Next Generation Soil Biology RD&E (2009-2014)

‘Harnessing the Biological Potential of Our Soils’
Five Year Business Plan (2009-2014)
Vision:
· To harness soil biology to increase profitability and sustainability of grain cropping 
Scope:

National grower interest in soil management for sustained and enhanced grain productivity has provided the impetus for ongoing RDE investment in soil biology and specifically for the much needed knowledge of underlying biological processes and products that are critical for enhanced and sustained productivity. GRDC is the largest rural industry investor in soil biology RDE (1992-2008, see review by Mele, P. LWA Senior Research Fellowship) and the soil biology initiative (2002-2006) was successful in generating economic, environmental and social benefits (see review by Chudleigh, September 2009).  In summary, economic benefits were attained in investment areas related to inoculants, disease control and nutrient balance with an estimated net present value of $32M, a Benefit-Cost ratio of 4 and a time lag to break even of approximately 20 years.  Environmental benefits were attributable to reduced applications of fertiliser and to reduced energy inputs whilst social benefits were associated with improved research capacity.  A significant knowledge bank on regional soil biology issues has been captured in conference proceedings and scientific papers (Murphy et al 2006), in training modules (‘Healthy Soils for Sustainable Farms’ Initiative LWA-GRDC) and in GRDC commissioned reviews (GRDC investment in Soil Biology-A Review. G. Bender, December 2007 and Impact assessment: An Economic Analysis of Investment in the GRDC Soil Biology Program: Themes 1-3. Peter Chudleigh, September 2009).  
The next generation soil biology RDE program entitled ‘Harnessing the Biological Potential of Our Soils’ (2009-2014) will build on the knowledge generated from the initial investment (2002-2006).  It will therefore support investment that achieves i) efficient and sustainable grain production systems, ii) adoption of biotechnologies for improved measurement and interpretation of soil biological mechanisms and processes, , iii) better engagement of the soil biology R&D community through greater structural and intellectual organisation iv) better integration with existing GRDC investments (Climate Change, New Plant Products and Nutrient Management) and v) enhanced cross sectoral investment where shared priorities can be identified.
Objectives:
This initiative ‘Harnessing the Biological Potential of Our Soils’ (2009-2014) will enhance productivity growth in the cropping sector (0.9% from 1994-95 to 2005-06) through better management of the soil biological resource. This will be achieved through investment in RDE activities that:
· Improve regional knowledge and awareness of soil biological quality as it relates to grain production and profitability, 

· Improve understanding of the mechanistic role of soil biological communities in crop nutrient availability, suppressive soils, and in general soil health,  
· Provide agronomic management solutions to enhance desirable biological processes (and/or suppress undesirable processes).
· Build research capacity in soil biology RDE through national and international promotion of this initiative and through improved integration of science disciplines (informatics, modelling, geochemistry, agronomy, pathology). 

· Communicate results from the above findings in various forums including the development of web-based to that provide access to annual reports and related technical documents.

Investment strategy:
GRDC has identified four themes under which the objectives outlined above will be met.  These themes were generated and developed from key stakeholder workshops; ‘Next generation soil biology’ Dec 2008 and Soil biology technical reference group Oct 2009.  There are 3 technical themes and an overarching theme:
1. Monitoring soil quality for better decision making;
2. Management systems for enhanced nutrient availability (incorporating rhizosphere); 

3. Suppressive soils: traits & transferability;

4. Education and Training (incorporating building research capacity)
Theme 1 Monitoring soil quality for better decision making 
Linking soil biology to measurable economic benefits on-farm is perhaps the largest barrier to adoption by growers and advisers. Growers need monitoring tools that directly measure soil biology (or provide a reasonable surrogate measure) so they know they are heading in the right direction with their systems and practices. These measures need to be regionally relevant and able to be related to crop performance measures.  
Project 1.  This project will extend the monitoring of soil quality (www.soilquality.org.au) for national coverage of grain production regions.  It will incorporate grain production sites that are being sampled for a range of physical, chemical and crop performance measures.  It will utilise sites currently being sampled for soil C and greenhouse gas efflux and supported by GRDC and DAFF.
Additional projects that improve precision in measurement of soil microbial community structure and function (eg using genomics technologies) and precision in interpretation of multiparametric data (biophysical and plant performance) will be considered.  
Theme 2 Management systems for enhanced nutrient availability (incorporating rhizosphere) 

