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 Abstract 
The paper is an overview of strategies for agronomic management of P in organic broad-acre farming systems within the Australian rain-fed cereal/livestock belt. It concludes that to raise and maintain adequate plant-available P in these systems the importation of organic manures or composts from off-farm will be required, although the immediate issue may be access to economically viable sources.  Improving the P-use efficiency of the system by incorporating species into rotation or intercropping systems that are able to access P from less soluble sources has been a successful strategy elsewhere in the world and deserves further research effort in Australia. Agronomic management to maximise quantity and quality of pasture and crop plant residues undoubtedly builds labile soil organic matter and facilitates P cycling, but the strategy may be of limited benefit in low rainfall areas that do not have the capacity to produce large plant biomass inputs. Progress in selection and breeding for cereal genotypes that are more P-efficient and other plant genotypes that can access less labile P sources is gaining momentum but still remains a long term prospect.
Introduction 

There has been relatively little reported research in Australia into the agronomic management and nutritional aspects of broadacre organic farming systems although there is far more information published for organic cropping systems in other parts of the world, such as Europe and Canada. Overall, the work has highlighted that, in common with other low-input systems, the maintenance of plant-available P is a major limitation.  The problem is particularly extreme in stockless systems without access to manure and in mixed farming systems practiced on inherently infertile soils, as is the case for much of Australia (Penfold 2000).
In this paper, three broad strategies for agronomic management of P in Australian broadacre organic farming systems are considered. These strategies include (i) potential approaches for maximising the P use-efficiency of crops and pasture species in the system, (ii) practices for increasing soil P cycling to facilitate release and synchronous uptake of plant-available P, and (iii) import of allowable inputs that contain P. 
Climate and soils of Australian rainfed broadacre agriculture  

A key feature of Australian farming systems is the nature of the rainfall, in particular the low annual averages, high variability, and long dry or wet periods. Also, there is a wide range of soil types. Australian soils in the cereal/livestock belt are inherently low in soil organic matter (range 0.5 – 2%), as determined by the fixed factors of climate, depth, stoniness, mineralogy and texture.  Australia, with some of the oldest, most weathered soils of the world, generally has soil P levels which are low by world standards. The total P content of Australian soils on average is 0.03%, compared with 0.04 - 0.10% for American soils and 0.05% for English soils. 
Options for maximising P use-efficiency by crops/pastures
Utilisation of species or genotypes with high DM productivity or/grain yield per unit of P uptake

P use-efficiency by crops or pastures in simple terms can be defined as the amount of shoot biomass per unit of P present in the plant. It represents the integration of plant P uptake from soil and P translocation within the plant, processes that are both extremely complex.
The P efficiency ratio, expressed in terms of grain yield per unit of P in the plant shoot, attempts to describe the utilisation of P that a plant extracts from soil and fertiliser sources to produce grain. P efficiency ratios reported for field grown plants in dryland farming systems vary widely from 250 to 565 kg grain/kg P in shoots (Batten 1992).  There is a growing consensus that sufficient genotypic variation of P efficiency within cereals exists to warrant breeding efforts. Indeed, a comprehensive Australian study that screened over 100 cereal genotypes demonstrated a wide variation in soluble P uptake efficiency (Osborne and Rengel 2002b) as well as in the capacity to use less soluble forms of P such as phytate and iron phosphate. Rye and triticale appeared more efficient than wheat at taking up and utilising P at low rates of P supply, and in being able to access less soluble forms of P. 

There are reasons for seeking genotypes that achieve high yields of grain with low concentrations of P such as the negative association between loaf volume and high grain P and the  positive correlation between low grain P and lower concentrations of the anti-nutritional factor phytic acid (Batten 1992). Nevertheless, high grain P may be an advantage for organic crops if seed is going to be kept for sowing on-farm, a factor which needs to be considered in overall management of P in the farming system.  High seed P (up to 0.37% for wheat and 0.79% for annual Medicago spp.) has been associated positively in Western Australia with seedling vigour and significantly higher final dry matter production, both in the presence and absence of P fertiliser application, and also with higher wheat and lupin yields.

