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Introduction  

Fertilisers are the major item of discretionary expenditure on most dairy farms and as a consequence total fertiliser costs, in relation to production, has a major impact the overall financial efficiency of the farm. The most efficient farmers - the top 25% in terms of effective farm surplus - spend about 20 - 30 cents on fertiliser per kg MS produced. Some dairy farmers are spending more on fertiliser for less production! Looked at positively, there is considerable opportunity to rationalise fertiliser expenditure on most farms as a means to contribute to the 4% productivity goal set by the industry.

At present farmers are being deluged with information about fertilisers generally and mineral supplements in particular. This is making it difficult for farmers to make objective choices as to the cost effectiveness of the plethora of mineral supplements available on the market. 

This problem is confounded by the fact that the fertiliser and mineral market in New Zealand is largely uncontrolled. The Fertiliser Act (1960) has been repealed and fertilisers, together with all animal remedies, come under the jurisdiction of the Agricultural Compound and Veterinary Medicines Act (1997). For the purposes of administering this Act, products that fit the definition of a “fertiliser” are exempt from the need to register. Thus, many of the products that can be described as mineral supplements are not, and do not, require registration. In any case, the purpose of the Act is to ensure that products do not contain harmful contaminants. Proof of efficacy is not a requirement to achieve registration. Thus farmers should be aware that registration of a product under this Act is not a guarantee that the product works. The New Zealand Federated Farmers operate, on behalf of the farming industry, a voluntary fertiliser quality assurance scheme called FertMark. Because it is voluntary most of the mineral supplements referred to in this paper are not registered under this scheme. As a consequence, the mineral supplement market in New Zealand is not regulated and, given this environment, the most important advice to farmers is the free market motto - caveat emptor - let the buyer beware. 

The purpose of this paper is not to summarise and review the research in New Zealand on the occurrence, diagnosis and treatment of mineral deficiencies in New Zealand. Readers should refer to the recent publications by Grace (1994) and Morton et al. (1999) for excellent reviews and summaries of this information. Rather, the purpose is to provide farmers with some simple principles that will assist them to make objective decisions regarding the need for mineral supplements and the choice of products. 

Definition

For the purposes of this paper “minerals” are defined as those nutrients that have a direct effect on animal health and are administered as additives to fertilisers or as injections, drenches, boluses, dusts, sprays and water treatment. This definition excludes the major nutrients N, P, K and S and the trace elements molybdenum (Mo) and boron (B), the latter of which are essential nutrients for plants but not for animals. 

Applying this definition there are 10 minerals of primary interest. Of these, three iron (Fe), manganese (Mn) and zinc (Zn) are rarely, if ever, required in dairy cows in New Zealand. The reason for this is that New Zealand soils have abundant reserves of these minerals and consequently no deficiencies of these minerals have been recorded. Indeed, where Fe and Mn have been implicated in animal health problems, it is because they are present in excess in soils and pastures. While Zn deficiency has been reported in cereals on over-limed soils (pH > 7.0) on coarse textured soils in Canterbury, absolute deficiency in animals is unknown. However, Zn supplementation for the protection of animals against facial eczema is routinely practiced in some parts of New Zealand.

Thus, in terms of their relevance and importance to the New Zealand dairy industry there are only seven minerals (Ca, Mg, Na and Cu Co, Se and I), shown in Table 1, that are commonly supplemented, either directly to the animal, or as additives to fertiliser. There are however a large number of products on the New Zealand market, both generic and proprietary, for these purposes. They can be categorised, based on their method of delivery, as: fertilizer additives, pasture sprays, drenches and water treatments, capsules, needles and boluses, and, finally, injections. The choice of product therefore becomes, in the first instance, a matter of deciding on the most appropriate method of delivery. This in turn depends on which method fits best to the management system on the particular farm. 

Table 1: The seven minerals that are often supplemented on New Zealand dairy farms.

	Major minerals
	Calcium (Ca)

	
	Magnesium (Mg)

	
	Sodium (Na)

	Minor minerals
	Cobalt (Co)

	
	Copper (Cu)

	
	Selenium (Se)

	
	Iodine  (I)


Trace minerals

Recommended treatments

Based on the advice and recommendations of Grace (1994) and Morton (1999), the most cost-effective methods for correcting deficiencies of these minerals on the dairy farm are given in Table 2.  Generally, pasture spraying - and this would need to be done after each grazing - is not recommended because it provides only short-term protection. Similarly, drenching these minerals on a daily basis would only be cost effective if this was being undertaken for other reasons, such as bloat control. 

