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Abstract

This paper describes the assessment of Victorian dairy soil properties to identify gaps and future research 
priorities.  The dairy industry is the largest rural industry in Victoria with soil management playing a key role 
in productivity of this grazing based industry.  Improved soil management will depend on information about 
soil properties which were quantified using legacy data.

Soil chemical data (samples collected 1995–2008 from south west Victoria, northern Victoria and Gippsland 
dairy regions) provided 3114 records.  Chemical properties that characterise soil fertility were analysed 
in 99% of samples while C cycling was only measured in <13%.  Median pH(0.01M CaCl

2
), EC, Olsen P 

and available K) were 5.0, 0.14 dS m-1, 33 mg kg-1 and 290 mg kg-1 respectively.  Of the soil physical data 
collected in the three dairy region, south west data were measured on nine soil types, northern Victorian 
data were collected from two soil types and Gippsland data were measured on one soil type (555, 694, 1152 
records respectively).  Median bulk densities were 1.14, 1.60 and 1.03 g cm-3 respectively.  Soil biological 
properties were least frequently measured.  The 319 microbial biomass C (1376 ug g-1) records came from 
one site in Gippsland, while microbial biomass P flush (5.87 mg kg-1; 389 records) was measured across 
Victoria.  Earthworm densities (300 m-2) and invertebrate abundance were measured at the Gippsland site.  
This analysis identified that chemical properties not related to soil fertility are required as are soil physical 
data for Gippsland and soil biological measurements across the state.
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Cattle feedlot manure loses 75-80% of N, mainly in the form of nitrous oxide (N
2
O) and ammonia (NH

3
). 

Mitigating these emissions is a global environmental concern.  Yet, only few research works have been done 
on the use of alternative organic manure amendments, with additional soil improvement properties. Lignite 
is one such organic amendment, having a potential to be used as an acidifying agent to shift the equilibrium 
between NH

4
+ and NH

3
 to promote the NH

4
+ form and subsequent adsorption. To explore above potential 

benefits of lignite, laboratory incubation experiments was conducted for 30 day period in 50 chambers (0.22 
x 0.14 x 0.12 m) at 20±1 oC. Air dried cattle manure, sieved to get < 2mm particles, was filled into chambers 
and treated with 3 lignite sources at 30 t/ha rate. 15N labelled synthetic urine was applied into the chambers, 
at a rate of 0.43 l/m2. Experiment was arranged in a RCBD design with 4 replicates. NH

3
 from chambers 

were trapped in a 0.5 M H
2
SO

4 
solution and manure medium was analysed routinely for NH

4
+ and urea 

retention, organic C and N, 15N, moisture content and pH. Gas sampling was done weekly for analysing N
2
O, 

N
2
 and CH

4
. (Experiment work is completed and samples being analysed; results due in few weeks’ time).
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Cattle feedlot manure loses 75-80% of N, mainly in the form of nitrous oxide (N
2
O) and ammonia (NH

3
). 

Mitigating these emissions is a global environmental concern.  Biochar is a widely used soil conditioner, 
having a potential to adsorb NH

3
 and lower the N

2
O gas emissions in manure. Yet, due to inherent basic 

nature of biochar, direct application of biochar as a manure amendment is controversial, since NH
3
 

volatilization is generally higher under basic conditions. Use of acidified biochar, might lower the effects 
of high NH

3
 volatilization, by bringing down the pH, along with lower N

2
O emissions. To explore above 

potential benefits of acidified biocar, laboratory incubation experiments was conducted for 30 day period in 
24 chambers (0.22 x 0.14 x 0.12 m) at 20±1 oC. Air dried cattle manure, sieved to get < 2mm particles, was 
filled into chambers and treated with acidified biochar; pH 6 (using acetic acid) at 30 t/ha rate. 15N labelled 
synthetic urine was applied into the chambers, at a rate of 0.43 l/m2. Experiment was arranged in a RCBD 
design with 4 replicates. NH

3
 from chambers were trapped in a 0.5 M H

2
SO

4 
solution and manure medium 

was analysed routinely for NH
4
+ and urea retention, organic C and N, 15N, moisture content and pH. Gas 

sampling was done weekly for analysing N
2
O, N

2
 and CH

4
. (Experiment is completed and samples are being 

analysed; results due on few weeks’ time).
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Introduction

One avenue available to the coal ash industry is the development of markets that use coal combustion 
products or coal ash in agricultural production. Market development has been supported by the Ash 
Development Association of Australia (ADAA) through its advocacy and educational programs. Similarly 
Australian researchers support coal ash use and advocate ash suitability to improve agricultural productive 
capacities. There are however, few practical examples of ash resources being used within the Australian 
agricultural sector. This paper presents a brief discussion on current market opportunities for coal ash 
within the Australian agricultural sector. These are opportunities supported by the recent advances in soils 
knowledge that also offer solutions to soil constraints that limit agricultural profits. Material processing is an 
option identified for further development. 

Australian coal ash producers, processors and marketers are represented through the ADAA which 
was formed in 1990. The national membership provides coverage of all states and major coal basins of 
Queensland, Victoria, South Australia, Western Australia and New South Wales (Fig. 1). These locations are 
well represented by Australian publications relevant to the use of coal fly ashes for agronomic purposes by 
Australian researchers who continue to demonstrate the capacity for and response to coal ash incorporations 
with soil (Yunusa et al. 2012; Manoharan et al. 2010; Seshadri et al. 2010.

Figure 1. Identification of Australian coal basin 
locations as Australian agricultural regions.

http://en.wikipedia.org/wiki/Coal_mining_in_Australia, 

Accessed: 12/7/13

Market Opportunities

The ADAA, through funding for their development projects, have identified that market opportunities for 
Australian fly ashes exist more broadly than only soil amelioration by gypsum replacement. The potential for 
agricultural use of fly ash covers-off four major soil problems for agricultural producers and their profits: soil 
acidity, soil sodicity, nutrient supply and minimisation of nutrient losses, and amelioration of soil structural 
and hydrological properties. Combined, these are major soil problems to plant growth and crop yield, 
currently costing the industry a profit of almost $3 billion annually (Yunusa et al. 2007). In addition to fly 
ashes as the solution to the suite of typical soil constraints, there are other opportunities within soils-based 
applications. 

Enhancement, capture and protection of atmospheric carbon in soil due to fly ash addition is a new area with 
substantial potential in the abatement of carbon emissions in agriculture (Yunusa et al. 2007). In this case, fly 
ash physically protects any organic matter that is sorbed onto mineral surfaces from microbial decomposition 
that would liberate carbon dioxide (Palumbo et al. 2004). Thus for Australia, fly ash as a soil amendment in 
agricultural lands also offers opportunities to improve food security and sequester carbon (Ukwattage et al. 
2013).  It is these aspects of soil management that we identify as our Australian market opportunities.

The coal ash industry has a well-defined scope to promote to practitioners the use of their products. Market 
development is well advanced with regulatory considerations, commercial implications, ash selections and 
application options for use of fly ash under Australian conditions (Yunusa et al. 2012). Table 1 highlights 
these aspects.



Table 1	Strategies for Realistic Market Opportunities

Strategy Action

Market Identification

Applied Research

Review

Amelioration of soil constraints – baseline aspects of (i)  mitigation of soil acidity, (ii) 
amelioration of sodicity, (iii) nutrient supply and minimisation of nutrient loss, and (iv) 
amelioration of soil structural and hydrological properties

Materials 
knowledge

Investment into broader testing suites relevant to agricultural /soils applications 
expanding the traditional technical aspects of coal ash as a supplementary cementitious 
material and the environmental aspects association with characterisation of heavy metals 
and radioactivity. Extend this knowledge into the coal ash industry.

Advocacy and Education
Environmental 
Regulation

Advocacy within the regulatory sphere to identify responsibilities for suppliers, 
processors and consumers, with the result that legal certainty can be defined.

Knowledge 
extension

Conduct an extension process, supporting publications across the scientific journals and 
the publication of technical literature such as by the ADAA. 

Technical support Support market advocacy for a coal ash industry through monitoring programs

Attributes of Australian Fly Ashes

Australian fly ashes can have diverse chemical and physical properties. Their pH ranges from highly acidic 
to a highly alkaline with salinities non-saline, saline or sodic (Yunusa et al. 2007). Brown and black coals are 
used in Australia, black coal being the predominant fuel used to produce coal ash. Chemically, composition 
is classified as Class F with < 10 % compositions of CaO. They are generally low in heavy metals and 
sulfur (Heidrich, 2005). In this context, given the unique chemical characteristics of Australian coal ash, two 
applied research approaches have been instigated through ADAA investment (Yunasa et al. 2012; Pathan 
(2003). 

Considerations as to how these Australian fly ashes from coal combustion could be employed have formed 
the basis of work undertaken by Yunusa and his colleagues for the ADAA. Their work identified significant 
properties of the Class F ashes that will contribute to the practical applications for specified use of these 
materials to soils. Here the main aspects of those findings are summarised.

1.	 Australian Class F fly ashes could raise the pH of amended acidic soils over an extended period as a 
result of gradual dissolution of the amorphous silicates and slow release of cations embedded in the silica 
structure. 

2.	 Positive responses in plant growth to fly ash addition often tend to be associated with a combination of 
factors, such as liming effects, nutrient supply and improvement in soil physical conditions. 

3.	 The potential for phytoxicity from most Australian ashes is relatively low, because these ashes, unlike 
many from overseas, are relatively low in trace element concentrations.

4.	 The risk of Al dissolution due to low pH is non-existent with acidic FA additions. The mechanism 
proposed is based on long term aluminosilicate dissolution and Ca release that raises the pH toward 
neutral.

5.	 The risk of phytoxicity can be further minimised by using ashes at agronomically sustainable rates, 
similar to those used for other agricultural soil amendments such as gypsum and lime.

6.	 Most of the benefits from the use of fly ash can be obtained at application rates not exceeding 10 t/ha, and 
for most purposes not more than 5 t/ha. 

7.	 With the exception of fly ashes derived from brown coal, all the other ashes used in these studies easily 
met the regulatory standards set in New South Wales.

Consequently, we now have a clear statement supporting a design application rate. Together with other 
characterisation analyses’, the opportunity for proposals to use coal ash into a target soil can now be made 
with confidence, using these findings as a benchmark from which to develop further soil management 
recommendations. Coal ash material as an agricultural resource is a worthy consideration.

Advocacy and Education

At present the ADAA membership constituency is without any commercial enterprise or representative from 
the agricultural landholder group. Similarly, the data provided by supplier member companies through their 



annual reports reflect negligible tonnage to an agricultural use (HBM Group 2012). One role for the ADAA 
National Technical and Education Committee of the ADAA is to coordinate through advocacy extending to 
these stakeholder groups, thus integrating into a coherent whole a national objective. 

The ADAA has a considerable investment in technical literature with the use of environmental monitoring 
reports, their CCP Handbook edition (Gurba et al. 2007), reference data sheets, technical notes and research 
literature (ADAA 2014). One milestone in the research forum is the current ADAA publication ‘Coal 
Combustion Products Handbook’ (2007) and a forthcoming 2014 revised edition will consolidate the 
major agronomic benefits achievable with Australian fly ashes as understood at the time of the handbook’s 
publication in 2007. A summary of this handbook chapter, in the form of a short reference data sheet is 
ready for publication by the ADAA to enable broad audience access to this information. In this example 
the relevant information has been made available as part of the Association’s extension portfolio and 
commitment to market establishment. 

Technical literature is also supported with data obtained through a national program of testing. Since 2010, 
the focus of this program has developed to include relevance to applications, for both civil and agricultural 
soils and is a significant investment by the ADAA into broader suites for analytical testing with more 
relevance to agricultural and soils application. This strategy has resulted in the expansion from traditional 
technical aspects of coal ash as supplementary cementitious properties, and in environmental risk (including 
heavy metals and radioactivity), to re-defining the selection of suitable and candidate materials on the basis 
of agronomic potential. Conveying information about the material properties for soils applications is central 
to this market identification process.

Market Character

Two market opportunities for agricultural soils are the use of coal ashes to treat acidified and sodic soils. 
If for example, the objective is to ameliorate low soil pH with coal ash then this could be a national 
priority. Acidification influencing Australian agriculture (Ukwattage et al. 2013; Barson et al. 2012) is well 
documented as a zone in Western Australian, the coastal and tablelands areas of the eastern seaboard from 
Adelaide in South Australia and through to the mid-Queensland coast. In this case a potential market based 
on soil pH conditions is an estimated 50 million hectares of highly < pH 4.8 and moderately acidic pH (4.8-
5.5) soils found mostly along coastal agricultural regions that receive good rainfall (Dolling et al. 2001). To 
service this potential, we have Australian coal ash resources intermittently dispersed within regional coal 
basins (Figure 1) and located within these agriculturally productive regions. 

There are however logistical implications we highlight for this market and these include the broad nature 
of the distribution within a wide range of stakeholders, commercial interests, marketing competition and 
potentially a limit to supply. Here we identify that although the technical soil opportunities are well defined 
within the current framework for use, it will be successful management of the supply process that ultimately 
will build the market confidence and maintain the use of fly ash to treat acidified soils. Similarly, there 
is market potential across a significant land area for fly ashes with chemical properties to improve sodic 
soils (Yunusa et al. 2012). However, in Australia whilst we do have fly ashes with low SAR values that can 
replace or supplement gypsum (Yunusa et al. 2007), field examples that demonstrate remediation of soil 
sodicity are lacking. 

With the minimal commercial activity for coal ash local markets to agriculture there is also no commercial 
dollar value defined. Currently the commercial price has no other value that its comparison to conventional 
soil amendment products (Yunusa et al. 2012) or the cost of freight. Until commercial benefits can be 
fulfilled on-farm an appropriate value cannot be estimated. However, this value comparison is not as 
appropriate at it first seems. Formerly, research with Australian fly ashes has been with run-of-station raw 
feed products purely demonstrating the mechanism and responses in soils. These comparisons identified 
incorporation into topsoil is the best methodology for Class F Australian fly ashes (Yunusa et al. 2007) 
because it is the sizes of the particles which confer benefits to subsoils, with improvements in soil structure, 
hydrological properties, pH response and nutrient retention. Also, with conventional agricultural practices 
for fertiliser or gypsum and lime applications (storage and soil incorporation) those methods are not suited 
for fly ashes (Fig. 2). This is a critical consideration given most fly ash particles size range is below 10 µM 
and up to 200 µM, and from the generator’s point of view to place these raw materials into situations where 
appropriate soil delivery technologies are not developed this has significant commercial risk and is a breach 
of current environmental regulations. Consequently, the field management of CCPs use for agriculture is a 
technical aspect for the industry as a whole that is not well defined. To progress market opportunities product 
assessment and material processing options should be undertaken. 



	
  

Figure 2. Conventional field techniques will not appropriate for materials storage and achieving soil 
benefits, so materials processing is a marketing option. 

 
Conclusion

Market opportunities for coal ash to Australian agriculture lie in the industry’s ability to solve nationally 
represented soil problems that limit productive capacities, improve food security and sequester carbon. Of 
the four niche capacities for coal ash applications to agriculture, the example associated with acidified soils 
was used to demonstrate the scope of the agricultural market, management of production and distribution 
networks within a unified industry approach facilitated by a nationally established supply commitment. In 
this context long time frames will exist for a market with development that currently has few if any examples 
of practical applications for coal ash use on farm. The coal ash industry is however, well represented 
by ADAA and the strong role in research, advocacy and education. These are important contributions 
in developing a unified industry commitment and support for the use of coal ashes. Next stage market 
developments will be logistic, establishing market confidence in the coal ash products, with continuing 
advocacy of policy and industry commitment over the next five to ten years.
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Worldwide urbanization leads to soil sealing of vast areas previously devoted to agricultural and natural 
landscapes. Urban green spaces (UGSs) represent most of the unsealed surfaces left in an urbanized 
landscape. Nevertheless, previous land use, and subsequent vegetation structure and management greatly 
differ among UGSs, determining their soil properties and processes.

Our study aims to address: i) how do vegetation management practice and structural complexity affect soil 
properties and processes in UGSs? and ii) does the age since urbanization also affect soil properties and 
processes?

To untangle the effects of the urban vegetation structure and management on soils, we selected a network 
of 30 research plots on sandy soils (podosols, tenosols) in south-east Melbourne. Three UGS types were 
studied: high-complexity remnants (HCRs), high-complexity parks (HCPs) and low-complexity parks 
(LCPs), where HCPs and LCPs plots ranged in age from 43 to 100 years since conversion from agricultural 
land. In particular, we measured soil properties and processes such as bulk density, aggregate structure, soil 
organic matter, infiltration rates and water holding capacity.

Saturated hydraulic conductivity was ten times lower in LCPs compared to HCPs and HCRs, while water 
holding capacity was up to 20% higher. Nevertheless, bulk density, soil organic matter and unsaturated 
hydraulic conductivity were similar. Contrary to our expectations, the age since the UGS was established did 
not significantly influence soil properties or processes investigated. 

This research demonstrates that the management of the vegetation structure in UGSs has relevant impacts 
particularly on soil hydrological properties and processes.    



