Getting the Bangs for your Fertiliser Bucks
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Introduction

Fertiliser is a major item of expenditure on New Zealand pastoral farms, with the national average for dairy farms at 19% of annual expenditure (Agriculture New Zealand, 1998). Farm profitability and fertiliser use is inter-related. Fertiliser is essential to the maintenance of production and hence profits, but economic conditions are a major driver of fertiliser expenditure on New Zealand farms. The challenge for farmers and their consultants is to find an appropriate level of fertiliser expenditure, in relation to their farming system, fertiliser costs and product prices.

Many factors influence the nutrient requirement on individual farms. Fertiliser best management practices should consider agronomic, environmental and economic factors as they all underpin sustainable agriculture. Economic factors to consider include: the cost of fertiliser, transport and spreading; the pasture and animal production response; the returns from the livestock enterprise; the ability to finance fertiliser purchases; the opportunity cost of money spent on fertiliser and the farmer’s planning horizon. The high residual value of fertiliser application makes a long-term approach essential when making fertiliser use decisions. Short-term changes in soil fertility are of special interest when fertiliser is withheld or large capital applications are made to increase soil fertility.

Soil fertility principles

The legume, principally white clover, is an extremely important component in the New Zealand pastoral system. Legumes supply the N via bacteria in nodules on their roots that can ‘fix’ nitrogen in the atmosphere into a form used in plants. In New Zealand it has been estimated that legume N fixation equates to 1 billion tonnes N/ha annually. Nitrogen is the nutrient required in greatest quantities in pastoral systems, and the size of the soil N pool drives pasture production and provides high quality forage for animal production. Grazing animals eat the clover (and associated grasses) and return a high proportion of fixed N to the soil in dung and urine. Nitrogen also returns through death and decay of plant material. The N returned to the soil in this way adds to the plant-available N pool, and becomes available to the grass in the pasture through the action of micro-organisms in the soil.

Farmers using grass/legume pastures, as a principal feed source for livestock must ensure that they have created soil conditions to achieve the level of pasture productivity and quality appropriate to their physical resources and farm business. Phosphate(P), potassium(K), sulphur(S), trace elements and lime are essential for good legume growth and N fixation and therefore pasture production. The amount of nutrients required on a farm will depend on the stage of development. In the virgin state, many soils, especially in New Zealand, are inherently deficient in P, S and to a lesser extent K and some trace elements for growing grass/legume based pastures. Large inputs of fertiliser (and often lime), together with the passage of time and recycling of nutrients through the grazing animal, are required to build up soil nutrient reserves and organic matter content.

As soil nutrient status increases so, too, pasture production increases rapidly and this is often referred to as the development phase (Figure 1). In the development phase, more fertiliser generally means more pasture, and capital (large) applications of fertiliser will be required for one to two years.
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Figure 1: The pasture development/maintenance sequence.

Further increases in soil nutrient levels will result in only very small increases in production. At this stage, the optimum soil nutrient status has been achieved and the soil has reached the maintenance phase (Figure 1). In the maintenance phase, fertiliser is required simply to replace the yearly losses of nutrients from the farm. These losses are in animal products and livestock leaving the farm, dung and urine deposited in yards and sheds, laneways, gateways and around troughs, hedges etc., plus the inevitable losses that occur in soils (Figure 2). The amount of “maintenance” fertiliser required equates to the total of the animal and soil losses.



 

Figure 2: The nutrient cycle.

Broadly speaking, maintenance fertiliser rates are determined for each individual farm based on knowledge of the farm’s soils, animal production and farm management system. The target soil fertility ranges to achieve near maximum pasture production for most South Island sedimentary soils are as follows:

Table 1: Target soil test levels for South Island sedimentary soils.

	Soil test
	pH
	Olsen P
	Quicktest K
	Sulphate-S
	Quicktest Mg

	Target Range
	5.8-6.0
	20-30
	5-8
	10-12
	8-10


Planning a soil fertility strategy

Soil fertility status

A good starting point to developing a profitable strategy for fertiliser application is to measure the level of soil fertility, in terms of pH, P, K, S, Ca, and Mg, that is current on the farm. These tests, in conjunction with past fertiliser history, will assist in establishing where on the pasture development/maintenance sequence (Figure 1) the farm sits. However soil tests, like all biological measurements, are variable and therefore a single soil test taken at one time is of limited value. Thus, in the longer term, annual soil sampling is required to monitor an increase in soil nutrient levels from capital fertiliser inputs or to fine-tune maintenance requirements. 

