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Abstract:
A study was conducted to evaluate maternal biological efficiency under Montana range conditions.
Data were collected on 51 cow-calf pairs during each of four years (1991 to 1994). Cow biological
types represented included straightbred Hereford (HH), straightbred Tarentaise (TT) and the Fi
reciprocal cross (HT). Data was collected during five periods (November, February, May, June and
September) throughout the production year. Cow organic matter intake (OMI) for the production year
was not different between the three breed groups and was influenced by the average cow weight during
the production year. Calf weights differed by cow breed type with TT and HT cows weaning the
heaviest calves (P < 0.05) while HH cows weaned the lightest calves. Biological efficiency was defined
four ways: 1) EFF - calf weaning weight Z cow OMI, 2) EFF(FO) = calf weaning weight Z cow fecal
output (FO), 3) EFFZBW = calf weaning weight Z cow OMI on a per unit of cow body weight (BW)
basis and 4) EFF(FO)ZBW = calf weaning weight Z cow FO per unit of cow BW. Biological efficiency
differed by cow breed group with TT and HT cows being more efficient (P < 0.05) for all measures of
efficiency than HH cows. Milk production (summed over the three periods for May, June and
September) was a significant covariate for EFF and EFF(FO) (P < Q.05). The quadratic regression of
EFF on milk and EFF(FO) on milk indicated an optimum amount of milk to be approximately 36 to 37
kg and 37 to 40 kg, respectively. Average cow weight and cow weight change were significant
covariates for EFF/BW and EFF(FO)/BW (P < 0.05). Standard partial regressions indicated cow weight
change was approximately three times as important as average cow weight for EFFZBW and
EFF(FO)ZBW. Maternal heterosis was positive under all definitions of efficiency at 3.0, 3.4, 5.6 and
5.9% for EFF, EFF(FO), EFFZBW and EFF(FO)ZBW, respectively and was significant for EFFZBW
and EFF(FO)ZBW (P < 0.05). It was concluded that cow breed group was important for determining
efficiency in North Central Montana.
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ABSTRACT

A study was conducted to evaluate maternal biological efficiency under Montana 
range conditions. Data were collected on 51 cow-calf pairs during each of four years 
(1991 to 1994). Cow biological types represented included stfaightbred Hereford (HH), 
straightbred Tarentaise (TT) and the Fi reciprocal cross (HT). Data was collected during 
five periods (November, February, May, June and September) throughout the production 
year. Cow organic matter intake (OMI) for the production year was not different 
between the three breed groups and was influenced by the average cow weight during the 
production year. Calf weights differed by cow breed type with TT and HT cows weaning 
the heaviest calves (P < 0.05) while HH cows weaned the lightest calves. Biological 
efficiency was defined four ways: I) EFF -  calf weaning weight / cow OMI, 2) EFF(FO) 
= calf weaning weight / cow fecal output (FO), 3) EFFZBW = calf weaning weight / cow 
OMI on a per unit of cow body weight (BW) basis and 4) EFF(FO)ZBW = calf weaning 
weight / cow FO per unit of cow BW. Biological efficiency differed by cow breed group 
with TT and HT cows being more efficient (P < 0.05) for all measures of efficiency than 
HH cows. Milk production (summed over the three periods for May, June and 
September) was a significant covariate for EFF and EFF(FO) (P < Q.05). The quadratic 
regression of EFF on milk and EFF(FO) on milk indicated an optimum amount of milk to 
be approximately 36 to 37 kg and 37 to 40 kg, respectively. Average cow weight and 
cow weight change were significant covariates for EFF/BW and EFF(FO)ZBW (P < 
0.05). Standard partial regressions indicated cow weight change was approximately three 
times as important as average cow weight for EFFZBW and EFF(FO)ZBW. Maternal 
heterosis was positive under all definitions of efficiency at 3.0, 3.4, 5.6 and 5.9% for 
EFF, EFF(FO), EFFZBW and EFF(FO)ZBW, respectively and was significant for 
EFFZBW and EFF(FO)ZBW (P < 0.05). It was concluded that cow breed group was 
important for determining efficiency in North Central Montana.
(KEY WORDS: Beef Cattle, Biological Efficiency, Intake)
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CHAPTER I

INTRODUCTION

Since the introduction of the continental breeds of beef cattle, ranchers have had a 

large variety of cattle biological types from which to select. Cow/calf efficiency data of 

these breeds and breed crosses is limited and needs to be determined for different 

production environments. Most of the research has been limited to experiments 

conducted in the drylot (Marshall et ah, 1976; Montano-Bermudez and Nielsen, 1990; 

Jenkins et ah, 1991; Ferrell and Jenkins, 1994; Miller et ah, 1999; Jenkins et ah, 2000) 

while most ranch operations are conducted on the range. Cattle grazing open range 

require more energy (Allison, 1985; Wagner et ah, 1986) and those with the potential to 

produce a large amount of milk may be limited by feed resources.

Energy expenditure during grazing and lactation energy requirements may affect 

the differences expressed between biological types for efficiency estimates. Dry matter 

intake by the cow plays a vital role in the efficiency estimates of the cow/calf unit. With 

limited feed resources, those breeds with a higher genetic potential for milk production 

may have longer anestrous periods. However, with an adequate supply of forage, 

efficiency seems to be more dependent on milk production and breed potential for 

preweaning calf growth (Montano-Bermudez and Nielsen, 1990; Jenkins et ah, 2000).
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CHAPTER 2 

LITERATURE REVIEW 

Forage Intake Differences

Forage intake differences between cattle and between biological types of cattle 

have been shown to exist (Holloway and Butts, 1984; Allison, 1985; Ferrell and Jenkins, 

1985; Montano-Bermudez and Nielsen, 1990). Cow size, body condition, environment, 

level of milk production, and availability of forage all affect the forage intake of cattle.

Cow size

Maintenance requirements appear to be influenced by both size and milk 

production potential of the cows, even during the non-lactating times (Ferrell and 

Jenkins, 1987). The general method for determining the amount of forage a particular 

animal will consume is by multiplying 2% by the animals’ body weight. However, cows 

weighing more may not require more feed as a unit of metabolic body weight than do 

small cows (Allison, 1985).

Holloway and Butts (1984) found large framed cows grazing fescue-legume 

pastures to consume more digestible energy (DE) than small frame size cows, especially 

early in the growing season when forage quality is very high. This is similar to what 

Kronberg et al. (1986) found while studying Hereford and 1A Hereford x 3A Simmental 

cattle. The 83 kg heavier cows (% Hereford x 3A Simmental) consumed 1.1 kg/d more 

organic matter than the Herefords. However, Holloway and Butts (1984) found on fescue
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pasture, there was little difference noted in DE intakes among cattle of varying frame 

size. Forage quality seems to play a role in the DE intakes of cattle. It is possible that 

large frame size cattle were limited by gut fill and therefore could not consume as much 

DE as small frame size cattle.

Adams et al. (1986) found cows of large body size consumed more total forage 

but ate less per unit body weight than cows of smaller body size. Similarly, Green et al. 

(1991) found daily metabolizable energy intake for zero weight change was different (P < 

0.01) for Brahman cross and Pinzgauer cross cattle than for Sahiwal cross and Hereford x 

Angus cross cattle. They suggested that this was probably due to the larger cow size and 

(or) higher milk production.

Grings et al. (1996) found cow organic matter intake (OMI) was affected by cow 

size and milk production. Calf growth potential, however, did not affect OMI by the 

cow. In this study, short, thin cows were different than tall, heavy cows. Tall, heavy 

cows consumed more total forage but ate less per unit body weight than did short, thin 

cows.

Size alone does not play a role in changing forage intake levels as a percent of 

body weight. However, the level of production, whether it be milk production or rate of 

growth may change an animals maintenance requirements (Ferrell and Jenkins, 1985).

Body Condition

Allison (1985), in a review article, found animal related factors such as level of 

milk production, body weight and body condition have been shown to affect forage 

intakes. Body condition often varies less in pen fed animals than in grazing animals



(Allison, 1985). This may be due to less variation in quality of forage being consumed 

by the cows, environmental conditions, or energy expenditures required for grazing 

animals.

Holloway and Butts (1984) studied cows grazing either fescue-legume or fescue 

pastures and found that during times of high quality forage availability, fatter cows 

tended to consume more forage than thinner cows. When forage quality decreased, cows 

on fescue pasture of thin body condition were able to consume more digestible energy 

than those of fatter condition. Balch and Campling (1962) and Nutt (1980) found a 

negative correlation between body condition and intake. When looking at rumen 

capacity, Nutt (1980) found fatter cows had distinctly smaller (JR < 0.01) rumen capacities 

than thinner cows. Holloway and Butts (1984) found weight and fatcover accumulation 

indicated that cows that were initially fat had the propensity for consumption of forage 

and shunting nutrients toward the further accumulation of fat when allowed. Those cows 

of thin condition were not able to take advantage of high quality forage to increase 

fatcover.

Barlow et al. (1988) found DMI was similar on high and medium quality pastures 

and was considerably lower on low quality pastures. Body condition scores of the cows 

averaged 6.9, 4.6 and 3.9 on high, medium and low quality pastures, respectively.

Environment

Ferrell and Jenkins (1985) suggested that animals with high levels of production 

(milk production, growth rate) may have less advantage in a suboptimal environment and • 

differences in DMI between genotypes (Barlow et al., 1988) will reflect the interaction
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between animal and pasture system in both the long and short run. Results of Smith et al. 

(1987a) and Smith et al. (1987b) support this conclusion. They performed studies with 

different genotypes on shortgrass prairies and parkland grazing in Canada, and the 

ranking for efficiency changed with the changing environments.

Certain breeds have adapted to an environment that gives them an advantage over 

other breeds in that environment. An example would be the Bos indicus breeds, which 

can survive and reproduce in an extremely harsh and parasite rich environment. Frisch 

and Vercoe (1984) found differences when comparing Hereford x Shorthorn (HS) steers 

Brahman (BB) steers and HS x BB steers. Maintenance requirements, fasting 

metabolism, daily gain and voluntary feed intake (pen conditions) were highest for HS 

steers and lowest for BB steers while in an optimal environment. However, in a 

suboptimal environment, one that contained ticks, parasites and heat, the BB steers were 

able to withstand these stresses more effectively and outgain the HS and HS x BB 

crosses. The only time the HS x BB cross was able to outperform the other two breeds in 

growth was in an environment in which the parasites were controlled.

Dickerson (1978) indicated that in hot, dry climates with seasonal grazing that is 

sparse, genetically smaller cattle are better able to forage, mature and reproduce earlier 

than larger cattle. It was indicated that biological adaptation of body size to climatic, 

seasonal grazing and feed resource environments can be important.

According to Ferrell and Jenkins (1985), selecting animals that have a genetic 

potential for high productivity may place these animals at a disadvantage in a more 

restrictive environment. This led them to state,



Selection may result in a population of animals becoming highly adapted to a 
specific environment, but may render it less adapted to a different environment. 
Correlated responses to selection may also result in decreased adaptability to 
fluctuating environments. Thus, germ plasm resources should be synchronized 
with the production environment.

Milk production

Clutter and Neilsen (1987) found a 16.9-kg advantage in 205-d weight for calves 

suckling high milking cows over those suckling low milking cows. However, this 

advantage has a cost. Evidence indicates a positive relationship between genetic potential 

for milk production and food energy expenditure for maintenance (Lemanger et ah, 1980; 

Jenldns and Ferrell, 1983; Ferrell and Jenkins, 1984; Montano-Bermudez et ah, 1990). 

Even during the non-pregnant, non-lactating times the net energy for maintenance (NEm) 

for cows of similar size but larger potential for milk production is higher (Tablet). 

Ferrell and Jenkins (1987) associated approximately 70% of the variation in maintenance 

requirements with variation in milk production. According to Clutter and Nielsen (1987), 

differences in milk production tend to increase as the dams get older and peak at 6 to 8 yr 

of age (Rutledge et ah, 1971; Neville et ah, 1974) or 5 to IOyr (Melton et ah, 1967).

Results presented by Ferrell- and Jenkins (1985) stated there.is a positive 

relationship between maintenance requirement and genetic potential for measures of 

production, e.g. rate of growth or milk production. Montano-Bermudez and Nielsen 

(1990), citing McCorris and Wilton (1986) found an increase in milk yield of I kg per 

day was associated with an increase of .28 kg dry matter per day in feed consumption 

during lactation. If milk production is increased by 27kg through an average lactation of 

205 d, DMI will increase by 114.8 kg throughout the entire lactation cycle for that cow.
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Casebolt et al. (1983) suggested that crossbred dams maintained a more persistent 

lactation compared to Hereford cattle. This could further increase the DMI of the 

crossbred cattle during lactation.

Greater milk production results in greater forage intakes of beef cows (Ferrell and 

Jenldns, 1987). Barlow et al. (1988) found crossbred cows to have higher DMI than 

straightbred cows during lactation. This may be a result of the crossbred cows having a 

greater persistency in lactation than the straightbred cows (Casebolt et al., 1983 and 

Anderson et al., 1986), heterosis was 21% for persistency of lactation in the study by 

(Anderson et al, 1986). Conversely, Barlow et al. (1988) has shown that there is no 

difference in DMI among grazing nonlactating genotypes. There was a difference in 

forage intake between the genotypes studied but the differences varied with pasture type 

and stage of lactation.

Wiltbank et al. (1962) and Totusek et al. (1973) have shown that the amount of 

nutrients available to a beef cow, both prior to and during lactation, have an effect on the 

amount of milk produced. Conversely, Holloway and Butts (1984) stated that cows 

establish their level of milk production prior to the time large pasture quality differences 

were available and any differences in persistency due to poor pasture conditions were not 

detected (P > 0.82). However, they did question whether the ability of the calf to 

consume milk is what kept milk production high with cows on low quality pastures.

According to Schingoethe et al. (1988) the nutritional needs of a beef cow may 

not increase at all during the shift from non-lactating to lactating, or at most will increase 

by one-third. Rosiere et al. (1980) found dry 2-yr-old heifers consumed only 67% as 

much forage as lactating 2-yr-olds.
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Grings et al (1996) found OMI was affected by cow milk production. In their 

study, milk production had a larger effect on OMI when the cows , were of large size, 

heavy and increasing body condition. Milk was not the sole driving force affecting 

monthly changes in intake however. Wagner et al. (1986), when studying 5 breeds 

(crosses) during June, July and August found that breed influenced {P < 0.01) intake 

when cattle were lactating. There was no difference when the same cattle were not 

lactating. Data from 2-yr have, shown that the larger 3A Simmental 1A Hereford consumed 

an average of I . I kg of forage per kg milk produced while Herefords consumed 1.3 kg of 

forage per kg of milk. It is also interesting to note that Angus x Hereford and Simmental 

x Hereford cattle represented the widest range in milk production, yet their intake levels 

were essentially the same. This lends credence to the finding of (Grings et al., 1996) in 

that milk is not the sole driving force of intake during lactation.