Screening and identification of urease producing microorganisms from New 
Zealand pasture soils

Hossein Alizadeh1, Diwakar Kandula1, John Hampton1, Alison Stewart2, David Leung3, Yasmine Edwards4

1 Bio-Protection Research Centre, Lincoln University, P O Box 85084, Lincoln 7647, New Zealand, alizadh2002@gmail.com 

2 Marrone Bio Innovations Inc., Suite 107B, 2121 Second Street, California 95618, USA, astewart@marronebio.com 

3 School of Biological Sciences, University of Canterbury, Private Bag 4800, Christchurch 8140, New Zealand, david.leung@

canterbury.ac.nz 

4 School of Biological Sciences, University of Auckland, Private Bag 92019, Auckland 1142, New Zealand, ysplendor@gmail.com

Urea is the most commonly used fertiliser in agricultural systems because of its relatively low price, 
high nitrogen (N) content and wide availability. However, urea N can be quickly lost from the system 
via ammonia volatilization or nitrate leaching following urea hydrolysis by urease producing soil 
microorganisms (UPSMs). N availability to the plant is therefore reduced, and the production of nitrous 
oxide and leaching of soil nitrate would contribute to environmental damage. Soils from under dairy 
pastures across New Zealand were collected and UPSMs, including fungi and bacteria, isolated using urea-
containing medium and then identified using polymerase chain reaction (PCR)-based molecular methods. 
Fungal species identified included Absidia sp., Chaetomium sp., Cladosporium cladosporioides, Cordyceps 
sp., Fusarium culmorum, Fusarium graminearum, Fusarium oxysporum, Fusarium solani, Geomyces sp., 
Gliomastix murorum,  Humicola grisea,  Lewia infectoria, Mariannaea sp., Mucor hiemalis, Nectria sp., 
Paecilomyces carneus, Paecilomyces lilacinus, Paecilomyces marquandii, Penicillium spinulosum, Phoma 
exigua, Phoma paspali, Pochonia bulbillosa, Thelonectria veuillotiana (Cylindrocarpon candidulum) and 
Trichosporon sp., all of which have a role in urea degradation in soil. 

Pasture soil-resident urease producing bacteria were also identified as: Citrobacter freundii, Cupriavidus sp., 
Enterobacter ludwigii, Pseudomonas chlororaphis, Rahnella aquatilis, Serratia proteamaculans and Yersinia 
kristensenii. Cupriavidus sp. and Mucor hiemalis showed strong urease activity when cultured on urease 
medium. Biological suppression of UPSMs is being investigated as a method to reduce soil urease.
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Background

In November 2013 the Carbon Credits (Carbon Farming Initiative) (Native Forest from Managed Regrowth) 
Methodology Determination was endorsed by Federal Government, making publicly available detailed rules 
for implementing and monitoring offsets projects that sequester carbon by establishing a native forest from 
in-situ seed sources, including rootstock and lignotubers (for more information refer to  http://www.comlaw.
gov.au/Details/F2013L02036).  The Determination uses the Full Carbon Accounting Model (FullCAM), 
to calculate abatement, as well as accommodating baseline scenarios that allow for fluctuations in carbon 
stocks.  The carbon pools dealt with by the Determination relate to trees, and consist of above-ground 
biomass, tree below-ground biomass, and tree debris.  As yet, the Determination does not discretely account 
for soil carbon stocks and soil carbon pools, providing an opportunity to explore methodology approaches to 
include soil carbon.

A research project is currently underway as part of the National Soil Carbon Program (2012-2015) to assess 
soil carbon stocks and soil carbon pools in native forest regrowth up to 50 years old, in previously-cleared 
Queensland rangelands.  This information will assist the scope and cost-effectiveness for optimising carbon 
and greenhouse gas abatement, informing best practice land management, 

Objectives

The main objectives of the project are to:

(i)		�  Quantify soil carbon stocks and composition at sites of various native forest regrowth ages (< 50years), 
focusing upon northern Brigalow belt, Queensland (an extensively cleared region with ‘endangered’ 
biodiversity status listing under the Queensland Vegetation Management Act 1999; the region now 
comprises a range of land uses including cropping, pasture, and brigalow regrowth of various ages).

(ii)		� Assist the interactive effects of carbon and nitrogen on productivity, including changes in carbon pools 
and soil nitrogen associated with native forest regrowth

(iii)	 Improve the capacity to model soil carbon pools

(iv)	� Improve the scope and explore cost efficiencies of Carbon Farming Initiative (Native Forest from 
Managed Regrowth) Methodology Determination for soil carbon stocks

We will present key findings of the project, including methodology approaches for site selection, soil 
sampling and measurement, and modelling of soil carbon stocks and associated soil properties.  
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Abstract 

Frequent cultivation, irrigation and bed forming associated with packet salad production have led to a loss 
in soil carbon and aggregate stability at six farms operated by Houston’s farms, Richmond, Tasmania. Soil 
disaggregation has resulted in poor seedling establishment, soil crusting, reduced infiltration, poor irrigation 
performance, and increased runoff and erosion. This paper reports on the initial findings from a detailed 
assessment of aggregate stability, and soil properties across the six farms. Aggregate stability was determined 
by rainfall simulation, wet sieving and ultrasonic disruption of 2.0-4.75 mm aggregates pre-treated to be at 
either air dry moisture content (40 Co for 24 h) or field capacity (-10 kPa). Aggregates were also analysed 
by CSBP laboratories for a range of chemical properties and indices of structural stability. Initial results 
demonstrated that aggregate stability at air dried moisture content was most susceptible to disaggregation by 
rainfall simulation, whilst aggregates at field capacity had similar levels of aggregate stability for all three 
disaggregation techniques. The stability of air dried aggregates was most highly correlated with CEC-cation 
exchangeable capacity (positive), EPP-exchangeable potassium percentage (negative), then reactive aluminium 
(positive), and organic carbon (positive). Aggregate stability was however poorly correlated with cation ratio 
of soil structural stability (CROSS) and exchangeable sodium percentage (ESP).

Introduction

Soil crusting results from the breakdown of soil aggregates via a combination of physical-chemical mechanisms 
(Kemper & Rosenau 1984; Truman, Bradford & Ferris 1990), including (i) slaking by air compression during 
wetting (LeBissonnais & Arrouays 1997), (ii) slaking by differential swelling (Le Bissonnais, Bruand & 
Jamagne 1989), (iii) breakdown from raindrop impact (Nearing & Bradford 1985), (iv) physico-chemical 
dispersion due to osmotic stress (Emerson 1967; Shainberg 1992; Sumner 1992). The ability of aggregates 
to withstand disaggregation (aggregate stability) is traditionally measured using one or a combination of 
methods including wet sieving, raindrop simulation, immersion, or ultrasonic dispersion. However, measures 
of aggregate stability are often difficult to relate to field soils as it is difficult to replicate the forces exerted 
on field soils in the laboratory. In addition, aggregate handling and initial moisture content can significantly 
influence measured values. Currently there is no one standard method for measuring aggregate stability 
(Jastrow & Miller 1991; Le Bissonnais 1996). 

Houston farms have the most intensively cultivated soils in southern Tasmania. Typically, soils are cropped 2-3 
times per year, with each rotation requiring 3-4 cultivations to incorporate residues from the previous crop. On 
a yearly basis, individual beds are cultivated between 6 – 12 times, irrigated with an average of 2.5 ML/ha, and 
fallowed for up to 6 weeks. Additional traffic occurs during sowing, spraying for weeds and pests (6 – 16 times 
per crop) and harvesting. These soil management practices have led to loss of soil organic carbon, soil structure 
decline, bed collapse and surface crusting which has resulted in poor irrigation efficiency, runoff, erosion, 
and reduction of infiltration rate (Hardie & Cotching 2009)soil properties, and soil carbon sequestration in 
southern Tasmania</title><secondary-title>Soil Research</secondary-title></titles><periodical><full-
title>Soil Research</full-title></periodical><pages>478-485</pages><volume>47</volume><number>5</
number><keywords><keyword>poppy waste, organic carbon, soil salinity, fresh salad, carbon sequestration.</
keyword></keywords><dates><year>2009</year></dates><urls><related-urls><url>http://www.publish.
csiro.au/paper/SR08193</url></related-urls></urls><electronic-resource-num>http://dx.doi.org/10.1071/
SR08193</electronic-resource-num></record></Cite></EndNote>. By better understanding the mechanism 
by which aggregates disassociate, we hope to identify options to remediate the soil.  The aim of this paper is to: 
(i) identify the mechanisms responsible for aggregate dissociation of aggregates and, (ii) quantify the influence 
of organic matter, mineralogy, and physico-chemical properties on aggregate stability.



Materials and methods

Houston’s farms consist of 6 separate properties in the Coal River Valley southern Tasmania (42o 44’ 00” S, 
147o 26’ 00” E).  Aggregates were collected from 20 sites across different geological parent materials from the 
6 properties. Aggregates were collected from 0- 5 cm depth in three replicate locations from the upper crop bed 
at each site. Aggregates were initially air dried and the 2.0-4.75 mm fraction separated by careful hand sieving. 
Aggregates were prepared for analysis by either air dry at 40 Co for 24 hours, or wetting to field capacity 
(10 kPa) using a micro glass bead tension table apparatus. Aggregate stability was determined for air dried 
moisture content versus field capacity using rainfall simulation, wet sieving in water and ultrasonic dispersion.

Wet sieving was conducted by using wet sieving apparatus (Eijkelkamp) in which stability was determined as 
the proportion of aggregates > 250 μm after sieving for three minutes, following removal of the coarse fraction 
> 250 μm. Rainfall simulation was conducted by mounting a Cornell infiltrometer at 184 cm height, from 
which aggregates were exposed to simulated rainfall for four minutes. Aggregate stability was determined 
from mass of aggregates remaining on the sieve of 250 μm, after rainfall. Ultrasonic dispersion was conducted 
using Branson sonic vibration probe in which of aggregates were exposed to ultrasonic vibration for 5 seconds 
then sieved at 250 μm. 

Chemical analyses of the 2 to 4.75 mm soil aggregate fraction was conducted by CSBP, analysis included 
organic carbon (OC), cation exchangeable capacity (CEC), soluble cations, exchangeable cations, calcium 
carbonate percentage, exchangeable acidity, pH, and reactive aluminium, from which sodium adsorption ratio 
(SAR), exchangeable sodium percentage (ESP), exchangeable sodium ratio (ESR), exchangeable potassium 
percentage (EPP),  and the cation ratio of soil structural stability (CROSS) were calculated. 

Results and discussions 

For all three methods, aggregate stability was significantly lower when measured at air dry moisture content 
than at field capacity (Figure 1). This suggests that dissociation of immersed air dried aggregates principally 
resulted in parts from slaking in which compression of trapped air caused shattering of soil aggregates 
rather than clay swelling as dispersion (Truman, Bradford & Ferris 1990). Raindrop impact also broke down 
aggregates significantly.

 Initial analysis indicated that for air dried aggregates assessed by rainfall simulation, aggregate stability was 
most strongly correlated with CEC (positive), EPP (negative),  and reactive aluminium (positive), whilst 
correlation between aggregate stability and OC (positive), CROSS (negative), and ESR (negative) were low 
(Figure 2). Furthermore, aggregate stability was not significantly correlated with ESP, and SAR. The high 
correlation between aggregate stability and potassium is thought to result from potassium being a monovalent 
cation similar to sodium that may cause clay swelling and dispersion. Auerswald et al. (1996) has also reported 
that soil aggregates with high EPP are more sensitive to disaggregation than low EPP.

 Figure. 1. Soil aggregate stability at air dried moisture and field capacity moisture across different 
soil properties by using three different methods (rainfall simulator (R), wet sieving (W) and ultrasonic 
dispersion (U)).



Figure. 2. Correlation between the rainfall simulator values of aggregate stability and organic carbon 
(OC), cation exchangeable capacity (CEC) , reactive aluminium, exchangeable potassium percentage 
(EPP), cation ratio of soil structural stability CROSS, and exchangeable sodium ratio (ESR) at air 
dried moisture content.

Conclusion

Though antecedent soil moisture and method of disaggregation influenced values of aggregate stability, results 
suggest that disaggregation of soils at Houston’s farms results from a combination of processes, especially 
raindrop impact and slaking via air entrapment in dry aggregates. Surprisingly aggregate stability was more 
closely correlated with the proportion of exchangeable potassium and CEC than organic carbon, CROSS or 
ESP. Further analysis will be conducted to better understand these interactions and the role of past cultivation 
intensity, clay mineralogy, particle size, and geological parent material on disaggregation.
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Coal seam gas (CSG) activities in the Surat and Bowen Basin areas of Queensland, Australia, cover 
approximately 300,000 km2 including regions of highly productive agricultural lands. Without adequate 
knowledge and management of soil properties, hydrologic processes and control measures, the disturbed 
soil structure and landform in these regions are highly susceptible to soil degradation. The construction and 
installation of CSG infrastructure (e.g., roads, pipelines, hardstand and plant areas) cause various degrees 
of disturbance to the soil physical, chemical and biological characteristics. This disturbance may result in 
soil degradation through various forms including; compaction, erosion processes, changes to soil organic 
carbon and nutrient store, exposure of potentially reactive/poor quality soils (e.g. acid sulphate soils, hyper-
saline soils) or introduction of outside contaminants (e.g., poor quality water, weeds). Not only are soils 
directly disturbed by the footprint of the CSG operation but the surrounding soil landscape may be disturbed 
by secondary processes such as erosion, sedimentation and nutrient enrichment of water courses. Soil 
compaction caused by CSG operations, including vehicle impacts and trench line installation, have been 
assessed by soil bulk density measurements. This measurement has been identified as a common impact by 
CSG operations and a key element of soil degradation of agricultural areas contributing to poor vegetation 
establishment, tunnel and surface erosion processes and an ongoing decline for soil productivity. Quantifying 
the impacts of CSG activities on soils will inform the development of industry guidelines for impact 
minimisation and management of the soil resource on joint CSG-agricultural lands.
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Efficient mechanisation in agriculture is an important factor underlying high productivity. Larger machinery 
is related with timeliness, higher work rates, and lower labour requirements. One of the drawbacks is the 
progressive increase in machinery weight that development of larger equipment has brought about such 
as that observed in cotton picking technology. This has resulted in increased risk of soil damage due to 
compaction and has opened-up questions on the maximum acceptable mechanical compressibility of arable 
soils with particular regards to subsoil compaction. Studies have indicated that compaction is one of the 
main causes of soil degradation in arable cropping in Australia. Since remediation practices often take place 
prior to establishing the next crop, a vicious cycle of compaction-tillage-recompaction is created, which is a 
major inefficiency in terms of energy consumption and labour, especially, when the soil is loosened to greater 
depths. The aim of this work is to conduct detailed measurement, and understanding of soil compaction 
and it relationship with wheel configuration (number of tyres, size, arrangement and inflation pressure) to:        
(1) provide soil moisture deficit thresholds for limits to trafficability with cotton pickers, and (2) ratify 
the importance of controlled traffic in maintaining good soil conditions. It is hypothesised that avoidance 
of soil compaction through implementation of controlled traffic will assist in increasing crop productivity 
and delivering the range of agronomic and environmental benefits associated with this technology. Studies 
are being conducted on irrigated and dryland cotton farms and include determination of soil bulk density, 
penetration resistance and EM38 soil mapping.
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Soil is natural resource with high spatial variability. Plants growth reflects this variability in complex 
interactions with other factors. Precision agriculture is based on utilising crop growth variability data and, in 
its simplest terms, delineates zones with similar productivity so that the most suitable management approach 
can be implemented. However, pattern of variability may vary considerably from year to year. This adds a 
level of complexity for management.

In Mediterranean-type dryland cropping region of South Australia, water is reported to be the main cause 
of crop growth variability. Plant Available Water holding Capacity (PAWC) of soil measures the maximum 
amount of water which could be held in the soil. It has a strong interaction with weather condition, which 
governs crop growth variability. We hypothesise that by keeping management and climate constant by 
focusing on a small geographic area, the dynamic response of plants is largely due to soil functions.

This study demonstrates the use of high temporal frequency satellite imagery for paddock zoning in the 
south Australian agricultural region. The research aims to use time series clustering of NDVI data for 
zoning of two paddocks in the upper EyrePenninsula. Pixel level clustering analysis was carried out on the 
time series Moderate Resolution Imaging Spectroscopy (MODIS) NDVI data, of 250m spatial resolution 
biweekly images. The result shows classification of the paddock in to zones of similar dynamics, indicative 
of differences in plant-soil-climate interactions. This suggests that time series of MODIS-NDVI imagery 
provide a tool to assess spatial heterogeneity of soils-plant-climate interactions. 
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More than 50% of N applied to soils is lost to the atmosphere through the gaseous emissions in form 
of NH

3
 and N

2
O. It is widely accepted that heterotrophic process of denitrification/nitrfier-denitrification is 

the main pathway for N
2
O emissions from soil and soil available organic carbon is required for this process.  

