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Abstract of a Dissertation submitted in partial fulfilment of the 

requirements for the Degree of Bachelor of Agricultural Science (Honours). 

 

Modelling the Effects of  

Biological Traits on Maternal Beef Cow Efficiency 

 

by 

Allen Gregory 

 

A model of maternal biological factors was developed to investigate the effects that they would have 

on the biological efficiency of a beef cow herd on NZ Class 2 Hill Country. In the model there was four 

different treatments imposed, mature cow weight at weaning, sire weight, lactation potential and 

pasture supply and quality. The three different mature cow weights used were 400kg, 500kg and 

600kg. Sire weight was similar being 450kg, 500kg and 650 kg. Lactation potential was modelled at 

three different levels, low, medium and high. Total yield for the length of the lactation was 

subsequently 1534kg, 1753kg and 1973kg for each lactation treatment. Pasture supply modelled was 

developed and undeveloped hill country from a South Canterbury field trial.  

From this the feed profiling model could work out the output and inputs for each scenario in terms of 

energy required and kg of calf produced at weaning. This allowed the effect that each factor had on 

the maternal efficiency to be quantified.  

Lactation potential has the biggest effect on calf weights to weaning, with calves on cows with high 

lactation potential being on average, 18.4kg heavier at weaning than those on medium lactation 

potential. In regards to efficiency, kg calf weaned per kg of cow at weaning, lactation potential and 

mature cow weight of the cow had the biggest effect, with cows that had a low mature weight and 

high lactation potential being the most efficient (56-60%). Cows with a high mature weight and low 

lactation potential had the worst efficiency at 32-33%.  

To improve the efficiency of the beef cow herd in NZ it would be to crossbreed and fuse high 

lactation potential genetics into beef cow herds, whilst focusing on a smaller more productive cow. 

This will allow heavier weights at weaning, and through this model has demonstrated that these 

cows are the most efficient convertors of grass to kg of gain in calf weights to weaning.  

Keywords: beef cow efficiency, lactation potential, modelling, milk and grass intake of calf.  
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Chapter 1 

Introduction 

New Zealand sheep and beef farmers are seen as some of the most competitive and productive 

farmers in the world. However our beef cow production lacks competiveness to other production 

systems and is often seen as a secondary stock class. For many farmers the benefit of having beef 

cows is due to the positive impact that they have on other stock classes as they help to maintain 

pasture quality (Smeaton et al, 2008).    

The beef cow is relatively inefficient, with an average calving percentage of 85% from 3t DM 

consumed per head (Smeaton et al, 2008). In a beef-breeding cowherd finishing steers to 305kg, 70% 

of feed consumed is for maintenance with 70% of this consumed by the beef cow itself (Ferrel & 

Jenkins, 1985). A number of studies have looked at the productivity and profitability of the beef cow 

operation, (Smeaton et al, 2008; Thomas, C. 2009). Massey University have also looked at beef cow 

efficiency, and have particularly looked at crossbreeding with dairy types and the interaction of 

lactation potential and cow liveweight on weaner growth (Hickson et al, 2012; Law et al, 2013; Roca-

Fraga et al, 2013; Hickson et al, 2014).  

The correlation of 180-day calf weight and efficiency of the cow calf production unit was found to be 

0.81 by Wagner (1984). This generates an incentive to increase calf weaning weights, which is driven 

by growth potential of the calf.  

One of the issues that surround the beef-breeding cowherd is their profitability. Smeaton et al (2008) 

has shown that they produce a return of 6.8 cents per kg of dry matter consumed. This makes them 

one of the less profitable stock classes on a property. However it is not the direct return on feed 

consumed that highlights the importance of the beef cow but it is the complimentary role that they 

play to other stock classes.  Because of this the quality of the feed consumed needs to be 

investigated to determine the effect that this has on the efficiency of the herd.  

With the current research and optimism in the beef industry it is important that farmers understand 

the key factors that can improve the efficiency and profitability of their beef cow herds. The key 

driver for this is more kg of beef weaned per kg of cow at weaning. Subsequently the key factors that 

affect this are growth potential, lactation potential and pasture supplied/quality.  

To improve growth potential involves selecting animals that have higher estimated breeding values 

for the growth traits, 200, 400 and 600-day weight. The biggest issue with this however is the genetic 
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correlation that these have with mature cow weight, +.60, +.55 and +.75 respectively. This is where 

crossbreeding can help, by using dams with lower mature weights with sires for high growth 

potential. Consideration needs to be given to birth-weight and calving ease of these sires, otherwise 

dystocia and calving issues can occur. 

Lactation potential has been shown to have a significant impact on beef cow efficiency, as it is a key 

driver for growth of calves up to weaning. Emphasis is now starting to be put on selecting for breeds, 

or crossbreeding into the beef cowherds, that have high potential for milk yield. However there can 

be issues with this when pasture availability is reduced. The question then is; at what level does this 

become an issue for the beef cow and her calf?  

The final variable to be investigated is pasture quality and quantity. Based on two scenarios of 

developed and undeveloped hill country, the aim is to quantify the effect that this can have on calf 

growth rates and herd efficiency. As hill country pasture development has increased in the last few 

years, the level of feeding that has been provided to capital stock has vastly improved. However the 

beef cow has often still been neglected compared to the ewe flock. By including this factor, the 

influence on weaning weights should illustrate the potential there is for improvement in beef cow 

efficiency.  

The objective of this study is to determine the significance and quantify the effects that mature cow 

size, growth potential, lactation potential and pasture quality/quantity has on calf weaning weights 

and subsequently beef cow efficiency.  
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Chapter 2 

Factors Affecting Beef Cow Efficiency 

2.1 Maintenance  

Maintenance is the biggest cost in a beef production system. This is due to the length of the life cycle 

with the average age of prime steers/heifers being killed at 26-33 months of age (Gibbs, 2015). 

Because of this, as noted above maintenance costs requires 70% of feed consumed. Arango & Van 

Vleck (2002) note that the maintenance cost of the cow is the biggest factor determining biological 

efficiency. Arango & Van Vleck (2002) go on to talk about the interaction between biological 

components and conclude that milk production is also a big cost to the cow in regards to 

maintenance. Differences in this explained 23% of the variation in energy requirements when beef 

cows of different breed composition were fed to maintain constant body weight. Breeds selected for 

milk production have been found to reach puberty earlier than breeds of similar mature size and 

those selected for lean growth. However it has also been found that those with high milk production, 

medium to large mature size, and high reproductive rates require favourable nutrient conditions to 

meet requirements for growth, lactation and maintenance. When feed is not limiting, these cows can 

perform very favourable with high calf growth rates. However a study by Seifert & Rudder (1975), 

cited by Arango & Van Vleck (2002) found that in a nutritionally stressful environment cows that 

were smaller and highly fertile were more efficient weaning calves of similar weight to heavy, lower 

fertility cows. Studies (Dickerson, 1978; Fitzhugh, 1978; Taylor, 1972) cited by Arango & Van Vleck 

(2002) have noted that smaller cows are more efficient in grazing systems were seasonal and scarce 

forage resources are available. Fitzhugh (1978) cited by Arango & Van Vleck (2002) concluded that 

under harsh conditions there had been a natural selection for small mature size. Along with these 

feed advantages under these harsher environments, and lower maintenance costs, smaller animals 

mature, reach market weight and reproduce earlier than larger animals. This is a key advantage in 

the NZ beef production system as we aim for a carcass weight of approximately 300 kg off grass. In 

Australia there is a much bigger advantage in having a larger mature size as they finish to heavier 

carcass weights through feedlots.  

