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Introduction

Part of successful organics is paying attention to the sustainability of the soil.  As well as caring for soil structure and soil biology, the maintenance of good soil nutrient levels is a key feature of soil management.  Fertilisers can also be used strategically to bring optimum production.  This article looks at assessing how much fertiliser to apply as well as some strategies regarding fertiliser timing and appropriate types.  Some worked examples will aid the creation of nutrient budgets for your own circumstance

Resources

Coleman, E. 1995, The new organic grower: A master’s manual of tools and techniques for the home and market gardener, Chelsea Green Publishing.  Chapter 11 describes the case study approach described in this module of “farm–generated fertility”.  The book describes many practical tools and techniques relevant to relatively small market gardens.

Cornforth, I. 1998, Practical Soil Management. Lincoln University Press, Lincoln. Includes methods for assessing fertiliser recommendations.

Lampkin, N. 1990, Organic farming, Farming Press Books, Ipswich, UK. 

The Organic Market Garden

Initial Establishment

There is much talk about capital and maintenance fertiliser.  In a market garden, there can be advantage in initially applying more nutrients than the crops will be removing.  This is to increase the base level of nutrients and the ease with which nutrients will become available in a sufficient and timely manner.

Crop performance will be affected not just by the level of nutrients present but also by soil structure and other soil properties.  In many organic market garden cases there is at least an initial application of composted organic matter that exceeds the amount required to meet thew nutrients removed by coming crops.  In this case the organic matter is largely being added to improve soil quality.  This is discussed below.

It is also possible to improve soil quality through the use of green manures or pasture ley, both of which provide an organic market garden with a good nutrient availability for subsequent crops.

Green Manures and Fertiliser

As discussed in BIOS 071, green manures are an excellent way of providing fast and medium term available nutrients for the establishment of heavy feeding crops.  In many cases the green manures will be more effective at utilising nutrients from mineral fertilisers such as reactive phosphate rock (RPR).  If most phosphorus is being applied as RPR then this will be best applied prior to green manures letting these plants access the phosphate and benefit from them (and following incorporation making the phosphorus available).

If compost is the method of applying most nutrients then this is usually most efficiently applied prior to the cash crop.  Especially if compost did not have sufficient nitrogenous ingredients or if there has been insufficient curing time then green manure will be beneficial in increasing nitrogen availability.

The nitrogen benefit from green manures can come from the leguminous component of the green manure but can also come from non-legumes that have simply taken up nitrogen over time and will release it over a timely period for the subsequent cash crop.

Pasture Leys

Pasture leys could be thought of as similar to a green manure but of course are present for a longer time (generally a minimum of two years).  Effective pasture leys will increase soil organic matter levels and fix sufficient nitrogen for good and sustainable market garden production in the absence of significant compost application.  With many market gardens space may be considered too much of a premium for an extended ley and green manures preferably in combination with compost application is a more appropriate system.  Even with a pasture ley in the rotation, leguminous green manures are recommended to improve ongoing nitrogen availability and provide sufficiently fast available nutrients for later years of crops after the ley.

Organic Matter Addition

Compost brings many benefits to the soil.  In order to replace nutrients removed by crop production, a level of something like 20 tonnes per hectare per annum of compost would be required.  But in organic market gardens there is often at least an initial application of 100 tonne or more per hectare of compost to markedly improve soil structure and other aspects of soil quality.

Organic matter can also be applied as a mulch.  Here the addition of nutrients is often a side benefit with the main emphasis being placed on weed control and .  there is also the potential that mulches will reduce nitrogen availability temporarily in the soil (especially if they have low nitrogen content).  Nevertheless, the amount of nutrients should be taken into account in constructing a nutrient budget for the cropping system.

Soil Testing

An initial soil test is highly recommended.  The basic soil test in New Zealand includes soil pH, cation exchange capacity (CEC) and available levels of phosphorus, potassium, calcium, magnesium and sodium.  Available sulphur is also often tested and for organic properties there is usually a requirement to test the organic matter level.

Soil tests should be taken at a set time of the year with winter being a good time for less year to year variation in nutrient availability.  Soil tests may be required annually during the conversion process into organic certification but after full certification is achieved testing every two years or so is generally frequent enough.

A series of soil tests over several years can be used to identify any consistent trends that may indicate a need to modify the fertiliser programme or soil organic matter policy.

Plant Tissue Testing

In market gardening, the main use of plant tissue testing is to diagnose apparent problems in crop performance.  Often the most powerful technique is to sample from a portion of the crop that is doing poorly and from a portion of the crop performing well.  The comparison of results may indicate what nutrient or nutrients are limiting crop production.  Plant tissue tests are often more reliable than soil tests for determining trace element requirements.