Kronberg et al. (1986), also using Hereford and 1A Hereford 3A Simmental cattle, 

found that these cow types consumed 23 to 39% more forage, respectively, during 

lactation than their non-lactating counterparts. Lactation was the only factor explaining 

differences in intake between lactating and non-lactating cows. They concluded that as 

the cows’ energy demand attributable to lactation increases, forage intake should also 

increase.

Havstad et al. (1986), measuring intake as lbs/1000 lbs body weight, found that as 

forage digestibility was different, different biological types during lactation had different 

intakes. Daily forage intake of 3A Simmental 1A Hereford cows was 16% greater than 

Hereford cows during lactation when forage digestibility was 36%. When forage 

digestibility was 50% there was no difference between the biological types for forage
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intake. Some observations that were noted were that forage consumption was 53% 

greater for lactating cows than for non-lactating cows. Physiological status of an animal 

obviously influenced forage consumption in this study. It was also determined that intake 

differences between lactating cows of different biological types are related to milk 

production. Sixty percent of the variation in their study was explained by milk 

production. This is similar to the data presented by Taylor et al. (1986) who found 

approximately 70% of the variation in maintenance to be associated with variation in 

milk production. Ferrell and Jenkins (1987) attributed approximately 40% of variation in 

maintenance requirements to milk production potential when milk production is 

measured by the weigh-suckle-weigh technique.

Miller et al. (1999) found increasing milk yield was associated {P < 0.10) with 

increased average daily energy intake during the lactating period, although total feed 

energy intake was not associated with milk yield. No'effect of non-lactating intake (P > 

0.05) was found. Ferrell and Jenkins (1984) stated that muscle mass energy expenditure 

per unit weight is low compared to the energy expenditure of the internal organs per unit 

weight. Mass of these organs, as proportions of weight, have been shown to vary with 

breed type and physiological state (Ferrell and Jenkins, 1985). Cows with the potential to 

produce large quantities of milk have larger visceral organs than do cows that give 

moderate or little quantities of milk.
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Table I. Estimates of metabolizable energy required for maintenance of various breeds or breed crosses
Breed or 
breed cross3

Physiological
State

Maintenance,
kcal*kg"'75*d"'

Angus-Hereford Nonpregnant, nonlactating, 9-10 yr 130
Charolais X " " " 129
Jersey X " " " 145
Simmental X 11 II M 160

Angus Nonpregnant, lactating, 5-6 yr 149
Hereford Tl Il Il 141
Simmental " ' " " ' 166
Charolais " " • ■ 165

Angus Nonpregnant, nonlactating, 5-6 yr 118
Hereford M  Il Il 120
Simmental II Il Il 134

Hereford Growing-finishing, 9-15 mo 106
Simmental 126

Angus-Hereford Pregnant, lactating 8-9 yr 151
Red Poll X 157
Brown Swiss X 156
Gelbvieh X 158
Maine Anjou X 146
Chianina X 174
“crossbred cows produced by mating Angus, Hereford, Charolais, Jersey, Simmental, Red Poll, Brown 
Swiss, Gelbvieh, Maine Anjou or Chianina bulls to Angus or Hereford cows. (Ferrell and Jenkins, 1985)

Breed differences

Bos indicus cattle have a 10% lower NEm than does a typical beef breed. Cattle 

of the dairy variety have a 20% higher NEm than does a typical beef breed (NRC, 1996). 

This supports data by Ferrell and Jenkins (1985) showing cattle with high milk have 

higher maintenance requirements even during the non-lactating times than do cows that 

give lower milk. This is most likely due to the internal organ size of the animals in 

question. Cows with higher milk production tend to have larger internal organs,
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primarily the heart and gastrointestinal tract (Ferrell and Jenkins, 1985) which requires 

more energy for maintenance.

Bos taurus cattle on lush pastures consume more forage than Bos indicus cattle of 

similar body size. However, on poor quality forage Bos indicus cattle consume more 

forage. This may be a result of the ability of the Bos indicus cattle to .recycle urea 

nitrogen (Frisch and Vercoe, 1991).

Milk production potential

According to Taylor et al. (1986) about 70% of the variation in maintenance 

requirements is associated with variation in milk production. Conversely, Montano- 

Bermudez et al. (1990) state the variation in milk production accounts for 23% of the 

variation in energy requirements for maintenance between three groups of cattle. It is 

agreed however, that there is a positive relationship between milk production potential 

and maintenance requirements (Ferrell and Jenkins, 1984; Montano-Bermudez et al., 

1990; Taylor et al., 1986).

Taylor (1992) stated that the level of milk produced by the dam is a result of the 

ability of the calf to consume milk. If the calf is not vigorous at birth, the dams milk 

production will be decreased. Anything that causes a female to reduce her level of milk 

production is likely to cause some regression of mammary tissue, therefore preventing 

the resumption of full milk production.
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Drylot vs. range

Cows grazing rangeland are estimated to use 30% more energy than confined 

cows (Osuji, 1974). Research has been conducted (Ferrell and Jenkins, 1985 and 

Montano-Bermudez and Nielsen, 1990) in the drylot with a known amount of feed 

consumed by each biological group of animals. However, under range conditions, 

animals expend more energy grazing, moving to get water and finding shelter. This 

increases an animals energy requirement as shown in Table 2.

Table 2. Energy costs for dif brent cow activities
AVG TIME OR AMT ACTIVITY ENERGY EXPENDED

Basal Req. (Resting) 81 kcal*MBW
5 km Walking 82 kcal/100 kg BW/km
9 h Grazing 78 kcal/100 kgBW/h
5 h Ruminating 24 kcal/100 kg BW/h
2 h Stands Idle 34 kcal/100 kgBW/h
Last Trimester Fetal Growth 400 kcal/d
.33 kg/d Growth .33kg*4200kcal/kg

new tissue
Lactation 25-35% > than basal

From: (Sprinkle, 1992 citing Havstad, 1981)

Havstad et al. (1986) studying grazing patterns of five different biological types of cows 

concluded there was no difference in either the time spent grazing or the distribution of 

grazing use between these biological types on the same range. They further implied that 

different biological types use the resources provided by the rangeland similarly and the 

energy costs associated with grazing in a range environment are equivalent for different 

biological types.
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Reproductive rate

Reproductive rate plays a vital role in the efficiency of any herd. “Higher female 

rates of reproduction or of production reduces maintenance and replacement overhead for 

breeding females per unit of product” (Dickerson, 1978). Lesmeister et al. (1973) found 

heifers which became pregnant early in the breeding season continued to calve early in 

subsequent seasons and had higher production rates annually during their lifetime than 

did later calving heifers. According to Marshall et al. (1976), cow weight, condition and 

milk production all had negligible effects on reproduction. In the same study it was 

concluded that heterosis for reproductive performance is a major advantage for the 

crossbred cow.

Milk potential

Increasing reproductive rate reduces female replacement, maintenance feed and 

fixed costs in almost direct proportion to !/reproductive rate (Dickerson, 1978). When 

the level of nutrition is inadequate, the cow attempts to maintain a level of milk 

production according to her genetic potential at the expense of her body reserves, 

subsequent reproduction efficiency is effected (Boggs et ah, 1980; Holloway et ah, 

1979).

Montano-Bermudez et ah (1990) found cows of different potential for milk 

production that are not limited by forage have no differences in overall reproductive rate. 

However, under range conditions, cattle may be limited on the quality if not the quantity 

of forage, which could affect the overall reproductive rate of the herd. Boggs et ah
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(1980) stated high milk production was negatively related to the post-partum interval. 

“Each additional kilogram of milk per day delayed rebreeding by 1.4 days.” Jenlcins and 

Ferrell (1994) found reproductive rates increased with increasing available dry matter; 

however, at low levels of available dry matter, increased cow size coincided with a 

decrease in reproductive rate.

Faster et al. (1979) indicated that breeds selected for milk production tend to 

reach puberty earlier than breeds of similar mature size but that have a lower level of 

milk production.

Differences due to cow age

Reproductive efficiency changes as the cow ages and this-change is different for 

different breed groups. According to Kress et al. (1990) Hereford cattle had poor 

weaning weights per cow exposed as 2-yr olds. Each additional year of age increased the 

weaning weight per cow exposed to a maximum level reached at 5+ years of age. Angus- 

Hereford cattle, had high weaning weights per cow exposed as 2-yr olds, this decreased 

as 3-yr olds and decreased even further as 4-yr olds. The highest level of weaning 

weights per cow exposed was in the 5+ year olds. There was no difference between 

Simmental-Hereford cattle and Angus-Hereford cattle. However, the % Simmental, 3A 

Hereford cattle had the lowest weaning weights per cow exposed as 2-yr olds and the 

highest as three year olds with 5+ year olds being moderate. The 3A Simmental, 1A 

Hereford cattle were moderate as 2, 3 and 4 year olds with the highest weaning weight 

per cow exposed as 5+ year olds. This indicates that different breeds or breed crosses 

will have different levels of pregnancy at different ages. Doombos et al. (1983) found
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age of the dam to have a significant effect (P < 0.05) on the age at conception for their 

heifers. Heifers from 4-yr and older dams became pregnant approximately 10-d earlier 

than heifers from 3-yr-old dams.

Buttram and Willham (1989) found in first parity dams, breed composition was a 

significant source of variation. Small heifers had a higher calving rate {P < 0.05) than 

heifers from large breed composition cattle, medium cattle ranked between them. Second 

parity dams followed the same ranking for both cycling rate (% of cows showing estrus) 

and conception rate. Small cattle had the highest cycling rate and conception rate (P < 

0.05), large cattle had the lowest with medium cattle in the middle. In the third parity, 

small cattle had more calves (P < 0.05) than medium or large cattle. It was decided that 

under less than optimum conditions for cycling at 14 to 15 mo of age, smaller cattle, 

which can mature at lighter weights and an earlier age should be considered.

Van Oijen et al. (1993) broke cattle into three breed groups depending upon their 

level of milk production as well as the ages of these cattle by breed group. Reproductive 

performance was measured as calf crop percentage. The low milk group had 73.6, 78.7 

and 93.2% calf crop as I, 2 and 3+-yr-old cows, respectively. The medium milk group 

had 92.5, 80.6 and 90.4% calf crop as I, 2 and 3+-yr-old cows, respectively. Lastly, the 

high milk group had 81.3, 83.8 and 87.1% calf crop as I, 2 and 3+-yr-old cows, 

respectively. This study was performed under confinement situations where feed intake 

was not a limiting factor.
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Related to Body Condition Score TBSO

An animal’s condition plays a vital role in its reproductive capacity. Body 

condition score is an easy and effective way to evaluate an animal’s condition. Richards 

et al. (1986) said “energy restrictions during the late prepartum period results in thin body 

condition at calving, extends the interval to first postpartum estrus, and decreases the 

likelihood of a high percentage of cows exhibiting estrus early in a finite breeding 

season.” Cows being fed different nutritional levels that calved with a BCS > 5 returned 

to estrus an average of 14-d earlier than those that calved with a BCS < 4 (Richards et ah, 

1986). In this same study nutritional management also did not affect the interval to 

pregnancy. However, cows that calved with a BCS < 4 had a 6-d longer interval to 

pregnancy than those with a BCS >5.

Buttram and Willham (1989), found cycling rate was the same for cattle of 

different size at one ranch (high quality forage), however, large cattle had a decrease of 

approximately 20% in their cycling rate and calving rate at another ranch when compared 

to small cattle. This second ranch had a harsh dry environment where forage was limited 

and quality was poor. Presumably, the larger cattle were not able to meet their energy 

requirements for maintenance and for growth or reproduction in this harsh environment, 

therefore body condition suffered and the ability to conceive also suffered.

Postpartum interval

Postpartum interval plays a vital role in herd efficiency. If cows are continually 

late in breeding, the calving date gets pushed back or cows don’t get bred that season. 

Short et al. (1972) found that removal of calves after birth will shorten the postpartum
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interval and mastectomy will further reduce the postpartum interval over allowing calves 

to suckle the dam even when nutrient intake is adjusted for lactation status. However, 

these practices are impractical. Apparently, lactation in the cow inhibits estrual activity 

. and ovulation without affecting follicular development (Short et ah, 1972). Oxytocin 

injections to the cows that are mestactomized or intact 3x per day for 35 d following 

calving did not change the postpartum length.

Freetly et al. (2000) found cows that cycled prior to and after parturition did not 

have a difference in the number of cows diagnosed as being pregnant with their second 

calf, although it was cautioned that cows that lost body condition until lactation were 

numerically the lowest in percentage pregnant for the second term. In their study, 

nutritional treatments were imposed to either have the cow maintain body condition 

during pregnancy, lose body condition during the. second trimester and then regain it 

during the third, or lose body condition during the second and third trimesters and regain 

it after 28 d of lactation. All cows would be at the same body condition for breeding.

Freetly and Cundiff (1998) found postpartum interval to differ (P < 0.001) by sire 

breed with heifers of Brahman, Boran and Tuli sires having the longest postpartum 

interval and Angus, Hereford and Belgian Blue sired heifers to have the shortest. 

Hereford was not different than Brahman, and Belgian Blue was not different than 

Brahman. This may be due to the different times at which the heifers expressed their 

period of full (highest) lactation. Postpartum interval did not differ due to heifer breed 

group or nutritional treatment.
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Clutter and Neilsen (1987) state that in beef production, development and survival 

of a calf are to a large part dependent upon the maternal environment provided by the 

dam. If a dam provides colostrum directly after birth, cleans the calf up after birth (this is 

especially important in cold weather), provides an adequate supply of milk and teaches 

the calf how to forage, the calf has a good chance at surviving.

Milk Production of the Dam

Neville (1962) and Rutledge et al. (1971) say that among beef cattle, 66% of the 

variation in weaning weight is accounted by milk production of the dams. Holloway and 

Butts (1984) stated calves on high quality pastures did not consume more milk than 

calves on low quality pastures. However, there was a difference in growth rates. Calves 

on high quality pastures appeared to consume more nutrients from forage, which would 

account for their increased growth rate. Clutter and Nielsen (1987) stated that the greater 

regression for the lower milking (.032, .032 and .053 kg/kg for high, medium and low 

milk groups, respectively) group suggests better use was make of the milk available. On 

average 31.25 kg of milk was required for Ikg of gain in the high and moderate milk 

groups while the low group required 18.87 kg of milk for I kg of gain. This suggests the 

calves receiving less milk are making up for the difference in other ways or are making 

better use of the available milk. Grings et al. (1996) found efficiency of production to 

increase with increasing milk production. Calf weaning weights were larger for the cows 

that produced more milk and this more than made up for the difference in forage intake 

by the cow.

Calf Weaning Wei ghts
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Boggs et al. (1980) found calves bom from March 21-31 consumed more milk 

than those bom from March 1-20. This may be a result of forage quality differences at 

these times and the ability of the dam to convert forage to milk. They also found milk 

intake to have a negative effect on grass intake by calves 2-6 mo old. Each increase of I 

kg of milk consumed decreased .03 kg/d less grass in 2 mo old calves (P < 0.05). Six mo 

old calves consumed .02 kg/d less forage for every I kg increase in milk consumption (P 

< 0.05). It was also determined that each additional kg of milk/d added 7.20 kg of 205 d 

adjusted weaning weight and .34 kg/d of average daily gain.