2.2 Fertility 

Beef cow efficiency is often measured as calf weaning weight over mature cow weight. But first and 

foremost there must be a live calf on the ground. Cows that are dry also consume a large amount of 

feed, which is not put into their calf, either through pregnancy or lactation. Smeaton et al (2008) 

highlight the fact the industry average for weaning is 80-82 calves per 100 cows, making 1 in 5 cows 
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non-productive. This is a very large cost to the efficiency and productivity of the industry. This study 

also compared average herds against high performance herds. High performance herds had an 

efficiency of 0.48kg calf weaned/kg cow at weaning as opposed to average herds, which weaned 

0.30kg/kg. The key-starting platform for this advantage was pregnancy rates with high performance 

herds weaning in excess of 92 calves per 100 cows.  

Many herds are now calving heifers at two years of age. Nicol (1983) noted that the earlier onset of 

puberty allowed the selection of breeding animals at a younger age. This practice significantly 

reduces the generation interval. As this was one of the earlier studies for looking at heifer calving, 

many of his conclusions still required more work. One of the points that he suggested was that there 

was no genetic correlation between age or weight at puberty and future lifetime productivity.  

Morris and Symes (2010) looked at the age of first puberty in a control line and a selection line. 

Through this they found a phenotypic correlation between standardised age at first oestrous and 

yearling weight of -0.33 +/- 0.02. There was a genetic correlation in females of -0.25 +/- 0.08.  The 

genetic correlation for standardised age at first oestrous for mature cow mating weight was 0.123 +/- 

0.059. Subsequently cows that were selected for earlier age at first oestrous were significantly 

heavier than the control line and those selected for a later age at first oestrous. This contradicts 

Nicol’s conclusion that there is no genetic correlation between age or weight and puberty onset. 

2.2.1 Reproductive Tract Scoring 

Reproductive tract scores (RTS) are a way that puberty development in virgin heifers can be 

assessed. It involves the rectal palpation of the uterine horns and ovaries. Heifers are ranked on a 1-5 

scale, with one being small and toneless horns and ovaries and a five having good uterine tone and 

size, follicular growth and a palpable corpus luteum (Sorenson, 2013). Rathmann et al (2007) have 

looked at a number of variables to determine if they had an effect on RTS. A full model looking at RTS 

with the independent variables (dam parity, age, weaning weight, post-weaning weight gain, weight 

on the first day of the virgin breeding season and frame score) was analysed. From this, age (p=0.01) 

and weight on the first day of the virgin breeding season (RTS weight) (0 < 0.01) were found to be the 

most significant and were combined to form a reduced model, RTS = -8.12 + .0116 Age + 0.174 RTS 

weight (R2 = 0.35).   

Pregnancy rates for first calving heifers with an RTS score of 3, 4, 5 (group 2) were 12.1% higher at 

94.1% than those with an RTS score of 1 or 2 (group 1). This difference was even higher with second 

calvers at 16.2%. (91.2% vs. 62.5%). The other significant difference was in the number of heifers that 

got pregnant in both the first and second year.  Group 1 heifer’s had 62.5% heifers diagnosed 

pregnant over both years compared to group 2 heifers at 91.2% (p < 0.01) (Rathmann et al, 2007).  
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This study was conducted in Texas and involved Bonsmara heifers. The heifers were mated over a 90-

day mating period and natural mating was used. There are a number of key conclusions from the 

study around the size of the reproductive tract, as has been noted.  

Holm et al (2014) also noted a difference in reproductive performance in heifers with RTS. This study 

also found that the first two seasons and their RTS scores reflected individual lifetime performance. 

This study found that RTS was not directly linked to lifetime reproductive performance, but was 

determined more by the outcome of their first breeding season, which was directly linked to RTS.  

2.2.2 Lifetime Performance 

Lifetime performance in beef heifers was positively correlated with age at first calving, as those that 

calved earlier in a 60-day mating period would wean more kilograms of calf live weight (p< 0.01).  

(Lesmeister et al, 1973) 

 Weaning Weight  (kg) 

Calving Group Bozeman herd Havre herd 

Early 202 185 

1 197 189 

2 189 185 

3 186 180 

4 184  

Late 171 179 

Table 2.1 Calving group and weaning weights (Lesmeister, 1973) 

Calving group is determined by the 21-day period in which they calved, with the early group being 

any that calved before the planned start of calving. This table shows the benefit of having heifers 

calving earlier, not only do they wean heavier calves but they also conceive earlier in the following 

season. Lesmeister (1973) found initial calving group to have a significant (P<0.05) effect on 

subsequent calving group. This can have a huge effect on reproductive efficiency of beef cowherds 

and it is important that cows can reconceive within a 365 day time period. Any cow that cannot do 

this will eventually fall out of the herd, due to the inability to get in calf.   

Beef and Lamb NZ’s economic services team has put together benchmarking data. This allows all 

farms within a class to see which quartile they sit in for a wide range of KPI’s. 

Marlborough/Canterbury Class 2-Hill Country is the farm class for which industry data will be used 

from for development of this model. This supplies the environmental component of maintenance 

requirements, along with the calving percentage. For Class 2 this is an average of 85.3%. This calving 

percentage is the number of calves marked as a percentage of cows mated. Beef and Lamb NZ (2015) 

describe Class 2 as “traditionally store stock producers with a proportion sold prime in good seasons. 

Carrying between 2-7 SU/ha, they usually have a significant proportion of beef cattle.”  
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2.3 Genetic Growth Potential 

Heritability’s, genetic, phenotypic and environmental correlations for growth traits were looked at by 

Barlow and Dettmann (1978). Growth to weaning had a heritability of 0.21, this was slightly lower 

than previous studies from Australia which had found the heritability to be 0.27 and 0.30. Genetic 

and phenotypic correlations were looked at between weaning weight, weaning age, average daily 

growth and age corrected weaning weight. This found correlations of 0.97 to 0.99 for all traits 

observed which is to be expected as they are mathematically connected. This study performed a 

least squares statistical analysis that included the following variables; herd, year, sex of calf and age 

of dam. These were all significant sources of variation for growth through to weaning.  

Calf growth rates on the dam are affected by the environment to a large extent. This is shown by the 

heritability of growth being at 0.21 (Barlow & Dettmann, 1978). There is however an underlying 

relationship of growth rate determined by mature size of the animal. This relationship links to the 

theory of genetic size scaling.  

Hohenboken et al (1973) found a correlation of 0.16 for dam weight and calf birth weight and a 

correlation of 0.10 for dam weight and calf weaning weight. They also found a positive correlation of 

calf growth rates with milk production of the dam of 0.34.  

However, along with these simple correlations of milk and dam size, there is also the interaction of 

changes in dam condition and weight. These interactions between changes in condition score and 

live weight can have a significant effect on calf growth rates. This has been shown by Brinks et al 

(1962), Gregory et al (1950), Lindsey et al (1970) and Singh et al (1970) who all found negative 

correlations between increases in cow condition during lactation and calf weaning weights.  The 

study by Singh et al (1970) found that heavier cows produced heavier calves at birth but for every 1% 

loss in cow weight during lactation an extra 0.14-1.09 kg in calf weaning weight was gained. This is a 

significant interaction and comes back to the cow’s ability to mobilise their body reserves during the 

critical period post-partum when they are in a negative energy balance. Typically those that mobilise 

a greater proportion of body tissue will produce a greater volume of milk and this is what helps to 

increase calf growth rates to weaning, resulting in the interaction that Singh et al (1970) has noted. 

