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Introduction


Genetic improvements in cows have been crucially important to the past gains in efficiency of New Zealand dairy farms, and they must continue into the future. But the farming systems used on the majority of New Zealand dairy farms are very different from the systems used on the majority of dairy farms in the rest of the world, and there are now wider differences between farm systems within New Zealand e.g. all-grass versus grass plus intensive supplementation (Holmes, 2000). Great care must be taken to ensure that tomorrow’s cows are selected so that they will suit tomorrow’s systems (Mayne, 1998).

Tomorrow’s cows


The need to “farm profitably and sustainably over the long term” will continue to be a main aim of tomorrow’s farm systems, with increasing emphasis on food safety, the environment and welfare of the cows.


The general definition of a “good cow” will continue to be “the cow that can produce the largest quantities of the high-value milksolids, most efficiently and sustainably, from the smallest amounts of physical and financial inputs (including feed, and the various costs of labour, health and reproduction)”. Until recently, breeding objectives have focused mainly on yields of milk and milksolids, which has probably had adverse effects on some of the cow’s essential (but largely ignored) functional characteristics. Therefore these essential “functional” characteristics (fertility, health and the abilities to walk and graze, and to be milked with minimum labour) should now be included in genetic assessments, because they will be associated with lower costs.

Tomorrow’s systems


These will be determined mainly by tomorrow’s world milk price, which will depend on many factors including the effects of tariffs and subsidies in other countries, the exchange rate for the $NZ, and the ability of Fonterra to add value to the commodity price. However in the past, the price has decreased steadily (until the last two years), from about $8.00/kg MS in the 1950s, $5.00 in 

1975 - 1985, $3.50 in 1985 - 1995, and $5.20 in 2000 - 2002. The forecast for 2002 - 2003 is now $4.00 ($NZ adjusted to 1999; LIC Dairy Statistics).


The shape of future dairy systems has been reviewed recently by several authors (Penno and Kolver, 2000; Holmes, 2000; Kolver, 2001a and b). Some of the key points are:

· Milk can be produced by many different types of cows, in many different types of systems.

· Less than 10% of the world’s total milk is produced in grazing systems, like those which predominate in New Zealand, but the costs of milk production are lower in these grazing systems. This scarcity of grazing systems means that the majority of genetic improvement programmes in other countries will breed cows for systems which are very different from the majority of farms in New Zealand.

· Low milk prices will encourage low-cost grazing systems, which could be seasonal or split-calving, all-year-round milk production systems. Whereas higher milk prices will encourage more intensive systems, for example, with higher supplementary feed input, longer lactations (e.g. 15 or 18 months calving intervals) and three-times daily milking.


Herds and farms will continue to increase in size, and the rate of increase will probably be faster if the milk price remains low. Yields of milksolids per cow will also continue to increase, and the rate of increase will probably be slower if the milk price remains low. In these larger farms, the cows will have to walk longer distances each day. Availability of good staff will continue to be a problem. Both of these facts will encourage the adoption of less frequent milking, probably combined with robotic milking machines, if the milk price remains low.

This paper will explain and discuss:

· “Genotype x Environment” interactions and the importance of the cows essential functional traits.

· Tomorrow’s cows: effects of genetic improvement, crossbreeding and biotechnology.

· Genotype x farming system interactions; recent evidence.

· Implications for tomorrow’s cows and their suitability for tomorrows systems.

Genotype x Environment interactions, and the essential functional traits


When the difference between two genetic groups is bigger in one environment than in another environment, this situation is described as a “Genotype x Environment (G x E) interaction.” The genetic groups might be NZ Holstein Friesian v USA HF (see Section 2); Jersey v HF; or high merit v low merit cows; and the environments might be grazing v feedlot; seasonal v all-year around; high v low feeding levels; payment for milk volume v payment for milksolids.


Selection for improved milk production has been a common feature of all genetic improvement programmes in the world. But, whereas some selected for high milk yields (for a liquid milk market), New Zealand selected for high fat yield (for a processing industry). The cows which are best for fat yield (e.g. Jerseys) are not best for milk yield (e.g. Holstein Friesians), a “genotype x market” interaction.


The difference in yield of milk and milksolids between cows of high and low merit is very small when they are fed at very low levels, close to maintenance (e.g. Fulkerson, 2000). However at higher levels of feeding the difference is much bigger, and the high merit cows show much larger response in extra milk produced from the extra feed, a “genotype x level of feeding” interaction. These interactions occur even though all the programmes selected for increased milk production. 


None of the genetic programmes selected for any of the “functional” traits (e.g. fertility, health, abilities to walk and graze), and these programmes were carried out with cows managed and fed in widely different systems (e.g. grazed, housed, or feed lot systems; seasonal or non-seasonal).


