Sustainable Nutrient Budgets 

The gains and losses to an agro-ecosystem should ideally be balanced for long term sustainability.  Those losses that are not actual useful production should be minimised so that the requirement for brought in fertiliser and organic matter is diminished.  The sources of gains and losses are discussed here.

Gains

· Brought in Fertiliser and Organic Matter

Any brought in material adds nutrient elements to the farm system though the amounts contained in the organic matter will be very approximate.

· Brought in Feed

Bringing in Feed for livestock also represents a gain for the system.  The ideal organic system would normally grow its own livestock feed.

· Biological Nitrogen Fixation

Not many elements have a large amount arriving into the system for free.  Nitrogen from the atmosphere is, however, fixed biologically and in the ideal organic system usually represents the main nitrogen input. 

· Brought in Seed/Plants/Livestock

This category is usually reasonably small though in some systems that are either very low exogenous (outside) input or others that involve the bringing in of seedlings or the bringing in of weaned livestock, this category could be significant.

· Weathering/Soil Depth Increase

Each year there is a bit more of the parent material accessed and weathered to release some of the important elements.  Not so significant for nitrogen but important for potassium and phosphorus.

· Deposition

Wind and rainfall carries in some net nutrients each year (although wind eroded sites may lose more than they gain).  Deposition can take care of sulphur and sodium requirements in some coastal areas (excess sulphur in acid rain overseas).  Small amounts of phosphorus and nitrogen are inputted in rain and dust (large amounts of nitrogen in industrialised countries).  Deposition may also be significant in systems that gain nutrients from nearby wild areas, transferred by birds or free ranging stock.

Losses

· Removed in Produce/Livestock/Culls

The removal of produce and livestock (e.g. for sale) represents a loss of nutrient elements.  Where the amount of a nutrient removed is low, this allows for a quite efficient nutrient budget.  In some cases, for instance potassium in some crops, the amount of a nutrient removed in produce needs to be addressed with significant amounts of brought in material.

· Lost in Dung/Urine Transfer

Transfer of nutrients to camping sites is an inefficiency that can be avoided to some extent by good fencing and adequate provision of shelter.  On flat land it can usually be kept quite minimal.  Loss of dung and urine nutrients in dairy races and sheds can become highly significant unless there is a good method for recycling wastes back on to pasture and preferably over as much of the farm as possible.

· Lost from Leaching

Leaching can account for major losses of nitrogen (as nitrate) and sulphur (as sulphate).  Most of these leach out taking calcium or sodium with them but there can also be loss of potassium and magnesium.  A well designed system should seek to minimize leaching losses which pose not only a budget problem but also an environmental and health (nitrates in drinking water) issue.  In most soils, phosphorus is highly immobile and does not leach much at all (e.g. <0.2 kg P/ha).

· Lost from Surface Run-Off

Phosphorus may not leach much but significant losses can occur from surface run off.  This can be reduced by not applying soluble phosphatic fertilisers, not leaving large granules on the surface, good soil structure (especially water infiltration) and avoiding excessive applications of phosphorus.

· Lost to the Air

Some elements can be lost as gases.  This happens after the denitrification of nitrate with nitrous oxide (a greenhouse gas problem) and elemental nitrogen being returned to the atmosphere.  Nitrogen can also be lost to the atmosphere as ammonia (volatilisation).  Sulphur and nitrogen are mostly lost to the atmosphere when organic material is burnt.  In anaerobic conditions, some sulphur can be lost as hydrogen sulphide or within volatile organic substances.

· Amount Locked Up in Soil

Elements locked up in the soil may be effectively lost from the system (timewise).  There can be a net lock up of most of the elements in the soil organic matter if the soil organic matter levels are rising significantly.  The main potential problem though is with phosphorus being chemically bound to soil minerals and then becoming occluded beneath aluminium or iron oxides.  The net loss of phosphorus to occlusion can be kept to a minimum by not applying high rates of water-soluble phosphatic fertilisers, maintaining a good pH (especially not too acid) and having high soil biological activity.