Increase the capacity for P cycling and release of available P 

An approach consistent with the ethos of organic farming is to use agronomic strategies that increase soil organic matter, such as retention of crop residues and longer phases of pastures, and thus increase soil organic P.  Without significant external inputs however, raising soil organic matter levels can be a very slow process especially in a semi-arid climate, as demonstrated from some farming systems research in South Australia where after eight years there was no significant increase in soil organic carbon under organic or biodynamic practices (Penfold and Miyan 1998), although paradoxically organic carbon did increase in the conventionally farmed treatment.  Low plant-available P in farming systems may impact on N contribution from legumes in that if P is restricted then N fixation may also be reduced (Nguluu 1993) and residues will be reduced in P.  It is therefore critical to a sustainable organic crop/pasture system in Australia to provide the legume phase with adequate P to generate the N to support the cereal phase of the rotation. There remains further scope for incorporating into the rotation crop species that are known to excrete P solubilising compounds including lupin, pigeonpea, chickpea(Li et al. 1997), lucerne, white clover and cocksfoot .  

Import allowable and economically viable P inputs
Within the required standards for organic production in Australia there are mineral and organic options for P fertilisers.  Reactive phosphate rock (RPR) and phosphate rock (PR) are allowable mineral P inputs to organic systems, but their value has been reported as limited (Ryan et al. 2004).
A more valuable P source is likely to be manures and composts. Recent changes in pig production systems from intensive shed to deep litter systems with pigs running on straw has increased the availability of pig manure for broad-acre application.  Considerable expansion of the chicken meat industry, where the birds again live on straw or rice hulls, is further assisting in providing manures available for composting and use in organic production systems. On present estimates, there is enough manure generated from these systems in Australia to provide the phosphorus replacement requirements for over 1 million hectares of cropping land.

Transport costs associated with the movement of fertiliser products of low nutrient percentages (relative to chemical fertilisers) has traditionally been an impediment to their widespread use.  However, recent increases in chemical fertiliser prices now show the nutrients contained in composts and manures to be relatively undervalued.  With consideration for this discrepancy, calculations suggest chicken litter compost could be transported up to 300 kilometres and still equate with a similar amount of synthetic fertiliser delivered to the same distance.  The efficiency of nutrient transport may be further enhanced by fortification of the compost with rock phosphate to produce phospho-compost - a process which is likely to also enhance the value of PR by increasing phosphorous availability following soil application (Pareek et al. 2004). Phospho-composting utilises the organic acids and humic substances produced by the bacteria and fungi in a compost pile to release P from PR, and a consequent chelating function performed on calcium, iron and aluminium (Zapata and Roy 2004).
Anaerobic Digestion – Energy from Compost

Within manures is embodied a considerable amount of energy in the form of C bonds  which would normally become greenhouse gas.  Using anaerobic digestion, methane is produced which can be used within the animal production unit for heating or fuel for transport or power generation. The residue from the anaerobic digestion can be used as a fertiliser, as it remains rich in N and P.  One study in Germany applied fresh manures, composted manures, digested manures and N amended digested manures to crops in an 8 year rotation (Möller et al. 2006) and concluded there were no negative effects on nutrient availability following anaerobic digestion.  
Pyrolysis has been proposed as an alternative to anaerobic digestion for energy and nutrient extraction from manures.  The principle energy product generated by pyrolysis is oil and the sludge nutrients are recovered in the char.  A study using sludge from a pilot plant  in Western Australia confirmed the P was plant available but found the N was insoluble (Bridle and Pritchard 2004). 
Conclusions 
Without some radical changes in approaches to P management, sustainable broad-acre organic cropping in Australia is likely to remain constrained to areas with relatively high rainfall and soil P fertility.  For those farms where soil P levels are low, the importation of P as manures or composts may be a feasible option to produce crops and pastures not constrained by P deficiency. Amending the imported products with additional rock phosphate could further enhance their viability. As energy and greenhouse gas pollutants becoming increasingly important issues, the capturing of these products via digestion or pyrolysis may ultimately become critical.  In the meantime, work must continue towards increasing the P use efficiency of plants and enhancing soil biological health by using perennials and rotations to maximise P cycling.  
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