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Introduction

A full day Regional Soil Health Expert Panel Discussion was conducted on Tuesday the 24t of July
2007 in Bendigo. Daniel Mudford, team leader — land North Central CMA opened the forum and re-
minded participants that the forum was a follow up forum from a larger event last year. The soil
health event held last year attracted many participants highlighting the interest in soil health in the
catchment. Feedback from that event suggested the need for a follow up forum for a smaller group
that gave greater opportunity for participation.

The objectives of the Regional soil Health forum were:

. To clarify the key soil health issues for Land Mangers in the North Central catchment area
. To identify key strategies to address these soil health issues in the catchment
. To develop options for supporting land managers to implement these strategies

Amanda McClaren, Regional NLP coordinator for the North Central CMA, outlined the key soil health
issues nominated by landholder participants prior to the forum. These included:

Soil Biota and the effect on soil health

Soil carbon and the effect on soil moisture retention and CEC

Soil acidity and the effect on production

Overall management of soil fertility

Soil structure and the relationships to crusting and compaction issues
*Salinity

*Whilst Salinity was mentioned by a number of the Land Managers as a significant soil health issue
in the North Central region it was decided that the Dryland Management Plan already has a large
Salinity focus. Therefore for the purposes of this exercise salinity was acknowledged as an issue but
was not included in the key soil health issues to be addressed on the day.

A Panel of experts were invited to respond to each soil health issue. Panel members included:

Dr Pauline Mele (DPI)

Dr Maarten Stapper (Ex CSIRO)

Richard Macewan (DPI)

Gwyn Jones (Independent Agronomist, Integrated Agriculture)
Keith Reynard (DPI)

Participants were invited to discuss their current practices to address soil health issues on their prop-
erties and to discuss potential options they have been contemplating. The whole group then identi-
fied the key issues worth exploring further in the catchment and potential next steps for the North
Central CMA to develop a soil health program for the catchment.

This report documents participant responses to the facilitated session.
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Soil Health Issues

Soil Health Issue

Key Considerations

Potential Strategies

Soil Biota and the effect on
soil health

Soil Biota are important for nutrient
cycling in soils and can be a source
and a sink for plant nutrients

Soil Biota can decompose chemicals
Very important for improving soil
structure

Soil biota can promote plant root
growth and reduce disease causing
organisms

Needs further research - still a lot we
don’t know

Engage with researchers to encourage
research sites in the North Central
catchment

There are many soil biota tests avail-
able, however there is a need to iden-
tify the appropriate test most suitable
to your requirements and the knowl-
edge you are seeking

Soil carbon and the effect
on soil moisture retention
and Cation Exchange Ca-
pacity (CEC)

There is much potential for carbon to
be stored in soils and is very impor-
tant for overall soil health

Carbon levels are very low in agricul-
tural soils especially cropped soils
There are different components of
soil carbon that have different roles
Particulate organic matter is the key
food source for soil biota

Humus has a very high CEC and will
increase soil fertility

Soil carbon enables greater levels of
soil moisture to be stored

Stubble retention and reduced stubble
burning

Pasture phase in crop rotation will
increase organic carbon

Careful stock management - cell graz-
ing is important

Need to explore other methods of
measuring soil carbon

Aim for 100% cover of the soil by
vegetative matter 100% of the time.

Soil acidity and the effect on
production

Acid soils can have a major impact
on production by influencing the
availability of plant nutrients and toxic
elements such as aluminium and
manganese

In Victoria, 4-5 million hectares are
strongly acidic

Soil acidity is measured by pH and is
a measure of the hydrogen activity in
soils

Can be measured in the laboratory
and in the field

Lime acid soils to raise the pH of soils
and reduce available aluminium
Manage nitrogen on farm to reduce
leaching

Soil test and include assessment of
aluminium
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Soil Health Issues — continued

Soil Health Issue Key Considerations

Potential Strategies

Overall management of soil | e Need to start with an assessment of

fertility soil chemistry, soil physical proper-
ties, and soil biology

e Can use easy in the field observa-
tions to assess soil fertility such as
observing the plant species present

o To assess soil chemistry need to test
the pH, the Ca/Mg, and N,P, Kand S
balance

e Examine soil structure and compac-
tion in the field with a penetrometer

Careful selection of limes and gyp-
sums and phosphorus source

Review plant species succession
Assess topsoil depth and work towards
growing topsoil

and a spade
Soil structure and the rela- o Soil structure is important for penetra- Gypsum can reduce dispersion issues
tionships to crusting and tion of water, air and roots into the Organic matter can improve soil struc-
compaction issues soil ture

o Soil structure can be assessed in the
field by observing the size, shape and
arrangement of soil aggregates

o Crusting can be caused by dispersion
and low organic matter in topsoils

o Dispersion can be assessed in the
field by dropping an aggregate into
water and observing what happens

o Soil strength is low when soils are
wet. Compaction can occur when wet
soils are trafficked by stock or ma-
chinery

Keep soils covered
Reduce traffic on wet soils and reduce
tillage

More information on all soil health issues can be found on the ‘resources online’ website

(http://www.dpi.vic.gov.au/dpilvro/vrosite.nsf/pages/vrohome).
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Current Practices and Potential Strategies to Improve Soil Health

What are you currently doing to address soil health
issues on your property?

What have you been thinking of doing to address
these issues?

Stubble retention

Stubble utilization by stock

Laser grading and deep ripping

Deep rooted perennials

Soil testing

Aeration

Rotational grazing

Reducing cropping

Reducing flood irrigation

Encouraging and using worms and insects
Composting

Using inoculants

Liming

Minimum tillage

Compost teas

IPM

Shelter belts and trees

Controlled traffic

Gypsum

Reactive rock phosphate and rock phosphate mixes
Direct drilling

Stopped using water soluble fertilizers and drenches

Using manures

Using sprouted grain for animals

Farm plan on how to role out the new strategy on the
whole property

Sea mineral foliage sprays

Reducing traditional fertilizers and other inputs
Using diverse pastures

Increasing biodiversity

Natural sequencing

Native perennials

Controlled traffic

Yield and quality mapping

Green manures

Foliar sprays

Composting manures

Cutting for silage to reduce weed seed set
Chop and spread stubbles

Press wheels on direct drill
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Issues to be Explored Further in the Catchment

e Soil carbon - options for measuring different pools, strategies to increase soil carbon, strategies to increase
rooting depth and topsoil depth.

e Soil biology - learning from other farmers, exploring testing options, mapping the tests, encouraging on-farm
research.