The asynchrony between biological N transformation and plant uptake processes and the potential to unlock fixed P through enhanced biological processes are key areas of interest. This theme will consider investment in all nutrients with an emphasis on N and P and will favour proposals that can demonstrate linkages to related GRDC investments in nutrient management (key contact Prof Mike McLaughlin) microbial inoculant product development (key contact Dr David Herridge), and climate change (key contact Prof Peter Grace).  More generically it will also favour proposals that consider novel agronomic approaches associated with future farming systems.  This theme will therefore focus on projects that address the following questions/issues:

· Who is doing what, where? Can molecular tools provide the transformational knowledge required to identify the major and minor biological players in critical nutrient transfer processes? (eg importance of Archaea)

· How can the plant-soil system (including rhizosphere) be managed to enhance N immobilisation when plant demand is low and enhance N mineralisation when plant demand is high? (eg C input regimes; quality, quantity, input timing) 

· How can soil biology be manipulated to either reduce P fixation or to enhance release from the soil matrix? 
· Can nutrient capture and release processes that occur at the plant root soil interface be upscaled to the agro-ecological zone?
Theme 3 Disease suppressive soils: traits & transferability
Soils that are able to withstand or reduce the extent of crop damage from soil-borne disease incursions are referred to as disease suppressive soils.  These soils have been identified in all grain production regions.  The suppression has been attributed to a biological phenomenon because the effect can be removed with soil sterilisation or modified with management.  All soils are therefore believed to have the potential to be suppressive and soil management can regulates this potential.  This theme will fund projects that address the significant knowledge gaps associated with the identification and transferability of biological traits associated with suppressive soils.  It will also favour research projects that align with GRDC’s current investment in pathogen detection, with breeding programs for root disease resistance and with biocontrol inoculant product development investments (refer to additional information). This theme will therefore focus on projects that address the following questions/issues:

· What are the physical, chemical and biological features of disease suppressive soils?  Are these features common across regions or are they region specific? Is suppression a temporal phenomenon?

· Is disease suppressiveness pathogen-specific or more generalised? Can we use the disease complex to identify the suppressiveness complex? 
· Can a disease suppressiveness index be developed based upon a genetic signature of the soil community?
· How can the crop-soil ecosystem (physical and chemical environment) be managed to enhance disease suppressiveness?

Theme 4 Education and Training (incorporating building research capacity)
This theme broadly incorporates education and training needs of students, land-holders and agribusinesses.  It will focus investment in four areas:

· The postgraduate program will access GRDC PhD stipends to explore fundamental and strategic aspects of themes 1-3 seeking broad discipline representation whilst encouraging cross discipline/faculty/organisation interaction.  The initiative will also be marketed to international students who are funded by a ‘home’ organisation but have interests in Australian grain production soil agroecosystems. 
· Development of soil biology database of past and present research activities which will be accessible by all GRDC funded scientists to allow for data mining activities.  This data base will require ongoing curation and active data management. 

