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Introduction

“It is not the strongest of the species that survives, nor the most intelligent, but the most responsive to change.”- Charles Darwin

“He who joyfully marches in rank and file has already earned my contempt. He has been given a large brain by mistake, since for him the spinal cord would suffice.” - Albert Einstein

A spectrum of dairy farming systems exist, which range from pasture only with little or no nitrogen fertiliser and no bought in feed to total confinement systems with a range of purchased feeds. The term “high input” is therefore difficult to define as what one person would consider high input, another may consider normal or low input. For the purpose of this debate we will consider a high input system to be a system based around more cows per hectare than an optimally stocked all pasture system (i.e. maintain the same comparative stocking rate - 85 kg liveweight/tonne dry matter, but carrying more cows per hectare). Alternatively a low input system is one which uses pasture grown on the farm as its only source of feed.

Much debate has occurred in New Zealand during the last decade regarding the place for supplements in New Zealand pasture-based systems. Many of the points of contention resulted from a lack of understanding of the impact of supplementary feeds on a dairying system, rather than the immediate per cow responses to additional feed (Kolver, 2001a). Research combined with farmer experience over the last 10 years has helped develop systems that use supplementary feeds to increase pasture utilisation and milksolids production per hectare and improve farm profitability.

New Zealand farmers are now using many different types of supplements. In much of New Zealand the supplement of choice has been maize silage due to its price competitiveness with alternative supplements. In the South Island supplements chosen are predominantly cereal silage and cereal grains due to the low price of cereal grains in the South Island relative to the North Island and the difficulties and risks associated with growing maize (lower yields, later frosts, etc.).

Limitations to an all-pasture system

New Zealand’s traditional pasture-based system has been described internationally as “controlled starvation” or by the more cynical observers as “uncontrolled starvation”. In this system an attempt is made to match the demand of the cow for energy with the provision of energy from grazed pasture. However, matching the demand for pasture with peak pasture supply requires a significantly higher stocking rate than can be sustained on grazed pasture during the rest of the year. This often leads to underfed cows in early and late lactation, even on ‘optimally’ stocked pasture only farms, due to differences in the energy demand and supply curves. Figure 1 shows the demand for and supply of energy on Canterbury and Southland farms stocked at either three or four cows per hectare. Figure 2 shows the energy balance of the same cows. Milk production losses in early and late lactation and a lower peak milk yield are accepted in such a system.
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Figure 1: Demand for and supply of energy on dairy farms stocked at either three or four cows per hectare in either Canterbury or Southland.

An alternative to this system is a lower stocking rate combined with greater conservation of pasture at peak pasture supply. Such a system would result in large amounts of conservation and although milk production per cow would probably be higher than the example above (362 kg MS; Macdonald, 1999), milk production per hectare and farm profitability is likely to be significantly reduced. 

Without doubt, many farmers can increase their profitability in their current low input systems through changes in stocking rate and other management practices. However, where is the next increase in productivity for the top low input farmers, who are optimally stocked. Is it more profitable for them to purchase another farm or intensify on their existing holding?
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Figure 2: Energy balance of dairy cows stocked at either three or four cows per hectare in either Canterbury or Southland.

Cow genetic merit

New Zealand dairy cows have the genetic capability to produce large amounts of milksolids. Kolver (2001b) reported milk yields of approximately 700 kg milksolids from New Zealand Holstein-Friesians offered a total mixed ration in a confinement system. This is more than twice the national average production and almost twice the average of dairy cows in the South Island. Although these cows were of higher genetic merit than the average cow, it is unlikely that this difference is responsible for more than 10% of the difference in milk production. The other 90% is due to feeding (Penno, 1998). 