There are wide differences between the systems in the functional traits required by the cows (e.g. see Table 1). Therefore it is likely that there are important “genotype x management systems environment” interactions for the functional traits (Holmes, 1995), and the evidence for these is now accumulating (Section 3).

Table 1: To illustrate the differences in the functional traits required for two different systems; theoretical.

	Characteristics
	Low milk price:
	High milk price:

	
	Seasonal grazing systems
	Intensive high-yield per cow, non-seasonal systems

	Lighter body weight*
	((((((
	((

	High fertility
	((((((
	((

	Abilities to:
Walk



Graze
	((((((
((((((
	((
((

	Milking requirement
	1 to 2 x daily
	2 to 4 x daily

	Good health
	((((((
	((((((

	Resistance to pasture-disorders
	((((((
	((


*Lighter body weight may be more important in grazing systems because the cost of maintenance is a bigger proportion of total feed requirements in low-intake systems, and it may also facilitate walking longer distances.
Essential functional traits for tomorrow’s cows


These cows must obviously be able to produce large quantities of high value milk components from small quantities of physical and financial inputs. This means that they must be able to function effectively for long lives within the dairying system. The key functional characteristics which might be required by the cows in two very different systems in the future are illustrated in Table 1.
Fertility


Conception and, 272 days later, birth of the calf, are essential for the start of lactation (although other methods can be used to initiate lactation (Kolver, 2001b)). A “calving interval” of 365 days between successive calvings (1 calf per year) has been the general aim of fertility and mating throughout the world. However, with increasing fertility problems in USA and Europe coupled with other developments, the feasibility of calving every 15 to 18 months with very long lactations is being evaluated in those countries (Kolver, 2001b). Excellent fertility is obviously much more essential in New Zealand’s low-cost grazing systems, for which compact conception and calving offer major advantages (Holmes, 2001).


It is now clear that fertility of the Holstein Friesian has decreased in New Zealand since about 1980 with effects on conception rate, compactness of conception and longevity (Harris et al., 2000; Burton and Harris, 1999). The beneficial effects of heterosis (or hybrid vigour) on fertility, achieved by crossbreeding between HF x Jerseys, or even between NZ HF x USA HF, were also shown by Harris et al., 2000. In addition, overseas (OS) HF were much less fertile than NZ HF when managed in a grazing system (Table 6).

Milkability


The need to harvest milk from cows every day, and usually more than once per day, dominates the dairy farm system. In 1950, the mainly Jersey cows were given 1 minute of manual contact per milking (stimulation and stripping), and 25 cows could be milked per hour by one person. Failure to stimulate the teats caused a 30% decrease in milk yield. Over the next 30 years, herd size increased and the walkthrough dairy was replaced by the herringbone and then by the rotary. Manual contact with the udder decreased to zero, and the response to simulation of the udder also decreased to be close to zero. This latter change, probably genetic, has had huge beneficial effects on the milkability of today’s cows (Holmes, 2002).


Even bigger benefits would be achieved for the whole farming system, especially with a low milk price, by identification and selection of cows which can function efficiently with once-daily milking and/or with robotic milking machines. This would also reduce the amount of walking and labour required, very important factors in farms and herds which are continually getting bigger (see the Massey Dairy Farming Annual, 2002: pp99-122). Already 1000 kg MS per hectare has been produced by Jerseys milked once daily at Hawera in 2001/02 (M. Tong; Personal communication). 


On the other hand, if tomorrow’s milk price is high, intensive systems might benefit from the extra milk (+15%) produced by more frequent milking (e.g. 3 times daily) (Kolver, 2001).


Strong attachment of the udder to the cow’s body contributes to increased longevity in the USA. This will become increasingly important in New Zealand if the udder is required to carry more milk (e.g. due to less frequent milking in low cost systems, or to very high yields in high cost systems).

Grazing ability



In New Zealand, this ability is taken for granted as a basic requirement for all cattle. But grazing cows spend about 10 hours per day eating 15 to 20 kg DM, whereas cows in a feed-lot can eat 20 to 25 kg DM in five hours. Grazing may be a special genetic trait, which is unnecessary for cattle managed in feed-lot systems.

Health and walking ability


Selection for high milk yields has been associated with increased incidence of some health problems, including mastitis (Rauw et al., 1998; Pryce et al., 1999). The high yield cows experience more severe energy deficits, and loss of condition in early lactation which contributes to reduced fertility and to some “metabolic stress” disorders (Holmes, 2001). It is also possible that selection under non-grazing conditions may produce cows which are more susceptible to “grazing” disorders (e.g. facial eczema, ryegrass staggers, bloat). 


Some aspects of the cows feet, which are associated with lameness, are under genetic control (Boeling and Pollott, 1998), including hoof colour (Chesterton, 1989). The general “walkability” trait, or locomotion, is also moderately heritable (h2 = 0.1 to 0.3; Goddard and Wiggans, 1999). Therefore selection under feed-lot, or housed conditions might lead to a reduced ability to walk long distances, which would cause problems in grazing systems.


