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Why is it important to have healthy soils?

Soils are the foundation for most life activities including dairying. On a dairy farm, the primary function of soil is to supply moisture, oxygen and nutrients for plant growth. A secondary function for soil is soaking up the high concentration of nutrients and pathogens from excreta during grazing and dairy shed effluent application. Dairy farms need to be managed so that the soils are maintained in a physical and biological state suitable to carry out these functions. Having healthy soils on your farm will increase farm productivity and help meet industry, community and market requirements. Their health is as important, especially in the long term, as that of your herd.

How do we measure the health of a soil?

On-farm monitoring

Each dairy farm has a different soil, microclimate and way of managing the grazing of dairy cows, applying fertiliser and utilising effluent. Therefore soil health is unique to, and needs to be monitored, on each farm. Because soil properties vary from paddock to paddock and from year to year, it is impossible to accurately assess them from a single year’s measurement or measurements carried out years apart. Rather, the most reliable information from on-farm monitoring is what is happening over time, according to the direction of the trend line. 

Soil health as part of “Market Focussed”

At present, “Market Focussed”, the Dairy Industry’s on-farm Quality Assurance programme, is concerned principally with water quality and animal health and well being. In 2000, soil scientists from AgResearch and Crop and Food Research approached the Dairy Industry with the concept of a programme to monitor soil health, termed the Dairy Soil Management System (DSMS), to be included in “Market Focussed” in 2004.

Dairy Soil Management System

Like the current components of “Market Focussed”, DSMS has been developed as a “farmer-up” rather than a “scientist-down” programme. Dairy farmer groups in Northland, Waikato, Canterbury and Southland initially met with no soil scientists present, and identified the properties affecting soil health that they considered were important for their regions. At the next meeting, soil scientists were asked to suggest practical methods to assess these soil properties. Both the soil properties and assessment tools are shown in Table 1.

Table 1
: Soil properties and most suitable tools for their assessment.

	Inherent properties (cannot be changed)
	Tools

	Contour of paddock or block
	Visual assessment

	Aspect of paddock or block
	Visual assessment

	Depth of topsoil
	Spade 

	Rooting depth
	Spade

	Topsoil texture
	Manual moist soil assessment

	Dynamic properties (can be changed)
	

	Drainage
	Visual assessment

	Soil structure
	Structural Condition Score

	Top soil compaction
	Macroporosity test 

	Soil fertility
	Soil tests

	Nutrient budget
	Nutrient budgeting programme OVERSEER® 

	Number of earthworms
	Spade count


Each farmer group has trialled the tools and from the feedback provided, a protocol has been developed. 

Nutrient budgets

Why are they needed?

To indicate that a farming system is sustainable from a soil nutrient aspect, that is the nutrients leaving the farm are replaced, and that excessive amounts of N and P are not being lost to potentially enrich water bodies, it is necessary to complete a nutrient budget. 

What do they do?

From the soils, pasture and production information for a specific farm or farm block, the OVERSEER® nutrient budget programme estimates the inputs and outputs of N, P, K and S (and in the next version Ca, Mg and acidity) and from the difference, provides a nutrient balance. It also estimates the rate of N leached per hectare and the concentration of nitrate-N in drainage water.

Dairy farm example

An example of a nutrient budget for an irrigated mid Canterbury dairy farm, before changes in nutrient management were made, is shown in Table 2 for the grazing and effluent blocks. The farm is 100 ha in area (effluent sprayed on 15 ha), milks 3.8 Jerseys/ha, produces 1,300 kg MS/ha, buys in 2.2 t silage dry weight/ha/yr, winters cows off, receives 800 mm/ha/yr rainfall and 500 mm/ha/yr irrigation and has medium clover content in pastures.

Table 2
: Nutrient budget for a mid Canterbury dairy farm.

	
	Grazing area
	Effluent block

	kg/ha
	N
	P
	K
	S
	N
	P
	K
	S

	Inputs 
	
	
	
	
	
	
	
	

	Fertiliser
	200
	55
	0
	63
	200
	55
	0
	63

	Effluent added
	0
	0
	0
	0
	286
	33
	260
	32

	Atmospheric
	76
	0
	2
	3
	10
	0
	2
	3

	Irrigation
	13
	1
	5
	13
	13
	1
	5
	13

	Slow release from soil
	0
	3
	57
	0
	0
	3
	18
	0

	Supplements
	51
	6
	49
	6
	51
	6
	49
	6

	Outputs
	
	
	
	
	
	
	
	

	Product
	98
	17
	23
	6
	102
	18
	23
	6

	Transfer
	61
	7
	52
	6
	68
	7
	63
	7

	Supplements sold
	0
	0
	0
	0
	0
	0
	0
	0

	Atmospheric
	59
	0
	0
	0
	152
	0
	0
	0

	Leaching/runoff
	40
	1
	17
	55
	99
	1
	43
	80

	Immobilisation/absorption
	80
	20
	0
	8
	137
	24
	0
	14

	Balance (change in soil inorganic pool)
	2
	20
	21
	10
	2
	48
	205
	10


The nutrient balance indicated a moderate surplus of P and K for the grazing area and a large surplus of P and K for the effluent block. There was a small surplus of S for both areas. Leaching of N resulted in a predicted average farm nitrate-N concentration of 9 mg/( in drainage. This level is less than the recommended maximum for drinking water of 11 mg N/(.

