Soil Fertility Programmes

One of the first steps in developing a soil fertility programme is to analyse the intended system including budgeting for nutrient gains and losses.  The choice and rates of fertiliser application are then based on the experiences of the farmer and others and make up for losses calculated in the budget and indications from any soil or plant testing are taken into account.

Healthy Soil – Healthy Plant

The aims of a fertiliser programme should go beyond creating the maximum dry matter production or yield of plants.  In the organic system it becomes more important than ever to design a soil management and fertiliser programme that improves soil ecology and produces a healthy plant.  This entails looking at the types of inputs and the overall balance of elements applied.

One of the greatest potential problems in plant quality that can impact feed value and susceptibility to pest and disease is the excess uptake of nitrogen and to some extent phosphorus.

The Perceived Problem with Soluble Salt Fertilisers

One of the early and sustained opposition to chemical fertiliser use from organic proponents has been the fast release nature of soluble salt fertilisers.  These are described as releasing major plant nutrients in excess of their requirements causing luxury uptake in excess of the plants requirements and affecting plant health and food quality.  The excesses were also considered to contribute to environmental degradation through leaching and surface runoff loss of the nutrients to waterways (in the case of nitrogen and phosphorus).

As it turns out, there can be significant increase in susceptibility to some plant diseases (including rusts and powdery mildews) and plant pests (including aphids and caterpillars) when there are excess levels of nitrate, ammonium, free amino acids or phosphate as can occur following soluble salt fertiliser application.  There is also some evidence that these excess levels in the plant cause poor storage qualities and can have anti-nutritive (e.g. poor feed utilisation) effects on vertebrate animals.

The amount of environmental damage done will be related to amounts, timing, method of application, slope, soil quality, proximity to waterways and the ability of plant roots to capture the potentially lost nutrients.  There is, however, ample evidence that the use of slower releasing mineral fertilisers (e.g. RPR rather than superphosphate) significantly reduces the rate of nutrient loss into waterways.

Excess application of nitrogen and sulphur fertilisers increases the level of nitrate and sulphate (respectively) leaching losses.  This is a major cause of soil acidification as each nitrate or sulphate molecule leached out takes a cation (calcium in most cases) – bulk soil pH is largely related to the balance between alkaline cations and acid hydrogen ions. 

In livestock systems there are a variety of other potential drawbacks that can be noted for soluble salt fertilisers e.g.:

· Increased dung transfer losses in pastoral systems as animals ingest pasture with excess levels of a nutrient

· Increased potential for nitrate toxicity e.g. if nitrogen fertiliser is applied at a time of natural nitrogen flush (commonly carried out e.g. after drought breaking rain) causing stock deaths and ill-thrift

· Nitrogen led growth can be lusher than more balanced growth due to less cell wall thickening creating feed utilisation issues in pasture

· High nitrate levels in plant tissue are compensated for by extra water uptake, exacerbating a problem with pasture lushness

· The extra water uptake increases the passive uptake of potassium, the high levels of which (and imbalance with calcium, magnesium, sodium and boron) can cause metabolic problems in livestock.  These problems can also occur with the application of soluble potassic fertiliser shortly before grazing. 

· Imbalanced nutritional state of pasture may contribute to larger levels of potentially harmful fungi and mycotoxin production

Some thought considers that soluble salt fertilisers can cause more direct damage to soil systems including the chemical absorption of water, negative effects on soil biology from residual acidity on the fertiliser particles, and that some cause bad electrochemical conditions.  These concerns are less substantiated and of doubtful significance in most situations.  Having said that, such fertilisers can contribute to the very real problem of soluble salt build up in intensive (or semi arid) areas.

The Desire for Rapid Nutrient Availability

A major premise of organic agriculture has been to avoid the excess availability of single nutrients such as nitrogen and phosphorus.  This is often achieved by using compost or slowly weathering minerals, which will release a balance of nutrients over a period of time affected by soil conditions of moisture, temperature and biological activity.  The organic system also relies on seasonal release of nutrients from the pool of soil organic matter.