If these functional traits are not included in the genetic objectives, there is a risk that they will deteriorate unless the cows and sires are tested under the conditions in which they will be farmed.

Tomorrow’s cows

In New Zealand, farm profit has been achieved from efficient conversion of pasture into milk, with low production costs per kilogram of milk solids. Today’s cow has resulted from the identification and selection of previous generations of cows that fit into the grazing system. Animal breeding organisations are now breeding the cow for future farm systems (Garrick and Rendel, 1992). Current matings (2001/02) between elite cows and bulls are building the cows which will produce milk in 2011/12. This section aims to predict the productive and economic performance of high Breeding Worth straightbred and crossbred cows in 2009/10, with additional focus on longevity and fertility. The effects of overseas genetics on the cow population, and the potential effects of genetic manipulation for specific milk components will also be illustrated.

Selection for efficient milk production in low cost, seasonal grazing system (High Breeding Worth) 


Annual genetic changes (Table 2) for milk traits and live weight for representative New Zealand Holstein Friesian and Jersey breeding programmes were derived using the genetic gain model developed by Lopez-Villalobos et al. (2000b). Genetic gains in yields of milk, fat and protein were slightly higher for the Holstein Friesian breeding program than for the Jersey breeding program, due to differences in the phenotypic variances for each breed, and in the sizes of the progeny testing scheme for bulls.

Table 2: Annual correlated rates of genetic gain for the Holstein Friesian and Jersey breeding schemes.

	
	Holstein Friesian
	Jersey

	Rates of genetic gain, kg/cow/year
	
	

	
Lactation yield of milk
	28
	23

	
Lactation yield of fat
	1.5
	1.4

	
Lactation yield of protein
	1.8
	1.6

	
Cow mature live weight
	0.1
	0.1


1 Selection objective = index selection to increase farm profit ($/4.5 tonne dry matter) with relative economic values –$0.074/kg milk, $1.226/kg fat, $5.968/kg protein, and –$0.923/kg mature cow live weight.


Predicted performances of straightbred and crossbred herds in the season 2009/10 managed in grazing systems (Table 3) were predicted using the farm model developed by Lopez-Villalobos et al. (2000a). Ten years of selection for farm profit will not change the average live weight of the cows and the concentration of fat, but will increase the concentration of protein. Under a payment of $3.60/kg milk solids, the improvements in farm profit will $207/ha ($20.7/year) and $213/ha ($21.3/year) for the Holstein Friesian and Jersey herds, respectively. Higher gains will be obtained with a milk payment of $5.00/kg milk solids.


If neither fertility nor longevity were included in the selection index over the next ten years, then fertility would continue to decline slowly. However inclusion of longevity, or both, will prevent further decline, or even cause a very slow increase in fertility.


The values in brackets are the changes in those parameters over the 10-year period; for the F x J cows it was calculated from the average of the two parent breeds in 1999/00, it includes the effects of genetic improvement and heterosis.

The High Breeding Worth Cows in 2010


From 1989 - 1990 to 1999 - 2000 the BW of the national herd increased from 0 to 49, and by 2005 it is predicted to be 74 (Montgomerie pers. comm.). Compared to today’s cow, tomorrow’s high BW cows will:

· Be able to eat more feed, partition more energy towards milk and less into body fat, and produce more milksolids.

· Produce more milksolids per unit of feed eaten from their total ration, and from extra feed, but be similar to lower BW cows in their ability to digest and metabolize feeds.

· Require increased management of nutrition and reproduction.


High merit cows can be expected to show larger responses to extra feed than low merit cows. Early work with cows of high or low Breeding Index for fat yield agreed with this expectation (Holmes, 1995), and more recent work has reported significant differences between two genetic groups in their responses to extra feed, a “genotype and level of feeding” interaction (Fulkerson, 2000; Dillon et al., 2002). These recent studies, with Holstein Friesians, reported responses of 126 and 95 g extra milksolids (MS) per kg extra DM from concentrates in Australia, and 1.01 and 0.74 litres extra milk per kg extra DM from concentrates in Ireland, by the higher and lower merit groups respectively.

Table 3: Current and predicted future productive and economic performance of average straightbred and crossbred dairy herds1 under different scenarios for heterosis2 (12 tonne DM eaten/ha).

