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Genetic characteristics required in dairy and beef cattle for temperate 
grazing systems 
F. Buckley1, C. Holmes2 and M.G. Keane3 
1Dairy Production Research Centre, Teagasc, Moorepark, Fermoy, Co. Cork, Ireland, Email: 
fbuckley@moorepark.teagasc.ie 
2IVABS, Massey University, Palmerston North, New Zealand 
3Beef Production Research Centre, Teagasc, Grange, Dunsany, Co. Meath, Ireland 
 
Key points 
 
1. Only about 10% of the world’s milk is produced from grazing systems. Consequently the 

majority of dairy cattle have not been selected under grazing, nor on seasonal systems.  
This is not true for beef cattle, for which the majority, especially the dams, are managed 
under seasonal grazing systems. 

2. In grazing systems daily feed intake is limited to lower levels than are achievable on 
concentrate plus conserved forage rations.  Consequently, cows most suited to grazing 
environments are likely to have a lower genetic potential for milk production than cows 
selected in high concentrate systems, to minimise their relative energy deficit. 

3. The traits required under grazing will include those for other systems; high yields of milk 
with high milk solids, efficient converters of feed to product, functionality, good fertility, 
health and longevity. Successful grazing systems require dairy cows that are adapted to 
achieving large intakes of forage relative to their potential milk yields, and therefore able 
to meet production potential exclusively from forage. Grazing cattle must also be able to 
walk long distances, and in seasonal systems, must be able to conceive and calve once 
every year.  The ability to be productive when milked once daily may also be desirable in 
low cost grazing systems in the future. 

4. Intensive selection for milk production within the Holstein-Friesian breed on high 
concentrate diets has generally resulted in a genotype that is not well suited to grazing (high 
forage) systems, in which these cows exist in permanent energy deficit.  This unsuitability is 
particularly true for seasonal systems, for which good fertility is an essential trait. 

5. There is now strong evidence for the existence of interactions between genotype of dairy 
cattle and feeding system, where the genetics and the systems differ widely. Therefore 
mutual compatibility between the cow and the system must be optimised for production and 
profit. 

6. The New Zealand Friesian and New Zealand Jersey, and crosses between them, or with 
other dairy breeds, including the North American Holstein-Friesian, have been shown to 
be well suited to grazing systems. Increasing evidence suggests that genetics from some 
Scandinavian breeding programs, e.g. the Norwegian Red, may also be suited to grazing 
systems, where good fertility is essential. 

7. Developments in international sire evaluation (adaptations of multiple across country 
evaluation (MACE)) that enable differences in management systems to be taken into 
account will provide different breeding values for different conditions. Until then, sires 
should be proven in the same general management conditions in which the daughters are to 
be managed. 

8. There is little evidence of important G×E interactions in beef cattle, for growth rate, food 
intake or carcass traits. 

9. But beef cows from large, late maturing breeds are relatively more restricted by inadequate 
nutrition than smaller early maturing types.  As a result both their fertility and milk 
production can be impaired leading to a lower weaning percentage and lighter weaning 
weight. 
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10. Interactions between the effects of genotype and nutrition on carcass composition can occur 
where the level of energy intake is above the muscle deposition capacity of some breeds.  

 
Keywords: grazing, cattle, dairy, beef, genetics, G×E 
 
Introduction 
 
Until recently, in the world of dairy cattle breeding, the term “high genetic merit” was 
synonymous with high milk production potential. Now it is acknowledged that the complete 
index for high genetic merit should reflect as many characteristics as are required to reflect 
total economic profitability.  In particular, due to the decline in reproductive efficiency within 
the Holstein, many countries have diversified their breeding goals to include measures of 
survivability or functionality (Philipsson et al.,, 1994; Visscher et al.,, 1994; Veerkamp et al.,, 
2002). However, economic and physical conditions, and production systems differ widely 
between countries, so that the optimum complete selection index must also differ widely 
between countries. World-wide, cattle are farmed under a wide range of environments and 
management systems.  Even within temperate conditions, these can range from grazing on 
lush temperate pastures or on low quality range-lands, to totally non-grazing or confinement 
systems, fed on concentrates and conserved roughages. Only about 10% of the world’s milk 
comes from grazing systems (World Animal Review 1995), consequently the majority of 
dairy cattle have not been selected under grazing. Cattle on grazing systems must be able to 
graze effectively and to walk long distances, abilities that are not required in confinement 
systems.   In seasonal grazing systems cattle must also conceive and calve at the right time 
every year.  Cattle on non-grazing systems on the other hand can achieve higher total daily 
feed intakes and consequently higher growth rates or milk yields than those on grazing 
systems. There is now strong evidence to show that the cattle that are genetically best suited 
to non-grazing systems are not best suited to grazing systems, an interaction between 
genotype and feeding system. 
 
In contrast to dairy cattle, the majority of beef cows are managed under seasonal grazing 
systems, even if their progeny are grown under more intensive systems in some cases.  
Therefore it is less likely that interactions between genotypes and feeding systems will be 
found in beef cattle.  Pasture finished cattle have a tendency towards yellow fat (Priolo et al., 
2001).   Some consumers find this undesirable and require that cattle have a period of feedlot 
finishing to whiten the fat.  Other consumers regard fat yellowness as an indicator of more 
extensive production systems with better animal welfare and more naturally produced beef.  
There are clear regional differences between consumers on this matter.  Pastured finished 
cattle have lower levels of carcass and intramuscular fat, higher mono and polyunsaturated 
fatty acids and higher omega 3 and conjugated linoleic acids (Keane & Allen, 1998; French et 
al., 2000). 
 