At SIDE last year (2001) Dr. Eric Kolver reported milksolids yields of 508 kg from cows fed pasture. Although an impressive yield, it pales in comparison to the 696 kgMS/cow from similar cows fed a total mixed ration or the 773 kgMS/cow from overseas Holstein-Friesian cows fed a total mixed ration. In an earlier experiment Kolver and Muller (1998) reported 33% less milk from cows offered pasture compared with a total mixed ration. Higher dry matter intakes in the cows fed a total mixed ration accounted for most of the difference in milk yield showing the difficulty grazing animals have in achieving their potential for milk production. The greater response to concentrates reported recently (100 gMS/kg concentrates; Macdonald, 1999) compared with 15 years ago (37.5 gMS/kg concentrates; Stakelum, 1988) supports the premise that a dairy cow has been bred to produce more milk. Preliminary results from a recent trial in Ireland showing more than twice the response to concentrates in US Holstein Friesians compared with NZ Holstein Friesians supports this (P. Dillon, personal communication).

High yielding cows

One of the characteristics of New Zealand dairy farmers that is admired internationally is their ability to produce milk at very low unit cost. However, low costs are only one aspect of increased profits. Volume of sales is also an important factor. Milksolids production per cow and per hectare are extremely important, and are the largest contributor to Gross Farm Income on New Zealand dairy farms (McGrath, 1999). If costs per kg of MS are minimised, MS production dictates the potential economic farm surplus (EFS). 

High input systems generally tend to make better use of the genetic merit of their herds compared with low input systems. They generally have higher yielding cows due to longer lactations, higher peak milk yields and better persistency (Reid and Reid, 1997). Having high yielding cows is important to profitability, as they are more efficient at converting feed energy into milk (i.e. a lower proportion of energy consumed is required for maintenance in high yielding cows). The average pasture-fed cow in the South Island consumes approximately 5000 kg of pasture DM and produces 370 kgMS. Such a cow uses approximately 55% of her energy intake for maintenance, pregnancy, walking and grazing and only 45% for milksolids production. The same cow producing 770 kgMS, although consuming more would only use 40% of energy intake for activities other than milk production. This means a farm will require 15% less energy to produce the same amount of milksolids with high yielding cows compared with low yielding cows (Figure 3). 
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Figure 3: Energy requirements for maintenance and milk production in dairy cows (500 kg liveweight) differing in milksolids yield.

Example: A high input system allowed Alvin and Judith Reid to profitably increase milksolids production per cow by 125 kgMS/cow between 1989 and 1997. They were milking 3.8 cows/ha and producing 1140 kgMS/ha. Although, they also used the supplementary feeds to increase cows per hectare, an increase of 125 kgMS/cow would allow them to produce this much milk with 2.9 cows/ha. Such an increase in milksolids yield per cow would reduce the total amount of energy required to produce 1140 kgMS/ha by approximately 34 000 MJ metabolisable energy per hectare. If we assume energy costs 2c/MJ, that is an increase in EFS of approximately $700/ha due to reduced feed costs/kg milksolids produced.

There are other advantages to high yielding dairy cows. Penno (1998) reported that $450 of farm working expenses could be attributed to each individual cow. If we were to use the previous example, this means that the increase in per cow yield would decrease the farm working expenses or increase EFS by an additional $405/ha through lower variable costs. The total increase in EFS amounts to $1105/ha.

It could be argued that this example is just hypothetical and not a real-life scenario as very few people feed supplements to reduce stocking rate per hectare. Consider the South Island at $3.80 payout. The economic farm surplus (EFS) of the top 25% of farms in the South Island was 67% higher than the average South Island dairy farm ($1972 versus $1178/hectare). This difference in EFS is due to greater milk production per hectare and a 16% reduction in variable costs/kg milksolids ($1.69 versus $2.06/kg MS). These farms produced nearly 25% more milksolids per hectare, partly because of a greater stocking rate (17%; 2.7 versus 2.3 cows/ha) and partly because of greater milksolids production per cow (12%; 418 versus 372 kg milksolids/cow). The reduction in variable costs/kg MS was primarily a reduction in labour costs/kg milksolids (40%), probably due to the dilution effect of higher milk production per cow as there was no difference in feed and fertiliser costs/kg milksolids (i.e. The additional cost of feed was diluted by increased milksolids yield per cow). High yielding cows are fundamental to improved profitability on all dairy farms, but in particular high input operations.