The slow and seasonal release of nutrients in organic agriculture can cause a commercial setback.  If a crop takes say two weeks longer than conventional crops the premium for early production could disappear before the organic crop is ready (a premium for organic production is often small compared to the premium for early or late production.  Slow release of nutrients can also be a problem for some nutrient demanding crops that might require for example high phosphorus levels early in crop development.  Many crops have also been shown in conventional growing to have increased from strategically timed nitrogen side dressings e.g. sweetcorn, maize, smaller grains, many fruiting vegetables.

Rapid Nutrient Supply in Organic Cropping Systems

One rather artificial way of increasing the rate of growth of plants is to use greenhouses (can be portable to allow market garden flexibility, maximisation of use and minimisation of soil build up of soluble salts).  If organic growers adopt tunnel house use, significant commercial gains can be achieved.  The risk remains that as other growers adopt the use of tunnelhouses, the commercial gains reduce (this is part of the sometimes vicious market forces which can mean that every advance simply means that commercial growers must work harder on a larger areas to make the same money).  It is, however, organic farmers than stand to gain the most from portable tunnelhouses since they offer an improvement in natural soil mineralisation of nutrients and a cleaner crop. 

The problem of slow nutrient availability can also be addressed by adjusting the fertiliser programme.  One option is to use fast nitrogen releasing materials such as meat, blood or fish meal.  The irony is that these materials can cause some of the same imbalance/excess nitrogen issues as soluble salt fertilisers including measurable increases in plant nitrate levels.  They are partly for that reason restricted fertilisers in Bio-Gro regulations.  It might be argued that they are less of an issue because they are also adding a range of other nutrients at the same time and they are still utilising/feeding the soil life.  But such materials are probably best incorporated into a composting or fermentation system to reduce the potential for imbalances.  Animal manure should usually be treated in a similar manner or at least be well rotted (thus also avoiding potential harmful organism issues).

A less harsh method of releasing nutrients in sufficient quantity for gross feeding plants is to grow or carry in green manure that is incorporated a short time before crop planting (usually at least two weeks before hand – to avoid affecting the crop with initial nitrogen robbing decomposition or harmful decomposition products).  Some green manures such as lupin can be efficient at accessing mineral forms of phosphorus.

Other fertiliser options for fast nutrient release include using a finer particle size of mineral fertilisers.  Halving the average diameter of particle doubles the surface area and the rate of weathering increases accordingly.  Applying very fine particles can be a problem for machinery in which case it could be mixed with material such as agricultural lime or compost.  Applying in suspension is an ideal method though costing money in bringing in an applicator or setting up for application.

Finely ground limestone, limeflour, can have an indirect effect on nutrient availability by stimulating soil biological activity and increasing the rate of mineralisation.  This can provide the extra speed of nutrient release required for early crops, nutrient demanding crop establishment and replace the need for nitrogen applications at strategic times in crop growth (probably best to time applications one to two weeks before the stage at which nitrogen fertiliser would be recommended).  The use of limeflour in this manner is only sustainable if there is a programme of organic matter addition or legume led fertility build up (and is limited in how many times it will be effective without such a build up).

Liquid fertilisers are popular for providing strategic boost to plant growth.  Any effect will usually be related to either the nitrogen content or a biofertiliser aspect to the product (and any limiting trace elements).  One advantage of liquid fertilisers is fast response.  Attention should be paid to the rest of the fertiliser/input programme to ensure that overall sufficient nutrients are being added to meet losses (liquid fertilisers contain low quantities of the major nutrients).  Liquid fertilisers allowable in an organic situation can be even more nutrient limited as they cannot include soluble salt derived nitrogen, or phosphorus.

In pasture, the setbacks of slow release are usually less or even non-existent but there may be scope for using finer particle size of minerals especially when converting the pasture into the use of RPR and when relying on elemental sulphur for addressing a sulphur requirement.  These fine particles may need to be supplied in suspension if such a service exists in the area or a slurry machine is suitable enough.  The main challenge in pasture fertiliser programmes is to grow the legumes well (clovers especially have a poor root system for nutrient uptake in comparison to grass).

It should be noted that a purist approach to organics could encourage working within seasonal limitations such that produce is available strictly when in season.  The economic feasibility of this is dependent partly on the marketing system and how much the grower needs a high yield or a premium for early produce.