New Zealand and Australia have for many years competed profitably at low world market 
prices, exporting the majority of dairy produce and meat with no subsidies or incentives.  
Within Europe, the continued reform of the Common Agricultural Policy (CAP) in order to be 
more market-focused and future WTO agriculture negotiations, suggests a more unstable and 
unpredictable time ahead.  The potential for dairy farmers to secure higher prices for their 
output to compensate for their increasing costs and downward pressure in product prices as a 
result of policies at EU level is very limited. Compliance with Directives on the environment 
and food safety (Nitrogen Vulnerable Zones, Water Framework and Strategic Environmental 
Assessment) and with International Agreements (Kyoto Protocol and Gothenburg Protocol) 
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will be required. Worldwide, farming systems will have to focus on costs of production, and 
be sustainable in terms of the environment, people and animal welfare.   
 
Features of intensive grazing systems  
 
Dairy production 
 
Milk production in countries such as New Zealand and Ireland is based on the efficient 
conversion of high quality grazed grass to milk (Penno, 2000; Dillon et al., 1995). Pasture 
based systems are capable of low cost milk production with high milk output per hectare. 
Hence, countries like New Zealand and Ireland have developed widely used production 
systems in which the herd’s pattern of feed demand and milk supply is harmonized to the 
seasonal production of grazed grass. The principal characteristic of the system is that the 
entire herd is calved (including the heifers which calve at 2 years) over a short period of time, 
usually 10 to 14 weeks, at the beginning of the grass-growing season, so that the increasing 
feed demand of lactation coincides with the increasing pasture growth of spring. In Ireland, 
but less commonly in New Zealand, supplementation, in the form of conserved forage/hay 
and/or concentrates/by-products, is offered until grass supply meets cow demand early in the 
grazing season. Supplementation may also be offered in late lactation to maintain yield and 
extend lactation. Less supplementary feed is generally offered in New Zealand, and cows tend 
to be dried off in late summer/autumn before the slower pasture growth of winter, in order to 
prevent a feed (grass supply) deficit and excessive loss of body condition. Consequently 
lactation lengths are relatively shorter in New Zealand (230 to 260 days), than in Ireland (260 
to 300 days). In total, grazed grass/conserved forage will usually account for at least 90% of 
the diet.  The differences in management practices between New Zealand and Ireland reflect 
differences in grass growth patterns between the two countries. Grazing systems generally 
carry lower direct costs than most other more intensive systems (International Farm 
Comparison Network Report, 2004). 
 
Beef production 
 
In regions where there is grass growth in winter but drought in summer (e.g. Australia) calving 
is typically in autumn, whereas, in regions where grass growth ceases in winter but continues 
throughout the summer (e.g. Ireland) calving is typically in spring.  In both situations the 
objective is the same, namely to have the calves weaned and have cows dry with low feed 
requirements when grass availability is least.  Calf growth rate is closely related to cow milk 
production. This is a function of grass supply and quality.  When these are adequate calf growth 
rate exceeds 1 kg/day form birth to weaning resulting in weanling weights in excess of 300 kg 
(McGee et al., 1995).  As with dairy cows, the objective with beef cows is also compact calving 
close to the start of the grazing season.  At pasture, cows regain body condition quickly and 
conceive readily when the breeding season commences, thus maintaining a 365-day calving 
interval.  Cows continue to increase in body condition throughout the grazing season resulting 
in a large reserve at the start of the following winter.  This is then depleted over the winter (or 
drought period) thus minimising expensive feed inputs (Drennan, 1993).  In range conditions 
weaned calves are generally sold for finishing elsewhere either on pasture or in feedlots and 
males may be castrated or left entire.  In the more productive grassland areas the males are 
generally castrated and both males and females are either finished entirely on pasture or remain 
at pasture until 3-5 months before slaughter and are then feedlot finished.  Subsequently, they 
exhibit compensatory growth at pasture and generally two thirds or more of the short-fall in 
weight gain is compensated for by the end of the grazing season (Keane, 2002).  Where light 
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grass-finished carcasses are required animals are slaughtered at the end of this grazing season 
with none or a low level of concentrate supplementation over the final 2-3 months. Where 
heavier carcasses and/or higher levels of fatness are required animals receive about a 5-month 
finishing period.  Alternatively, they may be fed for moderate gains again in their second winter 
and finished off pasture the following grazing season. Where animals are slaughtered at 19-21 
months of age, towards the end of their second grazing season, grazed grass provides 75-80% of 
their lifetime feed dry matter intake and half of the remainder comes from grass silage 
conserved as a necessary component of grassland management.  Where animals are finished 
indoors in their second winter, grazed grass comprises about 50% of their total lifetime dry 
matter intake with a further 30% coming from grass silage.  Animals retained for slaughter until 
their third season consume about 70% of their lifetime dry matter intake as grazed grass and 
25% as grass silage (Keane, 1996).  
 