¢ Soils and landscape relationships — how does soil capability change across the landscape, soil structure issues
and natural sequence farming in landscapes.

e Soil acidity and alternative soil treatments — explore lime and alternative soil fertilizer treatments in trials.

Preferred Options for Exploring Soil Health in the Catchment

On farm trials and demonstration sites with field days.

Look at farmers already doing it — perhaps explore mentoring options.

Develop a flow chart on how to change over to being biological.

Seek research funding for mapping, research and testing for soil biology or seek partner to co invest.
Use a sub-catchment approach — identify the key soil problems, set up demo site, and develop options.
Use Landcare to run soil health events.

Bus tour of soil health projects.

Communication strategy with information compiled/brochures.

Carbon road show- what is it, how you can increase it, how to trade it etc.

Next Steps

e Find existing groups in the catchment that have an interest in soil health and work with them initially — start with
an opportunity to take a look at soils in the field with experts.

e Develop a system to capture what is already going on — stories / case studies with data to back it up.

e Compile an information list and a list for technical support for landholders interested in exploring soil health
further.

o  Explore funding options and options for developing partnerships to co invest.

e Explore current options for soil biology testing eg University of Queensland and develop some protocols for
sampling.

o Explore the experience of other CMAs with Soil health eg North East CMA.

Where to from Here

Soil health is an intrinsic part of the future direction of the (Draft) North Central Dryland Region Management Plan
(DRMP¥). Currently the DRMP plan focuses on the protection of assets from salinity with only brief reference to soil
health decline as a threat to the regions assets. Over the next twelve months (2007/08 financial year) the information
collected from the workshop process will be used to develop the DRMP.

North Central CMA is committed to working with the community on many levels to ensure that Soil Health decline is
addressed in a way that the community can understand and is willing to adopt and participate in.

Specific projects that target the recommendations in the “next steps” of this report and from other sources will be devel-
oped. Some of these recommendations will be able to be completed through existing projects, for others we will need to
create and expand new projects. Where there is a clear public benefit traditional state and federal funding sources will be
targeted, where there is greater private benefit, private industry and extension will be the focus of projects.

* A copy of the North Central Dryland Region Management Plan (Draft) is available at www.nccma.vic.gov.au or call (03)
5448 7124.
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Soil heath issues raised by participants

Soil Health Issue

Issues raised by Participants

Soil Biology

o Loss of spiders, termites and ants

e Lack of organic content in local soils (soils have become just dirt,
not living/breathing and biota active)

o Lack of knowledge and ongoing research into the importance of soil
biota and overall on farm biodiversity, to maintain healthy soils.

e Lack of knowledge and ongoing research into the effect of chemi-

cals on Australian soil biota and overall biodiversity, farm lands and

community, and what alternative methods can be promoted and

used. eg Integrated Pest Management

Improving soil biology

Micro-biology biomass/biodiversity

How to build top soil & biology levels

measuring soil biology health

Soil Organic Carbon

Organic carbon

Organic matter/carbon levels

Low carbon

use of soil and crop and pastures for carbon sinks

measuring soil carbon and consistency between measurements at
different sites.

Organic Carbon Content

Soil Acidity

Acidity

Soil Acidity (2)

Acid Soils

Soil acidity and acidification
The effects of fertilizers on soils

Soil Fertility

Loss of organic material in soils.

pasture productivity

Fertility

Calcium deficiency

using Brix meters to measure crop pasture to help determine what
soil solutions are required

improving soil organic matter

¢ Soil capability and suitability
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Soil Structure

Loss of Top Soil

Loss of Perennial Plants and ground cover, especially in summer.
Lack of soil protection from extreme weather conditions, eg
shelterbelts

Lack of perennial ground cover to hold rain where it falls and re-
tain soil moisture

Veg cover

Sodocity

Compaction(3)

High water tables — even in the dry period, mainly due to Channel
Seepage.

Crusting

Erosion (2)

Water retention

the water holding capacity of different soils

Maintenance of soil structure

Hydrologic performance

10
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5 July 2007 ABN: 739 3705 8422

Dear, Discussion participant,
North Central Regional Soil Health Expert Panel Discussion, Tuesday 24" July 2007.

| am writing to invite you to participate as an audience member at our North Central Regional Discus-
sion on Soil Health. Please find attached the Soil Health Panel invitation flyer with the agenda on the
reverse side.

This expert panel discussion on soil health in the North Central Region has been organised as a re-
sult of the feedback collected at the successful “Getting Grounded” Soil Health forum held in Bendigo
in 2006. Many of the participants from the “Getting Grounded” forum requested a smaller more focus-
sed discussion with a limited audience of astute community members. We are bringing in soil health
experts from around Australia to be involved with this discussion driven by issues raised by the com-
munity.

The aim of the Soil Health Panel is to discuss soil issues within the region and suggest potential solu-
tions and direction. The audience for the discussion panel will include the farmers, land managers
and some other key stakeholders from the North Central region.

Prior to the panel discussion | would like you to think about and identify what you see as the top 5
soil health issues for your part of the region. Please advise Rhonda Leed of these 5 issues when
you rsvp to this event by Tuesday 17" July 2007.

Once identified, the top 5 Soil Health Issues will be sent to the panel of experts. Each expert will be
speaking on a different soil health issue and specifically outline strategies we can use to address the
issues raised. Following the expert presentations there will be opportunity to discuss the issues and
identify ways to move forward with potential soil health projects

Should you have any questions regarding this event please do not hesitate to contact me on 03 5440
1839 or daniel.mudford@nccma.vic.gov.au

Yours sincerely,

A AL

Daniel Mudford
Team leader - Land

——E————




Invitation

North Central Soil Health
Expert Panel Discussion

Tuesday 24th July 2007
10:00am-4:00pm
North Central CMA Boardroom

Soil Health repeatedly comes to the fore when we talk about Natural Resource management
in the region. As a valued land manager in the North Central Region, we would like to invite
you to participate in our regional soil health discussion and identify ways to move forward with
potential soil health projects.

