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Foreword

How do you know if your soil is healthy! What are the characteristice and funcrions
of healthy agricultural soils’ These are broad questions thar challenged scientiss,
farmers and consultants at a soil health workshop held over two daysn June 2001
at Wollongbar Agricultural Institute. The workshop atracted interest from both
tarmers and specialists in soil biology, soil chemistry, soil physics, agronamy,
horticulture, extension, plant pathology and microbiclogy. The program was
organised into sessions on soil biclogy, soil chemistry, soil physics, farming systeme,
and extension. These proceedines collate more information than was possible 1o

present at workshop and should serve as a valuable reference for the whole
communty.

The workshop aimed to review NSW Asriculrure’s soil health research and
extensian activities, identify general soil health issues, idenrify issues specific to

farming systems that need further attention, and identify strategies to
sddress these issues.

1 key messages emerged from the workshop.

ealthy agricultural soils are those used within their capability to enhance
production without being degraded or degrading their environment.

* The biological, physical and chemical properties of healthy soils enable them o
function with resilience 1o disturbances from agricultural practices and with
MINImLuUTm CX‘TT!T.‘{[ mpurs.

*  To maintain and improve soil health it is necessary to plan for the long term
and integrate best practice tor erosion control, soil organic marter management,
water and nutrient management, and pest and disease management into the

Pros TIon system.

o  There needs to be more effective communication of soil health management.

The workshop presentations repeatedly identified that susminable production
systeme build and maintin a healthy soil resource. As these proceedings
demonstrate, NSW Agriculrure has a broad range of expertise and is well positioned
to assist agricultural industries and rural communities develop food and fibre
production systems that are both economically and environmentally sustinable.

Peter Slavich
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Soul health: the fosndation of westainable agrultwe

Opening address

Helen Scott-Orr
Executive Director, Research Advisory and Education
NSW Agriculture Orange

I am very pleased ro be ar Wollongbar Agricultural Institute o open this two day
workshop focussing on the issue of soil health. This workshop will highlighs the fact
that soil health is fundamental to productive agriculture. Soils are the basis of

agriculture and the basis of our very existence.

NSW Agriculture has substanrial invesrments in =oil through specialised soils
research and advisory staff as well as our wider agronomic, horticultural, livestock
and veterinary staff. Increasingly, our soil chemists and physicists are being joined
by scientists developing expertise in soil microbiology and soil entomology. .

Many people think of soils as ‘just dirt’ and cannot imagine that they are
interesting. Bur the study of microorganisms and wildlife in soil is a new fronrier.
We need someone like David Artenborough to put soils under the fibreoptic
camera, and film the dynamic fascination of soil life for the world to see.

To fully understand soils, we need to ger a better picture of the complexity of
interactions berween soil fauna like earthworms and beetles, microorganisms, the
soil chemistry and physical acributes. A balanced interaction is the basis of healthy
soil life. and therefore the basis of healthy food production.

Aside from highlighting the importance of soil health, this workshop wﬂlnpm
the investment NSW Aericulture and the community has in msmu: farming,
Oreganic practices have developed from years of empirical observations. A
requirement exists, now, to scienifically scrutinise many of these practices in order
to verify benefits to soil health. Many of the organic Fﬂcﬂw are mmdu
improving soil health and conventional agriculture can also learn from them. '
Theoutmmﬁofthbworhhnpwiﬂhmdtmﬂ!bkif#wwﬁ rd '
Workshop at NSW Agriculture’s new Centre for Organic m‘w,q- o
jul\: 2001, o' wid olm -
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Making soils sexy: :
discovering the erotics of soils

Rebecca Lines-Kelly
Environmental extension coordinator
NSW Agriculture, Wellongbar

are people we should all value 25 pass
sotls knowledge

It seems to be the case that o
commitment and won't ler v
and beneath nonice. They
grounid we stand wh
farmers and scienns

¥ aren t the

Whest something is sexy, it arrrs 15 our inrey

COnTeT 2 sexy isue i 2 hot msue, sble n




Sonf heaith e femndesmo of Just

Any xsd farmer knows whar sotl qualiry i
hobd, and cycle numents and water,
environment for ToOt systems.
they smell alive and feel crumbly
longer. Plants ke oft taster and grow more vi

They ke in warer

Benbrook i right: even though farmers may not have the
know what a healthy soil &= by looking, sme ling
the senses i the key 1o making soils sexy now., while ¢
healthy. Engaging our senses is an acmary oper 1o all
soils knowledpe we- have. Even if we need the help of scie
we see, smell and frel, we don’t have o wait around u
they know everything abour soil health.

nil

While we can see soils ar the surface, we do not learn mu
examine them deeply and in detail. We need to be able ro rec

subsurface indicators and whar they mean. Soil pits are good

nesd to ensure that visual examinations retan th

revelation, and don’t become ho-hum tools for advisers «

imporeant to know how to dig "'mini-monoliths’ that don't req

the capaciry

Quality sorls till easier thar
stel

wd feeling. This

while also providing a be

are still prodt

patter wh

Surtsce visual indicat [—

_organic layer organic matter, biological activity

colour organic matier. drainage

oacks maoisture levels, structure A

BrOsIoN Structure, organic mu!‘.er:."_a;.-' =
_groundcover organic matter, biclogical act i

insact activity organic mattar, structure

_paricie sore (dustitiods) moisiure lavels, structure

fi
_ped formation biological activity, organic matter

plant growth nutrient jevels, structure. ph

_Below surface visual indicator  Indicates

colour organic matter, moistu
-% structurs

_Gepth of topsoil _ fertiny

_Eanhworms organic matter

holes, tunnels

=8, Wnnets, shells, webs. casts biological act

insect :
000 ofganic maty

ool mass L
R
cture, nutrients

Visual tool indicates

Touch

f soil is perhaps |

Indicates

¢ ICAIN more 3DoUT

Smel Indicates

ed to inspire

ainding of their

ng rools that

it a healthy, living soil is so that we become more
sult we will be less inclined to ride roughshod
iastery. Unless we become wruly

erotic not only to ourselves but w0

_we tun the risk of destroving

L




on into the soil below you... Think with compassion of
Think. the drama, the sexuality, the harvesting, the
\ ceaselessly. Think about the meaning of being a steward

of science, Quadrant April 1993.
ning: Your Fath of a Healthy Garden. Random House,
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Appendix 1
Some good websites about soil health

Australian sites

Soilhealth.com

hetp:/ /www soilhealth.com |
This excellent website is run by the Soil Biology Research Group in the Faculty of

Agriculture at the University of Western Australin. It aims to answer common.

questions regarding soil biological processes, organic matter, soil organisms, and the

soil management practices that affect these, and provide background information

relevant to soil health and sustainable use of land.

Monitoring soll quality in grazed pastures

http:/ fwwwenre vic.govaan/agvic/ellinbank/SOILS- 1 2. him

Dept of Natural Resources and Environment, Victoria

This site describes a Victorian research project to help dairy farmers assess soil
quality and includes the quality indicarors used.

Land Management Society soil courses

http://www lmsinfo.com/rraining htm#0ON - FARM TRAINING (2000)
This site describes the soil quality monitoring courses run by WA's Land
Management Sociery.

Solls zoo
http:/ /www.waite.adelaide.edu.au/school/Soil/zo0 heml
This site has good quality photographs of different soil organisms.

US sites

Soil quality test kit guide (1999)

Inited States Dept of Agriculture
hreps//www statlab.instare.edu/ survey/SQL/Attach/KitGuideComplete. pdf
This is an 80 page book which describes 12 different tests used in assessment of sail
quality, together with back-up technical informarion and interpretarions for
individual rests.

Soil quality card design guide (1999) !
hetpe/ /www statlab. instate, edu/survey/SQU/cardguide heml

United Stares Dept of Agricultre

This site has links to several different soil quality cards designed for on farm use.

Soil quality information sheets (1996) . !
lmp:.*;’msurhh.immle.cdufsum/SQUsqimhhml
This site offers a series of information sheets on different aspects of soil quality.
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Assessing the pasture soil resource
hetpy//www atTra ofg, AR pub/pastsoil
This sire. run by ATTRLIA. Approprate |

describes a number of soul assessment techr

Soil biology information resources
survey/ SQL/pdf/ into

hetpe//wwwr smatlab.instare edt

This site hists a range of information sou

Soil biology primer
hitp/ /wwwstatlab.astare e

1/survey,/SQL SoilBiol

This site is an online book providing an

foodweb and the different ry

f soil anim

Sustainable Farming Connection soil health menu

htp- Ao ibiblio.o

This site accesses a rar

online copies of complete

(1911}

Holistic agriculture library
http:/ /wwew.soilandhealth

This website has

agriculture publicarions «

On becoming lovers of the soil
et/ www igc.org/wsaala/1
This excellent arricle by US ¢
Kirsche

The roots of soil quality
hetpe// waw: pms
Thi= arnicle by C
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| L] s NOC given to you by your parents, it was lodned o
8 1f 2 heolthy soil is full of death, it is also full of life: worms, f . o not inherit the earth fic
microorzanisms of all kinds...Gwven only the health of the soil, nd u n vl
is dead for very fong. Wendel] Berry
_ @
# When Hun Atrila’s Asian warnors moved westward, he cowed his en t §
threatening to throw salt on their lands. Hins fenm
B 1 find that 2 real gardener is not a man who cultivates fl
cultivates the soil. He is a creature who digs himself in
the sight of what i on it ro us gaping good for nothing B
ground. He builds his monument in a heap of comyp
Garden of Eden he would sniff excitedly and say: Good Lord, what the need ro rely
Koarel Capek & 2 point in the
ea of the soil as
B We have all come out of the earth, and are hildrer t anchor their roots
nurrured us, despire our scornful abuse, and we ing tom the fertiliser bag.
behave as its ungrateful offspring. It is time for us, as Home sapiens
nurture the earth in return. Dansel H
. ve what yw, and we can
B You must teach your children that the ground beneath
your grandfathers. So thar they will respect the lar
earth s rich with the lives of our kin. Teach your o [ ] is that we have gone
our children, thar the earth is ¢ s And | submit that
sons of the earth. If men SPIC Upomn t r again, many of our
Native American wisdor ] - environmental
B The old people came literally to love the soil and
grotind with a feeling of being close 10 3 mothening = brural force, but its
skin to rouch the earth and the old people lik nowledge, for
walk with bare feet on the sacred carth Their tipis were | Maru
and their altars were made of earth. The birds that flew into
upon the earth and it was the final abidine place of all thing: ] rt when rhe body sings
grew. The soil was soothing, strengthening, cleansing and a nnection can only expe 1 and greater ecological
Standing Bear k with each other is in direcr proportion to our lack
have taken our love inside and abandoned the
B There is nothing in the whole of nature which is more important than o s love. Love i what we fear. Tc ge from the earth &
&-’?n“ as much atrention as the soil Truly it is the soil which makes the worl = -
nmnﬂ!ytmm_mmem for mankind, It is the soil which nourishe r . = :
for the wboh-‘ut nanre; the whole of creation depende upon the s i ¥ bal hunger, threats o life. urges
the ultimate tDl-ll'Id‘.irlun of cair existence. Friodich A a3 o .‘;‘hlcvrﬁ We stand on T\.\ll!, not on
. ooy eath our excrements and
o Thtmil is the well of agriculrure. In many places, the soil is e ur g sth soil and virrue.
lighter touch and a lirde help from its friends, Bur oo ‘\fr:‘, the 1 .‘I-.” = .!|II
offlmh to productivity problems linked to the soil i n-.,{., ,Inl. ,:.. L,r] ::. IF::‘\. 1: !
j e, or apply more
very things that systematically destroy soil quality. Charies B.
.
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: whamwﬂnmme.nulmmilmwmm. If
from it we are aliens adrnift in a synthetic environment. Itis
e to understand the selflimitations of life, its cycles of death
the interdependence of all species. To be at home with the soil
£0 be at home with ourselves, and therefore the only way we
the environment and all of the earth species that are part
&mmehichwnﬂsmnd.

to honour the mysteries of trees, animals, water, lichens,
‘bacteria...all of the world which it has been beyond human
For even if we are able ro clone DNA and to combine

enes. behind that DNA and those genes still lies a creation
hands. We would do well to remember that we were never the
1 suspect, we will not be the ending. Cherie Staples

hic simply enlarges the boundaries of the communiry to include

plants, and animals, or collectively: the land. This sounds simple:

eady sing our love for and obligation to the land of the free and

tl e of th Yes, but just what and whom do we love! Certainly not

 the soil. which we are sending helterskelter downriver. Cerminly nor the warers,

swe assume have no funcrion except to rurn rurbines, float barges, and
sewage. Cermainly not the plants, of which we exterminate whole

s without barting an eye. Certainly not the animals, of which we

ed many of the largest and most beautiful species. A land

rse -prevent the alteration, management, and use of these

‘but it does affirm their right to continued existence and, ar least in

to mke off our masks, to step out from behind our personas -
dﬁnhudmrﬁsmbwlopu. geologists, writers,
; m-rmdldmnwemhﬂx.mgnged inan

_ anflnﬂmof;ﬂl:e. a politics of place is

- ‘Conservative, a politics rooted in empathy in which
community, as Aldo Leopold has urged, to include all
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Soil health: a systems approach to soils

Peter Slavich

Director, Wollongbar Agricultural Institute
NSW Agriculture, Wollongbar

H.::E:hv agriculrural soils are able to balance a range of functions to meet the needs
of both farmers and the community. Healthy soils function to sustain soil biota and
plant life, store and cycle water and nutrients, decompose organic marrer, inactivate
toxic compounds, suppress pathogens and protect water quality. Soil health isa
systems concept that implies that the soil functions as a balanced living system. It
implies thar the interactions among the soil's internal components are optimal and
ek e intetactions of the soil with its external envir and the production
system are sustainable. Soil degradation and poor water quality are symptoms of
poor soil health. Soil biological activity, surface cover, organic matter content, pH
and warer availability are highly interactive and hence important soil health
properties. This paper describes soil health and how it relates to soil properties and
management practices in horticulrural, cropping and grazing production systems.

Definition of soil health

Soil health has been defined by Doran and Zeiss (2000) as ‘the capacity of soil to
function as a viral living system, within ecosystem and landuse boundarics, o
sustain plant and animal production, maintain or enhance water and air qualiry,
and promote plant and animal health”. Healthy soil functions optimally through
balanced interactions amongst its biological, physiochemical and mineral
components. The mineral component consists of sand, silt and clay particles; the
physiochemical component consists of soil aggregates; pore space, reactive surfaces,
and organic and inorganic compounds; and the biclogical component consists of
roots, insects, invertebrates and microorganisms. Healthy seils funcrion 1o
sustain biological productivity

store and cycle water and nutrients

decompose organic martter

inactivate toxic comnpounds

L

suppress pathogens
e protect water quality and enhance carchment health.

Hierarchy and emergence are properties of all systems including soils. These
properties imply there are higher level components and functions of the system that
depend on, and emerge from, lower [evel comp ts and functi Thermlﬂ!
the whole to be more than the sum of the parts. The biological and organic
component and functions of soils depend on, and emerge ﬁnla. the physio-
chemical and mineral components, Hence the abundance, diversity and
funcrioning of these organisms is key indicator of soil health.

13
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be used help farmers identify the most critical limiting soil fact

their soil condition, plant rype, imate and management practices

alrt

The cost of fully characterising all soil properties that contribute to soil b

potentially very high. Given rhat soil-plant processes are complex, a ¥e:
interactive soil propern /ort

strategy is to characrerise the most
properties that have a high level ot dependence on physi al and cher
properties. For example, soil water directly affects soil biological actmaty -
indircctly affects a range of physical properaes {mec hanical resista
builk densiry, thermal capacity, leaching rate) and chemical properties
qm:umm.l\makdmm pathways) Letey (1985) proposed the c
limiting water range (NLWR) to characterise the interaction berw
content and soil physical properties. This concept idenuf the rang
contents that limis plant growth. In wet soil, water content 1t
inadequate soil aeration, whereas in dry soils the main limitir
high mechanical resistance to oot growth There is potential
concept © include interactions between soil warer a nd soi

\salimary

fimitations to productivity. Other highly interactiv
matter content and soil pH

Integrated soil health research and extension strategy

It is important to distinguish soil health issues generic to all agriculrural industme

and produsction systems from those thar are more spe
regions, climates or farming systems. Sound man

organic matter is fundamental 1o the sustainability ot all
systems. High levels of 201l organic martter enable soils to sup
o plants for longer, reduce the risk of soil loss via erosion, anc
food source for soil biota. Management practices that enhan
generally sustain or enhance soil organic matter, prov
Effective methods of characterising soil bio .
decomposirion rates, soil muding by organisms,
for all farming systems.

15 1T

The potental ro apply practices to enhance soil health
production system (eg grazing, cropping, horricul local
soil type, and socio-economic factors such as economic returns
level. Pracnices thar improve soil health within grazing syste
deeprooted perennial pasture species, applying ad i
to manage acidification, adjusting stocking rates 1o prevent bare soil
mm lequmes and dung beetles. Management prac i
Cropping systems to improve soil health include minimum ¢
soWing, crop rotations, stubble retention, rraffic \
m water and nutrient management plans, In horriculoural 1
there is p Rrowing interest in the use of ground covers u--:l--l- 1‘Tf"~ e
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, loss of confidence in "conventional’ farming
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by protecting the

wl water flow
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- management practices

ugh use ot

«fits thro
\ic amendments, fertiliser strategies) there is a need

nonstrate their use across a range of production
can only be achieved through an integrated rescarch and
together the necessary disciplines, programs,

eeds to identify both generic and

t teams to address these

rships. This strategy n
< and to establish linked projec
this workshop to develop and gain support for a

realth management
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hwmhﬂlh&hblﬂt uides tssues and concepts hat soil
’ l ludes 1551 and concepts ths

. Increasingly government is responsible for re

Sl haseleh: ke fomenation o suscisinabic agriculzure

gives the impression that the s

least, & healthy soil
wmhmmWN d:m'wwwlwm I:ir:m and macro flora and fauna actively drive
:hbl and physical processes. At the strategic planning level, the terms soil
aality and soil health can be used synonymousts:

The department's soil management strategy has focussed for more than a decade on
maintaining high quality healthy soils by preventing land degradation and
remediating land where it has become degraded. This can appear a negative

bt efforts 1o revise the strategy have always been dominated by the
explottative nanure of agriculrural production on NSW's essentially poor quality
sotls. Without preventative measures, soils used for agricultural production tend o
acidify, degrade strucrurally, decline in nutrient status and in some instances
become more saline. In more intensive agriculrural farming systems, overuse of
chemicals and fersilisers can impact on soil and water health. Offsite impacts of
agniculrural soil management have grown in importance over the last decade

" The management of soil water to reduce drainage groundwater is crucial for the

management of land and warer saliniry.

The strategy has six key objectives:

® soil strucrural degradation diagniosed and managed in NSW tarming systems

» soil salinity diagnosed and managed in NSW farming systems

& soil acidity disgnosed and managed in NSW farming systems

e acid sulfate soils diagnosed and managed in coastal farming systems

® soil nummient decline and loss diagnosed and managed in NSW farming systems
* inmgration of key sod I issues within NSW farming systems

The specific acthvities under each of these objectives focus on the development of
rechnigues 1o recognise and research the processes, and develop and pramore
management practices that prevent land degradation and remediate degraded land

The strategy is focussed on achieving the following soil quality and soil health
outcomes:

improved sofl organic carbon and soil structure

minimimised groundwater recharee and slowed trends in soil and river salinities
reduced rates of soil acidificarion

minimised acid leaching from coastal acid sulfate soils
balanced use of nutrients with minimal nutrient decline and loss
uﬂmmmndnmm integrated into an economie, social and

PRI B

porting of outcomes of its programs.

Sail quatity and soil health outcomes are often nebulous and difficult o measure in

‘an unbissed way across the stare

Soul health the foundanon of noastnable agrunltere

pH, and nurrient levels for the major elements of nitrogen, phosphorus, porassium
and sulfur. Where SOILpak scores are used over time they can be 2 useful indicator
t strucrural health. Sales figures for lime, gypsum, perennial pasture and grain
e seed, and the area planted to farm forestry, can all be used as indicarors of
the adoption of appropriate land management techniques. Surveys of farmens
adoprion rate of conservation farming techniques and their use of splir applications
of tertilisers and precision farming are also useful indicators. Warer quality in our

s and the number of fish kills in coastal rivers gne an indication of the
Isite mmpacts from l.lmi management pracnoes I: L] unpurt:l.nt thl‘ ‘-u

4t am 1o h!!\i‘f\ wve \‘”'I! hf:lhh ]'L'l\t Systems In prE 0 MOnToT ‘}K

re and Recyeling Unit and its production programs such
, Cereal Products and Horticulture, that soil health is a

-ulture. The challenge i to coordinate and communicate

to this process, a process that has been
ISW Agriculrure.

the activity of some people [ would like to highlighe
s activities in developing and promoting healthy soils.