Economics of higher input systems

Can high input systems be profitable? If we can overcome our current mindsets about the virtues of low input systems and the heresies of supplementary feeding we can see that the question should be “can you increase farm profitability through using supplements?” The answer quite simply is yes!

Too often we believe that our philosophy of low cost dairy farming is to minimise farm expenditure. The reality is that the efficiency of dairy production is measured as the output of saleable product per unit of resource utilised (Reid and Reid, 1998). In the South Island where high quality supplements (e.g. grain, by-products, pasture) that do not require significant capital expenditure/kg of additional milksolids are reasonably priced, high input systems resulting in high yielding cows allow increased total milk production without increasing the Weighted Average Cost of Capital. Hence it improves productivity. Consider the average South Island dairy farmer. At a $4 payout, his/her EFS amounts to $1178/ha. Assuming a land cost of $20,000/ha, this amounts to a return on capital of 6%. In our earlier example, the return on capital for the farmer with high yielding cows is increased to greater than an 11% return. We need to change the way we think about our farming business.

There is very little room to reduce costs further on New Zealand dairy farms when milksolids price declines. Even though inflation adjusted milk price varied between $2.50 and $4.25 over the 10-year period between 1988 and 1998, there was very little change in inflation adjusted operating costs (Deane, 1999). This is evidence that operating costs could not be reduced further. Our thinking must change from one of simply cost-cutting to one of increased productivity. Trying to reduce costs further on the majority of New Zealand dairy farms is fruitless. The way forward is to increase sales. “You have to spend money to make money.” Profitwatch data clearly demonstrates that the top 25% of farmers in the South Island increased expenditure by 21% ($262/ha) to increase EFS/ha by 67% compared with the average South Island dairy farmer. 

Pasture utilisation on efficient farms has reached an optimum and increases in pasture utilisation through increased stocking rates alone has been shown to decrease farm profitability (Penno, 2000). The use of inputs such as cereal grains allows us to carry more cows per hectare and utilise a greater proportion of the pasture grown while maintaining or increasing milk yield per cow. Research and farmer experience has shown profitable responses to high input systems in these situations. 

There are a number of ways to calculate the profitability of high input systems. Visualise a farm situation that has a high comparative stocking rate (4.4 cows/ha and no purchased feeds) where substitution is minimised and pasture utilisation is maximised. The response to supplements offered throughout the year is approximately 100 gMS/kg grain fed (Macdonald, 1999). Assuming depreciation on additional capital of 10% and a capital cost of 6%, a $25 000 feeding system will cost $4000/year. A nominal cost of $1000/year for repairs and maintenance on the new feeding systems is included. The increase in EFS from 1000 cows receiving 1 tonne of grain/cow and producing an additional 100 kg of MS at a milksolids price of $4/kg is shown in Table 1.

However, it could be argued that you would not have such a high stocking rate if you weren’t a high input farm (“which is the chicken and which is the egg”) and if these additional cows were not present you would not achieve such high responses to concentrates. This is a valid argument. The response to concentrates in an optimally stocked, pasture-only farm would be 30 g milksolids/kg grain (Macdonald, 1999) or 30 kg/cow because they were well fed on pasture. Supplementing with a tonne of grain per cow allows the farm to carry an additional 1.1 cows per hectare. This allows our farm in the example above to increase cow numbers from 750 cows to 1000 cows. The additional 250 cows produced 400 kg milksolids/cow. The additional

cows cost $1000 each. Stock sales of $75/new cow were included, as was $450 variable cost/new cow. At $750/cull cow, new cows would be expected to depreciate $250 over five years years or $50/cow/year (i.e. 20% replacement rate). A capital cost of $60/new cow (6%) is also accounted for.

Table 1: Effect of supplementary feeding (1 tonne grain) on a farm with a high comparative stocking rate.