Please refer to the agenda overleaf.

Strictly Limited numbers, please RSVP by Tuesday 17" July 2007

to Rhonda Leed Ph: 5448 7124

NORTH CENTRAL
Catchment Management Authority




North Central Soil Health Expert Panel Discussion
Tuesday 24 July 2007

Objectives

e To clarify the key soil health issues for land mangers in the North Central catchment
area

e To identify key strategies to address these soil health issues in the catchment

e To develop options for working with land managers to implement these strategies

Agenda
10:00am  Participants arrive with morning tea available

10:10am  Welcome (CMA)
« Background to the soil health expert panel
« Objectives for the panel

10:20am  Introductions and expectations

10:35am  Overview of the soils of the North Central CMA
« Key soil health issues nominated by landholders
« Discussion questions: are there other issues that should be
addressed?

10:50am  Panels Response
 Overview of each soil health issue
« Key strategies to address each soil health issue
« Any new potential ideas to be explored on this issue
« 5x 15 minute presentations plus 5 minute questions

12:30pm  Lunch

1:15pm Table discussions with panel members
« What are you currently doing to address soil health issues on your
property?
« What have you been thinking of doing to address these issues?

2:00pm Tables report back
« 2 strategies currently being used by land managers
« 2 strategies land managers are thinking about
2:15pm Whole group responses to the strategies discussed
2:30pm What are the options for working with farmers to explore and / or implement
these strategies?
Moving table group discussions and recording on butchers paper
3:15pm  Afternoon tea

3:30pm Whole group discussion on the key options, roles and next steps

3:50pm Wrap up, next steps and close (CMA) 3
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NORTH CENTRAL

Catchment Management Autharity

Soil Health Panel Discussion
Workshop Outcomes Report
August 2007

Sail Haallh Management

Thank You

With thanks to David Marsh, Christine Jones,
Bev & Ron Smith, Colin Seis, Rhonda & Bill Daly,
Brean Walker, Trevor Dawsen, Adrian Lowrie,
Tim Watt, Elaing Ingham, Arden Anderson,
Amaos Fergusen, Robert Bull, Jeptha Gates

Complex biological systams

*Ewvery Thing is linked with everything else”
“No number s parfect uniess
all numbers are perfect”

“Treat the patient
mcd e fest ! -

Whai knowdedge? Who's tnth?
19 pamry phigsopher Arifur Sehapanhauer gang

“Evary iruih passes through hree slages
hafore i iz acoapled.
iy thie firgt, # 5 ridicelad,
e second f o opposed and
it the third, # & reganded a3 saif-svidon™
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Healthy Soils in the Landscape s

Carole Hollfor & Michael Reid, Rutherglen
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ISSM 1329-8062

Healthy soils support healthy plant growth, resisi erosion,
receive and store waler, relain nulrienis and act as an
environmenial buffer in the landscape. Soils supply
nutrients, waler and oxygen to plants, and are populated by
soil biots which are essential for decomposition and
recycling processes.  Undersianding, prolecting  and
improving soil health is critical for managing Victoria's
naiural psseis. Im this contexi, soil healith is therefore
fundamentally linked to land productivity and
environmenial sustainability.

Managing soil health is essential o the long-term
sustainability of your farm business. Maintaining soil
health will maximise plant performance and prevent soil
degradation. Agriculiural viahility depends upon healihy
soil. As custodians of our sodl resources every landholder
has a duty of care to protect the soil asset for the next
generalion,

Chemical, physical and biological characteristics of soil
are dynamic and they can change over lime. Under pre-
selllement conditions these characlenstics changed very
slowly. Following clearing the resulting land uses and
management has radically altered some soil properties and
in many instances has led to soil degradation and poor soil
health.

There are many aspects that necd 1o be considered when
thinking about the “health™ of your soil. Soil health isswes
are imerrelated and so the soil should be treated as a
system. The fundamental way 1o score the health of your
soil is through comprehensive soil testing and analysis.
There are a range of “fee for service™ providers, including
the Depariment of Primary Industries (DPI) where testing
i% done according to national accreditation standards,

Soil testing is essential for whole farm planning. Surface
and subsurface soil testing is a basic business operation
and should be done regularly (annually to every five years,
depending on your enlerprise program) as a diagnostic,
monitoring and evaluation'planning iool. Multiple iesis
may be required 1o cover variation across paddocks and
landscape types on the farm (Agnote: AGO37S, AGO3T6).

£ State of Victoria, Department of Primary Industries

Crood  mterpretation of soil 1est results 15 essential in
making the right management decision and will depend on
the contexi of your production goals and enterprise mix,
DPl can provide puidelines Io assisl im soil healil
inferpretation and agronomic advice. Decisions 1o protect
and maintain soil health need to take both short and long
lerm approaches and involve decisions asboul crop
rotations, pasture species, siock management, traffic
contral, choice of soil ferilisers and conditioners and their
applicalion rales..

Good soil health is all about creating a robust soil that can
provide all the needs of the production sysiem and
withstand impacts or recover quickly without loss of
fertility, structure or biological activity. The physical,
chemical and biological features of soil interact and need
12 be managed with this in mind.

Acid Soils

For example, soil acidity can influence soil health and
impact on plant growth and persistence (Agnote:AG1182).
Soil pH is a measure of acidity and alkalinity, A pH of 7 is
neutral, above 7 alkaline and below T acid.