	
	Season 1999 - 2000
	Season 2009 - 2010

	
	Straightbreds
	Straightbreds
	Rotational FxJ

	
	F
	J
	F
	J
	Scenario I
	Scenario II

	Per cow
	
	
	
	
	
	

	 Live weight, kg
	450
	355
	451
	357
	409
	410

	 Milk, l
	3 803
	2 791
	4058
	2998
	3621
	3638

	 Fat, kg
	166
	161
	179
	173
	181
	182

	 Protein, kg
	131
	113
	148
	127
	141
	142

	 DM Intake3, tonne
	5.00
	4.20
	5.18

(+0.18)
	4.37

(+0.17)
	4.86

(+0.26)
	4.77

(+0.17)

	Stocking rate, cows/ha
	2.40
	2.86
	2.32

(-0.08)
	2.75

(-0.11)
	2.47

(-0.17)
	2.52

(-0.11)

	Milk solids, kg/ha
	713
	781
	757

(+44)
	824

(+43)
	797

(+50)
	814

(+67)

	Replacement rate, %
	21.5
	21.5
	21.5

(0)
	21.5

(0)
	21.5

(0)
	19.2

(-2.3)

	Payment at $3.60/kg MS
	1 165
	1 218
	1 372
	1 431
	1 442
	1 475

	 Net income4, $/ha
	
	
	(+$207)
	(+$213)
	(+$251)
	(+$283)

	Payment at $5.00/kg MS
	2 161
	2 286
	2 439
	2 567
	2 552
	2 610

	 Net income4, $/ha
	
	
	(+$278)
	(+$281
	(+$329)
	(+$386)


1 F=Holstein Friesian, J = Jersey, and Rotational FxJ = rotational cross.

2 Scenario I: heterosis for production; and Scenario II: heterosis for production and longevity.

3 Includes requirements for maintenance, milk production, pregnancy and growth of cows and their replacements.

4 Marginal costs were $342 per cow, and fixed costs were $1,034 per hectare.

Overseas genetics


New Zealand has made heavy use of Overseas (OS), particularly in the Holstein Friesian (HF) breed, mostly from North American and Europe. This has significantly changed the genetic composition of the present and future national herd (Table 4). By 2002, 50% of the HF genetics entering the national herd, and more than 75% of HF sire genetics, will be from overseas ancestry (Harris personal communication). Currently, 95% of HF cows in New Zealand have some level of OS genetics. These genetics have been widely used because of their high breeding values for production traits, especially protein yield. Similar trends are apparent for HF-Jersey crossbred cows, but the average proportion of OS Jersey genetics in Jersey cows was still only 9% in 1998 (Harris and Winkelman 2000) (Table 4).

Table 4: The level of Overseas (OS) Holstein Friesian (HF) or Jersey (J) genetics in the national herd (Harris and Winkelman 2000).

	
	1978
	1998
	2002
	2007
	2010

	OS genetics in HF cows, %
	2
	38
	50 (est.)1
	75 (est.)1
	90 (est.)1

	OS genetics in J cows, %
	1
	9
	
	
	

	HF cows with OS genetics, %
	6
	95
	
	
	


1Estimates based on Harris (personal communication).


A recent analysis of 100,000 first lactation cows from sire proving herds from 1987 to 1999 (Harris and Winkelman 2000) measured the main differences between the NZHF and OSHF two-year olds. Those with a high proportion of OS genetics:

· Were heavier (+43 kg), produced the same fat yield but more protein (8 kg) and more milk (390 litres).

· Were less likely to produce an AI calf (47% versus. 61%), (a measure of the combined ability to show oestrus, conceive and have a successful pregnancy).

· Had lower survival rates from first to second lactation (78% versus. 89%), and from first to fifth lactation (33% versus. 60%).


An economic farm model used to calculate the effects of all these differences between the NZHF and the OSHF on farm profitability (Harris and Kolver, 2001) showed that the NZHF produced a higher economic farm surplus, by 12%. The study also reported that longevity declined by 2.6 days for every 1% increase in the percent OS HF ancestry. However, some individual sires with high levels of OS HF ancestry have high breeding values for longevity and fertility, demonstrating the need to progeny test all future sires within the environment in which they are to be used.


Crossbreeding the OSHF with NZ genetics, either HF or J, can reduce some of adverse effects of OS genetics (see below).


Big cows or Small cows (within or between breeds): The genetic evaluation of cows and bulls in New Zealand places a negative economic value on live weight, because the cost of the higher maintenance requirements is larger than the benefit of the extra beef. Despite this, the average live weight of the New Zealand black and white cow has increased during the last decade and this is expected to continue very slowly (Table 3). HF cows with OS genetics are heavier than those with New Zealand genetics (see above). Heavier HF cows (with 28% OS genes) produced more milksolids, but were slightly less efficient than the lighter HF cows (with only 9% OS genes), as predicted by their respective sire’s Breeding Worth (BW = $37.3 versus. $45.9 for heavy and light, respectively (Garcia-Muniz et al. 1998). However, the lighter cows had lower conception rates, which was not included in their BWs (Laborde et al., 1998).