Arango & Van Vleck (2002) note that milk production and mature size are the two biggest 

components of efficiency. The importance of body size has led to it being included in a number of 

selection indices. Arango and Van Vleck (2002) have looked at growth and specifically at cattle of a 

mature age. Growth is constinuous for animals, even if their weight is not changing but through the 

replacement of body cells, and it is this that ultimately makes up the maintenance requirements for 
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animals. The importance of growth in cattle production systems is made evident by the low rate of 

reproduction in cattle production systems.  

Growth is determined by both genetic and non-genetics factors, which is represented by its 

heritability’s. Mature weight has a heritability of 0.4 with 200-day weight only having a heritability of 

0.12 (Angus Australia, 2015). Even though there are a number of factors, which influence growth, 

there is a distinct pattern that it follows. This is a sigmoid or S shaped curve, which can be explained 

by the Gompertz growth curves.  

The phenotypic growth of the calf is influenced by two components. One, the calf’s own genes for 

growth and (two) the additive genotypic values for maternal ability of the dam, in this case, the 

genes for milk production (Baker, 1980). This will be further investigated within the model, as this is 

the key driver for growth of the calf in the model, along with the interaction of pasture supply.  

2.4 Lactation  

The effect of milk production on calf growth is dependent on two factors; the length of lactation and 

the age of the calf (Baker, 1980). In a study by Brumby et al (1963) calves were weaned at 168 days 

of age. This study showed that calves had a rapidly declining demand for milk production after 84 

days of age.  

This was also confirmed by Neville (1962) who noted that the greatest relationship between weight 

gain and dam milk production was during the first 60 days post calving. This study showed the 

relationship between nutrition and the dam’s potential milk production on the effect of the calf’s 

growth rate to weaning. From this study they found that 66% of the variation of weight at 8 months 

of age was due to differences in milk consumption. This study also highlighted the interaction of milk 

production/consumption and nutritional effects. Nutritional effects impacted on two levels. The first 

was average milk production of the dam within each nutritional treatment, which is in turn affected 

by inherent milk producing ability and nutrition of the dam.  The second was the general plane of 

nutrition other than milk available to the calf (Neville, 1962). A keynote was that, as nutrition 

improved so too would milk production, which is expected, and with this there was a lower 

correlation between milk production and 240 day weights. 12.5, 10.8 and 6.3 lb. of milk are required 

during the 1st, 3rd and 6th month of lactation to gain a pound of calf growth Drewry et al. (1959). 

This is similar to 8.06 lb. milk per pound of calf growth for the first 8 weeks, found by Montsma 

(1960).   
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Clutter and Nielsen (1987) have also looked at milk production and calf performance. This study 

looked at the peak of the milk production curve and the length at which the cows could hold this. 

Cows bred for high milk flow had a greater peak milk flow and were able to hold this for longer than 

the medium cows which were also above the low milk flow cows. Figure 2.1 illustrates this.  

Figure 2.1 Milk group lactation curves (Clutter & Nielson, 1987) 

From this they determined that milk production would peak at 50-60 days post-calving, from which it 

would gradually start to decrease. This study also highlighted the differences in milk yield between 

age groups. This study had cows above 6 years of age grouped together and estimated production in 

5 year olds to be 380 kg greater than the 2 year olds; this was a significant difference of P < 0.01 

between age groups.  

Clutter and Nielsen (1987) also found a decreasing correlation between milk yield and pre weaning 

gain as the age of the calf increased as was noted by Neville (1962), Drewry et al (1959) and 

Montsma (1960). 

2.5 Pasture Quantity and Quality  

Thompson & Stevens (2011) conducted two trials in dry South Island hill country, one that looked at 

improving pasture production through old over-sown pasture species receiving 100kg N/ha and 

another that involved a fully developed over-sown block. In both of these trials, control blocks were 

adjacent to the trial blocks.  
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Table 2.2 Pasture accumulation in kg DM/ha per season for the four blocks compared 
(Thompson & Stevens, 2011).  

Table 2.2 shows that both methods increased pasture production, with the biggest increase being 

seen in the over-sown block. Over the three years of the trial this block grew 3200kg DM/ha/year 

more than the other blocks included in the trial. The Waikari Hills over-sown block also had higher 

pasture quality. Metabolisable energy content was an average of 11.08 over the first two years of the 

trial compared with 10.04 M/D for the Waikari Hills control block.  

Meurk & Turner (1985) also found an increase in pasture production when development in hill 

country occurred. They measured an increase of 10,000 kg DM/ha over unimproved hill country 

when Nui ryegrass, Huia white clover, capital and annual fertiliser, subdivision and rotational grazing 

was used. This corresponded to a stocking rate of 10.9 SU/ha at 60% utilisation. Both of these studies 

have shown that by increasing soil fertility and introducing new pasture species, annual pasture 

production can be dramatically increased. This allows farmers to increase carrying capacity on their 

properties along with being able to feed their stock better during critical periods throughout the 

year.  
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Chapter 3 

Modelling Feed Demand  

3.1 Model Design for the Cow 

The objective of this study is to determine the efficiency of a cowherd of different mature sizes and 

lactation potentials. This will allow the energy demand for this cowherd to be calculated and 

assessed against their respective performance, the calves weaning weights. To enable this the energy 

demands for the cow need to be determined. This is split into two key areas, maintenance and 

production requirements (pregnancy and lactation).  

3.1.1 Maintenance Requirement 

All animals use energy to maintain homeothermy and vital processes in its body and daily activities. 

At a maintenance level of feeding these basal requirements are met at an exact amount so that the 

energy balance is zero. The metabolisable energy requirements are expressed as Mem (CSIRO, 2007). 

The equation used to determine the maintenance requirement of the cow are given by ARFC (1995) 

as:  

 MEm = (F + A)/Km       Equation 1 

Where F = fasting metabolism and 

            A = activity allowance at 0.0158 x live weight 

         Km = 0.717 

The fasting metabolism (F) requirements of cattle are given by: 

F (MJ/d) = {0.53(W/1.08)0.75}        Equation 2 

Live weight is the maternal weight of the cow plus conceptus weight as;  

Conceptus Wt (kg) = (Wc x 0.025 x (10(151.665 – 151.64 x 2.718282 EXP (-0.0000576 x t))))/Y Equation 3 

Where Y = SBW/(SBW x 0.025 x (10(151.665 – 151.64 x 2.718282 EXP (-0.0000576 x 282))))/0.56  Equation 4 

t = days since conception  

SBW = standard birth weight of 40kg  
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3.1.2 Production Requirements 

Calf birth weight is determined from the dam and the sire’s genetic mature weight. This gives the calf 

a mature body weight from which its birth weight is calculated using the following equation; 

Wc (kg) = (Wm0.73 – 28.89)/2.064      Equation 5 

The ME required to sustain a pregnancy for a cow is determined by:  

MEp = (0.025 x Wc (Et x 0.0201 x 2.718282 (-0.0000576t)))/0.133   Equation 6 

Where Et gives the total energy retention a time t in the gravid foetus, assuming a 40kg calf birth-

weight, as: 

log10(Et) = 151.665 – 151.64 x 2.718282 (-0.0000576t)     Equation 7 

 

Changes in body weight require the use of energy along with supplying energy when body reserves 

are mobilised. This is expressed with the following equation; 

ME from live weight loss in lactating cows  

EVg = (19 x 0.84)/kf        Equation 8 

Kf is 0.634 so equation 6 gives a value of 25.2 MJME per kg of live weight loss 

To determine the energy requirement of lactation, the Woods lactation curve is used. With genetic 

parameters fitted this determines the potential lactation curve of the cow and the following equation 

is used to calculate energy requirements for this.  