In this study, we combined open-path Fourier transform infrared (OP-FTIR) spectroscopy and the backward 
Lagrangian stochastic (bLS) method to simultaneously measure NH

3
, N

2
O and CO

2
 emissions. This study 

was conducted at an intensive vegetable production farm at Boneo, Victoria, from April to May 2013 and 
measurements were collected before and after application of chicken manure. The full diurnal variation in 
NH

3
 flux was observed with measured emissions ranging from approximately 0.1 to 9.8 kg NH

3
-N 

ha-1 day-1. The OP-FTIR/bLS method also detected a diurnal variation in N
2
O flux of 1.5 to 6.2 

kg N
2
O-N ha-1 day-1, however, N

2
O flux showed a slow response to the application of manure. A 

linear correlation between CO
2
 and N

2
O concentrations was observed (slope = 1.88 ppm ppb -1, R2 = 0.7). 

Calculated CO
2
 and N

2
O fluxes exhibited a weaker correlation than that observed for concentrations (R2 

= 0.4). This may be attributed to micrometeorological data and the assumption of a constant background 
concentration in the flux calculations.  Soil moisture content may also contribute to the N

2
O and CO

2
 

emissions from soils. We concluded that OP-FTIR in combination of bLS technique can be used to 
quantify gaseous N loss from vegetable production systems. The variation of the correlation between 
N

2
O and CO

2
 concentrations with time will be the subject of future investigations.



Soil organic carbon: Developments in measurement and composition

Jeff Baldock3, Jon Sanderman2, Lynne Macdonald3, Adrian Chappell4 and Raphael Viscarra Rossel5

1 CSIRO Agriculture Flagship, PMB 2, Glen Osmond, SA 5064, jeff.baldock@csiro.au

2 CSIRO Agriculture Flagship, PMB 2, Glen Osmond, SA 5064, jonathan.sanderman@csiro.au

3 CSIRO Agriculture Flagship, PMB 2, Glen Osmond, SA 5064, lynne.macdonald@csiro.au

4 CSIRO Land and Water Flagship, BOX 1666, Canberra, ACT 2600, adrian.chappell@csiro.au

5 CSIRO Land and Water Flagship, BOX 1666, Canberra, ACT 2600, raphael.viscarra-rossel@csiro.au

Development of methods for measuring soil organic carbon (SOC) content, stocks and composition are 
required for carbon accounting and to quantify the potential impact SOC and its associated elements can 
have on soil productivity, resilience and sustainability.  Prerequisites for carbon accounting purposes include 
1) collection of a soil sample to at least 30 cm that is representative of the area included, 2) quantification of 
the changes in SOC stock through time corrected for temporal variations in bulk density, and 3) definition 
of the certainty associated with any measured temporal change.  Guidance on how to optimise sampling and 
analysis based on the prior information available will be discussed and an initial generic approach developed 
for the Carbon Farming Initiative will be presented.  The methodology uses the slope and its standard error 
of the relationship between SOC stocks and project duration to define the magnitude of SOC stock change 
associated with a given probability of exceedance.  The potential impact that erosion can have on estimates 
of soil carbon stock change and how measurements of 137Cs stocks can be used to quantify the influence of 
erosion will be demonstrated.

It is proposed that partitioning of SOC into its components (e.g. particulate, humus and resistant fractions) 
will aid in developing an understanding of the contribution SOC can make to soil functions.  In the Soil 
Carbon Research Program (SCaRP) and subsequent research, the allocation of SOC to its component 
fractions was quantified for >300 agricultural soils.  Variations in C and N contents of the fractions were 
quantified and showed a general adherence to elemental stoichiometric principals with C/N ratios of 
10.2±3.9 and 21.2±17 being obtained for the humus and particulate fractions respectively.  Solid state 13C 
NMR analyses also demonstrated that, relative to the particulate fraction, the humus fraction contained 
organic carbon exhibiting a greater extent of decomposition.  Such findings suggest that understanding 
variations in SOC composition may help explain variations in the contribution that SOC makes to soil 
functional properties (e.g. net nitrogen mineralisation).

The solid state 13C NMR data acquired from the SCaRP samples will also be combined with a range of 
covariates including soil type, depth, location, climatic and topographic variables and a series of principal 
components constructed from the covariates in a multivariate analysis to identify drivers of SOC chemical 
composition.  The results of these analyses will be presented and discussed.  The presentation will be 
concluded with proposed future directions for SOC research.
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Soil acidity is limiting crop and pasture production on at least 14 million hectares of agricultural land in 
southern Australia. Some of these soils are naturally acid, while others have been acidified over time under 
pasture systems. Understanding the long-term changes in soil acidity under native and improved pasture 
systems is often difficult due to the slow changes in pH observed. However, a long term pasture trial 
established in 1914 at Rutherglen, Victoria provides a unique opportunity to investigate some of the long 
term changes in soil pH. The ‘Permanent Top-Dressed’ pasture (PTD) long-term experiment was established 
to demonstrate the value of adding phosphorus (P) fertiliser to increase pasture productivity for lamb and 
wool production. Three treatments have been maintained since 1914, these are (i) native pasture (control); 
(ii) 125 kg superphosphate ha-1 (125P)  and (iii) 250 kg superphosphate ha-1 with fertiliser applied every 
second year. In 1939 it was reported that the site was a natural pasture at the outset of the study, from which 
“we can safely conclude that there was a goodly proportion of native perennials such as kangaroo grass 
and wallaby grass”. By 1939 the fertilised treatments were sub-clover dominated pastures with double the 
stocking rate. The first soil test results available were for 1948, when there was a marked difference in pH 
between the control and 125P treatments, 7.1 and 6.4 pH in water respectively. The pH has continued to 
decline over time with the neutral soil of the 1940’s becoming acidic; by 2014 the pH in water for the control 
and 125 treatments were 5.5 and 5.1 respectively. Importantly, the decline in pH appears to be approaching 
an asymptote for both treatments.
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Abstract:

In many places, intensive agricultural practices have led to significant soil degradation through erosion, 
organic matter and nutrient depletion and nutrient imbalances. Maintaining or improving soil fertility is a 
major challenge for providing high agricultural productivity and food security. Biochar (highly stable carbon-
rich material produced by the carbonisation of biomass waste for use as a soil amendment in agriculture or 
carbon sequestration technique) has the potential to increase agricultural production, improve soil quality 
and reduce non-CO

2
 greenhouse gas production rates. However, extensive field trials are lacking and are 

still required to assess the likely impacts, especially when application of biochar is concurrent with other 
amendments such as compost. To date, examination of the effects biochar and biochar-compost mixes 
have on tropical Australian agriculture has been limited. In this study we detail results from six field trials 
in tropical north Queensland, in bananas (two trials), sugarcane, corn, peanut and pawpaw plantations. 
Greenhouse gas fluxes, soil water content, plant biometrics and soil chemistry were measured at regular 
intervals from crop planting to harvest. We report significant variation in crop yield and growth and 
greenhouse gas emissions in response to both biochar and biochar-compost amendment. Concurrent soil 
sample collection and analysis of soil properties allows the deduction of the mechanisms by which changes 
occur.
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A pilot project using e-extension focussed on soil nutrition for crops is being led by NSW DPI during 2014. 
It is a pilot in two aspects. Firstly the Community of Practice (CoP) itself: Does it serve a need? Is it valued 
by participants? Could it be self sustaining? The second component of the pilot is the eXtension® platform(s) 
themselves: How much do they add to the function of the CoP? The pilot makes use of the eXtension® 
platforms and other social media platforms to engage on a national scale.

The group eXtensionAUS Crop Nutrition aims to “connect the lab and the paddock” using a learning 
network framework involving the interaction of a Community of Practice (CoP), who have a high level of 
technical expertise, and a Community of Interest (CoI), who are applying knowledge in the field. Initial 
recruitment of a CoP of leading Australian crop nutritionists used existing professional networks to identify 
potential members, and is ongoing through the pilot. The CoP aims to engage with a CoI of predominantly 
field advisors, to dialogue on soil nutrition, implications of recent research and best practice. The initial CoI 
is nominated by members of the CoP, to become self selecting as the CoP’s online resources and activities 
build.

NSW DPI and GRDC have co-invested, to scaffold tools and practices for the CoP and promote engagement 
with the CoI. The pilot has been informed by a study tour of eXtension USA in March 2014. This paper will 
outline the progress to date for the two aspects above.
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Grain production in north-eastern Australia is primarily situated on alkaline Vertosols. The success of these 
rainfed cropping systems is strongly dependant on water stored in the soil profile during a fallow, and 
historically on the build up of mineral N reserves that occurred during that fallow. However declining soil 
organic matter and consistently negative crop N budgets have depleted the native N reserves and greatly 
increased the rates of N fertilisers applied either late in the fallow or at sowing of the next crop. In addition to 
the obvious economic consequences of increasing fertiliser investment in an uncertain rainfall environment, 
the application of high rates of N fertiliser into moist soils with poor internal drainage rates and well in 
advance of crop N demand presents significant environmental risks of off-site impacts due to the relative 
mobility of N, with nitrogen leaching and gaseous loss of nitrous oxide (a potent greenhouse gas) common 
loss pathways. These risks are enhanced by the combination of warm soils required for summer sorghum 
establishment and the relative organic matter enrichment of topsoil layers (into which fertiliser N is banded) 
under the predominant zero tillage management. This paper reports interim findings from studies of soil and 
fertiliser N dynamics, environmental losses (gaseous and leaching) and N use efficiency from different rates 
and fertiliser products deployed in grain sorghum crops grown in southern Queensland. 
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Approximately 70% of the nitrogen fertiliser used in the agricultural sector is applied to cereals. Farmers in 
cereal production systems throughout Australia require viable options for reducing N

2
O and nitrogen based 

emissions generally from soil without compromising productivity and profitability. In the northern grains 
zone (of northern NSW and Qld) N

2
O emissions can be high from nitrogen fertiliser applied to summer 

crops, due to the combination of poor internal drainage on the heavy clays and extended fallowing which 
allows build-up of soil water and mineral N reserves prior to crop establishment. In the high rainfall zone of 
south eastern Australia, annual N

2
O losses as high as 35 kg N ha-1 have been measured from duplex soils rich 

in carbon and nitrogen after extended periods of waterlogging when synthetic nitrogen is applied in excess 
of crop demand to these soils. On the sandier soils of Western Australia, increasing soil carbon is likely to 
enhance soil N

2
O emissions, however these losses are relatively insignificant and represent less 0.1% of the 

N fertiliser applied. A wide variety of strategies are being trialled across the Australian grains industry to 
improve nitrogen use efficiency generally which will reduce losses of N

2
O and associated nitrogen gases. 

These strategies include different rates of N fertiliser applied with and without nitrification and urease 
inhibitors, different timing (at sowing versus in-crop) and placement (top-dressed versus incorporated) of 
nitrogen fertilisers, the substitution of synthetic sources of nitrogen with leguminous sources, and strategies 
to increase soil organic matter stocks generally which will reduce the reliance on synthetic nitrogen inputs.    
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The increasing concentration of nitrous oxide (N
2
O) in the atmosphere is recognized as an important contributor 

to global warming potential. However, due to the paucity of data, estimates of N
2
O emissions resulting from 

changes in land management are highly uncertain. Here we report on the first year of a two-year study on the 
influence of pasture termination practices on soil N

2
O emissions in the Victorian High Rainfall Zone during 

transition from long-term pasture to cropping.  Emissions were measured from four treatments: (i) continuous 
pasture where forage is removed by cutting for hay (HC), (ii) wheat sown into early-terminated pasture (ET), 
(iii) wheat sown into late-terminated pasture (LT) and (iv) spring planted forage brassica sown into spring 
terminated pasture (SC). Emissions of N

2
O were measured using an automated gas sampling system. Fluxes 

exhibited high seasonal variability ranging from nearly zero to 334.5 g N
2
O-N ha-1 day-1, with peak fluxes 

coinciding with peak rainfall. Temperature was less closely related to N
2
O flux. Some of the N

2
O flux was 

attributed  to nitrification during the autumn and summer periods, while denitrification  increased fluxes during 
the winter and particularly spring. Treatments differed in total N

2
O-N emission rates (5.82 kg ha-1 and  3.13 kg 

ha-1 from ET and SC plots respectively), while losses from LT and HC treatments were much lower: 0.66 and 
0.13 kg ha-1 respectively.  Late pasture termination reduced N

2
O emissions (by 53%) during the measurement 

period. The results suggest that applying this practice may contribute to reducing the net global warming 
potential. 



Soil and tree water relations in the margin of a cotton field
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Soil water relations were investigated on the margin of a cotton farm, in a location where a large dam leaked 
into a native (Eucalyptus populnea) woodland.  Two sites in a Red Chromosol were monitored for tree water 
use (sap flux by heat ratio method), climatic variables, tree water potential (stem psychrometer) and soil 
water (psychrometer and filter paper method).  One site was in a salinized/waterlogged zone and the other in 
a control (dry) zone.  The measurement period spanned a heatwave/dry period and a 100 mm rainfall event.  
Tree water use declined in all trees during the dry period and increased up to 7 fold after the rainfall event.

Negative sapflow was observed during rainfall, a result of very dry soil and low vapour pressure deficit.  
Sapwood thickness, tree height and circumference were greater in the wet zone than the dry zone.  Sapflow 
was also greater in the wet zone, despite the presence of high soil salinity (EC

1:5
 up to 20 dS/m at the soil 

surface).  During the dry period, soil water potential was very low in the dry site (> -100 MPa) with only 
minor change with depth.  In contrast, at the wet site, soil water potential approached zero at depth (1.8m) 
with a linear change to values ~-3 MPa near the soil surface.  Tree water potential in the wet site became 
slightly more negative with time, but was confined to values between -1.7 and -0.7 MPa.  At the dry site, 
values were between -3 and -5 MPa.
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A review of past soil health activity and programs in the Goulburn Broken Catchment  reveals a long history 
of extension and research programs across the catchment, starting in 1912 when the Victorian Department of 
Agriculture launched a major campaign to lime soils (Barr and Carey, 1992).

Our journey of soil health extension programs demonstrates a clear shift from ‘fixing up’ single issues with 
soil health such as acidity, salinity and erosion to taking a more integrated holistic farm and catchment 
system approach. 

There has also been a clear shift from government driven research and extension programs to community led 
initiatives. Public investment has been made into programs and projects that encourage local small groups to 
explore soil health issues. 

We have learnt more about the challenges for farmers of adopting the soil health extension messages. 
Management of soil health often requires understanding of complex soil, farm and catchment systems. It 
often requires changes to land management practices that are managerially challenging, affect the farming 
system and are accompanied by financial implications– not just the adoption of discrete pieces of technology 
or products. 

We have learnt the importance of extension programs fostering discussion, learning and the development of 
connections between participants, and experts or specialists. Most importantly we have learnt the importance 
to work with land managers to develop their own solutions.

There are new extension challenges emerging:

•	 there are now a range of stakeholders in the management of soil health all promoting a wide variety of 
approaches for managing soil health. 

•	 there is as sense that landholders are bombarded with information that is repeated by other organisations 
unaware of what others are doing or inconsistent with other organisations causing confusion. 

•	 there are challenges for effective program/project evaluation. 

•	 there are challenges to ensure programs/projects build on past efforts, 

•	 there is also the challenge of understanding the role of science in supporting community led initiatives,

•	 and the continual extension challenge of how do we ensure programs not only achieve awareness of basic 
information but also significant adoption and practice change. 

This paper explores the lessons learnt along the way and how we can build on past initiatives as we continue 
on our Soil health extension journey.



Microdialysis: a new technique for non-invasive soil nitrogen sampling
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Soil extracts for nitrogen (N) analysis are used to provide an estimate of plant-available N such as nitrate, 
ammonium and amino acids. These methods have many drawbacks, largely because they cause substantial 
disturbance to the soil introducing artefacts.  Extracts also provide a ‘moment in time’ snapshot of the 
dynamic soil N processes, and thus may not reflect the importance of small pools which turn over rapidly. 
Microdialysis is a technology which has been extensively used in the field of neurosciences, but has only 
recently been applied to measurements in soil. Using small probes inserted into soil, it causes minimal 
disturbance, and collects sample over time via passive diffusion across a semi-permeable membrane into 
a slow flow of ultra-pure water. This method of sampling allows both estimation of external nutrient 
concentrations, and determination of nutrient flux rates. In many ways it is functionally similar to plant roots, 
and may provide a better estimate of what N is available to plant roots in soil. We evaluated microdialysis 
by quantifying in situ induced diffusive N fluxes of nitrate, ammonium and amino acids (low molecular 
weight N) in a range of subtropical agricultural soil using microdialysis, and compared fluxes with N 
concentrations determined with extraction techniques. Amino acids contributed up to 70% of low molecular 
weight N in diffusive fluxes in unfertilised soil and 5-20% in recently fertilised soils. In contrast, amino acids 
were a minor constituent in soil extracts. These results suggest traditional soil extracts may under-estimate 
availability of amino acids.



Visualization of phosphorus diffusion from fertiliser
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Fertiliser phosphorus (P) moves away from the point of application mainly through diffusion. Adsorption 
and precipitation reactions reduce the mobility of fertiliser applied P. These reactions, which depend both 
on soil properties and conditions and on the fertiliser formulation, affect the efficiency and long-term fate of 
the fertiliser P. Understanding and manipulating these reactions can help in increasing fertiliser efficiency, 
by improving fertiliser formulation or application strategy. The extent of P diffusion is usually assessed by 
laborious and destructive methods (sampling of soils in small sections) or through the use of radioisotopes 
or synchrotron-based techniques. Here, we describe a method to visualise P diffusion from fertilisers in a 
simple and non-destructive way. A filter paper impregnated with iron oxide is placed on top of the soil in 
which a fertiliser granule or fluid fertiliser injection has been incubated for a given period. After a sufficient 
deployment period, the paper is removed and the P captured on the filter paper is visualised using a modified 
malachite-green method, which creates a mirror image of the diffusion zone. The paper is scanned and 
analysed using imaging software to quantify the extent and intensity of the diffusion zone. We used this 
method to assess the effects of fertiliser formulation, fertiliser coatings, and soil type on P diffusion from 
fertiliser. 
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Atmospheric carbon dioxide (CO
2
) concentrations in Australia are expected to double by the year 2050. 