However, extremely small cows may be less robust with lower survival than average sized cows, and extremely large cows may not be sustainable in a grazing system because of their effects on soil compaction, and their inability to walk long distances, and to harvest sufficient pasture. Recent studies in USA and at INTA, Rafaela, Argentina suggest that the Jersey breed is more suited to pasture-based systems than the USA HF (White et al., 2002; Washburn et al., 2002; Comeron, E. unpublished report, 2002).


A medium sized cow (420 - 520 kg, Jersey, Friesian, or Crossbred) is able to eat 15 to 19 kg DM/day (equivalent to 3.5-3.7% of live weight) from high quality pasture in 8-10 hours of grazing time. Extremely large animals (600 - 700 kg) will struggle to eat the 21-26 kg DM/cow/day (which would be equivalent to 3.5-3.7% of live weight), simply because there are not enough hours in the day for them to harvest this large quantity of pasture. 


With high levels of high quality supplements (1 to 2 t DM/cow/year), larger animals may be more desirable as pasture makes up a smaller proportion of the diet, target intakes can be achieved and the cow-associated variable farm costs will be lower, because fewer cows will be required.

Cross breeding


 The value of the heterosis effect (hybrid vigour), which results from crossbreeding, exerts large, positive influences on the national herd (Harris et al., 2000, and Table 3). Heterosis can benefit reproduction, health and survival, and have large influences on farm profit. Accumulated effects of heterosis for individual traits can result in significant increases in farm profit, or economic heterosis (Lopez-Villalobos et al., 2000a). Economic heterosis can be defined as the difference in farm profit between the crossbred herds and the average of the straightbred herds, and have been estimated to be 2.9% and 2.0% with $3.60 and $5.00/kg milksolids, respectively (Table 3). 

If heterosis effects were assumed only for the milk production traits (scenario I, Table 3) the crossbred herds had higher farm profit (+$250 or +$328/ha) than the average of the straightbred Holstein Friesian and Jersey herds. If heterosis effects were assumed for milk traits and longevity (scenario II, Table 3) the crossbred herd also had a reduced replacement rate, with less feed required by the replacements, increased yields of milk, fat and protein per cow and per hectare as the proportion of mature cows increased and despite a reduced stocking rate. Inclusion of heterosis for longevity increased economic heterosis to 5.2 and 4.3% at the $3.60 and $5.00/kg milk solids payment systems.


Some breeders in the United States are using crossbreeding to improve their cows’ fitness (McAllister, 2001), or their profitability with a payment system rewarding cheese yield (VanRaden and Sanders, 2001).


Crossing NZ HF or OS HF genetics with Jerseys resulted in crossbreds that produced more milk, had better reproduction, and had a higher rate of survival than the average of the two parent breeds (Harris et al., 2000). The heterosis effect was largest for the OS HF x Jersey cross, and smallest for the OS HF x NZ HF cross. For example, only 33% of the pure OS HF survived to the fifth lactation, whereas 60% and 54% of pure NZ HF and pure Jersey survived, respectively. Crossing OS HF with either NZ HF or Jerseys increased the survival of the first cross to levels similar to those of the NZ HF. However, the markedly reduced reproductive and survival traits of the pure OS HF suggests that there is a limit to which inclusion of OS HF genetics would be desirable for pastoral dairying systems, in spite of the ameliorating effects of crossbreeding.

Use of biotechnology


 Considerable research is being performed with the long-term goal of creating transgenic cattle that might be able to produce milk with altered composition (Goddard, 2001). These changes include, altering proteins to change the manufacturing properties of milk, increasing the antimicrobial activity of milk, altering the type and amount of fatty acids in milk, changing the amino acid composition, and increasing overall protein content of milk. However such changes are likely to have more than one effect on the animal, some of which may be unfavourable. The use of modified animals is unlikely to be adopted immediately for many reasons. Nevertheless it is useful to consider the theoretical economic impact of these technologies, while ignoring the practicalities.


Lopez-Villalobos et al. (2002) illustrated some effects of gene transfer on the value of milk. The first scenario assumed that casein concentration in protein was increased from 78 to 80%, without changing the total protein concentration of milk, and the milk was processed into cheese. The second scenario assumed that the concentration of fat was reduced from 4.7 to 3.0%, and the milk was processed into a typical New Zealand mix of dairy products.


Increasing the concentration of casein in protein increased the yield of cheese by 2.5% 

(Table 5), because more fat could be used in cheese production rather than for butter. The value of milk was increased by 1.1% and farm profit increased by 1.3%. Assuming that 22% of the total milk produced in New Zealand is used for cheese production, the industry benefit of increasing the concentration of casein in protein from 78 to 80% is $13.6 million per year (about $4.00 per cow).


Cows producing milk with 3% fat required less metabolisable energy and dry matter for milk production than cows producing 4.7% fat. The milk with 3.0% fat produced lower yields of butter and cheese, higher yields of whole milk powder, skim milk powder and casein and had lower value. Nevertheless, cows producing milk with 3% fat had 1% higher farm profit. Assuming 1.2 million ha for dairying and 12 tonne pasture dry matter utilised per hectare for milk production, the industry benefit from reducing fat concentrations from 4.7 to 3.0% is about $38.9 million per year (about $12.00 per cow).