Some plants prefer acid soil conditions while others prefer
alkaline conditions. Soil acidity affects the availability of
nutrients in soil. In acid seils (low pH) some elements
become available to plants in amounts that are toxic (for
example, aluminum), while other useful elements become
locked away and are unavailable (for example,
molybdenum), Bacterial populations generally prefer a
slightly acid environment, however highly acidic soils can
inhibil the survival of useful bacteria, for example the
rhizobia bacteria that fix nitrogen for legumes. As the soil
acidifies, the favorable environment for  bacteria,
carthworms and many other soil organisms is degraded,

Fungi are an exception to this and oflen prefer acid soils.
Many essential nutrient cyvcles are completed through
bacterial interactions, more so than through fungal sctivity.
Low soil pH will impact on the structural properies of the
soil (mineral breakdown) and influence the populations of
earthworms and other beneficial soil organisms,

Victoria

Thee Place To Be:



Healthy Soils in the Landscape

AG1181

Acid soil monogement is part of 4 sound owerall
environmenial monagement approsch  for the  farm
business. [l can be managed effectively by lime
spplication  before  acidification becomes oo severe,
Liming is good risk management and insures against losses
due to poor plont nuirition, bul mey nol always be
profilsble. Decisions o lime need o be taken within the
conlext of the whole farm plan and enterpnse oplions,
Lime treatmient varies in s effectiveness depending on the
quality of the lime and the application method,

Many soil health problems occur as result of nabural
processes (for example, soil acidification), however land
use praciice can aleo positively influence soil health (for
example, planting perennial systems lo prevenl excess
waler leakage and reduce saliniiy), Farms may have a
variety of xoil types that require specialised management
to optimise soil health, productivity and prevent land
degradation.  Different  soil attributes reflect different
geology, climatic conditions, and position in the landscape
{Refer io Agriculture Motes: AGHIEZ - Acid Soils)

How do we improve our soil health?

Indicators and diagnostics:

Improving soil health can be achieved by looking at
various plant health and performance indicators. Poor soil
health can be seen through the visual clues of poor plant
growth (for example, wilied or siunied planiz),  Planis
growing in poeor 20ils could also be susceptible o disease
and may have leal discolouration or spois and die-back,

Visual clues in the paddock may indicate conditions that
lead 1o poor soil health. Inspection of surface appearance
can reveal crusting and surface sealing, loose graim or
sodiment matenal, aggregation of clods, evidence of
erosion, compaction, pugeing and surface deposits like salt
or algae,

Testing samples of roots or lissue may indicate nuirient or
clemental deficiencies in the sl that result in yield
depression. Chemical tests of soils will reveal levels of
major nuiriends, such as  mitrogen, phosphorus  or
POLASS AT,

Through careful excavation, examination of soil structure,
root penctration and distnbution, soil colour, sirength of
horzons, and odour may indicate poor soil condition.
Penetration resistance can be assessed by probing hardpans
or dense layers with specialised mechanical tools.

Management responses:

Improved soil health can be achieved by active
management and the introduction of 20il conditioners and
ameliorants such as lime, gypsum and fertilizers.  Soils
will respond 1o incorporation of organic matter through
improved stubble management and grazing praciice,

Gireen manure crops and other imporied animal manures or
bicsolids can be used, bul caution should be taken to avoid
coplamination, Landholders should seek  analysis
information about any conditioner, prior fo use.

Lundholders can improve soil performance by physical
aclions such as limiting heavy machine traffic, where
possible.  Loosening of sub-surface layers may be
necessary  where compaction has occurred.  Careful
cultivation o remedy sealing, pugging and trampling may
provide positive soil responses and plant growth,

Well designed ruised bed formation will deliver druinage
benefits under some heavy sodl conditions and paddock
spelling or a pasiure phase following cropping can enhance
recovery of crop growing conditions.

The following Agnoles may assist landholders with
field sampling procedures for soils and other produce:

Agnote AGDITS: Sampling soils for growing pastures,
field and fodder crops

Agnote AGOITE: How to sample soils used for flower,
fruit, grape and vegetable production.

Agnote AGD198: Collecting samples for nematode
analysis of citrus and grapevines.,

Agnote AGOBES: Guidelines for sampling soils, fruits,
vegetables and grains for residue testing.

All Agnotes are located at: hitp/iwww.dpl.vic.gov.au
Search for ‘Agnotes’ and follow the prompts.

Testing of samples can be arranged at Primary
Industries Research Victoria — Werribea Centra

Department of Primary Industries
621 Sneydes Road Werribea VIC 3030

Telephone:
Facsimila:

(03) 9742 8755
(03) 9742 BT00

Contact the relevant Section Leader (Ilnorganic
Chemistry for soils testing and Organic Chamistry for
pesticide besting) for test specifications and pricing
details, prior to sending samples,

The advica provided in this publication is intendad as a
source of informabion only. Always read the |abel before
uging any of the producls mentioned. The Stale of Victora
and its employees do nol guarantes that the publication is
withowt flaw of any kind or is wholly appropriate for your
particular purposes and therefore disclaims all liability for
any error, loss or other consegquence which may arise from
Wi rﬂ_'.rlng on any information in this publication,

& State of Victona, Depariment of Primary Industries
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Why Worry About Acid Soils?

Soil acidity is a natural and induced chemical condition of
soils that con;

#  decrease the availability of essential nuinents;

* increase the impact of toxic elements;

»  decrease plant production and waler use;

» affect essential soil biological functions like nitrogen
fixation; and

+  make so1l more vulnerable to soil structure decline
and erosion.

The process of soil acidification is a potentially serious
land  degradation  issue.  Without  ireatment,  s0dl
acidification will have a major impact on agriculiural
productivity and susiainable farming systems and
scidification can also extend into subsoil layers posing
serious problems for plant root development and remedial
action.

In some regions, there has been a drop of one pH unit over
the last 20 to 30 years. Already, some farming arcas have
lost the ability to grow preferred agricultural species such
as phalariz and lucerne simply because, without lime, the
soil is oo acid.

£ State of Victoria, Department of Primary Industries

The Couses of Soil Acidiny

Understanding Soil Acidity

Soil acidity oceurs naturally in higher rainfall areas and
can vary according to the landscape geology, clay
mincralogy, soil texture and buffering capacity.  Soil
acidification is a natural process. accelerated by some
agriculiural practices (Figure 1),

When plant material is removed from the paddock,
alkalinity is also removed, This increases soil acidity.
When grain, pasture and animal products are harvested
from a paddock, the soil is lefl more acid. Hay removal is
particularly acidifying because large amounts of product
are removed,

Maore significantly, soil acidification 1s most often a result
of nitrate leaching. Nitrogen is added to the soil in a
number of ways:

#  mitrogen fixed by legume-based plants;
*  as nitrogen based fertilisers;

* from breakdown of organic matter; and
*  dung and urine,

Victoria
The Place To Be




Acid Soils AG1182

Acidification oecurs in sgricultural soils as o result of the:
= removal of plant and animal products;