Table 1. Some key soil health practitioners in NSW Agriculture

Soil health issue Name L i
Acidity
Acidity Greg Fenton Wagga
: Catherina Evans Condobolin
nutrition Mark Conyers Waggs
tion Keith Helyar _Wagga
- Guangdi Ui _Wagga
cidity/ nutrition Erandan Scott Wagga
Acidity extension Mick Duncan Armidale
Acidity extension Bill Schumann __Queanbeyan
Icid sulfate soil
Acid sulfate soil David McCoy Taree
Acid sulfate soll Peter Slavich Wollongbar _______
Acid sulfate soil extension _ Christina Collins Wollongbar
Acid sulfats soll extension __Scolt Henderson Kempsey
c 1
Extension Hugh Allan Tamworth
Soil health ian ___ Abigail Jenkins _Wollongbar
Soil health communication _Rebecca Lines- wi
Horticulture

Alstonville
Horticulural soil health ___ Nel Trevemow 7" ==

V! bie farming systems _ Tony Wells
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Figure 1. Simplified functional food web for detritus-based systems in soil

Organisms in the dotted and dashed boxes may be consumed by
organisms that utilise substrates from more than one trophic level
From Wardle (1995).
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i‘ m‘cmhuna 3 II\Ii nematos
The main components of the soil microfauna are the Profozod s
rs of the soil microbtota
and are involved in nutrient

They feed on bacteria and fungi (the

largest membe

<elE |m\'\l|||:'|||».‘||
primary decomposes ]

Protozoa

Protozoa are water-depe: ANISME POSSCS

ndent, unicellular org
{ naked amoebae, They feed on

clussified as ciliates, flagellates anc . :
gram of soil. Although

nge from 10 to 10" per

fungi and their populations
5%] of soil microbial bic

protozon constitute only a small prof
ause of their rpid tumover rates and

yortion (

are mportant ecologically bec
pressure they exert on the microtlora. This {ng pressure maintains
populations that are physiologically young and in a high state of metat

Thus microbial murmover 15 stimulated
mineralisation, especially nitrogen and phosphorus

resulring in increased rates of nutric

Nematodes

Nematodes are ubiquitous in soil and are amor
ants and animals but the ma
This lart

+ the most abundant s

micrafauna. Some species are parasites of |
beneficinl, playing an important role in nutri
of nematodes, commonly known as "free-livir
fungi and/or prey on various soil microfauna wy therefore obtain
nourishment from organisms thar are Aying or}
Thus freediving nematodes are part ot t arural food w organi
protosoans, carthworms, mi " and bacrerin that redu

remaines of animals and plants to their primary constituents

Soil mesofauna

The soil mesofauna comprise mi
worms from 1 mm to 5 cm in lengrh)
They are a diverse group with a wide r I fee habits, |

play a role n regulaning microbial populations and disseminating micro
propagules. They also ate decomposition of plant residues by fragmenting
large pieces of organic marrer and reworking the of larger fauna
Microarthropods (mainly collembola and mite

mesofating. Population densities vary from 10 to 107 per square metre of
Papulations are generally highest in the top 5 em il and de

depth. Aparr from fragmentation of residues, enchytraeids <|-“.> fte 1
through their burrowing activities and inilt sail i .-I [- s
faecal pellets : N g
Soil macrofauna

These are the most conspicuous of the soil anin

|
s g o L
the greatest poter and, because of their size, hav

al for direct effects on so

this group include ants, termites, 111|Hl“:-d\lsl| :|l\l:ill:1-:‘1”][."1 lllf Ilwmr\ sy
snails and slugs. Through their feeding h.|l~|.z<. i i
rhﬂ help 1o comminute and redistr I .
This activiry results in an increase

earthy

and their movement through soil

ute orgs C TeH 5 .
organic residues in the soil profile.

in the surface area of organic substrates available

16

the foun

tructure through the formation of macrop
w influe rer infiltrution and solute leaching through soll and

netion as an environmenml buffer
How soil biota contribute to soil health

Maintenance of soll structure
t b lp les together have both mineral and
iributed by soil biom
oil particles and small

=d by microorgani

rums that bind g

MICTOOTEANIS
ts thar would

AT NULTIENTS Are

d various oligosaccharides

trient pool whereas humified soil organic
1w take several decades to be degraded

r vear, has the greatest impact on

plex array of interactions between soil organisms
<b. In agriculrural soils, the way
depend on the type of farming system When plant
cultivation, bacteria start the decompasition

 referred to as the detritus food w

thest
restcdues are ing ated inro soil by
\lts in an increase in protozoa and bacterinl feeding

process, This immediare
Jidly, On the other hand, when plant

nematodes and nutrient cyeling proceeds ray
« spil (eg minimum tillage), a fungal flora

residues remain on the surface of the




fur:

Sotl Aealth: the formadation of st

L it
develops and populations of funga eding organisms inct |
In this case mineralisation of nutrients proceeds much more slowly
Suppression of plant pathogens , } g
in soils that have TOj

Soilborne disease problems are commaon
for decades. Such soils are said o be ‘conducive’ to disease. T
suffering capacity, S0 many comy

their microbial diversity and biological |

) G S s
fungal pathogens and rootfeeding nemarodes have disappeared In contr:

il f be [ | ore L3 .4 1
‘disease suppressive soil' has a full complement of beneficial organisms, :
pathogens that cause disease are unable to increase w

s that will cause dam:

The organists involved in disense suppression act in many different wi Fungi
] eryvil
and bacteria are able to displace each other from speciti niches in soi

competing for nutrients. A group of bacteria known as t

pseudomanads (Peudomonas spp), tor example, inhibit the

limitting their access to soluble ferric i

nomyceres) produce antibiotics that are de rrimental to path

if1se Tung

oderma and Glioclaifium are able

therefore useful biological control agents. Other tu

1, for examp

nematodes. The 'nematode traj

nematodes by producing unique rrapping structures hich nematodes 1

ensnared. Some small arthropods (eg m

or feed on parasitic nemarodes

Conclusions
The interactions that oc

mportant role in nutrient -'\'\'|I|I'_' and in mproving

structure. 5

components are detrimental to plants bur, from a horticulrural

are other components thar provide an active form of defe

pathogens. Thus the soil by

soil capable of supporting a leve

: 1 that is appro
soil and climate
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Soul health: the foumns

Soil fauna and the sustainability qf arable
soils: the earthworm viewpoint

Tim Kingston
Soil Mates Unlimited
Launceston, Tasmania
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| studies of soil fauna are in

earthworms. While biologic

e, discussion in more recent yea
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groups of soil organisms is ¢
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(1996) for earthw
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and thar soil faunal abundances have 1m

sustairiability of agricultiural systems

I. Interaction between soil fauna and agricltural management

Complexity of soil biota

Biological ncrivity in solls is co

species h

it own comples
size, biology and lifestyle. In order

conditions and dietary

pauIremen
throughout each se d thro

managers, Individu

s of each specie

mnteract ina number of possible way

interactions may be direct, for example predatior parasitismy
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including the constructic
the provisian by one of 5

1 of burrows by one ar

e use of them

Organic matter for
ocus to the soll fauna
the sail bior, including the bacteria, prot

snothet. In restricting rhe

 treat the rer

I plant roots, to
|

f the sc

sether with
the physical and chemical properties of the soil
soil fauna operate. The number and
2 site will be affected by these environmental { ictors, |

and by the general climate as deter mined by lariru

nvironment in wh

Species compx

il fauna present at
1y microclimatic condirions,
le and altitude.
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Soil fauna and the functioning of terrestrial ecosystems
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¢ Kingaroy Queensland, brought about decreases in bulk
mlltlm:awl' a three month period (Zund et al 1995).

’ revealed an abundance of burrows and fine pores
h Mwbu]k dmi::m Many soils under dairy pasture and
i the NSW northern rivers region have subsoils ccm_pnml
ony and in-filled carthworm burrows (Kingston, in prep). Ex!.wl'.uuei.\tal
hndlmmwd that ingress by both air and water into soils with
s is more rapid than into soils without such channels. Where the
ws are both deep and interconnected they aid soil drainage and affect nurrient
and rainfall run off. At 4 finet scale earthworms Increase the aggregare
: irv-or ‘crumb’ structure of some soils, This is believed to be a consequence of
-5 Mihﬂwlndl particles during their passage through the carthworm gut, and
{ MMM preferentially expand into and around particles and erumbs,

Soil

R m ﬁm ridl thar earth can influence the pathology of agents
cansing root diseases, and the efficacy of beneficial soil organisms. The presence of
the earthworm Aporrectodia trapesoides has been shown 1o reduce the severity of the
Mdutmcﬂ\m fungal disease Gacumannomyces graminis or ‘Take-all' in wheat
m Davoren 1996), and the ﬁlngﬂl p:lthugen Rhizoctonia solani on wheat

] M et al 1994) and subterranean clover and perennial ryegrass (Stephens,
Davoren 1997), The later study showed greater growth of both roots and shoots in
- the presence of earthworms. Earthworms also appear to allow greater dispersal of

~ soll microosganisms used as agents in the control of pathogens, as shown for
 Preudimonas comygasa when used against Take-all in wheat (Ryder et al 1993). More
Miﬂﬂb are required for a greater range of crops and diseases and under a
.  wider range of management regimes.

~ Impacts of agriculture on soil fauna

j ¢ are now several published studies of the impact of specific farm management

A ]

Mmmﬂ&m especially earthworms. Some practices have been shown
o be deleterious, either becaiise they directly damage individual animals, disturb
habigat ot becatise they disrupt essential physiological processes. Other

iy be beneficial because they render the physical or chemical

more conducive 1o soll Buna survival or because they supplement the

mﬁm if impacts are not detected immediately their effects may

Iﬂtm apparent after some years, pechaps in a year of extreme

the Impact may be masked by the complexity of the system or

results of wh. In reality, all changes in management

o affect ﬁl:l;l[zmm. do.i?ﬂemiaﬂv and resulr in a shift in the

Froups. years of consistent management may be

hﬁm@;\;ﬂ- It the 'mul( 8 undesirable it could take
ut e » BYEALESt notice should be given o studies

. :':: mpcf:dd;“ and employ maximum

A0l funa, L are rare, one pood model being

sndertaken at Cowra and Harden in New South

Soil health: the foundation of sstainabl

Walvg over a threeyear period. This project recommended further work in two
specific areas, 'DNA probes’ for soil biological assessment and the production nf
u.scrvi'rlend]._\" computer based keys for identifying soil fauna. Regretmbly, the
CSIRO soll biology group responsible for the study was instead M 00N
after (B Longstaff, pers.comm).

Effect of lime

In several countries the addirion of lime or dolomite to acidic soils ro raise soil pH
has increased popularions of earthworms. Most recently, the addinion of lime o
highly acidic pasture solls in a high rainfall zone in South Australis increased
earthworm numbers from 85 to 250 /m” over four years (White et al 2000).

Cultivation and crop residue management

There is now a large body of research showing thar culthvation reduces earthworm
numbers and that the greater the energy used. the greater the population decline.
The use of rotary hoes has been found to be especially deleterious whereas
mouldboard ploughs have much less impace. Results of a study from tropical
Queensland, in which earthworms were sampled at four localities berween 1987
and 1992, support this pattern (Robertson et al 1994). At each site, wheat or grain
sorghum was grown over a range of tillage intensities, m.:lmling_ :'ﬂDI]lL tedmnlull

and conventional cultivation. The abundance and b of one mtroduced and

one native species were greatest under zero tillage cropping with retention of
stubble. The presence of the introduced species increased the mre of water
infiltrarion by a factor of three in zero tillage compared with conventionally
cultivated soils. Longstaff et al (1999) examined 20 groups of soil fauna under
conventional cultivation, direct drilling and stubble incorporation at two NSW
sites. In all cases stubble incorporation and disect drilling supported more soil
fauna than conventional cultivation. Mite and springtail populations shifted in
favour of fungusfeeding species. Near Casino, in northem NSW, laser levellingof a
paddock resulted in moribund earthworms with empty intestines. The scraping of
the soil surface had either closed the carthworm burrows and cur off the air supply

and access to food, or had removed the topsoil and food supply altogethes

(Kingston, personal observation, March 1001)

Irrigation n
lrrigation has been found to increase earthworm numbers in areas of summer

droughe, for example in New South Wales (Noble, Mills 1974) and in Vicroria
(Tisclall 1985). The water appears to extend the earthworm feeding peniod nto
summer and reduces mortality from desiccation, InT: however, irmigat: .
iately followed by grazing by dairy cartle, altered

carthworm species composition dramatically. The mobile, surface-feading specics

Lumbricns mubells increased in abundance while the mop il L ies A < 1 ‘I
culiginosa was seriously depleted. Earthworm mormlity
physical damage to the soil and increased exposure of earthworms during the

summer to a seasonally active parasitic fly {Kingston 1989). Ina follow-up study the
interactions between irrigation, gmsing soil seucture and earthworms were .

explored in both experimental plots and by farm survey (Lobry de Bruyn. Kingston. .
(1997). Summer irrigation at the trial site led 103 decline in soil structure: but arcss -

applied 1o a krasnozem soil, immed;

3



nd to have higher infiltration rates and lower
The same shift in earthworm species as found in

od on these study plots.

in Australian agriculrure as a 'chemical plough’ has increased
« to cultivation in the control of unwanted plant growth in
ds. Fungicides are used with great regularity in some
and insecticides are called upon when necessary. _
daimp:t these biocides on soil fauna in the field is thus of
e published field studies are few. Dalby et al (1995) tested a single
& broad spectrum herbicide glyphosare, the broadleaf herbicide 2,4-
icide dimethoate for impact on earthworms in a pasture soil.
s reduced earthworm numbers by more than 10%. A study of
herbicides (Mele, Carter 1999) found thar applications in two
resulted in significant increases in earthworms in the soil below.
d by many other informal observations, stiggest that an
the provision of freshly dead plant matter, is more
than any harm from the chemical itself. However a
be taken in generalising this to all earthworm species, let
of soil fauna or to the longer rerm.

insecticides, Choo et al (1998) found significant mortality in the
tnapezoides when exposed to endosulfan and fenamiphos on
applied to soil in pots the only effect was a loss of weight in

 five week period with fenamiphos. Two other chemicals,
ridomil, caused neither mortality nor loss of weight. In an overseas
cal soil (Redudy er al 1995) the biomass of three species of
ol drastically by applications of earbofuran and herbicides.

d significantly according to soil management.

study carried atin orchards in Italy has particular relevance to
- The study focussed on the effects of copper sulfate on
variety of settings including vineyards and apple,
(Pacletti et al 1998). Both abundance and bfg:mss of
mmrgly reduced by copper spray and by
cide use in orchards (Heijne, Anbergen 1998)
1 mmvlukv and disguising of impacts. The rapid
e 50 ce in an orchard by earthworms was
in the suppression of fungal discases, While some
hm by the use of either copper or
- mms.lhm Creating a greater
This is an excellent example of the
fear, but that is difficult ro

n between sail fauna and chemical
hili of earthworms 10 bicaccumulare

Soil healeh: the fourdation of susesinable agricw

organochlorines and heavy metals. Given the place of earthworms at the base of
food chains involving all the major groups of vertebrates: birds, mammals, frogs,
lizards and fish, the entry of the contaminants into food chains is of concern.
Vorobeichik (1998) looked at the effects on earthworms of the contamination of
soils by copper, lead and cadmium. When levels of these metals were up t0 2.5
times higher than in control soils, earthworm populations were reduced; at up to
4.5 times higher, carthworms were absent. In the Tasmanian Midlands, earthworms
were collected from trial plots to which superphosphate had been applied at rates of
up to 250 kg per annum over nine years and their tissue analysed for cadmium, a
known impurity of superphosphate fertiliser. Levels in earthworms from the 250
kg/ha plots contained cadmium at 8.7 ppm compared with 3.4 ppm on the control
plots (Kingston, unpublished data).

There is cause for concern abour the use of copper sprays in subtropical orchards,
particularly avocados, in northern NSW. Observations made during joint soils |
research by Tuckombil Landcare and NSW Agriculture suggest that fallen leaves

under avocado trees are slow to decompose, that there is poor mixing of organic

matter into the mineral soil and that earthworm populations are low. Soil anatyses

have revealed greatly elevated levels of both copper (834 ppm) and cadmium (10

ppm) from within an avocado orchard (Lukas Van Zwieten, pers. comm). The link,

if any, berween these observations is the subject of ongoing investigations.

I. The earthworm resource in Australia’s arable soils

Earthworms are widespread, diverse and frequently abundant in Australian soils
under both natural vegetation and agricultural production, as well asin gardens and
compost. The major geographic limitation to their distribution appears to be low
rainfall, few specimens having been collected in areas with an annual rainfall of less
than 400 mm (Abborr 1994).

Survevs of earthworms of both arable and naturally vegetated areas have been
undertaken in West Australia (Abbott, Parker 1980; Abbotr 1985; McKenzie, Dyne
1991), South Australia (Baker 1992; Baker et al 1992), Victoria (Baker etal 1992;
Mele 1991), and Tasmania (Kingston, Temple-Smith 1989, Garnsey 1994, Kingston
2000), One innovative communirybased survey, the ‘Earthworms Downunder’
project (Baker et al 1997) was Australia-wide in its coverage. The pmyccruhd
members of the CSIRO Double Helix Club to collect earthworms from Fﬂm
and farms near their homes and submit specimens to the CSIRO for identification.
Orhet taxonomic and ecological studies of Australian earthworms have

many additional records to species’ distribution maps.

Earthworms found in Australia belong to either native o hno&ud_wm
introduced ones have been inadvertenty imported from overseas during the past
200 years. Earthworm surveys in areas of native vegetation generally find narive
species, while those carried out in areas cleared for agriculture, at least inw A |
Australia, have found predominanly introduced species. In more mopical partsof
Australin fewer surveys have been mdumdmnmumhsw_ ¥
native and introduced species is more ar les ler. (o -
(Baker et al 1997; Kingston, unpublished data collected in March 2001). h
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oduced species fall into two subgroups according to their place of origin and
sone of their distribugion within Australia. Their origin is, to a large degree,
in their mxonomy with members of the first subgroup, belonging to the
ily Lumbeicidae, having their origin in castern and Mediterranean Eurape.
it Australia they are concentrated in regions of temperare and mediterranean
“in the east of the continent they are rarely found north of the New South
Dieer boreer. The second subgroup is a more heterogeneous
derived from several families and contains species from widely separated
hbftﬂﬁng South America and Asia. The species predominate in
s tropical norch, extending as far south as northern New South Wales,
sers of the group belong ro the same family as the majority of Australian
the Megascolecidae. This family s endemic t an area from eastern
h Astn, Malaysia, Indonesia, New Guinea, Australin and New
containg perhaps 2000 species. The overlay of introduced over native
he same family, within Australia, has cavsed unresolved difficultics in
he true origin of some species.

s of these two groups of introduced earthwarm species it is
: Mummm zone within which the species dominant
mmmmdv European w predominantly tropical
from south of Sydney to the Queensland border.
o8 (Baker et al 1997) show that some species within each
one, rather M there being a sequence of species
qu:ecu are appatently able to tolerate o
tempernitures mmﬁ minfall. Within this
' : itions, notably soil
by alitude, aspect and distance from the

Soif health: the founds of Al 4

oeean, combined with local soil conditions, determine the presence or absence of 3.
species. Considerably more earthworm survey is required, particularly in the north
and west of the continent, in order to reveal the key factors that determine the

distriburions of the two subgroups.

Interactions between native and introduced species

Within southern Australia ar least there appears to be an incompatibiling b

native earthworms and the changes made to soils in the process of preparing them
for agriculnure. Whether any particular change, such as soil dismurbance perse,
removal of natve plants or aleeration of pH and/or ferrility s a key factor is
unknown. The equivalent picture for tropical and especially subtropical Australia i
only now emerging and is still based on very inadequate surveys. Published resules
tor the region come only from the “Worms Downunder’ project (Baker e al 1997)
bur because of a lack of consistency and ngour in the collecting, and axonomic
difficulries in separating some of the introduced, as well a5 most of the native
species, little information on interrelationships between the two groups can be

Jeduced. However, an as yet unpublished survey in northern NSW in recent
months by the author does have the potential 1o do so. In a preliminary survey of
earthworms at 50 sites under a vanery of orchard crops. sugar cane and pasture,
within about 100 km of Alstonwville on the NSW north coas, Kingseon (in prep.)
found that lumbricids, ‘tropical’ exotics and native species were found at seven, 41,
ids and tropical exotic species were not mutually exclusmwe,
tropical species being present at six of the seven sites occupied by lumbricids. Of the
19 sites at which native species were found, exotics were also found at 14. This level

and 19 sites. Lumb

of intermixing of native species with both groups of exonic species at the same sites

has not previously been reporred

Conclusions
The current state of knowledige of the major groups ot soil tauna 1s extremely poor,

whether it be axonomy, biology, ecology, distriburtions, or their \nterrelanonship
with other groups or with agriculrural management This statement applies
generally for Australia but is especially true of the northern half of NSW. There are
ssefutl data sets for earthworms but they come mostly from uncoordinaned
studies in temperate and mediterranean regions and largely relate 1o species .
atroduced from Europe. Next to nothing is known about more mp‘nﬂimmd
Consideting the demonstrated benefits available :
from soil fauna, the ease with which populations can be erhl‘d. by unsymparhetic
management practices, and thetr potential use as u'bdwclm'ul w‘m ::
Inck of knowledge is surprising. The onfarm consequence of :tmdmdefm B

land managers are unable ro realistically rake account of the welfare dM
underzround 'stock’ in the way they are used 1o doing for their more tradiional

above-ground plants and animals,

wall
As farmers increasingly move towards ecologicallybased management they will be 4

rewarded with soil conditions compatible whh ux-md ¥
soil fauna, including 'm.-m. mm.‘mmned du-x.nnl times of h: pracTIces. b

remnant soil fauna pog have sur

some L

T |T}\(‘I l["'\i .ll'N\H[ native species




. Jikely 1o recolonise without
fmm entl remeroductions fron
: e ey be required. There are obvious
mw “:Lt have evolved under local

@W of widespread, diverse and locally
¢ native and introduced earthworms persisting under
| NSW, and the fact that some of these species clearly
Wuﬂmm and deep-burrowing habits, the potential
ﬁmearﬂ:worms in the region is as high as for any other
With such potential from the native species it no longer makes
1= on secking additional overseas species for active

as puplﬂﬁnwnuht (1996), a mindset perhaps overly influenced by

 neede to be known about almost all aspects, review of the
has strongly endorsed the soil biologist’s perspective thar greater
see and diversity of soil fauna (and one lacking in

-d chemicals), both supports and reflects ‘biologically sustainable’

Wmuﬂ.mﬁh that a majority of observers would describe as

: It needs 1o be appreciated that these latter rerms arc by no means

‘mist productive’, Indeed, taking care of soil fauna and atraining
firy are likely to come ar a cost to production. On marginally

properties this cost may well be the ‘final straw’ thar breaks the back of

smic sustainability, Socioeconomic considerations must then be invoked in

 formarion of 2 new paradigm for the use and management of the land, one that

e contintting the operation with an organic marter ‘subsidy’ or

. & move to a lower intensity usage encouraged and supported by

mﬂi&t a significantly increased effort, in both research and
all aspects of soil fauna throughout Australia, bur the need is greatest
nd Mm Examples of the kind of research required
of dlimate and crops include:
= ns and other soil fauna in sofls under both agricultural

: Temnants
mﬂlﬂﬂﬂm over aminimum of three years, of
‘management practices including irrigation (including wit
‘ g with
. land levelling, mulches, herbicides,

represcntutives of the major groups of soil fauna,

* studies of the introduction of both native and exotic earthworms, alone and in

= revision of economic models of analysis of agricultural operations to account for

Soil health: the fiundation of sistainable

combination, into study plots and the monitoring of their populations over a
period of 5-10 years .

the declining ‘ecological capital’ of depleted soil organic marter and soil biota,
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mpost microorganisms inducing systemic

sties in th wesrems can cause aerial plant parts o
b mxﬁ grey mould (Wei ctfal 1991,
"1“‘[1993)."[1\3 phenomenon may account for
that plangs are more resistant 1© diseases wheln grown in
! unendﬂhoila Scientists are hopeful that it may be
s that are responsible for inducing systemic
m fo the sail under the right environmental conditions to

e control.

o 15 a term used to describe the suppression of soilborne pests and

. mp (Angus et al 1994). There is considerable interest in

an alternative to synthetic soil fumigants in horticulture and for

e soilborne pathogens in broadacre agriculture. It may also

pla for the sn chemical fumigant, methyl bromide,

 bhanried. The main mechanism of suppression of plant

W’pﬂﬂﬁﬂ:ﬂsﬁu amendments is through the production of a range

s called isothiocyanates, released when the brassica residues decompose

compounds are selectively bioeidal, being more effective against some
than others. The superior growth and yield of whear following

such as canols (8. napus) and Indian mustard (8. juncea) has been

suppression of soilborne fungal pathogens by the gases released

: (Kirkegaard et al 1996).