Elevated CO
2
 (eCO

2
) influences soil-plant systems via altering plant growth, rhizodeposition and biomass 

partitioning. Furthermore, eCO
2
 generally increases the carbon-to-nitrogen ratio of plant-derived inputs, 

resulting in reduced residue quality. In the long-term, changes in the amount and quality of organic matter 
inputs under eCO

2
 are expected to alter the soil microbial community and subsequently decomposition 

processes. The net effect of eCO
2
 on carbon cycling and importantly soil carbon content depends on the 

balance between eCO
2
-induced changes in organic matter inputs and losses via organic matter mineralization. 

It is not clear whether eCO
2
 alters the inherent mineralisation capacity of soils in the absence of plants.

The aim of this study was to investigate the long-term effects of eCO
2
 exposure on the decomposition of 

added (crop residues) and existing (soil organic matter) carbon pools. Soils were collected from the free-air 
carbon dioxide enrichment (SoilFACE) facility, Horsham, Victoria. Mesocosms at this site, containing three 
major cropping soils of southeastern Australia (Vertosol, Dermosol and Calcarosol), were exposed to either 
elevated CO

2
 (eCO

2
; 550 ppm) or ambient CO

2 (aCO
2
; 370 ppm) for five years. Soils were amended with 

either wheat or field pea residues, dual-labelled with 13C and 15N, in a 96-day incubation study. Isotope-ratio 
mass spectrometry (IRMS) was used to trace carbon and nitrogen from added residues into various soil 
pools and to quantify the contribution of residues and soil organic matter to the soil CO

2
 efflux. In addition, 

automated ribosomal intergenic spacer analysis (ARISA) was used to fingerprint soil microbial communities. 
The effect of eCO

2
 history on crop residue decomposition and its interaction with soil type will be presented.
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Long term climate change predictions for south eastern Australia show warming and drying trends.  Current 
agricultural climate change adaptations do not prioritise improvement in soil condition as a realistic 
adaptation strategy.  Research has shown that improving soil condition can increase water use efficiency and 
yield.   Given that water is the principal limiting factor in rain-fed grain production in Australia, practices 
that improve water capture and use are required.

Research has demonstrated substantial yield benefits from subsoil manuring (SSM) in the high rainfall zone 
of Victoria over the past five years and recent economic analysis has demonstrated strong benefit : cost 
outcomes.  Controlled Traffic Farming (CTF) has been widely adopted on Queensland and NSW cropping 
farms but its uptake in Victoria has been low.  The federal government’s Innovations Grants program has 
funded the Victorian Dept of Environment and Primary Industries to undertake demonstrations of these 
practices over two growing seasons to assess their potential in the drier climatic zones of Victoria.  Eight 
sites have been established for each practice with two sites combining both practices.  

The SSM sites will be monitored and evaluated for yield, changes in soil properties, and water use efficiency.  
CTF sites will be used to gain Victoria-specific data on productivity improvements and changes in soil 
properties.  Historic remote-sensed imagery (<10 years old) will be used to track productivity changes on C 
TF farms in comparison with nearest neighbour.  Six case studies will document the transition of selected 
farms from conservation agriculture to CTF.
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Soil condition is a complex topic and quite often difficult to explain to land managers in practical terms. 
Farmers, scientists and extension officers often have different degrees of understanding of soil principles. 
Science provides us with many and varied checks, tools and analyses to measure the soil condition or 
health at the paddock scale.  What does it all mean and how can it be demonstrated to effect practice change 
for improved productivity?  Bridging the gap of  ‘soil science’ to on-the-ground practice change can be 
demonstrated with simple but effective tools and checks that land managers can use to get an indication of 
their soil health or condition.

Soil compaction and soil sodicity can severely limit plant growth and yield, reduce water infiltration and 
increase run-off, and in the case of sodicity, form surface crusting that can reduce seedling emergence.  
While crusting may be obvious because it is visible it is not always understood.  Subsoil compaction and 
sodicity are not easily demonstrated.  Simple tools can be used to demonstrate and raise awareness of 
complex soil issues which along with management discussions can lead to improved productivity and soil 
condition for the land manager, consultant and community members.  This paper demonstrates some simple 
tools that have been used successfully by Victorian Department of Environment and Primary Industries 
(DEPI) extension staff to the broadacre cropping industry.  These tools are measures of soil properties that 
serve as indicators of soil condition and can be used to guide improved management decisions.
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The Department of Environment and Primary Industries in conjunction with the Wimmera Catchment 
Management Authority and local Landcare Groups are undertaking a four year project demonstrating 
practices to increase soil carbon sequestration on cropping and grazing properties in Victoria’s North West 
Wimmera by utilising organic amendments and clay spreading.  

Light sandy soils that are non-wetting and have very low organic carbon levels are the target of this project 
and are common across  the North West Wimmera.  Existing clay spread, newly clay spread paddocks and 
sites that have never been clay modified are incorporated into the project.  To further improve the condition 
of these soils and productivity, local organic amendment will be applied to the trials comparing surface 
spreading and incorporation of the treatments. In addition, an iconic legacy remote sensing site will measure 
productivity outcomes and soil carbon stocks under four different paddock scenarios comparing organic 
amendment against clay modification and unimproved sand.  This site will allow for ongoing learnings 
beyond the term of the project for local farmers.  

This work will complement a similar project in the SE of South Australia with Rural Solutions SA where 
they are undertaking a similar soil carbon sequestration trial using clay and organic amendment. Support 
and discussions will continue throughout the life of the project to ensure the findings obtained are useful and 
meaningful for landholders managing light sandy soils.
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Biochar application to soils has been demonstrated to increase both productivity and soil quality. This has 
commonly been observed more in acidic soils, which in part can be attributed to biochar’s liming effect. 
The microbial community is central to the functions of C and nutrient cycling in soils, and pH is known 
to be one of the largest drivers of microbial structure and function. Most biochar-related experiments have 
only focused on short-term soil biological and chemical changes (1-2 years) therefore studies on long-term 
biochar experiments are required to determine lasting effects of biochar on soil quality.

We present results from an experiment to determine the resilience of a soil, six years after biochar was 
applied to pasture field experiment. We aimed to determine whether two contrasting biochars had long-term 
effects on the resistance and resilience of the soil chemistry and microbiology when exposed to acidification. 
Soils were acidified and 14C-labelled glucose was added to track microbial catabolism and C incorporation. 
Both these measures provide a strong indication of microbial stress, and how microorganisms respond to 
inputs of fresh C.

Results were mixed: acidification clearly had a significant impact on the soil biogeochemistry, particularly 
aluminium availability. The size of the soil microbial community and its function were also impacted by 
acidification. What was apparent was that there was no systematic positive or negative effect of biochar 
across the measured variables, and that none of the field-based treatments significantly countered the effects 
of acidification.
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Given that, associated with the control of traffic, the alternative which can help reduce the compaction 
process is planting with different row spacings and/or plants, since this arrangement allows in the same 
area, previously cultivated with single spacing (a line between lines of rotated), is planted with higher 
plant density per hectare, with greater spacing between lines of traffic, which promotes the reduction of 
the amount by trafficked area. The aim of this study was to investigate the aggregation of an Oxisol under 
cultivation of sugar cane plantation in different planting configurations, subjected to the control of traffic 
in agricultural soil aggregation. The experiment was conducted in the municipality of Lençois Paulista, Sao 
Paulo, Brazil, with geographic coordinates 22035’46 “ south latitude and 48048’40 “ west longitude. The 
soil aggregation was assessed at depths of 0.20-0.40 0,00-0,10,0,10-0,20 m. The data were subjected to 
multivariate regression analysis. The study showed that planting configuration that was most associated with 
soil aggregation was planted in triple lines (0,75x0,75x1,5) in the 0.20-0.40 m soil layer.

Keywords: control of agricultural traffic; soil structure; row spacing; compaction; sugarcane;



Connecting soil science education and employment through soil judging
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The concept of soil judging competitions, where soil science students compete to correctly identify soil 
morphological features, describe soil landscape features, classify soil profiles and interpret soil behaviour 
and capability by interrogating supplied data, is relatively new in Australia. The first Australian soil judging 
competition was held at the national soils conference in Hobart in December 2012, where university teams 
from five different states competed. In contrast, in the USA, annual national collegiate soil judging contests 
have been held since 1961, with each national contest preceded by a series of regional contests to select the 
final twenty teams. As with other forms of judging contests (e.g. land judging, crop judging, meat judging), 
a very strong culture has developed with soil judging in the USA over this period; in some cases, universities 
give academic credit for students to become part of the soil judging team, there is intra-university prestige 
in ‘making the team’, and the national resource conservation service (NRCS) rewards highly placed 
individuals at the national contest with internship opportunities. Although Australia lacks a similar number 
of potential competing universities and students, we nevertheless suggest that soil judging has the potential 
to not only promote the discipline of soil science, but also to act as an effective conduit between education 
and employment. The activity of soil judging meets several soil science teaching principles, including the 
opportunity for learning in the field, the elucidation of connectivity between the sub-disciplines of soil 
science, and promoting an understanding of soil as a part of different environmental systems. Employers 
seeking graduates with skills in soil and landscape description, soil classification and interpreting soil data 
for capability assessment, should do well by seeking out successful soil judgers.
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For more than 50 years there has been a general acceptance that large parts of the Riverine Plain of southern 
NSW and northern Victoria are mantled by soils partly or largely derived from aeolian sediments (“parna”). 
These sediments, presumed to have been transported from regions further west during arid phases of the 
Quaternary, have generally been characterised as comprising reddish clay, some calcium carbonate and silt-
sized companion quartz grains. However, contemporary soil profiles derived from parna exhibit a range 
of morphological features depending on landscape position and time elapsed since deposition, leading to a 
variety of local names being used to describe aeolian-derived soils in different parts of southern NSW and 
northern Victoria. To assess the commonality of dust-derived soils across the Riverine Plain, we examined 
the geochemical composition of a number of parna and other dust-affected soil type sites in the Young, 
Wagga Wagga, Griffith and Lake Urana districts. Although post-deposition mixing of dust materials with in 
situ derived soil materials appears to have attenuated any ‘stand-out’ dust elemental signatures there were 
nevertheless some encouraging trends for establishing a geochemical fingerprint for parna-derived soils. A 
relatively high Ti/Zr ratio was measured in parna-derived soils, compared to the majority of non-parna soils 
assessed, and this distinction was most pronounced for the <100 μm (wind entrainable) soil fraction. Several 
other elemental ratios also weakly differentiated parna- from non-parna-derived soils. The differentiation of 
parna of the different districts was best achieved by comparing the K/Br ratio, which may reflect different 
post-deposition weathering regimes, or a different source area for the deposited dust.
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Reforestation of agricultural lands has the potential to sequester C, and mitigate future climate change, while 
providing other environmental benefits. The transition from dryland agriculture to tree plantings can have 
a profound impact on the soil environment. Soil microbial communities play a central role in cycling of C 
and nutrients within soils but impacts of reforestation on these communities are barely understood. Here, 
we present results from a number of projects in which we quantified changes in the microbial community at 
the biomass, activity, diversity, functional gene and metagenomic levels. We also quantified changes in soil 
physicochemical properties and nutrient cycling, as well as vegetation both above- and below-ground. Taken 
together, our results show that reforestation of agricultural lands can have substantial, albeit variable, impacts 
on soil communities within a few decades. Results will be discussed in the context of land-use change 
impacts on soil communities, and their consequences for the cycling of C and nutrients in these systems.
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Soil erosion was accelerated in Australia by post-colonial agricultural expansion (since 1870s) and 
decelerated by conservation agriculture (since 1980s). Erosion removes the fine, carbon- and nutrient-rich 
material from the topsoil into water courses and into the atmosphere. Soil erosion is omitted by most national 
C accounting (FullCAM), agricultural production (APSIM), and global land surface models (CABLE; 
CASA-CNP). These models assume that C stock change is due solely to the balance between net primary 
production and heterotrophic respiration. We fitted the Rothamsted C cycling model (RothC) using the 
established decomposition rates for Australia to the long-term C measurements of 103 agricultural plots from 
26 unique locations and estimated the net C flux. We modified RothC to account for erosion of soil C and 
repeated the model fit with the same decomposition rates and estimated the net C flux. We found that erosion 
accounted for an average net C flux of 0.24 tC ha-1 y-1. Assuming that these results represent the 26.2 Mha 
of Australian cropland, the total erosional C flux was 6.2 TgC y-1 and suggested a large under-estimation 
of the National Greenhouse Gas Inventory from this account (4.2 TgC y-1; 2011). Consequently, potential 
C sequestration (15 TgC y-1) in Australian cropland may be over-estimated by around 60%. The benefits of 
including these soil erosion dynamics in C cycling and crop production models are axiomatic and in land 
surface models could improve the land surface – atmosphere interactions for global climate projections.
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Do Australian agricultural soils play a role in climate change process and mitigation by sequestering carbon? 
The net carbon exchange of agro-ecosystems depends on the balance between carbon gain (input of crop 
residues) and carbon loss (decomposition of soil organic matter). There has been an ongoing debate globally 
as to whether agricultural practices can increase soil carbon stock. Australian soils are much older when 
compared to many soils in the northern hemisphere. Nutrient deficiency, salt accumulation and undesirable 
climate conditions probably restrict the potential of soil carbon sequestration in Australia. However, a 
quantitative review on the effects of agricultural practices on soil carbon change in Australian cropping 
systems is lacking. In this meta-analysis, we investigated the effect of agricultural practices viz. zero or 
reduced tillage, residue incorporation, rotation history and nitrogen fertilizer application on soil carbon 
change in Australian cropping systems. The potential patterns of variation in the effects of agricultural 
practices were also assessed by including categorical variables in the meta-analysis models. These variables 
include soil depth, cropping duration, soil clay content, and geographic location. The objective of this study 
was to systematically synthesize and quantify the effects of agricultural practices on soil carbon change in 
Australia. The potential, if any, of agricultural management practices on the mitigation of greenhouse gas 
emissions from Australian cropping systems will be discussed.
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More than 50% applied fertilizer nitrogen (N) is lost to environment.  Three key pathways responsible for 
N losses are Ammonia (NH

3
) volatilization, nitrification-denitrification and nitrate leaching. This paper 

summarizes the studies conducted in Australia and China in quantifying, modeling and mitigating these 
losses from cropping, pastures and intensive animal productions systems.

The NH
3
 volatilizations were measured by micrometrological methods.  N

2
O was measured by static and 

automatic (continuous) chambers. Nitrate leaching was calculated based by the water drainage flux and 
nitrate concentration. The Water and Nitrogen Management Model (WNMM) was used to simulate these 
fluxes and was used to identify the management practices to mitigate these losses. The enhanced efficiency 
nitrogen fertilizers (controlled released, urea coated with urease and nitrification inhibitors) also showed very 
promising in reducing the fertilizer N losses.