= |ecaching of excess nitrote;

¢ addition of some nitrogen based fertilisers; and

¢  build-up in mostly plani-based organic matter,

Soil pH

Soil pH 15 a messure of acidity or alkasbiniy, A pH of 7 is
neutral, above T 15 alkaline and below 7 is acid, Because
pH is measured on a loganthime scale, a pH of 6 15 10
times more ocid than o pH of 7. Soil pH can be measured
either in water {pH.) por in calcium chlonde (pHe,) and
the pH will vary depending on the method used. As o
general rule, pH measured in caleium chlonide i 0.7 of o
pH unil lower than pH mepsured in waler (Figure 1),
When a laboralory measures your soil’s pH il is importand
ihat they specify which method {water or caleium chloride)
wis used,

For most acid soils, the mosi practical management oplion
is 10 add lime to maintain current soil pH status or increase
surface soil pH.

pH measared in calorum chlonds
4 5 & ?

L
s——— st o8

| 1
i 5 & 7

pH measurad in water

Flgure 2: Relationship between pH measured in
Calcium Chioride and Waler

The Acid Attack

Acidity iizelfl is nol responsible for restricting  plant
growih, The associaled chemical changes in the soil can
reatrict the availability of essential plant nuinents (for
example, phosphorus, molybdenum) and increase the
availability of toxic elements (for example, aluminium,
manganese), Essential plant nuirients can alzo be leached
below the rooling zone, Biological processes favourable
i plant growih may be affected adversely by acidity,

Bacterial populations generally prefer a shightly acid
envirpnment. However highly acidic soils can inhibit the
survival of useful baciera, for example the rhizobia
bacieria that fix nilrogen for legumes.  As the sl
acidifies, the favorable environment for  bacleria,
earthworms and many olher sodl organisms is degraded.
Acid zoils have a major effect on plant productivity once
the soil pHe; falls below 5:

#  pHg, 6.5 - optimum for most plant growth; neutral soil
conditions; some irace elemenis may becoms
unavailable,

#  pHe, 5.5 = balance of major nutrients and trace
elements available,

*#  pHg, 5.0 - aluminium may become soluble in the sodl
depending on soil type, phosphorus combines with
aluminium and may be less available to plants,

*#  pHg, 4.5 - manganese beoomes soluble and toxic to
plants in some soils; molybdenum is less available;
=01l bucterial activity shows down; aluminium
becomes soluble in loxic quantilies,

#  pHp, 4.0 - soil structural damage begins (o occur,

Soil pH will influence both the availubility of sol nutrients
io planis and how the nutrients react with each odher. Al a
low pH many elements become less available o planis,
while others such as irom, aluminum snd manginess
become toxic (o plants and in addition, aluminum, iron and
phosphorus combine 1o form insoluble compounds, In
contrast, 4l high pH levels caleium ties up phosphorus,
making it unavailable to plants, and molybdenum becomes
toxic in some soils. Boron may also be toxic at high pH
levels in somie soils.

The relative availability of 12 essential plant nutrients in
wiell-drained mineral soils in temperate regions in relation
to sodl pH 15 shown in Figure 3. A pHg, range between 5
and & (between heavy lines) is conssdered ideal for maost
plants.

Understanding Soil pH by Testing

Soil pH is one of the most routinely measured soil
parameters. [t is used as a benchmark to interpret soil
chemical processes and governs the availability of many
esseniial or toxic elements for plant growth,

Soil pH is a common measure of the soil's acidily or
alkalinity because:

*  lesting is relatively easy; and

¢ field equipment to measure pH is  relatively
INEXPENSIvE,

Field test kits are available that use colour 1o indicate pH
levels. The kits are inexpensive, easy lo use and will test a
lot of samples but should not be relied on for decisions
such as rates of lime application, Test kits will only 1zl
you whether vour soil is acid or alkaline,

A number of compact testing meters that can be usad out
in the paddock are available, most of which are capable of
giving accurate results il used correctly. Professional soil
analysis is recommended and sending soil samples o a
recognised laboratory ensures the most accurate resulis.

Testing of both lopsoil and subsoil s recommended.
When interpreting planl responses based on soil pH, the
surface (A horizon) and sub-surface (B horizon) need 1o be
considered.

2 State of Victoria, Department of Primary Industries
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Figura 3: EFfect of pHes on the availability
of plani elemeanis.

Eifect of pH,, on avadability of plant elements
B
55 #.0 4.5 5.0 55 6.0 6.5 7.0

The soil pHy is considered to be closer to the pH that the
plant rools experience in the soil. But it is subject w large
variation within the paddock because of seasonal changes

" in sodl moisture and the wnic concentration of the =oil

solution that is related to the amount of todal salis in the
s0il,

Research has shown that seasonal varation of pHy can
wvary up lo 06 of a pH unil in any one wyear. In
comparison, the measurements of soil pHe, is less affected
by scasons,

Farmers can take soil samples at different times during the
year without affecting the final diagnosis or interprelation,

S0il pHp, measurements in Australia vary from pHp, 3.6 to
pHg, & for a range of different soil textures (sandy loams
to heavy clays). Soil pHw values lie between pHy 4 and
PH.“' 9.

© State of Victoria, Department of Primary Industries

Higher pHy values 1o around 10 may be associated with
alkali mineral zoils conlaiming . sodium carbonates and
bicarbonates,

Some Useful Tips......

* Soil pH is measured in either waler or in calcium
chlonds, When measured mn caleium chloride, ithe
resull is bower than pH measured in water,

* The pHw may be higher by 0.6 to 1.2 in low salinity
soils and higher by 01 to 0.5 in high salinity soils.
Research has shown a difference of 0.7 for o wide
range of sodls,

* Soil testing will tell you the current acidity status of
vour pnddock. If vour soil pHe, 15 obove 5.5 then there
i5 little immediate risk of scidity.

# Lime can restore productivity in acid soils and should
be considered once the pH drops below pHe, 5.0 F
sensilive species are o be grown successfully,

# You are unlikely to gel responses to lime if other
nuirients are lacking. This should show up in a soil test
or plant tisswe analysis and should be comected.
Conversely, you may nol gel a response [0 some
nuirients if the soils are oo acid. A holistic balanced
approached is necessary.