MEl (MJ/d) = (Y x [EVl])/kl        Equation 9  

[EVl] is the energy value of milk and is assumed to be 2.938 MJ/kg 

Kl = 0.67 which is the efficiency of lactation 

Where Y is the milk yield in kg/d and is calculated using the Woods (1967) equation as follows;  

Y = atb.EXPct          Equation 10 

Where a, is the parameter that defines lactation potential 

 b = 0.121 and c = 0.0048 

With these parameters peak milk yield occurs at 25.2 days after birth for all scenarios.  
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Figure 3.1 illustrates how the reference intake of a cow is determined. Following on from this, figure 

3.3 shows how this is manipulated by pasture quality to determine the actual milk yield of the cow.  

Figure 3.1 Diagram of feed demand due to lactation demand 

 

3.2 Model Design for Calf Demand and Intake 

The feed profiling model used in this analysis (Bywater, 2015 pers. com) divides the year into 24 half 

monthly periods, with period 1 defines as the first half of July. For this analysis, calves are born in 

period 5 (September 1-15) and weaned in period 19 (April 1-15), equating to weaning at 204 days of 

age. This matches very closely with the rise and drop of pasture growth rates and is in accordance 

with the average age of weaning being 200-days for calves. 

The model for calf demand and intake is based off the calf’s genetic potential for growth, as shown in 

figure 3.2. This allows a reference intake to be calculated based on current and mature weight. This is 

then adjusted due to feed availability of milk and pasture, which allows the actual growth rate to be 

determined, and thus the calves weaning weight at 200 days of age.  

3.2.1 Calf Growth Rates 

To determine calf growth rates, firstly a potential growth rate is calculated, using a Richards equation 

(France et al, 1996) shown in equation 11. This was chosen because it explicitly includes current and 

mature weight and thus will automatically account for deviations from a reference growth curve 

caused by limitations in feed availability or quality. 

Potential weight gain (PotWtGain) (kg/day) = 0.142857 x µ x LWT ((MWn) – (LWTn) / (N x 

MWn)        Equation 11 

o Where µ is the growth parameter = 0.03496 (Emmans, 1997) 

o and n = -0.504 

o LWT is the live weight of the calf in period t-1 or for Period 5 the calf’s birth weight 

o MW is the calf’s mature weight which is taken as the average of the sire and dams mature 

weight  
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This allows a reference weight to be calculated;  

RefWt = LWTt-1 + PotWtGain x n      Equation 12 

Where n is the number of days in the current period 

Reference ME requirement is then calculated as the maintenance energy requirement and cost of 

gain for the reference weight and potential gain from equations 11 and 12.  

RefMEI = (0.53 x (refWt/1.08)0.75 + A x RefWt)/0.717) + PotWtGain x ((4.1 + 0.0332 X RefWt 

– 0.000009 X RefWt2) / (1-0.1475 x PotWtGain)/0.483   

         Equation 13 

where A is the activity allowance (MJ ME per kg LWt) depending on farm class 

Figure 3.2 Diagram of determining potential growth rate and reference intake 

3.2.2 Calf Feed Intakes 

Accurate prediction of feed intake is important as it not only determines the energy intake of an 

animal but is the most important factor determining animal performance (Vela-Jimenez, 2001). 

Estimation of calf feed intakes is based on concepts of physical and physiological or metabolic control 

of voluntary feed intake. The amount of milk that a calf can ingest from its dam is determined, and 

then pasture intake is estimated using these concepts and depending on the age of the calf. Figure 

3.2 demonstrates the pathway that is taken to determine intake and ultimately growth for a calf.  

Voluntary feed intake (VFI) is controlled by mechanisms that relate to forage characteristics and 

animal production. Feed intake is a response to an animal’s actual energy requirement, which is 

determined by its level of production (Vela-Jimenez, 2001). If for some reason (such as the quality of 
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Pasture quality in terms of the M/D value or MJ ME/kg DM is a measurable aspect of forages that can 

affect relative intake. Cell wall constituent (CWC) can be measured by the neutral detergent fibre 

method (NDF) and gives an estimate of the filling effect of food particles in the rumen. High CWC 

content in pasture limits intake by filling the gut and lowering the rate of passage through the 

digestive tract. When the digestibility of a feed increases so too does passage rate and actual intake. 

In the case of the suckling calf, there is some conflicting views in the literature on which mechanisms 

are acting to limit intake, particularly of forage.  Ansotegui et al (1991) observed similar digestible 

energy intakes in calves over two seasons when cow milk yields were significantly different and 

concluded that intake of pastures by the calves was limited by metabolic or physiological control 

mechanisms rather than physical limits.  Wright & Russel (1987) observed that while there was a 

substitution of pasture for milk intake when cows yield was restricted, overall intake was reduced 

where the dam’s milk production was lower.  They analysed a number of reports from the literature 

and concluded that the substitution rate of pasture for milk depends on the quality of the pasture on 

offer with the rate of substitution being lower on lower quality pasture. 

It is assumed that substitution of pasture for milk must also be influenced by the age of the calf.  In 

the pre-ruminant calf, there is essentially no effective pasture intake and the calf must rely on the 

dam’s milk entirely.  As the calf gets older, pasture intake increases and milk intake reduces until at 

weaning, pasture intake is constrained primarily by physical limits as described above and there is no 

substitution of milk intake per se.    

In the model, this is represented by three factors; the required energy intake as calculated from the 

reference weight and potential growth rate described above; the animal’s ability to consume forage 

as primarily determined by the fill effect of the NDF content of the pasture; and a substitution rate of 

pasture for milk which is first limited by the age of the calf and then by the quality of the forage     
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Figure 3.3 Diagram of pathway to determine actual intake and growth rate 

From birth, milk energy intake is calculated by; 

Milk NRG = Y x 2.938 x 0.985       Equation 14 

Where y = the cow’s milk yield (kg), 2.938 is the energy value of the milk and 0.985 is its digestibility. 

From equations 13 and 14 the deficit in energy intake is calculated. This determines how much of the 

diet needs to be replaced by pasture. Equation 15 is used to determine the energy deficit. 

NRG deficit = IF (RefMEI < Milk NRG ,0, RefMEI – Milk NRG)   Equation 15  

From here a substitution rate of energy is determined which defines how much of the energy deficit 

of milk can be replaced by pasture. This is based on the calf’s ability to consume pasture and the 

relationship from Wright and Russel (1987) that determines the substitution rate of milk with pasture 

based on the quality (M/D value) of the pasture. The calf’s ability to consume pasture has been 

defined arbitrarily on the age of calf by the time period from birth with the first 2 periods (30 days) 

being set at 1% of the NDF constrained intake, 25% for the next period (15 days), and 50%, then 75% 

and 100% for each succeeding period after that. Equations 16 and 17 calculate the maximum pasture 

intake as the subsitutaion rate of pasture for milk based on the maximum of either the percentage of 

NDF constrained intake or the M/D dependant substitution rate from wright and Russel (1987).  