NH
3
 volatilization accounts up to up to 50% total N applied to alkaline in the North China Plain, up to 

29% in the acidic pasture soils in Australia and 70% of dietary N in the intensive feedlot in Australia. The 
incorporation of urea fertilizer into soils and irrigation immediately followed urea application reduced 
NH

3
 volatilization by up to 75%. Application of urease inhibitor with urea in rain-feed wheat resulted in 

significant reduction in NH
3
 volatilization, up to 80%. Application lignite (brown coal) into the feedlot 

manure reduced NH
3
 volatilization by 85%. Application nitrification inhibitors led the reduction if N losses 

by 40%. The application controlled released N increased the maize yield by 30%m reduced N2O emission by 
60%.
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Adjacent natural forest (NF), and first (1R) and second rotation (2R) hoop pine plantations in SE Queensland 
were selected to investigate the effects of conversion of natural forest to hoop pine plantations on the size and 
the nature of P pools in surface soils.  The site is located within the Yarraman State Forest. The soil is a Red 
Ferrosol.  The NF site is classified as a rainforest/bastard scrub and dominated by bunya pine, yellowwood 
and crows ash.  The 1R hoop pine plantation was established in 1949, while the 2R hoop pine site was 
planted in November 2000. Results demonstrated that vegetative conversion did not substantially affect soil 
total P. However, soil labile P (sum of solution P and NaHCO

3
 extractable P) decreased from 125 mg P kg-1 

under NF to 79 mg P kg-1 under 1R and 59 mg P kg-1 under 2R. The recalcitrant P pools (sum of the second 
NaOH extractable and residual P) increased from 504 mg P kg-1 under NF to 537 mg P kg-1 under 1R and 
623 mg P kg-1 under 2R.  The 31P NMR spectroscopy also showed that the concentration of orthophosphate 
was higher in soil under NF compared with those under 1R and 2R hoop pine plantations.  Soil 
phosphomonoesterase and diesterase activities showed a similar trend. The concentration of orthophosphate 
diesters was also greater in soil under NF than those under 1R and 2R plantations.  These results consistently 
demonstrated that conversion of native forest to hoop pine plantation reduced soil P availability.  
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Ambient temperatures in South-Eastern Australia are expected to increase between 0.6 and 2.9 °C by 2050 
while an increase in the cover of Grevillea australis and a decrease in Poa hiemata, two of the dominant 
species in Australian alpine heathland, have been observed in the last 30 years. The effects of warming 
on decomposition of their litters and consequently on nutrient cycling in this ecosystem remain poorly 
understood. Litters of G. australis (C:N 46) and P. hiemata (C:N 54) were placed on the soil surface in the 
Bogong High Plains, at 3 elevations (1900 m, 1750 m and 1570 m) to measure the effects of temperature 
and moisture gradients. Nutrient release from decomposing litters and soil nutrient levels beneath them were 
monitored over 3 periods (autumn, winter to early spring and late spring to summer), using ion-exchange 
membranes (IEM). Control IEMs were included to measure nutrient levels in the absence of litters. The 
loss in mass from both litters was greater at the 2 higher elevations, due to greater soil moisture, despite 
the lowest site being warmer by 1 °C. The litters of both species immobilized NH

4
 and NO

3
 in the soil over 

the duration of the study, with stronger immobilization from G. australis. From late spring to summer, 
releases of P, K, Ca, Mg and Mn from litters were greatest at the highest elevation while soil levels of N, P, 
Ca, Mg and Mn under decomposing litters were significantly less compared to the control at all elevations. 
This indicates immobilization of soil nutrients, probably from increased microbial activity due to enhanced 
C input from litters, greater moisture from snowmelt and higher temperatures. Litter decomposition 
and nutrient cycling were enhanced by moisture in this alpine ecosystem, with no detectable effects of 
warming. In the short-term, litter decomposition did not increase available soil nutrient levels as these were 
immobilized readily, irrespective of litter type.
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Soil ameliorants can benefit soil health and improve yields for horticultural industries. In this study, a field 
trial determined the effects of biochar and compost ameliorants on the growth and yield of a perennial 
blueberry crop, and on soil physicochemical and microbial properties. Biochars were made using a 
systematic approach, for relevance to Australian horticulture and urban waste managers. A green waste 
feedstock was made into two biochars by a truck-mountable pyrolyser (for on-farm processing) and a large, 
stationary pyrolyser (for urban requirements). Sugarcane trash was made into biochar by the mobile unit. 
Treatments were the three biochars, a green waste compost and a compost/biochar combination, incorporated 
at 30 t ha-1 each into mounded soil. Soil was sampled at 0, 3, 12, 18 and 24 months and Total C and N, NO

3
-, 

NH
4
+, pH, Ec, Bray P, CEC and bulk density determined. Plant size was measured monthly and berry yield 

over the four month harvest season. Results showed a significant improvement in berry yield when bushes 
were grown on soils with the biochar/compost combination. In this treatment, berry yields were 56% higher 
than from the control, 50-65% higher than from biochar alone and 77% higher than from compost. Soil 
physicochemical and rhizosphere microbial properties are modelled against the plant response to understand 
reasons behind growth and yield enhancement.  In summary, this study has shown that biochar and compost 
applied together can enhance plant growth and soil health to a greater extent than each soil ameliorant alone. 
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The majority of the once widespread grassy eucalyptus woodlands have been cleared for agriculture, with 
only fragments remaining.  These fragments are often degraded by livestock grazing and weed invasion, 
leaving only rare undisturbed remnants.  The undisturbed grassland remnants are dominated by kangaroo 
grass (Themeda australis), while degraded remnants tend to be dominated by wallaby (Rytiodosperma spp) 
and spear grasses (Austrastipa spp) or by annual exotic weeds. Intermediate remnants are dominated by red 
grasses (Bothriochloa spp).  In this experiment, we sampled soils from five depth increments (0-5 cm, 5-15 
cm, 15-30 cm, 30-60 cm, 60-100 cm) under these native, intermediate, and degraded ecosystem states.  We 
incubated the soils with 14C labelled root exudates to determine whether root-C turnover was impacted by 
soil depth or ecosystem state.  We found significantly higher root biomass in the native states compared to 
the intermediate and degraded states, and decreases in root biomass through depth in all ecosystem states.  
Mineralization and turnover rates of the root exudates decreased with depth in all ecosystem states, similar 
to decreases in root biomass with depth.  However, both degraded states mineralized significantly more root 
exudates than to the native state, although no states were significantly different from the intermediate state.  
These data suggest that the transition from native to degraded grassy woodlands impacts soil C process rates 
down to 1 m, and therefore has the potential to impact C stabilization in both subsoils and topsoils.
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Abstract

Inclusion of pasture phases in cropping rotations can increase soil organic carbon (SOC) stocks.  However, 
there are significant gaps in our understanding of how some management practices, such as manipulation of 
soil nitrogen (N) through addition of fertilisers or incorporation of legumes, influence SOC sequestration.  
While an increase in soil N may increase plant biomass production, and therefore soil C input, it can also 
either increase or decrease C decomposition rates, resulting in unpredictable effects on net C change.  
This study examined how decomposition of SOC was affected by changes in N fertility in four soils (1 
Chromosol, 1 Kandosol and 2 Vertosols) used for pasture production in Queensland and Victoria. An 
incubation experiment was used to determine how N addition, either as urea or in 13Clant materials of 
varying C:N ratio, affected organic C mineralisation (as approximated by CO

2
 evolution) over a 6-month 

period.  CO
2
 evolution was measured by trapping CO

2
 in a 2M NaOH solution.  It was observed that 

treatments with added N, either urea or plant material, initially had increased CO
2
 evolution rates.  However, 

by the 20-30 day period of the incubation, CO
2
 evolution rates in higher N treatments were either less than, 

or not significantly different to, their lower N equivalents.  This result is consistent with other studies that 
have found that N application initially stimulates decomposition of labile organic C fractions, but inhibits 
the decomposition of more resistant material, either present in soil or produced during decomposition.  An 
isotopic analysis of CO

2
, particulate organic-C (POC), and humus organic-C (HOC) will allow us to examine 

differences in the response of C fractions to N addition and/or priming effect on native SOM turnover.  

Introduction

Increasing the amount of pasture in cropping rotations, or converting a site completely from cropping to 
pasture, have been identified as management strategies with the potential to increase soil organic C (SOC) 
stocks (Weston et al. 2000; Ammann et al. 2007; Chan et al. 2011).  However, a complete understanding 
of how pasture management can maximise SOC is still lacking.  In particular, there are gaps in our 
understanding of how N availability will influence C sequestration.  While an increase in soil N availability 
may increase plant biomass production (Buchanan and Cowan 1990; Cowan et al. 1995; De Deyn et al. 
2009), and therefore soil C input, it has also been observed to both increase and decrease C decomposition 
(Fog 1988; Carreiro et al. 2000; Waldrop et al. 2004; Cusack et al. 2010), and therefore can potentially have 
varying effects on net SOC change.  

While it was previously believed that increases in N availability generally led to increases in decomposition 
due to stimulation of microbial growth, Fog (1988) demonstrated that increases in N availability can have 
varying effects on litter decomposition.  Fog (1988) presented evidence that while N had a positive effect 
on the decomposition of easily decomposable litter, more resistant material, particularly that high in lignin, 
was negatively affected by increases in N availability.  Many studies since this time have confirmed these 
observations (Berg and Matzner 1997; Magill and Aber 1998; Carreiro et al. 2000; Knorr et al. 2005; 
Janssens et al. 2010).  The effects on litter decomposition have also been observed for SOC, with studies 
finding that the turnover of more labile SOC pools tend to increase with N addition, while more slowly 
cycling pools decrease (Hagedorn et al. 2003; Cusack et al. 2010; Cusack et al. 2011).  

This study aims to examine how decomposition is affected by changes in N fertility on four soils used for 
pasture production in Queensland and Victoria.  To do this we determine how the addition of N, either as 13C 
/15N labelled plant material of varying C:N ratios (lucerne<buffel<wheat) or as urea, affected CO

2
 evolution 



over a six month period in a laboratory incubation study.  

Materials and Methods

Four soils from pasture sites in Queensland and Victoria were used.  These soils were selected due to their 
soil type and thus varying clay content [Kandosol (Rockies), Chromosol (Hamilton), and Vertosol (Akaringa, 
Wimmera)] and background fertility (high: Hamilton/Wimmera; low/medium: Rockies/Akaringa).  

Lucerne, wheat and buffel grass material was added to sieved (<2mm) and air dried soil at a rate of 7.5 t/ha 
with or without urea.  C:N ratios of lucerne, wheat and buffel grass were 13, 25 and 33 respectively.  All plant 
materials had been labelled with 13C.   Urea was added at different rates for each treatment ,so that the amount 
of total N being added to the soil (i.e. in plant material plus urea) to the same amount as was added in the 
lucerne material.  This resulted in seven treatments:  control, control+N, wheat, wheat+N, buffel grass, buffel 
grass+N, and lucerne.  

Soil was wet to field capacity using either deionised water or urea solution, and placed into 1.5L sealed 
preserving jars containing 30 mL of 2M NaOH to trap CO

2
.  Jars were incubated in the dark at 25˚C.  The CO

2
 

evolution from soil samples was measured at 1, 3, 7, 10, 20, 30, 90 and 180 days by titrating 1mL aliquots of 
2M NaOH against 0.1M HCl using phenolphthalein as the indicator, following the precipitation of CO

2
 using 

10 mL of 0.25M BaCl
2
 solution. Note that because NaOH absorbs CO

2
 over an entire measurement period, 

results can be considered to be average rates of respiration between each sampling period. 

Results and Discussion

Adding nitrogen, either as urea or in plant material with a range of C:N ratios, initially stimulated decomposition 
(Figure 1).  However by around the 20-30 day measurement period this trend was reversed, with added N 
treatments either lower or not significantly different to non-N treatments (Figure 2).  This trend continued 
throughout the remainder of the experiment and was still observed in the average respiration rate between 90-
180 days (Figure 3).  All soils responded similarly to N addition, regardless of soil type or background fertility.

Figure 1:  Average CO
2
 evolution for the 0-1 day sampling, showing significant increases in CO

2
 evolution 

with the addition of N either as urea (+N) or plant material with a lower C:N ratio.  

Figure 2:  Average CO
2
 evolution between 20 and 30 days showing that CO

2
 evolution in +N treatments 

is now either lower or not significantly different to non-N treatments.



Figure 3:  Average CO
2
 evolution between 90 and 180 days showing that CO

2
 evolution in +N treatments 

is still either lower or not significantly different to non-N treatments.

The pattern of CO
2
 emissions observed is consistent with other studies.  Nitrogen has been found to stimulate the 

decomposition of easily decomposed material, which is typically exhausted in a relatively short period of time 
(Berg and Matzner 1997; Thirukkumaran and Parkinson 2000; Moran et al. 2005), whereas the decomposition 
of more resistant litter, particularly that high in lignin, has been found to be negatively affected by increases in 
N availability (note that increases in N availability, as indicated by increases in NO

3
-N, were observed at all 

measurement periods in the current experiment, although data is not presented here due to space limitations) 
(Berg and Matzner 1997; Magill and Aber 1998; Carreiro et al. 2000; Knorr et al. 2005; Janssens et al. 2010).  
The fact that all soil types responded similarly to the applied treatments (Figures 1-3) indicates that factors 
such as clay content and background total-N concentrations (as indicated by the higher background fertility 
of the sites) did not have a large influence on the pattern of CO

2 
evolution in this study, although whether the 

decomposition of different C fractions were influenced by these factors cannot yet be determined.  

Isotopic analysis to determine the 13C enrichment of the CO
2
, POC and HOC fractions collected will allow us 

to examine differences in the response of C fractions to N addition and/or priming effect on native SOM to 
help us better determine how differences in N availability affect the decomposition of different C fractions, and 
identify likely impacts on SOC sequestration.  
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Soil organic matter is essential for biological, chemical and physical functions in soil and contains more 
than 50 percent soil carbon. The National Soil Carbon Program aims to evaluate land use and management 
practices which leads to an increase in, or a reduction in losses of organic carbon stored in soil for building 
resilience to Australian landscapes and restoring the productivity of the Australian lands. This program 
is funded by the commonwealth government under Filling the Research Gap initiative following the Soil 
Carbon Research Program (SCaRP).

National Soil Carbon Program (NSCP) objectives include: 

1. Develop understanding on (i) the potential role of perennial vegetation in the management of soil 
carbon; (ii) the potential of organic amendments to build soil carbon and the effect on GHG balance; 
(iii) improved methodologies for measuring soil carbon and its components; and (iv) the effect of crop, 
pasture and forestry management practices on increasing soil carbon.

2.  Contribute to CFI methodologies for carbon offsets (GHG abatement), which requires rigorous scientific 
evidence (peer-review publications in national/international journals).

3.  Flow on national outcomes (in addition to GHG abatement) include (i) restoration of degraded Australian 
landscapes from erosion, salinity, sodicity, acidity, soil structure loss, fertility depletion; (ii)  soil health 
improvement providing ecosystem services; (iii) food and fibre/products (energy) security; and (iv) 
biodiversity for conservation of native flora and fauna and biological functions.

NSCP 15 projects grouped together under the following 4 themes:

Theme 1: Vegetation Management (regrowth, plantation forestry, reforestation)

Theme 2: Soil Amendments (compost, organics, biochar)

Theme 3: Improved Measurement (in situ VIS-NIR, NIR-MIR, temporal change, modelling)

Theme 4: Management Practices (N, perennial pastures, grazing, C inputs).

Expected outcomes:

Theme 1: Vegetation Management 

1. The potential role of perennial vegetation for soil carbon increase:

•	 By facilitating native forest regrowth, and C and N effects on productivity



•	 Through environmental plantings on farm areas at low opportunity cost

•	 Through rotational grazing of perennial pastures 

•	 Deep carbon storage on perennial pasture /forages

•	 By reforestation of subtropical and tropical regions

2. Improve the scope and cost-effectiveness of CFI 

3. Evaluate best land management practice

Theme 2: Soil Amendments 

•	 Quantify the potential for organic additions to soil to build soil carbon and the effect on GHG balance

•	 Characterization of biochar/compost, ‘organic’ & ‘industrial’, alone & in combination (COMBI-mix) and  
assess the carbon, nutrient and GHG impacts in the field and crop yields

•	 Development of rapid spectral technique to predict amendment degradability

•	 Provide inputs to better model soil carbon for organic amendments

Theme 3: Improved Measurement 

•	 Temporal changes in soil carbon to improve modelling and low cost methods for measuring soil carbon

•	 Temporal variability between seasons and years to improve modelling 

•	 Relationship between MIR and NIR estimates of Soil C and fractions

•	 in situ VIS-NIR spectrometry and NDVI for application in CFI methodologies

Theme 4: Management Practices 

The effect of crop, pasture and forestry management practices on soil carbon leads to:

•	 Improved understanding of management practices which may  increase soil organic matter and carbon

•	 Improved understanding of relationships between soil organic matter, soil carbon and carbon fractions, C 
stability, soil structure, N supply and productivity

•	 Improved understanding of soil carbon in alkaline soils and  gypsum and legume amendments to increase 
soil C in these soils

•	 Rotational grazing in semi-arid rangelands and fate of aboveground C inputs

•	 Validate models and make predictions of soil C change

Program Highlights:

Quality Assurance 

•	 NSCP projects have adopted appropriate soil sampling designs for rangelands, environmental plantings 
and reforestation. Soil analysis for total organic carbon is carried out at the Australasian Soil and Plant 
Analysis Council (ASPAC) certified laboratories.

•	 All projects used nationally calibrated mid-infrared spectroscopy (MIR) laboratories for estimating soil 
organic carbon fractions, particulate organic carbon (POC), humus organic carbon (HOC), and resistant 
organic carbon (ROC) in soil samples.

•	 A number of projects are evaluating the biological significance of these fractions as well as light and 
heavy fractions in soils under difference land uses, and dissolved organic carbon in alkaline soils.

Theme 1: Vegetation Management

•	 Soil sampling protocols for forestry/plantation projects have been developed and implemented.

•	 Significant advances have been made in vis-NIR spectroscopy by calibrating against standard methods 
and MIR, and its applications to on-the-go in situ field estimations of soil organic carbon for extensive 
landscapes such as rangelands. 



•	 Assessment of spatial variability in stocks of surface soil carbon and on-the-go in situ field estimations of 
soil organic carbon for rangelands and reforestation has been encouraging. 

•	 Improved understanding of key site and climatic factors leading to changes in soil carbon following 
reforestation, and utilisation of this understanding to calibrate the FullCAM-RothC modelling framework 
for predicting sequestration of soil carbon.

Theme 2: Soil Amendments

•	 The organic amendments, including compost and biochar (COMBI) for soil carbon sequestration, nutrient 
availability and supply as well as increasing crop yields is showing promise in the field. 

•	 The aryl content of organic amendments assessed by nuclear magnetic resonance (13C-NMR) 
spectroscopy is positively associated with the slow turnover pool (for carbon sequestration) and 
negatively associated with the fast turnover pool of carbon (for nutrient turnover / supply) in the organic 
amendments.

•	 Rapid assessment of organic amendments using MIR and NIR spectroscopy for their relative 
biodegradability and nutrient release is promising.