Traits required by grazing dairy cattle 
 
The need to farm profitably and be sustainable in the future will continue to be a main aim of 
all future grass-based farming systems.  To this end the type of cattle farmed are required to 
be compatible with the system. In broad terms the definition of a “high merit animal” will 
continue to be the animal that can produce the largest quantities of high-value milk solids 
and/or meat most efficiently and sustainably, from the smallest amounts of physical and 
financial inputs (including feed, and the various costs of labour, health and reproduction).  In 
Ireland, and probably more generally, maximum profitability in grazing systems is achieved 
by minimising costs and increasing the proportion of grazed grass in the diet of the lactating 
dairy cow (Shalloo et al., 2004). The traits required under grazing will include those for other 
systems; high yields of milk with high contents of fat and protein, functional (easily milked) 
udders, efficient conversion of feed to product, good health, easy care and long, productive 
lives. Systems based on grazed grass can limit daily feed intake, for example by 20% in 
Holstein-Friesians (Kolver & Muller, 1998; Kolver et al., 2002), which may be due to a 
combination of slower rates of intake when grazing, and slower rates of digestion on roughage 
diets.  Increasing the energy concentration of the diet through concentrate supplementation 
can reduce these physical limitations. Successful grazing systems require dairy cows that are 
capable of achieving large intakes of forage relative to their genetic potential for milk 
production so that they are able to meet the requirements almost entirely from grazing. This 
should also increase the likelihood of survival in the seasonal grazing systems, for which the 
maintenance of a 365-day calving interval, and good fertility are essential to optimal financial 
performance (Lopez-Villalobos et al., 2000). This limit to intake when grazing also suggests 
that cows most suited to grazing environments are likely to have lower genetic potentials for 
milk production and live weight, than cows best suited to more intensive diets.  A requirement 
to walk long distances is another basic requirement for cows in grazing systems.  Some 
aspects of the cows’ legs and feet, which are associated with lameness and the “walkability 
trait”, are under genetic control (Boelling & Pollott, 1998; Goddard & Wiggans, 1999).  
Therefore, selection under grazing may have lead to an increased ability to walk long 
distances.  The ability to be productive when milked only once daily is likely to be an 
important characteristic in cows managed in large, seasonal grazing systems, focussed on 
low-cost profitable farming (Dalley & Bateup, 2004). 
 
The proportion of North American Holstein-Friesian (NAHF) genetics has increased 
dramatically in Ireland from 9% in 1990 to 63% in 2001 (Evans et al., 2004), and in New 
Zealand too, from 2% in 1978 to 50% (estimated) in 2002 (Harris & Winkelman, 2000). The 
sires used have generally been selected for high milk production in a predominantly confined 
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environment (Rauw et al., 1998). There is increasing evidence that intensive selection for 
milk production within the NAHF breed has generally resulted in a genotype that is less suited 
to low input (high forage) and grazing systems. This inappropriateness is compounded when 
seasonality or a requirement for good reproductive efficiency is demanded. The dramatic 
decline in reproductive performance that has occurred within the NAHF has been well 
documented (Hoekstra et al., 1994; Pryce & Veerkamp, 2001; Lucy, 2001). In all production 
systems, but particularly in a seasonal pasture based system, characteristics other than milk 
production such as reproductive performance and animal health are very important 
(Veerkamp et al., 2002). 
 
Results from an on-going collaborative study involving Dexcel, Livestock Improvement and 
Massey University (in New Zealand), and Teagasc, Moorepark (in Ireland), comparing New 
Zealand-Friesians (NZHF) and the NAHF under grazing but with different systems of 
supplementation (in New Zealand: Macdonald et al., 2005; Kolver et al., 2004; in Ireland: 
Horan et al., 2004; Horan et al., 2005a; Horan et al., 2005b; Horan et al., 2005c; Linnane et 
al., 2004), clearly demonstrate that cows selected under intensive seasonal grazing, NZHF, 
are more adapted to that environment. Daily milk yield (and total lactation milk yield under 
Irish conditions, and when given large amounts of supplementation in New Zealand) is higher 
for the NAHF highly selected for milk production. However, reproductive efficiency and 
survival is substantially higher for the NZHF cows (Table 1).  
 
 
Table 1  Effect of strain of Holstein-Friesian on reproductive performance (Horan et al., 2004; 
Horan et al., 2005a) (and raw means from the New Zealand study in brackets) 
  

 NAHF NZHF 
 
Milk yield (kg) 6958 (5130) 6141 (4970) 
Fat (kg) 279 (216) 275 (236) 
Protein (kg) 241 (175) 224 (179) 
Pregnancy rate to 1st service (%) 47 (39) 60 (46) 
6 week in calf rate (%) 59 (54) 73 (69) 
Empty rate after 14 weeks (%) 21 (13) 9 (7) 
  

 
 
The final results in New Zealand have not been analysed yet, but some average data for 
2003/04, with 2, 3 and 4 year old cows, are presented in Figure 1.  The NZ70 and NZ90 
(NZ90 identical to the NZHF in Ireland) strains represent high New Zealand Breeding Worth 
(BW) cows of the 1970s and 1990s, with at least proportionately 0.9 NZ genetics.  The OS90 
cows represent high BW cows with at least proportionately 0.9 overseas genetics of the 1990s 
(identical to the NAHF in Ireland).  
 
As expected, the NZ90 cows achieved higher yields per cow and per hectare than the NZ70 
cows at all levels of feed allowance. The NZ90 cows produced much more milk solids than 
the OS90 cows, when both were fed at the two moderate feed allowances (5.5 and 6.0 t 
DM/cow), mainly because the OS90 were dried off earlier after shorter lactations at these 
allowances, because of their thinner body condition.  However, at their two higher feed 
allowances, the OS90 cows produced similar yields to the NZ90 cows.  Nevertheless, the 
NZ90 were more profitable than the OS90 cows at all allowances, because of the high cost of 
the supplements relative to the price for milk (Kolver et al., 2004).  
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Figure 1  Mean values for yields of milk-solids per cow and per hectare in 2003/04, by three 
strains of Holstein Friesian cows, on grazing with different levels of supplementation in 
Hamilton, NZ (Macdonald, 2004). 
 