Calves not receiving adequate milk from the dam may try to compensate by 

consuming more forage. Boggs et al. (1980) found that during the first 2 mo of life grass 

intake and ADG were negatively related indicating that calves were not able to 

compensate for the decrease in milk by consuming forage. However, during the 3rd 

through 5th month, added grass tended to improve gain (P'< 0.10). Each I kg of grass 

yielded .02 kg/d of additional gain during this time. Rumen function for calves at this 

later stage is probably better so better use of the available forage was probable. Clutter 

and Nielsen. (1987) indicate that as lactation progresses, the importance of milk 

production for calf growth declines.

Baker et al. (1976) found calves gained 81 g/kg of milk provided during the time 

calves were housed and milk was the only source of feed. After calves were grazing the 

gained 50 g/kg of milk provided. In a subsequent study (Te Du et al., 1976) found calves 

on restricted milk intake consumed more forage per unit body weight than those not 

being restricted on milk intake. It was determined that calves not being restricted in milk 

intake grew faster from birth to weaning, but after weaning, these calves had a lower
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forage intake for a period of time than calves on restricted milk intake, causing no 

difference in live weight a few weeks after weaning.

Forage intake by the calf

Le Du and Baker (1979) found that forage intake was depressed by milk intake 

.. but total ME consumption and growth rate were enhanced. This is similar to Ansotegui 

et al. (1991) who found fecal output to be negatively correlated with milk intake in July (r 

= -.62; P < 0.05) and August (r -  -.56; P < 0.05). Ansotegui et al. (1991) suggested that 

forage intake of calves may be under metabolic control rather than being limited to rumen 

fill due to similar ADG and DE intake each year even though forage consumption and 

milk consumption were different each year. Milk intake in 1985 was higher (P < 0.05) 

(817.6 ± 42.1 kg) than 1984 (534.8 ± 77.7 kg).

According to Ansotegui et al. (1991) calves nursing low milk producing cows 

consume more forage than those calves nursing high producing cows. A strong negative 

relationship between the amount of milk the dam produces and forage DMI by the calf 

was reported. Data presented by Ramsey et al. (1994) with sheep supports this 

observation. Clutter and Neilsen (1987) state that calves from low milk producing dams 

rely earlier in lactation and to a greater extent on alternative food sources of lower 

nutritional value than milk. Ansotegui et al. (1991) found calves to consume 

approximately the same amount of DE whether receiving high amounts of milk or low 

amounts of milk, suggesting that forage intake by suckling calves may be under 

metabolic control rather than being controlled by rumen fill. Miller et al. (1998) found 

higher fecal outputs by calves from low milk producing cows than moderate or high milk
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producing cows, suggesting more forage intake by these calves. Le Du et ah (1976) 

agrees with this finding, calves on restricted milk intake consumed more forage than 

calves not restricted. When looking at calf weights, this increase in forage intake was not 

enough to make up for the lost milk, however, after weaning these calves were able to 

continue consuming large quantities of forage while those on high milk had a difficult 

time converting strictly over to forage consumption. After several weeks of grazing, 

calves from both groups weighed the same.

Horn et al. (1979) found diets selected by calves to be higher in nitrogen than 

diets selected by cows during certain months. Grings et al. (1995) also found that calves 

selected diets of higher quality than mature steers early in the summer when calves were 

receiving much of their nutrient intake from milk, but not at a later time. This differential 

effect may be caused by learning behavior, changes in forage quality or increased forage- 

intake by calves. Calves may have more time to be selective in their foraging due to the 

consumption of milk; a high quality food. As milk intake decreases or calf growth 

requires more than milk can provide, forage intake will increase, therefore there is less 

• time for the calf to be selective.

In a study by Boggs et al. (1980) milk intake had a negative effect on grass intake 

by calves that were 2 to 6 mo old. They also found a negative relationship between grass 

intake and calf performance through the entire preweaning period and grass intake and 

ADG for the first 2 months. However, from days 60 to 150 the added grass tended to 

improve gain, each additional I kg of grass eaten per day resulted in about .02 kg/day 

more gain. It was also found that calves bom later in their study, March 21-31, 

consumed less DM (P < 0.05) than those bom before March 21st. Monthly forage DM



intakes represented .62, 1.46, 1.51, 1.75 and 2.20 % of the calves body weight for May, 

June, July Aug and Sept.

Sowell et al. (1996) found that restricting milk intake by blocking the rear udder 

quarters did not affect (P >0.10) forage OMI of calves grazing blue grama, a low quality 

forage, during any time even though the calves consumiong less milk spent more time {P 

< 0.05) grazing in June. Weaning weights were adversely affected by restricting milk 

intake for 4 weeks. Grings et al. (1995) found similar results when forage quality was 

poor. However, when' forage quality was good, calves consumed diets that were 21% 

higher in crude protein and contained 5% less ADF when compared to mature steers. It 

seems that when forage quality is good and milk production is adequate, calves will be 

highly selective in their forage intake. However, if milk intake is limited and/or forage 

quality is poor, the calf does not have the ability to be selective and will consume more 

forage in an attempt to meet energy requirements. .

Animal Requirements

Maintenance requirements have been shown to account for 71 to 75% of the ME 

required by the cow during a production cycle (Ferrell and Jenkins, 1987). For this 

reason alone it is important to study and understand maintenance requirements and the 

differences among breeds with regard to their maintenance requirements. According to 

Ferrell and Jenkins (1987), about 70% of the variation in maintenance requirements is 

associated with the variation in milk production among breeds.
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Maintenance Requirements: Size and body condition

According to Holloway and Butts (1984) animals consume different amounts of 

forage depending upon the type of forage in question. Large framed cows grazing a 

fescue-legume pasture consume more DE than smaller framed cows, however the 

opposite tendency was noted for animals consuming fescue alone. The use of breeds or 

breed crosses of greater genetic potential for performance to improve output can increase 

the nutrient requirements of the producing females (Jenkins et ah, 1991). Data presented 

by Lemenager et ah (1980) suggests that weight alone cannot be used to accurately 

determine the energy requirements of the larger breeds or breeds with higher milk 

production potential.

Dickerson (1978) stated that biological adaptation of body size to climatic, 

seasonal grazing and feed resource environments and to specialized crossbreeding 

systems can be important. Ferrell and Jenkins (1985) reported maintenance requirements 

per unit metabolic body size to differed little due to weight per se but that genetic 

potential for milk production was positively related to maintenance energy requirements 

and these differences are expressed in the non lactating female. Conversely, Buttazzoni 

and Mao (1989) studying dairy cows, state that energetic expenditure for maintenance per 

unit of metabolic weight is independent from milk yield. Results from Barlow et ah 

(1988) are in agreement; genotypes with higher potential for milk production did not 

have higher maintenance requirements per unit metabolic live weight.

Russell and White (1983) noted that maintenance per unit of size decreased with 

increasing body condition and this is in agreement with Dickerson (1978). Ferrell and 

Jenkins (1985), citing Turner (1974), reported that Charolais and Hereford maintenance



requirements increased proportionally to metabolic body weight. However, when they 

compared several different studies and scaled back milk production at a value of 1.06 

Meal ME/kg milk, variation in maintenance requirements were found to exist beyond 

those associated with size or milk production.

Marshall et al. (1976) concluded larger cows apparently produce enough 

additional calf weight to balance their greater nutrient requirements. Reid et al. (1991) 

calculated MEm values for eight breeds or breed crosses. Red Poll cows had the highest 

MEm while Brahman x Hereford had the lowest.

Maintenance requirements: Pregnancy and Lactation

According to NRC (1996) animal heat production increases with pregnancy. This 

increase in heat production can be assumed to increase the energy requirements of beef 

cattle. According to Barlow et al. (1988) and Kress et al. (1996) crossbred cows have a 

higher milk production than their straightbred counterparts. The percent hybrid vigor for 

milk yield is 6% in dairy cattle (Bourdon, 1997). Under grazing circumstances, crossbred 

cattle consumed more DMI than did straightbred cattle when grazing poor quality forage 

(Barlow et al., 1988). Conversely, when forage quality was high, crossbred cattle 

consume less DM. Ferrell and Jenkins (1985) suggest crossbred cows have greater 

nutrient requirements than straight-bred animals; this is a result of the greater lactation 

yields rather than any differences in live weight. The lactating animal has higher 

visceral organ weights than the non-lactating counterpart (Ferrell and Jenkins, 1985). 

The more milk produced by an animal, the larger the increase in visceral organ weight
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(Ferrell and Jenkins, 1985). This corresponds to an increase in energy requirements 

during lactation.

The estimated ME requirement for lactation is 1.06 Mcal/kg of milk (NRC, 1971). 

Montano-Bermudez et al. (1990) calculated the energy required to produce I kg of milk 

to be 1.0 ± .13 Meal for their experiment. There seems to be an antagonistic relationship 

between milk production and ME requirements. Anderson et al. (1986) found a 53% 

increase in intake for animals during lactation. It is also noted that intake differences 

during lactation of different biological types is related to levels of milk production and 

that seasonal differences or yearly differences in forage quality can influence intake 

levels of different biological types of cattle. Lemanger et al. (1980) found average TDN 

consumption ratios during lactation to be 100, 112, 112 and 132 for RH, AH, CR and SR 

cows respectively. The visceral organs, lungs, liver, kidneys and heart, consume a large 

amount of energy, any increase in their size corresponds to an increase in the energy 

required by the animal.

Maintenance requirements: Previous plane of nutrition

Ferrell and Jenkins (1985) found sheep on a high plane of nutrition had an 

increased maintenance requirement over sheep on low planes of nutrition. It was also 

found that the weights of the heart, lung, liver, and kidney to be greater in ad libitum 

versus restricted diets for cows in feedlots. This suggests maintenance requirements for 

the ad libitum fed animals would be higher than those on a restricted diet.

Ferrell and Jenkins (1985) state that maintenance is related to body composition, 

primarily with the body lean or protein mass. The correlation of maintenance with body



fat mass is low. Holloway and Butts (1984) found rumen capacity as a percentage of 

body weight and in total capacity is inversely related to fatness. Ferrell and Jenldns 

(1985) also state that maintenance requirements differ due to nutritional treatments prior 

to evaluation. Lambs on a high plane of nutrition had maintenance requirements that 

were 32% higher than those lambs from the low nutrition plane. A portion of this 

increase in maintenance requirements can be attributed to the increase in organ size 

(Barlow et al. 1988). This is in agreement with Ferrell and Jenkins (1985) Friesian steers 

had a higher proportion of visceral organ weight than did Herefords and had a higher 

maintenance requirement. They believe this is a result of the genetic potential of the 

Friesian breed to produce large quantities of milk.

Biological Efficiency

Biological efficiency has become a large topic of interest. With the introduction 

of the continental breeds in the early 1970’s, a rancher can choose a large variety of cattle 

. or crossbreds. To choose the best animal for any given area, one needs to consider a vast 

array of factors including but not limited to, climactic conditions, forage resource 

availability and animal size. In essence, genotype x environment interactions need to 

be explored and understood to get the most efficient animal type for a given range. 

According to Dickerson (1978), biological efficiency would be improved more in beef 

and lamb than in any of the other meat animals with an increase in reproductive rate.

Biological efficiency is a term used to describe the relationship between inputs 

and outputs. Ferrell and Jenkins (1994) define biological efficiency as the ability of a 

cow to convert feed resources to calf weight at weaning. This allows breeds or individual

'26
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animals within a breed to be ranked for biological efficiency by measuring cow intake, or 

cow feed energy consumed and by measuring calf weights at weaning.

Calculations for biological efficiency are often of the sort presented by Kattnig et

id. (1993):

Biological efficiency = calf weight
OMI

To calculate biological efficiency while including reproductive measures, 

Doombos et al. (1987) proposed the following formula:

Biological efficiency = Adjusted calf weaning weight/cow exposed
OMI

In a 4-yr study conducted by Doombos et al., (1987) using straightbred Herefords 

(HE), 50%Angus x 50%Herefords (AH), 25% Simmental x 75% Hereford (1S3H), 50% 

Simmental x 50% Hereford and 75% Simmental x 25% Hereford (3S1H) it was 

determined that matching genotypes to the environment is important for biological 

production efficiency. This study was conducted in the foothills region of northern 

Montana with precipitation ranging from 20 cm to 41 cm during the study years. 

Average annual precipitation is 46 cm, this study was conducted during a severe drought. 

Production efficiency always favored the larger cattle with higher milk production. 

However, during the years with low rainfall, biological efficiency tended to favor an 

intermediate in both size and milk production. In this particular environment, the large 

genotypes with high milk production could not eat enough to support maintenance and
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heavy milk production. It was decided the intermediate genotypes were the best for this 

environment.

Jenkins et al. (2000) indicate that breed and (or) breed crosses differ in peak and 

total milk yield with differences being expressed among breed crosses as well. “The 

greater genetic potential for milk production would increase the ME cost for maintenance 

per unit metabolic size.” In this case biological efficiency was more dependent upon 

breed potential for calf preweaning growth and milk production. The growth of calves 

from dams with lower genetic potential for milk production was not fully realized during 

their 170 d test period. This resulted in fewer kilograms of marketable product and lower 

biological efficiency when related to total DMI consumption.

Kattnig et al. (1993) found overall efficiency to decrease with increasing cow hip 

height (P < 0.05) under semidesert range conditions. Organic matter intake and 

efficiency were not affected by the estimated genetic potential for milk while cow BW 

had a positive effect (P < 0.01) on calf body weight from late spring through weaning in 

mid-autumn. On average, the weaning weights of calves increased by .18 kg/kg of cow 

body weight.

Organic matter intake generally increased with cow BW in a study by Kattnig et 

al. (1993). Efficiency was negatively related to cow body weight indicating that under 

semidesert conditions, smaller cow types are more biologically efficient. Even though 

the larger cows weaned heavier calves, their OMI was high enough to offset the benefit 

gained from weaning a heavy calf. Solis et al. (1988) reported that cows that have the 

potential to store fat are more efficient when energy is limited, whereas cows that have 

larger protein stores are more efficient when energy is not limited. Under semidesert
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conditions and energy deficiency may be a common event, lighter, small framed cows 

may be able to store more fat during times of plenty due to a reduction in maintenance 

requirements.

Contradictory to this is that taller cows tended to maintain more condition on 

average than their shorter counterparts (Kattnig et ah, 1993). Average condition scores 

increased by .05 units for every additional cm in cow hip height. Biological efficiency 

was negatively related to cow hip height and efficiency decreased by .3 kg/kg for each 1- 

cm increase in cow hip height. This would indicate that maintenance requirements of the 

large framed cows may have been too high under these conditions.