‘biocidal effects of the roxic gases on fungal pathogens, the
s appear to enhance the populations of antagonistic microflora
actinomyceres and fungi (RamirezVillapudua, Munnecke 1987).
M} 987) found that a parasite of nematodes, Paecilomyces
by mustard meal and proliferated in a medium of rice
meals. My preliminary stuies also show a succession of fungi
carporation of mustard meal into soil, beginning with growth of
Mﬂtndh‘!mspecks. followed several days to a week
ma species and actinomycetes (Wong, unpublished). The
. mﬁﬁtynnd, in particular, the increase in antagonistic
ser dﬂwroh of ‘mopping up’ the pathogenic fungi which
: toxic &ﬁhﬁf the gases. The duration of this suppression is
] hnmmlmh, if ot months, Therefore, the
on a regular basis could ensure that disease and
: qulenmﬂ:ﬁ:r chemical pesticides to be required.
the types of brassica residucs to use, the
€ most toxic wkt_u for targered pathogens,
for optimal efficacy withour phytotoxic

Soil healdh: the foundation of sustaiible agriadi

Disease-suppressive composts
The nature of the disease. uppressi of comg is not fully understood bur it
appears that composts that have been marured for a long time (more than six
months) tend to be highly discase-suppressive {Hoitink, Boehm 1999), These
composts contain large and diverse populations of mesophilic microflora that
usually grow ar remperatures of 20:35°C and include large proportions of microbial
antagonists of plant pathogens. However, mature composts are not all equally
diseasesuppressive (Chen et al 1988, Inbar et al 1991), In attempts to produce
highly suppressive composts consistently, various microbial antagonists such as
Trichoderma, Flavobacterium and Enkmbarrrrspccie:, have been added 1o the
composts at the last stages of composting so that these mesophilic antagonists
would predominate (Hoitink, Fahy 1986). It has now been confirmed that these
added antagonists significantly increase the suppressi of well i and
stabilised composts (Hoitink, Boehm 1999), It may be possible in the future to

tailor-make composts for various glasshouse or field situarions,

Some factors affecting pathogen suppression

Temperature

Most of the serious pathogens of economically important crops are mesophiles,
active at temperatures of 20-35°C, However, the t=mperature range for growth and
infection of these pathogens can extend to lower temperatures, eg Botwes cineren
(16%-21°C), Pythinm species (7°-30°C), Phyrophthona infestans (5°-30°C), Rhszoctonia
solani (10°-32°C) and Sclerarinia sclerotiorum (4°-26°C). Therefore, for microbial
antagonists present in organic amendments to be effective in the field, they have w
be active throughout the whole remperature range or ar those ranges that favour
infection. In artempts to select specific biocontrol agents for disease control,
potential agents screened at 25°C in the laboratory failed when rested at soil
temperatures of 10:15°C in field experiments because they were not cold tolerant
(Wong et al 1996). The greater diversity of microbial antagonists in organic
amendments would improve the chances of successful disease control.

Moisture

Pathogens such as Pvthium and Phytophehone species flourish in wet soil condirions,
so the microbial antagonists required to combat these pathogens would need o
grow in the same conditions. Bacteria and protozoa are most active in very moist to
wer soils and would, therefore, be more effective against these pathogens than fungi
and actinomycetes, which generally require drier soil conditions. lris unlikely then
that one biocontrol agent will be suitable for the control of a number of plant
pathogens, especially when the environmental conditions for their pathogenic
activities are dissimilar. As such, the great diversity of antagonistic microflors in
mature composts could account for the control of a broader spectrum of pathogens.

pH
Some Trichoderma species have been commercialised as biocontrol agents for . !
several crap diseases (Fravel 1999). However, the various specics of this ﬁnﬂmﬂ
1o be nctive only under acid soil conditions of pH 56, Their efficacy is reduced o
non-existent at higher pH of 7-8. As such, other groups of fungi or bacteria will

4
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Management of organic amendments
Traditionally, large annual incorporations ¢
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DNA isclation methodolomes derive from rwo app
recovery, whereby the microorganisms are Iy ved :
subsequently wolared and purified l.\it-n— etal 1994, 7
Hirsch 1998). The alrernarive approach is mict
MmOV MEKTOOMEANISMS from soil before
et 3l 1991). This method is seldom used woday large

1\ - > 1 r
Most molecular microbiologists favour the direct isolatio

are higher, which o

nucleic acid extraction procedures also of

nsequently increases the sensitivty «

AT uick

COSt peT unit extraction, not [0 menton the convenie

commercially available kits. As with most methods
when dealing with soils high in organic marrer. Sc
organic compounds rend to be coextracred wirh
subsequent molecular analyses. For the additional cc
be promptly decontaminated using a range of commer

kits.

16S rRNA genes
One of the most powerful ways to explore microb
DNA sequences that encode the ba £
This molecule i found in all life forms ;

runctional proteins. Since cerain s
must be preserved for its funcrio
highly conserved. Indeed, withi

ural tean

r1:.~1-;--.1.11.m.i COTSTIAINTS ensure against mutati
functional integrity of the 168 fRNA
hundreds of millions of years of = lutic
accumulated in scgments of the 165 ¢
1987). Sequencing these divergent regions
comparing the sequences to a datahase c

the rapid identification of bacterial

solares

This pattern of gene conservation h,
diversiry through amplification
PCR), c!ontng the products an
mt‘r’::;udt_nhmqur_ rests in s ability 1o reveal v
ool “-tﬂlh‘ of the soi] CoOmmurmmy. 4 ¢
INA 30l libraries tDNA sequenc
AR ba.“ﬂ-_a (Seack fequences
Felske et a] 1997, Kus

as been L-\;;f[. vited

of these regions
d subsequently

thrandr er a 1903, R'rm;|
e et al 1997)

Alimul:m'd”_. i
pread adg ¢
tihommal D Mdoption of the 168 (T
NA sequence d:mbase:i: ot the 165 DNA Approg

e, expansions i, the field s increased, Besides e

§e sob
9 Comparative

Eenomics (bivinformarics) have

the biotechnol iy

7 double sranded DNA
le strands do not melt ina
1s. The PCR amplified

h melrtin,

i regon

1 primers (a GC clamp ar the 5" termini) and

sther

ompris on of interest (up to 430bps)

lowest melring re 1 1S Tea e double

g branched molecules, which

melred, creatt
gel. The position in the gel ar which
p—.—r‘..!- on base pair composition and sequence of
ovided they melt ar different denanuring conditions,
{ dsDNA molecules on the gel should differ

» more detailed account the reader is referred ro Muyzer and Smalla (1998)
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A method currently gatning widle scceptance for separating PCR
terminal restriction fragm
T.RFLP analysis measures the Size pol
PCR amplified produces (Liu el
h backsrour

end ent length polymorphism (1R
Prcomd rphisi
As the name implies,
restriction fragments from
DNA is amplified from a h

slecte

al 1997. M

{ sampic

essence, the soil
subsequently digested with judiciously
choice of ensymes 1o be used in differentiating seq
depends on the level of discrimmnation required. The resulting
Wl\' sized rerminal fragments, whic h are resc it
or capillary electrophorests systems thar provide digital output. ““. L
fluorescently tageed primers limits the analysis to only the tern fragment
digestion, Because size markers bearing different flurophore
be inchided in every lane, the sizing s extremely accurate (£
ne. LA

restTiction

uenoe Var

lved by autor

sariant therefore corresponds to a single T-RFLP fragm
terminal fragment sizes derived from RDP (Ribosome Databz
al 2000]) sequence entries allow for phylogenic interences
sequence variants within the T-RFLP profiles ot mixed commun

Besides assessing amplification product diversity within a comm
fingerprinting technigques have been used to study specific microl
targeting functional genes, and comparatively measuring |
acToss communities. A summary outlining the rypes of meas
under study {specihic microbial activities grou
management practices). and the molecular tec
Table 1

Conclusion

Molecular techniques in their current forma

awareness of the extent of microbial diversir

micrabial resource. The longterm goals of usine such ag

undersmanding of important microbial processes, cha

they respond and the mechanisms by whi

?;urpme of dmmn the health of soils and interven
" mlk will require additional technology, extensive data

1
tools, and effors ro discern ¢ 1ise

t have undoul

v in soils ar

ch they are rem

ared @

Table 1 tof i
Ffable 1. List of molecular techniques used 1o measure microbialigene diversity.

Mic

| community or Techniques
g ar study or
managemaent practice
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Biologically active soils
help suppress nematode pests

. ' Graham Stirling
Biological Crop Protection Pty Ltd
Moggill Qid

natode pests of horticultural crops in tropical and sub-tropical
f north-eastern Australia.
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Health and environmental effects of nematicides

Several soil fumigants have been removed from the marke

DD, DBCP and EDB) and many of the rema
pematodes are detrimental to human h alth and
i therefc
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perspective s that the usefulness of nemanicides is tl
microbial degradation. Microorzanisms capable of de
(Nemacur®) are already widely distributed in Australia (St
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 are probably also involved (Stirking 1991). For
«| from organic materials during the

rites and various organic acids) are roc
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.resistance mechan n the plant
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(Rodrigue=-Kabana 1986). Proteinaceous

leguminous crops and other nitrogenous

have been known for many ye
materials;, poultry manure, residues from

waste materials produce ammonia when they decompose in soil. and ammonia is




o soil. Since the amount of

with the level of nitrogen in the amendment, the

s amendments against nematodes will increase as the

s The usefulness of high-nitrogen contining materials

manure has been demonstrated in Australia (Stirling, Nikulin

! shown that soybean meal and meat and
field trials in Canada. However, w0 be effective, such

‘added to soil at relatively high application rates (at least 2% of

cause phytotxicity, planting may need ©© be delayed when
ments are applied. Plantback periods can be reduced by adding

this balances the carbon nitrogen ratio and allows soil
0 mare effectively convert the excess nitrogen into proreins and

stiggest that they can also be used to suppress nematodes.
aainst roorknot nematodes in glasshouse experiments in
‘Rodrigues-Kabana 1994), while sawdust and molasses

fists continie to demonstrate the benefits of using

control, the practice of adding organic amendments to

e ill-h!ﬂnulmm. One of the main reasons for this is

; m depends on their chemical composition and
N e currently no guidelines on how locallyavailable

So health: the fnndistion of g

being measured over time. Initial results from one trial (Table 2) clearly show that
tofal numbers of freeliving nematodes and microbial activity in::rme s increasing
amounts ot organic carbon are added to sail. Populations of rootknot nemarodes
were reduced and romato plants had fewer galls in soils receiving carbon in of
more than 23 v/ha. These inputs were achieved by adding mga:cn.n: trash ::
growing a green manure crop of forage sorghum and lab lab.

Table 2. Biological status of organically ded solls at Bundsberg, and the.
effects of various organic inputs on root-knot nematodes.

C applied No. of free-living Microbial activity  No. of root-knot Root gail

(tha) nematodes/200 ml  (ug FDA/g/min) nematodes/200 ml  rating on
soil soil &

0 1320 d 0.145d a77a 783a
10 3160 ¢ 0.157d 417b 7.00 ab
17 3890 be 0.202 cd 331be 7.00 ab
23 4790 be 0.262 be 407b 650b
a3 5750 ab 0.323ab 282¢ 533bc
43 5250 a 0.370a 245¢ 500¢c

Within each column, numbers followed by the same letter are not significantly different
(P=0.05)

Conclusions

A trend towards monoculture, excessive use of the rotary hoe and other tillage
implements, lack of replenishment of organic matter, widespread use of plastic
mulches’, and overdependence on herbicides and chemical fertilisers have reduced
the fertility of many soils used for horticulmure. These soils are susceptible o
erosion, poorly drained, inadequately acrated, and have limited biological activity
and therefore provide an environment thar is ideal for the development of chronic
nemarode and roor disease problems. There is experimenml evidence to show thar
increasing the amounts of labile organic carbon in soil will increase microbial
activity, reduce nemarode problems and have many other positive effects on soil
health. However, the changes in soil biology that are required to improve degraded
<oils cannot be achieved quickly or with limited organic inputs. Organic
amendments can help in the fight against nematodes bur they may not provide the
Jevel of nematode control that is achievable with nematicides. Thus they should
alwave be used as-a component of an IPM program for nemarodes rather than as a

stand-alone control procedure.
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The good, the bad and_ the _ugly:
copper and arsenic in soils.

Graham Merrington
Department of Soil and Water
Adelaide University
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Table 1. Typical background or ‘natural’ Copper and arsenic ‘total
in a range of worid soils (mg kg™ or parts per miilion)

" concentrations

n___arsenic (mg kg') copper(mgkg')

ons of arsenic and copper in soils contaminated from a

Arsenic Source of contamination Copper

{mg kg ') (mg kg

84-98

1108

100-3580

200-500

11-1890

>150

am =t al 1986
Acyama, Nagumo 1996

4, Brun et al 1998
5. Dudka et al 1995
6

5. Filsar et al 1995

iprake, | g X . .
lowhy (Smith er 2l 1998). Estimates have suggested
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mularion have been reported =
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L., 57 r
”ifﬁlhﬂ of these elements in soils is not enough to infer
or elucidate some detrimental effect upon a soil process or
ﬁﬂiﬂ potentially complicating issue is thar it is well known that
ns of merals in soils have very little bearing on potential
efiects. This holds rrue for both arsenic and copper, and it is the
form of each element in the soil which determines the potential
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sociations of metals in soils. The soil solurion
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telement. Furthermore, regulations and
i lﬂ!l::;:oft:nbmed on the effects on
arsenic and copper may have toxic offects
M'ﬂ_nﬂwﬂﬁmﬁ.nmnmuom below
(Smith et al 1998), Therefore, suitable

umnreliable nature of traditional plant
lent copper toxiciy, The leaf tissuc
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as copper tends © be strongly absorbed by plant roots and is not readily
rranslocated through the plant (McBride 2001). The accumulation of copper in
plant roots may lead to the inhibition of fine root development and also reduced
rrace element uprake (especially iron, but actually also coppet!). A similar pattern
may also occur for arsenic in most plants and therefore pheytotoxic Symptoms may
rarely ever develop (Smith et al 1998),

In addition different organisms may have different sensitivities to copper, which
may again be altered with changing soil texture, pH and soil organic marter content
and form. Studies have shown thar concentrations of copper as low as 15 mg kg’
can adversely effect earthworms (Helling et al 2000), mycorrhizal fungi (Graham et
386), microbial biomass (Zelles et-al 1994) and biodiversity of soil fauna (Filser
393). These organisms are crucial for the healthy functioning of soil, and
arial for the cycling of nutrient elements and the suppression of plant and root
well as the mamtenance of soil ferility and susminable agriculnural

The potentially detrimental effect of longterm use of copper fungicide is
low in Figure 2 derived from dara obtained from the current collsboration
NSW Agriculture and Adelaide Universiry. This graph shows the amount
present in the surface horizons at three locations, two in northern NSW
ards, the other a non-copper treated soil. The reduced biomass

4 to the control may be considered as evidence of the potentially
detrimental effects of copper accurmulation and porential toxicity.

Figure 2. Biomass in surface soil samples from two sites within an avocado
orchard in northern NSW and a control non-copper contaminated soil.
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and management of copper

Mpper toxicity in &

A tniversally applicable measure of &
bur it has been suggested thar free Cu®' ton in solution (see ce
I rhe most foxK fOrmi OF Specles under a range of envan MUMEent 1l ¢
(McBride 2001), Theretore, factars that reduce the formation ot
in soil may also be thought of as reducing the porentially d
copper. Although copper fungicides are effective
that afftict many of the crops grown in the tropics and
potentially damaging side effects and there are cv
on the market

Practical methods for removing copper from agriculrur
effective and removing the soil is not a feasible option. The
amendments offer a potential option for the reduction of copy
enhancing the soil processes which have been detrimentally affected. St

amendments may include organic materials like vermicomposts and egreer

of these amendr

inorganic treatments like agriculural lime. The resti

gssessment of thewr potential is currently being underraken in a
between NSW Agriculture and Adelaide Universir. Sc
very strangly to longterm agricultural and horrict
reduction of copper toxicity in plantation and orchard so
amendments will ensure sustainable management and
enops that require continued use o

tlrural s

copper-based f
the current research s to provide puidance ro horneulriral erowe
plantation holders in the form of research extension mar
recommendations will be given for soil amendment
potentially detrimental effects of copper accum

Conclusions
* Both copper and arsenic have long residence ¢
conditions more than 1000 years.
®  Levels of 5, i
. els of both elements, from Previous or continued use o
;:umuiatc in the soil profile
- s :
mmdmmmml n_-_-mm of this gradual accum
man mselves as foliar txicity symptoms in

= ] =
Dcrr_un:nni #itects upon soil animals and flory and
ru.:mm.‘ cyv:l.lngiami continied soil health are mor 1 '
TN ; 3 '
. scientific study in northery NSW and elsewhere.

Suitable measures of clement roxi

University and NSw A&n(’ulm.reig atch parmership berwe

currently anempting 1o tac

Ahs
AK, Huang B, Paramasivam 5 2000, Saiil p
o Soil Sct. Soe Am, J 64:95

H affects ¢ .
& copper frac
5962, Pt Tactionation and

soil environment: a review

hoi K, Thornton |, Fosse G, Makropoulos

sciplinary study of the effects of
an i_‘L‘v"-(l!.'Ir]L\['. of fh.’ LJ\JYL'I[".

r. Delphi,

tal Contz

20:23. EPP Publicanions.
wit= R, Winter K, Beese F 1994 Microbial biomass,
starus derermined from farry acid parerns

metabolic ¢ ty and

aged soils. See! Biol Broch

_-r_- 4 446
Graham Merrington
Department of Soil and Water
Adelaide University, Waite Campus
Glen Osmond South Australia 5064
Email: graham merrington@adelaide.edu.au




w’_ alh: the foundatom of nctainable agrnlirs

contaminant bioavailability
~ in Australian soils

Mark Whatmuff
Soil chemist
NSW Agriculture Richmond

Mhhihqr oav i intimarely linked with soil health. For plant uptake,
ioavaila if-it_:minafumdmmnwmﬂybendsmbmi by a

\can then affect the life cycle of that plant, all within a relevant time

Sposita 1997). The term bicavailabiliry can also be extended ro include

nfmhnduml and aquatic organisms, as well as adsorption

n of an element from the digestive system of animals. Under certain

2 bicavailable element may also be quite mobile in the soil system

are be transferred off site or downwards through the soil profile,

he accumulation of heavy metals and meralloids in Australian soils
e of their potential threat to food production and environ-

et 4l 2000), Qur agricultural exports are increasingly

clean and green. and strict food standards are in place to regulate
able concentration (MPC) of contaminants in food (ANZFA

10 our soils have come from the use of agricultural ferrilisers

pestcontrol, human and animal wastes, urban solid wastes,

and ammospheric deposition {Chaney, Oliver 1996),

mecessary for the continued economic viabiliry of

Uﬁﬁdmﬂtlly. t:::{ike many organic chemicals (eg

v i contaminants will persist indefinitely in the soil and
Removal of metal contaminants from the soil by narural

this may lead to negative offsite effects. Dedicared

! mcfthe bicawailability of cadmium
dnhhn‘u Some options for reducing

Sotl health: the fosmds of iy "

accumulated to excessive levels in agricultural soils, cadmium 1
pase the grearest threar to soil, plant, animal and b hm“n:drm:c 45 ’;le
accumulates in plant tissue to levels that excead food standards withour affecting

lant growth, 4 i -
plant _rr0\\: and may also accumulate in significant levels in some animal

products. Zinc may accumulate in plant tissues to high levels which can reduce
plant growth and may also affect the function of soil MiCroorganisms.

In a study using silverbeer grown on acid soils of pH <3(measured in CaCl,)
amended with biosolids, the bicavailability of cadmium was upto 10 timn_grem
than US guideline data (Figure 1). Zinc bicavailability under the same conditions
was up to 20 rimes greater (Wharmuff 2001). A study at the same site found thar
zinc uprake following heavy binsolids applications resulted in zine phy iciry and
vield reductions in leafy and root vegetables, where levels of soil zinc exceeded 200-
250 meg zinc /kg soil. This experimental threshold for zincZn phytotoxicity was
almost eight times lower than the maximum allowable soil zinc concentration in
United Srates bicsolids regulations.