 
Although not fully analysed yet, these data from New Zealand and Ireland, do indicate the 
presence of an interaction between genotype×feeding level or system, which would be of 
great practical importance. Similar evidence was provided by Fulkerson (2000) for two strains 
of HF cows grazed on subtropical pastures, with three levels of concentrate feeding. 
 
Body condition and live weight 
 
The importance of body condition score (BCS) in achieving good reproductive performance 
has been highlighted by many studies (Villa-Godoy et al., 1988; Butler & Smith, 1989; Nebel 
& McGilliard, 1993; Senatore et al., 1996; Domecq et al., 1997; Buckley et al., 2003; Berry et 
al., 2003).  Other studies suggest that high genetic merit (for yield) cows may have higher 
energy requirements for maintenance when expressed per kg0.75, because one kg of their live 
weight contains higher proportions of metabolically active tissues (eg:- lean; digestive tract) 
(Agnew & Yan, 2000; Ferrell & Jenkins, 1985). Historic breeding schemes of the NAHF 
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almost worldwide have focussed solely on increased milk production, which has increased the 
gap between energy intake and output in early lactation, a gap that is exacerbated on pasture. 
The correlated response in feed intake in early lactation, due to selection for milk yield, can 
cover only 40-48% of the extra requirement (Van Arendonk et al., 1991), resulting in a 
greater mobilization of body reserves (body condition). Experiments comparing cows of high 
and moderate genetic merit for milk production, associate high genetic merit with more severe 
negative energy balance (NEB) in early lactation (Holmes, 1988; Gordon, 1996; Veerkamp & 
Emmans 1995; Oldenbroek, 1984; Buckley et al., 2000, Kennedy et al., 2003). Holmes 
(1988) also showed that at any given level of BCS at parturition, higher merit cows (for fat 
yield), lost more body condition (or gained less) post partum, as recently suggested by 
Dechow et al., (2002).  These problems caused by selection for yield, “angularity” (or 
sharpness, and thinness) and large size, were reviewed by Hansen (2000). 
 
In the New Zealand study outlined above (Kolver et al., 2004; Macdonald et al., 2005) all 
cows calved in condition scores above 5 (scale 1-10), but by mid to late lactation the OS90 
cows were thinnest (about 3.5), with the NZ90 cows intermediate (about 4.0) and the NZ70 
cows fattest (about 4.5).  The live weights before calving were about 520, 550 and 590 kg for 
the NZ70, NZ90 and OS90, respectively. 
 
Just as in the New Zealand study, Horan et al., (2005a), have shown that in Ireland the NZHF 
cows tended to be lighter than the NAHF cows, but tended to have a higher BCS at all times. 
The NZ strain had BCS values of 3.37 (Scale 1-5) immediately post partum, 2.84 at nadir and 
3.13 at drying-off. The BCS of the high production NAHF strain tended to be lower at 3.17, 
2.45 and 2.68, respectively, while that of the more moderately selected ‘high durability’ 
NAHF strain was intermediate at 3.24, 2.65 and 2.93, for the same times, respectively.  
 
A recent analysis of 100,000 first lactation cows from sire proving herds under seasonal 
grazing in New Zealand from 1987 to 1999 (Harris & 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); but were less likely to conceive to AI (47% vs. 61%), in a 5 to 7 week 
mating period; and had lower survival rates from first to second lactation (78% vs. 89%), and 
especially from first to fifth lactation (33% vs. 60%). 
 
The lower body weight (BW) and higher BCS of the NZ strain is likely to be a consequence 
of more than 50 years of selection for higher yields of milk fat, and later protein also, in cows 
managed under grazing conditions, with the associated restrictions on maximum daily feed 
intake and milk yield.  Maintenance of these characteristics will probably be helped by the 
recently included negative weighting on milk volume and BW within the New Zealand 
Breeding Worth Index (Harris et al., 1996). However, the superior BCS of the NZHF is also 
likely due to historic culling of relatively infertile cows that failed to meet the targets for 
seasonal calving, in New Zealand herds, and the moderate to strong positive genetic 
association that exists between BCS and reproductive efficiency (Pryce et al., 2001; Berry et 
al., 2003).  
 
Meeting energy demands from grass  
 
Kennedy et al., (2003) showed that with a high proportion of grass in the diet, NAHF cows 
highly selected for milk production were not capable of eating much more than NAHF cows 
of a lower production potential. On high concentrate diets however, high producing NAHF 
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cows achieved higher DM intakes. Similar conclusions can be drawn from the results of 
Kolver et al., (2002), for NZHF and NAHF on either pasture or TMR.  Hence the difference 
in milk yield between genotypes which differ in genetic potential for milk yield are smaller 
under grazing because intake is limited by the constraining factors discussed by Kolver & 
Muller (1998).  
 
