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Innovative Science Creating a New future for Australian Agriculture


Background

The Future Farm Industries CRC has been approved for Australian Government funding of $34.125m in the CRC Programme’s 2006 Selection Round.  This paper describes the innovative and distinctive science planned for FFI CRC, commencing 1 July 2007.
The proposed scientific research will be conducted at two levels:

1. Development of farming systems and environmental management strategies requiring a multi-disciplinary approach.

2. Specific research and technology development as components of farming systems.

Farming systems analysis by its very nature identifies the priority research questions.

The major areas of scientific activity are identified (Figure 1) and the examples that follow (see boxes) list the more innovative components that differentiate the FFI CRC from other research in this field.

Figure 1

FFI CRC science will create opportunities > on Farm > for Industries > for managing Catchments


Farm benefits – reflecting the heterogeneity of system context
1. Low rainfall – challenges to the wheatbelt mixed farming systems.

Drought, climate change and the poor economic prospects for crops are the drivers for farming systems change in this zone and perennials currently play no substantial role. Target systems will be: 
· permanent perennial pasture for low-input pasture production from poorer soils – see Enrich example below

· perennial legume based crop rotation system for use on soils where crops are profitable – components of PastureSearch (see example) and EverCrop.

2.
Medium rainfall – mixed crop livestock systems with new woody perennials.  

Currently, profitable options for perennials are not available for many parts of the landscape.

Systems targets will be:
· pasture/crop rotations for the full edaphic range with particular attention to herbaceous perennial species (from PastureSearch) that can accommodate acidity and waterlogging.

· Integrated tree cropping using short cycle coppicing species.



3.
High rainfall – livestock dominated systems with opportunities for intensification

The need for a substantial increase in production and profit is the primary driver for change.
Systems targets will be:

· permanent pasture systems (see EverGraze Plus)

· pasture/crop rotations that can cope with the challenges of intermittent excess water (component of EverCrop).

4.
Saline land farming systems
Research will be undertaken to deliver a second generation of innovations building new innovative science on the base of technologies pioneered in CRC Salinity.

Industry opportunities
New industry opportunities centre on the development of novel crops. FFI CRC is involved in two key areas:
1. 
Novel cereal crops
The drivers for this research is to identify cereal crops that can be grown profitably in situations where current cereals are too low yielding to remain profitable.  Target opportunities are:

· Salinity tolerant wheat for use in areas where salinity and waterlogging are major constraints to production (moving from pre-breeding [CRC Salinity] to cultivar development – see Salt tolerant wheat cultivar example). 
· Perennial wheat for areas where constraints such as infertility limit yield and profit with high input annually sown crops and a lower input alternative is required.  The scientific challenge of this project comes from the need to simultaneously assess novel inter-specific breeding methodologies, novel farming systems development with the economics of market prospects

2.
New woody crops

The drivers for development of new woody crops for regions not traditionally associated with forestry production arises from the need for economic diversification driven by expanded industrial demand (bio-fuel feed stocks, secondary wood products etc), contributions to sustainable landscapes (hydrological footprint) and biodiversity enhancement (within existing farm boundaries). Key research activity will encompass:
· New industry production feasibility – in partnership with co-investing potential end users.



Catchment – Natural Resource Management Solutions
The FFI CRC will centre its natural resource management activities on biodiversity, potable water and the decision systems required to integrate community objectives at catchment scales.  Key areas of scientific activity will be:

· Biodiversity - provide new or improved habitat for native plants and animals from perennials on farmland, protect existing biodiversity from key threatening processes, including salinity and avoid the major risk of weed introductions.

· Water - managing the trade-offs involved in applying perennial systems in water supply catchments.  These trade-offs will be described for catchment decision-makers by further developing the Catchment Assessment Tool (CAT) developed in the CRC Salinity.

· Decision support and policy - knowledge will be combined into decision systems for natural resource management that support the work by Commonwealth, State, and regional groups working in Natural Resource Management – see Natural Resource Management Investment Framework example.
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FFI CRC science motivated by the need for new and resilient farming systems incorporating new perennial plants that deliver greater profit and environmental stability.
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ENRICH – Scientific opportunities and challenges 


Fodder shrubs (preferably domestication of Australian native species e.g. Atriplex, Rhagodia etc) identified and adapted to the needs of animal production and land capability.


Seed biology of the target species used for the design of direct sowing to replace expensive seedling establishment. 


The role of plant secondary compounds (common in shrubs) in sheep grazing behavior managed using a mosaic of feeding sources.


Plant compounds used in the metagenomic analysis of rumen function to improve gut health, microbial diversity and digestive efficiency. 


Grazing animals to ‘self-medicate’ when selecting shrubs containing beneficial secondary compounds.


Resilient systems designed that improve livestock health and welfare while increasing water use and plant diversity and decreasing erosion. 


World first research into actively developing new farming system based on shrub species for multiple roles (profit, productivity, animal health, multiple environmental benefits). 