Income

Extra Milk Production 


(1000 cows x 100 kg MS) 



$400 000

Expenses (not including supplements)

Depreciation & Capital 


$4000/year

Expenses 




$1000/year 

Shares
$3.85/share over 20 years
$19250/year
Total expenses not including supplements


$24 250

Supplements grain @$250/tonne



$250 000
Income - Expenses 
(Total)



$125 750


(/ha)



$554


(/cow)



$126
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Margin
Increase in
Total increase
% increase


($/cow)
EFS ($/ha)
in EFS ($)
in EFS ($)

Grain @ $150/t
226
994
225 750
85%

Grain @ $200/t
176
774
175 698
66%

Grain @ $300/t
76
334
75 818
28%

Grain @ $350/t
26
114
25 878
10%


Table 2 shows the economics of supplementary feeding to create a system based around milking more cows per hectare while maintaining a similar comparative stocking rate.

Irrespective of method of calculation, the profitability of supplementary feeding, accounting for the extra production of extra cows used to build a high input system gave large increases in EFS. A high input system through feeding supplementary grain (@$250/tonne) can increase the EFS of the top 25% of low input dairy farmers in the South Island by approximately 30% and increase return on capital from 10% to 12.5% ($20 000/ha land cost). The judicious use of supplementary feeds to either increase cow numbers while maintaining a similar comparative stocking rate or to reduce comparative stocking rate, when higher than optimal can increase profitability and productivity. The degree of profitability is dependent on milk price and the farm manager’s ability to procure high quality supplements at low prices.

Table 2: Effect of supplementary feeding (1 tonne grain) to increase cows per hectare and maintain an optimal comparative stocking rate.

Income

Extra Milk Production



(750 cows x 30 kg MS)

$90 000


(250 cows x 400 kg MS)
$400 000






$490 000 

Extra Stock Income

$75/newcow


$18750

Total Income





$508 750
Expenses (not including supplements)

Depreciation & Capital 

$4110/year

Expenses 



$1000/year 





$5110
Extra variable costs

$450/new cow


$112 500
Shares


$3.85/share over 20 years
$23 581
Total expenses not including supplements


$141 191

Supplements grain @$250/tonne



$250 000
Income - Expenses 
(Total)



$117 559


(/ha)



$518


(/cow)



$118



Margin
Increase in
Total increase
% increase


($/cow)
EFS ($/ha)
in EFS ($)
in EFS ($)

Grain @ $150/t
218
958
217 559
82%

Grain @ $200/t
168
738
167 753
63%

Grain @ $300/t
68
298
67 559
25%

Grain @ $350/t
18
77
17 559
7%

High input at a $5 payout
A wise man once said that “retrospect is 20:20 vision” and “we are all wise with hindsight.” It is for this reason we should never dwell on the past. Nevertheless it is important to learn from the mistakes because “those who don’t remember the past are condemned to repeat it.” In the example above, EFS was increased by between $517 and $554 per ha through supplementary feeding when milk price was $4 per kg milksolids. At a milk price of $5 per kg milksolids the increase in EFS would be $995 to $1058 per hectare. This is equivalent to an 

85-90% increase in EFS per hectare for the average South Island dairy farmer and an increase greater than 50% for the top 25% of low-input South Island dairy farmers. Such an increase in EFS due to supplementary feeding would enhance return on capital by 5% ($20 000/ha land cost and $5/kg milksolids).

High input systems and the environment

One of the arguments often used against high input systems is the negative effect that they have on the environment. The intensification of agriculture and the high use of artificial fertilisers, and in particular nitrogen fertilisers, have been criticised in recent decades because of the perceived effect they are having on the environment. However, we have two decisions to make. 

· we want the world’s population to starve or have food?

and,  presuming we want food,

· do we want to preserve our natural ecosystems?

The global population is rapidly increasing. Do these extra people will require food? 

High input farming facilitates significant increases in production per hectare, thereby preserving natural areas that would otherwise be required for food production. For example, on a global scene, the use of artificial fertilisers allowed world population to double (100% increase) between 1960 and 2000, be better fed (17% decline in the number of starving people) and only increase the percentage of land used for farming by 12%. This should be compared with the 400% increase in the percentage of land used for farming between 1700 and 1960 (Lomborg, 2001). Essentially it has been an increase in the intensity of agricultural production from 1960 onwards that has made it possible to avoid a dramatic increase in human pressure on natural habitats. 


