ero sion control in susceptible
areas, ground cover should be a minimum of 70% of the soil surface.
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» Move stock on before the soil becomes so disturbed and the ground cover
so poor that the risk of soil erosion is high. During drought or prolonged
A 0eYg¥¥e0oX°°m°g®g°60€gg_Z°«0 Z¥¥0ag yXgO_ Zedyaw<°Xc
area. Other strategies such as selling down stock especially unproductive
individuals or those with poor genetics will reduce grazing pressure and
Z®YAa® goYao_yxXo67°°0gkXZg°X =

» Use pastures in the inter-rows for vines and other perennial row crops.
Plant perennial species where possible.

The Erosion control measures for pastoral land factsheet provides more
information on ways of minimising or rehabilitating soils in pasture areas. 12

Minimising soil erosion in cropping
Or<7°8<72°0+a°y° _OX° ga0 Z6% 0+a° Z°+0OXa°Ye0<° 0edyWW¥gO:
stubble should be left to ensure a minimum ground cover of 70% remains up to
the next planting, preferably be standing (anchored by roots) and be a minimum
height of 10 cm. Take advantage of summer rains to plant green manure crops,
summer crops or a grass.

¢ Use no tillage farming practices.

« After the harvest of winter crops, assess the quantity of stubble remaining.
Determine the extent of grazing it can support without raising the risk of
soil erosion. This will depend upon soil type, location (particularly slope) and
% g0 %gaOBd%gOEIYWWY¥gOZe0e6<°_27°+0°a0Nn<d+

* When sowing avoid burning stubble and cultivate sparingly. Use sowing
machinery capable of dealing with the amount of stubble present.

Maintaining and improving soil structure

Sandy loams, sandy clay loams, and sodic duplex soils are most vulnerable
to soil structure decline. A decline in soil structure is not erosion although
the outcome is much the same — lower productivity which is likely to
increase the risk of erosion.

A decrease in soil structure can lead to:

 reduced crop and pasture establishment
OY°°a0a<Z°€<¥¥0Z°m¥da<szZe®

* reduced microbial activity

* lower crop yields and pasture growth

* less cover

OZ°Xag<eég _0Aay°°jO<° 0@&°Z¥0gacezo°+
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Managing drought conditions

In dry periods, soils become more susceptible to wind and water erosion
because of the removal of the protective vegetation soil cover. Areas subject
5°0Qga°eZ°°0OX<°0e&gazZoyey¥ O<jgXB0E€<A®OYA°_YXBZ Z6 OZ°00 %o

Grazing stock may also cause irreparable damage to perennial pastures if the
grazing pressure is too high. In addition, the invasion of weeds during
the recovery period is common.

Apply drought management options early to maintain a protective ground
cover on the soil surface to give pasture the best chance to recover after rain.

Aim to maintain a minimum of 70% ground cover. This rule applies to both
grazing and cropping. For sloping country, the ground cover needs to be closer
to 100% because the erosion risk is greater on hills and rises.

Use Figure 18: Visual representation of ground cover % (page 55) as a guide
to estimate the of amount of vegetation cover in your paddocks.

Managing pastures during drought
Drought management for pastures includes:

* reducing grazing pressures on pastures before ground cover is below
acceptable levels. This means removing stock from paddocks before the
vegetation cover falls to the following trigger points:

IOWg¥° Oyr"0O«a®y°_0OX° ga0°°0On<80X°y°da
- below 90% ground cover on hilly country
- below 800kg dry matter/ha (DM/ha).

* reducing stock numbers prior to summer (e.g. selling lambs, poor breeders
or mothers)

¢ establishing stock containment areas 13, These are selected areas of the
property which are set up to hold, feed and water livestock during adverse
weather periods. They should be considered as part of the property
management plan and once established should be maintained and be
available for use during emergencies.
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Pasture responses after drought
¢gag°°Z<¥0Y<edyagewsOZEO®<°<eg_0OYa'YVga¥ O0%a°y+% O_a°ye«%
provide feed following breaking rains. However, if not managed properly the

cost of repairing or re-sowing perennial pastures will be high.