Table 2: Recommended treatments and duration of effectiveness for correcting deficiencies of major minerals.

	Mineral
	Fertiliser additive
	Pasture spray
	Drench
	Bullets, boluses, needles
	Injection

	Cu
	Yes, most effective unless high Mo and S (12 months)
	Not cost effective (required after every grazing)
	Not cost effective unless daily drenching
	Yes 

(6-9 months)
	Yes 

(4-8 months)

	Co
	Yes, most effective unless high soil Mn 

(12 months)
	Not cost effective (required after every grazing)
	Not cost effective unless daily drenching
	Not recommended
	Yes 

(4-6 weeks)

	Se 
	Yes, most effective 

(12 months)
	Not cost effective (required after every grazing)
	Not cost effective unless daily drenching
	Yes
	Yes 

(4-12 months)

	I
	Not recommended (inefficient)
	Not cost effective (required after every grazing)
	Not cost effective unless daily drenching
	Not recommended
	Yes 

(12 months)


For Cu, Co and Se treatment, via the soil and plant, as a fertiliser additive is the first priority. However, for Cu and to a lesser extent Co, this alone may not be sufficient to provide full protection against deficiency. For example, it is well known that the absorption of Cu in the animal decreases as the concentration of Mo and S in the diet increases. Thus, when Mo and S concentrations in the pasture exceed 1 ppm and 0.35% respectively, a standard application of Cu with the fertiliser may not be sufficient to protect the cow from Cu deficiency. In such cases Cu needles or bullets, or an injection of Cu may be necessary. Similarly, high soil Mn concentrations, which occur on some soils, can “bind up” applied Co. When this occurs, either more Co must be applied in the fertiliser, over and above the standard recommendation, or an injection with vitamin B12 will be required, to ensure that the animal does not suffer from Co deficiency.

Iodine deficiency is rare in New Zealand and typically only occurs in animals grazing brassicas which contain goitrogens which limit the effectiveness of I. The application of I in the fertiliser, while effective, is very inefficient and thus this problem is best remedied by treating the animal directly.   

Costs 

Table 3. Indicative costs, excluding labour. 

Various copper treatments. 

	Method and/or Product
	Cost ($/cow/year)

	Fertiliser additive (copper sulphate) (5-10 kg/ha/annually initially and 5 kg/ha/ 4 - 5 yrs thereafter) 
	4.2 - 8.3 initially and 0.84 - 1.05 thereafter (assuming 2.7 cows/ha)

	Needles (CopperPlan) 
	2.69

	Injection (Coprin)
	1.94

	Oral (Coast Biologicals)
	1.40

	Oral (Avail-a-Cu)
	9.76


Various cobalt treatments.

	Method and/or Product
	$/cow/year

	Injection (B12)
	1.94

	Fertiliser (cobalt sulphate) (350 g/ha/yr initially and 100 g/ha/yr thereafter) 
	2.01 initially and 0.57 thereafter (assuming 2.7 cows/ha)


Various selenium treatments. 

	Method and/or Product
	$/cow/year

	Fertiliser (Selcote Ultra prills at 0.5 kg/ha/yr)
	0.76

	Injection (Se hypo)
	1.10

	Injection (Deposel)
	6.22

	Oral (Selovet)
	1.13


Various iodine treatments.

	Method and/or Product
	$/cow/year

	Injection (Flexidine)
	2.07

	Oral  
	1.01


The comparative costs for the recommended treatments for Cu, Co, Se and I are given in Table 3. These costs exclude GST and, importantly, labor costs. With the exception of I, treatment via fertiliser additions is cost effective. This is especially so if labor costs were included. It is for this reason that treatment of the soil with these trace minerals is still the preferred option on most dairy farms and that direct administration to the animal is used only under special circumstances, such as when there are high Mo/S levels in the diet (for Cu) or the soil has a high Mn concentration (in the case of Co). 

While the costs of the respective treatments are generally comparable some specific products, such as the Avail-a-Cu and the Deposel Se injection, are much more expensive. The manufacturers of the Avail-a-Cu claim that the form of Cu in their product is such that it is taken up and absorbed by the cow more efficiently and that therefore less material is required. 

However, strong evidence to support this contention is not yet available. In the meantime, given the range of costs, it is suggested that farmers would be wise to “shop around.” 