Figure 1. Comparison of cadmi ptake by silverbeet grown on biosolids
amended soils at pH-4.8 (®), with the cadmium uptake response for leafy
vegetables used by USEPA in their risk assessment methodology.

allverbaal leal Cd (mokg DWT)

-

Changes in metal bioavailability 4 ;
As stated earlier, once in the soil, metal mn‘tﬂmmﬂ-ﬂﬂ are l::::’ Pﬂ":rmo‘
indefinitely. There is conflicting evidence m‘lhc I:mil'lll!_ o eﬁﬂ_ s
contact between soil and cadmium onadmmwlﬂmw e
which has been shown to be mem;dyhomdh

soil less bioavailable) with time. There is now a growing bady of evidence fo sugse=t
e e
acidic soil conditions (Sparrow et v :
radioisotopes, Hamon et al (1998) studied cadmium inputs at a longterm

This contrasts with zinc
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sipeake by plants (Chaney. Ryan 1994, Chaney, Oliver 1
platean effect has been questioned by some section
(McBride 1995, Harrison et al 1999) and rece

that plant physiology s more likely to be r
effect was se=n in the plant uptake of biosolids ca

food crops grown on acidic soils near Sydney (Wharm
availability did nor decrease when biosolic

materials (Michalk et al 1999/

In a study of the uptake of metal uptake |
trial, it was found thar the propormion
available for plant upts ¢

following biesolids application

the sall chemutry ar the site has sh
has been accompanied by a decrease in «
thcnease in metal adsorption by the inorganic nts of the soil (Figure 3
Figure 4. Movement of cadmium through the soll profile, where cadmium was
| either as a soluble metal salt or in a biosolids solution.

Figure 2. k ing bl flability of cadmium with time following final application
of biosolids 1o an acidic soil at Glenfield near Sydney

e el

ediation of metal contaminated soils
minimise the impact of metal
nopaccumitanng crop

mputs leg
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} ot sesessing the mak of biosolids me : oy i
These include the t
rian, andd reduction in metal contaminant
isers) (Grant et al 1999). Technologies tor the

. n sirn by reducing metal bioavailabiliry are
ental communines and are currently the

werseas (McLaughlin et al
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d that when admium was ad
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mon was added 1o the
u

legrh
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ol i the fowraticn of massasnable st

de the alteration of soil pH, the addirion of organic and
e inorease the soil's menl adsorption capacity and the use of
plants, or phfmumdinm.
ised that increasing soil pH reduces the bioavailability of most heavy
of soil saliniry (high chioride) (MeLaughlin
suich is the most commonly used method of in situ remediation

<. However, it should also be viewed as a temporary measure
crivity of the added limestone is

may actually increase the bioavailability of some metal
which is usually present as negatively charged
soil. Likewise, the use of orzanic materials as ameliorants for metal
on should be viewed with some caution, as the merals immobilised by
: may be re-released into the soil solution once the organic matter
down by soil microorganisms.

Figure 5. The effecti ss of biosolids ash at redt

concentrations in solls with a history of phm;hntn fertiliser
usage.

Cd (mgkg)

of inorganic materials with high metal binding capacity such as zeolite or
initm/ison oxides/hydroxides have been shown to reduce metal uptake in pot
adies (Mench et al 1994). More recently, the cadmium immobilisanion capacity of
range of industrial by dicts such as coalwashing clays, smelrer byproducts,
vl and bioslid was awessed (McLaughln 1999)

Figure 6. The effect of inc

|
and available soil zinc,

=i dewwm has been shown to reduce

L mw by pasture grown on soils contaminared with ferriliser cadmium
(Whatmuff, Simpson 2000). As rhis marerial has been heated ar very high
 emperanures (¥800°C), the organic fraction of the biosolids has been desrrovedd
Mﬂhmmﬁbm have substantial metal binding capaciry.
Inc 12 tates of ash application decreased cadmium levels in pasture herbage
compared with superphosphate ferriliser and lime treatments (Figure 3). The lone-

imh:e -:::F &l:ullhmleum plant species that are able 1o
Smounts m the soil (hyperaccumulators). These plants
ﬂﬁ are semoved from the site for disposal or recycling.
mmﬂmm w:umnnn overseas in the 1990s (Baker
o on this area has been carried our in
- hﬁw thee are limits to the effectivencss of
1 : Iimhedsi:eothhmauwudumlbywch
e should be viewed as a means of
relevant environmental thresholds rather

ST e

Total soll Zn (Imgkg)

Availabia sl Zn (mgikg)

wmm-mmwm

Centre for Recycled Organics in Agriculture (CROA)

Inappropriate management of waste materials and W"m m‘m g e
t the pollution and contamination of aquatic and rerrestrial mummem&Ihf
need for responsible management of these materials is lﬂﬂﬂ””d d““:f‘
development of environmental strategies at both state and mwmﬂ] - =D
Environmental legislation in place aims t0 TKICE ABAD ) Othmﬁmm'a]ly their
being disposed to landsilland to rewand producers who se<k 50 b
wiste materials. Unforrunately, unlike sewage w mgd::m“ have a sound
beneficial use of these other arganic and iAOTEARLS marighs doee 0

scientific basis.
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- L } eranted
Recently, NSW Agriculrure ‘s Organic Recyeling Unir has been grant
m .k W’ of 3 ddga:l. longterm research and education
mmﬁd‘ identify and promote the resource «altie of recycled organic and
wj 3 m:is for the benefit of carchment quality and agriculmural
sustainability, Key issues to be addressed by CROA includie:

o  land rehabilitation and remediation

; o impre in the latory t for the use of these waste .r?rmter::xis
i } > eftective
3 i catchment health through more eft
. + developiment of strategies to protect
sunoff and erosion control

7 i CO ity and to
. mdtemommnhre of such marerials to the communiry an
agriculrural and wasre management industries
1

s v ing the envt bility of targeted agricultural industries.
. =

S =

Unresolved rescarch issues arising from the application of these marerials to land
wwill also be addressed by CROA. These include the impact of oil and greas foou
‘wrastes: rates of mineralisation of nitrogen, particularly from organic wastes; )
impact of these marerials on microbial ecology and general soil health; heavy meral
biomatlability; and the potential of some of these materials o remediate chemically

To some degree, inpurs of meral contaminants into our farming systems are
unavoidable. It has been shown thar this rend is continuing, with evidence that
‘contaminants are being added at rates higher than the soil's ability to fix them and

the

bt

Mnigue 1o our soils have meant thar some contaminants, for example cadmium,
‘enfinue to remain in a bioavailable form for many years after they were applied,
and this has impacted on several important agriculrural production systems. The
challénge s how we balance the inputs of metal contaminante to our agricultural
‘and namiral ecosystems with soil and catchment health (Rapport et al 1997). Davies
{1952) and Chaney and Ryan (1994) introduced and discussed an important
perspective in this debate; the difference between ‘contaminarion’ and ‘pollution’
. These authors point out that, even if contamination of a goil or ecosystem can be
Jom measured, this does not indicate risk to any organisms assoc
\ ecosyszem, The term pollution would then apply 1o sinatia
I-wunhqllr.vdu thar, where adverse effects arc evident;
mm be based on pollution rather than con

ey

iated with that

contamination where the bivavailability of the

strongly argued that there is little scientific

ity in determining soil cleanup or

are being considered in
o 2000). NSW Agriculture is currently
demonstration resource that will allow ne 1o

e not being removed from the soil, except with direct intervention. Characterisrics

Breat promise, although these are not currently

Soel health: the Joumdittion of memsinable agrwudture

investigate sustainability and remediation issues

tor metal and
ir farming systems other contaminants
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t management for healthy soils

Warwick Dougherty
Research officer
'NSW Agriculture Richmond

Tony Wells
Research officer
NSW Agriculture Gosford

are genenally of low fertility, The key agricultural nutrients of
Mﬂm“gtmuﬂybwbemmof&negmnagr of our soils.
+ the levels of these nurrients in soils has been a key objective of soil

nd has formed the basis of most soil nurrinonal research over the last

 farmers use approximately 1 million tonnes of nitrogen and 430 000
of phosphorus each year (source: Fertiliser Industry Federation Australia), ar
1 billion and $1.3 billion respectively. Unil relatively recently, the
of nutrients in agriculrure and soil focussed primarily on the
of production, bur there is now a growing awareness of the potentially
of poor nutrient management in agriculture. These effects are
mised in Europe and the United States. The problems of nutrients
‘quality management in Australia have been demonstrated spectacularly
5 2 oms on the Darling River, Gippsland Lakes, Peel Harvey
Hawkesbury River. Although nurrients such as nitrogen and
e mlhmlfﬁnmin stimulating algal blooms, they undoubredly
: wmhmwiﬁ:nmmmalman issue in
3 m&*h&lﬂmﬂw plateau, north of Sydney, where nitrate levels
e use of the water for human and livestock consumption.

Nlﬂﬂhﬂﬂl is 1o design nurrient management
ed £ vhbl:pmducrim—loffuodandﬁbw

management At can result in a conflicr between the
ofsoil health (Rapport et al 1997). As we
mmnnym_mw, N
Lenvitonment. When these leaks affect the
nmental ohiectives of soil health
may be difficult. The siruation

Soil health: the foundation of

Figure 1. Schematic diagram illustrating the balances betw
envir tal risk (adapted )
(adapted from Sharpiey, 1999),

production and

[ yptimal production,
2
s | s 1
g a » |3
= y / 2
n A / [
3 2
2 | =
| : |
- i s
3 e A E -
= ‘ 55 % B
A 2
z i
B = ]'
{
soil fertility i
In the past, it has generally been regarded that critical environmental risk occurs ar
levels greater than those critical to optimal erop production (A on Figure 1), 50

there is no conflict. However, in some instances, sustainable environmental levels
may be below optimal production levels (B on Figure 1), If this is the case, how do
ncile the two without adversely limiting production goals and economic
viability of farms? There are opportunities available ©o manage nutrients t reduce
these conflicts and increase the profitability of producrion.

we recq

Nutrient cycling

The cveling of nutrients within soils,
complex. A generalised outline of the
various components of the cycle varies wi
climate, production enterprise and mar

ﬁmlummdhndsﬂpessmemdv :
mkh;hawnmﬁguml'fhimpmmd
mﬂlenu:rienrinqmﬂﬂﬂ’uﬂmd

nt, and the ecosystem and its

sensitiviry.
Soils and their accompanying vegeration mmur;‘m = they have s high M

evolved over long periods to @ point of T ; -umm When we boost productiity
to buffer nutrients or contain them n the i

\hrh. nurrient inputs and @nﬁ:ﬂ rh;e
e
e
b i phop o R
at the same time the [deuwn

concentrations in runoff is also
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s In soil/catchment system

Figure 2. Simphstic diagram of cycle of nutrient
{after Williams and Hook, 1991).
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Changes in the cycling of nutrients an also make
o implement. Research on losses of phosphorus
that as the level of terriliser applied is incroased ‘"I
amcunt of phosphoros lost in runeff bur v.l.r r i
emvironmentally significant forms s also, i r-i- 0 e
then ubss more difficult 1 control =

N menang in ha

d (see Figure 4) These § ik

ure 4, The eff O
Figure 4. The effect of changing inputs of fertilisar
phosphorus contained in runoff

Table 1. Major nitrogen pathwa

(Dougherty and Wells, 1898)
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significant smechanism of nutrient ransport I
::ﬂlabk production sysrems JL':nll‘i d
significant. 0 buffer strips are h.“h wh
eransport. If the tools being used to re
iefiective, then the only ourcome 1= 2 ¥ .
sxetem and geering the management nght i< ©

viously

Conclusions .
Nument oycling for soil health needs wo consider |
1o improve agricultural production
quality. Poorly managed agricultural
affect the wider environment. However, a thor
and primar

management/cycling of nutrier
lead 1o significant improvemernts in pront and
More sfficient management of fertili
significantly reduce the exports of nutrents to th

The goals of nutrient managemer

taroets set. These are likely ro be
d ma

upon by farmers, |

tor evaluation established

Improving the efficiency of nut
decision support systems and
tillage and the use of controlled
promizes to be an effective

profimbiliry
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The role of organic carbon in soil chemistry

lan Vimpany
Soils consultant
Alstonville

Soil chemistry s intimately connected 1o s

of soil chemistry are not balanced and fu
suffers

|
Organic carbon as a measure of soil org
and 3

many of the soil chemical process:
When we measure the

NIC matter content of

mulriplying the organic carbon
content \‘I'. Jsm‘:ulru TII .‘«.'ll!- X |mn'mr=,i'. vares berwe

Organic matter incl
Litter and o
MOSt Teaciive component in
productiary. It is forme

nisms are Of

over very lo

£ periods

other soil ]:‘!:ir".'iu':.l and & mo
original materil f;
components of soil organic marter the main functions
been developed by Baldock and Skiemsmac

ore 1
1 winich it v

194494

Humus has many effects on soil Ty
tollowing topics in relation to humus pH
eation exchange capacity, sluminium solubiliry I ind nutrient resen N — =
and availabiliry .

EC (cmol {+) /ka)

Although one of the simplest measures we can m
important determinants of soil health th
meaal ions such 25 aluminium and mar

1geh fts dr

ce on bath the rype «

. i mrent and a CE( H and CEC for local
pl'lucotnmuﬂh' measured in both war nd 0.1m CaCl ‘. o R I 3 emol (+Vke. Figure 3 s that these s =

‘measures is a characteristic of different soils and at . ! e e
of salinity and pessible aluminium or mang,

ANEse toxicity

s the unportance

n the CE( -
11 Hmmul'mln mportant effect on the pH at which productivity is influen ed by g -
¢ MRium toxicity and |'s.em'.c the requirement for lime. I 1982 Jim Bradley and 1
) { 0 Agnote (16/82) highlishring the difference in pe

reent aluminium

a3
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R (CaCF) and cation exchange for Richmond area. This 1‘:‘“‘?‘”.“' of humus m vary * CEC, or the amount of positive charge, with pH
" _. nship between is very impormant. It influences the pH ro which soils should be limed in order
oprimise plant nutrient availability and plant productivity. So we see d-mm l:
high in clay bur with low CEC clay types, and in lighe mt!-und el 1:«:
has a major beneficial role in ensuring good mudu;'!iwry. ¥ e
e A!Pminium solubility and toxicity
While aluminium is commonly considered an exchangeable cation, its chemistry is
so complex and its effects 5o important to plant growth in acid soils thar is
interactions with humus are discussed separately. At soil pH (CaCl,) below 5
ds of aluminium become increasingly soluble and a}umm_h.lru enters the
“he most phytotoxic jons are Al"* and AIOH™ Liming to raise the
5.5 will remove these ions from solution but in many situations itis
© lime or it is not practical as in perennial tree crops. There is now
lara to show thar humus and its components have an important rale
X te -ring aluminium non phytotaxic and hence improving soil health
-4.0 4:5 5:0 5:5 c-..n and productivity without the need for lime.
PH in calcium chlorde solutdon Humus works in rwo ways to achieve this beneficial effect. Components of humus
| vith aluminium ions, rendering them non-toxic in solution; and

complex aluminium into their structure rendering it less soluble. In
ATE MUMETous ('x_1mplts of this ef‘llen‘. For CHmPlC. Wht‘l'l first

sands ar Coonabarabran will only grow Serradells legumes without
r three to four years of pasture improvement with Serradella, subclover
row and evenrually dominates. Humus formed by the Serradella pastiire

. -|'4 Figure 2. Variation of CEC with the content of clay and humus and pH for two solls.

4 aluminium in these sands. In another example; soil that had been under
— re for long periods on the central rablelands of NSW did not respond to lime
g L. Top ',?-"'E"L‘;‘,-'- II%C te low pH (4.3) and high aluminium saruration (30%).
y = Table 2. Soil analyses of three krasnozem solls.
73 0L ONET -
’ ..Ty,ﬁh_\. 1.7 C. e - =
2SN N O 0oL ¢~ Kikuyu _Cane/Macadamia Macadamia
= % Clay, 0.5%¢ oL ok e 52
. = _pH (CaCl) 4.2 43 56
_ 1. Sub 10% Clay, 0.3% ¢ phosphorus (Colwell) 22 87 300
7% J exchangeable potassium 53 A3 Lo
b % 7 exchangeable calcium 1.48 1.0 ’19?
axchangeable magnesium 1.33 04 2;}
exchangeable aluminium .60 1.32 —
axchangeable sodium 06 .08 e
CEC 4.0 29 =
Ca/Mg ratio __1_13_____.——25——-——__0'_— "
aluminium saturation 15.0 349 l;
95



. asnidation of mumsinatbie Qg

s of three krasnozem soils with different hisrories, showing
aluminium solubility. Soil 1 s from a local soil that has had
w and is very high in humus, and soil 2 is from a macadamia
ed for sugar cane production where humaus is very deplered.
thar humus clearly has an important role ©© play in nmrhur:muu

in conjunction with liming and the consequent beneficial

Mmuhdoubawttnormx carbon and nifrogen for some

at apricaltural soils. This is because the microbes that form humus need
n, phosphorus and other nutrients in their life cycle and so combine
ymuss. Cultivation and consequent oxidation of humus has the

o relesse significant amounts of plant nutrients for cropping. This

s been used for many years on the black soil plains of NSW ro obviare

e of fertilisers. This practice is however ‘mining’ the soil of reserves and

ser 15 now used in many of the black earth soils where humus levels have
deplered.

ty, and adequate rotations berween cropping cycles are required o
The red kmsnozem soils of the north coast appear to contribure
mounts of nitrogen o fruit orchards, particularly early in the orchard's

Soil health: the foxndiation of ’

- Soil structure: the key to
sustainable agro-ecosystem management

Gunnar Kirchhof, soil physicist
lan Daniells, soi scientist
NSW Agriculture Tamworth

Sustainable land use practices are affected bya large number of interlinked factars.
Q1 STIUCTUTE 1S an Important, yet often misunderstood component of the finction
- dynamics of agro-ecosystems. On a paddock scale, soil serucrure afiecrs
tes, dramns and moves through the soil and therefore determines

trient and pollutants are stored, released and mken up by

;atchment, structure influences runoff and erosion and is .

tor in the stability of an agroecosystem. No single measure can

ure. Further, it is not possible to uniquely assmna quality value

or exactly quantify its impacts unless it is assessed within a specified

use of its nebulous nature and indirect effects, the impacr of soil

ur agro-ecosystem is often masked, as we apply new rechnology that

ercome soil structural problems perse However, improved

= may only offer a temporary solution to problems related to soil

here are many examples: if soil organic marter decline causes soil
its, fertilisers can be applied; if soil is compacted it can be loosened
ge; it soil is eroded, earthmoving machines can be used o replace the

il. The additional cost to manage structurally degraded soil is pood for the
nomy as ir lifts the gross domestic product; however, this benefit may
be shortlived and economic management of structurally degraded soil may no
longer be P wssible, Therefore we must strive 1o maintin, improve ot stabilise soil
structure. As a first step we must understand the importance of soil strucrure. This
paper outlines its major functions and how it interacts with our agro-ecosvstem.

What is soil structure? e
Soil strucrure has been defined as the arrang and orie cixs P!.’ml m
into secondary particles or aggregates, such that the properties a.tt" d_'lwt .lD S
similar mass of unaggregated soil (Taylor, Ashcroft 1972), By definition, soil
structure per s cannot be measured and can only bc;m:uum.\:[ i dﬂﬂﬂﬂ-‘: o be
measuring appropriate soil prop chat are rel. msollsl'mﬂ:ﬂl!» an“' el
described qualitatively, based on the appearance, shapcuhd i u:ir soil pore:
pores (McDonald et al 1984). Ircan be assessed mwd;’pﬂmﬂi:{;"ﬁ
(Hamblin 1987), macropore space (Ringrose-Voase 1990I "’.‘I SRR
soil for air and water (Kirby, Bhunden 1991). Ircan be f the strength of the soil
using image analysis techniques or through mmma WO‘ Dexrer 1981) or
ageregares. The larter is measured using frinbiliry tests 2 The

il tensile strength (Roloff, Larson 1968) :

of water can be w“hﬂ

. 'ﬁ.‘#mﬁm

penetrometer resistance and
stability of soil aggregates in the presence
ability to withstand dispersive forces associated
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T v | 1 1984, So, Cook 1988) or wet

der 195 Hom ll 1984). The diversity in methods of

: ﬁnwdﬁtk.bm'me rhan a single sonl
inferacnons cons between affected soil properties and their
makes it difficult to obtain a clear relationship between

(Letey 1991).

e wcomely affects soil structural stability (Cook. Ellis 1987 Ross
cer 1991, Chan et al 1992). Soane (1990) lists a number of possible
o wwmmsnlsmblhw dilution effect,

jon, binding forces berween particles and within aggregates, elasticiry
it ef The dilution effect is due to the lower absolute density of
r resslting in fower bulk density (Gupta et al 1977). However, the
o only have 3 marginal effect on the soil bulk density.
 bul + is an insensitive measure of how root growth and the

r and water respond 1o soil seructure.

d friction is probably associated with an increase in shear

}7) reported decreased packing densities with increasing
However the rype of organic material, nor just the
affects shear resistance. Humified organic matter may
hness of the particles, leading to increased shear resistance,
rganic residue may decrease shear resistance as observed by

1 this case organic master may separate soil particles rather than
i increased elasticity due fo organic matter may result in
rr than decreased shear smength (Soane 1990).