· Development and ongoing refinement of soil biology training modules that will be accessible through the GRDC website.  These training modules will be of regional relevance, building on a previous investment with LWA (Healthy Soils for Sustainable farms; HSSF). 
· Coordination of key sampling sites and deployment of consistent methodologies for collection of standard data set. The commonality across projects in the program will be established as selection criteria in the tender process.
Targets:
· A National web-based soil quality monitoring tool for the grains industry. This tool will be extended from its current WA focus to the Northern and Southern grain production regions of Australia.  It will incorporate new metrics for assessing soil biology in terms of community structure and function and will utilise advanced informatics approaches to assist in the interpretation of this multiparametric data for the benefit of land-holders.  
· Enhanced grain crop N-use efficiencies through reduced N-loss. The rising costs of production inputs associated with higher fuel and fertiliser costs is driving farmers to adopt management practices that reduce loss of N from soil system. This investment will develop crop management practices that will stimulate immobilisation of N when crop uptake is low and stimulate mineralisation when the crop N demand is high.
· Improved P availability through biological release of P fixed in soil matrix. The rising costs of production inputs associated with higher fuel and fertiliser costs is driving farmers to consider the ways to unlock the significant store of fixed P in soils.  Applying crop management practices strategically to stimulate a component of the microbial community that mineralises P (for example) may assist in reducing P input costs in the short to medium term. 
· Reduced disease incidence through development of disease suppressive soils. Crop losses due to a range of disease-causing soil biota, including nematodes, fungi, bacteria and viruses can be difficult to control, particularly under increasingly unpredictable climatic conditions.  A recent review concluded that crown and soil-borne diseases cost the cereal industry $292 million pa in the southern region alone (Brennan & Murray, 2009). The disease suppressive soils phenomenon has been reported in a few grain production locations particularly in association with stubble retention. The capacity to measure the microbial community that contributes to this phenomenon is the first step in developing insight and ultimately a measurement tool to assess the impact of management. Establishing the link between crop management and the development of disease suppressiveness and the degree to which regional factors influence this, is the ultimate aim of this investment.
· Better informed stakeholders. There is an ongoing demand for information on soil biology, in terms of what it is, what it does and how it can be better managed.  This initiative will provide new information to raise awareness and to assist decision making processes.  New information will be provided in a range of formats to best meet the needs of the different stakeholder groups.  
Monitoring and evaluation plan: 

Program logic will be established to guide program monitoring and evaluation.  The MERI framework (monitoring, evaluation, reporting and improvement) will be assessed at the initiative and theme levels and implemented at the individual project level (Refer to user guide ‘Developing and Using Program Logic in Natural Resource Management’, Dr Alice Roughley 2009).  To ensure that key evaluation questions are formulated and that relevant data are collected to address these questions, the Principal investigators of successful tenders will be required to undertake formal training in the MERI framework. This will coincide with benefit cost analyses workshops referred to below and will be scheduled for completion before June 2010. 

Financials (ex-ante cost benefit analysis)

An ex-ante cost benefit analysis will be undertaken using information gathered from successful tenders. The outputs, outcomes and potential benefits will be extracted from the project documents and grouped under the four investment themes. An ex-ante benefit cost analysis will be carried out on the aggregated benefits calculated from the total investment in each theme areas. Common impacts may be grouped from different projects and then valued together.  These analyses will be assisted by thematic workshops/discussion groups with principle investigators to reinforce benefits and to discuss assumptions.  These workshops will be scheduled for completion before June 2010. 
Communication plan 

The Soil Biology initiative will be communicated to grain growers and consultants using a wide spectrum of media such as GRDC’s Grower Updates, radio interviews (eg GRDC business radio), scientific conferences, high profile print media and high impact scientific journals.  Principal investigators of successful tenders will be required to participate in media events when appropriate.  The annual project reviews will also be used as a trigger for data capture and reporting on a web-link titled ‘Soil Biology News Flashes’ on the GRDC web site. Other information to be captured here will include announcements for workshops, conferences, new students, visiting scientists, field walks, and ground-breaking new information. 
Key documents:

· GRDC Strategic Research and Development Plan (2007-2012).  Prosperity through Innovation

· GRDC Investment in Soil Biology- A review (Greg Bender, 2007)

· Impact assessment: An Economic Analysis of Investment in the GRDC Soil Biology Program (Themes 1-3) (Peter Chudleigh, September 2009) 

· Investment Priorities in Soil Biology for the Grains Industry (2009 and beyond) (Pauline Mele, February 2009)

· AJAR Special Edition (eds D. Murphy, P.M. Mele and J. Kirkegaard, 2006)

· Developing and Using Program Logic in Natural Resource Management. User Guide (Dr Alice Roughley, Commonwealth of Australia 2009)
Additional Information (Theme 3 Suppressive soils).

	Project Code and Title
	GRDC Crop Protection Program Key Outputs

	CSP00096 Crown rot resistant bread wheat through new knowledge of epidemiology & genetics
	Output 1: CR resistant germplasm from CSP386 and other sources introduced into locally adapted bread wheat varieties and selected resistance sources genetically dissected and mapped to develop markers for accelerated breeding.