Theme 3: Improved Measurements

•	 Seasonal variability of soil carbon stocks indicates higher carbon at the highest plant growth at a number 
of sites.

•	 Detecting the quantitative changes in soil carbon stocks over 5 years depends on land use change, 
vegetation and farming system, soil type and climate during the monitoring period.

Theme 4: Management Practices

•	 Further to the SCaRP work (Soil Research Special Issue, 2013) NSCP projects are evaluating the role 
of perennial pastures and forage plants, crop-pasture rotations including nutrient additions, and fate of 
placement of carbon inputs and organic amendments for increasing carbon and retaining carbon in soil. 

•	 Assessing potential benefits in increasing soil carbon from land use change, it is becoming apparent that 
previous land use history must be known. For example, long-term cropping may lead to depletion of plant 
nutrients which may limit the full benefits from land use change and therefore it needs to be addressed. 

•	 Nitrogen addition with carbon inputs to soil initially increases CO
2
 emissions but slows down longer-term 

emissions, potentially leading to increased carbon sequestration.

•	 Increasing soil carbon, accounting for and managing GHG balance, maintaining productivity and 
restoring landscapes becomes the key aspect of CFI carbon-offset methodologies.

Modelling soil carbon dynamics

•	 Simulations of the NSCP data sets and the existing data are being utilised in APSIM, Century and 
FullCAM models to explore scenarios under different management practices, soil types, and current 
and future climates to sequester carbon in soil and /or reduce future loss of carbon from soil to the 
atmosphere.

•	 The legacy dataset and that from the long-term experiments are modelled in APSIM, RothC, Century and 
FullCAM models.

Summary:

•	 Quantified potential for cropping, crop-pasture, pasture, pasture-plantations, afforestation and 
reforestation systems, and amendments to increase the storage or reduce loss of carbon in soil.

•	 Evaluated variability over seasons, annual, decadal, and in heterogeneous landscapes towards developing 
protocols for quantifying soil carbon stocks.

•	 Modelling of soil carbon datasets to extend soil carbon dynamics across space (regions) and time (year to 
century or longer).



•	 Development of cost-effective CFI methodology for soil carbon.

•	 Restoration of landscape functions, productivity and food, fibre and ensure energy security.

In summary, NSCP projects are contributing to the development of Soil Carbon Methodology for sampling, 
environmental plantings, native forest regrowth and reforestation,  rapid and cost-effective measurements 
for soil carbon, carbon as a component of soil organic matter for restoration of landscapes, improving 
environment, soil quality and soil fertility, and the productivity of food, fibre and energy from land.

Conclusions:

•	 Improved understanding of managed ecosystems and management practices to increase soil carbon and 
carbon fractions

•	 Cost-effective measurement of soil carbon and carbon fractions, including modelling of soil carbon using 
FullCAM and other appropriate models

•	 Soil carbon methodology for CFI and carbon offsets

•	 Soil carbon, nitrogen and soil organic matter for soil resilience and productivity
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Diffusion and plant availability of phosphorus from struvite-based fertiliser 
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There is growing interest in recovery of phosphorus (P) and nitrogen (N) from waste water through 
precipitation of struvite (MgNH

4
PO

4
.6H

2
O) induced by addition of Mg(OH)

2
 or of MgCl

2
 and NaOH to 

the waste water. Struvite has potential use as a slow release P fertiliser. While the solubility of struvite in 
aqueous systems has been well investigated, there is little known about the P release kinetics from struvite in 
soil. We used a visualisation technique to compare the P diffusion in soil from struvite-based fertilisers with 
that of highly water-soluble fertiliser (monoammonium phosphate, MAP) at the same P rate in different soils. 
The diffusion of P from granular struvite was much slower than that from MAP. The P diffusion zone around 
the granule at 28 days after fertilizer addition was 3- to 50-fold smaller for struvite than for MAP, and was 
smaller as the struvite granule contained more excess base (Mg(OH)

2
). In contrast, when the fertilizer was 

ground and mixed through soil, there was little difference between struvite or MAP. A pot trial is underway 
to assess the effects of fertilizer formulation (MAP vs struvite with different base excess) and method of 
application (ground vs. granular) on P availability to plants.
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This paper reports on a study of local perceptions of soil fertility and management in a region of West 
New Britain Province, Papua New Guinea, where the bulk of the population are semi-subsistence farmers 
involved in the cultivation of food crops and oil palm. The aim was to determine local soil knowledge and 
to understand how this knowledge shapes the management of soil for food crops and oil palm (introduced 
within the last 40 years). Soil knowledge was found to be interwoven in the daily practices associated with 
food cultivation. The process for passing down agricultural and ecological practices was characterised by 
oral transmission and a culture of learning through experience, repetition and amendment. There was also 
strong evidence in the local soil classifications of a dominant discourse on soils and their relationship with 
particular crops, especially taro. If the soil ceased to produce adequate taro it was not considered soil, it was 
kama ko kora magassa translated literally as ‘no good ground’, and it would be fallowed until regarded as 
fertile. Soil discourse and practices indicated that local soil management is inherently sustainable ensuring 
the biophysical limits of the soil are never surpassed, making the fallow sequence successful and beneficial 
for future generations. There was also evidence of local soil management systems being resilient to broader 
environmental and economic changes. This paper suggests that farmers and the oil palm industry may benefit 
from marrying local and outside ‘scientific’ concepts of soil fertility, which has not happened to date.
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This project specifically aims to reduce emissions of N
2
O from fertilizer application in high-emission agro-

climatic zones. This work has a particular emphasis on developing new fertilizer technology and providing 
farmers with new methods to reduce emissions. It also focuses on understanding the important relationship 
between nitrogen and carbon in providing substrate availability required for de-nitrification. Much work has 
been undertaken on nitrification inhibitors and other forms of nitrogen management, but little work has been 
done on developing technologies that minimize substrate availability for de-nitrification. The technology 
under study is based on clay-modified activated carbon with high porosity, which binds ammonium through 
charge and covalent interaction on a large surface area. The surfaces adsorb both hydrophobic and hydrophilic 
molecules, and will also reduce the level of labile carbon in and around the ammonium rich fertiliser pellet. The 
technology has been demonstrated at the laboratory stage, with the next activities involved with “proofing” 
the technology by the NSW DPI emissions team using laboratory incubation studies and small-plot field 
quantification. 

This presentation will highlight the extensive material synthesis and characterization efforts that have been 
undertaken to date on this project. In particular, the focus will be on:

(i) �	The effect that various additives (such as clay and various nitrogen sources) have on the properties of the 
resultant char; 

(ii) �The rate of desorption of nitrogen from the modified char sample, particularly to demonstrate the slow 
release capability of the materials; and 

(iii) The performance of such char materials in terms of crop yields, nitrogen utilization and emissions. 
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Silver-induced selective pressure on bacterial communities is increasingly relevant due to the growing 
commercial and biomedical use of silver nanoparticles. Genetic silver resistance is carried by intermediate 
to broad host range IncH group conjugative plasmids and has been observed in both clinical pathogens and 
environmental bacteria. Horizontal gene transfer mechanisms may facilitate the spread of silver resistance, 
but the role of soil as a reservoir of silver resistant genotypes remains virtually unexplored. 

Five Australian soils with diverse physico-chemical characteristics were exposed to silver for 2 weeks (2W) 
and 9 months (9M) at concentrations ranging from 50-400 mg/kg. Control samples were also maintained. 
XANES and DGT were used to track changes in silver speciation and bioavailability. Total DNA extracts 
were used for real-time PCR-based counting and 16S rRNA partial sequencing (Illumina MiSeq).

A rapid drop in 16S rRNA gene counts occurred in the silver treated soils, and persisted after 9M incubation 
in some soils. Analysis of 1,446,210 sequences revealed an inverse relationship between the α-diversity 
and 16S rRNA gene counts. Minimal community convergence attributable to silver selective pressure was 
observed. When analysed collectively, the samples grouped according to soil type. However, when soils were 
analysed separately, distance based redundancy analysis attributed 55-78 % of the observed variance to silver 
exposure time and dose. Differential abundance tests for dominant (>1%) OTUs revealed three major trends. 
OTUs showing potential adaptation included genotypes usually associated with metal resistance and halo-
tolerance, and persistent sequences in one soil were classified as slow growing mycobacteria.



Soil carbon in coastal pasture systems of NSW
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Soils used for pasture production can contain large but highly variable quantities and forms of carbon. 
Understanding the factors that influence these stores is important in order to help inform policy and farm 
management decisions. In this research we sampled 90 sites under long-term (>20 year) pasture management 
along the NSW coastal zone. Sites sampled range from unirrigated, unfertilised, native pastures to highly 
improved, irrigated, heavily fertilised sites under improved pastures. Fertiliser N and P inputs range from an 
estimated 0-250 and 0-30 kg/ha/yr and irrigation range from 0-250 mm/yr. Rainfall and irrigation combined 
totals range from ~600 to 1600 mm/yr with an average of 1100 mm/yr.

Soils were sampled to 1m where possible and in all cases to at least 0.5m. We analysed samples for total and 
organic C, and the particulate organic C fraction. Predictions for resistant carbon were undertaken by MIR 
and NMR on a sub-set of samples Farm management and site metadata were collected for all sites.

Soil carbon stocks (0-30 cm) range from 43 to 140 t C/ha with an average of 90 t/ha. Unimproved pastures 
have an average carbon stock of ~84 t/ha whereas highly improved pastures have a carbon stock of 98 t/ha. 
There is a positive correlation between combined rainfall and irrigation and C stocks and fractions. Further 
formal statistical analysis of the data is being undertaken to investigate those factors that influence soil 
carbon stocks and form.   
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Many pasture soils contain large phosphorus reserves, which are not detected by current commercial soil 
phosphorus tests, but are potentially important resources for maintaining pasture growth. Identification 
of pasture species, that are able to utilise some of this “stored” soil phosphorus without compromising 
production, may  lead to reduced phosphorus fertiliser requirements of pasture systems. A 33P isotopic 
dilution experiment was conducted to assess the ability of five contrasting pasture species (Rytidosperma 
setaceace, Lotus corniculatus, Microlaena stipodes, Trifolium subterraneum (cv. Leura) & Lolium perenne 
cv. Avalon) to access non-isotopically exchangeable phosphorus pools in five soils varying in pH and 
phosphorus status  from major wool growing regions in south-eastern Australia. There was a significant 
interaction between soil type and species on biomass production, P content and L-value. T. subterraneum was 
able to proportionally access the largest quantity of non-isotopically exchangeable phosphorus. The L-value 
of T. subterraneum did not vary significantly between the five soil types except for the alkaline calcareous 
soil. Irrespective of soil type, M. stipodes accessed the least non-isotopically exchangeable phosphorus.



A rapid Prediction of Plant Available Nitrogen Supply from Organic Soil 
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The prediction of plant available nitrogen supply from recycled organic (RO) wastes is very difficult due 
to the variability in biochemical composition between different materials and also within types of material 
(e.g. composts).  The mineral N supply for 51 representative RO waste materials in a silty clay loam soil was 
determined in a replicated leaching incubation study at 35ºC for 49 weeks.  Near-infrared (NIR) absorbance 
spectra were acquired for each of the 51 RO waste materials using a Fourier Transform NIR spectrometer 
and calibrations developed between the mean mineral N supply values for each material and spectra using 
OPUS/QUANT software based on the multivariate algorithm – PLS (partial least squares).  The study found 
the NIRS methodology to be very successful in predicting mineral N supply outcomes from RO wastes in 
agricultural soil under controlled conditions. The calibrations achieved determination co-efficient (R2) values 
>95% for cross validation (minus 1), and R2 values > 90% for the more robust 30% test set validations, 
for the prediction of (i) total mineral N supply (0-49 weeks @35ºC), (ii) ‘early term mineral N supply’ 
(0-2 weeks @ 35ºC), and (iii)‘medium term mineral N supply’ (0-12 weeks @ 35ºC), when expressed on 
a g of mineral N kg dry waste-1 basis.  The results indicate that NIRS with PLS regression calibration can 
provide a rapid and accurate prediction of plant available N supply, for a broad range of RO waste materials.  
Application of this to other soil types and field validation may facilitate better integration of organics into 
agriculture.
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Abstract:

Wheat following legume break crops is believed to have an increased phosphorus (P) uptake over and above 
any nitrogen (N) or disease break benefit. One possible explanation for this phenomenon is that legumes 
can mobilize P from sparingly available soil P pools that wheat cannot access and that the mobilization 
by legumes is greater than their actual requirements. However, it has not been possible to demonstrate an 
increment in soil labile P after the legume break crop cycle using the conventional approach of measuring 
the labile P at the end of the experiment and comparing with an unplanted control. We propose that the extra 
P mobilized by the legume break crop can be detected by wheat roots through interspecific facilitation when 
both crops are grown together. The first part of this experiment demonstrated that chickpea produces the 
greatest benefit for wheat in a Vertosol with a neutral pH. The second part aimed to identify how this benefit 
varied between soils differing in pH and P chemistry. The results suggested that legume break crops differed 
in the benefit they produce to wheat plants and that this advantage depends on soil type. We conclude that the 
increased P uptake by wheat plants over and above any nitrogen or disease break benefit, most likely comes 
from the P acquisition strategies associated with the legume crops.



Understanding the sources of N
2
O emissions in Australian soils

Ryan L. Farquharson1, Clemens Scheer2

1 CSIRO Land and Water, PMB 2 Glen Osmond SA 5064, ryan.farquharson@csiro 

2 QUT, Institute for Future Environments, 2 George St Brisbane, QLD 4000, clemens.scheer@qut.edu.au

Multiple processes are responsible for nitrous oxide (N
2
O) emissions from agricultural soils.  Nitrification 

is obligatorily an aerobic process in which ammonium is oxidised to nitrate via nitrite, yielding energy 
for cell synthesis.  The actual pathway by which nitrification results in N

2
O production remains uncertain 

so it is generally modelled simplistically as a set proportion of nitrified N.  Denitrification is the stepwise 
reduction of nitrate to N

2
O and N

2
.  Denitrification is primarily carried out by heterotrophic microorganisms 

that are able to use nitrate as an electron acceptor under anaerobic conditions. The partitioning between N
2
O 

and N
2
 emissions from denitrification is still a major area of uncertainty when predicting N

2
O emissions 

from agricultural soils. Due to the multiple processes involved, the heterogeneity in physical and chemical 
characteristics of soils and the variability of climate and inputs over time, N

2
O fluxes are inherently complex.  

It is therefore important to gain a mechanistic understanding of the processes and drivers of N
2
O production 

across a range of soils so that models can be refined and mitigation strategies can be tailored to individual 
situations.  Here we present some work that focuses on characterising N

2
O emissions from nitrification 

across a range of soils within the NANORP program, along with 15N tracer experiments to determine 
denitrification rates and the N

2
O/N

2
 partitioning.  It is envisaged that the resulting data will provide a 

greater understanding of which processes are contributing to N
2
O emissions in Australian agricultural soils 

and refine models by providing both site specific and generally applicable parameter values.
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Nitrous oxide (N
2
O) emissions associated with nitrification have been commonly modelled as a set 

proportion of nitrified nitrogen.  Furthermore, nitrification rates tend to be empirically modelled by 
modifying a maximum nitrification rate by functions based on temperature, water content, substrate 
availability and pH, for example.  A simple laboratory incubation method was used to simultaneously 
measure potential nitrification rates and associated N

2
O emissions.  The method relies on the maintenance 

of aerobic conditions in the soil, such that no denitrification occurs.  Under these conditions, the 
nitrification rate can be measured as the increase in nitrate concentration, and the N

2
O emission associated 

with nitrification measured as the increase in N
2
O concentration.  To test whether the assumption of 

no denitrification holds for a particular treatment, acetylene is used at 10 kPa in a subset of samples 
to simultaneously inhibit ammonia monoxygenase and N

2
O reductase.  If no N

2
O accumulates in the 

presence of acetylene the assumption of no denitrification for that particular treatment holds true.  Potential 
nitrification rates and associated N

2
O emissions measured in a series of laboratory incubations using soils 

from the National Agricultural Nitrous Oxide Research Program will be presented.  The relative response 
of nitrification rates and the proportion of nitrified N emitted as N

2
O to factors such as soil depth, water 

content and ammonium concentrations was also explored.  It is envisaged that the results will inform 
the parameterisation of models, enable the testing of key assumptions and the derivation of improved 
mathematical functions where required that can be incorporated into models. 
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In soil, carbon (C) and nitrogen (N) cycles are intrinsically linked. In recent years, and with particular 
reference to increased awareness of climatic change, there has been focus on increasing sequestration of C 
in agricultural soils as a potential greenhouse gas (GHG) mitigation strategy. However, increased C content 
in soils often also leads to an increased rate of both C and N cycling. In the context of C sequestration, it is 
therefore important to understand the potential implications of building soil C on the flux of potent GHGs 
such as N

2
O generated by N cycling.

We collected 64 soils from irrigated and dryland dairy pastures in SE South Australia. This area was chosen 
due to the use of centre-pivot irrigation that allowed comparison of adjacent irrigated (high C) and dryland 
(low C) soils whilst limiting potential confounding differences in soil type and edaphic properties. We used 
13C-NMR spectroscopy to quantify the chemistry of C in the soils, and related this to several organic and 
inorganic N cycling processes. We found significant differences in the chemistry of the C between the two 
management regimes, and this translated into increased rates of organic and inorganic N cycling, and N

2
O 

fluxes. We conclude that by increasing soil C, the potential for increased N
2
O emissions also increased, and 

that this feedback should be considered when evaluating the net greenhouse gas benefits of sequestering C in 
agricultural soils. This highlights the need for greater integration between C sequestration and GHG research 
in Australian agriculture.