Trace Elements

Trace element nutrition is an interesting area under organic certification.  Often organic growers will talk more about the importance of trace elements that non-organic growers and indeed organic systems often result in less requirement for the application of trace elements.  Aspects reducing trace element requirement are the lower application of available nitrogen and phosphorus and the use of organic material that is providing a range of elements including trace elements.

For the use of most trace element fertilisers, organic certification will usually require that there is soil test or plant tissue test evidence to show that there is a problem with a trace element level.  This may preclude a precautionary approach with trace element fertilisers and may also limit the use of mixtures of several types of trace elements.  Ideally then the system should be designed to include adequate addition of trace elements through organic or basic mineral sources and some monitoring should be undertaken to identify potential deficiencies as soon as possible.

Calculating Losses of Nutrients

Nutrients can be lost through leaching, surface run-off, erosion, burning, volatilisation/gaseous loss and removal of produce or crop residues from the soil.  A sustainable system design will often effectively eliminate most of these potential losses leaving mostly just the loss through removal of saleable produce.

The amount of nutrients removed in produce depends on the type of crop, the yield per unit area and any number of factors that will affect the percentage of each nutrient in the saleable portion.  Nitrogen phosphorus and potassium are the main nutrients that we should usually be concerned about for nutrient sustainability with magnesium and sulphur also of major interest.  Unless there are excess or plentiful levels of a nutrient, attention should be paid to replacing levels of major nutrients that are being removed – otherwise future yields may suffer.

Calculating Nutrient Content of Fertilisers and Organic Material

On the other side of the equation, we need to work out how many nutrients are being inputed into the system.  In BIOS 071, we learnt that nutrients can come in with the rain and deposition of dust and other materials as well as becoming available through soil weathering and topsoil deepening processes.  But for market gardening there is often a heavy requirement for nutrients that cannot rely on such low inputs alone.  There will usually be a requirement for the addition of fertiliser or organic matter.

Many fertiliser materials will have had their nutrient value (in percentage weight for weight) determined at least for the level of nitrogen, phosphorus, potassium, sulphur, magnesium and calcium.  The amount of nutrient being added per hectare is then simply the percentage of an element in the product times by the rate at which the product is applied.

Fertilisers and composts can be tested for the total level of nutrient and also the relative level of availability of some of those nutrients.  For long term soil budgets the total level is often sufficient but not all fertilisers can be relied on for timely release of nutrients.  Indeed some fertilisers may not release available nutrients on a timescale to even make them agronomically worthwhile as appears to be the case for potassic feldspar and the potassium contained in granite dust.

A warning regarding interpreting phosphorus and potassium levels is that many other coutnries measure these two elements in a fertiliser or organic material as phosphate (P2O5) and potash (K2O) respectively.  Conversion factors are given below (Table 1).

Table 1 Conversion factors for fertiliser and organic matter levels of phosphorus and potassium

Element
From International to Elemental
From Elemental to International

Phosphorus (P)
multiply by 0.44
multiply by 2.3

Potassium (K)
multiply by 0.83
multiply by 1.2

Caution should also be taken when interpreting the nutrient content of liquid fertilisers which will often be shown with N:P:K values.  These N:P:K values are generally given as weight for volume and the amount of nutrient added per unit area depends on the volume of product applied.  If ten litres per hectare is added and the N:P:K value is 6:2:2 then there is 0.6 kg Ha-1 nitrogen, 0.2 kg Ha-1 phosphorus and 0.2 kg Ha-1 potassium.

Sources of Fertilisers 

This module assumes a familiarity with the range of fertilisers described in Module 4 of BIOS 071 together with their properties and effects.  There are an ever-increasing number of fertiliser manufacturers and products available to organic growers.

When assessing the right fertiliser to choose we need to assess the requirements for that fertiliser.  In most cases it will be important to put on sufficient bulk of fertiliser or organic matter to replace nutrients removed by crop produce.  For this purpose it will be important to pay primary attention to the amount of nutrient elements contained in the materials used.  But attention should also be paid to the availability of those elements.

It should be noted that liquid fertilisers (unless used in a very regular and high volume manner) would not add very significant levels of nutrients.  Their use is usually as a stimulatory one or strategic timing of highly available nutrient provision.

In many cases a decision on a fertiliser is partly guided by the cost of the fertiliser divided by the nutrient content of the fertiliser.  One method of doing this is to benchmark the price of each nutrient with the cheapest source of that nutrient e.g. RPR for the price of phosphorus, potassium sulphate for the price of potassium, elemental sulphur for the price of sulphur and calcined magnesite for the price of magnesium.  In market gardening, however, there are many exceptions to the rule of putting on the cheapest form of a nutrient.