Pastoral Fertiliser Strategies

Although the aim with cropping fertiliser includes producing food of good quality, this is much more of an economic and system performance requirement for pasture fertiliser programmes.  Grazing livestock have limited choice of what they eat.  The pasture needs to be presented with as balanced a mineral nutrition as possible.  This includes no shortages of essential elements, and no excesses of potentially troublesome elements.  The level of highly available nitrogen is particularly important as is the balance of the base cations (calcium, magnesium, potassium and sodium).

The aim of a pasture fertiliser then is to grow reasonable quantity of as high a quality of grass as possible.  The success of a fertiliser is often simply judged in terms of dry matter of pasture grown but the aim of most livestock systems is livestock performance not just pasture bulk.

Clover and other legumes are a key focus of a good fertiliser strategy – they drive the pasture along with biological nitrogen fixation and clover is a poor competitor with grass.  The requirements of clover should be analysed as described in Module 4 Plant Nutrition.  If phosphorus, sulphur or trace elements are limiting they are more likely to be affecting the performance of clover and beneficial forbs than grass species.  It is these species too that appear to respond better to foliar fertilisers, biofertilisers and improved soil biological activity.  A good pasture composition is important for the reasons outlined in Module 9 Livestock Husbandry and because livestock performance on a good amount of clover is far superior to grass alone (probably mostly due to a higher metabolisable energy content). 

Improving the quality of feed with fertiliser strategy can include encouraging good pasture composition and simply not applying highly available nutrients.  If there is scope for foliar application of nutrients (by spray or suspension) then this can provide an efficient means of applying elements which are not taken up very well by some or all plants from the soil e.g. salt to improve palatability and stock health in the face of naturally high potassium levels or ranks grass and trace elements for plant performance and animal health.

Further strategies in a pasture fertiliser programme are to address seasonal feed deficits (these feed pinches are either a hassle/costly in terms of supplementary feed or they lead to depressed growth rates and conditions).  In an organic situation, seasonal deficits should ideally be addressed system based strategies such as a variety of pasture and fodder plants supplying year round feed.  The options for a fertiliser approach are reasonably limited mostly relying on stimulating soil biological activity at the times of need e.g. with limeflour or biofertilisers.  The success of this may be variable and is affected by how cold the soil temperatures are.

Integrated Strategies

In mixed cropping, a good strategy is to focus any added mineral fertiliser on the pasture phase to grow good clover levels and general pasture production.  The pasture grasses will be particularly efficient at accessing resources such as phosphorus and sulphur from the applied fertiliser and convert them to an organic form (the grass itself) and release some to the surroundings.  Many mixed cropping systems will be largely reliant on nitrogen provision from the clover so it makes good sense to support this. 

A variation on this strategy is to apply mineral fertiliser onto large areas that are used for providing green manure, pasture clippings or mulching/composting material (including the straw from arable cropping).  This material can then be transferred to a smaller area of intensive cropping.

The presence of livestock can be taken advantage of by feeding them with otherwise potentially troublesome wastes e.g. orchard or processing wastes for pigs.  This provides produce and animal manure.  The animal manure can be used in composting operations and the strategic supply of readily available nutrients.

Foliar Fertiliser

A major organic philosophy is to feed the soil to feed the plant.  There may, however, be scope for using foliar fertilisers in certain situations.  The uptake of certain elements is dramatically higher by foliar means than through the soil.  This is the case with most trace elements as well as magnesium and, for many plants, sodium (which may be desired for livestock).  Iodine, for example, has practically no measurable effect on plant tissue levels when applied to the soil.  Selenium, however, is taken up efficiently from the soil.  The other trace elements fit in between these extremes.  Foliar applications are effective regardless of soil pH and other conditions that might prevent uptake from the soil.

Foliar fertilisers also give an opportunity to apply biofertilisers to the foliage, which may increase further the efficiency of nutrient uptake and give a strategic increase in growth.  As mentioned above, liquid fertilisers contain very small levels of nutrients which although sometimes (though each product need checking) this might be sufficient for trace elements, the requirement for major elements should be addressed to aid sustainability.