For example, had global fertiliser use remained at the 1960 level, we would need at least 50% more farmland than is being used in present-day, the equivalent of removing a quarter of global forests. If we were to forego the use of fertilisers now, we would require 210% of the land surface area of the world to feed the 10 billion people expected in 2070. Thus systems which produce more milksolids from a given area have been, and will continue to be, an important factor in profitable dairy farming while leaving sufficient land for other species of animal. 

It would be naïve to dismiss agriculture’s effect on the environment with such flippancy. Eutrophication and hypoxia are real problems and their frequency appears to have increased over the last 50 to 100 years due to the increased discharge of nitrogen from human activities.

In many parts of the world, 50% or more of this discharge is as a direct result of agricultural practices (Lomborg, 2001). However, it is incorrect to suggest that this is due to more intensive farming methods (Figure 4). In other words, it is the production of more milk that has increased environmental pollution and not the intensification of production. Figure 4 shows a comparison of high input farms and organic farms in Sweden. The higher input farm produces significantly more milk per hectare (75%). However, the effect on eutrophication and nutrient losses to the environment is similar to the organic farm (Cederberg, 1998). An example closer to home would be Hawkes Bay Dairies. Although, they apply 65% more N/ha than the average New Zealand farm (315 versus 190 kg), they leach 6% less nitrate/kg milksolids and produce 1400 kg milksolids/ha more than the New Zealand average. High input systems, when managed well, allow greater production of milksolids per hectare, thereby helping to maintain natural ecosystems, while not having additional adverse effects on the environment.


Figure 4: Milk production of conventional and organic dairy farms in Sweden and contribution of both to eutrophication pollutants.

As stocking rate increases in pasture-based systems, less nitrogen is captured in product and more nitrogen is leached per hectare. The use of high energy supplementary feeds captures more dietary nitrogen in milk and meat, resulting in fewer nitrates being leached into ground water (Thorrold, 2002). Furthermore, the provision of stand-off pads for on-off grazing during periods of low soil temperatures (May to July) and low pasture growth has been shown to reduce nitrate leaching by 50% (de Klein et al., 2000). Such a practice also facilitates the collection of farm yard manure and the redistribution of nutrients in a more even fashion to the land. Such stand-off pads are a common feature of high input systems, but are rarely seen on low-input systems.

Additional benefits from high input systems


There are many benefits from high inputs systems other than greater profits and greater returns from capital, but which nevertheless have direct effects on farm profitability. The use of inputs gives farmers the confidence to increase stocking rate and have more flexible rotation lengths, thereby maximising pasture production and quality. A further advantage to high input systems is the maintenance of optimal post-grazing residuals, thereby ensuring high quality pasture throughout the year. 

Some benefits are often difficult to quantify in a monetary sense. One such benefit is the ability to supply the cow easily with mineral and trace element supplementation, a task that is difficult, inconsistent and laborious on pasture only farms. Other advantages include a more consistent feed source throughout the year, probably ensuring improved health and fertility and better body condition at key times. 

It must be acknowledged that high input systems require a higher degree of management skill. Even so, a benefit of high input systems that is often forgotten about, is the ability to take time off for rest and relaxation. The cash surplus generated in high input systems can be used for further investment (increase assets either on or off the farm) or it can be used to employ labour (i.e. used to buy free time). This option rarely presents itself in the cash poor-asset rich low-input system.

Is the high input system for you?

High input systems are profitable because the successful farmer has sought inexpensive, high quality feeds and has introduced them into a system designed to maximise response. There are many things to consider when evaluating a high input system for your own farm. To profitably use supplements on your farm may need an increase in cow numbers. Is your dairy big enough to milk additional cows? Have you underutilised capital (e.g. 50 bale rotary milking 300 cows) or will you have to supply additional capital to become high input? Will you require additional labour? Supplements of choice in the North Island have generally meant increases in labour and capital. In the South Island, the availability of reasonably priced, high quality supplementary feeds that can be fed in the dairy is greater and so additional labour is less likely to be needed, except to milk additional cows. There are many factors to consider before venturing down the high input road, but make no mistake, properly administered high-input systems are more profitable and offer a better lifestyle than comparative low-input systems.
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