* Lime responses are generally seen in the first and
second year for cropping sysiems, but can take up to
five years depending on soil type, rainfall and lime
quality for permanent pasiure systems.

* [t is necessary 1o re-lime your paddock about every 10
vears, depending on the rate of re-acidification.,

¢ |f paddocks with an acidity problem are not limed, the
soil pH will continue to fall and setile at pHe,3.8 10 4.2,

* The amount of lime you need to apply varies according
to soil type. Field experiments have shown that up to 5
ionnes a hectare on clay loams and 1.5 tonnes a hectare
on sandy s0ilz is needed 1o increase pH by one unit.

#  Lime moves slowly (0.5 to lem per year) throogh the
spil  profile wvia  the s0il macropore  structure.
Incorporation inte the soil profile, where possible, will
assisl effective treatment.

# In permanent pasiure siluations, spreading the lime on
the surface and allowing it to work its way into the soil
is acceplable, Surface application 15 better than no
application.




Acid Soils AG1182

The following Agnotes may assist landholders with fiald
sampling procedures or sodls:

Agnote AGO3ITS: Sampling soils for growing pastures, feld
and lodder crops.

Agnote AGDITE: How 1o sample soils used for Nower, fruil,
grape and vegelable production,

Agnote AGOBES: Guidelines for sampding sofls, frults,
vegelables and grains for residue testing.

All Agnotes are localed at: hiptiwww. dpivic.gov.au
Saearch for ‘Agnotes’ and follow tha prompls.

Tasling of samples can be arranged al:

Department of Primary Indusiries - Wemibes Cenire
621 Sneydes Road Wembesa VIC 3030

Telaphone: {03) 5742 BTSS
Facsimie: {03) 9742 AT00

Contact the relevant Section Leader - Inorganic Chamisiry
for soils testing and Organic Chemisiry for residue tesling -
for test specifications and pricing delails, prior 1o sanding
samples.

The advice provided in this publication is intended as & sowroe of
information osly. Always resd the label belore waing any of the
prodects mentbsned. The Sinte of Viclorin and Bz crmployees do noi
guaranier that the publication is withowt Naw of any kind or &
wholly sppropriste for sowr particulsr porposes snd ihcrefore
disclaims all lishility For amy error, lost er slber consequence which
miny arise fram you relvisg on any infarmation in isis publicatien,

ALl Migures = ki Apnale are copavmght ©0OP] 2008

2 State of Victoria, Department of Primary Industries
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FAST FACTS

oo. SOILHEALTH

ADVANCE AUSTRALIA FAIR

Australicons all let us refoice
For we are voung and free,
We've golden soil and wealth for tail;
(ur home ix girt by sea
Qur land abounds in nature gifis
Of beauty rich amd rare.
In history s page lel every siage
Advance Australia fair,
Ifnn joyful sivains then let us sing
“Advance Australia fuir.

i Pter ekl LE o e §
In order to Advance Australia fair as o nation and
individuals, We need 1o take the topic of soil healih
seriously and invest resources in beiter understanding
what healthy 501l 15 and how we can improve it?

WHAT IS A HEALTHY SOIL?

A Dealthy soil is a living renewable resource that has
the ability to increasingly reproduce itself in the form of
topsoil in a sustainable manner. If a soil can’t reproduce
itself it is simply not self sustaining.

What is Soil Health?
Soil healih is a measure of a soil’s vitality 1o rencw
and increasingly reproduce itself in the form of topsoil
over 2 two to five year period. For example, a healthy
soil “grows" topsoil and stores carbon,

Sick soil has & net loss of soil & carbon due to acceler-
ated erosion and associated agricultural production.
This is often linked with declining soil structure, low
biodiversity, poor water holding capacity and low agri-
cultural productivity

SIX ENEMIES OF SOILHEALTH

Soil health relates 1o the chemical, physical & biologscal
components in the soil. Soil health and soil bickogy can
be degraded by chemical imbalances through excesses in
sodium, hvdrogen and chemical residues.

Salimity [excess of Sodium|

Acidity [excess of Hydrogen|
Contaminates  [excess of Chemical Residuc]
When dealing with exeess, LD, & know your eneny
For acidity consider soil fesis thal document assumed

Hydrogen levels 46 pH=53% H& 5.6 pH=2T%H

i
i
i
o
o
ot
r‘I

The next three enemies invelve the physical components
of the soil, especially as soil aggregation breaks down.
Soil Erosion: Sotl purticles detachment & transpomation
Soil Structure Declining: Lock of agprepation pattern
Soil Compaction: Lock of Oxygen & pore space

THREE KEY PRINCIPLES

Conserve the soil that you have via erosion control
Cover the sodl surface: Min 70% groundeover, particu-
larly over summer [ideally 10(0f% earthworm castings].
Preference for deep rooted perennials over annuals,

With regards 1o cropping the use of crop rotation would
be preferred with minimum tillage / soil disturbance,
stiibble retention and minimum stubble burning.

Grow Topsoll - maximise leal & root surface area.
Optimum Stocking Rates for Land Classification.
Rotational [ Time] Grazing [Min Set Stocking].

Balance soil cation ratios Caleium ¢ Magnesiom & K/ Ma.
Minimum of 5.6 pH [Water]| = 27 % Hydrogen

Ieentify what form of Calcium to use - Rock Phosphate.
Lime, Dolomitic Lime, Dolomite or Gypsum,

Minimum 1-2 earthworms per shovelful |Winter © Spring]-
Improve soil bicdogy = plan seccession = humus formation

THE SOIL FERTILITY SPIRAL

Increase in topsoll depth, Water retention, Nutriem O
Soil fentiliy 1 Succession of voluntary plants species

Increase sctive humus It [C.E.C.R, nutrient retention 0]
Biomass § Protein level # C oo K Decompasition 1)
Sail blodiversity 1 =« Earthworms, better smelling soil

Dhmmml'srn of soil pare space [porasiiy] I Biohomest
P So0il aggregation A Soil struciure jpatem of aggregativafl

>‘|’1:Id- Cualidy, Income T Capital for Investment N

R0t exudatesh Blochemicsl signals symbiotic relationsl

.......................................