Annual pastures that are severely degraded may need to be re-sown with
a subsequent lag in providing feed following breaking rain.

%% gOECY¥Y¥O? 7°e0OE<XBE%gQgDdEOVYae Z gOeYgXZmXO<_ ZXgO<W°yd
other challenging events such as:

« stock containment areas for emergencies 14
¢ extreme wind conditions  *°

Om a'fy +

81



Solil acidity

-07¥0<XZ_7ZmX<8Z2°°0Z280<0@Z+°ZmX<°60Ya°W¥g®0Z°0OXa°yYYZ°-
The extent and severity of the problem is mainly due to:

* high use of nitrogen fertiliser

* increased cropping

« the removal of crop and hay yields

« build-up of organic matter which can cause an accumulation of organic acids.

S0Z¥0<XZ _ZmX<B8Z°°0<jgXBe0OY¥<°FO*a® 6% OW O_gXag<ezZ°+006%
nutrients such as phosphorus, calcium and molybdenum. High soil acidity

also increases the availability of some elements to toxic levels, particularly

aluminium and manganese.

Aluminium toxicity

Aluminium (Al) is a major constituent of most soils but is not required for

plant growth. It is present in a variety of forms but in neutral and alkaline soils,

the overwhelming majority of aluminium is strongly bound to soil particles or
03+<°ZX0®<68ga+0 ¥Yy®Z°Zy®OP°°Y¥ O<jgXBeOY¥<°BeO %Qg°0e°Z¥C
the aluminium dissolves in the soil solution (soluble aluminium). In this form,

8% gO<¥y®Z°Zy®OX<°0g°6galOY¥<°60ac°8e0<°_0<jgX608%gZao
Z20Y<abZXy¥<a¥ O<jgXdg +0¢¥<°80eVYgXZgeO_ ZjgaO Z _g¥ OZ°
aluminium in the soil.

Soluble aluminium levels rise with increasing acidity (i.e. pH cac) DEIOW 4.8).

Increasing acidity on agricultural land normally occurs because of management
Ya<X0ZXgeOeyX%O0<e086%gOZ°gkXZg°60yegO°E€0°Z6a°-g°0€gad.
alkalinity in produce.

High soil acidity is also detrimental to soil biological activity, reducing the

nodulation of legumes and harming earthworms.
TE€OY°5a9g<06g_pg0e°Z¥O<XZ_ZmX<0Z2°°0ag_yXgeOY¥<°30+2° 5% 2!
X%°ZXgegOZ°Xag<egeOYageeyagO€a°®0O gg_e0<°_0<jgXde0d %oc
compaction).

The distribution of soil acidity and aluminium toxicity in South Australia can be
seen in Figure 26.
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Source: South Australia Department for Environment and Water*

The pH scale
As mentioned in Section 1, soil pH is an indicator of the acidity or alkalinity
of the soil. pH is based on a numerical scale of 0 to 14 where:

¢ apH of 7 is neutral
¢ apH below 7 is acid
¢ apH above 7 is alkaline.

The pH scale is logarithmic. This means that a soil of pH 6 is 10 times more
acidic than a soil of pH 7.

In the laboratory, soil pH can be measured either in water or in a calcium

chloride solution (CaCl ) (¢ page 16 pH 1:5 water vs pH 1.5 calcium chloride).
pH in calcium chloride (pH ) is the preferred measurement when monitoring
pH changes over time. Generally, pH . is0.6t00.8 ofa pH’unit lower than pH
®g<eyag_0Z°0 <6ga+0OT *,,0candh© meg¥ureal Qg relatively cheap
<° _0Og<e !06°lyégOmg¥_00gedC  Zage 1B Heasyriag il pbl)O
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Recognising high acidity in the paddock
Soil acidity is best diagnosed by soil testing, but you can see symptoms of soil
acidity in the paddock. These include:

 uneven pasture growth
¢ poor nodulation of legumes
« stunted root growth and high incidence of root diseases

« invasion of acid-tolerant weeds (for example, fog grass, sorrel and geranium).