Increasing milk production increased the OMI of the cows only during the late 

summer (mid-lactation) (P < 0.04) (Kattnig et al., 1993), cow condition was not affected 

by increasing milk production (P > 0.10). The quadratic relationship between milk 

production and efficiency during early lactation indicated efficiency increases initially 

with increased milk production potential, than attains a point of diminishing returns. No 

relationships between milk production and efficiency were observed during any other 

time of the year. It was concluded that optimal biological efficiency may be achieved 

using cows that are small in stature and weight under semidesert conditions. Genetic 

potential for calf growth preweaning did not affect efficiency (P > 0.20) within the range 

of their data, which implies that cows with more genetic potential for preweaning growth 

tended to consume more forage overall and the increased calf growth from these cows 

balanced the greater intakes. However, the potential to produce milk could become a 

large problem under poor environmental conditions.
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Montano-Bermudez and Nielsen (1990) defined biological efficiency as “the ratio 

of estimated kilograms of calf weight weaned by a herd of 100 first-cross cows to 

estimated metabolizable energy (ME) intake by the cows and preweaning non-milk 

intake by the calves”. This study was conducted in a drylot setting in Nebraska. 

Biological types represented included Hereford x Angus, Red Poll x Angus and Milking 

Shorthorn x Angus, which represented low, medium and high levels of milk production 

respectively.

The energy required by the cow herd was 10 and 12% higher for the. medium and 

high groups respectively and maintenance requirements represented 64 to 67% of the 

total energy required by the cowherd. Energy required for lactation was 32 and 43% 

higher for the medium and high milk groups respectively when compared to the low 

group. Energy requirements for the calves followed a similar trend. . Calves in the 

medium group required 8% more energy than calves in the low group and high calves 

required 14% more energy. The weaning weights were 201 kg, 211 kg and 212 kg for 

low, medium and high milk groups respectively (Montano-Bermudez and Nielsen, 1990).

Efficiency of production to weaning was highest for the low group, the higher 

outputs in the medium and high groups were more than offset by the higher energy 

requirements for maintenance (Montano-Bermudez and Nielsen, 1990).

Reid et al. (1991) used breed group means for weight of calf weaned per mature 

female exposed to breeding and divided this by the yearly MEm requirements to estimate 

efficiency. In doing this, estimates of energy requirements for gestation and lactation 

were not considered nor was ME intake of the calves from non-milk sources considered. 

The conclusion reached is that breed types vary in.efficiency at different stages in the life
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cycle and evaluating efficiency by weaning weight alone may be misleading. Moderate 

body size Bos taurus crosses that are medium in body size and milk production have the 

highest biological efficiency in a dry, temperate climate.

Jenkins et al. (1991) in a study conducted in the drylot, found a significant sire 

breed of dam effect on output (calf weaning weights). Progeny weight gains from Brown 

Swiss- and Maine Anjou- sired Fl cows were greater (P < 0.05) than weight gains of 

progeny from Angus/Hereford- sired Fl cows. Weight gains of breed crosses with 

moderate potential for either size or milk yield did not differ (P > 0.05) form other high 

or moderate potential breed crosses.

Differences among the breed crosses for the conversion efficiency seem to 

contrast breed crosses with genetic potential for moderate mature size with breed crosses 

of greater potential for mature size (Jenkins et ah, 1991). Angus/Hereford- and Red Poll- 

sired dams’ efficiency ratios were greater (P < 0.05) than the ratios for Gelbvieh (large 

size and high milk production) and Chianina (large size) but did not differ (P > 0.05) 

from those for the Maine Anjou (large size) or the Brown.Swiss (high milk production).

Jenkins et al. (1991) concluded that the variation in efficiency seems to be more 

dependent upon ME consumption of the dam rather that of the calf. Calves showed no 

differences (P > 0.05) in their level of creep intake in this study. The breed types with a 

higher milking ability required more ME intake and the difference in calf weight was not 

enough to offset this increase in ME intake, therefore efficiency ratios were less

desirable.
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Evidence indicates the; cows with moderate mature weights and levels of milk 

production have the potential to be more biologically efficient. If these moderate cows 

are mated to sire breeds with greater genetic potential for growth, the resulting 

complimentarity effects would be expected to be positive for efficiency during the 

preweaning period for a production system (Jenkins et ah, 1991).

Grings et ah (1996) found calf growth potential was not a significant factor 

affecting efficiency due to an increased intake of forage of these high growth potential 

calves. However, when converted to intake per unit BW, forage intake did not differ (P > 

0.10), indicating the increased forage consumption of high growth potential calves was a 

result of increased BW. This is in contrast to Jenlcins et ah (1991) who, in the drylot, 

found high growth potential calves to consume the same ME levels of lower growth 

potential calves.

Milk production was found to be a significant adjustment factor for efficiency (P 

< 0.05) with greater milk production being associated with greater efficiency (Grings et 

ah, 1996). Growth potential of the calves sire did not influence efficiency of production 

to weaning even though calves from high growth sires had greater weaning weights in 

some years. It was determined that no extra nutritional demand was place on the cow. 

Cow size influence intake of the cow but not efficiency of production. Indicating that 

larger cows ate more but weaned enough extra kg of calf weight to compensate for this 

increase in intake.

Davis et ah (1983a) evaluated lifetime biological efficiency. Calf weaning weight 

and cow salvage value were included as the outputs while progeny creep feed and the 

dams lifetime feed consumption were the inputs. It was determined that dams receiving
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low energy diets generally had lifetime efficiencies equal to or superior of those fed high 

energy diets in spite of the older ages at calving. It was also found that dams of beef 

breeding were the most efficient followed by a beef x Holstein cross and then straight 

Holstein. Even though Holstein cows weaned the heaviest calves and had the highest 

salvage values, the ME consumption was so much greater as to outweigh these benefits. 

It was concluded that dams of smaller size tended to be more efficient than those of large 

size.

Davis et al. (1983b) found that weights, heights and weighfiheight ratios of the 

dams at 240 d of age were not correlated significantly with subsequent efficiency. This 

indicates that selection of dams on these traits would not be advisable if one is selecting 

for lifetime cow efficiency. However, more efficient weight gains from 240 d to first 

calving tended to be related to dams lifetime efficiency.

A dam’s weight at the weaning of her calf was found to have a significant 

negative correlation with efficiency (Davis et al., 1983b). This indicates that smaller 

dams or dams with lower BCS were more efficient over the dam size and BCS in their 

study. However, it was mentioned that this advantage may in part be due to these dams 

being mated to sires that had larger body sizes relative to their own: This trend was

much stronger when the cows salvage value was excluded from the model. Feed 

consumption of the cow appears to be the most important factor influencing actual 

lifetime efficiency.

Decreased age at calving had a large favorable relationship (P < 0.01) with actual 

lifetime efficiency. This would indicate that dams that calved earlier or rebred sooner
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after parturition had a reduced feed intake prior to weaning a calf than those who took 

longer to conceive.

Correlations between efficiency and change in weightheight ratio from calving to 

weaning were positive indicating an increase in BCS during the post-partum interval 

increased efficiency.

Nazzie et al. (1999), studying life cycle herd efficiency in a simulation study, 

defined efficiency as the ratio of total output (steer lean meat equivalent) to total input 

(feed equivalent) over a specified age at disposal of the herd. In this study, an 

assumption of unrestricted feed intake was made.

Nazzie et al. (1999) determined that efficiency could be maximized by selling 

offspring to the feedlots at weaning when the offspring was 31 to 35% mature. Life cycle 

efficiency tended to be higher the slower the breed matured. It was found that the 

slowest maturing group (dairy synthetic) was the most efficient. This is probably due to 

less intake, since the animal is not carrying fat all the time and it is still growing. If 

maturity rate is increased, efficiency is decreased due to feeding the mature animal for 

longer. The longer the cow was in the herd, life cycle herd efficiency was decreased, 

however, after 6 yr of age, the decline in efficiency was minimal and in some cases it 

began to recover (Nazzie et al., 1999).

Marshall et al. (1976) defined efficiency as the ratio of calf weaning weight to 

total TDN intake by the cow and calf. This study was conducted in the drylot with 

feeding levels altered to allow for. monthly weight changes that were similar to the 

average of their contemporaries in pasture. Angus, Charolais and the Fl reciprocal cross 

were mated to a single Hereford sire each year.



It was determined that cow weight affected (P < O.Ol) all TDN measures and 

progeny weaning weight but did not affect efficiency (P > 0.25). Cow weight, condition, 

and milk production did not affect reproduction. However, both crossbred and Angus 

cows were more fertile (P < 0.05) and weaned more calves (P < 0.05) than Charolais 

cows. Dickerson (1978) stated that an approximate 10% improvement in biological 

efficiency could be expected in lamb or beef cattle as a result of a 20% increase in the 

number of offspring produced due to genetic improvement. It was also suggested that 

factors associated with size, such as lactation and gestation, dystocia, and post weaning 

rate of gain, preclude size itself from having a major effect on life cycle production 

efficiency.

Milk production accounted for 23% of the variation in efficiency while cow 

condition and weight only accounted for 1% (Marshall et ah, 1976). Milk production 

was moderately associated with weaning weight (r = .44) and efficiency (r = -.52). Cows 

that produced more milk had heavier calves at weaning and tended to be more efficient. 

Ferrell and Jenkins (1985) found increasing milk production increased maintenance 

requirements. However, Marshall et al. (1976) found total intake to have essentially no 

relationship with efficiency even though cow TDN intake was influenced (P < 0.01) by 

breed, age of dam and calf age effects. Heavier cows consumed more food but produced 

more kg of calf weight, thus counterbalancing one another and explaining why efficiency 

did not differ with cow weight. Increasing BCS negatively affected both weaning weight 

and efficiency in this study. It was determined that heterosis for reproductive 

performance is the major advantage of the crossbred cow.



Green et al. (1991), studying input/output differences among nonpregnant, 

lactating Bos indicus x Bos tourus and Bos taurus x Bos taurus Fl crossbred cows in 

south central Nebraska, found in general the Bos indicus x Bos taurus groups to be more 

efficient. Measuring efficiency as calf gain over cow ME feed intake during an 18-wk 

lactation portion of the production cycle, while omitting calf creep intake and being 

independent of milk production, determined that efficiency was 7.5% higher for Bos 

indicus-X groups (P < 0.10). This in part could be due to ignoring calf creep intake and 

Bos indicus-X groups had lower creep intakes {P < 0.10). When calf gain was related to 

feed consumption of both the cow and calf, independent of any measures of milk 

production, an 11% advantage of the Bos indicus-X groups was found over their Bos 

taurus-X counterparts (P < 0.05). Differences between the two Bos indicus-X groups 

were negligible, as was the difference between the two Bos taurus-X groups. A portion 

of the advantage seen by the Bos indicus-X groups may be attributed to an increase in 

heterosis.

Miller et al. (1999) studied the effect of milk yield on biological efficiency of 

three biological types of cattle. Purebred Hereford, small rotational (cross of Tarentaise, 

Pinzgauer, Gelbvieh, and Angus) and large rotational (cross of Charolais, Simmental, and 

Maine Anjou). Cows were housed and fed a silage based diet to maintain condition 

through a production year.

Increased milk yield was associated with an increase in efficiency in Hereford {P 

< 0.01) and small rotational cattle (P < 0.10), with no effect found in large rotational 

cattle. This is in contrast to the relationship found across breed groups found by Van 

Oijen et al. (1993). They found differences in inputs to contribute more to variation in
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efficiency than those in outputs. Miller et ah (1999) reported increasing milk yield 

tended to improve biological efficiency to weaning for two of the three breeds of cattle 

studied. Even though increasing milk yield increased intake during lactation, calf 

weaning weights were enough to compensate for this increase.

Types and Methods of External Markers

There are several different methods for estimating forage intake, digestibility and 

measuring total fecal output. Under controlled feeding programs in which a known type 

and amount of forage is fed, internal markers can work very well. However, for the 

animal grazing pasture, internal markers do not quantify an animal’s intake, forage 

digestibility or fecal output effectively. According to Sunvold and Cochran (1991) citing 

Galyean et ah (1986) and Cochran et ah (1987) erratic results have been attained from 

internal markers used under range conditions. Different laboratories and different forage 

types affect the results from an internal marker. Under these circumstances an external 

marker needs to be used.

Pond et ah (1987) defines an external marker as something that is not a natural' 

constituent of the forage and is not digested or absorbed. These markers are either given 

daily or are given in a bolus that has a constant release to maintain steady state 

equilibrium in the digestive tract. There are several types of external markers available 

for use; these include rare earth markers, chromic sesquaoxide (G^Og), peristaltic- 

infusion pumps and the Cr2O3 constant release bolus.
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Rare Earth Markers

Rare earth elements include ytterbium, lanthanum, cerium, europium, samarium, 

neodymium, dysprosium, erbium, terbium, lutetium, hafnium and scandium Pond et al. 

(1987). Commonly, the element is mordanted to the fiber and then fed to the animal. 

Under grazing conditions this method is not an alternative. A Pulse dosing method can 

also be used. According to Paterson and Kerley (1987) there are pitfalls to this method of 

administration. The most common problem is the constant sampling that is required with 

this method. Animal grazing behaviors can be greatly disturbed, therefore inaccurate 

fecal outputs, estimates of intake and digestibility can be obtained.

Chromic Oxide

Chromic sesquaoxide, commonly called chromic oxide, is the most commonly 

used external marker (Paterson and Kerley 1987). It is fairly cheap and can be analyzed 

by atomic absorption spectrophotometry. Its main disadvantage is that it doesn’t flow 

with either the solid or liquid phase of the digesta and is therefore subject to diurnal 

variation (Pond et al., 1987; Paterson and Kerley, 1987; Moment et al., 1994; 

Brandyberry et al. 1991). It is recommended to allow five days after initial dosage to 

allow steady state equilibrium to occur before collecting any fecal samples from the 

animals. Many methods of administration have been used with G^Os. These include 

mixing with feed, gelatin capsules of powder administered daily, paper impregnated with 

Cr2Oa inside of a gelatin capsule, constant release pellets and boluses, and mordanting to 

fiber at 6-8% as suggested by Pond et al. (1987). The last three methods are attempts at 

decreasing diurnal variation of marker concentrations in the feces.
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Diumal Variation

Diurnal variation is caused by the activity or inactivity of the digestive tract at 

given times during the day and may vary given different physiological status of an 

animal. Data has shown (Kiesling et ah, 1969) chromic oxide recovery patterns to differ 

when collections are taken during the day versus nighttime sampling. Figure I shows a 

common pattern of recovery if the daily dosing method is used. To alleviate the problem 

of diurnal variation, the constant release bolus was developed by Captec

Chrome®, Nufarm, Auckland, NZ.

Figure I . Diurnal variation of chromic oxide

” ♦ First 24 hours 
— “ Second 24 hours

CnOi constant release bolus

Constant release boluses (CRD) are very useful when using large numbers of 

animals in a range condition. Grazing behaviors are not disrupted to dose the animal with 

Cr2O3. Problems have arisen with the use of the CRD. According to Hatfield et al. 

(1991) either overestimation of the release rate by the manufacturer or incomplete
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recovery of the chromium may account for the overestimation of fecal output. The 

manufacturers specified release rate usually does not correspond to the actual amount 

collected each day. For individual animal comparisons this can cause very large 

problems', however, if used to compare forage intake or digestibility for biological groups 

of animals, this method can be effective (Buntinx et ah, 1992). The release rate will be 

fairly continuous throughout all the animals and allows one to compare the differences 

between these groups of animals, but only groups; individual animal comparisons are not 

possible with this method.