A d to the increase in rrue cohesion (Soane

: Mwﬁm@lhwha bind particles and

associated with the strong decrease in structural

Ty after cultivation of a virgin soil (Cook 1988)
its out that the effect of organic marter on soil

imeim matter present in the soil, and

al stability
on its cohesive and frictional forces
""' ﬁmn. This is governed by soil
s m‘hmﬂ!’m. soil water
(Means, Parcher 1964, Hartge 1978,
i ..h%m“'dmnmcnilybe

Soul heaith: the founds of mn 5

electrostatic and electromagnetic forces of arrracti

particles together through capillary fut:::and mm“- APWEth m v
surfaces (Mitchell 1976, Lambe, Whitman 1979). The mf md!o‘m
cohesion depends on the interactions between water and mﬂm l‘l’!'mm
therefore very dynamic and changes with changir soilm.l ’ ".‘ .
is influenced indirectly by static soil propesties su:h i . annn it
capacity and the type of cations on the exchange complex. Sands, for hm!
no true cohesion unless they contain organic matter, and s aml":.
cohesion due to the water thar holds particles together by the f ppl:r{m L.
(Whitman, Lambe 1979). Apparent cohesion is more pronounced in soil that has a
large number of conmact points berween particles. Menisci can form at these
contact points and hold parricles closely together and apparent cohesion increases
with decreasing water contenr until the soil is dry. App coh 2 Ity
increases with increasing clay content and is related to carion exchange capacity
(Craig 1987)

Effect of cations

-t of different types of cations on soil structure is related to the size of the
tion as well as to its charge (its position in the lyotropic series). Dival
lcium and magnesium) tend to stabilise soil as colloidal particles
flocculate. Due ro its larger effective ionic radius, magnesium is less efficient in
floccularing clay particles than calcium. Potassium tends to be adsorbed very tightly
by many clay minerals and has little known effect on soil strucrure. Sodium,
however, is strongly dispersive due to its low charge and large hydration hull. Iris
often the primary cause for poor soil structural stability: soils disperse and
concomitantly erode easily, Dispersed particles block pores and lead to poor
aeration and low permeability for water. However, irmespective of type of cation,
flocculate and hence stabilise soil. Since salt concentration
with very weak seructures when

high salr concentrations
increases as the soil warer content decreases, soil
wet can develop very strong structunes when dry.

Effect of pH
The effect of pH on cohesion is indirect
on cation exchange capacity, amount of

and is associated with the influence of pH
exchangeable bases and soil organic matt=r.

Friction : angle
Friction within the soil determines the !‘Whﬂmff”““ Iris mm:i‘
of internal friction, which represents the rate of increase In shear

matter largely affect
increasing normal force. Soil texture, ’l*:::'i; ﬁ nm't; Afeiction ®

friction. Soil is more resilient to d z e
large. Tn dry, cohesionless materials, the angle of repose is approximately equs

the angle of internal friction (I.ambe.m 1979). These A
smaller than 40° and decrease with increasing mﬂ_wm

in clay pasres (Kesdi 1974). Organic matter tends to ol
particularly if soils are dry. However, soil water content ;
both the soil's cohesion and angle of intemal friction.




o the most important factor governing soil
of nitrogen supply and water holding capacity. lts role in
od. but its impact on soil water relationships is often
functions can be used to assess and quantify the
en many soil properties. For a wide range of soil types
carbon tends o increase toml plant available water, A 1%
i carhon will increase plant available water by 20-30 mm of
 of sofl (Marrique et al 1991, Kay etal 1997, DaSilva, Kay 1997).
impact on improvement of plant available warer, extremely
matter are needed. Most organic matter is located in the
Thiss, even an increase as large as 1% organic carbon (1.75 %
d only increase the amount of plant available water by no more
<oils such as Vertisols and Ultisols there may be no detectable
e maser on plant available water (Manrique et al 1991). The impact
er on soil water is largely due to its effect on soil water recharge.
Crease ﬂlesdﬂhof&cmﬂmﬁm.d&embvrcducing runoff
ter movement through the soil's macropore space. It
l rake up water to its maximum capacity.

: at roots proliferate in the goil, and both relare directly to soil
s explore existing pore space of create new pore space. The former
J hlmwm the latter requires that
the routs to penetrate, Penctration resistance of the soil
‘cohesion and angle of internal friction. Hence, it is most
er potential (within the same soil, the potential is related to
Hoasely related 1o bulk density. Existing macropores are a
oliferation into wellstructured soils with a high penetration

i most widely used merhod s manage soil structure.
i M&mwmmmm tillage, is promoted
Mdamddwm&mh of farmers in

tillage practices (Kirchhof et al 2000),
%imnﬁmofmic matter.
Hl_ﬂhtlmamumno-ccnmc\

®EN Up conservation farming. There
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Sodicity

Sodicity is a soil structural constraint that slaking " .

soil is saturated and excessive hardness “&:::L s C::udmm the
are widely used ro overcome this constraint, the most common m““‘ amendments
to gypsum’s relatively good solubility, calcium cations are released in m e
solution. At first the soil's electrolyte concentration increases so rha:‘btiae il
solution becomes saltier and colloidal particles flocculate instead of dis " Over
time the calcium will replace more loosely bound cations from the mcl;::
complex. This affects mostly sodium and results in a decrease in exchangeable
sodium. Theoretically this change in exchangeable cations composition should be
relarively permanent, but the effecrs of gypsum application tend to lessen with time
and are no longer evident after, say, 10 years. This suggests thar the electrolyte
effect may be longer acting and more important than the change in exchangeable
cation composition. The latrer is probably more pronounced if lesssoluble calcium
Solubility of lime is very low and soil structural improvement due o

lime application tends to set in very slowly.

galts are

Magnesium

The carion magnesium is often flageed as demimental to soil structure. Like

< a divalenr cation and reduces dispersion. However, it has a lower
charee density than calcium and is therefore slightly less effective in flocculating
colloidal particles. This means chat soils with a given sodium content on the
exchange complex are more dispersive if they contain magnesium rather than
caleium. Reducing the amount of exchangeable magnesium is extremely difficult
and verv large amounts of calcium ameliorants are required. In theory, a grey
Vertosol with a calcium:magnesium ratio of 0.5 would require 13 t/ha of gypsum ro
increase the calcium:magnesium ratio to 2 injust 10 cm depth of soil. In practice,
very much larger amounts of gypsum would be required because much of the added
caleium would leach before replacing exchangeable magnesium.

u.:ll-. mm, 1

Soil surface . -
It is important to realise that soil structural smbility and permeability of the very

thin surface layer (< lem) is the mostimportant factor gowmmgso!f e,
recharze. A soil can be very well drained and have 3 :uplmor.nmcm .unmtddeM
below the surface, but a surface seal onlya millimetre chick will i

easily water enters the soil and how readily it wna off. Q“’mﬁmw lhi :
methods initially influence and change the soil propesties Wi S )
for example through organic matter buildup. This is a catalyst

improvement over fime for the entire soil profile.

in detail.
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h in north coast agriculture:
ment and rehabilitation

M {Internarional Federation of Organic Agriculture
n Swirserland in 1977, which placed organic farming under

sral field. She applauded their toresight.

e living world from a new perspective- they also asked new
ﬂ\hmm with disease and its
ot to discover the causes of Health.

of health, agricultural research has begun to focus on

: M many prominent research groups have

Zedss 2000 publish a good example), agriculture in the
o eapitalise on soil biota for economic or environmental

: m Sherwood and Uphoff (2000) argue thar
ciplinary research with S sinid
of sustainable agriculcure was let down in the
e strongly on seil chemical and physical
ﬁm;. Concern ahour soil health is
both agriculrural producrwry and

wll.hﬂvhhlﬁm discussed works of numerous pioneers

Soul health: the fownclation of sesasinable agricsd

and non-pesticide organic pollution including surfaca
causes of reduced soil health can arise throug nes (Wilke 1997), Other

rough water and wind erosion (Garcia
1997), and loss of organic matter du ; etal
2000) ¢ o fire, deforestation and tillage (Islam, Weil

The north-castern corner of New South Wales is an area rich in subtropical
agriculmure. Principal crops include macadamia, avocado, sugarcane, |

pasture and other mixed horticulture. The current soil health o u“;: being {
out by NSW Agriculture and Tuckombil Landcare group is driven by concern
among growers about the economic and environmental sustainability of
horticultural enterprises and the loss of soil health.

The project described in this manuseript has two key objectives: to assess the health
of horticulrural enterprises in northern NSW, and to develop technologies to
rehabilimte soil health where decline in measured.

Farm soils survey

Fifteen farms were selected to cover a range of enterprises in north-eastern NSW.
5, including avocado, banana, macadamia, coffee and sugarcane, with
itied and operating as organic farms, were selected for sampling. Each
farm had four eampling sites and two control sites. Control sites were arcas that
comprised a similar soil type and similar microclimate, bust were not influenced by
recent agricultural practices. Often, control sites consisted of narural vegemtion. For
orchard crops, two sites were located beneath the trees, and two sites were berween
rows (interrow space). For crops such as sugarcane, rwo sites were located on the
mounds beneath the plants and two sites were located between the mounds. Each
soil core was subdivided into 0-5cm and 5-20cm samples, and each plot had four

soil cores taken

Five indu

some

Soil health tests
Many tests exist for the assessment of sail r1 8
analyses were performed in this survey to enable nll-alrfulkmmbﬂd hﬂl:::;l‘:owls
. . ine crobial activity, pH, ensity,
analysed. These tests included mi rob miry, p ; e

capacity and moisture. On eight of the 15 farms,

health. Some of the more rudimentary

d etermin l.‘d.

Soil pH, moisture, water holding capacity

the methods described by Alef and Nannipi

determined by two mcthod-'r‘; lmimh‘s arien L
hosphatase. Hydrolysis of fluorescein dia

:191}:)4-1 described h}‘.chlcs et al (1991), Fonrvieille et l!ﬁ(l”ll uﬂm";ﬂ:ﬂ

Rosswall (1982). Alkaline phosphatase was b ick (1981““} i

and alkaline phosphatase in soils described WTMW prbeiag (e

was analysed bvmel:iwdtdmﬁ”d by Islam and




e made berween the samples taken fro
analysis has shown that on many farms,

allline phosphatse actrity and
A summary of these findings is s

of findings from survey of farm solls

A, |_Mﬁmdw agriculme

m the farm and the conrrol
the level of fluorescein
microbial biomass were

hown in Table 1.

d with undisturbed

tation Interpretation of
MW““* = g 5 tat carbon data
T no differsnces no diffe SL
i mames oot o dfencces
TN increase in  significant decrease in
‘avocado 3 w::uu-eh wm s, so;grm row and in soil at
depth interrow
no differences significant decrease in
soil at depth
no differances no data
no differances no data

significant decrease significant decrease in

soll at depth

significant decrease in  significant decrease in
interrow soil and at soil in row

significant decrease in
surface soil interrow

no data

significant decrease in
surface soil interrow

no data

no data

i diacerars

ificant decreases
no data

_Cdﬂzmhmﬁ microbial activity and biomass

Was a more sensitive

@ natural sustainable

had seatistically significant
hydrolysis, while only rwn farms
hydrolysis

it does nor

Soul hecleh: the foundation of s o e
necessarily reflect a greater level of microbial biom e :
are independent entities. Three of the 15 farms h:?—d:mum mm‘li.ml biomass
ine

phosphartase activity, while again rwo showed an increase.

Earthworm tests

During the 15-farm survey, there were suggestions thar certain farms had i
depleted population of earthworms. This information was gathered during the
collection of soil samples, as well as from anecdoral evidence from farmers. Further
evaluations of earthworm populations (Tim Kingston, pers. comm) have
demonstrated significant declines in earthworm populations in orchards with &

history of copper use. To determine whether impacts of fungicidal copper on
earthw exist, avoidance trials were set up using methods outlined by Yeardley
Jr et al (1996). The basis of these trials is to count the location of adule worms thar

have the choice to live and feed in either a contaminated soil or 2 non-
0 d soil with similar properties under controlled environmental

arions of the avoidance trials strongly suggest that copper residues
fluence on the presence of earthworms in soil. Figure 1

en with concentrations at 10meg/kg, significant avoidance

n copper concentrations reached 200mg/kg, 90% of the worms were
soil, while ar 800me/kg, almost complete avoidance was found. No

other correlations with soil analyses could be found.

Figure 1. Earthworm avoid of copp inated i soil.

- M=

L L BCaanolsoiline copp

‘.“LIﬂET\\ orms SL"
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Copper (mg/ka)
Rehabilitation trials = ro and soil health are not
Rehabilitarion rechnologies to improve microbial mﬂ-ﬁﬂurs. lime and gypsum, and

new. These may include the addition of manures, .' - andall

organic materials to soil; and the use of crOPT

i | are © ¥
I_I'I fm:r._most farmers, borh organi lmi‘u-- e




the soil biology, to promote soil he:lld'l.‘l:nr example,
3 i trial which received high inputs of compost,
observed included higher organic carbon content, greater
R : exchangesble nutrient cations, and greater

= 4 agaregate stability (Wells et al 2000).

s was developed ar pilot scale ro convert farm wastes, including

| chicken litter, into a soil conditioner. A pilot system was

o 1o Van Zwieten er-al (1997). Following this, a field scale

od ar a commercial macadamia farm with degraded soil
ce of erosion and decline in soil physical properties,
acevity and biomass were measured. Here, 40m’ of
asted with 60m’ of macadamia husk. The compost

. for more than eight weeks, and the pile was turned three
i period. Water had to be added to the compost pile, as the moisture
W 50% w/w on a number of occasions. The final compost was
& of the farm which was prone to erosion, and where obvious soil
ice roots. The addition of the compost did not affecr the
ent practices, as neither sweepers nor nut harvesters were
ce of the 100mm thick compost layer.

Fnry. th e composted farm waste described above and commercial compost
m Coffs Hatbour have also been applied to areas within a three year old
mrd at NSW Agriculture’s Tropical Fruit Research Station,

further evaluate organic marrer addirion and improvements in soil

e s had coconut fibre matting placed on top of ot as
S ¥ pof them to act as
um&cmknf soil erosion. A ground cover (pinroise

nction with the commercial compost in some treatments.

Fimias

ﬂz.mmmhl macadamia farm gave promising
oudi W‘m:;r:}:u; shown) as well as
: BCTiVItY, measured ydrolysis of
&u Iliuws the level of microbial activiry
hﬂow.mlmzom, and the increase in microbial
: addition was even beginning to influence
mmmlﬂerhnd a very high level
© arganic matter becomes incorporated
with no compost addirion showed very
ity at the rwo sampling times, Sampling

lry

1
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Figure 2. Influence of composted farm waste on soil
microbial activity.
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North coast soil health

The results of the farm survey show significant decreases in microbial activity in the
region's horticultural soils. Trials indicate that the major causes include the
presence of copper in soil and increases in bulk density of the soil. Figure 3 showsa
general decline in microbial acrivity as bulk density increases.

Figure 3. Soil bulk density impacts on fluor in diacetate hydrolysis.
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The causes of this immndbu&mww
particular, the use of machinery over bare
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The bare earth is a result of management practices that

W : undertree arca free of vegetation. This is
, facilitare mhmm of dropped nuts from the
w

date have shown that chemical residues in soil and other
sces can influence the microbial activiry and microbial biomass in
re. earthworm activiry is reduced in soils with copper residues,

in reduced bioturbation and incorporation of organic matter through the

can be asked whether these soil health indicators will affect the
v of the industry in question. This question cannot be fully answered
‘outcomes such nmjﬁﬂn& soil erosion do suggest that sustainability
" od. As for the furre, multidisciplinary research teams need ro assess
understand soil biology, along with soil chemistry and soil physics, 1o
tand soil health. This could be the first step towards developing eruly
m Research in narth coast horticulture needs to further evaluare
copper conmamination on soil health, and ro develop technologies ro
£ copper toxicity in soil if soil health is to be improved. Research needs to
the benefits of this improved soil health, ether by increases in vield or
ce quality, and reduced inputs or reduced losses due to pathogenic amtack. A
llndgnfmk&nmngmmsmi commercial sail amendments 15
the benefits of these products or practices, and to gather
on that will benefit best practice conventional enterprises.

v Al o acrvity of soil contaminated with
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; e, withotit the use of synthetic fertilisers,
S i quaml 1980). Concerns over the environmental
lﬁ s rermis of trade, reduced market opportunities and
reased interest in the adoption of organic farming

of the industrial and scientific revolutions had
Irure and society. The industrial

larger cities and made greater demands on agriculture
50 revolistion saw the development of modern
g importance of technology and engineering. This
mﬂfﬁ biological, or life, sciences and
have as visible an effect as chemistry and
such as Darwin (1881), Frank (1885), Rayner
| Hopkins (1910), were important for the

ces umﬂumﬂn\ru\mt areas of
subject o wind erosion during what became
i H—Dlﬁlmﬂnhmuu of numerous soil

T p——" >
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declined as scientists lost interest or could

attributed this shift 1o a post World War l?:mmmn lﬁr Many
fram petrochemical and munitions industries. Tt was during this period that the
organic’ versus ‘conventional’ agriculture debate reached its peak. The publiciti
of Rachel Carson's Silent Spring in 1962 saw the debate shift in favour of i
agriculrure. Carson’s research highlighted the impact of pesticid mld\em
environment and pointed to the inevitable decline in ecosystem health, C
stressed the interrelatedness of all life on the planet, that each species has s oo

ties to others, and that all are related ro earth.

By 1977, as erosion and declining soil fertility were rea e
in agriculture, the United Stares Senate was preparing to hold heart (midz
relationships berween diet, disease and healrh, and researchers began revisiti
agroecology. At the farm level, organic agriculmure emerged 2s 2 movement offering
farmers an alternative to expensive biocides and energy intensiveness and which
aimed to minimise the impact of agriculture on the environment and work with

namre.

Today, as agriculture struggles to find a balance berween feeding the world and
managing legacies such as salinity, soil acidification, declining biodiversity, , pesticide
resistance and human and animal health concerns, a renaissance in intcgrative
thinking is permeating agricultural policy and research. Researchers are beginning
to investigare organic farming systems in the hope that they may provide some
solutions to improving agriculrural sustainability. As consumers begin to demand
food that is produced with minimum impact on the environment and with
minimum pesticide application, the organic industry is experiencing an annual
srowth rate of 30%. This expansion far exceeds that of any other agricultural sector.
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Soil — the foundation of organic philosophy
Organic farming's basic tenet is the creation of a healthy. fertile soil as the basis of

the farm agro-ecosystem. The concepts of the Living Soil and the Law of Return are
fundamental principles of organic agriculture.

of soil is intrinsic to organic agriculrure, Organic

m.mumamdmﬂ

that soil. Organic farming is primariy ¥
understanding.

The ‘aliveness’ or dynamic nature
proponents often equate the quality of
animals, and, in rurn, humans living on
building process. Relevan
soil as  living, dynamic entity, and
the soil, soil building will not eccur, and a
able to produce basic food mqtﬂmtﬂ“ﬁmbe

of the

This statement recognises the cylic
to recycle biological wastes back
their food supply. which in wrmn
decomposers. Organic phi

the export of agricultural commaoxities



n of ssestarnable apriculti:

24), note that the continuous export of agricultural
in the destruction of the once fertile North African
compliance with the Law of Return would require a more

 mingling of urban and agricultural lands and
berween urban and agncuh‘uml people. Many advocare
lead 1o a better balance between agriculture and

reement within organic standards that organic farming

n o increase soil fertility on a long-term basis. Australia's
National Smandard for Organic & Bio-dynamic Produce
the primary aims of organic agriculture include:

d ﬁwugh ‘management practices that enhance soil biological
fed through the loil ecosystem and not primarily through

mﬁasﬂ&m;ﬂ&mngsymm rely to the maximum

: _m. crop ues, animal manures, legumes, green

Mlﬂdw mineral-bearing rocks to maintain

and supply plant nurrients.

5 ” organic uilding process
mm‘& in the fu‘mmg system. This

mm T the and ammonium nitrate are excluded

eyclic renewal of nutrients to maintin

“deﬂ health are raken as
omganic farming systems in Europe (Stolze et
increases microbial activiey by 30.100% and
1. 'md? of organic, conventional and
e ”—'_“"SW&‘-‘N 1994 to 1999 found
d higher soil quality and potentially lower

¢ conventional system. The dara indicated

2l and economic sustainabiliry,

Soil ""‘dﬁ’- T&M "fﬂlltllr )

livestock systems, systems characterised L

Phosphate rf:ck‘ lime, dolomite, l’gumeb::n:r use of mmnl inputs.

and crop refuse, manure application during MMd green manures
microbial preparations may be used for building soil Brasng, d! application of
(1995), Derrick (1996), Derria et al (1996) and Sel (ﬂulm?' Srudies by Penfold
rowards deficiencies in phosphorus, nitrogen and . ’;mmd
organic management regimes in broadacre (exte e s_ nmi ! current

systems.

Limited studies of intensive organic farming systems in A s have

shown an increase in soil health compared with conventional practice (Wells, Chan
1996, Huxley, Littlejohn 1997, Stevenson, Tabart 1998). This could largely be a
reflection of the cost effectiveness of applying larger applications of commercial
organic fertilisers, compost and incorporation of green manures to high value crops
such as fruit, vegetables, and herbs.

Organic soil building practices
Organic farmers have a range of options to sustain soil health. Applicarions of these

methods are discussed below.

Increasing biological activity

Organic conversion begins with a process that encourages increased microbial and
arthropod activity within the soil. The elemental composition, structure, and
organic matter content of the soil need to be favourable if soil biological activity is
to be enhanced. Biological activity begins with the breakdown of soil organic
matter. During the decomposition process, the organic molecules in organic matter
are broken down into simpler organic molecules thar require further decomposition
into mineralised nutrients. Organic farmers supply organic matter d“"“d'
incorporation of green manure crops and crop refuse, and the addition of compost.

The use of bic-indicators is becoming an increasingly mmtww and::k

health. Pankhurst et al (1997) review the measurement of 57 mgmil‘ < oAl

processes as indicators of soil health. A ange wa_” - DNA testing ©©
ade measurement of CO; respiranon;

biological activiry. These incl i
determine the diversity and abundance o W’Wm_ - i‘“d:euﬂ-cmﬂ
measurement of the tensile serength of cotton SIS = ammon if
laboratories offering soil microbial assessment are ROW

Australia.

Green manuring y _ cultivated b

Green manure crops are grown
build up soil organic matter and nurients, and 0 curned in
type of green manure crop and M"MSAMM
of organic matter or NUITIEALS requrned t© d:mu' WW
legumes such as vetch, faba beans or lupins :
140 kg Nogain/ha) that is released to the soil Upe5

when allowed to mature, contributes mors QRS
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Sl howlth: e sordaarzom of L

antire crop that increase plats 2. Lucerns undersown eight wesks
after maize eme
rgence comes awasy

| putrogen. Jow in organic matrer, then a green m

..-J;:l; g 5 following maize harvest. Yanco organic demonstration site. Photo: R
e J Neeson, ; -

, 'mtmwwamwmandm st NSW Agriculture’s

' -#w site at Yanco. Ph

oto: R. Neeson.