SubRate = MAX (Pasture Intake %, -(2.4-0.275 x M/D))    Equation 16 

Max DMI (substitution) = NRG deficit x SubRate / M/D    Equation 17 

The following step is to determine the maximum NDF intake of the calf (equation 18) from Mertens 

(1987). From this energy intake is able to be calculated (equation 19). This is the minimum of either 
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Figure 3.4 Pasture growth rates in developed hill country and undeveloped hill country at 
Mount Peel Station from September 2008 – November 2010 (Stevens & 
Thompson, 2010).  

From this data, the following yearly pasture growth data was formulated.  

Table 3.2 Hill country pasture growth rate parameters (kg DM/ha/day) 

 
Feed quality was measured data that has also been provided by Stevens (2015, pers. com.). This data 
has been taken from throughout New Zealand hill country sites from AgResearch trials.  The quality 
data that has been used in the model is the Canterbury data for undeveloped and Southland data for 
developed pastures as shown in Figure 3.5 
 

Hill Country
Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Total
Developed 3.62 3.22 3.22 2.81 9.6 16.4 20.9 27.97 42.13 34.61 27.08 64.99 34.23 44.39 54.54 45.82 37.1 34.24 8.26 9.85 11.43 4.43 3.71 2.99 8250.3
Undevloped 1.75 1.15 1.15 0.54 1.3 7.88 18.78 18.52 10.53 15.8 21.06 39.35 28.98 39.01 49.04 36.74 24.43 19.72 2.75 8.27 13.79 1.21 1.48 1.48 5494.8
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 Medium mature cow weight x high mature weight sire x low milk potential x 
undeveloped  

 Medium mature cow weight x high mature weight sire x medium milk potential x 
undeveloped  

 Medium mature cow weight x high mature weight sire x high milk potential x 
undeveloped  

 

 High mature cow weight x low mature weight sire x low milk potential x undeveloped  
 High mature cow weight x low mature weight sire x medium milk potential x 

undeveloped  
 High mature cow weight x low mature weight sire x high milk potential x undeveloped  

 

 High mature cow weight x medium mature weight sire x low milk potential x 
undeveloped  

 High mature cow weight x medium mature weight sire x medium milk potential x 
undeveloped  

 High mature cow weight x medium mature weight sire x high milk potential x 
undeveloped  

 

 High mature cow weight x high mature weight sire x low milk potential x undeveloped  
 High mature cow weight x high mature weight sire x medium milk potential x 

undeveloped  
 High mature cow weight x high mature weight sire x high milk potential x undeveloped  

 

 Low mature cow weight x low mature weight sire x low milk potential x developed  
 Low mature cow weight x low mature weight sire x medium milk potential x developed  
 Low mature cow weight x low mature weight sire x high milk potential x developed  

 

 Low mature cow weight x medium mature weight sire x low milk potential x developed  
 Low mature cow weight x medium mature weight sire x medium milk potential x 

developed  
 Low mature cow weight x medium mature weight sire x high milk potential x developed  

 

 Low mature cow weight x high mature weight sire x low milk potential x developed  
 Low mature cow weight x high mature weight sire x medium milk potential x developed  
 Low mature cow weight x high mature weight sire x high milk potential x developed  

 

 Medium mature cow weight x low mature weight sire x low milk potential x developed  
 Medium mature cow weight x low mature weight sire x medium milk potential x 

developed  
 Medium mature cow weight x low mature weight sire x high milk potential x developed  

 

 Medium mature cow weight x medium mature weight sire x low milk potential x 
developed  

 Medium mature cow weight x medium mature weight sire x medium milk potential x 
developed  

 Medium mature cow weight x medium mature weight sire x high milk potential x 
developed  

 

 Medium mature cow weight x high mature weight sire x low milk potential x developed  
 Medium mature cow weight x high mature weight sire x medium milk potential x 

developed  
 Medium mature cow weight x high mature weight sire x high milk potential x developed  

 

 High mature cow weight x low mature weight sire x low milk potential x developed  
 High mature cow weight x low mature weight sire x medium milk potential x developed  
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 High mature cow weight x low mature weight sire x high milk potential x developed  
 

 High mature cow weight x medium mature weight sire x low milk potential x developed  
 High mature cow weight x medium mature weight sire x medium milk potential x 

developed  
 High mature cow weight x medium mature weight sire x high milk potential x developed  

 

 High mature cow weight x high mature weight sire x low milk potential x developed  
 High mature cow weight x high mature weight sire x medium milk potential x developed  
 High mature cow weight x high mature weight sire x high milk potential x developed  
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Chapter 4  

Results 

4.1 Lactation Yields 

Figure 4.1 Milk yield (kg) of low-lactation-potential cow over length of lactation   

Figure 3.6 outlines the milk yield curve of a cow with a low lactation potential. This cow has a total 

lactation yield of 1534.53kg over the length of a 204-day lactation, with a peak milk yield of 9.165kg.  

Figure 4.2 Milk yield (kg) of medium-lactation-potential cow over length of lactation 

Cows with a medium lactation potential produce 1753.75kg of milk over their total lactation with a 

peak milk yield of 10.474kg’s at day 25.2.  
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Chapter 5 

Maximising Efficiency 

5.1 Efficiency Ratios 

Hickson et al. (2012) have measured efficiency as kg of calf weaned per kg of cow live weight at 

weaning. From this study they found that it was not cow size that was changing efficiency ratios but 

the milk potential, as similar efficiencies were generated for cows with high milk yield potential and 

differing live weight. Hickson et al. (2012) also found that an increase in milking ability increased calf-

weaning weights and decreased the live weight of the cow at weaning due to a lighter body condition 

score.   

Hickson et al. (2012) notes that calf-weaning weights to cow weaning weights are not the best proxy 

for the true efficiency of a breeding cow as maternal live weight only acts as a substitution for feed 

intake. This is where the model used here has an advantage as it can determine total energy 

consumed per cow calf unit, giving a better measurement of efficiency.  

Tedeschi et al. (2006) developed a model that measured efficiency as feed energy required per unit 

of output. For them this was Mcal of ME required by a cow per kg of calf weaned.  

As milk production increases, cow maintenance requirements become diluted by the additional 

weaning weight that this subsequently produces (Tedeschi et al, 2006). However, there is a 

component of this trait that is hard to measure, which is that as milk production increases, so too, do 

the internal organs, with these cows having a faster metabolism than low milk production cows. 

Because of this they require more energy per kg of body weight for maintenance and total energy 

than low milk producing cows. This is something that is not incorporated into many studies that only 

look at efficiency as a component of the cow’s mature weight. This is a major strength of studies that 

can look at energy required for different genotypes in regards to milk production and mature size.  

5.1.1 Calf Weaning Weights to Cow Weaning Weight 

Efficiency ratios were strongly grouped in the model under the differing lactation potentials. This 

supports the theory that both cow live weight and lactation potential have a strong influence on the 

efficiency of the cow calf unit. In the model, efficiency ratios of 39.5% to 60.2% were gained from 

cows with high lactation potential, with this range being influenced by the weight of the cow. This 

range is a lot wider than that observed by Hickson et al. (2012) who found efficiency ratios of 50.9% 

to 52.5% for 3 differing lines of mature weight but all with high milk potential, with there being no 

significant difference caused by mature live weight of the cow at weaning. Cows with a high mature 
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weight and a low milking ability had an efficiency ratio of 41.6% (Hickson et al., 2012). This was a 

significant difference (p<0.05) and was caused by lower calf weaning weights and higher mature cow 

weights than the other 3 genotypes studied. This was with a cow weight of 477 kg, which is similar to 

the medium cow weight used in this model. The efficiency ratio gained in this model for medium cow 

weight and low lactation potential was 39.6%, which is in line with that found by Hickson et al (2012).  