Dry matter intake, estimated using the n-alkane technique as modified by Dillon & Stakelum 
(1989), differed by only 0.4kgDM/day between the high production NAHF and the NZHF 
strains (17.9 v. 17.5) on grass only (Horan et al., 2005c). A greater differential in total DM 
intake (1.9kg) was observed with cows offered a daily allowance of 3.7kg concentrate DM 
(20.8 v. 18.9 kgDM/day) while grazing. This is supported by the findings in New Zealand 
(Kolver et al., 2004). The NZ70 is able to maximise yield per cow on grazing only, with no 
supplementary feed; the NZ90 is superior to the NZ70 with or without supplementary feed, 
but shows increases in yields with supplementary feed; whereas the OS90 is no better than the 
NZ70 without supplement but with generous supplementation it is almost equal to the NZ90, 
in milk yields but not in profit.  This is in agreement with the results of Kolver et al., (2002), 
who reported values for daily DMI of 16.6 and 20.4 for grazed pasture and 17.3 and 24.0 on 
TMR, for New Zealand HF cows or Overseas HF cows respectively. For both strains, intakes 
were lower on pasture than on TMR, but on TMR the OS cows showed a much bigger 
increase in intake (3.6) than the New Zealand cows (0.7). This feature of a high grass-
concentrate substitution rate (resulting in a low response to concentrate supplementation), 
coupled with a higher BCS in the NZHF cows suggests that these animals achieve a greater 
proportion of their potential milk production on grass alone than do the high production 
potential NAHF cows. Linnane et al. (2004) concluded that the grazing appetite of the NZHF 
is compromised by the provision of supplementary food. Energy balance calculations also 
revealed that the energy balance of the NZHF was more positive than that of the NAHF in 
early lactation. When adjusted for BCS, Horan et al., (2005c) found that the lighter NZHF had 
the highest grass DM intake per kg live-weight, in agreement with the results of Caicedo-
Caldas et al., (2001) for a lighter and heavier strains of NAHF cows, and of Grainger & 
Goddard (2004) who compared Jerseys and NZHF. Faverdin et al., (1991) showed that 
substitution rate is lower with high yielding cows when energy requirements are not being 
met. In such situations, concentrate supplementation only slightly reduces herbage intake and 
appreciably improves animal performance. The high producing NAHF cows put the extra 
energy from the concentrate-based diet into milk rather than reducing their energy deficit, and 
showed lower substitution rates than the NZHF cows (Horan et al., 2005c). The decreased 
energy balance during early lactation maybe primarily the result of genetically controlled 
energy partitioning rather than the result of feed intake not keeping up with yield, and that the 
physiological processes may be similar to those normally associated with under nutrition 
(Veerkamp et al., 2003). It appears that the NZ strain can achieve a greater proportion of it’s 
energy requirement from a grass-only diet, and increased intake of concentrates reduces the 
intake of grass; on the other hand, increased concentrate supplementation resulted in higher 
energy intakes with the high producing NAHF and appear to be necessary to achieve it’s 
genetic production potential.  The key common factor is the size of the “relative energy 
deficit”, between the cow’s potential yield and energy demand, and its actual energy intake 
(Penno et al., 2001). 
 
Convincing evidence of a G×E interaction was also provided by Kolver et al., (2002), who 
compared widely different feeding systems and two distinctly different genetic strains of 
Holstein-Friesian cows.  For yields of milk and milk solids, the New Zealand strain was 
slightly superior on pasture, but the overseas strain was much superior on TMR.  This was 
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due, at least in part, to the inability of the OS strain to eat enough pasture to meet the needs of 
its heavier live weight and extra lactose synthesis (in higher milk volumes), which resulted in 
thinner body condition.  In terms of overall merit, the OS strain would have been a complete 
failure on pasture because of its high proportion of non-pregnant cows (63%).  However, 
current studies are showing that the OS (NAHF) strain may be suitable for extended lactations 
in non-seasonal systems with generous pasture and concentrates, where they can maintain 
high yields for longer periods of time (over 500 days up to the end of 2004; Eric Kolver, 
unpublished data). 
 
Lactation profiles 
 
Horan et al., (2005b) showed that the high producing NAHF production profile is 
characterised by a steeper incline from calving to peak and a greater decline from peak to the 
end of lactation (i.e. lower persistency). The persistency of the NZ strain was superior at low 
concentrate levels. However, the difference in persistency between the strains was reduced by 
adding supplement to the diet.  Kolver et al., (2000) showed that on a total mixed ration diet 
there was no difference in the persistency between NAHF and NZHF animals, but Kolver et 
al., (2002) reported that the genotype×feeding system interactions tended to increase as 
lactation progressed.  This is likely to have implications for survival on seasonal pasture-
based systems, because very high milk yield at the beginning of lactation (steep lactation 
curve) followed by reduced persistency exposes the cow to greater physiological stress, often 
increasing the frequency of reproductive disorders or metabolic diseases (Madsen, 1975).  
 
Other breeds and cross breeding 
 
To date the use of non-additive genetic variance has been uncommon in dairy cattle breeding 
compared with other domestic species. This is most likely because past experience showed 
that in general crosses did not exceed the best parental breed for milk volume (Willham, 
1985), namely the Holstein-Friesian, and because of inadequate attention to performance 
components other than milk volume that influence the life-cycle efficiency.  However, due to 
genetic improvement for milk production in other dairy breeds and a decline in 
fertility/survival within the Holstein-Friesian, crossbreeding may now be more attractive. 
 
The use of alternative breeds or crossbreeding to counter the decline in reproductive 
efficiency and health within NAHF populations is now being considered as a solution by 
some farmers in many countries. Lopez-Villalobos (1998) concluded that breeds other than 
NAHF, or crossbreds involving NAHF might be superior in providing a higher net farm 
income. The use of crossbreeding to counter the decreases in reproductive abilities, health and 
survival, and inbreeding, was discussed by McAllister (2002) and VanRaden & Sanders 
(2003). Lopez-Villalobos et al., (2000) showed a dual effect of increased survival on 
profitability through lower replacement rates and through higher milk yields with higher 
proportions of mature animals in a simulation study of seasonal calving herds in New 
Zealand.  
 