The best ways to use economic incentives in order to encourage genetic change in milk composition are not clear. For example, changes in fat composition that would improve the quality of one milk product would often be detrimental to other milk products. Such changes would work best where subpopulations of cows produce milk for specific end products, but segregation of milk by the industry would be difficult to organise and might impede existing improvement programmes.

Table 5: Effect of increasing the concentration of casein in protein (scenario I) and decreasing the concentration of fat in milk (scenario II) on the value of milk, and farm productivity and profit (all cows produced 3423 kg milk and weighed 450 kg).

	
	Scenario I
	Scenario II

	
	Casein 78%
	Casein 80%
	Fat 4.7%
	Fat 3.0%

	Fat, kg per cow
	160
	160
	160
	103

	Fat percentage in milk
	4.7
	4.7
	4.7
	3.0

	Protein
	121
	121
	121
	121

	Casein percentage in protein
	78
	80
	78
	78

	Feed required, tonne DM/cow
	4.65
	4.65
	4.65
	4.30

	Cheese yield, kg cheese/100 kg milk
	11.41
	11.69
	
	

	Value of milk1, $/kg milk
	0.537
	0.543
	0.484
	0.454

	Milk income, $/cow
	1,839
	1,859
	1,656
	1,553

	Total costs, $/cow
	454
	454
	454
	436a

	Net income, $/cow
	1,470
	1,490
	1,287
	1,202

	Net income, $/tonne DM required
	317
	321
	277
	280


1 Milk was processed into cheese and butter in scenario I; and into a channel mix of whole milk powder 30%, skim milk powder 25%, cheese 22% and casein/butter 23% in scenario II.

a Lower feed costs (by $18/cow) because of lower fat yield
Genotype x Feeding Environment interactions


Earlier evidence of genotype x environment interactions was discussed by Holmes (1995). Some of this came from the “CANZ” trial, in which daughters of Canadian and New Zealand sires were farmed in both Canadian and New Zealand management systems. There was significant re-ranking of sires for yield traits, between the two countries (Peterson, 1991). When farmed in the New Zealand environment, daughters of Canadian sires had lower survival rates, while daughters of New Zealand sires had higher culling rates than their Canadian contemporaries in the Canadian farming system (Mwansa and Peterson, 1998).


A three year experiment comparing NZ and OS HF genetics, both with similar BW values, has demonstrated key differences in production and survival between the two genetic strains (Kolver et al. 2000; Kolver, 2001a; Kolver et al. 2002). On an all-pasture diet, stocked at approximately 80 kg LW/t DM, OS HF were significantly less likely to get in calf, lost more body condition during spring, gained less live weight during lactation, produced less milksolids per kilogram of live weight, and took longer to walk from the dairy to the paddock than the NZ HF (Table 6). In marked contrast, when fed total mixed rations (TMR), OS HF had similar fertility, gained live weight at similar rates during mid and late lactation, produced more milksolids and produced more milksolids production per kg live weight (by the third lactation) compared to NZ HF. 


On pasture, the poorer performance of OS HF seems to be the result of an inability of these animals to consume the extra pasture required to meet their additional energy costs for maintenance and milk production. For example, in spring, OS HF had a DM intake of 3.3% of live weight,

Table 6: Production and reproduction of New Zealand (NZ) and Overseas (OS) Holstein Friesians (HF), with similar BW values, grazing grass at approximately 80 kg LW/t DM or fed a total mixed ration (TMR) (Kolver 2001; Kolver et al. 2002).

	
	Pasture
	Total Mixed Ration

OS

	
	NZ HF
	OS HF
	NZ HF
	OS HF

	Days in milk
	
	
	
	

	 1998/1999 
	261
	242
	268
	261

	 1999/2000
	277
	243
	272
	256

	 2000/2001
	300
	298
	300
	298

	Milksolids, kg/cow
	
	
	
	

	 1998/1999 
	281
	271
	380
	401

	 1999/2000
	356
	329
	497
	509

	 2000/2001 
	465
	459
	602
	720

	 2000/2001 (3rd lactation cows)
	508
	494
	696
	773

	LW gain during lactation, kg/cow
	
	
	
	

	 1998/1999 
	55
	22
	123
	139

	 1999/2000
	57
	21
	125
	110

	 2000/2001 
	44
	-20
	92
	77

	Drying-off condition
	
	
	
	

	 1998/1999 
	4.6
	3.9
	6.2
	5.5

	 1999/2000
	4.4
	3.6
	6.8
	5.4

	 2000/2001 
	5.0
	4.6
	7.6
	6.1

	Efficiency, kg MS/kg metabolic LW
	
	
	