Soil Organic marter & colloidal material [Clay/Silt] &
3 Demehment occurs: Soil aggregates breakdown i
Reduction in sail [paresity] pore spaces
Q Soil becomes compacted & surface crust forms &
Incrense in transport [wind & water] velocity
Incremse loss of inpaodl & orgenic matier, Milropen 0
% Pasture/Crap yields | [negative economix signal|
Less incomse 1o reverse 3ol health decline
;' Motemiial foss of "Capitl™ in Topsoil & Land Valoes

Soil Health The Gate Way to Healthy Farming

Halihy
Animals

Healthy planas: higher brax or
sagar ganfend - pest resistanos
Ingrense Soil Biodiversity /
Miass & Sanl Chemical Balance

The chotce i clear - Develop improved Soil Healtl: Strate-
ghes or allow our economic sustainnbility to be eroded away.

Zail Health consider the Physical,
Halogeeal & Chemiesl

© Integrated Agri-Culture P/L 2006 Rev 2.0
Referompes: 03 K|

RE], Evall Mojth Eaal Seafl 1icibh St ion Ml (DN RE  PiaSagles

Contact: Gwyn Jones 042 776 1191 or gjonesihealthyag.com P.1

i, (000 & Gepgaricli L 1998, Wl Plrashily s Clvee Sl C 1 0. R K., O




HOW TO BECOME A BETTER BIOLOGICAL FAI}J‘HIER

_____ —
Focus on: Synthetic The Focus on: l Focus on:
CHEMICALS* Missing BIOLOGICAL ENERGY
Inputs: Link: [nputs Inpauns:
Insecticides Focus Fish emulsion Paramagnetic Rock
Fungicides On Beneficial bugs in a boule | Magnets
Herbicides Minerals | vAM Homeophothy
Lirea
DAP, S/Super Treat the | s soft Lime: Biological [?]
Sulphate of Potash Problem
* |5 there use, treating the| Notthe
symptom or the problem? Symptom

----- — rh

A diagrammatic way 1o illustrate the MINBIEN [Mineral, Biological and Energy] inputs
and management systems is as follows:

MINERAL BIOLOGICAL ENERGY

(=1
i

DZET RO =W

m— =&

ADDED INPUT ADDED INPUT ADDED INPUT
CALCIUM BOTTLED BUGS | PARAMAGNETIC

4 Rock Phosphate ROWCE [S|]

B Lime
5. || £ || Dolemitic Lime [COMPOST TEA] | HOMEOPHOTHY
- 3 Dolomite
G g Uypsum Probiotics Biodynamic methods
R f . - Rubstance ¥v's Force
A = Copper, Zinc, Boron,
7 3 Manganese, 5Se, Mo
RS \
T": b —
G |l £ || CHANGE CHANGE | CHANGE
vl 2 AVAILABILITY PAVAILABILITY pPAVAILABILITY
E = a . .
T z Liming acid soil: ADD SUGAR Use of Magnets
H || S P, Mo & N i ADD MOLASSES
0 || £ || Al Fe, Cu, Mn & _ o :
ool 7Zn U Liming acid soil: Paramagnetic

2 Level 11

"_;1‘ Aeration: Oxygen Il

The infarsation contained = ths publicstion has been formulmed in good faith, the conionts do not ke inte accous 81l e factors which nesd 1o be
considored belore pufting that information inle praciee. Accordingly, no person should rely on anythimg conlained bercin a8 3 sybstbsne Tor SpegifiG

professaomal advice. Sodl HEALTH Rev 50337 All nights reserved @ Goasymn Jores M D42T 761 191 E 'Ej““fﬁrl!;'h'ﬂﬂl lh}'ﬂg.iﬂm



Management Strategies for Growing Topsoil

Aim: To optimise - soil fertility, [voluntary] plants species succession & plant vield
ASSESS PLANT SPECIES SUCCESSION [pg The Soil Builders]: See Sheet =

{!I / 1
ASSESS HARVESTING METHODS by plants and of the plants

Aim: Increase leafiroot surface area to make the unavailable [air/water/minerals], available

—

- Review: Stocking Rate 1" & Grazing Methed 2 2™ or Pruning, Slashing, Mowing etc]
Rcwew DI‘:" SoilHEALTH; Physical & Emlngnca] Audit: See Sheet

salsmman --.--.-.-----------__-______.n.__ga.[; P e N T LT T T YRR R

ASSESS SOIL CHEMISTRY: Do you add or change the availability

Aim: To balance soil chemistry: N,B.K.5 & balance the cations: Ca/Mg, K/Na & H Base Saturation
Aim: pH = 5.6 - 6.2* [in Water] *Beware of speciafity crops. Don’t apply “Lime™ solely on soil pH.
f 1

Calcium : Magnesium Ratio? [+:2:3.4% 5% 6* 78 Ca: | Mg Base Saturation - *Depending on Lab]

£ | Is Caleium needed? Is Phosphorous also needed? IT Rock Phosphate is needed. use it before Liming
L4 ] 'E"
b
s 1* Choose a Calcium Suuru: [+ P or @33/1 Mg, @5/1 Mg, @2.5/1 Mg or 5] if needed
: Ca 22% + Ca 33% 4 Ca 30%+ Ca23% Ca23%+
3 P 15% w 1% Mp S = Mg ||:|°:u~ 5 18%
a ' Rock = Lime; Dalomitic Dalomite: = Gypsum
i P|1.u5|:||l.l[|f' I3 a0 ]:".l"' l.imL':SL'n-l.'ﬁlg 25Cas I:"-1ﬂ
T
4

2 Leis Neaded Make your selection first before you consider ENV®
ess Ne el = T
T £ RRP used? Don't buy -:I;IlﬂmL _nnl_-, on *Effective Neutralising Values Can Tnduce
Less pH change 2™ Assess EN E‘ [TI‘HI'ISpDI'I $‘] e deficiency?
l Assess Mineral Interactions & Trace Element Reqmremenls [Cu, Zn. Mn & B etc as pH changes]
- - ._.ﬂ_n.- - R i R