Managing soil acidity

Testing the soil

TEOBG%gOMQg¥ 08gedeO%< gOe%® °O¥° OYOOZ°0 °ya0eozZ¥0vacr
testthe 0to 5cm, 5to 10 cm, 10 to 15 cm, 15 to 20 cm and 20 to 30 cm depth

ranges using a laboratory pH . test. This will ensure any banded layers of

<XZ_ 726 O<agO0Z_g°06Zmg_+0 °®Y°eZ0Z°*00%QgOr!srO¥< gaOs6°+gb
when examining soil acidity, as a high acidity layer can be overlooked. Soil pH

levels and soil aluminium analyses are more reliable than plant analysis in

detecting aluminium toxicity.

Interpreting your results

o<W¥gOsyOg Y¥<Z7°808%gOZ®Y<X806%<60_7jgag°60e°Z¥0Y0O0:?
plant growth.
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pH¢cac! ¢a° _yX562°°0gjgXd

Greater than
5.4

The balance of major nutrients and trace elements a re available and
there is net movement of lime beyond 10 cm depth.

Less than 5.3

9% gagOZe0VY°5g°6Z<¥0€°a0®°¥ W_g°y®0O_gmXZg°X OZ°0¥g

Less than 5.1

Z0¥0e7ZX<¥O<XBZ 726 OZéOag_yXg OZ°X¥y 7°¢086%gOgjgXs

Less than 4.8

-OZ¥O<¥Yy®Z°Zy®OW(Qg+eZ2°206°0ag<X%006° ZXO¥g g¥ews0O<jgX
of sensitive plants.

Phosphorus combines with aluminium and may be less available
to plants.
Calcium and magnesium are leached out of soil and r eplaced by

<¥Yy@®Z°Zy®p0¥g<_7°+06°0X<¥XZy®O<° O®<+°géZy®0O_gmX
Plants don't establish and pastures fail.

T°Xag<ég _0°Z8a°+g°0Z°Yy6eéO<agOagRyZag OWgX<yégO°Z
is reduced.

Plants have reduced tolerance to environmental stre ss, drought,
waterlogging and disease.

There is an increase in acid-tolerant weeds.

Less than 4.5

Manganese becomes soluble and toxic to plants in so me soils.

Molybdenum is less available, and aluminium becomes soluble in
toxic quantities.

Less than 3.8

Soil structural damage begins to occur.

Setting your targets
You should aim for a pH

of greater than 5.5 in the 0 to 10 cm depth to

CaCl

minimise the impact on agricultural production and soil health.

However, if there is acidity at depth (10 to 30 cm), a pH

caci OF greater than

5.5 is needed in the 0 to 10 cm depth. This enables the applied lime to
°gyBa<¥7&gO<XZ_78 02°08%g06°YOsrOX®0<°_08°0®° gO_° °O¢
neutralise acidity at depth.

Below 10 cm, soil pH

cacs Should be maintained above 4.8 to minimise the

impact of aluminium toxicity on root growth and function.



Applying lime

If symptoms and testing indicate that acidity levels are too high, applying

lime gcalgium carbqnate, CaCo ,) is the most practical way of reversing soil
<SXZ_ZmX<0Z°°0 FZeyagOtz ~O¥geg<aX%O0e%° €6008%<00g g°0d %
8°0¥7®gOX<°OWgOYaemo<W¥g+0e gaOd%gO¥°°egaO6ga®esOYacn
productivity is maintained at an optimal pH.

Figure 28: Lime is commonly applied to agricultural land to correct soil pH for productivity
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Lime quality is an important consideration. As carbonate is the key agent for
cgyBa<¥ZeZ°+0<XZ 8006%gO0<®°y°60°£0X<aW°°<dgOZ2°08%gO¥Z
neutralising value (NV). An NV of above 80% and small particle size (no greater

than 0.3 mm) will give the quickest response.