As this model and the studies by Hickson et al (2012) suggest the efficiency of the cow calf unit to 

weaning is strongly influenced by the milk intake of the calf and the mature weight of the cow. These 

two factors allow output to be increased and input to be decreased, ultimately leading to higher 

efficiency. In the model, sire effect was not significant on the efficiency of the cow calf unit with their 

being no obvious trend. This meant that genetic growth potential of the calf was not limiting the 

calf’s weaning weight and that it was the calf’s milk intake that was. Law et al. (2013) however found 

a significant difference between weaning weights and efficiencies of cows mated to Angus and 

Simmental bulls, with weaning weights being 210kg and 218kg respectively. This equated to a 

weaning weight efficiency of 42.2% and 44.5%. This is similar to the weaning weight efficiencies 

calculated by this model for the differing sire weights (43-45%). The reason that Law et al. (2013) 

have found a significant difference in weaning weights will be because of the effect of heterosis that 

will be caused by using Simmental bulls. The use of Angus bulls will not generate this effect, as the 

dams in the study were already half or full blood Angus cows.  

5.1.2 Calf Weaning Weights to Total Energy Consumed per Cow Mated  

Tedeschi et al. (2006) found that cows in a simulated herd that required more than 163 MJME per kg 

of calf produced were inefficient, with this group being in the 10% least efficient portion of the herd.  

In the model used here the efficiency of energy used was expressed as the total weight of calves 

weaned as a percentage of total kg DM eaten. This allowed the carrying capacity of the unit to be 

expressed instead of looking at it from an individual cow level. The biggest driver of this was the 

mature weight of the cow as this determined the amount of feed that was used for maintenance, 

and subsequently by having heavier cows; less weight of calves per hectare was produced. The 

highest weight produced per hectare was with cows of 400kg at weaning, mated to medium or heavy 

weight sires with the dam having high milking ability. This resulted in 125kg of calf being weaned per 

hectare for the undeveloped scenario and 203kg/ha being weaned for the developed scenario.  

McMillan et al. (1992) found that when looking at whole herd efficiency cows selected for live-weight 

at 13 months of age resulted in yearling heifers that were 17% heavier than the unselected line and 

mature cows that were 12% heavier. From this they found that the selected line had an efficiency of 

99.8 vs. 100 units for the unselected line. In this study they measured efficiency as weight of calf 
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weaned per unit weight of winter-feed required. Feed requirements were based on published growth 

patterns in the two herds. The cause of the lower efficiency in the selected line is because of the 

greater feed requirements. This meant that less cows were able to be carried (88 vs. 100). Calf 

weaning weights were however 10% higher for the selected line along with a 3% higher weaning 

rate, however this was not enough to offset the drop in cow numbers. McMillan et al. (1992) carried 

out modelling to determine what was needed for the selected herd to overcome the other in terms 

of efficiency. This found that an increase of weaning weights of 5 or 10% would increase efficiency by 

5 or 10% respectively. However this is unlikely to occur without mature weights also increasing due 

to the very high correlation these factors have. In-calf rates were also investigated with a 5 or 10% 

increase only increasing efficiency by 3-6% due to losses between calving and weaning. The other 

issue that arose with this is that there was no associated selection of reproduction with live-weight in 

the selected herd. 

Cows selected for improved efficiency in one environment may not express their potential efficiency 

in another environment. When forage availability is not limiting, cattle with higher milk and growth 

potential can utilise the extra feed to finish calves to heavier weights. This increases the weight sold 

for forage available. However, when forage is limiting, those with lower milking and growth potential 

can wean more calves from the forage available as there is a higher proportion of energy available 

above maintenance, which is available for maintaining reproductive performance.  

Feed availability has been shown to have an effect on the efficiencies of breeds. When feed 

availability is low, breeds that are moderate in genetic potential for growth and lactation have been 

shown to be more efficient due to higher conception rates. Breeds with higher genetic potential for 

growth and lactation potential are more efficient however under high feed availability, as they are 

able to express their genetic potential. Under this high feed availability, breeds of moderate growth 

or lactation just become fat, decreasing their efficiency (Jenkins & Ferrell, 2002). 

5.2 Lactation  

Miller et al. (1999) estimated milk yields to a 200-day lactation to be 1854kg milk for a large 

rotational breeding program, 1643kg for small rotational breeding program and 1066kg for 

Herefords. These numbers are in low with that generated in the model, however the milk yield of the 

Hereford is significantly less, as they are known for their poor milking ability. As there is a distinct 

interaction it would be expected that calf growth rates from Hereford dams would be considerable 

less, as Miller et al. (1999) found.  



 34 

Blanc et al. (2000) modelled interactions between cow milk yield and growth of suckling calves.  They 

expressed milk intake capacity as a component of its live weight, which in turn was dependant on 

birth weight. The effect of calf birth weight on its subsequent growth differed according to the milk 

production level.  In Blanc et al.’s (2000) study they had set a number of parameters, which 

determined the milk production of the cow. This was based around residual milk yield factors and the 

negative effect that this had on number of secretory cells. From this milk yield and calf growth rates 

were determined. Figure 3.9 shows this for a situation where cow milk yield was not limiting for calf 

growth rates. 

Figure 5.1 Simulated effect of calf birth weight (Wini) on the time courses of milk in the 
udder (mu) and calf milk intake capacity (IC)  

 

Blanc et al.’s model only depicted calf live weights up to 40 days of age. This is the period in which 

calf diet is predominately made up of solely milk. They found that it was at day 30 of lactation that 

this simulation resulted in decreased growth rates due to milk intake not meeting calf demand. This 

was with a birth weight of 45kg and milk secretory potential of the mammary cells being 4 x 10-4.  

They highlighted for future research that it should incorporate milk and solid food and be extended 

to the whole rearing period of birth to weaning.  

Our model calculated, that for the first two periods (30 days) that calf growth potential was being 

meet as calf milk intake under all lactation potentials was enough to reach the reference energy 

intake requirement. However after this period, as the calves energy requirements increased as it 

grew, milk intake was not satisfactory under any lactation potentials to meet this increased demand. 

What the model did depict though, was that calves, which had more of the energy demand meet by 

milk, had faster growth rates and did not have to consume as much pasture. However, the pasture 
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ingested by calves after day 30 was still not enough to supply adequate energy for calves to grow at 

their growth potential.  

5.3 Cow Energy Requirements 

Factors that affect the cow’s energy requirements for production can either directly or indirectly 

affect their efficiency. A larger mature size requires more feed for maintenance. Under energy 

deficient scenarios low calving rates in cows can be further compounded by reduced reproductive 

performance as the cow partitions energy towards maintenance energy requirements as opposed to 

production. Morris et al. (1993) reported that cow productivity was lower with the larger, later 

maturing breeds as Table 4.2 illustrates.  

Table 5.1  Effects of breed of sire and date of birth on pubertal traits in heifers (Morris et 
al. 1993) 

The order of breeds in Table 4.1 is that which reflects the order of pregnancy rates of these breeds 

also.  