REVIEW SOIL PHYSICS: Consider mechanical soil aeration: See Fast Fact Sheet:
a] Is there a problem? eg a hard pan [Use a penetrometer?] Which aeration tool to use? Or

b] To enhance topsoil development [to compressing time?)
0
REVIEW SOIL BIOLOGY [C3 The Recycle Team]: See Fast Fact Sheet:
b] Adding “Better Bugs™ to your seed 1" & soil 2 [to compressing time]?
—

a] Stimulate Existing Biology [Improve conditions? Do vou feed them?] Or
o

ASSESS SOIL ENERGY = Big 3: C/ O/ Si [Storage of energy like a car battery]
a] Improve General Vitality [using Radionics?] by eg Mechanical Aeration [Q] Or
b] Adding paramagnetic material: Rock Dust [Si] or Carbon [to compressing time]
4
REVIEW CARBON SEQUESTRATION [ B The Warchouse /]: “Active™ Humus coating !
original soil particles, making a younger renewable soil resource. Growing Topsoil is the by-product!
&
REVIEW PLANT SPECIES SUCCESSION: P
a| Improve plant species/succession - review harvesting methods by & of plants?  Or E
b] Adding seed [Cropping]: Direct sowing —perennials, if they are present [to compressing time]?

© Integrated Agri-Culture P/L 2007 Rev 7.2 Contact: Gwyn Jones 042 776 1191 or gjones@healthyag.com P.10



I.III

al & Phy

|.I|

CURRELATIDN DF FLAHT SUEEESEIGH & SOIL FERTILITY
A Hierarchy of 56 Naturalised” Indicator Pasture Species in N.E. [Victorian] Acid Soils

A Native: Original Species
2 Spear CiTss Slipa spp
E' Windmill Ciminss Chloris truncatn
= Kangarog Cirass Themeda spp
7= Red[-leg] Cirass Bothriochloa macra
= Weeping Girass Microlacna stipoides
& Wallaby Grass Damhonii  spp
7 Whem Grass Elymus scaber
= Soil fertility Class: LOW Pioneer Volunteer Species
2  Mosses / Liverworts Cortonen Dommunnes Brvophytes spp
g Toad Rush g Juncus bufonius
£ Winter Grass Poa annua
g Common Rush Juncus polyanthemos
o8 t2  Spiny Rush Juncus acutus
- I_— Sorrel [Sheep] Rumex acetosella
) o Onion Weed ! Guilford Gross Romulen rosea
= a Trifolin & Medics Eg Cluster Clover Trifolium glomerstum
E & Summer Girnss Digitarin sanguinilis
= 2. Meadow Foxtail Grass Alopecurus pratensis
&= 2 Soft Broome ! Goose Grass Bromus mollis
- = Flat Weed J Cats Ear  common Communtes Hypochoeris radecarta [Hairs on top of leaf]
E’! E Benl Grass Brownlop : . Agrostis capillaris
Rib Grass / Ribwan Plantain ’ - Plantago lancealata
E E Broad Leaved Plantain Plantago major [What's the 3™ one?)
= = Sweet Vernal Grass Anthoxanthum  odatatum @
E.,_ : Crested Dogstail Grass Cynosurus critatus. E =
w i Ratstail Grass Sporobolus capensis i
y  Rat Tail / Slender Fescue Wulpia bromeides :_ ﬁ
& Soil fertility Class: MEDIUM Opportunist Species = 2
§_ Annual / Wimmera RYBQrass Common Commuries lLower Rantan) Lolium rigidum 7 ,;5
Mt Barker, Clare el Sub Clover © - Trifelium subterraneum =
Q Barmward {irass Echinachlaa crus-galli A ’i‘
— Tall Fescue Festuca arundinacea g =
S Tall Wheat Grass Cormrron Comeuratian emer Avsas | Aropyron clongatum 4 g 3
5 Strawberry Clowver Trifolium fragiferum 2 ==
2 Red [Fiddled] Dack - - Rumex pulcher :r:*;._._ =
1 Swamp * Curled Dock - Rumex brownii / crispus 5 =
= Yorkshire Fog Girass N N Holcus lanatus :_E.é =
E Prairiz Giriss Bromus unioloides E i
— Soil Fertility Class: HIGH Advanced Species E -:-..
E Phalaris Phalaris tuberosa =@
5 Kikuyu Pennistetum clandestinum E ;—E'
m ;: Timahy Cirass Phleum pratense ‘-F: E
2 | = Cocksfoot Dactylis glomerata g =
= | 5 Paspalum Paspalum dilatatum a
i % Chicory Cicherium intybus
= E‘ Dandelions Common Commenites Taraxacum officinale  [No hairs on leaf]
S | = White Clover - - Trifolium repens
= E Perennial Ryegrass °  ° Lolium perenne
% Red Clover [Hist nauralsad - Mo Bumbio Meee] T Fif0lium pratense
v Lucerne Medicage sativa
A Soil Fertility Class: EXCESS — |C/N Ratio. 1s Nitrogen 7|
Z | 2 Barley Grass # Hordeum leporinm
£ E_ Capeweed E Arctotheca calendula
E ~ Fat Hen ! Goosefool ¢ Chenopodium album
E | & Wire Weed ! Knolgrass % Palyponum aviculare
S | ® [Tree] Hog Weed Z  Polygonum patulum
= | £ Marsh Mellow Gommon Conminsiies 2 Melva parvifiora
2 | & Prince of Wales Feather : ‘ z Amaranthus referroflexus
* 1% Black Mightshade & Solanum nigrum
¥ Common Stinging Nettle - % Urica dioica [[] 5 accumulator?]

The imfcamation contained in this publication hias beon Formilated s pood faitk, the contonts do mol ke 1Mo accois all the facicss which need 1o be
considered before putting that mformation inie practice, Accordingly, vo person should rely o anyiling cortnined herein i3 substiate foe specific

pandessannnl ndvice, Rev 5.5, H06@ Intcpraled Agri-Culvane FIL. Al sighis seserved. gjones@healthyag.com Gwyn lones =61 7 3580 3181 Page 9
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'Sﬂ:}ll Struciure & Relationship 1o
Crusting & Compaction
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Three Characteristics of Soil Structure:
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2. e
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Compaction:
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Conchoidal Fracturing (Compaction):
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Crusting:
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Dispersion:
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Managomeni:
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