Growing permanent swards and pastures
In live nd croj prises, legume-based pastures provide the systems’

Gleﬂw_mﬂmlhmﬂhms&nwtow&uccthecam.u\tm, pests and In livestock and cropping P
KOI.EF o W ops in the rotation. Green manure crops are an essential m nitrogen inp
= fve arganic annual cropping rotations. permanent

other nutrien

plant roots, soil microfauna and

l::? h{:l:mgmll:mngdx mcorporation of a green manure CIOp may occur
: clneuiu poration resulting in ner drainage. There is some evider
wmthrnm;u &:d:mg may be less under organic than under con
r‘ (Lamplan mmhdwd below the roor zone is effect

mhﬂm : th:mhm the BIgaNic system needs to consider |
M_ 'E;r:lh“mg‘ ploughing in of the green manure crop can |
minimmsed. c|ﬁ‘!‘mﬂﬁuhm:m- of a cereal crop immediately
incorporation manure has been
miost effective methods of reducing

‘ Mm
] I'“.“ €rops 52 key practice in organic

and helps remin good soil szucture.

hallow-tooted species increases the potential for

pastures, herbs such as chicory,

ple, in organic ]
Ideally, an orchard sod consists of 2

+ are often added. .
cos such as ryegrass or fescue are efficient in

es. Ora

following
; shown to be the simplest and «
nitrate leaching,

.d able ro urilise excess organic nitrogen.

nay contribute $0-140 kilograms per hectare per
Herbs such as comfrey and chicory often have
bringing up leached

+ and have deep oots capable of

stherwise be unavailable to the crop-

3 ms In eTina al L‘j
v by Evans et al (2000 of organic cropping syste s in the Riverina an :
7w el TG ent of the
1l West ot ISW will arrempt © identity best practice 1OF ulun;gem h‘..
: o ' cpease 3 concentratons o
pasture phase to optimise soil microb ial actovity and increase soil coN<

<study aims 1o quangify sot

| fernlity rends and will

mineralised nutrients. The i =l
ractices o im rove yickd an
introduce a range of innovative pastre management Pracuices Pt

cropping frequency.
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species (oats, faba beans and
'_‘“&'&ﬁ:ﬂf > the potential for accessing soil
nutrients and improving soil o 6.

Applying compost
Compost is 3 primary source of nutrients and organic matter in intensive o

farming systems and an imaluable food source for soil microorganisms. The use of
compost in Anstralian broadacre organic cropping systems is not widely practised
as its application i nor cost effective. Animal manures and crop refuse form the
major ingredients of compost. Organic standards require thar manure intended for
application s composted before use.

The major benefirs of compost are that it is a more stable form of organic matter
than raw waste, and weed seeds and diseases are destroyed during the composting
pnt'xs. When manure is composted, it 15 easier 1o spread, and losses 1o the
environment are mi l. Rock dusts and clay, added to compost in s

» ; ay, compost in small
m‘mhdp o !Hll-lﬂtmimgm losses from the heap by absorbing ammonia

) &Jh%&’:ﬂ iquies . ted for composting. The Australian
. i C-m\ihmnﬂ! and Mulches (AS 4454-1990) defines
| composting process \ﬂ'mm organic materials are pasteurised and
W dﬁhdmw.h u.. Th:croblc 1_“‘! ﬁr::mophlhc conditions for a

s that achieve a suitable

Tatio lies berween 25 and 35.1 (Lam
: - 3 pkll‘l
portant and Idt:l!.l\‘ shc_-uiri be in the order of 55-

activity quickly raises the temperature of the hea == J
P " p to above 55°C, after whi
turned (ASA standa which it is

mixing and a further hcating of any U'ﬂdﬁum 1maleml

— — = I
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s specify a minimum of three turns) to allow for thorough

Piate 4. Compost production

Remineralising the soil Bl
ls are leached of elements essential for plant growth. Moreover.

with emphasis on supplying a nitrogen, phosphorus and
expense of minor elements may have resulted i
sain trace elements. This theory has some support, with

Widdowson 1940-2000) suggesting 4 gradual decline in the
I since the 1940s.

sime at the

(McCa

\tal composition of fresh fruit and vegerables

i i ing the
h higher biological actvity play an important role in ::ic:vmrl: sl
nts. Significant research has beenu mkehom sor

5 fung in increasing p:

Sails
wailability of micronutrie

roles of arbuscular mycorrhiz - e T e
e ability ro X3 :
in plants and rhizobium bacteria, and its 8 heric nitrogen

the role of other soil
However, little research has been undemkefx llTDB
¢ micronutrient uptake by plan

symbictic

}‘L'I[\T use
MICTOOTEANIEMS in I“!I."l'\“-'“'l

farming soils is 3 e
The remineralisarion of Australian farming S fisation have an

i u O 1
by some soil health practitioners. Various ‘;c::::'d :‘ balancing the CEC of soils
increased following amongse farmers, large . (Alhfn’-‘ht 1975). The

: : calct agnes
12 a sarisfactory calcium O MAag ‘

and achievin et be scientifi ally e

effectiveness of these techniqu
Australian conditions.
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fertilisers of mineral origin. These
dolomire, limestone ancl rock
and some commercial

' the soil ot added to compost

i of application is favoured, release of nutrients from the
hrnaitandiﬁom high remperatures and high biological
ng A green manure stage of composting.

soils will generally lead to an
be supported by suitable

< of appropriate machinery at correct sail moisture,

il organic matter, and improvement of soils utilising different
e techniques used by organic farmers to develop soil

W practices as having the most significant impact

i | activity. He summarises the organic approach to soil

that seeks o maintain soil strucrure and allow the soil to have

7 28 Jong as possible within the rotation. Shallow cultivations,

e layers of the soil are mixed, are an important element of this

"Mﬂhﬂhwwm and aerate soil, avoiding
] Green manures or cereal crops are sown as 00n as

i, their roots helping to smbilise loosened soil and

o MMIMa high-input chemical system with a
: l“fl!lnkwa building process goes through three
xse of #mlwmmﬁrwﬁe&cu the adjustment

developing a system thar reduces the crop's reliance
2ol M ened to overcoming ‘cold turkey' for those
dependent mdllnhl inputs, During this phase
: lidﬁmdmlim as the system converts
starved of its regular ‘fix’ of readily

s

Sorl healh: the foundation of Ay

applications of seaweed, fish emulsion, sugar solutions s
1o stimulate soil biological activity and stplemens ph::lgulm::ubulm

Comfort phase

The comfort phase coincides with an increase in biological activity and
corresponding release of previously “locked-up’ or unavailable nutriem:Du ing this
phase optimal crop yields are reached. Organic farmers need 1o be djllg;m ﬂ'n:g
over-fertilisation does not occur during the comfore phase, This is more likely :o
occur in intensve horticulture systems where applications of compost and green
manuring are common practice. Evidence of overfertilisation usually manifesss
irself through crop physiological problems and increased pest and disease incidence
1= are encouraged to regularly monitor soil nurrient levels. Soil and .
plant tis ting enables nutrient requirements to be tracked thus svoiding
‘overfeeding’ the zoil system.

Orzanic fa

Maintenance phase

Research has indicated that some organic systems have, aver a longer period of
time, . 2 decline in soil nutrient reserves (Small et al 1994; Penfold C eval
1995). This could be artributed to long term drawing down of nutrients during
harvesting of crop or livestock products and through narural processes such as
{eaching. In Australia, this has been particularly evident in broadacre cropping and
livestock enterprises where phosphorus deficiency has been found, This has
implications for cereal and legume crops. Phosphorus deficiency in legumes will
impact on plants’ ability to o armospheric nitrogen in root nodules. Nitrogen fixed
by legume forms is an essential nuttient in subsequent crops in the cropping
rotation. Nutrient budgeting by reconciling inpurs and outputs to the soil system
and correlating these with regular soil tests and crop performance can help organic
producers track the performance of the soil nutrient cycle.

undergo

Correcting deficiencies

Unseasonal weather conditions, -
: a g i rin a deficiency
just a miscalculation of crop nutrient requirements, may result in

within the crop. If this happens during a critical crop growth period, plant health

may decline, predisposing crops to pest and disease amk Apermanml {n:.l:
depression may result, so it is necessary 10 COITE et q:.l.d’h y:
analysis is the usual method o detect deficiencies during the crop growing period-
Otganic farmers make use of foliar sprays such as fich and aenﬂd‘ extracts,

deficiencies.
molasses and trace elemenis to correct temporary

Case study: organic corwerslpn :t“‘:?:co .
At Yanco in the Murrumbidgee Irrigation . ,NSNW_NSW
Agriculture, in conjunction with the Narural Heritage Trusts mul Landeare

Program, has established a dem R the organic
process to farmers. Practices demonstrated Bk
e increased soil ferrility and biological activity bY - S s
e use of legumes, green mm‘“‘_m’d‘ﬂ'ﬂ_ Mm‘ pec e
e application of composts. spl-'ﬂ'-‘l preparations organic
mineral fertilisers
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Fyliby e~ case site i designed o achieve sustainable production and
) ; % l.“'l!”m roation of cereals, oil seeds, legumes and

= k= o wwn down initially to green manure crops which

- wegerables. The entire site was sowT ; A
TSR h*ﬂ-rw-mmﬂmammmvwrﬂ en applied
I I ik . l itk _-'-l dards

) ..‘.:;1-5 dn ;ﬁ--..-- A i referred 1o 85 ‘organic - biodynamic’. In this trearment, crops are

2 Wﬂww;ﬁpﬁupbﬂmm foliar applications are

k applied : atintervals of eight to ten days, depending on leaf analysis

*&&Wmd biodynamic preparation 500, biodynamic

~fish emulsion, brown sugar, worm liquid and seaweed liquid.

officer Tobias Koenig inspects linseed at the

g . and disease susceptibility and adapmability 1o
mdﬂﬁtﬁtw

Saul health: ﬁ*mduﬂ,m agricul

melons, tomatoes, lertuce, and green mangres.

achieved for most crops, although in mm::umﬁh:rc?ew d':'u districe
average. Soybeans have been the exception with crop failures due 1o significant
green vegetable bug damage. Heliothus sPP. has been the other maior i

and while some minor crop losses did oceur, pest populati K mp':'“.
Disease incidence has been negligible on all crops.K .

Standard soil analysis

has been carried our each year, before and after planting. Soil
analysis trends show that organic matter has increased from 1.5% to 3.0%, pH has
generally remained unchanged at 7.3, the calcium ratio has 2 d
from 1.7 to 1.5, and the cation exchange capacity decreased shightly, due largely, it is

believed, to an increase in potassium from compost applications.

e real benefit of organic management at Yanco will be to demonstrate the long-
npact of the intensive organic rotation. Soil health improvement, pest and
ase incidence, sustainable crop yield and quality, will continue to be monitored
over the coming years to assess these changes.

ary aim of the Yanco demonstration site has been to show farmers that
es can be sustainable and that some practices may offer opportunities

WG mal farmers to reduce chemical inputs. Thas is being achieved, with
some Riverina district farmers now practising organic gement of com, soyb

gerable crops. Alliances berween local processors and producers are being
enabling producers to investigate opportunities in Jucrative organic export

markets

Conclusion

Mainining soil health organically relies on nurturing the soil's hiological and
mineral processes. Incorporation of green manures and legumes in the cropping
rotation, applications of compost, mineral rock dusts and mzam-:'ferﬁliu:s._-nd
grazing of livestock combined with appropriate tillage are some of the techniques

used by organic farmers to meet this objective.

More research is required under Australian conditions determine organic soil
performance and to assess the

management strategies for optimum crop -
i PR ; i i i a betrer
effectiveness of current practice. Essential to this research is gaining

understanding of the relationships berween soiidrl_iicmlw’ .. ms, soil and plant
health, including mineral uptake, and pest and discase resilience.
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Bor and soil structure:
agro-ecosystem soil health

S _l.‘.-' mm

the organic fraction of the soil, is a complex mixrure of plant
s in various stages of decompasition, and soil microbes and
em. Many Australian soils are inherently low in soil

n et al 1983). The larter authors estimate that approximately
alian soils now contain less than 1% of soil organic carbon in their

. However, many of these soils, including the red-brown earths,
and the grey, brown and red clays, are important for

Mﬁdﬁrmmofuﬂﬂ fertility, the physical,

viol (Dalal, Chan 2001). It therefore plays a controlling role in
M productiviry and the sustainability of farming
&M focus is on the impartance of soil organic carbon
soil struicture (soil physical fertility), a pre-requisite for a
m&: important interactions between soil
ferility as affected by soil organic carbon will also be

shape and arrangement of ageregates and the
oil at a given time. It is the architecrure of the soil and can
System as well as the arrangement of primary
m&y 1990). Soil structure provides
for many soil organisms. Moreover, the

Sol healeh: the foundation of sustainable agrical

limits are field capacity (-10 kPa) and permanen
range igcummon}vb\ownummbnﬁing - i
structure or porosity. Soil moisture characteristics alsg
small soil animals such as nematodes, motile bacteria aquatic phycomycetes
which are restricted to existing watr.-r-ﬁi:;i:ou pores. 'Im'lin organisms depend
sequences of waterilled pores of the right size 1o permit their passage (leﬂ:;.
Campbell 1985). The rate of water movement through soil, determined by li-
distribution, controls many important biological activiries such as wilting il::l:‘ra
germination of plants, and harching of nematode cysts (Smiles 1988). :

Wﬂ
mmu!dumdm

At the same time, the composition of soil atmosphere is governed by gaseous
diffusion processes between the above ground atmosphere and the soil which
depend, in turn, on the soil’s porosity. As a result, asrobic and sy T8
interspersed throughout the soil and these also affect the prevalence and

distriburion of organisms in soils.

According to Dexter (1988), a soil that provides an ideal medium for crop
production needs welldeveloped structural form, seability in the face of waterand
external mechanical stresses, and resilience or the ability to recover its structure
after disturbance (Kay 1990). Soil organic carbon affects all three aspects of sail
structure - form, stability and resilience (Kay 1997).

Role of soil organisms

While many soil organisms live in and depend on existing soil pores, larger
organisms can make new pores and therefore modify soil strucrure, Plant Toots,
earthworms and termites fall into this category. The effectiveness of gmamut
producing soil ageregation by drying and wetting as well as hﬂmﬂlﬂl‘!w
are well known. Soil fauna such as earthworms and enchymraeids play an important
role in creating soil aggregates (worm casts) and macropores (burrows) m'i hence
modifying the pore size distribution. However, thu!zbtmﬂinﬂt Iﬂdﬂ“:::lsﬂd
on food supply and are therefore closely related to organic matter inputs :

organic carbon levels.

Structural stability and soil organic carbon i
Organic carbon in various forms and in different locations within the soil medium

: Ausralia (Tisdall.
contributes to the stability of soil structure, Resuls from both 7

effects of soil organic carbon level on Nﬂ . : evels which in tum
soil strucrural smbility increases with M?ﬂm*:l& et phase.
vary with the frequency of fallowing and P::l‘"" “l't:: - cffecton
Fallowing decreases organic carbon levels therefore It :

structural srability.

L
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= | model of soil structure, & soil is made up of strucrural
in the following order: domain (clay ageregates),

es (Tisdall, Oades 1982). Figure 2 presents a
{0250

ntation of a soil macroaggregate (Muneer, Oades 1989).

Soil healch: the forndation of meainable b

hand, humic polymers are found in betwe ;

important in maintaining stability of " clay aggregares &hmd:- s
{chemical narure) and physical location wi:hinn |i: wil.l l‘ﬁnﬂiﬂgm ﬂ!
fractions tend to have different lability and q it ﬂdﬂahhkull)“f?tw
soil organic carbon that exists in pores within microageregates is h\m ﬁt? "

microbial attack and therefore has a relatively y 5
being physically protected. long turnover time and is regarded as

Table 1. Tumover time of soil organic carbon depending on L
quality and physical
location within the soil (Lal 1997). :

Type of organic Location Tumover time

Years _ Calegory

microbial biomass pores, particle/aggregate surface 0.1-05 labile
itter soil surface, pores 15 rapd
light fraction voids, aggregats surface 515 moderate
particulate voids, biopores 5-20 moderate
humus inter-microaggregate 20-50 __slow
humus adsorbed on intra iggregate  50-1000  passive
humus adsorbed on intra-microaggregate  1000-3000 _ passive

Soil organic carbon as an indicator of soil health

Conventional tillage .
In Australia, significant declines in soil organic carbon have been mpaned under

as stubble burning and fallowing (Dalal, Mayer 1986; Geeves etal 19_95), Figure 3
presents the changes in organic carbon in the top layer (-10 cm) of six Queensland
soils after several years of cultivation. It is clear from the dara that organic carbon
levels tend to decline with time under cropping bur at drﬁermt rates for tﬁ&l::
soils. Declines tend o follow ﬁmorderhmnmw:mhsnpﬁhin the first few
vears then decreasing with time so tha the soil organic carbon level approaches a

steady value.

the 0- 0.1 m layer with the period of
carbon in the top  Goctvalk

Figure 3 Decrease in soil organic %
cultivation (Dalal, Mayer, 1986). 1 Waco, i
4 Billa Billa, 5 Thallon, 6 Riverview.
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carbon levels stored in the 10 cm layer in lightertextured
'éu_ it indicate consistently higher levels under
 compared with those under convenrional rillage (Chan et
mafﬁt sites do not deviare markedly from the
Grafton site which is located outside the main
carbon storage berween the rwo systems was

the annual rainfall (v = 0.76**). This relationship
mainfall (<500 mm) areas soil's potential as a carbon sink

- %‘mtﬁm o suggest that soil organic
with time (Heenan et al 1995), Resulrs
TOtation experiment on red earth ar
wheatlupin rotations, soil arganic
vears under all tillage and stubble
e highest rate of carbon loss (400 g C/ha/se)
onal tillage/stubble burnt. Near
_ermation is available for horriculoural
rtietion, significantly higher soil

Sail health: the foundation of -

organic carbon levels were detected in the tosealig
with the conventional systems after three and a half years due to additional inpur of
organic mattet in the form of compost (Wells et al 2000).

Figure 5. Rate of soil organic carbon mmm&g-ﬁm
treatments in ﬂwbngtmnupoﬁmnt“‘wm
DD = direct drilled RT = reduced tillage CT-oommM.

300 1

:

li

Rate of C loss (kg/halyr)

Labile soil organic carbon as indicator of soil su'uclme i ,
For manv soils, more than half of the soil organic carbon is in very inert forms with
long turnover times, such as charcoal (Skjemstad et al !9‘96).. It is therefore logical
to expect that changes in the more labile forms of sotl organic carbonue more
sensitive indicators of soil quality anributes such as soil aggregate stabiliry.

Microbial biomass

aggregare stability as a result of growing difhel‘fm crops “ém“t:‘c;::h wheat
ir;\wesus.mcd on a red earth (Oxic Paleusnlf ) in W@ agea | dme!mnlm '
1999). After rwo cycles of the wheatand alternative Cm’z m&m;‘m ! ORBADIE
carbon in the 05 cm soil depth w-‘imi_]”“_s'] y::) o :

differences in water stable wmn of soil "l:: mmd’:ul:k.iﬂm: e brl
Wheat/lupin and wheat/barley rotarions were followes
wheat/canola and then by wheat/field pea.

Rather than total carbon or r.u‘rhelr
aggregate stability were only ton (T8
carbon. Following the hierarchical mud;ln of soil aggregation (Tisdall.
macroaggregates (> 250 pm) created b\"nd
miicroorganisms such as fungal hyphae

the rotal soil organic carbon content.
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(POQC) relative 1o total organic carbon (TOC)
3 ic trial sites in New South Wales,
 covered a wide range of different land use and
reanic carbon made up 40:74 % of toral organic
unde: and more conservative management
Tt was the dominant form of organic carbon

conservative m.nmt practices such as direct
organic farming. It was also the form of organic
r when soils under longterm pasture were brought under
\cross al sites, changes in parriculate organic carbon accounted for

4 %) of the changes in total organic carbon changes caused by
agement. For the Vertisols, particulate organic
tive indicator of both macroaggregare stability and

prerequisite of a healthy agro-ecosystem. Soil organic
determining soil strucrural conditions, acting both as a food
ureforming organisms, and as a stabilising agent. Under
ﬂwm levels are low and are continuously
: trend of soil structural decline (degradarion) and
Lirtle information is available for horticultural crops. Soil
pools, is a sensitive indicator of soil structure and

..._ hwﬂmhmotg:m: carbon in Verrisols
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Soil health: the foundation of nustainable agricul

Using soil tests to make @~
fertiliser recommendations that will
keep soils healthy and productive Pl -+

4 Greg Fenton -
Project coordinator, Acid Soil Action

To farmers, healthy soil means healthy and productive CHOPS; paRives dd ek
While farmers aim to make an income, mast also want to hand on theirsoil inas
good, if not better, condirion than they received ir. This paper is a summary of one
agronomist's view of what is practical, factual and important for farmers applying

fertiliser, lime and gypsum.

Four principles need to be kept in mind to ensure thar fertiliser use is economically

sound, practical and sustainable.

e A soil test or, in some cases, a planr tissue test, is the basis of reliable decision-
making.

o The soil's physical attributes need to be analysed as well as its chemistry. _

s The soil is as deep, or deeper, than the rooting depth of plants. F

o The soil chemistry balance should not be changed without good reason.

There are two basic philosophies of soil rest mncrprewdouuudbnaﬂ-mﬁm 2
organisations to arrive at fertiliser recommendations. One philosophy works on the
feeding the plant, the other on feeding the soil.

Feeding the plant

To asscssgwhnt rlE: plant needs, the soil is analysed using standard %
methods. The results are measured ngnimtmdwdﬁw on Inngluw Gt :
calibration of soil tests that have established base d-wi- Thﬂ:nd'm Wﬂ! s z
whether the nutrient levels in the tested soil are satisfactory ;”"*"'_ i
Bﬁkeiyto:ﬁpondm&rﬂﬁm&mmmw nutrients thaf

become toxic to plants if oversupplied.