What changes in management will be made?

N fertiliser application on the effluent block will be discontinued to reduce the rate of total N being applied from 486 to 286 kg/ha.

Fertiliser P application will be reduced from 55 to 40 kg/ha/yr on the grazing area and to 20 kg/ha/yr on the effluent block to reduce the P surplus. 

How do the nutrient budget results relate to trends in soil test levels?

For the last 10 years, average farm soil Olsen P levels have remained relatively constant in the range 30-35. This soil test trend indicates that the 57 kg P/ha/yr that has been applied in fertiliser, together with 6 kg P/ha/yr from bought in supplement was replacing losses of P from the available soil pool and maintaining the Olsen P test. However the nutrient budget estimates that a lower rate of fertiliser P can be applied and Olsen P levels still maintained. The effect of this lower P application rate on annually measured Olsen P levels will be monitored, and the rate of fertiliser P application increased if Olsen P levels drop.

Over the same period, soil K levels have also remained constant within the target range of 5-7 for sedimentary soils. Since no K fertiliser has been applied, losses of K from the available soil pool have been replenished by slow release K from the clay minerals and K in brought-in supplements plus effluent K on the effluent block. 

‘What if’ more fertiliser N is applied?

OVERSEER™ can be used for testing ‘what if’ scenarios. In this farm example, an increase from 200 to 250 kg N/ha to provide cheaper winter feed has been considered. The model predicts that this increase in rate would result in 62 compared with 40 kg N/ha/yr leached and 10 compared with 9 mg/L in drainage water. 

Summary

In addition to assuring that management practices affecting water quality and animal well being on your farm conform to industry standards, in the future, soil health will also be able to be monitored using the Dairy Soil Management System.

On each dairy farm, there is the opportunity to derive a nutrient balance for N, P, K and S (and shortly Mg, Ca and acidity) using the OVERSEER™ nutrient budget. Together with trends in soil test levels, the results from this will indicate whether the nutrient is in balance (i.e. inputs equal outputs) or in surplus or deficit plus provide an estimate of N leaching losses. This nutrient budget is a component of the Dairy Soil Management System. 

Workshop summary

· What is a healthy soil for earthworms? 30 earthworms/spade width and depth. Count during the same time of the year, autumn to spring, as the soil is wetter for earthworm count. 

· Will there be BMPs in the DSMS to talk about ways to improve soils? Yes, DSMS is a way for farmers to drive their own benefits.

· Does OVERSEER take into account irrigation type? Yes.

· Does OVERSEER take into account different clay types? It has a number of soil type options to choose from when setting up but sticks to the main types such as sedimentary etc. Could be further refined. It is also possible to enter your soil test results to refine the information. An option to choose whether your soil is free or poor draining exists.

· In the Nutrient Budget example the K levels are increasing. Is this a one off or a continual increase and does this cause you problems? Yes it is a continuous increase. There is high K in the herbage test done. The high K levels are partially the result of the additional supplement bought in. One option is the cut and carry off farm as a way of mining the K.

· Did N input include urea and clover or total N? It is possible to separate out blocks of the farm ie effluent blocks. Figures for N include N from effluent, clover, and from fertiliser. An option to choose quantity of clover as High-Med-Low exist.

· What about if you can’t use a computer? Fertiliser reps may have a copy of OVERSEER. Farm consultants are now more aware of it and can support you.

· What about Ca, Mg, other minerals? These will be in the next version of OVERSEER to be released in July 2003. Also other things such as air emissions. 

· What is slow release category. Are we supposed to be putting in what we take out? Reserves are huge in the soil currently but to be truly sustainable we should be but, there are economic issues.

· How was the effluent block treated differently? Soil test show high NPKS values on the effluent block. Prior to the budget we used to put same fertiliser on the whole farm. Now we put no additional fertiliser on the block.

· How much have you saved? $4500 by reducing the fertiliser input, over 100 ha farm.

· How long does it take you to do? 30 minutes now that I have done it once.

· If your soil is the worst, will DSMS help you improve this? Yes. Will basically give you management and treatment choices.

· How much more pasture will be grown on the best soil compared to the worst? 10‑20% more.

· Why have two systems, Landcare and DSMS? The Landcare system is more time-consuming. We are trying to make it easier as looking towards market focus.

· What monitoring are you going to do in conjunction with this? Regular soil tests, pasture assessments and growth rate.
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