Once maintenance rates have been established, soil sampling should be undertaken at least once every 2 to 3 years. Maximum advantage from soil analysis will be achieved by repeated testing over a number of years.  In this way, a picture of trends in soil fertility status of the farm is built up (Figure 3) and can be compared relative to target soil test ranges.  
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Figure 3: An example of tracking soil test trends over time. 

Deciding on fertiliser nutrient requirements

Fertiliser nutrients required are determined for each individual farm based on knowledge of the farm’s soils, animal production and farm management system. For example, what materials the soils are formed from determine how much P fertiliser is required to increase soil test levels, how well it retains sulphate sulphur against leaching and whether or not there is any K mineralised from the soil. The amount of milk going off the farm and the stocking rate, milking times, effluent management, forages and supplementary feed used all affect additions, losses and movement of nutrients onto, off and around the farm. 

There are rules of thumb available, created from experience with nutrient flows on dairy farms as well as scientific knowledge, to assist in determining nutrient requirements. For example, on sedimentary soils approximate maintenance fertiliser is equivalent to 0.5 to 0.7 kg/ha 15% potassic superphosphate or equivalent for every 1 kg/ha milksolids produced from pasture (Roberts and Morton 1999). On these soils it takes on average 5 kg P/ha (over and above maintenance P) to raise the Olsen test by 1 unit; 125 kg K/ha to raise soil test K 1 unit and 30-40 kg S/ha to overcome an S deficiency (Roberts and Morton 1999).

The drawback with these approximations is that while they are quick and easy to use, they will not necessarily give you the most profitable fertiliser programme for your dairy farm business. The Land and Environmental Management Science Platform of AgResearch has developed a software-based decision support system (DSS) which incorporates decades of agronomic research into soil/plant nutrient interactions and our knowledge of grazed pasture systems. The DSS, called OVERSEER® 3.0 nutrient requirement/budget software, is designed to help farmers and consultants optimise their nutrient requirements to match their production objectives without leading to depletion or excessive build-up of nutrients. Use of the software helps identify farms that may save money by reducing fertiliser expenditure and those that could increase profit from increasing then maintaining soil fertility levels.

Choosing the most profitable fertiliser strategy – the Lincoln University dairy farm

This may be best illustrated by a case study using the newly established Lincoln University dairy farm. The 162 ha farm is situated on sedimentary soils in the South Island of New Zealand, has an annual rainfall of 666 mm supplemented by 550 mm of irrigation water. The Friesian cows are stocked at 3.9 cows/ha and produce 1400 kg milksolids/ha.  Cows are feed on grass/legume pastures that are grown with the assistance of up to 200 kg N/ha.  The soil fertility levels on the farm are generally within the recommended target range (Roberts and Morton 1999) for average dairy production on these soils i.e., pH 5.8; Olsen P 30; soil test K 11; and soil test S 10.

In order to optimise fertiliser strategies it is necessary to put in some financial information about the farm. A milksolids price of $3.50/ kg MS was used, cows were valued at $1300 each, with a variable cost of $110. Nutrient costs were $1.50/kg P; $0.40/kg S and $0.70/kg K, with a spreading charge of $20/ha.

Maintenance applications of P, K and S are predicted (Table 2) to maintain the current levels of soil fertility given the soil, climate and production system in place at the dairy farm. The high S rate recommended is a reflection of the quantity of S added during the initial capital P programme. These maintenance rates of nutrients are predicted to maintain soil Olsen P 30; quicktest (QT) K 11 and soil sulphate at around 30 (due to capital superphosphate application).  The model predicts that on average relative yield will be 99% with this soil fertility level.

Table 2: 
Maintenance nutrient requirements for the current production system at the Lincoln dairy farm

.

	P
	K
	S
	kg/ha

	44
	90
	100
	


The maintenance strategy above is not the economically optimal strategy, according to the OVERSEER® prediction.  Even at a predicted payout of $3.50 kg MS/ha, it is economic to raise soil Olsen P to 39 while allowing QT K to decline to 8, but maintaining soil organic S at the predicted (from the soil sulphate test) 10.  This strategy can be accomplished by applying further capital P of between 50-80 kg/ha and maintenance P of 45-50 kg/ha and no K as has been the case up until now (Table 3).  Maintenance S at 40-45 kg S/ha (with 30% as elemental S) should also be applied (Table 3).  This strategy is in line with normal leading dairy farmer practice of developing a P ‘buffer’ (i.e., exceeding the target range for average production) to ensure that P is not limiting pasture production at any stage in the season.  The investment analysis shows that even after the additional capital P input, the net present value (NPV) is positive for the optimal strategy relative to maintenance from 2003 onwards.