	

	 1998/1999 
	3.11
	2.74
	4.0
	3.82

	 1999/2000
	3.64
	3.14
	4.68
	4.34

	 2000/2001 
	4.42
	3.97
	5.26
	5.72

	Intake, %LW (2000/2001)
	
	
	
	

	 Spring
	3.57
	3.26
	4.01
	4.07

	 Summer
	3.24
	3.26
	3.32
	3.44

	 Autumn
	2.96
	2.92
	3.04
	3.32

	Empty rate, % (No. of cows) brackets)
	
	
	
	

	 1998/1999 season
	0
	22(2)
	7(1)
	10(1)

	 1999/2000 season
	7(1)
	38(5)
	14(2)
	21(3)

	 2000/2001 (to 28th February)
	7(1)
	62(8)
	14(2)
	29(4)*

	Time to walk to paddock, min
	
	
	
	

	 1998/1999

1999
	5.39
	6.15
	-
	-


 *Two of the empty cows were scanned as pregnant but aborted following an infection.

compared to the DM intake of 3.6% of live weight for NZ HF (Kolver et al. 2002). Three possible explanations for this lower intake are: either the OS HF are not “good grazers,” or the limitations on intake imposed by grazing are more severe for larger cattle, or the OS HF lack some metabolic adaptation that is present in the NZ HF. 


Conversely, with intensive TMR feeding, OS HF had a higher intake than NZ HF especially in late lactation (3.3 versus 3.0% of liveweight) and were more efficient producers of milksolids.


All this information shows that the genetic differences between the NZ and OS HF genetics, and the environmental differences between grazing and TMR, are big enough to cause important G by E interactions, both in milk production traits and in functional traits.

Implications for tomorrow’s cows, and matching tomorrow’s cows to tomorrow’s systems

Implication for tomorrow’s cows

· Fewer cows of high BW will be required to eat a given amount of feed, and will produce more milk from this quantity. High BW cows will also produce more extra milk from extra feed.

· Management changes such as decreasing stocking rate, or increasing feed supply must be made to meet the greater feed demands of the high BW cow, and to maintain reproductive performance. 

· All intensive systems should use high BW cows, to maximise their conversion efficiencies and outputs.

· Heifers entering many New Zealand herds in the coming years will have a high content of OS genetics and will have low fertility and survival rates if farmed under a traditional all-pasture, optimally stocked system.

· High inputs of supplements will be required to capture the potential milk production advantages of cows with OS genetics, and to overcome their poorer reproductive performance in grazing systems.

· In high-input systems, HF with a high proportion of OS genetics have more persistent lactations than NZ HF, therefore the OS HF would be better suited to a system not constrained by a 365-day calving interval.

· Crossing the OS HF with either NZ HF or NZ J will improve their fertility survival.

· Current improvements in the selection index through inclusion of longevity and fertility traits will improve the ability of the BW to predict the value of any cow for any system. If the appropriate emphasis has been placed on fertility (and survival), the real overall value of OS HF, and other genotypes, for New Zealand dairying will be predicted with much better accuracy by the BW in the future. Other traits will be required in future.

· If tomorrow’s farm systems are widely divergent in the level of feed inputs, sires will rank differently on different farms. 
Matching tomorrow’s cows to tomorrow’s dairying systems

All-pasture, seasonal dairying systems - New Zealand HF, Jersey, and the NZ HF x J are all valuable genotypes for pastoral dairying. Clearly the NZ HF fits a low cost all-pasture dairying system better than an OS HF, and these systems should use NZ HF or J genetics, or cross predominantly OS HF herds with NZ HF or Jersey genetics. 
Intensive, seasonal dairying - High inputs of supplements will be required to capture milk production advantages of cows with OS HF genetics and to overcome their poorer reproductive performance. However, increasing the level of concentrate from 0.5 tonnes to 1.5 tonnes per cow caused very little improvement in the reproductive performance of OS HF grazing pasture in Ireland (Dillon, 2001). In New Zealand, reproductive performance of the OS HF has been much lower than that of the NZ HF, except at the very high feeding levels provided by TMR.

NZ HF appear to be equally suited to seasonal calving, and high input pasture-based dairying systems, but may be less efficient than OS HF if lactations are extended beyond 300 days. 

Intensive, non-seasonal dairying - The evolution of non-seasonal dairying systems in the near future will be a natural progression following intensification, and may occur irrespective of seasonal pricing signals. These high input systems that are not constrained by a 365-day calving interval may be more suitable for, and benefit from, more persistent lactations and high milksolids production associated with well fed cows with a significant proportion of OS HF genetics. While the NZ HF fed TMR in the Dexcel comparison trial were progressively drying themselves off by 300 days in milk, the OS HF were still producing over 1.8 kg milksolids/cow. 


Clearly the OS HF may be better suited to extended lactations, a method used by dairy farmers in the US to increase productivity in recent years.