Some soil testing organisations use
rigorous scientific testing. f;l‘!:mf-‘k' o et ires
healthy soil were based on principle : e
derived from this method is that the calcium magnesium EFF
and 5 (sce below). However, the standard was never sSEEEEEEE
since been tested and found wanting. ;o
b o T I

e e A
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the plant, and ro increase the level of nutrients in
thar nutrient Jevels are at their oprimum, a
to the amount removed by the crop is applied to

ientsupplving capaciry has strong appeal bur rwo
discounts the economic aspects 5o important to the
ry capacity of 2 given nutrient may be adequate for rop

nutrient removal in the crop are usually calculated from
trations and estimated or measured yields, and these can

sium deficiency

lia contain an adequate supply of both magnesium and
P ﬂdmm in this country. Yield responses in crops
lied soluble (and thus readily available) calcium or magnesium
» 1999, Aitken, Scotr 1999). Some fruit and vegetable crops are
% of these rtwo nutrients and are no doubt covered in specific
those crops.

. calcium of the exchangeable cations less exchangeable
“ﬁlﬂkﬁm ﬂ:ﬁdu}q Absolute deficiency of calcium is not
Acid soils with low cation exchange capaciry in high
most likely to show low calcitm starus. (Bruce 1099),

g h:&aldnm deficiency (berween 40 and 50%

. _‘ “:;O :;ﬁand gmw;‘neg conditions are most

s .00 parts of the plant that are

e, o m'ﬂhhm E“-ml?lﬁ are poor seed set in
blossom !nd TOr in tomatoes. More severe

B | growing points, for example November leaf

can aleo adversely affect the nodulation of

I bim e defici p—
Aswith calcium, the best

come, See the discussion on calcium and magnesium below.

Soil heaith: the fornd; of. il .

indicator of availability of magnesium is the exchangeable "
percentage of the exchangeable cations less exchangeable nags mmmml\ epressed as a

Less than 2% exchangeable soil magnesium has cansed - g _
young crope and pastures in southern NSW. However, a more than ad i ;:tﬂ o
available magnesium in the subsurface layers meant there was no ebiect on yick)
ample magnesium came available to the plant as the roots e wg:'
soil. In NSW, with a few notable exceptions, all soils have ample supply of
magnesium in the subsoils (Brendan Scott pers.comm).

At the other end of the scale of exchangeable magnesium, greater than 30% of the
cation exchange capacity can be associated with dispersive soils, particularly if the
exchangeable sodium is less than 12% (Yin Chan pers.comm).

Grass tetany in cattle is sometimes atrributed to low soil magnesium. In fact
magnesium is required by cartle in massive amounts, particularly after calving, and
cannot be stored in the animal. To vary the magnesium content in a pasture sward
by 5 or 6% will not overcome a grass retany problem ansing from insufficient

todder

Calcium magnesium ratio

There is a theory that for a soil to be healthy it will have a calcium magnesium ratio
of about 4 to 5. This ratio does not refer to the cation exchange capacity of the soil.
In fact there is no experimental evidence to support this theory, while on the other
hand there are several experiments that <how that it is not true. Research clearly
indicates that the exchangeable cations must be known ro comptte the basic cation

saruration percentage (Haby eral 1993).

Research at Wagza Wagga Agricultural Instifute has shown that the calcium
magmesium ratio is a poor indicator of magnesitt
This research has shown there is no response int

20-1 for number of crops and pastures (Scott, Congers 1995). i parrdns " o
by an ample supply of magnesium in the subsoil that balances any ’

magnesium or excess of calcium in the topsoil.

Predicting the response to liming
Research in the 1970s and 1980s has Ck""l‘-""*‘w d-;a;zu::edge uf]:H mdp ase
exchangeable aluminium (AL) Jevels is required to confiden sadin

lime in crops and pastures. Unil this reaen 0 ng?:kbllimg :mm
determined using reagents buffered to either pm t:dmom For a useful

on 4 need for calcium. This is now 1€g3 g

crops O pastures are
lime recommendation you also need ©© hwwbﬂdl“?"“h‘;“ =
n:nclrhc;:Hb!:kW"t’l’""l"“!agle E

sensirive to soil acidity
Nitrogen, phosphorus, potassi
Traditionally, soil tests have been used to determine how
phosphorus, potassium and sulfur are
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er, analysis of the wop 10 em of soil is only one
w{nﬂila.ﬁmmﬂ:&w greafest response to
sm fertiliser applied to a pastute occurs in the

there is no legume there is lirtle point in correcring a

! Smﬁldv,i!ileneaﬁilmknwmhedium

che rate of nitrogen fertiliser for a wheat crop,

uc &tplmn'rapome to nitrogen.

quuﬁnuv&ep&ug:tdmbvmmmlun

d in correlating soil tests and plant response or conducting soil
jis agreement COMpArisons between research and soil testing cannot

m&nmhcnabkmwonwhich test is the best 1o
phosphorus. There are wo methods commonly used in NSW.

P: 1 pantsoil w0 7 parts dilure HCI/NH,F. Shake one minute and filter.
{ I_Wﬂlplmwtﬁjglﬁhﬂmypﬂ 8.5. Shake 16 hours and

Bray test is regarded as more reliable in acid soils while the Colwell
neutral to alkaline soils. However, there is little to suggest that
n the other. The two rests use differing extractants, shaking
Tatios to extract phosphorus from a range of sites in the soil
ts. The Colwell test when compared with Bray over a range
old depending on soil properties. This variation s largely due
sorption, a simple laboratory test that measures how much
il will remove from solution. The grearer the amount removed, the
. and ﬂ"' higher the resulr by the Colwell rest when
ay test. Unfortunately no commercial soil testing laboratories
pans uﬁ‘mhl’hm In the absence of a measure of
meﬂlﬂiﬂlhoﬁﬁig:ofdu local soils, and
tesponse to phosphorus, before recommending phosphorus

Sail health: the foundation of 24 n .

Nitrogen

The current soil test for crop nitrogen is determined f -

metre in depth, as this is the rooting depth of most c::: ::impl’:' up W one

be leached to thar depth. The interpretation of the soil test requires an "‘T'wih )
how much more nitrogen will be mineralised between the ki Melmuﬂnrgu
the crop demand stops. An estimate of the proportion of the available ni 2
will be available to the plants is also required. This is an area of science that is
changing rapidly and best source of information is the soil testing lak

currently offering the test. &

Sulfur

Soil analysis has historically been of lirtle value to predicr a likely response 1o added

arious technigues and extractants have been used, but all have been

they remove only the sulfate portion of the total sulfur, and

account the valuable organic sulfur pool, from which a substantial
s supplied ro plants. Since 1992, the KCI40 sulfur rest, a soil west
r from sources similar to the growing plant, has been available.

sulfur, V

Thi sies the plant by measuring both readily available inorganic sulfur and
the n of the organic pool that rapidly mineralises into organic, plant

ava (Durnican 1995). Developed at the University of New England, this

test has bee ienificant and valuable breakthrough in assessing soil sulfur levels

slant responses. Like all soil analyses, it requires careful
interpretation 1o be effective. Various local factors need to be mken into account,
otherwise it could resulr in inaccurate fertiliser recommendations

and predicting

Trace elements

Trace elements occur in very small amounts For example, a molybdenum
deficiency can be corrected with less than 100g/ha of molybdenum Ipphad as
molvbdenum trioxide or sodium molybdate every four to five years. This represents
lL‘f‘L mined into 1600 tonne of soil {the weight ot‘fam hectare of soil to lel
deep). In addition, analvsing a 10g sample drawn from 1600 tonnes © &W
at is not likely to be very reliable. Generally, it is

il pH and availabiliry of a trace element ™

the availability of a trace eleme!
better to use the relationship between 0

P rz.‘n.‘f ICt a response

Testing physical characteristics : ‘
Structure and texture tests are the most mfd Ph’f““l;';‘::rﬁ asmdjshwui o
of soil structure can be determined by placing a crum e 1 el d

- as shown in
ater i : it for two hours 28 8
distilled water and leaving b an

then it is likely that the soil serucnure Gm_l" improved 0
hectare. If the slakes or o - puon

ding. The many aspect g e T
bonding i Agface AC 10 and clewber i 8

gypsum of two to 10 tonne per
weak due to poor organic marter
structure with gypsum and lime are
workshop.




S hualehe the fongncdatiom o sk

texture. Apart from

The ather main physical soil test is assessment of

undersranding of the soil, texmure can be used in lieu of canon exchange

2 guide 1o lime requirement

Figure 1. br of agareg after two hours. The crumbs of fine
fine sandy loam

Structural
unybmhmnotdispersed but the one on the left of
has ‘slaked’. The crumbs of medium clay have all dispersed, and slaked.

Fine sandy loam

S mimures 2 hours

Mediom clay

2 hours

I my

eood i;mmmwmnlthzls: hﬁi_;_j‘l‘l_ soil is characterised by & fine te

i opciy fesil 'af;e ;;E‘-‘q" the soil healthy we need to m
fertiliser gypsum based on vigorous and rc

wust scienrif
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Justine Cox
Agriculture, Wol
sity of Wollongong, Biological Sciences)

vial 5i ﬂmw:mmmofmpwilwhkhismm

" mm'wmmm“foﬂongong NSW

n program on its 800 ha sire, it created an artificial

cts to overcome the cost problem. The soilmix

&twwn\dwm ina 2:1:1 ratio.

Mcml&hukandchys] and the

5 w into 220 mm sized fragments. Blast furnace

on-m process at very high temperatures. has a
2-2mm size (see Thompson, Makin 1990). The

lly digested after sedimentation, and dewatered at

plants in the area. This component provides organic

¢ (19) and carbon, plus a suite of microorganisms,

¢ gravelly sand which s relatively homogeneous

e distribution of 53% >2mm, 36% sand, 5%

m deep over coal wash mounds in discrete

e site and vegetated with tubestock narive

(Thompson, Makin 1990). A large suite of

m%ﬁf;;nd salt, and species that

d more ntly. Coarse woodchip

: N&Nnmi gardens were watered for a vear.
B ‘_ﬂﬂlﬂ?m plastic material was

laid in most gardens from abour 1991,

| development has mostly involved physical and
‘particle weathering, horizon formation and
- M activity however is thar plant
= ﬂ! tate of change of the physical
; &Hduﬁmngon biological acrivity
w 1977, Gildon, Rimmer
%8 IY62) with mine soil age. Diversiry and

de, Majer 1993). Many of the
hﬂlbﬁn attributed to the accumulation
including roots, and/or soil organisms.

< mmw“"l“mﬁd\e rare
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and extent of soil processes occurring in the mix, includi
autrient cycling, microbial decomposition and mx"h‘d"‘s particle mﬁﬂh‘,

Experiments

This research studied the shoreterm (02 yrs) and longer-term (210 yre) soil
development in the artificial sollmix. A field trial was .uub!nhed' wl-::e several soil
pi* NE Were p[untcd with trees or Crop species and immm p}mm chemical and
biological factors were measured intensely over approximately rwo years.
Measurements included particle size distribution, bulk density, soil nitrogen,
phosphorus and pH, and plant growth. The longerterm research included a study
of a chronosequence of gardens that ranged from six months to eleven years old,
and assessment of indicators of soil development and rate of soil formation.
Measurements included soil particle size distribution with depth, bulk density,

| carbon, nitrogen., phosphorus, pH, available nutrients, earthworm
v, microbial decomposition rates (calico method, Springett 1976)

depth

sfrucrure
'.\l".x‘: slare

and mulch

Field trial results

In the field trial, tree growth on the soilmix plots was exceptionally good. Average
trunk dian and height) increased rapidly over the two years monitored: a 14
fold increase in trunk diameter for Corymbia maculata, an Rfold increase for Acacia
and rwofold increase for Callistemion, There were high levels of available nitrogen in
the soilmix when the plors were first established. Nigratenitrogen content averaged
169 mg .d ammonium-nirrogen averaged 50 mg/k These levels declined
rapidly over the first three months (Table 1). Both were less than 15 mg/ke by six
months and remained static for the next six months. Total phosphorus initially
decreased then built up over time. The pH of the soil mix was initially 7.6 and
decreased to slightly below 7 after three years. Bulk density was initially 1.0 g/:m’
and remained the same after three years (T able 1). In the <2mm sized soil pornon,
r fractions after one year, indicating particle

there was a increase in the fine

weathering

Table 1. Chemical and physical properties of the sollmix in the experimental plots

(n=8) over three pm(wmmmmﬂmhbudmﬂm
Cox & Whelan (2000).
am Tissice s et e
nitrate (mg/ka) 169 043.3 ::,; :; ::; ?:3 4301 1at1 "3 -
xﬂ?zzl::;ﬁi:;wg‘ :fa (115) 26.?' qsh 389 (61) 8510177 2024 -
PH 7.62(0.02) - - = 7.10 685

bulk density giem® __ 1.0(0.02) =
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trend for all nutrients measured.
the middle years (6-10) and then lower in the
den (three years) was generally in the
mheﬁugﬂm(ll years). Organic
from 2.4% at three years and a highest level of

nitrogen and phosphate phosphorus

, then decreased. The ratio of organic carbon ro
wver the three to 11 year period and remained in
due to similar changes in carbon and

Mmm properties (a-e), Data
ite) samples. Horizontal lines indicate identical

n and phosphate phosphorus were all

¢ high overall and averaged 0.2% ar three years

w

nable agricuiry

Decomposition decreased with garden : -
observed in the one year old gardens ‘&?KWTW
contribured most to this relationship. Gardens with 4 lud“
higher decomposition rate than gardens without weed Mo l:niu had
appeared in the fabric due to roots and invertebrate J

fitrersoil interface. Large purple, brown, orange, wh.uzl mm“w“h
seen which could be artributed to fungi. Evidence of Wk SPOTs were
scen over the entire calico piece with the 03 cm fracti P X n was usually
but also seen to depths of 20cm. By years 7/8. the % R ¥ | in“l:heu osed,
soilmix was significantly less than the native soil gardens

Figure 2. Average area ( + standard error) of % calico decomposed after three
months in soil mix and native soil gardens (six months to eight years old) '

from Cox & Whelan (1998). :
100 !_
i :
2 o [
:
4 2 3 4 ] a : ! ] L]
parden age byrs)

Soil pH decreased significantly with garden age. The youngest soilmix garden had 2 !
pH of 8.56 and the oldest a pH of 7.28. Native soil gardens had lower thll: i
with a range of 6,32 - 7.33. Slater demwmmndmmmmd ;
weedmat (Figure 3). Average slater density ranged from 0-8.3 per 100 !
and 0-10.1 for lirter, with the highest densiry of 34 slarers recorded. There were ]

recorded in the soil from the younger gardens. "
the soillitter interface, commonly buried just below the soil surface - W. -

was pulled back.

There was no relatic m’hlp berween mwm Mu:w#ﬂ;wmﬁ
average numbers were low and earthworm s

i older gardens and in the
Inghﬂtlrltheloilin'!he Mh““ 2

lailn.lpidmmdhellhlumww
in the narive soil.



+ stz d efror) in the soll mix gardens from 6
oif and litter. From Cox & Whelan (1998).

| thar the rate of change in the soil environment was very
nr content ar the beginning of the experiment contribured
d soil. The initial flush of nitrare-nitrogen would have
LW-WM in the soil via microbial action
rease over time was also found by Joshua and Salt
onto agriculrural land. This available source of
would have been used by the trial plants in their
Wﬂmmw considerable biomass over
n that biosolids application increases plant growth
gblm 'ﬂmgmwd: also translates to extensive root
lite to improving the soil structure of this
% i o e i master by
s ﬁhwﬂ of soluble molecules helped
‘. mix. The actions of the chemical, physical and
. !:;?ﬁﬁawlldwtbpmmt, and showed
al Processes that may eventually lead o

¥ to quantify the soil development
Mwmmduwﬂmn
ool o kM“Mnm
: Im_ = Mhdl\ﬂl.nﬂhedhyp[anm
of the nurrient cycling
ble B
s, above that of gardens with native
*dens indicated the presence

: but was stable over the 11-
%ﬁmdmmm

Soil heaith: the foundatton of nutaimable ice

decomposition, it is a useful measure of longterm viahili :
rehabilitation. of restoration and.

The importance of biological activity
The very active decomposer microorganisms contriby enormously

soil development in the soil mix. Thegz:rganum mrcm:spomihk for :;ﬁ:n:ﬂ
down organic matter to available nutrients for plants and animals in the artificial}
created ecosystem. The plentiful nutrients allowed rapid tree, shrub and
groundcover growth, which themselves contributed to soil development through
root extidases and lirrerfall back to the soil surface. The larger macroinvertebrates
(such as slaters, earthworms and collembola) were responsible for breaking down
this litter into very small fractions and incorporating it throughout the soil proile,
where the fungi and bacteria then acted upon small particles. Dead and decaying
animals provided food for other organisms and plants, and the cycling of nutrients
was established. The oldest gardens showed the highest number of slaters, high %
organic carbon, stable carbon nitrogen ratio and had established identifiable
horizons (data not shown) along with a diverse suite of organisms. The soilmix
environment shows promise as an alternative to topsoil, where this precious

resource is unavailable.

Conclusions

The role of the plants and animals in the soil is vital and should notbe
underestimated. The chemical and physical environment is shaped by the activity of
microbes. invertebrates and plant roots. As the soil mix contained a suite of
microorganisms and also importantly, high amounts of organic nutrients (carbon,
nitrogen and phosphorus) at the beginning {from the biosolids), the conditions
were suitable for a ferrile, active soil. The available form of nitrogen and
phosphorus to plants allowed them grow rapidly, sending roots throughout the soil
to stabilise and add to structure. The shudge organic matter, mulch, then litterfall
provided a continuous source of organic carbon for the microbes fo use as substrate
and therefore were present to transform organic material into available forms. The
slaters and earthworms shredded and incorporated litter material ino the soil
where it became available to the microbes. These activities mﬂﬂlﬂi soil structure
by the formation of soil ageregates and along with mmmpﬂ?ﬂ
created distinct horizons as displayed by native soil. The complete hierarchy

organisms, from microbes, protozoa, wueml?‘# i 7 Q.Lnnﬂﬂ.mhe:k :
essential for soil functioning, whether the soil is used foe éww .

rehabilitation, agriculture or conservation. mm B heakh
chemical and physical facrors is essential in assessing soil function and ]
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Organic cereal growing and soil health:
a discussion paper

Jeffrey Evans, senior research scientist
Latarnie McDonald, research agronomist
NSW Agriculture Wagga Wagga
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sl mMmTaMe 1. Although there have been few
of soil nutrient trends on Australian organic broadacre

erends to soil deficiencies in available phosphorus and. not

v in sulfate. Interestingly, at the Ardlethan organic farm
m“ nntdnimﬂll' w thar on the ncu:hlmu ring

v Mempniungm concentration was lower on the

ick 1996). Therefore, the reasonable soil nirrogen

the organic farms as shown in Table 1 may not be as indicative of

supply to crops as might be projected for a conventional farming

P

¢ has just been iniriated and our conclusions are necessarily rentative
stwithstanding, Table 1 shows that available phosphorus may be commanly
dwdium the organic farm or paddock, soil pH and sulfate
with conventional farm soils it is not yet apparent that organic
organic carbon content nor higher organic phosphorus. The ratio

" ofmicrobial carbon t toral carbon (MC / TC) on the one organic farm (Henty,
| Table D) asayed a0 far i pechap lower (19%) than desirable.

"l = Al . - 4
© Table . Soil characteristics, 1P = conventional permanent pasture (Wagga), 1C =
L L pasture -crop rotation (Wagga). Other sites are organic

1? 1€ Henty lllabo  Uranquinty Ardiethan
4.4 46 51 4351 4345 526.1
‘_l.' 18 20 na na 14
022 o021 0.20 na na 0.18
10 18 8 B-16 3-8 5-8
18 164 159 na na 125
na na Na <34 <34 5-17

na na

Soil healeh the foindetsion of. .

proctuctivity and abundance of | in

increase soil available phosphorus, and Eﬂi];l;le pa : Wher;- | ro which s 1o

Field experiments

Increasing the soil sulfate supply is readily achi gypsum i

difficult to increase the availability of ph;:m:d% lactml::tmwn
fertiliser composition, soil pH, soil moisture, and the concentration of phosphate
and calcium in soil solurion. Dissolution of the rock phosphate is facilitared when
soil solution phosphate and calcium concentrationis are low. This i achieved by
removal of phosphate and calcium through plant uptake, preferably, Other ways
that these concentrations are reduced is through leaching of the ions or throush
their fixation to the mineral and organic components of the soil (Bolan eral 153901
Field trials t estignte these factors have been established at two sites thar .
s that may occur widely:

f low pH (<4.8), low phosphorus and low sulfur
¢ of higher pH (> 5.0), low phosphorus, variable sulfate.

Ar both sites the importance of elevating phosphorus inputs using newer, organic-

s tertilisers, and elevaring soil sulfate using gypsum, will be

he llabo sire will focus on the effect of modifying pH, eithera
nerease, on phosphorus cycling. A decrease in pH will be effecred

ral sulfur, and this soil rreatment will necessimte establishing an acid
roler An increase in pH will be effected with lime, and will be

over pasture. The Ardlethan site will focus on the effect on
scling of farming practices that conserve soil moisture and/or increase
The maijor treatments for each site are summarised below.

soil inputs of carbon

lllabo site
pH = 4.5, phosphorus = 7.6 me/ke. sulfur < 3.5 mg ke

Treatment A

e acid rolerant pasture (yellow serradella / yellow lupin)

reactive phosphate rock fines (3% available phosphorus); nil, 500 kg/ha
e Durasulph (6% phosphorus) - granular; nil, 500 ke/ha

- elemental sulfur 500 kg / ha

s each of the above +,

Treatment B

*  |lime responsive pasture (subrerranean clover)

e reactive phosphare rock fines (3% available phosphorush nil, 500 kg/ha
o Durasulph (6% phosphorus) ~ granular; nil, 500 kg/ha

e cach of the above +, - lime; 2000 kg / ha

Treatment C

o wheat undersown with subte
s subset of treatments; +,- gypsum

cranean clover (farm control)
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ck fines (3% phosphorus) with elemental sulfur 500 / 500
=A&Q)

nte on annual pasture composition, productivity
o1 Mm organic nutrient concentrations, and
rth year, will be measured.