The amount of lime required to counteract soil acidity depends on several

factors such as the existing soil pH, desired or target soil pH, soil texture and

lime quality. For practical purposes the aim should be to keep the topsoil

abqvge PH , 5.5. ApH . greater than 5.5 also as§ists irl allowing any Iirpe 3
<YY¥Zg_008°0®° gO_° °0O0%g0e°Z¥0OYa°m¥g+Cakelgiogiheg OgRy<0dZ
requirements box to estimate the amount of lime you require.

-YWeoZ¥0<XZ_ 76 OZ60®°ag0_ZkXy¥806°06ag<60<e0¥Z®gO®ye
depth. To avoid the need to incorporate lime at depth, you need to maintain

the surface pH at greater than 5.5. Strategic tillage may be needed to help
neutralise subsurface acidity.

If the soil pH values are near pH ., 5.5 then maintenance levels of lime will 3
WgO°gg_g_08°0X°y°8ga<Xd00°e27°e0<XZ 7ZmMX<3Z°°+0°%7Z&0®<
5 to 10 years.

Where topsoil and subsurface soil pH values are below pH caci 2-5, you will need
lime application over several seasons and continue to monitor soil pH.

Lime can be applied at any time of the year but is usually applied during
summer or autumn. Lime can be incorporated into the soil or simply top-
dressed and left to leach into the soil with subsequent rainfall.

€0OYOO0°€6g°0 <aZgeOX°°eZ_ga<W¥ 0<Xa°ee0O<0OY<__°X¢g0Z60
to spread lime only where it is needed. Soil testing and precision agriculture
% g¥YOZ°O<YYY¥ Z°«0¥Z®gO<808%g0OX°aagR paya3®RI@ERAO_Zjgag
your soil sampling, page 45 Precision agriculture).

<¥XYy¥<6Z°.0¥7Z®gOagRyZag®g°o6e
hZ®gOagRyZag®g°60 6 %< O«0O 6<a.gdOYOO!OXyaage°d

Texture factor: loam to clay loam — 4, sandy loam — 3, sand — 2

For example, to raise a sandy loam soil of pH cad-8topH 5.5,
w+wO!Ov+z O OuO+*0t+s08°°°ge0°€0¥Z®gOYga0% gXa
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The Acid Soils SA website has useful resources to help including online tools

to estimate loss of crop and pasture production, a maintenance lime rate

X<¥Xy¥<B°a0<°_ 0<006°°¥08°0gedZ®<6g0O¥Z®gO<YY¥ZX<bZ°°0ac<
of lime for your property. %7

LimeAssist is an online tool that assists growers to analyse the economic
Wg°gmoeO°€0¥7Z®gO¥AMiNchA infbiatidr about lime application

is provided in the  Lime application and soil acidity — the economics of current
rules of thumb paper (2022) published by Grains Research & Development. 19

The 2017 case study, The dollars and sense of liming: the Stantons’ story ,

explains how the Stanton family (Stokes Bay and central plateau, Kangaroo

Island) tested the decision-making tools mentioned above to plan their liming

g¢da<bgs O€°a0°°g0°€0H6%gZa0OXa°yYVZ°eOVY<__°X¢te&+0hZ®Z°+0ag
yield improvements. 2°

to°l g88Z°e0e0Z¥e

to°1 gB6Z2°°0@°7Z¥2p0O<¥e°0¢°° °0<e0% _a°Y%°WZX0eé°Z¥égO<ag
for agriculture. These soils repel water instead of absorbing it, leading to poor
Z°m¥6a<62°°0<° _0y°g g°0®°Zed6yag0O_7Ze8aZWyb62°°0 FZeyagOt{
are prevalent in sandy soils where organic coatings or fungal hyphae on soil

particles create hydrophobic conditions. This phenomenon typically occurs after

long dry periods when soil organic matter undergoes decomposition, releasing

hydrophobic waxy compounds that coat the soil particles. Non wetting soils are

common in sandy textured soils with less than 10 % clay and can be severe in
sandy textured soils with less than 5 % clay.