The “industry system” (producers, processors, marketers and breeders) - All these components of the whole system must work together in close cooperation, to ensure that the genetic objectives, the cows, the farm systems and the processors are all closely aligned to meet future market requirements.

Is there a “Southland cow”?


At the SIDE Conference in 1999, Montgomerie (1999) clearly explained the reasons why environmental (and feeding) differences between the South Island and the North Island were too small to bring about re-ranking of bulls and their daughters for profit-related traits. Recent improvements to the BW index with the inclusion of longevity and fertility breeding values will mean that BW can be used with even greater confidence as the key measure of the value of individual dairy cows. However, if very high input systems become the norm in Southland, further improvements to the BW index may be required to account for genotype x environment interactions (and therefore a different ranking of sires in different environments). 

Conclusions
Tomorrows cows (e.g. 2010)

· Have already been planned by today’s breeding decisions and in New Zealand there will be steady gains in Breeding Worth, equivalent to about $28/hectare annually for Holstein Friesian (HF) x Jerseys (J), up to $38/hectare for HF x J if the effects of improved fertility and longevity are included.

· Will eat more feed; this will require either a decrease in cows per hectare or an increase in supplementary feeds. 

· Will show bigger responses in extra milk, to extra feed, meaning that a wider range of feeds and systems can be profitable with these cows.

· Cows with a high percentage of overseas (OS) genetics will have lower fertility and longevity in pasture-only systems. They will require more intensive use of high quality supplements.
Cows must be matched to the systems in which they will be farmed

· The genetic strain which is best for one farming systems is not necessarily best for another, very different, farming system.

· For example, fertility and the abilities to walk and graze are essential traits in a seasonal grazing system, but not in a feedlot system.

· For all-pasture, seasonal systems with low costs per kg milksolids, the NZ J, NZHF, or the NZ J x HF are all suitable (they can all graze, walk, and are fertile, and in future may also be able to tolerate once-daily milking and/or being milked by automated milking systems). Overseas genetics are currently unsuitable for these systems.

· For intensive feeding, non-seasonal systems, NZ genetics will cope, but OS genetics may be better able to take advantage of the opportunities for generous feeding throughout longer lactations, perhaps with three times daily milking.

· The recent inclusion of longevity and fertility into the BW index will provide better predictions of a cow’s performance in grazing systems. 

· Only 10% of the world’s cows are farmed and bred in grazing systems, therefore New Zealand must continue to select it’s own genetics to suit it’s own systems. 

Producers, processors, marketers, and breeders must cooperate closely in setting genetic objectives 

· Meet the types and quantities of products required by markets, now and in the future.
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Workshop summary

Presentation summary


Dairy farm systems in the world: 100% Pasture; Grazed or Conserved 70-80%; Pasture plus other feeds, 50% pasture - 50% other feeds through to 0% Pasture - 100% other feeds; feedlot.

Tomorrow’s cows for tomorrow’s systems - Each cow will eat more feed and produce more milk (per cow, and per t DM eaten). Fewer cows required to eat the same feed and produce more milk or more feed required for the same cows, and produce much more milk. More MS / t DM eaten: increased range of feeds and systems that can be used profitably. Effects of increasing % OSHF in herds on feeding required, and on fertility and longevity. Cross breeding gives benefits from hybrid vigour, for milk production, fertility and longevity. Widely different farming systems (e.g. grazing or feedlot) will require different genetics (e.g. Jersey versus OSHF).
All-pasture, seasonal systems: NZJ, NZHF and their crossbreds.

Pasture plus some supplements, seasonal systems:  NZHF, NZHF crossed with OSHF or NZJ crossed with NZHF or OSHF

Conserved forages, byproducts and concentrates, plus some pasture; non-seasonal systems:  OS HF

and OSHF x NZHF

Only 10% of the world’s cows are farmed in grazing systems. 

New Zealand must continue to breed cows for NZ systems.

Discussion summary

· Heterosis effect  - After the first cross the effect diminishes 

· High genetic merit cows should achieve higher responses per kgDM fed e.g. high - 

· 110 gMS/kgDM versus low - 80 gMS/kgDM fed

· New Zealand Jerseys have been selected under New Zealand grazing conditions

· Presentation figures are average, in practice, under different systems, they may be either higher or lower

· Possibility that OSHF would do better in Southland due to better pasture quality/quantity and compatible climate

· The increases in kgMS/cow and kgDM eaten/cow are dependent on the environment: may not achieve same results under certain circumstances

· Implication of our systems going to higher input means we should focus on getting the cow most ideal for the system

· We have very little control over cow fertility through genetics, but we can exploit the variations of fertility that exists between/within strains

· High genetic merit cows show greater response to each kgDM fed than low genetic merit cows

· In future, cows will partition more fed towards milk production, rather than maintenance
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