Output 2: A model to predict the risk of high mycotoxin contamination in grains from CR infection developed from new knowledge of host, pathogen and weather influence on mycotoxin levels as a step towards minimising risk.

Output 3: The extent of mycotoxin in grains determined from commercial grain samples and the influence of weather and variety examined as a step towards minimising risk.

	DAS00099

Disease Management in a Changing Farming Environment
	Output 1: Development and delivery of integrated disease management strategies to growers and agribusiness for effective crown rot and yellow leaf spot control

Output 2: Development and delivery of disease management strategies for key pulse pathogens

Output 3: Delivery of new information of CCN resistance and tolerance to agribusiness and growers.

	USQ00008

Durum Industry Development - Molecular marker assisted selection for crown rot resistance
	Output 1: Identification in durum wheats of QTLs for crown rot resistance transferred from a hexaploid background.

Output 2: An assessment of the degree to which loci from the hexaploid parent are incorporated into the durum progeny arising from hexaploid x durum crosses.

Output 3: An assessment of the efficacy of transfer of other characters, for which markers have been established, from a hexaploid to a durum background.

	DAQ00154

Northern Integrated Disease Management
	Output 1: Develop and extend Integrated Disease Management packages for winter cereals, pulses and oilseeds for the GRDC northern region.

Output 2: Plant Pathology capability and capacity in the Northern region to support the Northern grains industry through disease diagnostic support, and production of inocula of major pathogens for phenotyping of wheat germplasm developed in DAQ 00142.

Output 3: Annual reports of information on the distribution, incidence and severity of major diseases of winter cereals, pulse, oilseeds and sorghum in the GRDC northern region based on surveillance and other activities prepared and provided to clients.

	DAW00157

Cultivars for rotational management of Root Lesion and Burrowing Nematodes in Western Australia


	Output 1: Identification of crop species and cultivar susceptibility to P. neglectus (particularly cereals & canola), to enable growers to exploit rotations where this nematode occurs at damaging levels. Information provided to growers on effect of individual cultivars on nematode levels using the NVT disease resistance rating scale.

Output 2: Expanded rotational recommendations for nematodes to include P. teres, P. penetrans & radopholus. Information provided for nematodes not currently identified as a production constraint to other Australian cropping areas. Pre-emptive advice for grain production zones outside WA should these nematodes emerges as a threat.

Output 3: Investigate cropping practices to manage the diversity of RLN species affecting crops in WA to expand on grower recommendations. Determine role of weeds & pastures in hosting P. teres & P. penetrans relative to P. neglectus. Monitor nematode levels in response to treatments in long-term WANTFA rotation trials.

	DAW00159

Management to minimise disease constraints in Western Region farming systems
	Output 1: Integrated disease management packages for sustainable and economic grain production supported by diagnostic, forecasting and related information services providing timely relevant knowledge of the estimated risks of endemic diseases provided to all levels of the industry from individual clients up to the whole of industry.

Output 2: Knowledge of the biology of diseases, including etiology (determining the cause of disease symptoms) and epidemiology (quantifying the initiation, spread and impact of disease), to target dynamics of key diseases for applied disease control integrated into crop management systems.

	CSE00048

Better prediction and management of Rhizoctonia disease risk in cereals
	Output 1: Information available on the effectiveness of short-term management strategies for Rhizoctonia e.g. fungicide application

Output 2: Improved prediction and management options defined through a greater understanding of the impact of off-season rainfall on Rhizoctonia inoculum and disease suppressive microbial communities

Output 3: Recommendations on strategies for better management of Rhizoctonia disease risk in cereal crops developed for growers and advisors.

	GRS 159

Improved knowledge of crown rot pathogen biology and toxigenicity to safeguard market access of Australian wheat -
	New genetic solutions and improved crop management options will be the ultimate outcomes of this project. New knowledge of crown rot infection process, resistance mechanisms in wheat and mechanisms that lead to high mycotoxin contamination of grains will feed directly into current efforts at finding new genetic solutions for crown rot management. Improved understanding of Fusarium biology and toxigenicity in its pathogenic and saprophytic stages and crown rot disease cycle will form inputs to current CSIRO research developing on-farm decision support tools to minimize crown rot severity and to reduce grain mycotoxin contamination.
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