Perennial forage shrub systems conceived, analysed, justified, researched and developed as a sub-system of a whole mixed farming enterprise using multi-disciplinary and participatory research and development.





PastureSearch – Scientific opportunities and challenges 


Internationally renowned consortium of breeders using the right mix of breeding methods to deliver cultivars in the minimum time (domestication to wild native species [Cullen, Lotus, Swainsona etc], interspecific cross-breeding [Lotononis spp.], technology supported conventional crossing using molecular markers, mutation technology etc [Dactyis glomerata, Lotus spp. etc]).


Agro-ecological matching (integration of spatial and ecological models) to identify the best perennial options and sources of generic variability – particular focus on ecology of promising Australian native genera.


Activate international and national networks and collaborations to establish access to best germplasm of target genera and species (with explicit freedom to operate).


Design of field testing regimes and protocols to identify the potential for positive benefits (within the target farming system) and minimise the risks (persistence, drought susceptibility, weediness etc)


Integrated bio-physical and bio-economic analysis used to prioritise plants for breeding for the target farming systems.





EverGraze Plus – Scientific opportunities and challenges 


Perennial plants to stimulate the reproductive system and increase the number of offspring.


Enhanced reproductive survival though an understanding of environmental stress and its management at birth, including foetal programming to improve lifetime fitness.


Nutrition as a driver of early sexual maturity delivering earlier entry into the production cycle and higher lifetime reproduction rates.


Technology to facilitate the adoption and use of superior plant/animal combinations - of particular relevance to the ‘conservative’ livestock industries.


Bio-economical modelling approaches to optimising feed base planning in variable landscapes subject to strong climatic variability.


Methodology for the quantification of biodiversity benefits of perennial pasture systems compared to current annual based systems.


Pasture selection and management to match the productive needs of high performance livestock with more sustainable plant systems.








Sustainable Saline Grazing – Scientific opportunities and challenges


Direct seeding technologies for hostile soils as a driver of low cost re-vegetation.


Salinity stress as a guide to plant site selection and production potential derived as a quantitative index of site physical measurements and mapped spatially.


Differential toxic ion sensitivity and uptake by plants from drained saline land as a factor constraining the rehabilitation strategy.


Role of in utero exposure to salt on gene expression and feed preference of the offspring will be used to improve production and health on saline pastures (with potential implications for human health) 


Species differences in kidney function, management of fluid loads and digestive function determining choice for saline pastures 


Phenotypic differences, within flocks, in the ability to grow and thrive on saline pastures understood and used as a basis for animal selection 


The nutritive value of salt tolerant plants as drivers of plant selection, system design and management 





Salt tolerant wheat cultivars – Scientific opportunities and challenges


Involvement of commercial breeders and farming systems agronomists in parallel in the early stages of plant breeding to maximise the chances of successful field and systems ready cultivars 


Application of cytogenetic techniques for incorporation of wild wheat relatives into large numbers of adapted Australian cultivars, delivering high fertility through the adapted maternal parent (amphyploid development).


Development of molecular markers for key salt and waterlogging traits for breeding of a salt tolerant diploid bread wheat cultivar.


Combine empirical knowledge of the physiology of salt and waterlogging in wheat with molecular level knowledge as a pathway to gene discovery with potential for application in other cereals and other plant species.


Identify the traits of wheat needed for optimum performance as bio-fuel and develop screens and markers for application in cultivar development.





New woody crops – Scientific opportunities and challenges 


Domestication and genetic improvement of key selected native species as future crops (key species from FloraSearch i.e. Acacia spp., mallee eucalypts etc).


Design of farm scale water harvesting systems (water runoff and hydrology models) to deliver excess rainfall to trees in layout designs that optimise farm utilisation of resources.


Deliver design specifications for the next generation of commercial mechanised harvesters by linking an engineering understanding harvest technologies to the industry demands associated with potential scale and economics.


Qualification of the biodiversity impact of planting woody native perennials compared to current annual based systems.


Tree production potential in water limited environments (model development and field validation) as a predictor for use in scoping future commercial developments and investment plans





Natural Resource Management Investment Framework – Scientific opportunities and challenges


Rigorous, practical and transparent framework, that rationalises investment decisions by regional natural resource managers, accounting for:�-  value and type of environmental or built asset at risk�-  level of threat of economic loss�-  responsiveness of catchment process to land use change�-  likely behaviour of land managers under policy options�-  cost effectiveness of alternative policy options


Integration of biological, physical, economic, and social research, in a strongly participatory approach, to develop practical decision rules for policy makers and environmental managers.


Extend the existing Salinity Investment Framework, which is currently influencing national policy directions, to incorporate biodiversity and water resources.


Rigorous risk management applied to natural resource management policy and the best use of government funds and landholder investment.


World first policy framework tool that enables investors in integrated catchment management to make sound decisions based on science 
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