In our model the biggest effect on the efficiency of energy use was through calf output, which was 

determined by lactation potential, and the maintenance requirement of the cow calf unit, which was 

largely described by the weight of the cow. As Table 4.3 and Figure 4.11 and 4.13 show, the trends 

were for the efficiency of energy use to increase as lactation potential increased and mature cow 

weight decreased.  
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Lactation energy requirements can affect efficiency ratios, through both increased output, as in calf 

weaning weights, and input requirements. Energy input requirements increase not just due to the 

extra requirements for production but also the increase in maintenance requirements for animals 

with a higher lactation potential. When increased mature size and the increased per unit cost of 

additional milk potential are combined in nutrition restrictive environments, major constraints on the 

efficiency of the cow herd can occur (Jenkins & Ferrell, 2002). It has been suggested that when 

selecting for high lactation potential that pure dairy genotypes are not used for beef scenarios as 

they do not have the longevity as Hickson et al (2014) found. In the study Holstein Friesians had a 

conception rate of 50% compared with 90-98% for dairy-beef cross genotypes.  

Law et al. (2013) concluded that if heavier cows are going to be used, they must result in producing 

heavier calves to maintain efficiency. They found that high efficiency could be gained by using high 

milk potential genotypes, regardless of live weight but the greatest efficiency was gained from light, 

high milk producing genotypes.   

5.4 Calf Intakes 

Wright and Russel (1987) found that when calves had a reduced milk intake they were able to 

increase their herbage intake, if this was available. This study found that a reduction in milk organic 

matter intake of 1g lead to an increase of 0.89 g in herbage intake. The conclusion of this was that, 

even though the calf is able to substitute a decrease in milk supply with herbage intake, there is an 

overall decrease in metabolisable energy consumption and subsequently calf growth rates. This was 

the theory behind the control of calf growth rates and as such was the key driver of calf weaning 

weights. In the model milk intake and pasture quality controlled the calf ability to maximise intake. 

Due to this voluntary intake of pasture was the limiting factor for calf intake, and this had a flow on 

affect to calf growth rates.  

5.5 Calf growth rates and weaning weights 

Neville (1962) looked at differing nutritional regimes and milk intake on the weaning weights of 

Hereford calves at 240 days of age. A difference of 18kg LW at 8-months between two nutritional 

regimes (N1 vs. N2), 12.5kg was estimated to be due to extra milk. When calves were then on an 

even higher plane of nutrition (N2 vs. N3) there was a difference of 29.8kg of which only 5.7kg was 

deemed to be due to milk intake. From this they found that as nutrition improved, the correlation 

between 240-day weights and milk production decreased, with total variance in 240-day weights, 

66% was attributed to milk consumption. 
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Table 5.2 Correlations and regressions of average daily calf gains and daily milk 
production during four 60-day intervals between birth and weaning (Neville, 
1962). 

Table 4.1 shows the importance of milk production to calves during the lactation period with there 

being a significant difference in calf weaning weights between cow lactation abilities. This highlighted 

that milk production was important for calf growth rates for the whole of lactation. It does decline 

over time, which is to be expected but as Neville (1962) points out a kg of milk was worth as much 

towards calf gain in months 5 and 6 as it is in months 7 and 8.  

Robinson et al. (1978) cited by Liu et al. (2015) found that milk yield accounts for up to 40% of 205-

day weights of calves.  

Liu et al. (2015) studied a large number of breeds, from British, Tropical and European backgrounds, 

finding that average daily gain was linearly related to milk weight in the British and tropical breeds 

and curvilinear related to milk weight in the European breeds. By fitting a quadratic equation (Figure 

5.2) Liu et al. (2015) could determine the point at which more milk production from the cow stopped 

becoming advantageous. The local maximum in this equation was 10.63Kg/d. This figure depicts the 

point at which increased milk yield increases nutrient requirements without a satisfactory return in 

average daily gain 

Figure 5.2 Regression of calf pre-weaning average daily gain on dam milk yield (Liu et al., 
2015) 

Wagner (1984) used an example of calves to highlight how we should be selecting for growth. Within 

the mob, the faster growing calves would be the most efficient due to weight gained relative to 

weight maintained. This causes relative maintenance costs to be lower. Wagner (1984) then goes 
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onto to explain how within a certain frame size those that grow faster should be more efficient as 

they reach target slaughter weight in fewer days. Wagner (1984) summarises that selection should 

be for gain within frame size as opposed to frame size or gain alone. This selection for gain within a 

frame size is important to the cow calf model, as it should hold mature size relatively constant while 

decreasing the time it takes to finish animals due to higher average daily gains. This component was 

not directly measured in this model due to it focusing on the calf at weaning and not the whole 

production model. This focus has been replicated in models and trials that have focused on gain post 

weaning and time on feed to finishing.  

5.6 Conclusion 

Through the development of the model, the interaction of pasture and milk intake that is regulated 

by voluntary intake on the calf can be determined. This is the underlying function that determines 

the growth rates and weaning weights of the calf. This output of calf weaning weight is a key driver 

of the maternal, biological efficiency of the beef breeding cow and by determining what factors have 

the biggest effect on this, efficient beef breeding programmes can be set up.  

The model determined that calf growth rates were largely controlled by milk intake. This had a much 

bigger influence on calf growth rates than any other factor. Even between developed and 

undeveloped hill country, calf growth rates were very similar, except those from low mature weight 

cows on the undeveloped hill country. This would suggest that, to improve the weaning weights of 

calves in NZ beef production systems, dams with high lactation potential should be selected.  

In terms of calf weight produced per hectare and the efficiency of total weight of calves weaned for 

total feed consumed, developing hill country has very strong benefits. By increasing the total amount 

of feed that is grown, the carrying capacity is increased and this allows more product to be produced.  

From the model, nutrition is the bigger driver of calf growth rates, especially milk intake. This was 

more important than the genetic growth potential of the calves and should be a high focus for 

farmers wanting to achieve high weaning weights in their beef cow herds.  

The key findings from this study would suggest that to improve the efficiency of the NZ beef cow 

herd, dams with a low mature weight and high lactation potential should be selected. Along with 

this, the development of hill country should occur as this will increase the productivity of these hill 

blocks. However, in this model, none of this has been verified from an economic point of view, which 

would be recommended, as profitability is more important than productivity.  
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Appendix A 

Feed Profiling Model  

A.1 Base Data 

This scenario is set with the parameters, low mature cow weight, low sire weight, high lactation potential and developed pasture supply.   