1990. A review of the use of phosphate rocks as
n in Australia and New Zealand. Awstralian
[ 2 30:297-313.
W Iﬁ?& Wheat production and soil chemical
D= ERERAE 4 4 conventional paired sites in Western Australia.
\gar. mw%«: Toowoomba. Aust. Soc.

Soul health: the foundation of sstatnable agricults

Natural growing systems:
horticulture and soil health

Neil Treverrow
Technical specialist (tropical fruit)
NSW Agriculture Alstonville

This paper considers some threats and opportunities in north coast perennial
horticulrure in relarion to soil health. One context in which these issues could be
addressed is holistic narural growing systems approach, in which soil is considered a
dynamic, living resource whose condition is vital to the production system.

Soil health is obviously a complex area and consequently systems approaches, rather \
than compartmentalised, issue-driven approaches, are essential. These systems need :
to be incorporated in production systems to ensure adoption, hence the need fora

namural growing system approach.

Natural growing systems

Natural growing systems place a high priority on issues such as soil health rather
than, for example, the narrower view of soil quality. Some of the proposed features
of narural growing systems are that they have a strong emphasis on minimising
inputs and disruptions, and protecting and replenishing narural capital, especially
the soil. They include organic growing systems and more enlightened sections of
conventional production systems where best practice systems take account of

sustainability tssues.

Narural growing sy need to encompass envi rally sound technologies,
cleaner safer techniques, and efficient use of raw materials. Some of the wh
that are obvious to a natural growing systems are biomimicry (imitating nagure i
areas such as biocontrol and nutrient cycling) and repletion of narural capiral. while
less obvious bur essential features are high level product value and resource . o
producrivity. The latter strategies underpin the need for economically viable systems. L
that can allow further investment in sustainability, and the need to acknowledge
demand for production from a limited resource base. Irie m»n:‘
narional and worldwide demand for food withour a massive increase in v .

recruited for agriculrural production.

Soil health issues W

Some of the first order issues

(1995) are the need 10 A AUy
e maintain and enhance organic matter levels 3¢ Siias
. prﬂmtormmrwrhmandnﬂwﬂlﬂm““ ' Y
*  minimise erosion —



of mitsinatle agnoniisn

Soul Aot the fimmikatron

" at. e
' L - srients removed by harvest,
» maingain feraliey by replacing nu
fomtion.
Although Moody was considermg Jerasny . s
sues facing north coast horticulture genemlly We can add to the &1

minimise the harmful effects of soil conmaminanon by pesticides

list encapsulare

azem soils particularly, this

The use of cover crops
Cunvet crops can help address two major issies for he
One 15 soil protection from erosion, which is crincal because of
slopes and high ranfall that make wholesale bare soil unac
the oppormunity to alleviate some of the effects of long term m
example InteTTow Cover crops can provide additional nutrient sour
{og legumes conmibute to =oil nitrogen), increase =oil organic marter
orchard biodiversity (both above and below ground). However care i
avoid species thar encourage pests or pathogens of the crop

horriculture on

Cepr ak

and mpr

An example of the need for cover crops is the macadamia inc
plantations reasonable cover can be maintained, but as the den
increases many species of plants die our due to shading ha
crops are nesded. The industry’s requirement for a flar, dense
to be harvested from the pround means cover crops must be low ¢
and amenable to close mowing. Industryfunded research has successtully 1

& number of suitable cover crop species, and it now remains to address adope
ssues. While the soil erosicn aspect of cover crops is evident, the case for ad
could be enhanced if dara on more systemic

oil health benefirs we

There are similar opportuniries in banana plaintations to dew ¢
management techriques as an alternarve to bareearth weed spray
soil protecrion is afforded by the large amounts of crop resid
bananas, further protection by cover crops on slopes woakd be ¢
Addmmlh it is tempung o0 think that cover crops could ad

health effects of long rerm monoculrurs (up o 6

Vears or more)

New rechnologies t measure soil health through microbial
help ro realsse these porential benefirs, However there is no room for
wuwmndmgl”" § Cover crops as they can be overcomperitive, e ading

which can be as high as 25% in organic crops (O'Don
Strategies for dec Use to manage cover crops by strip «pn:l :
mmtﬂlbmm; plants, are needed 1o Jde
removing all plantation floor weeds with routin

Best practice fertiliser technologies

acTmary

replace the older approac
< broad area glyp

productivity and product quality
b\fum soil health and off-farm
us
ing better basic data, application
TAZCMENT practices

practice has important implications foy
are making largescale gains

‘methods and
management technologi
logies. Ma like fertilisarion
of the crop, but the longterm survival

. obviously a more

f ouviy

underlying fertiliser programs must be appropriate

% 1o succeed

Fertiliser application

nendanons with care. Moody and

{ir +al 1
ichinonal tertihiser recommendations are based

s and potassium nield rrials which are site

s such as calcium, The relatively low cosm of

ar 10% of

many tree crops) has also

sntive to examine feriliser use closely

& 10 SSTIm

e application rates

ching ates usmg

uch as

s (Moody, Aitken

EXCESSIVE [N CTOpS

). Misunderstanding of
in bananas (Johns,
Jppropriane
improved application

{ easily or avoided. Applying

ce that leads 1o

sap
mounts more frequently, ar
sdverse effects and

1. the application of
ate and timely
v used in best

s tensiometers and

farm movement. The

le environmental protection

fertiliser. A

f appropriate fOrms of
+ (1995) where using ammonium nitrate rather
fication by 75% under the

e reduces the rare of acidif

I\'l'lonitorlng fertiliser use R relarively well

r moitoring and fine muning fertiliser applicars

analysis pw\ndes
utrient stamns of the

and checls for side

 of plant (and or sap) analysis and soil
ormation. The plant nssue analysis assesses the n

n rames
vs refinement of applisatio : "
As an example of 2 well tuned s\ﬂtm;:;’ m: ,},w

- £ analysis to Indi

avocado nurrition programs often start with a soil and leat as R
This can be a::pplrmmn:d by three sap

trees while soil analysis allov
such as soil acidification.

effects

required application rates
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on of atainabe agriculne

- the achieved nrient strus of the plant (G.Anderson
m“”a health indicate more dimensions are needed
MM&.W&MWI indicators .ut-.'lml

1ic marter and microbial activity. The response of effective

in adopting refined fertiliser programs driven by the best

esrs that the main inhibitors to greater arrention ro soil
reliable indicators and appropriare technologies

the fundamental issues.

1 ‘use exemplifies the need fora holistic approach to soil heaith. Several
- MWMMWWWNH. intentionally or

: reently. Nes ides are directly applied pesticides, while herbicides and drift
" ed imsecticides and fungicides represent indirect applicarions.
: e many different pesticides, from a wide range of chemical groups,
' there is an important need o examine how each compound degrades in the
soil and affects various soil organisms. The dynamics of the effects are also

mple und the dynamics of copper accumulation is important as
knowing &:ﬁpﬂl&m& to soll health in general Retaining an early
xsan ap ion of copper in the avocado management program is imporrant for
ﬂ&m mm Ifmbhﬂ!. g:ummkming copper entirely could lead ro
- this muny ! asa = Copper treatment could also have
: ke hn&?:fun;hk ETOUDS O Prevent resistance arising to newer
e “j‘;:km the limited use of copper sprays 1o
S oo Indﬂ spot s likely to greatly reduce the total use of
. m . %0 assist in avoiding selection of resistance.
“m : h:::!u to understand the rates at which
;  disappears = the systemi, in order to retain access to
o wments, if they can be combined with retention of soil

Soul health: the fivnds of AL A

An example where the best practice approach has achieved much in this direction &
the banana industry. Previous reatments thar affected soil health included the
application of persistent insecticides to the soil around the base of all plants (after
clearing the leaf mulch from the base of the plant) ro treat weevil pests, and often
routine applications of nematicides to treat parasitic nematodes. Best Practice
growers have now reduced insecticide usage for weevils by adopting injection of old
residual corms which uses 90% less insecticide thar is contained within the corm
without the need for a bare earth zone around the plant. Better awareness of the
management of nematode pests and techniques to monitor their impact has seen
many Erowers move away iTom routing reatment.

Some major challenges
A major challenge in horticulnure is to provide a betrer understanding of the critical
f and major threats to soil health, so that limited research resources can

be directed to critical areas.

elements

emave inappropriate technologies s to highlight the problem of

ate rechnologies and provide alternatives.

v I«

We ne iniversal indicarors of soil health and, more broadly, susminability, with
well threshold levels ro back them up. Possibly the biggest issue at present is
the nitable indicators. These indicators need to

- Teasc |‘.;11f‘h l]l‘-l\'ff'.‘-fll

e sarisfy production aims as well as environmentml concerns

unt for physical, chemical and biological factors,

- A

. asy to use under field conditions

. - supported by threshold values for the key indicators.
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\portant their soil is and they will invariably reply

- be here’. Why then is it so difficult ro get

ils information days, workshops and field days! Why
‘have a considerable image problem to overcome
i managers want to know why things
‘but this approach has been lacking in soil

1 becomes available it is often daunting in its
practical applications of soil

e of soil science impenetrable to

over the past decade o develop
J l_ﬁfltlﬂl!ﬂ'ﬁimr? officers have learned
important to landholders, bur rather what

: hnqmeu.mhm developed informarion
WO way communication, with
lﬂhl‘..fé{"etﬁﬂhm much work to do
mm abour the soils they

Soil health: the founds of bl ’

Acid sulfate soils: ASS keys to success

The booklet ASS keys to success is a direct response to a farmer request for
information on how to identify and test for acid sulfate soils. Designed as an oo
farm manual, the booklet was written in consultation with farmers from all
agriculrural industries affected by these soils on the NSW north coast. Throughout
its development, continual changes were made in response to comments from
farmers and rechnical experts so that so that the tests described in the booklet are
easy to understand and carry out. The booklet takes farmers through the process of
assessing an area for ASS risk, with step by step methods for field sampling soil.
Topography, water indicators and soil indicators are all used to build up a picrure of
ASS in the landscape as well as onfarm. The booklet includes case smudies and a
reference list for further information so that users can take the next step in rrialing
a management option or looking for more information/ resources.

Anecdoral information indicates thar the booklet is successful in providing practical
information hased on the needs of farmers who suspect they have ASS on their
property. The publication has proved a useful tool for ASS officers and landcare
groups and there has even been interest from local councils and Telstra.

Soil monoliths 1
Soil monoliths are preserved soil profiles, a convenient and porrable method of |
showing people wha is below the soil surface. Depending on the audience, the .
monoliths provide general information, soil management options, soil classification |
information, and three dimensional illustrations of common soil degradation ;
problems.

L
There are currently four sets of monoliths available. The largest and most 1
comprehensive set covers most of the soil types on the north coast. Other sers |
include soils from the Sydney Basin fringe, and from CB Alexander College, Tocal,
both of which have been made 1o illustrate soil management problems and options,
and a sét from the central/southern tablelands. Extension agents have found these
to be excellent tools to encourage the community's interest in soils and provide
wseful information. The creator of the monoliths, NSW Agriculture soil scientist
Rov Lawrie, showed the value of the monoliths at Tocal where two identical looking
surface soils with very different production capability, produced moneliths that
revealed deep strucrural differences.

Soil Sense workshops

Soil Sense workshops have been run on the north coast since 1992. In thar time, 21
one day workshops have been held from the Tweed to the Macleay and west 0 :
Comboyne as part of the former Farming for the Future program. The workshops
mmhdphndhoucnimkmm&mmum&mmmdmmmdnh
mwnmmsmmwmumw&wﬂ .
the implications for land management. Participants to determine soil rexTurs,
assess pH mm-mﬂ'drmmmmﬁew&ddnpumm
Eimpmplct}ninformaﬁonmdsldﬂ:wmomafewﬁdﬂmfﬂ_d‘km
ol s aruderstand what the resuls mean so they are able w monitoe their ows:
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1T was good to actually feel the soil

Squ;mm is backed up with a
1o read your soil’ and the ever popular

worked closely with other departmental

¢ into farm management training so that
water, irrigation, effluent disposal and
‘example of this is the Warterwise on the Farm
day looking at soils. Soils sessions are often

d days for farmers.

rt is that artitudes to soils are

uﬂm:duya&for As one workshop
ens Wuﬁnfmn. dmshouldbc

y groups will help new and existing

n and will guarantee that information
lving the community is also a good
information needs while researching

1 _ﬁMmmUn&rmwiﬂ

Soil A ith: the fo Lo d a ” Jon

dix
NSW Agriculture soils extension resources

Human resources

Soil advisory officers at: Wollongbar Agricultural Institure
NSW Agriculture Deniliquin

ASS information officer at:  Wollongbar Agricultural Institute

ASS project officers at: Wollongbar Agricultural Institute
NSW Agriculture Kempsey

Agfacts
Agfacts are single topic publications available from NSW Agriculture bookshop.

® Soil acidity and liming AC.19

e Improving soil structure with gypsum and lime AC.10

e Soil management following drought (see www.agric.nsw.gov.au.)
* s your rotation mining sulfur? (see www.agric.nsw.gov.au.

Agnotes

Agnotes are single topic, region-specific publications available from NSW

Agriculture offices.

e The role of mulch and organic manures for sustainable horticulture in a
subtropical environment 1/ 038

® Reducing soil degradation and erosion in macadamia orchards 1/039

The effect of regular heavy applications of lime and dolomite on

macadamias 1/040

Testing soils for pesticide residues 1/044

Monitoring soil water in orchards with tensiometers 1/068

Arsenic and DDT residues at cartle tick dip yards 1/085

Options for the remediarion of soil from cattle tick dip sites 1/109.

Acid Soil Action leaflets

Acid Soil Action has a series of information leaflets on acid soils and research
updates, available from Mick Duncan, ASA project officer, Armidale.

1. Acid soil action for agriculrure in NSW

. Understanding soil pH

. Are my soils acid?

. Planning on liming

The causes of soil acidity

. Pastures and acid soils

O N ke e b

Acid sulfate soils
There is a wide range of information available on acid sulfate soils.
* An illustrated guide to acid sulfate soils
Available free from NSW Agriculture offices at Wollongbar, Kempsey, Taree
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. + to acid sulfate soils, available free from NSW
Wollongbar, Kempsey, Taree and Berry

ﬁlmm recognising and testing for acid sulfate souls,
pgtulmmllmmnm(SlO 00).

‘management guide
m Agriculrure bookshop (527.20)

guides
ement guides for north coast industries: bananas, cane,
hilﬂ. bn-d.mcaq:ping. teatree production, vegetables and
mﬁ. available free from north coast NSW Agriculture
‘Wollonghar Agriculrural Institute.

$o nutmient manasement and fertiliser use, available from NSW
management

 course for an introduction to soils and rtheir management,

gh NSW Agriculrure book shop ($88.00).

short course

rse run by C.B Alexander college, Tocal, looking ar the

ﬂdnﬂh:doncffn‘ﬂlwm ($126.50).

NSW orchards and vineyards

. ”Mﬂwcm farm for orchards and vineyards,
mﬂq__tu]m:boohhop(slﬁ 30).

uEtio hlu& ia general with region specific landscape
-case studies in dairying, orchards, organics, cropping, beef,
wm:ndhnm growing, available from NSW

: € come out under the Salt Action banser. all available form
m-.nswamm Deniliquin.

Soil healh: the foundiation of msnsinable agrsceds

Irrigation salinity notes

*  Whar is Salt Action?

Understanding salinity meters

Monitoring groundwarer with testwells

Managing land by salinity class

Managing horticulture with testwells

Water salinity guidelines

Texturing soils and testing for salinity

Tensiometers: prepararion, installation and maintenanee

a 8 & & & ° B

Salinity: our problem

A generl introduction to the problem of soil salinity with indicators w look for
and management options for the whole community, available from NSW
Agriculmire Deniliquin.

SOIlLpaks

All SOTLpaks soil management manuals are available on the NSW Agriculture
rebsite www.agric.nsw.gov.au and from NSW Agriculture bookshop.

e  SOILpak for dryland farmers on the red soil of central western NSW

» SOILpak for cotron growers

e SOIlLpak for southern dryland farmers
o  SOILpak for southern irrigarors

® SOIlLpak for the northern whear bele
e SOIlLpak for vegerable growers

Soil Sense leaflets

Soil Sense leaflers provide information on the most commonly encountered soil
management issues, and are available free from Wollongbar Agricultural Instinute.
* How o interprer your soil rest

e Plant nutrients in the soil

*  Fertilisers and the environment

e Cation Exchange capacity

e What is scil pH!

Why worry abour acidiry!

Don't ler nitrogen acidify your soil

Which liming marerial is best!

Check your soil structure

How cultivation affects the soil
Protect your soil from compaction
Making clay easier to work

How earthworms hep your soil
Soil organic marter

Why is phosphorus important’

8 8 4 8 8 8 8




demonstrate simple soil testing techniques and

texcruring soil and why it's imporrant,
officer, NSW Agriculture Deniliquin
farm

 for a basic understanding of the principles of fertiliser

he : profile and incorporates many of the basic field
texture and colour, available free from Wollongbar

ents for biosolids and effiuent reuse
bulletin (no.14) available on the NSW Agriculrure

i any NSW Agriculture

e Ll

Soil healths the foundatson of sustainable agricul

Workshop outcomes

As parr of the soil health workshop, participants divided into industrybased gn
to consider the main impacts on soil health in the different industries, and look ar
management options for these impacts

Horticulture group 1

Impacts

® erosion on steep slopes, especially ®  chemical fertilisers
macadamias and bananas ® contamination (copper)

® compaction * funding for soil improvement

& acid soils * banana root disease

® organic carbon levels ®  off site impacts

» chemical sprays
Strategies to manage impacts
Erosion ® increase awareness of problems

® mansfer of information to growers associated with chemical fertilisers
research ongoing Financing soil improvements
® cover crops * more government funding
* mattng ® research funding from chemical
® vegetation cover fertiliser companies
® engineering solutions * mx breaks
* regulations * education - ‘need o pay more for
* orchard design your food'
* mulching *  pay real costs, include external
® harvesting technology costs
Chemical fertilisers General
* soil testing and interpretation *  worms and slaers
® leaf testing and interpretation * microbes
® workshops and education - * bacreria
industry specific or community ® cover crops
(involve family) * mulching
e humus, compost
Horticulture group 2
Impacts
Macadamias ®  overuse of spray herbicide
®  bare ground All crops
®* sweeping and blowing ®  trec sice management - shading. e carty
o hesbicide ®  tree numbers-less personal ,
Bananas confractor inpur and managers
*  too steep to be sustinable? . inery compaction
o DLWC legislation o excesssoluble feruliserwse,

Avocados leadir u—- Iﬂlm v ﬂ_lg‘___l._-_w_ "
s chemicals for pest control . mmﬂﬁm'-
* potassium chloride




' Ue sesonrch and extension

. hﬂwbﬁm&!mﬂ?bﬂdlu

. . Vs economics

« dept badly affected by dry
economic policy

® overcome problems in registration

of biocontrols and orher marerial

loss of organic matter
fertiliser - acidity - leaching - rates

# put farming systems package
rogether

Contmamination

® need to better understand site
specific problems

* when does it become pollution’

Recognition

® peed political recognirion -
funding

* need community recognition and
suppaort - education

#*  need departmental recognition

® need integrated approach ro
R&D, eg steeting committee

* need 1o demonstrate production
loss and benefits to growers

Saul health: the found

* higher nutrient inputs - increased
sail fertiliry

« irrigation - soil structure, soil biota

e increased community awareness,
expectations - leading to
improvements

o lack of appropriate indicators of
soil healrh

Strategies to manage impacts:

Soil structural degradarion

» identify appropriate management
systems, eg reduced tillage, betrer
drainage

e reduce stocking on wer pastures
(rain/irrigarion), eg use feed pads
and reserves

. ncrease cart II\“-'- wrm i‘\)pllii\flllni

Communication

e use bench marking/ case studies

» develop appropriate suite of
'I'HLlI\. s - ilil\_?-l;':.ll. n_l'l('“\‘t'ﬂl.
biological

® increased research/ agency/

farmer communicanons

Cropping group

Impacts

e |and managers

*  use water where it falls

e carbon management - sustainable
farming systems, cultivation,
disease/ rotation

*  cconomy

* 50l structure

Strategies to manage impacts

®*  jund managers

®  appreciation of variability in sail

* farmer educarion to prioritise

issties

regulation is not an option

specialist soil advisors

uge water where it falls

minfall efficiency

set efficient trgers (kg/mm)

apportunity cropping

effective use of irrigation water

167

chemical impacts on soil health
metal contamination - biota
drainage or lack of waterlogging
poor community

research/extension/industry

¢  cvaluate information needs of

farmers / service providers

® eval | n
options

* understand soil biota impaces/
interactions

dedicated soil management officer

Nutrientr management

* increased understanding of
nutrient cycling fluxes/balances

® increased awareness of fertiliser
forms/issues

¢ increased understanding of soil
chemistry/cycling

salinity

sodicity

chemicals/ ph

soil diseases/ rotation
long term herbicide use
stubble management

® & 8 " 8

e esmblish perennial pastures
carbon management
design sustainable farming
systems
-pesticides
«lizenses
rorations - CTOp, pasture,
rillage

*  economics




Soul health: the founds

Grazing group
Impacts

soil erasion
acl\hl’i;'atmn ssues
lack of legume inpur

trace)

L [.\:-sﬁﬂ'\lc carbon balance issues

{burning)
Strategies to manage Impacts
numient depletion/decline

® more efficient use of tertilisers

® driven by economics

e extensionworkshops eg Acid Soil

Action workshop

® research

®  exXtension i=sues

® npurrient requirements largely
known

*  more efficient legumes’

o  VAM fungi g genetic
modification

¢ Pavailability

*  causes'

acidificarion man:

®  driven by economics

* need community to pay for
sustainabiliry

rmenr

® ‘real prices” paid for commodities

®  extension

nutrient depletion (P, N, S, Kand

chemical contan (ea.d
sires)

weed invasion - lo Wt o
species, tertility declin
damage o wetlands/ ripariar
zone

lo lata 1

workshops

more

1




- foundation of our
. “existence.
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