Variations in the chemistry and stability of organic soil amendments
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Organic soil amendments (OSAs) come from a variety of sources, including composts, biosolids, biochars, 
manures, and plant residues. Despite presumed dissimilarities between some of these OSA classes, there 
is high variability in the chemistry of the organic C (OC) within many of these classes. While these 
amendments may be applied to agricultural soils to improve productivity, there is also strong interest in their 
use to specifically sequester C in soils. However, the highly variable nature of the OC within OSAs likely 
results in significant differences in their stability once applied to soil. Consequently methods of predicting 
the stability of OC in OSAs are required. 

We present results from an investigation into the stability of >100 OSAs. We used high resolution spectral 
techniques (NMR, MIR and NIR) to characterise the chemical structure of OC within the OSAs, and related 
this data to the degradation of OSAs in a long-term (18 month) controlled incubation experiment. Firstly, we 
found good agreement between NMR and MIR data, indicating that rapid infrared techniques show promise 
for being able to predict the C chemistry of OSAs as quantified by NMR. We also found a good relationship 
between the spectral data and the partitioning of OSA-OC to fast and slow cycling pools from the incubation 
studies. We conclude that rapid spectral techniques show promise for predicting the stability of the OC in 
OSAs when added to soil.
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Forest ecosystems represent the largest soil sink for the greenhouse gas methane based on the activity of 
methanotrophic bacteria under aerobic soil conditions. Soil moisture status and soil structure both regulate 
soil gas diffusivity and therefore the availability of the substrate – atmospheric methane – to the bacteria 
in the soil layers. Climate change driven changes to precipitation (soil moisture status) and to wildfire 
frequency (soil structure) might therefore have significant impacts on the important ecosystem service of soil 
methane uptake in affecting soil methane diffusivity 

Here we present data from a number of long-term field studies that investigated the impacts of reduced 
rainfall and existing wildfire history on soil methane flux in Australian forest systems.

The application of rainfall reduction shelters in a dry sclerophyll eucalypt forest caused an average 
reduction of 14.6% in soil volumetric water content but an increase in soil methane uptake of around 38%, a 
consequence of increased methane diffusivity.

Wildfire disturbance also altered forest soil methane uptake and here the methane uptake capacity was 
related to stand age dependent changes in stand structure likely linked to changes in stand water use. Forest 
stands in the regrowth phase before reaching stand maturity had drier soils and displayed highest methane 
uptake rates along a wildfire chronosequence. Consequently it is likely that a climate change driven decrease 
in rainfall and an increase in wildfire frequency will result an increase in landscape level methane uptake in 
Australian forest soils.
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The capability of a soil may be classified with respect to the ‘functions that the soil is expected to preform, 
and therefore what level and type of production can be expected’. Often assessing capability involves 
relating biophysical measures related to production (e.g. yield) with individual soil qualities such as, 
texture, profile depth, water holding, capacity, pH etc. Combined these are used to determine the expected 
performance of the land and to assess the potential for environmental degradation. The inclusion of digital 
soil mapping approached in the land capability landscape suitability maps have been derived and are used 
in conjunction with established criteria (crop rules) for enterprises, known as Enterprise Suitability Maps. 
These have been developed Meander Valley Irrigation Area and the Midlands Irrigation Scheme, Tasmania. 
While farmers and investors may be the focus audience for this information there is potential for other parties 
with vested interest in agriculture and managed environments to use this information. This extended use 
of this resource beyond the intended users will be determined by how the information is delivered and this 
works reports. By surveying potential end-users this work reports on what are the potential gaps in the data 
that need to be overcome to assess the capability and condition of soil and what is the utility of this data as it 
is currently presented. Using the concept of natural capital this work also scopes the potential to put a value 
on the soil as a stock and how this additional data may influence decisions by end-users.           
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A soil survey was carried out in the cotton-growing district of Hillston in southern NSW in 2002. The survey 
found that although there were no soil constraints threatening the industry at the time, some soil issues such 
as high subsoil alkalinity, high subsoil ESP, and low topsoil organic carbon were identified. Maps of soil 
attributes generated indicated that irrigated crop production was having a discernible effect on soil condition. 

For the seven years that followed the original soil survey, Hillston received well below-average rainfall, 
thus reducing availability of irrigation water. In 2010, the climatic conditions changed abruptly and Hillston 
received well above-average rainfall through to the end of 2012, making irrigation water available again. As 
climatic conditions changed at Hillston, so too did the patterns of landuse and soil management. The growing 
prominence of soil carbon sequestration has also encouraged many Hillston landowners to implement 
strategies to improve their soil C status, such as compost applications.

To assess the impacts of landuse and climate on soil condition, a follow-up survey has been carried out, 
targeting locations where different land management and soil husbandry strategies have been implemented 
since 2002. Soils have been sampled from fields with a history of regular cotton production, cotton rotated 
with wheat/legumes, fields receiving organic amendment application, fields taken out of cotton production 
and areas of native vegetation/permanent pasture. Many of the same sites as 2002 have been revisited, and 
the same suite of soil attributes as the original survey will be analysed, allowing a comparison between 2002 
and now. This follow-up survey will provide valuable information on the current condition of soil in the 
Hillston district, as well as the roles that climatic fluctuation, landuse and soil management play in effecting 
soil change at a decadal scale. 
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Particle size distribution is one of the most important descriptors for characterising soil behaviour. Variations 
in the proportion of different size fractions (sand, silt, and clay) affects how soils store and release nutrients 
and soil water, changes the carbon dynamics, and controls soil structure and resilience. The usual technique 
for measuring the particle size distribution separates particles by sedimentation based on Stokes’ Law. It also 
involves extensive pre-treatment to remove organic matter and carbonates. The process is labour intensive 
and time consuming, and therefore expensive. Laser diffraction machines are now widely available and 
offer a more cost effective approach while providing considerably greater detail of the entire particle size 
continuum. However, the large range of particle sizes found in soils, as well as the wide range of particle 
shapes, presents unique difficulties in comparing this technique to sedimentation results. In the current study, 
sedimentation particle size results have been compared with the laser diffraction results for four contrasting 
Australian soils (Podosol, Dermosol, Chromosol, Vertosol). The different measurement theories used for 
each technique means that the thresholds between different particle size fractions needs to be adjusted. For 
the soils studied, the modified thresholds for laser diffraction results have been obtained which resulted 
in good correlation being observed between the two techniques. The need to use soil pre-treatment with 
the laser diffraction technique has also been evaluated. The benefits and disadvantages of laser diffraction 
particle size analysis are presented.
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Soil erosion is a major threat to agricultural land in South Australia. Observational field surveys in SA’s 
agricultural cropping regions over the past 15 years have shown a significant increase in the average 
seasonal protection of soils from the risk of erosion. Six periodic telephone surveys from 2000 to 2014 
were conducted with 1000 land managers in agricultural regions of SA to assess trends in the adoption of 
improved land management practices. The survey data indicate substantial adoption of land management 
practices that increase soil erosion protection over this 15 year period. Most significantly, the proportion 
of crop reportedly sown with no-tillage methods has increased fourfold to 65%. The associated use of 
cultivation, including long cultivated fallowing, and burning during preparation for cropping has declined. 
There has also been an increase in the practice of confinement feeding of livestock during dry seasonal 
periods to preserve paddock groundcover for erosion protection. The telephone survey data provide 
evidence of practice change that explains the observed improvement in soil erosion protection. Survey data 
provides quantitative evidence to guide policy development and investment in soil management programs. 
The measured improvements demonstrate the benefits of collaborative partnerships between government 
agencies, Natural Resources Management Boards and industry stakeholders, and the growing desire by 
farmers to reduce the risk of erosion and adopt more sustainable farming practices.
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Soil acidity is the largest constraint to Western Australian agricultural production. Fourteen million hectares 
of wheatbelt soils are more acidic than recommended (Gazey et al. 2014) and this is estimated to cost 
farmers $498M annually in lost production (Herbert 2009).

Industry-funded soil acidity research and development since 1980 followed up with recent public–private 
collaborative awareness-raising projects have led to practice change. Western Australian farmers are now 
adopting subsurface soil pH testing and targeted application of lime to better manage acidity.

Between 2009 and 2014 the percentage of 10–20 cm and 20–30 cm samples as a proportion of 0–10 cm 
(n=17 994) has increased from 34% and 18% respectively to 69% and 65% (topsoil n=18 008). Farmers have 
increased lime use with the improved knowledge of their subsurface soil pH. In 1995, only 158 000 tonnes 
of agricultural lime was sold in WA. This increased to 1.6 million tonnes in 2014. Whilst an encouraging 
outcome, this represents 60% of the estimated annual requirement of 2.5 million tonnes.

The combination of industry-funded research and development with Australian Government investment in 
extension has provided growers and agribusiness with a greater awareness of soil acidity, leading to better 
management of soil acidity. The key to success has been:

•	 consistency of messages 

•	 clear demonstration of the benefits

•	 extension activities providing personalised information to individual farmers.

Gazey C et al. (2014) ‘Soil acidity: a guide for WA farmers and consultants.’ (Department of Agriculture and Food Western Australia)

Herbert A (2009) Opportunity cost of land degradation hazard in the south-west agricultural region. Department of Agriculture and 

Food Western Australia, Technical Report 349.
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Soil organic carbon (SOC) is central to the functioning of many physical, chemical and biological processes 
within soil ecosystems and provides the energy requirements regulating the activity of a diverse range 
functioning of microorganisms in soil. In low-rainfall, dry-land agricultural cropping systems microbial 
activity in soil is limited by the absence of water and readily available carbon (C) sources such as derived 
from root turnover, root exudates and shoot residues. While improved management practices aim to promote 
biological processes through increased SOC stores, it has been previously reported that in many instances 
the topsoil (0-10cm) is either already at or nearing saturation in terms of C storage capacity in these systems. 
Thus any additional SOC storage capacity (beyond current C stocks) may be limited to the subsoil below 10 
cm. The aim of this study was to assess the impact of stubble management (stubble retained versus stubble 
burnt) and depth on SOC stocks with particular reference to soil microbial populations and their related 
functions across three different soil depths (0-10cm, 10-20cm, 20-30cm). Shotgun metagenomic sequencing 
revealed increasing depth had a more significant impact on soil microbial communities both in terms of 
phylogeny and functioning with respect to the soil carbon cycle than stubble management. This is likely 
related to larger differences in SOC stocks and composition associated with increasing depth, than was 
observed for stubble management.
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In coastal-estuarine agricultural landscapes shallow and often saline water-tables are problematic 
because they limit agricultural productivity. In order to understand the dynamics of rainfall events and 
tidal influences, natural resource management (NRM) baseline data needs to be collected to describe 
the heterogeneous nature of the soil and interactions with fluctuating groundwater tables, particularly in 
areas characterised by coastal acid sulfate soil (CASS). Electromagnetic (EM) induction instruments are 
increasingly being used because they measure the apparent soil electrical conductivity (EC

a
-mS/m), which 

is related to soil salinity and hydrological properties. Herein we describe how a DUALEM-421 can be used 
in conjunction with inversion software (EM4Soil) to develop electromagnetic conductivity images (EMCI), 
which are 2-d cross-sections of the true electrical conductivity (s-mS/m). We show how the estimates of s 
can be related to estimates of electrical conductivity of a saturated soil paste extract (EC

e
 – dS/m) across an 

estuarine landscape and situated within Quaternary fluvial sediments adjacent to Rocky Mouth Creek on the 
far north coast of NSW, Australia. Our results indicate that a good correlation (r2 = 0.70) can be established 
between s and EC

e
 and the results reflect the existing soil landscape units.
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Water availability to plants growing in coarse textured soils during a drying cycle relies on the declining 
abilities of the soil to release water (differential water capacity) and to deliver it to the plant (unsaturated 
hydraulic conductivity) under varying evaporative demand. In this context, the availability of soil water 
can be quantified using the integral water capacity in which the differential water capacity is weighted by 
means of a restrictive hydraulic function before integrating. We argue, in this case, that the diffusivity is 
an appropriate restrictive hydraulic function, which leads to the employment of the so called “matric flux 
potential”, a rather peculiar term given it isn’t a potential at all (it is a transformation, the origin of which 
we try to explain). We choose the inflection point on the water retention curve (drawn on semi-log paper) as 
the initial point to apply the diffusivity function. Using the Groenevelt-Grant equation, the inflection point 
always occurs at a matric head of precisely h = k

0
 (metre), where k

0
 is one of three fitting parameters in the 

equation. We illustrate how this can be used to calculate the integral water capacity for a coarse textured soil.
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Lime is widely used in agricultural production to create and maintain a soil pH suitable for plant 
growth. The dissolution of lime contributes significantly to CO

2
 release from soils and the change 

in pH caused by liming can also affect the stability of native soil organic matter (SOM). SOM 
decomposition could be increased or decreased by lime application, and there is evidence of both. 
An increase in pH may decrease the stress on soil microbes, which then function more efficiently, 
releasing less CO

2
 per unit of C consumed. Alternatively, the increase in pH may enhance net 

microbial activity, and thus increase SOM decomposition and CO
2
 release. Liming also alters soil 

structure, which in turn affects SOM stability. Given that SOM is the largest pool of carbon in the 
earth system and liming is a globally widespread practice, this interaction warrants immediate 
research attention. We will conduct a soil column incubation experiment, a fully factorial design 
with two acid soils differing in SOM content, three rates of lime application and three depths of 
lime application. This experiment aims to 1) assess the effect of pH/lime on the decomposition of 
soil organic matter; 2) assess the effect of the depth of lime application on the decomposition of 
soil organic matter; and 3) quantify the interaction between the effect of pH on soil organic matter 
decomposition and initial organic matter content of the soil. Results will be presented and discussed 
in the context of agricultural practise and the implications for modelling of global climate change.
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Abstract

New breeding lines of phalaris (Phalaris aquatica), cocksfoot (Dactylis glomerata) and tall fescue (Festuca 
arundinacea) are currently under evaluation for the selection of new cultivars for low rainfall environments. 
To test their relative tolerance to aluminium (Al) toxicity, a solution culture experiment was conducted over 
21 days at Al [as Al

2
(SO

4
)

3
] concentrations of 0, 50, 100, 200, and 300 mM (pH 4.5) which included a total 

of 20 perennial grass entries and 4 legumes as controls. Al tolerance was assessed as the average relative 
root dry weight and relative root length in 300 µM solution compared to 0 µM Al solution for each entry, 
and each entry was ranked (1-24) accordingly. The top ranking line in cocksfoot was an elite breeding line, 
AVH48, which was generally more Al tolerant than any other entries. The highest ranking tall fescue entry 
was an elite breeding line, Summer Active 1, which ranked 2nd overall and was significantly more tolerant 
than the 3 other tall fescue entries (ranking between 9th and 18th). Advanced AT phalaris was the highest 
ranking phalaris line (ranked 5th overall), followed by Landmaster phalaris (ranked 8th), with 3 phalaris 
entries ranking amongst the 5 most sensitive to Al toxicity in this experiment. The study showed the relative 
Al sensitivity of existing cocksfoot and phalaris cultivars that are currently promoted in low rainfall region 
with summer dry environments, with Sirolan phalaris (ranked 23rd ) and Kasbah cocksfoot (ranked 16th) 
showing to be the most sensitive entry of each respective species. Our results suggest that within each 
species, significant opportunity exists to enhance the Al tolerance for low rainfall environments through the 
commercial release of the top performing elite lines identified in this study. 

Introduction

Phalaris (Phalaris aquatica), cocksfoot (Dactylis glomerata) and tall fescue (Festuca arundinacea) are 
important perennial grass species for livestock production in south-eastern Australia (Reed 1996). However, 
they are generally restricted to the high rainfall environments with mainly very old cultivars, such as Sirolan 
phalaris or Kasbah cocksfoot, adapted to drier environments (Clark and Harris 2009; Oram et al. 2009). A 
recent research initiative set out to develop new cultivars of each species for use in low rainfall environments 
(Clark et al. 2012; Culvenor et al. 2012; Harris et al. 2012). 

Soil acidity is a key soil constraint across south-eastern Australia. Although it is generally more acute 
in the higher rainfall regions (Scott et al. 2000), the rate of acidification was more rapid than previously 
reported in the lower rainfall environments (Scott et al. 2007). Further, Culvenor et al. (2011) demonstrated 
that where Al toxicity exists, pasture species such as phalaris can be increasingly sensitive to drought. The 
current study identified a short-list of elite breeding lines from each species as being promising prospects 
for commercialisation, and conducted an initial screen of their relative Al tolerance in solution culture. The 
study tested the hypothesis that the elite breeding lines of phalaris, cocksfoot and tall fescue for low rainfall 
environments have increased levels of Al tolerance compared to existing cultivars of the respective species. 

Materials and methods

Experimental design

The experiment was conducted in a temperature controlled laboratory for 3 weeks with temperature at 
20°C for two weeks, then at 23°C for the final week to increase seedling growth prior to harvest. Light was 
artificially provided above the plants at an average photosynthetic photon flux density of 340 ± 70 µmol s-1 

m-2 on a 16/8 hour day/night cycle. 