 

A.2 Developed and Undeveloped Hill Country Pasture Parameters 

 

Base data Farm Class effects WngWt: Activity
3 Farm Class 2 MWt MJ/kg

Cows 1 SI High Country 0.85 0.0224
Number 100 4 Weaning Wt 400 2 SI Hill Country 0.9 0.0158
Calving % 85% Mortality 2% 3 NI Hard Hill 0.85 0.0224
Mating Period 11 Culling rate 18% 4 NI Hill country 0.9 0.0158
Weaning Period 19 Culling period 18 5 NI Intensive Finishing 0.95 0.0071
Mature Wt Bull 450 # Replacements 18 6 SI Breeding-Finishing 0.95 0.0071
Mature Wt Cow 444 Replacement period 24 7 SI Intensive Finishing 0.95 0.0071
Calf Mature weight 447.2 Activity allowence 0.016 8 SI Mixed Cropping 0.95 0.0071
Calf Birth Wt 27.71 "a" for Milk yield 9
"n" for growth -0.504 "m" for growth 0.035

Hill Country - Canterbury / Marlborough Class 2

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

# Days 16 15 16 15 15 15 16 15 15 15 16 15 16 15 14 14 16 15 15 15 16 15 15 15
Developed kg/day/ha 3.62 3.22 3.22 2.81 9.6 16.4 20.9 27.97 42.13 34.61 27.08 64.99 34.23 44.39 54.54 45.82 37.1 34.24 8.26 9.85 11.43 4.43 3.71 2.99

MJ/kg 10.5 10.7 11 11.2 11 11.1 11.3 11.4 11.4 10.7 10 10.1 10.6 10.6 10.1 9.8 9.9 10.2 10.4 10.5 10.5 10.5 10.5 10.7

NDF% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52%

Undeveloped kg/day/ha 1.75 1.15 1.15 0.54 1.3 7.88 18.78 18.52 10.53 15.8 21.06 39.35 28.98 39.01 49.04 36.74 24.43 19.72 2.75 8.27 13.79 1.21 1.48 1.48

MJ/kg 8.6 8.7 8.8 9.6 10 9.9 9.8 10.3 11 10.5 10 9.2 9 9.2 9.2 8.9 8.6 7.8 7.5 7 7.3 7.8 8.3 8.5

NDF% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44%

May JunDec Jan Feb Mar AprJuly Aug Sept Oct Nov
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A.3 Feed  Requirements - Cow and calf 

 

Period 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10
Days 16 15 16 15 14 14 16 15 15 15 16 15 15 15 16 15 16 15 15 15 16 15 15 15
Gestation 8 23 39 54 68 82 98 113 128 143 159 174 189 204 220 235 251 266 281
Lactation 99 114 130 145 159 173 189 204 7 22 38 53 68 83
M/D 10.0 10.1 10.6 10.6 10.1 9.8 9.9 10.2 10.4 10.5 10.5 10.5 10.5 10.7 10.5 10.7 11.0 11.2 11.0 11.1 11.3 11.4 11.4 10.7

Feed Requirements Cows
WtGain (kg/day) 1.3 1.3 0.65 0.65 -0.17 -0.17 -0.37 -0.37 -0.35 -0.35 -0.37 -0.37 0.346 0.346 1.24 1.24 1.11 1.11
Maternal Wt (kg) 475.42 494.92 505.32 515.07 515.07 515.07 512.35 509.8 400 394.45 388.85 383.6 378.05 372.5 372.5 372.5 372.5 372.5 377.69 382.88 402.72 421.32 437.97 454.62
Conceptus Wt (kg) 0.209 0.283 0.390 0.527 0.698 0.924 1.273 1.718 2.318 3.127 4.301 5.799 7.817 10.533 14.475 19.496 26.776 36.044 48.506
LWt (kg) 475.63 495.20 505.71 515.60 515.77 515.99 513.62 511.52 402.32 397.58 393.15 389.40 385.87 383.03 386.98 392.00 399.28 408.54 426.20 382.88 402.72 421.32 437.97 454.62
Maintenance ME (MJ) 81.52 84.12 85.50 86.79 86.79 86.79 86.43 86.09 71.22 70.45 69.67 68.93 68.15 67.37 67.37 67.37 67.37 67.37 68.10 68.83 71.60 74.17 76.45 78.71
Pregnancy ME (MJ) 0.13 0.18 0.24 0.33 0.43 0.57 0.79 1.06 1.43 1.93 2.65 3.57 4.81 6.47 8.89 11.96 16.41 22.07 29.68 0.11 0.11 0.11 0.11 0.11
Milk Yield (kg) 9.76 9.24 8.69 8.19 7.75 7.32 6.85 6.43 11.01 11.77 11.65 11.28 10.82 10.31
Lactation ME (MJ) 42.79 40.50 38.11 35.93 33.97 32.09 30.04 28.21 48.29 51.62 51.07 49.47 47.45 45.23
Gain ME 46.28 46.28 23.14 23.14 -4.05 -4.05 -8.82 -8.82 -8.35 -8.35 -8.82 -8.82 12.32 12.32 44.14 44.14 39.51 39.51
Total ME Requirement 170.71 171.07 146.99 146.18 121.19 119.45 113.20 111.31 63.83 63.55 63.97 64.15 64.14 65.02 76.26 79.33 83.78 89.44 158.39 132.87 166.92 167.89 163.52 163.56

Feed Requirements Calf
PotWtGain (kg/day) 1.1200 1.1157 1.1007 1.0756 1.0460 1.0168 0.9874 0.9523 0.9153 0.9046 0.8923 0.8786 0.8647 0.8498 0.8320 0.8143 0.7942 0.7680 0.8408 0.8943 0.9840 1.0513 1.0896 1.1105
RefWt 125.98 142.72 160.33 176.46 190.88 203.75 217.32 228.89 241.11 244.50 249.20 252.46 256.61 260.93 266.83 270.95 277.25 283.44 33.59 47.01 62.75 78.52 93.74 108.06
RefMEI 51.62 55.89 59.98 63.29 65.92 68.10 70.34 71.86 73.38 73.77 74.39 74.64 75.07 75.49 76.13 76.39 77.01 77.37 20.82 25.59 31.59 37.27 42.26 46.62
Milk NRG 28.24 26.73 25.15 23.71 22.42 21.18 19.82 18.62 31.87 34.06 33.70 32.65 31.31 29.85
NRG Deficit 23.39 29.16 34.83 39.57 43.50 46.92 50.52 53.24 73.38 73.77 74.39 74.64 75.07 75.49 76.13 76.39 77.01 77.37 4.62 10.95 16.77
Pasture intake (% of max) 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 0.1% 0.1% 25.0% 50.0% 75.0% 100.0%
Substitution rate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.63 0.65 0.71 0.74 0.75 1.00
Max DMI Sub 2.34 2.89 3.29 3.73 4.31 4.79 5.10 5.22 7.06 7.03 7.08 7.11 7.15 7.06 7.25 7.14 7.00 6.91 0.30 0.72 1.57
Max DMI NDF 2.49 2.91 3.29 3.70 4.07 4.37 4.65 4.95 5.25 5.33 5.42 5.52 5.62 5.73 5.85 5.97 6.10 6.28 0.64 0.78 1.08 1.45 1.79 2.11
MEI 51.62 55.89 59.98 62.93 63.50 64.04 65.86 69.13 54.57 55.96 56.92 57.98 59.03 61.28 61.43 63.89 67.15 70.28 20.82 25.59 31.59 36.05 39.52 46.62
Maintenance 29.01 31.96 34.97 37.67 40.04 42.12 44.28 46.10 48.01 48.53 49.25 49.75 50.39 51.05 51.94 52.57 53.52 54.44 10.48 13.56 16.94 20.13 23.09 25.77
Gain 1.120 1.116 1.101 1.061 0.948 0.858 0.818 0.852 0.237 0.266 0.272 0.290 0.303 0.356 0.326 0.387 0.461 0.530 0.841 0.894 0.984 0.976 0.934 1.111
LWt 125.98 142.72 160.33 176.24 189.51 201.52 214.61 227.38 230.93 234.92 239.28 243.64 248.18 253.52 258.74 264.54 271.92 279.87 33.59 47.01 62.75 77.39 91.41 108.06

Pasture intake calf NRG 23.39 29.16 34.83 39.22 41.08 42.86 46.04 50.51 54.57 55.96 56.92 57.98 59.03 61.28 61.43 63.89 67.15 70.28 3.40 8.21 16.77
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