Major minerals

Of the major nutrients, three (calcium (Ca), magnesium (Mg) and sodium (Na), are frequently added as supplements to the dairy herd. All three minerals can be given directly to the animal as a drench and the cost of doing so is small - several cents per cow per dose (Table 4). 

Table 4: Indicative costs, excluding labour, of supplementation by drenching or fertiliser for calcium, magnesium and sodium.

	  Mineral
	Method
	Recommended rate
	Cost (cents/cow/day)

	Calcium
	Drench
	70-100 g/cow/day as Calcimag
	1 - 2

	
	Fertiliser 
	Not required (sufficient applied as lime (40%Ca) and super (20%)
	-

	Magnesium
	Drench
	15-20 g/cow/day as Nutrimag
	1 - 2

	
	Fertiliser 
	100-200 kg Causmag/ha/3 - 4 yrs
	1 - 3 (assuming 2.7 cows/ha and required every 3 yrs)

	Sodium 
	Drench
	10-20 g/cow/day as AgSalt
	0.5-1

	
	Fertiliser 
	100-200 kg/ha/yr
	3 - 9 (assuming 2.7 cows/ha and required annually)


It is also possible to treat deficiencies of these minerals in the animal by adding them to the fertiliser mix. In the case of Ca, large amounts of Ca are already added to most dairy farms in New Zealand as a component of superphosphate (20% Ca) and lime (45% Ca). Thus absolute Ca deficiency in plants and animals is unlikely in New Zealand and additional inputs of fertiliser Ca are not normally required. However direct supplementation of Ca to a dairy cow is sometimes required at calving in response to hormonal changes in the animal, especially if Mg is deficient.

The daily requirement of pasture fed dairy cows for Mg and Na can be met by applying capital inputs of these minerals with the normal fertiliser mix. Despite the high initial cost these treatments can be cost competitive, depending on the duration of the initial capital input and providing the costs are calculated over time.  

Proprietary drenches and sprays

There are many proprietary drenches and water trough treatments on the market that claim to be sources of minerals for dairy cows. These typically cost between 0.03 - 0.14 cents/cow/dose. A sample of these products is listed in Table 5 showing the amounts of each of the seven key minerals delivered by these products assuming they are used as recommended. These are compared with the amounts typically required for supplementation, based on science. For most of these products the amounts of most minerals delivered, when the products are used as recommended, are lower, often by several orders of magnitude, than the amounts required for effective supplementation.  

Table 5: Amounts of major and minor minerals delivered when products are used as recommended in comparison with daily mineral requirements.

	Product
	Major minerals

 (g/recommended daily dose)
	Minor minerals

(mg/recommended daily dose)

	
	Ca
	Mg
	Na
	Cu
	Co
	Se
	I

	Milking Cow Minerals

(Mark Bell-Booth)
	-
	0.05
	<0.01
	102
	6.8
	-
	11

	DairyMin 

(Jenkins Biolab)
	-
	-
	-
	142
	5
	2
	8

	Nutrimol

(Mark Bell-Booth)
	0.01
	0.01
	0.20
	0.35
	0.10
	-
	1.5

	MultiGro

(Coast Biologicals)
	0.01
	0.02
	0.12
	2.3
	0.12
	-
	1.8

	Molvinate

(AgriCorp)
	4.9
	2.2
	0.50
	0.4
	0.3
	0.2
	0.5

	Recommended daily allowance
	70 - 100
	15-20
	10-20
	2000-5000
	0.5-1.0
	1.5-3.0
	1.5-5.0


Similarly, there are many pasture sprays on the market, promoted as sources of minerals for dairy cows. A subset of these is given in Table 6. Once again, when these products are used as recommended the amounts of the minerals applied are much less than that determined by science to be effective. 

The data from this subset of proprietary products suggests that farmers should be cautious about using these products as the sole source of mineral supplementation. 

Increasing mineral intake

In addition to supplementing dairy cows with minerals there are two simple cost effective methods to increase the intake of minerals in pasture feed animals. The intake of any mineral is the product of its concentration in the pasture and the amount of dry matter ingested. Thus, the amount of mineral ingested increases in proportion to the amount of pasture ingested. Doubling the daily pasture allowance for instance doubles the mineral intake. It is likely that the cause of many mineral deficiencies is simply a function of inappropriate feeding at critical times. Second, clovers have a higher content of most minerals and thus increasing the proportion of legume in the pasture increases the average mineral content of the feed on offer. Pasture management and the fertiliser N strategy should be aimed at maximising the proportion of legume either in the pasture on offer or in the supplementary feed. 