Table 3: The financially optimum fertiliser strategy for the Lincoln University dairy farm.

	
	P
	K
	S
	(kg/ha)

	Year 1
	120
	0
	0
	

	Year 2
	58
	0
	36
	

	Year 3 onward
	48
	0
	43
	


You will note that in year 1 there is no S requirement because of the higher than necessary soil S status in the current soil test year.  In terms of financial return, comparison of the maintenance scenario in Table 1 with the optimum scenario in Table 2, shows the following Net Present Values (NPV) pre-tax (Table 3), assuming the discount rate (cost of money) is 8%.

Table 4:
Estimated Net Present Values for the optimum fertiliser strategy (relative to maintenance).

	Year
	2003
	2005
	2007
	2009

	NPV ($/ha)
	35
	103
	161
	210


There is a positive NPV even with the initial capital outlay for increased amounts of fertiliser in the first year, which then continues to increase with time. 

In terms of soil pH the optimum strategy is to raise soil pH to 6.0. In the current year soil pH was 5.8. An application of 2.5 t/ha lime (cost $41/tonne applied) will give a net annual benefit of $25.27 spread over seven years.

Similar analysis will show that not only is it uneconomic to increase soil Olsen P levels above a level of around Olsen P 40, but also that once soil Olsen P levels exceed 60 there is a greatly enhanced risk of P loss to surface waters (McDowell and Condron 1999) which could then lead to water quality problems.

The role of nitrogen fertiliser in dairy production

The inherent nitrogen (N) deficiency of the grass/clover system will always limit annual pasture production. This N deficiency can be relieved by application of N fertilisers, which is best used as a strategic supplement to nitrogen fixed by clover plants. Nitrogen fertiliser use should always be targeted so the extra grass grown satisfies a specific animal feed requirement. Used this way, N fertiliser has frequently been shown to be the cheapest and most profitable way of providing additional feed to stock. However, as with any farm fertiliser input care should be taken in its use to ensure that potential risks are minimised.

Growth of grass/clover pastures depends on biological processes controlled mainly by temperature and moisture. This means that the amount and quality of feed on offer can be variable. Nitrogen fertiliser can be used to reduce some of this uncertainty, by providing immediately available N. 

Clovers provide very high quality feed for animal production, as well as making a major contribution of nitrogen through their N-fixing root nodules. Clover N fixation varies seasonally and between years associated with fluctuations in clover growth. For example, N-fixation in vigorous dairy pastures should range from 100-250 kg N/ha/yr and from 50-150 kg N/ha/yr in well-fertilised hill pastures. In fertile soils, clovers absorb N from the soil and fix proportionately less atmospheric N.  This also happens when N fertiliser is applied. On average, for every kg of fertiliser N used, clover N fixation is reduced in the short-term by about 0.5 kg N.  When N fertiliser is withheld, clovers begin reverting to normal N-fixation patterns. Fertiliser N can reduce clover growth through shading from rapidly growing grasses and therefore grazing management is important. Repeated use of N fertiliser at recommended rates has little effect on clover, provided that grazing or mowing is sufficiently frequent to prevent clover growing points being shaded out by N-boosted grass. Other plant nutrients should be adequately supplied to optimise clover growth.

Maximising pasture response to N

Seasonal responses
N responses will be limited when pasture growth is restricted by cold temperatures (i.e. below 5 oC), waterlogged soils or dry conditions. In general, pasture responses are largest and most reliable when the growth rate of pasture is greatest i.e. in mid-late spring. 

Autumn responses are generally smaller and less reliable than those in spring, while winter responses are lowest and the risk of direct loss of fertiliser N by leaching is greatest. There is no evidence that N fertiliser application lowers calcium and magnesium concentrations in pasture, although the application of K fertiliser does. 


Mid to late summer applications of N fertiliser are not recommended where low soil moisture levels limit pasture growth. However, good responses can occur on irrigated farms or regions that have reliable summer rainfall. 

Rate of N application
Pasture growth increases as N application rates increase. However, as the rate of N per application increases, the efficiency of the response decreases. For example, trial results in New Zealand have shown that in spring, an application of 25 kg N/ha produced 300 kg dry matter (DM) per hectare or 12 kg dry matter per kg N applied. However, 100 kg N/ha applied at the same time grew more total dry matter (700 kg/ha) but the response efficiency was only 7 kg DM/kg N. The equivalent figures for winter were 6 and 3 kg DM /kg N, respectively. Individual applications of fertiliser should not exceed 60 kg N/ha under high potential growth rate conditions or 40 kg N/ha under poorer conditions.