The lack of an across-breed evaluation procedure is an obstacle to the efficiency of this 
strategy in many countries, paradoxically due to a lack of data on which an evaluation system 
could be based.  However, in New Zealand, with 25% of Jersey×Friesian cows, an across-
breed evaluation has existed for the last 15 years, and within-breed selection (mainly Jersey 
and Friesians) has been carried out successfully for over 50 years. A recent study by Harris et 
al., (1999) showed that crossbreeding brought considerable merits in terms of fertility and 
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survival. Heterosis values of 5-6% for production traits and up to 18% for reproduction and 
health traits were observed. Twenty percent more crossbred cows survived to 5th lactation 
than did Holstein-Friesians, with the largest effect of heterosis in the NAHF×Jersey cross, and 
smallest in the NAHF×NZ HF cross. The Jersey breed, with its small size, represents the 
extreme of the dairy type, but its small size limits its value for beef although it enables it to 
eat more per kg live weight than other breeds (Grainger & Goddard, 2004). Under grazing in 
New Zealand, Jerseys produced less milk and solids per cow than Holstein Friesians but more 
per ha when both breeds were stocked at the same live weight/ha, or for maximum milk 
solids/ha (Ahlborn & Bryant, 1992). Slightly higher maximum net incomes were predicted for 
the Jerseys, at stocking rates of 3.7 Jerseys and 3.0 Holstein Friesians per ha.  The Jersey has 
a slightly shorter period from calving to first mating but a slightly lower conception rate, and 
slightly lower survival to 5th lactation than the NZHF (Harris & Winkelman, 2000).  Jerseys 
had significantly higher yields of milk solids on once-a-day milking in grazing systems, than 
NZHF cows (Dalley & Bateup, 2004; R. Gale unpublished report 2005). 
 
Holstein Friesians and Jerseys were managed either on confined feeding systems or on grazed 
pasture plus haylage and concentrates in the USA, and calved in spring and autumn (White et 
al., 2002; Washburn et al., 2002).  The authors concluded that “maintaining seasonal 
reproduction appears more feasible with Jerseys than with Holsteins, regardless of production 
system”. 
 
Scandinavian countries, particularly Norway and Sweden have included health and fertility 
traits, in addition to yield, in their total merit index for the past 30 years. As a result, fertility 
performance has not decreased in these breeds over time (Lindhe & Philipsson, 2001).  These 
cattle (Norwegian Red (NRF)) are now the subject of considerable interest in Ireland 
(Buckley et al., 2004; Ferris et al., 2004) as potentially suitable for cross breeding with the 
NAHF. Results presented by Buckley et al., 2004, highlighted the benefits of the Norwegian 
selection program, attributes that are similar to those observed with the NZHF (Table 2).   
 
 
Table 2  Effect of breed of dairy cow on reproductive performance (Buckley et al., 2004) 
  

 NAHF NRF 
 
Pregnancy rate to 1st service (%) 42 59 
6 week in calf rate (%) 56 75 
Empty rate after 14 weeks (%) 19 10 
  

 
 
Dillon et al., (2003) reported higher BCS and superior fertility/survival with the French dual-
purpose Montbeliarde and Normande breeds compared to NAHF when evaluated under 
pasture-based systems of milk production in Ireland. Breeding schemes for dual-purpose dairy 
breeds in France are designed to improve dairy attributes and functional traits in addition to 
beefing qualities, including growth and conformation. Heifers on seasonal grass based 
systems must typically calve at 2 years of age, and must therefore reach puberty by 12 to 14 
months of age. However, in France the age and live weight at which puberty occurs is 10 
months of age and 260 kg, and 16 months of age and 340 kg, for the Holstein-Friesian and 
Montbeliarde, respectively (Coulon et al., 1997).  No data are available for puberty in crosses 
between these breeds. In New Zealand, Holstein-Friesians with higher proportions of North 
American genetics generally reached puberty at older ages and heavier weights than NZHF 
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(Garcia-Muniz et al., 1997; McNaughton et al., 2002). These differences may have 
implications for the suitability of various breeds on seasonal grazing systems. 
 
Cross breeding in beef production 
 
The advantages of heterosis for reproduction and maternal traits in beef cows have been 
widely demonstrated and there are further advantages in progeny performance from using a 
sire from a third breed.  Ideally therefore, beef cows should be crossbred and should be mated 
to a bull from a third breed (Cundiff et al., 1992).  This happens in controlled, well managed, 
large herds where it is practical to allocate a proportion of the herd and use separate sires or 
artificial insemination specifically for the production of replacements.  In practice, many beef 
cow herds are small and have a requirement for only one bull.  In such circumstances a choice 
has to be made between use of a bull to produce replacements or to produce slaughter 
animals.  The latter option is usually preferred with the intention of sourcing replacements 
from outside the herd.  In the past, such replacements were available as beef crosses from the 
dairy herd (i.e. Hereford or Limousin cross Friesians).  These were very suitable as suckler 
cows with hybrid vigour, good fertility and good milk production (Drennan, 1993).  When 
crossed with a bull of late maturing breed type the resultant progeny had high overall 
performance. 
 