Non-wetting soils pose several challenges for Australian farmers, primarily
<jgXBZ°+OXA°YOQged<W¥Ze%®Qg°60<°_0+4° 6% +-0¢°°30 <dgaozZ°m
to uneven soil moisture distribution, resulting in patchy germination and

inadequate root development. The patchy germination also promotes the

*2° 3% O°€0 gg €+0-2°ZmX<°80 Zg¥ 0O¥°¢egeégOVY<adZXy¥<a¥ O
wheat and barley, are common.

to°1 gBOZ°+0e°Z¥e0X<°0<¥e°0g <XgaW<dgOgarezZec0azZeteOWgX
the surface, carrying away valuable topsoil and nutrients. The uneven moisture
<¥e°0@®<¢ge0Z80_ZkXy¥808°0®<°<+g0&°72¥0€gadbZ¥Z26 O<°_0OZa
overall farm management even more complicated.

T _g°8Z€ 2°«0°°°1 gddZ°~0&°7¥e

to°1 g60Z°+0e°Z¥e0X<°OWQgOZ ¢g°8Zmg_O_yaZ°+0a<Z°€<¥¥0°aoOZ
Z¥¥0OY°°¥0°°08%g0eyacs<Xg0°a0ay°0°j0a<dt%gaOd%<°0Z°m¥da

closer examination, non-wetting soils often appear dry beneath a thin moist

surface layer. Poor germination and stunted plants can also indicate

non-wetting conditions.
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Figure 29: Non-wetting soils, also known as hydrophobic soils, repel water instead of absorbing it,
i+ #RtER1~RBj~~aRRtpila 1R~tR t#RAt+@B+tRr~R-tAo+R#R-10R A'R~tfRE¢M~1~-%0 R

OX°®®°°Omg¥_08ged06°07Z_g°8Z€ 0°°°! gd6Z2°+0e°Z¥e0Z° °¥ geé
on the soil surface. Non-wetting soils will cause the water to bead up and
remain on the surface for an extended period. An additional test of the severity
of non-wetting soil is to apply ethanol solutions in increasing concentrations
to a soil until the solution penetrates the soil in under 10 seconds. The higher
concentration of ethanol needed, the more severe the water repellence. 2

r<°<ezZ°eQc°°°l g6dZ°+0e&°Z¥%e

Non-wetting soils can be managed using mechanical, chemical and biological

€0a<8geZge0 a0<OX°®WZ°<8Z7°°0°€00%geg s086°0Z®YAa° gO <d¢
soil structure.

Amelioration techniques, such as deep cultivation, rotary spading, clay

spreading or soil inversion (deep ripping or tillage) can help to break up the

%o A°Y % °WZXO¥< gagO<¥¥0 7°¢0 <8ga0Z°m¥5a<62°°+0-°®gOda:
production increases from these techniques. However, these techniques need
B°OWQgOW<¥<°Xg O Z8%O08% gO%Z+%0gX°°@®ZXOXe80<° 0OY°d¢
such as soil structural decline and soil organic carbon loss.

Smaller scale amelioration strategies such as soil wetting agents or surfactants,
on-row or furrow seeding, deep or delayed seeding, and stubble retention can
also help, but can have inconsistent results. 2

Incorporating organic amendments can enhance soil structure and water

holding capacity and allow microbial degradation of waxy compounds on

the soil surface. Increasing acidic soil pH using liming can also increase the
YOYY¥<BZ°°@0°EOWQ°gmMXZ<¥OW<XBgaZ<O % ZHPages8fea<_gO < C
Applying lime).
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Knowing your soils South Australia is an essential
resource for landholders and land stewards looking
to enhance the health and productivity of their soils.
This handbook provides comprehensive guidance on

understanding soil function within the landscape,
covering key physical and chemical characteristics,

as well as the vital role of soil biota, microbial
systems, and organic matter.

Accompanied by the  Knowing your soils South Australia
ute guide , this resource empowers farmers with practical,
DIY soil tests to assess and manage soil constraints directly in
0% gOY<_ °X¢+0°%egd% gasO00d%gegOeyZ géO°jgan
support sustainable farming practices, improve soil resilience,
and optimise land management for long-term productivity.
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