The cost of fertiliser is a relatively smaller component of market gardening than it is of other types of farming.  It is more acceptable to spend high amounts of money per hectare on fertiliser and organic matter addition because most of the cost is in crop care, harvesting, packaging and marketing.  It is usually imperative to get the soil care and fertiliser additions optimised to produce high quality saleable produce as soon as possible to achieve highest prices at the market and to reduce the opportunity cost of high value land being occupied by a single crop.

Thus in market gardening it is common to employ the use of liquid fertilisers which could not be justified on an analysis of total nutrient by cost.  The use may be justified by the effect on plant growth (e.g. used at key growth stages), plant health (e.g. less susceptibility to plant pests and diseases) and stimulatory reasons (increased root uptake of nutrients due to increased fine feeder roots).

Individual Crop Requirements

A major part of a fertiliser strategy in the market garden is to replace the nutrients removed in produce but attention also needs to be paid to providing nutrients in an appropriate form for the crop in question.  There are three main features of this…

1) Establishment – many crop plants require high levels of nitrogen and or phosphorus availability during establishment to achieve good yields (in non-organic agriculture this is often addressed with a fertiliser base dressing).

2) Key Growth Stages – some crop plants benefit from a boost in the level of some nutrients especially nitrogen (in non-organic agriculture this is often addressed with a fertiliser side dressing).

3) Specific Elements – each crop species and even cultivar has its own individual preferences or requirements for nutrient levels.  A feature can be a greater requirement for certain trace elements e.g. molybdenum for cauliflower and boron for swedes.

Organic fertiliser strategies are more limited in how they can address these specific requirements.  The establishment requirement is often best addressed by relying on mineralisation from an incorporated green manure crop or pasture ley.  Key growth stages can be addressed by organically allowable liquid fertilisers or materials such as limeflour or biostimulants that increase the rate of mineralisation of soil organic matter just before those key times.

Model Fertiliser Programme for an Eight Year Rotation

The following example uses a modification of the 8 year rotation described in Coleman (1995, p.80-81) – the fertiliser additions shown below are examples only and not actually the ones practiced by Coleman.  Note that the green manures are not removed so nutrient removal does not have to be calculated.  The addition of 20 tonne per hectare of compost evidently over supplies phosphorus but is about right for potassium.  Since nitrogen fixation is at a good level then there is scope for reducing compost addition over time (to avoid phosphorus excess) though there may be some requirement for additional potassic fertiliser.  The amount of potassium required as fertiliser can be partly decided on the basis of soil tests that will assess the tendency of the soil to release a significant amount of potassium over time through weathering processes.

Table 2. Nutrient Budget for an 8 year rotation.
Year number
Crop
Yield (tonne/Ha-1)a
Nitrogen fixation

(kg Ha-1)
Nitrogen

Removed

(kg Ha-1)
Phosphorus

Removed

(kg Ha-1)
Potassium

Removed

(kg Ha-1)


White Cloverc

100
0
0
0

1
Beans (Pinto)
2.8
10
101
14
30


Vetchc

120
0
0
0

2
Tomatoes
1.3

32
5
49


Oatsc


0
0
0

3
Peas
1.3
10
55
7
19


Vetchc

120
0
0
0

4
Cabbage
1.9

48
7
58


White Cloverc

100
0
0
0

5
Sweetcorn
5.5

102
22
56


Lupinsc

100
0
0
0

6
Potatoes
10.1

154
27
204


Ryecornc


0
0
0

7
Squash (Butternut)
6.5

205
23
244


Sweetcloverc

100
0
0
0

8
Carrots
9.4

129
29
273










NITROGEN FIXED

660





CROP REMOVED


826
134
931


LEACHING (estimate)


320
20
80

E.G.
20 tonne Ha-1 Compostb


1120
320
1120

E.G.
RPRb @ 130 kg Ha-1



135


E.G.
Patenkalib @ 470 kg Ha-1




3760

a Yields are given in dry weight

b Annual application over 8 years (Compost NPK = 0.7:0.2:0.7 fresh weight) 

(RPR 13% P) (Patenkali 25% K)

c These are green manures that are incorporated in rather than being removed/harvested

Compost is best being applied just before most of the cash crops are planted as they will readily take advantage of many of the nutrients contained.  If the programme contained a reduced amount of compost, this compost could be amended with the required level of potassium (e.g. as patenkali) and perhaps phosphorus (e.g. as RPR) to provide an effective means of applying the fertilisers and also making the phosphorus more available (the composting process aids availability from RPR)