CRD Release Rate

According to the manufacturer of the CRD, the release rate and collection rate
%

should be constant from day 5 through day 25 of bolus use. -A study by Luginbuhl et al. 

(1994) showed the release rate differed on three different pasture types. On alfalfa the 

predicted fecal output (PO) was consistent with the actual fecal output, as the forage 

quality changed predictions of fecal output were overestimated. The manufacturers 

release rate was specified at 140.3 mg/d. On alfalfa they collected 143.5±1.0, on coastal 

bermudagrass 130.7+2.0 and on a commercial sheep pellet mix 128.4±.94. This data as 

well as data from Hatfield et al. (1991) suggests that there is an interaction between the 

type of forage being grazed and the release rate of the bolus.

Hatfield et al. (1991) studied fecal outputs of sheep under range and confinement 

situations. In confinement, sheep supplemented with barley all had predicted fecal 

outputs much higher than the actual. Also under confinement, sheep were limited on 

their intake, chromic oxide overestimated fecal output grossly. Evaluating fecal outputs



in a range condition with supplemental barley, (Hatfield et ah, 1991) found predicted 

fecal outputs were less than actual. The final experiment was trying to determine the 

effect of forage availability on chromic oxide predictions of fecal output. There was no 

statistical difference between pastures grazed heavily or not grazed at all. Buntinx et al. 

(1992) showed there were no differences among different stocking rates or between sexes 

in daily amount of chromium excreted by lambs.

Conclusions Relating to the Use of the CRD

The CRD can be a useful tool when measuring fecal output of animals in a range 

situation. Buntinx et al. (1992) citing research of Parker et al. (1989) states there is little 

variation between capsules within a sheep which alludes to the fact that capsules exposed 

to a common environment perform similarly.
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CHAPTER 3

MATERIALS AND METHODS

Sampling of Cows

This section of the materials and methods are similar to those by (Sprinkle, 1992 

and Hirsch, 1995). Fifty-one 2-, 3-, 4-, and 5+-yr-old range cows from the Northern 

Agricultural Research Center herd near Havre, Montana were randomly selected from 

three biological types for each of four years. Biological types represented were purebred 

Hereford (HH), purebred Tarentaise (TT) and Hereford x Tarentaise or Tarentaise x 

Hereford (HT), with 17 cows in each biological type. In 1991 no 5-yr old cows were 

represented and in 1994 no 2-yr old cows were represented. Cows were dropped from 

the study for loosing a calf failure to milk.

Daily fecal output (PO) was measured during five periods of a full production 

year starting in the fall of 1990 and ending in the fall of 1994. The five periods were 

pregnant, nonlactating, fall grazing (November; Pd I); pregnant, nonlactating, winter 

supplemented (February; Pd II); lactating, spring supplemented (May; Pd III); lactating; 

peak nutrition summer grazing (June; Pd IV); and lactating, late summer grazing 

(September; Pd V). Each cow was bolused with a constant release intraruminal bolus 

(Captec Chrome®, Nufarm, Auckland, NZ) of chromic sesquaoxide (CriOs) during each 

of the five periods. Following a 10 d period to allow Cr2Os to reach a steady state 

equilibrium, three fecal grab samples were taken 3 d apart, frozen and analyzed later for



DM, OM, Ash and Cr2O3 content. From the Cr2O3 content, FO was estimated using the 

following formula:

FO (g/d) = Cr2O3 release rate tg/dt *%0M/1 OO 
Cr content in feces (g/g)

Cows were bolused in the morning of each period and retained in the drylot for 

several hours to watch for any regurgitation of the bolus. Ifregurgitation occurred, the 

cow was either immediately febolused or removed from that period. Cows that lost a 

bolus during the sample period were removed from that period. Cows were determined 

to have lost a bolus by either finding a number coded bolus or by an unreasonable fecal 

output estimate measured by Cr2O3 concentration during laboratory analysis. Fasting '

cattle for 6 to 7 hr prior to bolusing was found to help alleviate cattle from regurgitating 

the bolus.

Unreasonable fecal output was determined by either having an spectrophotometric 

absorbance of less than .018, which would suggest the heaviest cow in the study was 

eating 3.5% of her body weight, or if the fecal output reading was 6 or more standard 

deviations above or below the mean fecal output estimate. If there were large 

fluctuations between samples for the same cow or if the absorbance was steadily 

decreasing from each sample within the same period, this cow was considered for taking

out of the period. Table 3 contains a list of cows eliminated from each period during 

each year.
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Table 3. Cows removed from sample period

Cow ID 
7019 
7109 
8145 
7149 
8055 
7043 
7204 
8132 
7039 
8059 
7019 
7108 
9107 
8183 
8161 
8063 
7043 
7112 
7204 
8132 
8185 
7141 
8171 
7039 
8059 
9194 
7191 
7204 
9229
8058 
9233 
8225 
7067
8059 
8165 
7149 
8058 
8099 
8115 
8161 
8171 
9107

Year
91
91
91
91
91
91 .
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91 ■
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91

Period
I
I
II 
II 
II 
II 
II 
II 
II
II
III • 
Ill 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III
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Table 3. Continued

Cow ID Year Period
7209 92 I
8050 92 I
8064 92 I
8183 92 I
0070 92 III
7010 92 III
7149 92 III
8062 92 III
8064 92 III
8158 ' ' 92 III
9120 92 III
9194 92 III
0232 92 IV
7010 92 IV
7094 92 IV
7149 92 IV
7158 92 IV
7192 92 IV
9247 92 IV
8064 92 V
9147 92 V
0120 . 94. . ■ II

Organic Matter Intake

Organic matter intake was determined during each of the five periods for each of

the four years using the formula:

OMI -  Fecal organic matter output_______
% organic matter indigestibility/100
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Management of Cattle

Grazing

Range forage pastures were grazed in the Bears Paw mountains during periods I, 

IV and V. These pastures are characteristic of a mountain foothill pasture in North 

Central Montana and are classified in the Forest-Grassland complex of the western 

glaciated plains. Predominant forest species represented were rough fescue (Festuca 

scabrella), Idaho fescue {Festuca idahoensis), and bluebunch wheatgrass (Agropyron 

spicatum) with an overstory of ponderosa pine (Pinus ponderosa) in the upland region. 

Kentucky bluegrass (Poa pratensis) dominated the lowland region. Average elevation 

for this pasture is 1300 m with slopes ranging from 0 to 40%. Annual precipitation 

averages 46 cm and was 45 cm in 1991, 40.5 cm in 1992, 60.7 cm in 1993 and through 

October of 1994 was 19.2 cm.

Feeding

During period TI, 2- and 3-yr-old cows were fed grass hay and barley hay at 9 

kg-hd ’-d ’, 4-yr-old and older cows were fed grass hay at 9 kg-hd'1-d"1. In period III, after 

calving, 2-yr-old and older cows were fed 13.6 kg-hd"1-d'1 of second cutting alfalfa hay, 

all other cows were fed 13.6 kg-hd"1-d"1 of first cutting alfalfa/grass hay mix.

Breeding and Calving

During summer grazing, all 2-yf and older cows were bred by artificial 

insemination in a 45 d breeding season. Heat detection was accomplished with 

vasectomized bulls fitted with chinball markers and twice daily visual inspection. First 

calf heifers were breed natural service to Hereford (HH), Tarentaise (TT) or Fi (HT) sires
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according to the index outlined by (Dickerson et ah, 1974) (I = YW -  3.2 BW). No bulls 

with a birth weight over 45 kg were used. Calves were bom from late February to the 

beginning of May with an average calving date in late March. Table 4 and 5 show the 

breeding plans to produce phase I calves and phase II calves respectively.

Table 4. Breeding plan to produce phase I calves from foundation cows (Kress et al
199%)

Foundation Cowsa

H T
H HH HT
T
a  TT TT O

HT TT
H -  Hereford; T = Tarentaise.

Table 5. Breeding plan to produce phase II calves from phase I cows (Kress et al., 1995) 

Phase I Cowsa

HH HT TT

HH IHlH 3H1T IHlT

HT 3H1T IHlT 1H3T

TT IHlT 1H3T ITlT

aHH = Hereford; HT = Hereford x Tarentaise; TT = Tarentaise.

Seventeen Hereford (H) and 16 Tarentaise (T) sires were randomly assigned to 

each breed and age of dam of cows to produce phase I calves. Phase I cows were then 

randomly mated to 6 Hereford (HH), 6 Tarentaise (TT) or 6 Fi (HT) sires to produce 

phase II calves.
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Measurements on Cattle

Cows were weighed during fecal collection of each period and body condition 

(BCS) was scored, I through 9 (Table 6), in the middle of each period. Two appraisers 

visually scored body condition and the average of the two scores was used in the analysis 

of the data as the average of the three weights were used. Cow hip heights were taken at 

weaning.

Milk production (MP) was determined during periods III,TV and V by the weigh- 

suckle-weigh method (Williams et ah, 1979) and was converted to a 24 h basis following 

a 6 to 7 h separation interval.
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Table 6. System of body condition scoring (BCS) for beef cattle
Group BCS Description

I EMACIATED -  Cow is extremely emaciated with no palpable fat 
detectable over spinous processes, tranverse processes, hip bones 
or ribs. Tail-head and ribs project quite prominently.

Thin Condition 2 POOR -  Cow still appears somewhat emaciated but tail-head and 
ribs are less prominent. Individual spinous processes are still 
rather sharp to the touch but some tissue cover exists along the 
spine.

3 THIN -  Ribs are still individually identifiable but not quite as 
sharp to the touch. There is obvious palpable fat along spine and 
over tail-head with some tissue cover over ribs, transverse 
processes and hip bones.

Borderline Condition 4 BORDERLINE -  Individual ribs are no longer visually obvious. 
The spinous processes can be identified individually on palpation 
but feel rounded rather than sharp. Some fat cover over ribs, 
transverse processes and hip bones.

5 MODERATE -  Cow has generally good overall appearance. 
Upon palpation, fat cover over ribs feel spongy and areas on either 
side of tail-head now have palpable fat cover.

Optimum Moderate 
Condition

6 HIGH MODERATE - Firm pressure now needs to be applied to 
feel spinous processes. A high degree of fat is palpable over ribs 
and around tail-head.

7 GOOD -  Cow appears fleshy and obviously carries considerable 
fat. Very spongy fat cover over ribs and around tail-head. In fact, 
“rounds” or “pones” beginning to be obvious. Some fat around 
vulva and in crotch.

8 FAT -  Cow very fleshy and over-conditioned. Spinous processes 
almost impossible to palpate. Cow has large fat deposits over ribs, 
around tail-head and below vulva. “Rounds” or “pones” are 
obvious.

Fat Condition 9 EXTREMELY FAT -  Cow obviously extremely wasty and patchy 
and looks blocky. Tail-head and hips buried in fatty tissue and 
“rounds” or “pones” of fat are protruding. Bone structure no 
longer visible and barely palpable. Animal’s motility may even be 
impaired by large fatty deposits.

From: (Richards et al., 1986)
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Fecal Sample Analysis

Fecal samples were analyzed for dry matter (DM), and organic matter (OM) 

according to AOAC (1990) procedures as well as being analyzed for chromium content. 

Fecal samples were oven-dried at 60° C for 48 h before being ground in a Wiley mill 

with a 2 mm screen. Chromium content was determined using the Fenton and Fenton 

(1979) procedure of using acid digestion and spectrophotometric procedures. Repeat 

fecal samples were randomly selected within each period to measure the accuracy of lab 

procedures. Fecal digestion procedures used an indicator consisting OfCr2O3 in a flask of 

the acid digestion mixture to determine the proper cooking of all samples as indicated by 

color change. Spectrophotometric readings were at 390 nm.

Forage sampling

Forage samples were collected during each period. During periods I, IV and V, 

forage samples were hand clipped from eight sites from the bottom, lower, middle, and 

upper slopes of a north and south facing aspect representative of a typical slope in the 

pasture described previously. Five random .5 m2 hoops were sampled from each site. 

Forage was separated into forbs and grasses prior to lab analysis. During periods II and 

III, hay samples were collected for analysis.

Spectrophotometric regression line

An ultraviolet visible spectrophotometer was used to determine Cr2O3 weights in 

grams per gram of fecal matter. A regression line was fitted using known concentration
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standards of .0012, .0025, .0050, .0100, .0200, and .0250 g Cr2O3 in a diluted acid 

digestion mixture of 100 ml. The regression line was calculated using the Beer-Lambert 

Law:

A = a * b * c

where,

A = measures light absorbance of the species tested 
a = a constant depending on the species tested (with Cr, 390 run) 
b = path length of light in cm (I cm with our machine) 
c = concentration of the species in solution (what is to be determined)

Using the standards allowed a linear regression line to be calculated assuming the 
following model:

y = bo + bjx

With y = measured absorbance readings 
bo = calculated y intercept 
bi = slope of the regression line 
x = Cr weight

bo, in this case, is equal to -0.0343 and bi is equal.to 75.05 in the calculated regression 

equation. Using these values, Cr weight can be determined with the following formula: 

x = A -  (-0.0343) / 75.05 * sample wt.

Sample weight (75.05 * sample weight) was multiplied by two because half the 

amount of the standard dilutions was used to in the digested fecal samples. The fecal 

samples weighed 2 g, thus, the final formula was:

Cr2O3 weight = A -  (-0.0343) / 300.2
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Sampling of Calves

Measurements on calves were as done by Miller (1998). Calves were kept with 

their dams in an 80 ha pasture with a stocking rate of 2.1 ha/AUM during periods III and 

IV. There was enough forage so it was not a limiting factor on intake. Weaning took 

place the first week of October, after weaning calves were moved to a lowland pasture for 

2 wk prior to the third collection period.

Fecal Output

During 1992 and 1993 fecal output was measured on the calves during periods III, 

IV and V using a constant release intraruminal bolus (Captec Chrome®, Nufarm, 

Auckland, NZ) of G2O3 that was designed for use in sheep weighing up to 100 kg. Each 

calf was bolused during each of the three periods and after a 10 d period to allow CrzOg 

to reach a steady state equilibrium, 3 fecal grab samples were collected 3 d apart. Fecal 

sample analysis was done the same for the calves as for the cows. Fecal output was then 

converted to OMI as was done with the cows.

Measurements on Calves

Calves were weighed during each period and again at weaning. Fecal samples 

were collected during periods III, IV and V.



Statistical Analysis

Data for cow performance traits, cow weight (COWWT), milk production (MP), 

cow body condition score (BCS), cow hip height (HIPHT), and calf weight (CLFWT), 

were analyzed by individual period using least squares procedures (SAS, inst. Cary, 

NC.). The statistical model included fixed main effects for year (YR), cow breed type 

(CBT), age of dam (AOD) and sire breed type (SBT). Calf sex (SEX) was included in 

the model for CLFWT. In addition, all possible covariates, quadratics and two-way 

interactions were tested. Least squares means were obtained for all periods for COWWT, 

BCS and HIPHT while MP and CLFWT results were obtained for periods III, IV and V.