Genetic evaluations across countries and systems 
 
Currently Interbull routinely provides across country evaluations for production and some 
linear traits. This ‘globalization’ of dairy cattle breeding allows the provision of proofs from 
sires all around the world to be compared on a country’s own base through the Multiple Trait 
Across Country Evaluation procedure (MACE) (Schaeffer, 1994). To date Interbull does not 
routinely apply MACE procedures (or Multiple-Trait Herd Cluster techniques) to fertility 
information. However initial studies (van der Linde & de Jong, 2003) have reported low  
(–0.05) genetic correlations between longevity across some countries; the average genetic 
correlation between countries for direct longevity was 0.60. Nevertheless, such low 
correlations are partially attributable to the diversity in definition of longevity related traits 
between the different countries. Similarly, the European countries that use survival analysis to 
measure longevity exhibited genetic correlations between 0.56 and 0.88 (Van der Linde & de 
Jong, 2003). Despite this van der Linde & de Jong (2003) concluded that MACE for longevity 
traits is feasible. Recent studies (Weigel & Rekaya, 2000; Zwald et al., 2003) have been 
published which employ cluster analysis techniques or associated procedures to group herds 
of similar characteristics together thereby facilitating a borderless genetic evaluation of dairy 
cattle. Such techniques, if adopted, could increase genetic progress through improved 
accuracy of genetic evaluations for each management category. 
 
Traits required by grazing beef cattle  
 
Many of the comments on dairy systems apply equally to beef systems.  On temperate 
grassland, beef production, like milk production, is based on the efficient conversion of grass 
(grazed and conserved) to meat.  Biological efficiency is optimised when beef cows calve in 
late winter/early spring and increasing herd feed demand at least to mid season is matched by 
increasing grass growth and herbage supply.  In winter when cows are dry and for a short 
period after calving they mobilise body reserves to meet a portion of their nutrient 
requirements, and then replenish these reserves during the grazing season when herbage 
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supply is abundant.  Growing cattle can be “stored” in winter and subsequently exhibit 
compensatory growth at pasture. 
 
Unlike, Holstein-Friesian dairy cows, different strains of individual beef breeds have, either 
not evolved from selection in different production environments, or they have not spread 
outside of their own environment or geographical area.  Thus, experiments like those 
described earlier where various Holstein-Friesian strains were compared in different 
production environments do not exist for beef breeds.  In beef production, 
genotype×environment interactions usually refer to different breed types compared in 
different production environments. Geay & Robelin (1979) recommended that comparisons of 
different genotypes of cattle should include various feeding levels, as variability in 
performance is enhanced when animals are fed a high energy diet ad libitum which allows 
them express their growth potential, particularly for muscle.  Since then, many studies have 
investigated genotype×environment (including nutrition) effects. Most of these studies have 
compared different breeds, with very few comparing cattle from one breed with different 
genetic merits, and few have included a total grazing system. 
 
Reproductive and maternal traits 
 
One report showed small but significant interactions between breed and grazing environment 
in New Zealand, for weight of calf weaned per cow mated (Morris et al., 1993).  In general 
the large European breeds grew faster to heavier mature weights, but reached puberty at older 
ages and had lower reproductive efficiency, especially in less favourable conditions. Clearly, 
if cow breeds differing in mature size (and hence in maintenance requirements) are compared 
in an environment where nutrition is limiting, those with the highest requirement will be most 
adversely affected.  This may result in impaired fertility and consequent knock-on effects on 
calf production.  Similarly, if cow breeds differing in milk production potential are compared, 
inadequate nutrition will cause a greater reduction in milk yield in those of higher potential 
with consequent effects on calf performance.  When nutrition is not limiting all breeds can 
perform to their genetic potential for reproduction and milk production. 
 
Weight gains 
 
There is general agreement that large late maturing continental breeds (e.g. Charolais, Belgian 
Blue) have higher live weight gains than smaller late maturing breeds (e.g. Limousin, 
Piedmontese), early maturing breeds (e.g. Hereford, Angus) and dairy breeds (e.g. Friesian, 
Normand).  However, the extent to which differences between breed types depend on plane of 
nutrition is unclear.  There were no significant genotype by level of nutrition interactions in 
the studies of Lanholz (1977), Ferrell et al., (1978), Ferrell & Jenkins (1998) or Steen and 
Kilpatrick (1995), which included a range of non-grazing diets and breeds.  Similar 
conclusions can be drawn from studies which did include pasture in the system (Baker, 1977, 
Liboriussen et al., 1977), and from a study of progeny from bulls of 11 breeds, grazing at 
three locations in New Zealand, which differed in their ability to support high levels of animal 
production (Baker et al., 1990).   Liboriussen et al., (1977) studied the progeny from four 
sires, which were different in genetic merit for growth rate, and reared on four planes of 
nutrition.  There was no significant interaction for live weight gain but there was for carcass 
gain.  The ranking of the sires did not differ significantly for the different feeding levels but 
the superiority of one sire decreased with a decrease in feeding level. 
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Feed intake 
 
In most of the studies where different breed types were subjected to different levels of 
nutrition, the feeding levels were controlled, so no interactions between genotype and 
nutritional level for feed intake were possible.  Furthermore breed type and weight were often 
confounded.  It is generally accepted that Holstein-Friesians, other dairy breeds and perhaps 
also dual purpose breeds have a higher intake capacity than beef breeds, but differences 
between beef breeds are small and there was no evidence of interactions between genotype 
and feeding level (Geay & Robelin, 1979; Steen, 1995; Keane et al., 1989; Keane, 1994).    
 