Table 6: Amounts of major and minor minerals applied in proprietary pasture sprays when applied as recommended compared with the amounts normally recommended.   

	Product
	Major minerals

 (kg//ha/application)
	Minor minerals

(g/ha/application)

	
	Ca
	Mg
	Na
	Cu
	Co
	Se
	I

	Activate

Nutritech International
	<0.01
	<0.01
	-
	2.5
	0.9
	0.2
	0.7

	Nitrosol

Rural Research
	0.30
	0.05
	0.08
	0.9
	0.1
	0.6
	-

	Combo

Mark Bell-Booth
	-
	-
	-
	3.1
	<0.1
	3.2
	0.4

	Reaction

Glenmark Agirchemicals
	-
	<0.1
	-
	1.5
	0.8
	<0.1
	-

	Recommended agronomic rates
	100 -150
	20 - 25
	20 - 30
	1250 - 2500
	20-70
	5 - 10
	-


Ignore psuedo - science

The animal health, mineral supplementation sector of the pastoral industry is shrouded in anecdotal evidence, muck and mystery and mythology and farmers are best advised to treat advertising claims and advertorial comment with the greatest suspicion, This is difficult however, when otherwise plausible scientific-sounding theories are used to market some products. 

Many minerals are prescribed on the basis of the DCAD theory and the Base Cation Saturation Ratio (BCSR) theory. Both of these theories have been discredited by science and can result in misleading mineral recommendations. Similarly, some laboratories report results from pasture analyses as a Bloat Index (the ratio of Na/K in pasture) and a Hypomagnesaemia index (the ratio of K/(Mg + Ca)). These ratios have no foundation in science and farmers are advised to set aside such results. 

Sound, practical, robust science has much to offer farmers in the area of managing mineral requirements in dairy cows. The key to applying this science is to regularly monitor mineral concentrations in the soil, plant and animal.  By doing so the trends over time can be followed and remedial action taken before clinical problems arise. The cost of doing so is trivial relative to the amount spent on fertilisers and minerals. 

Conclusions

The take home message is as follows: 

· Monitor, monitor monitor. This includes soils pasture and animals. This is a must if an objective scientific approach to mineral supplementation is to be adopted.

· Focus on the seven important minerals - Ca, Mg, Na, and Cu, Co, I, Se. 

· If it is recommended that your farms needs Mn Fe and Zn get a second opinion.

· Use only scientifically tested and proven methods and products.

· Be wary of proprietary products - they may not provide sufficient minerals when used as recommended. 
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Workshop summary

Background


Farmers have indicated they are unsure as to which minerals are essential and which of the many products available will meet the animal requirements.

Presentation summary


Minerals were defined as:

· those nutrients that have a direct effect on animal health.

· added by way of drench, injection, dust, fertiliser or spray.

· excluding major elements N, P, K and trace elements Boron and Molybdenum, all which are needed primarily for plant growth.

· focus on copper, cobalt, selenium and Iodine as the ones that really matter.


Most of the trace element products on the market are exempt from the Agricultural Compounds and& Vet Medicines Act (1997), and the Federated Farmers Fertmark accreditation is voluntary. So it is “Buyer Beware” - do your homework!

For similar amounts of mineral, the cost per day vary greatly between products.


It is often overlooked that a simple way to increase the mineral intake of stock is: 

· Increase the DM intake, and / or

· Increase the clover content of the diet (clover has higher mineral concentrations).

Discussion summary

· How to know when something is needed? Take home message monitor, monitor, monitor - soil, pasture and stock on a regular basis to act on the trends over time (years).  Minimum four transects across the farm for soil tests, with pasture sample and two clover only samples for Mo and Bo.  Each farm is unique so set up a programme with your vet. Use products of choice but monitor what changes they effect.

· Is there a difference in availability of the various forms of minerals?  Generally no - so can compare products on a per unit of mineral basis. Most research is not New Zealand pasture based systems. Many products give small mineral amounts relative to cow needs.

· DCAD - the speakers said to ignore it yet many farmers seem to be using anionic salts successfully. Yes, but is it a case of the right treatment for the wrong reason?  Magnesium is a critical mineral for pre-calving cows.  

· Impact of N fertiliser on herbage mineral status?  Yes it does dilute but the effect of the amounts used per dressing in New Zealand situations is negligible.

· Instead of the costs of monitoring tests, why not give everything a blanket shot and hope it fixes. That’s fine, but you may be wasting money, or possibly not giving enough.
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