Cow biological type traits were analyzed using the average of five periods for 

BCS and COWWT while using the total MP from periods III, IV and V. The statistical 

model included fixed main effects for YR, CBT, AOD and SBT.

Cow intake (INT), intake as a percentage of body weight (INTBW), fecal output 

(FO) and fecal output as a percentage of body weight (FOBW) were analyzed using the 

least squares procedure (SAS, inst. Cary, NC.). Fecal output data consisted of the 

average FO estimate of the three fecal samples collected for each cow during each period. 

These data were then converted to a cow INT using the digestibility-of the forage as a 

multiplier during each period. Data were analyzed by period with the model including 

fixed effects of YR, AOD, CBT and SBT. Covariates and quadratics were tested 

individually, as were two way interactions initially. The final analysis for each period 

included all fixed effects, significant covariates, quadratics and interactions (P > 0.05).
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Biological efficiency measures, CLFWT/INT (EFF), CLFWT/FO (EFF(FO)), 

CLFWTZINT(BW) (EFF/BW) AND CLFWTZFO(BW) (EFF(FO)ZBW) were analyzed 

using the least-squares procedure (SAS, inst. Cary, NC.). The model contained main 

effects of YR, AOD, CBT and SBT. Covariates including quadratics and two-way 

interactions were tested individually. The final model included all main effects, 

significant covariates including quadratics and two-way interactions. Linear contrasts 

were conducted to calculate maternal heterosis.
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' CHAPTER 4

RESULTS AND DISCUSSION

Description of Cows

Table 7 lists the means and standard deviations for cow traits and the different

measures of biological efficiency.

Table 7. Means and standard deviations for cow and calf traits
Trait Mean S.D.
INTSUM 30.85 5.37
FOSUM 16.32 2.47
INT/BWSUM 60.80 12.38
FO/BWSUM 32.08 5.87
Avg. COWWT • 521.88 65.07
Avg. BCS 5.36 0.71
Total MP 29.42 8.74
COWWT change 0.78 53.15
EFF 7.45 1.47
EFF(FO) 13.98 2.50
EFF/BW 3.83 0.88
EFF(FO)ZBW 7.20 1.54
EFF(WR) 6.73 1.35
EFF(FO(WR)) 12.64 2.31
EFFZBW(WR) 3.46 0.80
EFF(FO)ZBW(WR) 6.51 1.41 .

Table 8 lists the cow weights by breed group and AOD for periods I to V. Cow 

weight did not differ by breed in period I (P = 0.07) II or III (P > 0.05). In periods IV 

and V, COWWT differed by breed group (P' < 0.05) with TT cows being the lightest 

during both periods while HH and HT were heavier and not different. Cow weight 

differed by AOD during all five periods (P < 0.05). Two-year-old cows were always the
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lightest while 5-yr-old cows were the heaviest in each period. In period V, 5-yr-old cows 

did not differ in weight from 4-yr-old cows (P > 0.05).

Table 8. Cow weights (kg) by period for breed group and cow age"

Breed groupb I
Period

II III IV V
TT 506 + 4.5" 538 + 4.4" 482 ± 4.2" 488 ± 4.0" 501+4.6"
HH 518 + 4.2cd 547 ± 4.0" 486 ± 3.9" 514 ± 3.9d • 530+ 4.5d
HT 520 ± 4.Id 547 ± 4.0" ■ 488 + 3.7" 510 ± 3.6d 523 ± 4.Id
Cow age
2 449 ± 5.8° 480 ± 5.6" 428 ± 5.4" 449 + 5.9= 470 ± 6.5=
3 511 ±5.3d 531 ±5.0d 482 ± 4.8d 496 ± 4.6d 513 ± 5.2d

■ 4 542 ± 4.7" 570 ± 4.5" 506 + 4.3" 528 ± 4.2" 543 + 4.8"
5
a-r

557 ± 5.Of 595 ± 4.6f 526 + 4.5f 542 ± 4.7f 546 + 5.1"
^Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c’d,e’fMeans in a column without a common superscript differ (P < 0.05).

Table 9 lists the BCS by AOD and biological type for periods I to V. BCS 

differed by cow breed group during all periods (P < 0.05) except period IV. During 

period I, HH cows had the highest BCS and were not different from HT while TT had the 

lowest BCS and were not different from HT cows. In period II, HH and HT cows had the 

highest BCS while TT cows had the lowest. In period III, HH cows had the highest BCS, 

TT cow the lowest and HT cows were intermediate. In period V, HH cows had the 

highest BCS while TT and HT cows had the lowest. Body condition score also differed 

by AOD (P < 0.05) in all periods except period IV where there was no difference (P > 

0.05) between age groups for BCS. During period I, 2-yr-old cows had the highest BCS, 

3-, 4-, and 5-yr-old cows were not different and lower in BCS than 2-yr-olds. Period II 

BCS indicated 2-yr-old cows had the highest BCS followed by 3-yr-old cows. Four- and
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5-yr-old cows were not different and had lower BCS than 2- and 3-yr-old cows. During 

period III, 2- and 5-yr-old cows were not different and had the highest BCS. Three-yr- 

old cows had the lowest BCS and were not different from 4-yr-old cows. Four-yr old 

cows were not different from 5-yr-old cows. In period V, 5-yr-old cows had the highest 

BCS while 2-, 3-, and 4-yr-old cows had lower BCS and were not different from one 

another.

Table 9. Body condition score (1-9) by period for breed group and cow agea

Breed groupb I II
Period

III IV V
TT SJt-Og' ■ 5.4 ±.08' 4.6 ± .08' 5.1 ± .10' 5.2 ±.10'
HH 6.0 ± .07d 5.7 ± .07d 5.0 ± .07d 5.3 ± .09' 5.7 ± .09d
HT 5.9 ± .07cd ■5.6 ± .07d 4.8 ± .07' 5.3 ± .08' 5.4 ± .07'
Cow age
2 6.3+ .13' 6.1 ±.13' 5.1 ±.12' 5.0 ± .15' 5.1 ±.14=
3 5.7 ± .09d 5.7 ± .09d 4.5 ± .09d 5.1 ±.10' 5.3 ± .09'
4 5.7 ± .09d 5.3 ± .08' 4.7 ± .08de 5.4 ±.10= 5.4 ±.09'
5
Et

5.8 ± .09d 5.2 ±.10' 4.8 ± .09" 5.4 ± .11' 5.7 ± .09d
"Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,d,eMeans in a column without a common superscript differ (P < 0.05).

There was a significant interaction of cow biological type and year during period 

V for BCS (P < 0.05). There was no difference for BCS between breed groups (P > 0.05) 

in 1992 and 1994. In 1991, HH cows had the highest BCS while TT and HT cows had - 

lower BCS and were not different. In 1993, HH cows had the highest BCS, TT cows had 

the lowest BCS and HT cows were intermediate (P < 0.05). In 1993, rainfall was limited 

during the growing season, the cows with the ability to produce large quantities of milk 

utilized more energy stores than those that produce less milk.
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Table 10 gives the least-squares means for MP during periods III, IV and V. Cow 

breed group differed for MP (P <0.05) during all periods. During periods III and V, TT 

and HT cattle did not differ and produced more milk than did HH cattle. During period 

IV, TT cattle produced the most milk, HH cows produced the least and HT cows were 

intermediate. These findings are similar to those found by Hirsch (1995) and Kress et al. 

(1996) when using the same breed groups of animals.

Table 10. Milk production (kg) by period for breed group of cow and cow age3________
Period

Breed groups______ III_________ IV________  V
TT 9.71+.41' 14.17+ .60' 10.44 ±.81'
HH 7.38 ± .40d 10.20 ± .59d 6.01 ± .74d
HT 9.56 ±.36' 12.51 ± .50' 8.39 ± .64'
Cow age
2 7.84 + .53' 11.39+ .74' 9.61 ± 1.2'
3 8.15+ .45' 11.45 ±.61' 7.47 ± .78=
4 9.38 + .40d 12.43 ± .58cd 7.12 ±.75'
5 10.18 ±.42d 13.90 ±.59d 8.93 ± .82'
^Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,d,eMeans in a column without a common superscript differ (P < 0.05).

Sire breed approached significance during period IV (P = 0.08). and indicated that 

cows bred to HH sires produced more milk than those bred to TT sires. Hereford sired 

calves may have slightly more growth potential and thus placed extra demands for 

lactation on the cow during this period. Milk production differed during periods III and 

IV (P < 0.05) and approached significance during period V (.P = 0.12) for AOD. During 

period III, 2- and 3-yr-old cows produced the least amount of milk and were not different 

while 4- and 5-yr-old cows produced the most milk and were not different. During



59

period IV, 2- and 3-yr-old cows produced the least amount of milk and did not differ 

from 4-yr-old cows. Five-year-old cows produced the most amount of milk and did not 

differ from 4-yr-old cows. During period V there was a slight trend for 2- and 5-yr-old 

cows to be slightly more persistent for MP than 3- and 4-yr-old cows. There was a 

significant interaction between cow breed type and year during period V (P < 0.05). 

There was no difference between biological types for persistency of lactation in 1991, 

however, in 1992 and 1993 HH cattle were less persistent for MP than TT and HT cows. 

In 1994, TT cows maintained the highest MP in period V while HH and HT cows had 

lower MP and were not different.

Table 11 presents the least-squares means for CLFWT during periods III, IV, and 

V for cow breed group and AOD. Calf weights differed during period III (P < 0.01) with 

HT cows having the heaviest calves and HH and TT cows having the lightest calves and 

not being different from one another. During periods IV and V HH cows had the lightest 

calves (P < 0.05) while TT and HT cows were not different and had the heaviest calves. 

Previous studies with the same population of cows found TT and HT cows to wean 

heavier calves than HH cows (Hirsch et ah, 1996 and Kress et ah, 1996). This follows 

along with MP (Table 10), during period III calves may not have been able to consume 

all of the milk the dam is producing. In periods IV and V, the breed groups of cows 

giving the most milk have calves that are heavier. Le Du et al. (1976) found calves on 

restricted milk intake to consume more forage per unit body weight than calves not being 

restricted. Miller (1998) found higher fecal outputs for HH calves during late lactation 

indicating higher forage intakes by these calves when looking at the same group of
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animals. The calves nutrient requirements are not being met as well by the HH dams due

to their lower MT, these calves are forced to rely on alternative food sources of lower

nutritive value than milk (Clutter and Nielsen, 1987). Conversely, forage intake is

depressed by milk intake (He Du and Baker, 1979) which would be why calves from TT

and HT dams had lower fecal outputs in the study by Miller (1998). .:

Table 11. Calf weight (kg) by period for breed group of cow and cow agea____________
Period

Breed groupb______ HI_________ IV V
TT 64.1 ± 1.2C 108.9 ± 1.6' 217.4 + 3.0'
HH 63.6 ±1.1' 101.4 ± 1.5d 196.9 ±2.5d
HT 68.9 + LOd 111.2 + 1.2' 212.0 ± 1.9'
Cow age
2 58.8 + 2.1' 94.8 ±2.8' 190.1 ±4.1'
3 62.4+1.2' 102.9 + 1.6d 203.5 ±2.5d
4 69.9 ± 1.2d 113.2 + 1.5' 219.0 ±2.3 '
5 71.2 ± 1.3d 117.7 + lY  ' 222.3 ± 2.7'
^Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c’d,e’fMeans in a column without a common superscript differ (P < 0.05).

During period III, CLFWT differed by AOD (P < 0.05) with 2-, and 3-yr-old

dams having the lightest calves and 4-, and 5-yr-old dams having the heaviest calves.

During period IV, calf weight differed by AOD (P < 0.05), 2-yr-old dams had the lightest

calves and 5-yr-old dams had the heaviest calves. The trend was for CLFWT to increase. .

as the dam got older. During period V, CLFWT differed by AOD (P < 0.05), 2-yr-old

dams had the lightest calves while 4- and 5-yr-old dams had the heaviest calves and were

not different. Three-yr-old dams were intermediate for CLFWT. Milk production of

these dams tended to increase as the dam got older in periods III and IV (Table 9).
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There was a significant (P < 0.05) interaction between CBT and year during 

period III. Calf weight did not differ in 1991 and 1993 (P > 0.05). In 1992 and 1994, HT 

cows had heavier calves than HH or TT cows (P < 0.05). There was a significant 

interaction between SBT and year and CBT and SBT during period V (P < 0.05). There 

was no difference in CLFWT by SBT during 1991 and 1993 (P > 0.05). In 1992, HH 

sired calves were the heaviest and not different from TT sired calves. Hereford x 

Tarentaise sired calves were the lightest and not different from TT sired calves. In 1994, 

HT sired calves were the heaviest, while TT and HH sired calves weighed less and were 

not different.

Table 12 shows the least-squares means for forage intake (INT) for five periods 

during the production year. Intake did not differ by cow breed groups during any period 

(P > 0.05). However, in period III breed group approached significance (P -  0.06) and 

there was a trend for HT cows to have a higher INT than HH cows. These results agree 

with those of Adams et al. (1986) and Holloway and Butts. (1984) who found cows of 

similar size to have similar intakes. However, Ferrell and Jenkins (1985) state that cows 

with the genetic potential to produce more milk have higher maintenance requirements. 

It could be that during period IV and V, when TT cows had lighter BW there increase in 

MP balanced out the difference in forage intake.

Age of cow influenced (P < 0.05) intake in period I with 2-yr-old cows having 

lower INT than 3-, 4-, and 5-yr-old cows, In period II, 2-yr-old cows did not differ from 

3- and 4-yr-old cows while 5-yr-old cows did not differ from 4-yr-old cows. There was
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no difference in INT during period III. During period IV, 2-yr-old cows had the lowest 

INT while 3-, 4-, and5-yr-old cows had the highest INT and were not different. In period 

V, 2-yr-old cows had the lowest INT while 5-yr-old cows had the highest and were not 

different from 4-yr-old cows. Three-yr-old cows were intermediate and did not differ 

from 4-yr-old cows.

Table 12. Forage intake (kg) by period for breed group and cow agea

Breed groupb I
Period

II III IV V
TT 3.99 ± .1 Ic 5.961.18° . 9.01 1.31°d 6.631.28° 5.821.17°
HH 4.061.1 Ic 5.83 1.17° 8.59 1 .26d 6.2151.28° 6.03 1.16°
HT 3.951.11° 5.931.18° 9.41 1 .25° 6.55 1 .23° 6.041.14° .
Cow age
2 3.591.15° • 5.65 1 .24°d 9.141.44° 5.491.35° 5.211.21°
3 4.04 1 . 14d 5.50 1 .22° 8.721.31° 6.39 1 .28d 5.91 1 .17d
4 4.151.13d 6.20 1 .20de 9.121.30° 7.06 1 .27d 6.28 1 .16de
5 4.21 1.13d 6.281 .20° 9.03 1 .32° 6.97 1 .29d 6.461.16°
^Least-squares means + SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,d,eMeans in a column without a common superscript differ (P < 0.05).

There was a significant interaction between year and SBT during period III and 

between year and CBT during period V. There was no difference in INT during 1991, 

1992, and 1993 of cows bred to different sire types (P > 0.05). In 1994, cows bred to HT 

sires had the highest INT and were not different from cows bred to TT sires. Cows bred 

to HH sires had the lowest INT and were not different from cows bred to TT sires.