There were 20 temperate grass and 4 temperate legume entries (cultivars/lines/accessions) (Table 1) tested at 5 
Al [as Al

2
(SO

4
)

3
] concentrations (0, 50, 100, 200 and 300 µM) in nutrient solution. The experiment was a split 



plot design with 3 replicates. Replicates were separated in time due to space constraints. Main plots were the 5 
Al concentrations in 45 L containers of nutrient solution and subplots were 24 entries. Within each container, a 
group of 10 seedlings of each entry was grown in individual modified eppendorf tubes, and represented a plot 
(experimental unit) in this experimental design.

Seeds were germinated on filter paper in petri dishes according to their speed of germination. Slower 
germinating cultivars were sown earlier in petri dishes. All seedlings were transferred to individual eppendorf 
tubes on the same day when all entries had germinated. Plants were held in individual tubes placed in screens 
suspended above the nutrient solution. 

Nutrition solution

The concentration of nutrients in the solution is expressed as µM as follows: 500 Ca, 2000 N (300 NH
4
, 1700 

NO
3
), 500 K, 201.1 SO

4
, 200 Mg, 50 PO

4
, 23 B, 10 Fe, 9 Mn, 0.8 Zn, 0.3 Cu and 0.1 Mo. The pH of the 

solution was maintained at pH 4.5 in CaCl
2
 over the course of the experiment and adjusted daily using 1 M 

HCl or 1 M NaOH. Deionised water was added to the containers when necessary to account for evaporation 
and transpiration losses. The nutrient solutions were completely replaced once at day 14 of the experiment. 

Seedling harvest 

All seedlings were removed from the eppendorf tubes after 21 days in the nutrient solution. The longest 
seminal root length for each seedling was measured using a rule, and then all plants were separated into roots 
and shoots. Individual roots and shoots from each plot were bulked, dried at 70°C for 48 hours and weighed. 

Statistical analyses

Entries, solutions, and their interactions were analysed using Wald test in ASReml (Gilmour et al. 2009). 
L.S.D. values at P = 0.05 were calculated for comparison among entries and solutions. An index of relative 
Al tolerance was calculated as the average relative root dry weight and relative root length in 300 µM 
compared to 0 µM Al solution for each entry. The entry with the highest tolerance index was ranked 1st and 
the lowest as 24th. 

Results 

There were significant interactions of species and Al solution in root length, root weight and shoot weight 
(P<0.001).  In general, the root length of each entry decreased as Al solution increased, although there were 
small increases at the 50 mM concentration compared to the nil solution in a small number of entries except 
Family 10 in which the longest root length was observed at 100 mM (Table 1). As the Al stress increased, the 
root length of phalaris decreased more quickly than cocksfoot. Mountain rye had the longest roots of the 24 
entries across all Al stress treatments. Mountain rye, subterranean clover and phalaris in general had greater 
root and shoot weight than other entries when no Al stress was applied (Table 1).

In general, both root and shoot weight decreased sharply as Al stress increased (Table 1). Shoot weight was 
highly correlated with root weight (r = 0.979, P < 0.001). LCO7AUYF, Advanced AT, Fraydo, AVH48, Jana 
and Moroccan Fine had a greater shoot weight at the 50 mM solution compared to the 0 mM solution (Table 
1). Mountain rye and most cocksfoot entries showed no significant reduction in root and shoot weight at 50 
and 100 mM treatments compared to nil Al treatment. 

Across all species, the top 5 entries ranked for Al tolerance were AVH48, Summer Active, Uplands, Porto 
and Advanced AT, and the bottom 5 entries were Sardi10, Sirolan, P ´ C, Haifa and Holdfast (Table 1). When 
entries within perennial grass species were averaged, mountain rye had the highest tolerance index (29.6%), 
followed by cocksfoot (28.9%), then tall fescue (23.8%) and phalaris (16.3%).  For the legumes, LC07AUYF 
lotus (rank 13th) and Leura subterranean clover (rank 15th) had higher ranking than Haifa white clover (rank 
21st) and Sardi 10 lucerne (rank 24th). 

Discussion

There were high inter- and intra-species variations in Al tolerance. In general, cocksfoot was more tolerant 
to Al than phalaris, and tall fescue was intermediate. Mountain rye cv. Family 10 performed well in 50-100 



mM Al solution as evidenced by greater root and shoot dry matter compared to the nil solution (Table 1). This 
result is consistent with the finding from Culvenor et al. (1986) who found mountain rye to be highly tolerant 
of Al toxicity in solution culture. This particular line may be more tolerant than our ranking suggests (ranked 
6th) as it may have been disadvantaged with our method of calculating relative Al tolerance. 

Table 1 Root length, root weight, and shoot weight in 0, 50, 100, 200 and 300 µM Al solutions. Tolerance 
index (%) is the average of relative root dry weight and relative root length in 300 µM over 0 µM Al 
solution for each entry. The entry with the highest tolerance index is ranked 1st and the lowest as 24th.
Genotypes Root length (mm) Root weight (mg/plant) Shoot weight (mg/plant) Tolerance Tolerance

0 50 100 200 300 0 50 100 200 300 0 50 100 200 300 index rank

Phalaris (Phalaris aquatica)

  AdvancedAT 199 184 144 95 64 21.8 29.6 13.8 5.6 3.9 51.3 59.4 23.3 10.6 5.3 31.6 5

  Australian 289 158 136 68 48 42.2 18.3 9.4 5.0 2.4 85.9 36.5 18.7 9.8 3.8 12.5 19

  Holdfast 240 129 128 56 37 31.9 15.8 10.9 3.8 1.9 67.4 30.9 24.1 8.5 5.0 12.4 20

  HoldfastGT 256 151 141 87 57 35.6 16.7 13.4 4.6 4.3 82.2 39.5 31.4 9.6 7.3 19.2 11

  Landmaster 242 162 126 63 60 30.5 19.3 8.3 3.0 2.9 67.3 42.2 16.3 6.6 4.6 22.9 8

  NorthernRetainer 264 159 114 64 46 30.5 18.2 10.2 3.1 3.4 64.2 34.0 17.9 6.3 6.3 16.2 14

  P´C 214 131 125 50 19 24.7 15.5 6.0 4.6 2.2 57.7 35.5 14.6 9.6 5.9 9.7 22

  Sirolan 200 57 113 11 17 34.3 7.7 5.4 1.2 1.2 96.9 18.1 12.6 4.4 5.4 6.2 23

Cocksfoot (Dactylis glomerata)

  AVH48 116 106 113 77 65 13.4 19.3 16.7 4.7 2.6 30.0 33.0 24.9 6.5 3.7 49.0 1

  Currie 136 77 86 37 30 11.4 9.8 6.6 2.1 1.3 27.3 22.4 14.0 3.5 3.1 21.9 10

  Jana 135 102 83 35 28 10.7 12.4 5.2 1.5 1.1 27.6 26.9 11.3 3.5 2.0 17.7 12

  Kasbah 114 53 37 23 16 13.6 7.8 9.4 2.1 1.1 26.9 15.9 20.7 3.4 2.7 14.5 16

  MoroccanFine 135 103 98 37 33 13.0 14.9 8.3 2.7 2.0 25.1 25.8 16.5 5.3 2.6 24.7 7

  Porto 167 113 90 63 70 24.1 21.7 19.7 3.6 3.4 45.2 37.7 31.6 5.5 5.3 32.9 4

  Uplands 140 116 126 68 70 22.5 21.2 22.8 4.8 3.2 46.5 44.4 39.4 7.1 4.8 42.0 3

Tall fescue (Festuca arundinacea)

  Demeter 204 163 121 53 40 18.9 17.7 10.5 4.2 3.6 45.3 43.4 26.5 9.9 6.3 22.6 9

  Fraydo 174 104 66 51 27 13.3 26.7 7.0 4.4 1.8 35.1 55.5 17.7 7.4 5.1 14.4 17

  SummerActive 144 92 98 32 36 12.6 8.5 6.6 1.7 2.0 22.5 21.5 11.2 4.0 4.8 44.4 2

  WinterActive 164 51 54 20 20 15.9 5.5 3.7 2.5 1.5 30.0 10.7 7.7 4.3 5.0 13.8 18

Mountain Rye (Secale montanum)

  Family 10 323 306 389 156 146 97.8 79.2 99.5 14.5 15.4 247.6 170.4 157.5 13.1 22.4 29.6 6

Lucerne (Medicago sativa)

  Sardi10 267 86 45 16 10 26.0 9.7 4.8 1.8 1.2 91.9 37.4 14.7 7.3 4.7 4.4 24

Lotus (Lotus corniculatus)

   LC07AUYF 175 103 86 41 16 11.9 11.3 5.9 2.1 1.4 30.1 32.5 17.8 6.5 5.7 16.4 13

White clover (Trifolium repens)

  Haifa 148 93 71 29 18 9.5 6.8 5.0 1.5 0.9 22.6 15.5 11.8 3.7 2.7 11.0 21

Subterranean cover (T. subterraneum)

  Leura 214 139 103 63 24 59.6 47.1 41.4 18.6 11.3 149.3 97.5 91.5 43.0 28.3 15.5 15

LSD0.05 35.3 6.09 12.68

The breeding lines AVH48 cocksfoot and Summer Active tall fescue had the highest ranking for Al tolerance 
for their respective species, showing substantially increased levels of Al tolerance compared to existing 
cultivars. AVH48 cocksfoot was more tolerant than Porto (4th) and Currie cocksfoots (10th) which were 
previously considered as highly tolerant cultivars (Culvenor et al. 1986; Reed 1996). AVH48 cocksfoot and 
Summer Active tall fescue have now been licensed for commercial development and release (Z. Nie and C. 
Harris pers. comms).

Phalaris was sensitive to Al toxicity as reported by Culvenor et al. (1986).  Three of the phalaris entries 
ranked in the bottom 5 of all entries for Al tolerance.  Of the phalaris entries, Advanced AT phalaris showed 
the highest level of Al tolerance (Ranked 5th overall), followed by Landmaster phalaris (Ranked 8th). This 
is in line with expectations as those are the two cultivars that were bred and selected for acid soil tolerance 
(Oram et al. 2009; Culvenor et al. 2011). Sirolan phalaris is currently the best adapted cultivar for low 
rainfall environments, but very sensitive to Al toxicity. Our study indicates that breeding line Northern 



Retainer (ranked 14th) appears to have substantially improved Al tolerance which may prove a useful trait 
should this line be released commercially for low rainfall environments. The phalaris breeding line P´C 
(ranked 22nd) was one of most sensitive lines to Al toxicity tested.

The 4 legume entries were included as controls for comparison with the grasses and results were largely 
consistent with expectations. LC07AUYF lotus had a similar Al tolerance to Leura subterranean clover, 
confirming its potential in high rainfall environments where acute soil acidity is common (Scott et al. 2000).  
Sardi10 lucerne was the most sensitive legume to Al toxicity in our experiment which is consistent with other 
studies (Scott et al. 2000), highlighting the need to continue to develop more Al tolerant genotypes of lucerne 
(Bouton 2012). 
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Many soils are acid and contain high concentrations of aluminium, which is toxic to plant roots. To overcome 
these problems lime and gypsum is widely applied. Many tropical cropping areas have lime deposits nearby 
and the limitations in gypsum use could be overcome by combining lime and elemental S such that the 
resulting chemical reaction in the soil produces gypsum in situ. A combination of 1000 kg of lime and 370 kg 
elemental S theoretically produces 1172 kg of gypsum. 

A leaching column experiment was conducted over a four-month period using a Grey Tenosol soil with 
combinations of lime, gypsum and elemental S applied to the top 1/3 of soil in the column. The columns 
were maintained at field capacity until excess water was applied at intervals to bring about leaching.

Little calcium was lost in the leachate in the lime treatment compared to that from the from the lime +ES and 
gypsum treatments and there was little difference in calcium and sulfate losses in leachate expressed as meq 
between these two treatments indicating that formation of gypsum occurred in the lime +ES treatment. The 
pH of the leachate was higher in the lime treatment and the other treatments. The percentage of elemental 
sulfur recovered as sulfate in leachate over the four-month period amounted to 17.3% in the 1000 kg/ha 
lime +370 kg S/ha treatment. This compares with 42.0% in the 1000 kg/ha gypsum alone treatment. The % 
of the Ca that was applied in gypsum that was leached was almost double that from the lime+ES treatment 
indicating that the oxidation of elemental S. was incomplete at the four month experimental period. 



Long term effects of claying on water repellence and crop nutrition. 
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Water repellence is a major impediment to crop production on sandy textured soils in Western and South 
Australia. Waxes and fatty acids derived from the decomposition of plant matter are responsible for the 
hydrophobicity. Staggered germination of crops and weeds results in uneven maturation, low stand densities 
and poor weed control resulting in reduced crop yields. The application of subsoil clays to ameliorate water 
repellence is commonly practiced by farmers. A long term claying trial was established at Esperance in 1999. 
The experiment consists of five kaolinitic sub-soil (35 % clay) treatments (0, 50, 100, 200 and 300 t of sub-
soil/ha ) and two depths of incorporation (8 cm and 15 cm) with each treatment replicated three times.  Clay 
(200 and 300 t/ha) significantly reduced repellence and increased yields of crops and pastures by 40 % and 
50 % respectively when averaged over 14 years. Long term trends show no reduction in the yield response to 
clay over this period of time. While clay amendment continued to decrease water repellence after 14 years, 
yield responses to clay were not always related to improved crop emergence. Analysis of soil and plants 
show increased nutrient retention, organic carbon and improved availability and plant uptake of K associated 
with claying. A survey of subsoil clays collected from commercial clay pits along the south coast of WA have 
shown considerable variation in clay content, nutrient quantities and nutrient availability. This variability is 
discussed with the view to identify improved systems for managing nutrients in clayed soils.   
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Introduction

The practice of conservation agriculture has been accepted for some time as conventional wisdom for 
improving soil conditions and raising the soil organic carbon levels of cropping land.  This has been 
complemented over the past 10 years by controlled traffic agriculture, which has further improved soil 
management practices by almost eliminating compaction as a form of soil degradation.

Notwithstanding the improved soil conditions that result from the practice of controlled traffic 
conservation agriculture, soils minimally tilled by such practices are still subject to consolidation 
through wetting and drying cycles.  In this paper we report on a technique that further improves on these 
conservative soil management practices.  This technique loosens soil at depth without any inversion, 
and we examine the consequences this has on the proliferation and distribution of roots, the contents and 
distributions of soil organic carbon and total soil nitrogen, the productivity of cropping soils and the lateral 
infiltration of irrigation water in permanent bed-furrow systems.  Results are drawn from experimental 
sites in Western Australia, Queensland and Pakistan.

Materials and Methods

The Western Australian component of this research was undertaken on rainfed field crops on two soil types, 
a hardsetting grey clay at Mindarabin and a waterlog-prone texture contrast soil at Woodanilling.  The 
Mindarabin soil has dispersible A and B horizons; the A-horizon is a shallow (~80mm deep) and hardsetting; 
fine sandy loam and the B-horizon is a dense clay (bulk density ~1,800kg/m3) with a high penetration 
resistance (average seasonal value of > 1,800kPa).  The Woodanilling site has a sandy loam A-horizon and a 
�Y�H�U�\���G�H�Q�V�H���F�O�D�\�H�\���%���K�R�U�L�]�R�Q�����E�X�O�N���G�H�Q�V�L�W�\���•�������������N�J���P3) at ~150mm depth.  The cropping systems evaluated 
at Mindarabin were tri-replicated plots of 1ha, with a control that had each season’s crop established by 
no-tillage (NT) practices, and treatment plots whose crops were established by no-tillage practices on 
seedbeds loosened to a depth of ~250mm without inverting any soil (BL).  The crops at Woodanilling were 
tri-replicated plots of ~3ha on permanent beds, with each season’s crop established by no-tillage (NT).  
The control beds consolidated after the deep cultivation required to install them.  The treatment beds were 
loosened at a depth of ~250mm prior to seeding each crop (BL).

The Pakistan research was undertaken at Mardan on a uniform fine sandy clay loam, on tri-replicated plots.  
The control plots were flood-irrigated, with no-tillage established crops (NT).  The treatment plots were 
furrow irrigated permanent beds that were blade-loosened to a depth of ~250mm prior to sowing each crop 
by no-tillage practices (BL).

The Queensland research was undertaken on a deep uniform self-mulching clay at Cambooya., south of 
Toowoomba.  The treatments were imposed on irrigated tri-replicated plots of permanent beds.  Crops on 
the control treatment were established by no-tillage (NT) on beds that consolidated after the deep cultivation 
required for their installation. Crops on the BL treatment were established with a no-tillage seeder on beds 
loosened to a depth of 250-300mm (BL) prior to seeding.  Two seasonal irrigations were applied.

At all sites blade loosening to about 250mm was undertaken in a controlled traffic regime immediately 
prior to seeding, with the blade tines positioned in the inter-row spaces of the previous crop.  The blades 
are mounted horizontally on both sides of narrow tines, and are 10mm thick and 200mm wide at the tine 
and 80mm wide at the tip.  The length of the blades is adjusted to match bed width so that only two pairs of 
blades are needed to cut the full width of permanent beds.