Pasture height at application
Greater and more rapid N responses occur on pasture that has reasonable cover. For example, in late winter/early spring, with post-grazing herbage masses of 1000, 1800 and 2600 kg DM/ha, responses were 6, 9 and 11 kg DM/kg N, respectively. These responses took 7 weeks to develop at 1000 kg DM/ha but only 3 weeks at 2600 kg DM/ha. Therefore some regrowth should be allowed before N is applied to hard-grazed pastures.

Grazing interval
Pasture must be spelled for long enough following N application for the N response to be expressed. In trials grazed every 14 days after N application, the response was about 5 kg DM/kg N. Grazing 6 weeks after the same application resulted in a total of nearly 10 kg DM/kg N. Reduction in pasture yields after the N response has finished is a sign of clover damage caused by excessively long grass shading the clover. Good pasture management—grazing or cutting the pasture at the same herbage mass as for non-N fertilised pasture—will minimise shading of clover.

High utilisation—the key to profit

Research on grazed farmlets has shown conclusively that profitable use of N fertiliser occurs only when the extra feed grown is effectively utilised by the grazing animals. This means that high pasture utilisation is essential to capture the benefits of N fertiliser. 

Strategic use of N fertilisers for increasing animal production requires the early identification of feed deficits and application of appropriate rates of N. The extra feed may be as standing pasture, conserved as silage or hay, or used to lengthen rotations in order that an appropriate feed wedge is created in front of the grazing animals.

Strategic N use on dairy farms
Mean calving dates in many dairy systems precede the onset of spring pasture growth. When the milkers are rotating through the pastures for the second time after calving, there is often a feed deficit as pasture growth rates are exceeded by herd requirements. Late winter/early spring applications of 30-50 kg N/ha to winter grazed pastures, as they reach a herbage mass of 1600-2000 kg DM/ha, will ensure good pasture responses and can increase the potential for milk production. 

Spring applications of 40-60 kg N/ha to rapidly growing pastures allow full feeding of lactating animals, lift cow condition and increase milk production. Alternatively, spring applications across the farm (not just on paddocks identified as surplus to immediate requirements) will increase the amount of supplement conserved, especially silage. The extra supplement above the winter requirement may then be fed back in dry summers. The key to profit from this strategy is good silage quality. Alternatively, spring applications may be used to build up feed in front of the herd to assist with summer feeding.

Autumn N applications of 20-40 kg N/ha can be used to extend milking and lengthen the rotation as drying off approaches. This allows a feed wedge to be created for winter grazing.

Summary

Getting the best financial return from any monetary investment requires applying sound business principles and managing risk. It is no different when trying to operate a productive dairy farm business through the sustainable use of natural resources. A profitable and sustainable dairy farm nutrient management plan requires knowledge and monitoring of the soil fertility status of the farm relative to the potential pasture production. This information, together with animal production objectives, should be used to match the fertiliser nutrients required to meet the production objectives. Nitrogen fertiliser should then be used to supply supplementary feed for known feed deficits during mismatches of feed supply and demand.

If the dairy farm fertiliser programme derived from soundly based research information and established principles this will also assist to minimise deleterious environmental impacts through either depletion or losses of soil nutrients or unnecessary excessive accumulation of nutrients in soils.
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Workshop summary

Outcomes

· Don’t try to achieve soil nutrient levels that are unnecessarily high but look at what your system requires.

Further discussion points

· Why look at P? Soils are generally deficient in this nutrient, while P is the most expensive nutrient to buy.

· What is the average gross margin (GM) per ha in Canterbury dairying assuming 1400 kg MS/ha? The higher the GM of your business, the higher your soil fertility can economically be.

· What acidifies our soils?  N fertilisers, sulphate fertilisers, irrigation is unlikely to. However, growing plants on your soil increases soil acidity, leaching acidifies also.

· What is the best time to apply fertiliser?  Generally there are no principles, with P there is probably no best time, however sulphates are very mobile, therefore timing is more important.

· What are the impacts from small amounts of N applied often? Issue of whether N is needed for system, or system has been created to justify regular N. There may be other issues involved.

· Is K safe in the spring?  In research at Taranaki it has been found that cows will avoid high K content pastures.

Conclusion

Be more ruthless about justifying fertiliser applications.  Are these higher fertility levels justified by the extra production that will result; will they create an unnecessarily high environmental risk?  Good soil fertility is very productive, but is excessive soil fertility?
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