Table 13 presents the least-squares means for FO by breed group and AOD 

throughout the production year. Fecal output did not differ during periods I, II, IV and V 

(P > 0.05) for breed of cow. These results differ (periods IV and V) from those found by
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Sprinkle (1992), Barlow et al. (1988), and Rosiere et al. (1980) where breed group 

differences were reported for FO during lactating periods. During period III, HH cows 

had the lowest FO '{P < 0.05) and did not differ from TT cows while HT cows had the 

highest FO and did not differ from TT cows.

Table 13. Fecal output (kg) by period for breed group and cow agea

Breed
Rroupb

I
Period

II III IV V

TT 2.85 ± .08" 3.33 ±.10° 3.85 ± .13cd 3.26 ±.13° 3.27 ± .09°
HH 2.90 ±.08° 3.25 ±.10° 3.69 ±.11° 3.10 ± .13° 3.40 ± .09°
HT 2.83 ± .08° 3.29 ±.10° 4.06 ± . IOd 3.22 ±.10° 3.40 ± .08°
Cow age
2 2.57 ±.11° 3.14 ± .13cd • 3.89 ±.19° 2.73 ± .16° 2.94 ±.11°
3 2.90 ± TOd 3.08 ±.12° 3.73 ± .13° ' 3.17 ± .13 d 3.31 ± . IOd
4 2.97 ± .09d 3.46 ± . I l d 3.99 ±.12° 3.44 ± .12d 3.52 ± .09de
5
E r ____,  _____

3.02 ± .09d 3.48 ± T ld 3.85 ±.13° 3.44 ±.13d 3.66 ±.09°
^Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,d’eMeans in a column without a common superscript differ (P < 0.05).

Fecal output did not differ for AOD during period III (P > 0.05). During period I 

and IV, 2-yr-old cows had the lowest FO while 3-, 4-, and 5-yr-old cows had the highest 

PO. In period II, 3-yr-old cows had the lowest FO and were not different from 2-yr-old 

cows. Four- and 5-yr-old cows had the highest FO and did not differ from 2-yr-old cows. 

In period V, 2-yr-old cows had the lowest FO while 5-yr-olds had the highest and were 

not different from 4-yr-old cows. Three-year-old cows were intermediate and not 

different from 4-yr-old cows.

There was a significant interaction between year and SBT during period III and 

between year and CBT during period V (P < 0.05). There was no difference during 1992
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and 1993 for FO during period III. In 1991, cows bred to HH bulls had the highest FO 

and were not different from cows bred to HT bulls. Cows bred to TT bulls had the lowest 

FO and were not different from cows bred to HT bulls. In period V there was no 

difference in FO of cow breed groups (P > 0.05) during 1992. In 1991, HH cows had the 

highest FO and were not different from HT cows. Tarentaise cows had the lowest FO 

and were not different from HT cows. In 1993, TT cows had the highest FO and were 

not different form HT cows. Hereford cows had the lowest FO and were not different 

from HT cows. In 1994, HH cows had the highest FO and were not different from HT 

cows while TT cows had the lowest FO and were not different from HT cows.

Table 14 shows the least-squares means for intake when expressed on a per unit 

of body weight basis. Cow breed and AOD did not differ during periods I, II and IV (P 

> 0.05). Cow breed differed during period III for INTZBW (P < 0.05) with HH cows 

having the lowest INTZBW and not being different from TT cows while HT cows had the 

highest INTZBW and were not different from TT cows. During period V, there was no 

difference between breed types for INTZBW (P = 0.84). Ferrell and Jenkins (1985) found 

maintenance requirements to vary from one biological type to another. It has been 

determined that animals with the genetic potential to produce large quantities of milk 

have higher maintenance requirements during both the lactating and non-lactating 

periods. This was only seen during period III in the present study.

Intake per unit BW approached significance in period III (P = 0.06) for AOD and 

indicated that 2-yr-old cows had a higher INTZBW than did 3-, A-, and 5-yr-old cows. 

Two-yr-old cows are still growing and have a higher maintenance requirement due to



65

growth, therefore, requiring more forage. During period V, 2-yr-old cows had the lowest

INT/BW and were not different from 3-yr-oId cows while 5-yr-old cows had the highest 

INTZBW and were not different from 4-yr-old cows. Three- and 4-yr-old cows did not 

differ for INT/BW.

Table 14. Forage intake per unit of body weight (g/kg) by period for breed group and 
cow age3________________________

Breed groupb I
Period.

II III IV V
TT 7.78 ± .24° 11.13+ .37° 19.11 ±.62°d 13.55 + .62° 11.20 ±.34°
HH 7.99 ± .22° 10.78+ .33° 17.45 ± .56° 12.83 + .57° 11.43 ±.31°
HT 7.71 ± .22° 10.86+ .33° 19.36 ±.52d 13.20 ±.47° 11.47 ±.27°
Cow age
2 7.10+ .39° 11.03 ±.59° 20.31 + .75° 11.95 ±.93° 10.39 ±.49°
3 7.93 ± .28° 10.19 ±.41°d 18.01 ±.63d 12.76 ± .59° 11.18 ± .33°d
4 8.09 ± .26° IT.32 + .38° 18.41 ±.59d 13.84 ±.57° 11.66 ± .32de
5 8.18+ .31° 11.15 ± .45°. 17.84 ±.56d ' 14.22 ± .69° 12.24 ± .34°
"Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,d’eMeans in a column without a common superscript differ (P < 0.05).

There was a significant interaction between year and SBT during period III and 

between year and CBT during period V (P < 0.05). In 1991, cows bred to HH bulls had 

the highest INT/BW and were not different from cows bred to HT bulls. Cows bred to 

TT bulls had the lowest INT/BW and were not different from cows bred to HT bulls. In 

1992 and 1993 there was no difference between INT/BW when cows were bred to any of 

the SBT. In 1994, cows bred to HT bulls had the highest INT/BW and were not different 

from cows bred to TT bulls. Cows bred to HH bulls had the lowest INT/BW and were 

not different from cows bred to TT bulls. In period V, during 1991 and 1992 there was
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no difference in INTZBW between the breed groups. In 1993, TT cows had the highest 

INT/BW and were not different from HT cows while HH cows had the lowest INT/BW 

and were not different from HT cows. In 1994, TT cows had the lowest INT/BW and 

were not different from HT cows while HH cows had the highest INT/BW and were not ■ 

different from HT cows.

■ Table 15 lists the least-squares means for fecal output expressed on a per unit BW 

basis. Cow breed type did not differ for FO/BW during any period (P > 0.05).

Table 15. Fecal output per unit of body weight (g/kg) by period for breed group and cow 
age3_____________________

Breed groupb I
Period

II III IV V
TT 5.57+ .17° 6.22+ .21° 7.91 ± .27° 6.67 ±.28° 6.38 ±.19°
HH 5.73 ± .16° 6.02 + .19° 7.53 ± .24° 6.30 ± .26° 6.49 ±.17°
HT 5.52 ±.16° 6.05+ .19° 8.13 ±.21° 6.43 ± .21° 6.49 ±.15°
Cow age
2 5.09 ± .28° 6.15+ .34° 8.28 ±.32° 5.74 ± .42° . 5.89 ± .27°
3 5.68 ± .20° 5.68 ± .23° 7.57 ± .28° 6.31 ±.26°d 6.32 ± .18°d
4 5.79+ .19° 6.31 ±.22° 7.84 ±.25° 6.85 ± .25d 6.64 ± .18de
5
a r ___ , ______

5.86 ± .22° 6.25 ±.26° 7.75 ± .26° 6.98 ± .31d 6.95 ± .19°
3Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,d,eMeans in a column without a common superscript differ (P < 0.05).

During periods I, II, III and IV, FO/BW did not differ (P > 0.05) for AOD. 

During period V, FO/BW differed by AOD (P < 0.05) with 2-yr-old cows having the 

lowest FO/BW and not being different from 3-yr-old cows. Five-yr-old cows had the 

highest FO/BW and were not different from 4-yr-old cows. Three- and 4-yr-old cows did 

not differ for FO/BW. There was a significant interaction between CBT and year during 

period V for FO/BW. There was no difference between CBT during 1991 and 1992 for
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FO/BW (P > 0.05). In 1993, TT cows had the highest FO/BW while HT and TT cows 

had the lowest FO/BW and were not different. In 1994 HH cows had the highest FO/BW 

and did not differ form HT cows while TT cows had the lowest FO/BW.

Table 16 lists the least-squares means for INT, FO, INT/BW, and FO/BW when 

all five periods were added together to get totals for the year. INT, FO, INT/BW, and 

FO/BW did not differ by cow breed type. Grings et al. (1996) found cow OMI to be 

affected by cow size and milk production. In the current study, cow size did not differ 

very much (Table 8) and thus will help to explain the lack of difference in OML Barlow 

et al. (1988) found genotypes with higher potential for milk production did not have 

higher maintenance requirements per unit metabolic weight. They did differ by AOD 

with 2- and 3-yr-old cows being not different and having the lowest INT or FO while 4- 

and 5-yr-old cows had the highest INT or FO and did not differ.

Table 16. Total intake (kg), fecal output (kg), intake (g/kg), and fecal output (g/kg) for 
breed group and cow age for a production year8__________________________________
Breed groupb INTSUM FOSUM INT/BWSUM FO/BWSUM
TT 31.05 ±.58' 16.28 + .29' 61.48 ± 1.2' ■32.16 ±.57'
HH 31.41 + .52' 16.71 ± .26' 61.78 ± 1.0' 32.82 ±.51'
HT 31.82+ .49' 16.72+ .24' 62.64+ 1.0' 32.80 ± .48'
Cow age
2 29.45 + .94' 15.39+ .46' 58.35 ± 1.7' 30.46 ± .86'
3 30.65 + .61' 16.22+ .30' 60.56 + 1.2' 31.97 ± .59'
4 32.88 ±.55d 17.33 ± .27d 64.44+ L ld 33.85 ± .54d
5 32.72 + .63d 17.34 ±.31d 64.52+ 1.2d 34.09 ± .62d
^Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,dMeans in a column without a common superscript differ (P < 0.05).
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Table 17 shows averages or totals for traits that describe cow biological type for 

breed group and AOD. The average cow weight did not differ (P > 0.05) among breeds. 

Average cow weight did differ by AOD (P < 0.05) with cow weight increasing as cow 

age increased.

Cow BCS differed by breed (P < 0.05) with TT cows maintaining the lowest 

average BCS (BCSAVG) and HH cows maintaining the highest BCSAVG. This is the 

opposite of MPSUM, breed groups with the highest MPSUM had the lowest BCSAVG. 

Hereford x Tarentaise cows were intermediate for their BCSAVG. Average BCS also 

differed (P < 0.05) by age of dam with 2-yr-old cows having the highest BCSAVG and 

not being different from 4- and 5-yr-old cows. Three-yr-old cows had the lowest 

BCSAVG and were not different from 4- and 5-yr-old cows.

Table 17. Cow biological type traits by breed group and age of dam3.
Breed group° Avg. cow Avg. BCS Total milk Cow wt."

wt. (kg) (1-9) ' prod, (kg) change(kg)
TT 516.1 ±5.0° 5.20 ± .06° 32.5 ± 1.3° -13.6 ±5.0°
HH 515.5 ±4.5° 5.57 ± .05d 24.2 ± 1.2d 10.1 ±4.7d
HT 519.8 + 4.0° 5.38 ± .05° 29.0 ± 1.2° 0.0 ± 4.2d
Cow age
2 • 469.4 ±5.9° 5.54 ±.09° 26.1 ± 1.7cd 7.1 ±6.4cd
3 519.9 ±5.0d 5.26 ± .06d 25.7 ± 1.3° 9.6 ±5.1°
4 532.8 ±4.5° 5.33 ± .06°d 29.2 ± 1.3d 4.7 ± 4.6°
5 546.6 ± 5.If 5.41 ± .07cd 33.4 ± 1.3° -10.1 ± 5.3d
^Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c’d,e,fMeans in a column without a common superscript differ (P < 0.05).

Total MP differed by cow breed {P < 0.05) with TT cows producing the most 

milk, and HH cow producing the least. Hereford x Tarentaise cows were intermediate.



69

Total MP differed by AOD (P < 0.05) with 3-yr-old dams producing the least amount of 

milk and not being different from 2-yf-old cows. Five-year-old cows produced the most 

milk while 4-yr-old cows were intermediate and not different from 2-yr-old cows.

Cow weight change from November through September of the following year 

differed by cow breed (P < 0.05) and AOD. Tarentaise cows lost weight throughout this 

time period and were different than HH and HT. Hereford cows gained weight and were 

not different than HT cows. Five-yr-old cows lost weight and were not different than 2- 

yr-old cows. Three- and 4-yr-old cows gained weight and were not different from 2-yr- 

old cows.

Table 18 shows the least-squares means for biological efficiency by breed group 

and AOD. Cow breed group was important (P < 0.05) for all measures of efficiency. 

Hereford cows were the least efficient under all definitions of efficiency (P < 0.05) while 

TT and HT cows were more efficient and not different from one another. This is in 

contrast to Montano-Bermudez and Nielsen (1990) who found the low milk producing 

biological type to be the most efficient under dry-lot conditions. However, the calves in 

their study were creep fed which allowed calves access to high quality forage and thus, 

the calves from the low milking cow were able to meet more of their growth requirement. 

Miller et al. (1999) found increasing milk production within a breed to be associated with 

increasing efficiency.

Cow age approached significance for EFF (P = 0.13) and EFF(FO) (P = 0.06) 

with a general trend of 2-yr-old cows being the most efficient and not different from 5-yr- 

old cows. Two-yr-old cows have lower INT and FO which is enough to offset the
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decrease in weaning weights. Nazzie et al. (1999) found efficiency tended to be higher 

for slower maturing breeds and that efficiency decreased as the cow aged. They went on 

to state that efficiency began to recover around 6-yr-of age. Three- and 4-year-old cows 

were less efficient and not different from 5-yr-old cows. Cow age did not differ for 

EFF/BW (P = 0.62) and EFF(FO)ZBW (P = 0.50). There was a significant AOD x CBT 

interaction for EFF and EFF(FO). The general trend was for HH cows to be less efficient 

than TT and HT cows as 2-, 3- and 5-yr-olds. When cows were 4-yrs-old, there was no 

difference between CBT.

Maternal heterosis was calculated from the linear contrast HT -  0.5(TT + HH). 

The linear contrast for EFF (P = 0.24) indicated that maternal heterosis was positive at 

3.0%. The linear contrast for EFF(FO) (P = 0.16) indicated that maternal heterosis was 

positive at 3.4%. The linear contrast for EFF/BW and EFF(FO)ZBW was significant (P < 

0.05) and indicated positive maternal heterosis of 5.6% for EFF/BW and 5.9% for 

EFF(FO)ZBW.