Fertiliser Programme for Mixed Cropping Rotation

This is using the model presented in Lampkin (1990) for a ten year rotation including four years of an extended pasture ley.  Just before the pasture ley phase is the most efficient time for application of RPR and other fertiliser materials that require weathering (e.g. agricultural lime and dolomite) for nutrient release.  Preferably it should be applied prior to cultivation to take advantage of the physical incorporation with the soil to further speed nutrient release.  Strategic applications of more available fertilisers such as patenkali (for potassium and to a lesser extent magnesium), calcined magnesite for magnesium, fishmeal or composted manure for nitrogen, and trace element applications as well as limeflour and biological fertilisers for stimulating nutrient release and plant response can be made on a case by case basis for the crops involved.

A major feature is to grow the pasture and the red clover crops well to fix nitrogen.  All attention should be paid to ensuring that the clovers are not being limited by any nutrient elements including trace elements.  This could involve plant tissue testing of white clover in the vegetative phase in late spring and soil tests every two or so years.

The addition of highly available potassic fertiliser such as patenkali is recommended after the pasture ley to avoid causing potassium imbalances in livestock.  It should be applied at least a year before any future grazing of the area.  The timing does not matter too much for the crops as there is generally good storage of this element.  In this rotation, potatoes is the crop likely to show most economic benefit from the addition of potassium.

Note that the nutrient losses from the grazed and silage collected leys would not be as great in most New Zealand situations.  The budget given in Lampkin involves silage material being cut, ensiled and fed to housed livestock whereas in New Zealand this would be fed out on the paddocks.  The amount of phosphorus lost through export of livestock is around 0.2 kg P for a 30 kg liveweight lamb and 3.5 kg P for a 500 kg beef cattle.

Table 3. Nutrient Budget for a 10 course rotation. (Adapted from Lampkin, 1990, p. 158).

Year number
Crop
Yield (tonne/Ha-1)
Nitrogen fixation

(kg Ha-1)
Nitrogen

Removed

(kg Ha-1)a
Phosphorus

Removed

(kg Ha-1)a
Potassium

Removed

(kg Ha-1)a

1
Clover/Grass Ley
4
120
40
5
17


Silage
3
90
75
9
62

2
Clover/Grass Ley
4
120
40
5
17


Silage
3
90
75
9
62

3
Clover/Grass Ley
4
120
40
5
17


Silage
3
90
75
9
62

4
Clover/Grass Ley
4
120
40
5
17


Silage
3
90
75
9
62

5
Wheat
4.5

68
16
19


Straw
3.5

18
5
38

6
Oats
4

68
14
17


Straw
3.5

18
5
38


Legume ley u’sown

100

0
0

7
Red Clover (cut)
7
245
210
22
145


Red Clover (grazed)
3
105
30
4
12

8
Red Clover (cut)
7
245
210
22
145


Red Clover (grazed)
3
105
30
4
12

9
Potatoes
25

75
22
104

10
Wheat
4.5

68
16
19


Straw
3.5

18
5
38


Legume ley u’sownb

100
0
0
0


Nutrient removedb

1740
1271
191
904


Leaching etc lossesb


300
30
100


TOTAL NUTRIENTS over 10 years excl. fert.

1740
1571
221
1004


Annual Requirement


0
22.1
100.4

a Yields are given in dry weight

b These levels are for the whole ten year period
Large Scale Production and Handling of Fertiliser

As mentioned earlier, there are a large number of fertiliser manufacturers in New Zealand.  This does mean that any decision to enter into fertiliser manufacture should be done on the basis of thorough market research and costing.  The biggest challenge is usually marketing the products in a very price sensitive market and commanding product loyalty in a market that is often guided by which sales rep next came up the drive.  A decision to concentrate on organic farms should be done in the knowledge that this is still a rleatively small market and that many organic farmers tend to be low spenders on fertiliser as they will often address many of their own requirements, have a relatively small scale intensive approach and tend to have diverse approaches to fertiliser strategy.

The Bio-Gro Standards Module 3.1(Evaluation of Inputs) covers the requirements for manufacturing and handling Bio-Gro certified fertiliser inputs.  In certification all ingredients of a product are assessed for their source, extraction and production processes.  Manufacturing, storage, packaging and labeling are also audited.  Attention needs to be paid to environmental impact, human health, ethical aspects even consumer perception (e.g. organic consumers might consider that a certain ingredient is unsafe to the environment or human health and therefore a product can be denied Bio-Gro certification).