Carcass composition 
 
An interaction between genotype and nutrition for carcass composition was described by Geay 
& Robelin (1979). A reduction of 17% in ME intake of early maturing Salers bulls between 9 
and 15 months of age, reduced the proportion of fat in the carcass without a significant effect on 
rate of body weight gain.  A similar reduction in the intake of Charolais reduced body weight 
gain but had no effect on body composition. The authors suggested that the effects of a 
reduction in energy intake depends on the protein deposition capacity of the animal relative to 
its energy intake. When energy intake is greater than protein deposition capacity, restriction 
reduces lipid deposition only and thus changes composition.  Conversely, when energy intake 
just matches protein deposition capacity, restriction reduces both lipid and protein deposition 
with little change in composition. The rate of live weight gain in Friesian bulls declined linearly 
after about 300kg live weight and protein deposition followed the same pattern.  In contrast, the 
rates of gain in live weight and protein in Charolais bulls increased up to about 480kg live 
weight before then declining. At the same feed intake, Friesians have a higher maintenance 
requirement than Charolais so the latter have more energy for growth which they use to deposit 
more protein and associated water and less lipid (Geay & Robelin, 1979). The intake capacity of 
Charolais matches their protein deposition capacity but Friesians, with their higher intake 
capacity have energy in excess of their protein deposition capacity, which is deposited as lipid, 
(Geay & Robelin, 1979). Growth of muscle was affected by level of feeding to a greater extent 
in Angus than in Friesians (Fortin et al., 1981), and the interaction was significant, but a similar 
study by Steen & Kilpatrick (1995) showed no significant interaction. A lower level of feeding 
increased the proportions of muscle and bone, but decreased the proportion of fat in Angus and 
Holstein cattle (Fortin et al., 1981), and in Friesian, Limousin×Friesian and Belgian 
Blue×Friesian cattle (Steen & Kilpatrick, 1995).  In the former study, the interaction was 
significant because the lower feeding caused a decrease in the weight of muscle in the Angus 
but not in the Holstein.  The interaction was not significant in the latter study, or in two other 
similar studies (Ferrell et al., 1978; Ferrell & Jenkins, 1998). There were no interactions 
between the effects of breed and location for 13 months weight, slaughter weight or slaughter 
traits of the progeny (up to 13 months), of 11 sire breeds, including 6 European beef breeds, 
plus Angus, Hereford, Friesian and Jersey, and grazed at three different sites, ranging from 
favourable to moderately hard grazing conditions in NZ (Baker et al., 1990). 
 
Conclusions and implications 
 
Genetic selection for yields of milk and solids has generally had similar effects regardless of 
production system; higher yields, thinner cows, and a decline in longevity.  However, with 
intensive grazing systems where seasonal calving is required, good reproductive 
efficiency/survival is essential, and potential daily intake is lower than for cattle on 
concentrated rations.  Because only about 10% of the world’s milk production is from grazing 
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systems the majority of dairy cattle have not been selected under grazing. Until recently most 
experimental results have indicated little or no important breed/strain×feeding system 
interactions in temperate dairying systems (Holmes, 1995).  However, there is increasing 
evidence to suggest that the highly selected (for milk production) NAHF is unable to express 
its full genetic potential for milk production in a grass-based environment. Cows selected 
under grazing conditions do appear to exhibit characteristics that make them suited to 
production from a grass only diet; a lower genetic potential for milk yield, an ability to 
consume high intake of herbage relative to their potential energy demand, an ability to 
maintain body condition (energy balance), a minimal requirement for concentrate 
supplementation, and an ability to reproduce and survive within the constraints of the seasonal 
system. Crossbreeding provides a simple method to increase the health and efficiency of 
strains such as the NAHF through the introduction of favourable genes governing some of 
these characteristics, and through heterosis.  
 
In future, improvement programmes should use a selection index that combines all the 
economically important traits appropriately for the local conditions and systems.  Genetic 
proofs should be based on the performance of daughters managed under these local 
conditions, although this may become less necessary as further and more detailed genetic 
information about individuals becomes available in a range of systems. In the future, 
however, the cows must be compatible with the system used, and prediction of the phenotypic 
performance of dairy cattle must be based on knowledge of the cow’s genotype as well as the 
environment in which they are managed. Polarisation of dairy cattle breeding is therefore 
likely in the coming years as the selection criteria chosen are refined to best reflect the 
profitability of various different systems of milk production. 
 
In marked contrast, almost all beef cows and most growing cattle are managed under grazing 
systems.  Therefore there has been much less tendency to select cattle for a particular system 
of feeding or management and selection has probably not resulted in such extremely high 
genetic potential for energy required per day, as in dairy cows.  The relatively limited amount 
of research has shown few important interactions between genotype×feeding systems. 
 
Where beef cow breeds of different mature size are managed in a sub-optimal nutritional 
environment, the larger breeds with higher requirements are more adversely affected by 
inadequate nutrition with consequent effects on calf performance.  Aside from fertility and 
milk production, there is little evidence of genotype×environment in interactions for growth 
rate, weight for age, slaughter weight or the common slaughter traits.  The ranking of widely 
different breeds for these traits is consistent across a wide range of production environments.  
There is also little evidence for a genotype×environment interaction for intake, but the issue 
has not been studied in detail. 
 
Genotype x environment interactions for carcass composition depend on the animals genetic 
potential capacity for muscle deposition relative to its dietary intake of energy.  When energy 
intake is higher than the capacity to deposit protein, surplus energy is deposited as fat; this 
will occur more readily, and at lower intakes in animals with lower protein deposition 
capacities, due to genetics and/or to age and growth phase. 
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