Table 18. Biological efficiency for breed group and cow age3
Breed groupb EFF EFF(FO) EFF/BW EFF(FO)ZBW
TT 7.74 ±.18' 14.56 ±.32' 3.89 ±.10' 7.42 ±.18'
HH 6.92 ± .17d 12.94 ±.31d 3.57 ± .09d 6.67 ± .16d
HT 7.55 ± .15' 14.22 ± .28' 3.94 ±.08' 7.46 ±.15'
Cow age
2 7.82 ±.21' 14.74 ±.38' 3.86 ±.14' 7.39 ± .26'
3 7.23 ±.18d 13.49 ±.33d 3.72 ±.10' 7.01 ±.19'
4 7.25 ± .16d 13.60 ± .30d 3.76 ± .09' 7.08 ± .17'
5 7.33 ± .17cd 13.80 ±.32^ 3.88 ±.10' 7.25 ± .19'
3Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,dMeans in a column without a common superscript differ (P < 0.05).
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Table 19 shows the least-squares means for biological efficiency when coupled 

with the weaning rate of the different breed groups for cow breed and age. Cow breed 

group was important (P < 0.05) for all measures of efficiency. For all measures of 

efficiency HH cows were the least efficient (P < 0.05) while TT and HT cows were more 

efficient and not different from one another. Marshall et al. (1976) found cow weight, 

condition and milk production did not affect reproduction.

Table 19. Biological efficiency coupled with weaning rate for breed group and cow age3 
Breed group" EFF(WR) EFF(FOfWR)) EFF/BW(WR) EFF(FO)/BW(WR)
TT 7.05 ±.16' 13.26 ±.29' 3.54 ±.09' 6.75 ±.16'
HH 6.16 ± .15d 11.51 ±.28d 3.18 ± .08d 5.94 ± .15d
HT 6.87 ±.14' 12.94 ± .25' 3.59 ±.07' 6.79 ±.14'
Cow age
2 7.07 ±.19' 13.33 ±.35' 3.49 ±.13' - 6.68 ± .24'
3 6.53±.16d 12.19 ±.30d 3.36 ± .09' 6.33 ±.17'
4 6.55 ± .15d 12.28 ± .27d 3.40 ±.08' ' 6.39 ±.15'
5 6.63 ± .16cd 12.48 ± .29cd 3.50 ±.09' 6.56 ±.17'
3Least-squares means ± SE.
bTT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c,dMeans in a column without a common superscript differ (P < 0.05).

There was no difference in weaning rate (P > 0.05) between the three breed 

groups in the current study with HH cattle weaned 89% of their calves per cow exposed 

to breeding while HT and TT cows weaned 91%.. There was no difference between cow 

ages for any measure of efficiency (P > 0.05), however, EFF(WR) and EFF(FOfWR)) 

approached significance (P = 0.13) and (P = 0.06) respectively. Two-yr-old cows tended 

to be more efficient along with 5-yr-old cows while 3- and 4-yr-old cows tended to be 

less efficient and not different from 5-yr-old cows. There was a significant AOD x CBT 

interaction for EFF and EFF(FO). The general trend was for HH cows to be less efficient
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than TT and HT cows as 2-, 3- and 5-yr-olds. When cows were 4-yrs-old, there was no 

difference between CBT.

Maternal heterosis was calculated from the linear contrast HT -  0.5(TT + HH). 

The linear contrast for EFF approached significance (P = 0.11) and indicated that 

maternal heterosis was positive at 4.0%. The linear contrast for EFF(FO) approached 

significance (P = 0.07) and indicated that maternal heterosis was positive at 4.5%. The 

linear contrast for EFF/BW and EFF(FO)ZBW was significant (P < 0.05) and indicated 

positive maternal heterosis of 6.8% for EFF/BW and 7.0% for EFF(FO)ZBW. Thus, 

heterosis estimates were higher when efficiency was coupled with weaning rate. Marshall 

et al. (1976) concluded that heterosis for reproductive performance is a major advantage 

for the crossbred cow.

Linear and quadratic regressions describing cow traits

Table 20 lists the significant covariates for COWWT (P < 0.05). Linear and 

quadratic regressions were determined for the covariates during all periods but the 

quadratics were never important. The linear effects of cow HIPHT and BCS were 

positive and significant (P < 0.05) during all periods except V and indicated that fatter 

and taller cows were heavier during these periods.

Table 20. Regressions of COWWT (kg) on covariates
Covariate I II III IV V
BCS

Linear
Quadratic

38.2 + 3.2 • 39.1 ± 3.1 43.0 + 3.36 24.6 + 3.1 19.6 + 3.8

HIPHT
Linear
Quadratic

0.55 + 0.6 0.60 ± .06 0.61 ± .06 0.65 + .05 0.45 ± .06
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Table 21 lists the significant covariates for BCS (P < 0.05). Cow weight was 

always a significant covariate for BCS (P < 0.05). The linear regression of BCS on 

COWWT was always positive indicating that heavier cows had higher BCS. Hip height 

was negative and significant during period II (P < 0.05) indicating that shorter cows had 

higher BCS than did taller cows, Cow weight change was significant and negative (P < 

0.05) as a covariate for BCS during period IV. This indicated that as there was less 

COWWT change BCS became lower. The quadratic was also significant and positive 

during this period (P < 0.05) indicating that extreme cows for COWWT change tended to 

have greater BCS (figure 2).

Table 21. Regressions of BCS (1-9) on covariates
Covariates I—

I

H 0 IV V
COWWT
Linear
Quadratic

0.009 ± .001 0.012 ±.001 0.009 + .001 0.007 ± .001 0.006 ±.001

HIPHT
Linear
Quadratic

-0.006 ± .001 .

COWWT
CHANGE
Linear - 0 . 0 1 2  ± .002
Quadratic 0.001 ± .001

Table 22 lists the significant covariates for MP (P < 0.05). Calf weight was a 

significant linear covariate for MP during period III (P < 0.05). The regression of MP on 

CLFWT during period III indicated that CLFWT increased I kg for every additional 0.06 

kg of milk produced by the cow. In period V the linear regression of MP on COWWT 

indicated for every I kg increase in COWWT, MP increased by 0.019 kg.
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Table 22. Regressions of MP (kg) on covariates
Covariates III IV V
CLFWT
Linear
Quadratic

0.06 ± .02

COWWT
Linear
Quadratic

0.019+ .010

Table 23 lists the significant covariates for CLFWT (P < 0.05). Cow weight was 

a significant covariate for CLFWT during all periods (P < 0.05). The linear regression of 

CLFWT on COWWT was positive and indicated heavier calves were the progeny of 

heavier cows during all periods. The quadratic regression was negative indicating 

heavier calves came from moderate-weight cows. Maximum CLFWT was achieved 

when COWWT was 560, 600 and 600 kg during periods III, IV and V, respectively. 

Kattnig et al. (1993) found heavier cows to have heavier calves at weaning.

Table 23. Regressions of CLFWT on covariates
Covariate III IV V
COWWT
Linear 0.28 ±.11 0.54 ±.16 1.13 ±.27
Quadratic -.001 ± .001 -.001 ± .001 -.001 ± .001

CAGE
Linear 0.29 ± .06 1.04 ±.07 1.08 ±.11
Quadratic

COWWT
CHANGE
Linear -0.15 ±.04 -0.12 ±.04
Quadratic

MP
Linear 2.38 ± .84 2.70 ±.83
Quadratic -.001 ± .001 -TOl ± .037

Calf age was a significant linear covariate during all periods (P < 0.05). The 

linear regression of CLFWT on CAGE was positive indicating older calves were heavier.
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During period V, there was a 1.08 kg increase in CLFWT for every I day of additional 

CAGE.

Cow weight change during periods III and V was a significant covariate for 

CLFWT (P < 0.05). The linear regression was negative in both periods indicating that 

smaller COWWT changes were associated with greater CLFWT.'

Milk production of the cow was a significant covariate for CLFWT during periods 

IV and W (P < 0.05). The linear regression of CLFWT on MP was positive during both 

periods indicating CLFWT increased by 2.38 kg for every I kg of additional MP in 

period IV and 2.70 kg for each additional I kg in MP in period V. The quadratic 

regression was negative during both periods (Figures 3, 4 and 5). In period IV, CLFWT 

was highest for cows producing between 17 and 22 kg of milk, after this point increasing 

MP decreased CLFWT. During period V, maximum CLFWT was achieved by cows 

producing between 15 and 18 kg of milk, after this point, increasing MP had a negative 

effect on CLFWT (Figures 6 and 7).

Table 24 lists the significant covariates for INT (P < 0.05). Hip height was a 

significant covariate for INT during period I (P < 0.05). The linear regression indicated 

that taller cows ate more. The quadratic regression was negative which indicated that 

more extreme cows for height tended to consume less (Figure 8).

During period III, COWWT and COWWT change were significant covariates for 

INT (P < 0.05). The linear regression of INT on COWWT indicated that INT increased 

0.013 kg for every additional kg of COWWT. Kattnig et al. (1993) found OMI to
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increase with increasing COWWT generally. The linear regression of INT on COWWT 

change was negative indicating that cows loosing BW had higher INT. The quadratic 

regression of INT on COWWT change was negative indicating extremes in COWWT 

change caused smaller intakes (Figure 9).

Milk production was a significant covariate for INT during period IV (P < 0.05). 

The linear regression of INT on MP was positive and indicated that cows with higher MP 

had higher INT. The quadratic regression of INT on MP was negative and indicated that 

INT increased with increasing MP until MP was between 13 and 18 kg, then INT 

decreased with a MP higher than 18 kg (Figure 10).

Table 24. Regressions of INT (kg) on covariates
Covariates I II III IV V
HIPHT
Linear .178 + .084
Quadratic -.001 ± .001

COWWT
Linear
Quadratic

.013+ .003

COWWT
CHANGE
Linear -.037 + .024
Quadratic -.001 + .001

MP
Linear .526 ±.169
Quadratic -.019 ± .006

Table 25 lists the significant covariates for FO (P < 0.05). During period I, 

HlPHT was a significant covariate for FO (P < 0.05). The linear regression of FO on 

HfPHT was positive and indicated that taller cows had higher PO. The quadratic 

regression was negative indicating that extreme for HIPHT cows lowered FO (Figure 11).
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Cow weight was a significant linear covariate during period III (P < 0.05). The 

linear regression of FO on COWWT was positive and indicated that heavier cows had 

higher PO.

During period IV, MP was a significant covariate for FO (P < 0.05). The linear 

regression of FO on MP was positive indicating higher milk producing cows had higher 

FO. The quadratic regression was negative indicating extreme milk producing cows had 

lower FO (Figure 12).

Table 25. Regressions of FO (kg) on covariates
Covariate I II III FV V
HlPHT
Linear .130 ±.060
Quadratic -.001 ± .001

COWWT
Linear
Quadratic

.005 ± .001

MP
Linear .236 + .076
Quadratic -.009 ± .003

Table 26 lists the significant covariates for INTZBW (P < 0.05). During period I, 

HIPHT was a significant covariate for INT/BW (P < 0.05). The linear regression of 

INT/BW on HIPHT was positive indicating that taller cows ate more per unit body 

weight. The quadratic regression was negative indicating that extreme cows for HIPHT 

ate less (Figure 13).

Cow weight was a significant linear covariate for INTZBW during all periods 

except period III (P < 0.05). The linear regression of INT/BW on COWWT was always 

negative indicating that as COWWT decreased, INT/BW increased. Milk production was
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a significant covariate for INT/BW during period IV (P < 0.05). The linear regression of 

INT/BW on MP was positive and indicated that increasing MP increased INT/BW. 

These cows producing the highest quantities of milk require more forage to maintain that 

milk production.

Table 26. Regressions of INT/BW (g/kg) on covariates
Covariates I II III IV V
HIPHT
Linear .332 ± .166.
Quadratic -.001 + .001

COWWT
Linear
Quadratic

-.014 ± .003 -.015 ± .004 -.025 ± .007 -.018+ .004

MP
Linear
Quadratic

.057 ± .072 ■

Table 27 lists the significant covariates for FO/BW (P < 0.05). During period I, 

HIPHT was a significant covariate for FO/BW (P < 0.05). The linear regression of 

FO/BW on HIPHT was positive indicating that taller cows had higher FO/BW. The 

quadratic regression was negative indicating that extreme cows for HIPHT had less 

FO/BW (Figure 14).

Cow weight was a significant linear covariate for FO/BW during all periods 

except period III (P < 0.05). The linear regression of FO/BW on COWWT was always 

negative indicating that as COWWT decreased, FO/BW increased.

Milk production was a significant covariate for FO/BW during period IV (P < 

0.05). The linear regression of FO/BW on MP was positive and indicated that increasing 

milk production resulted in increased FO/BW. The quadratic regression was negative
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and indicated FO/BW increased with increasing MP to a maximum FOZBW between 14 

and 17 kg of MP, as MP increased beyond this point FO/BW decreased as well (Figure 

16).

In period III, BCS was a significant covariate for FO/BW (P < 0.05). The linear 

regression of FO/BW on BCS was positive indicating that increasing BCS increased 

FO/BW, however, the quadratic regression was negative indicating that once BCS 

reached 5.2, FOZBW decreased with increasing BCS (Figure 15).

Table 27. Regressions of FO/BW (g/kg) on covariates
Covariate I II III IV V
HIPHT

Linear .244 ±.119
Quadratic -.001 + .001

COWWT
Linear
Quadratic

-.010 ± .002 -.009 ± .002 -.013 +.003 -.010+ .002

MP
Linear .425 + .003
Quadratic -.015 + .006

BCS
Linear 2.36 ± 1.13
Quadratic -.269+ .112

Table 28 lists the significant covariates for INTSUM, INT/BWSUM, FOSUM and 

FOZBWSUM (P < 0.05). Average COWWT was a significant covariate for each one (P 

< 0.05). The linear regression for INTSUM and FOSUM on COWWTAVG was positive 

indicating that as COWWTAVG increases so do INTSUM and FOSUM. The quadratic 

regression is negative and indicates that as COWWTAVG increases there is a point in 

which INTSUM and FOSUM decrease (Figures 17 and 18). These cows probably have 

the highest BCS and therefore don’t require more feed to produce extra fat cover.



80

Average COWWT was also a significant covariate for INT/BWSUM and FOBWSUM (P 

< 0.05). These linear regressions, however, are negative which indicates that as average 

COWWT increases, INT/BWSUM and FO/BWSUM decrease.

Finding INTSUM and FOSUM to follow the same trend while INT/BWSUM and 

FO/BWSUM following the same trend was expected. The INT measures are based upon ■ 

fecal output estimates and should thus follow a similar trend.

Table 28. Regressions of INTSUM, FOSUM, INT/BWSUM and FO/BWSUM on 
covariates_______
Covariate INTSUM FOSUM INT/BWSUM FO/BWSUM
COWWT AVG
Linear .164 ±.070 .079 ±.034 -.092 ±.013 -.051 ± .006
Quadratic -.001 ± .001 -.001 ± .001

Table 29 lists the significant covariates for COWWTAVG, BCSAVG, and 

COWWT change (P < 0.05). Average BCS was a significant covariate for 

COWWTAVG (P < 0.05). The linear regression of COWWTAVG on BCSAVG was 

positive indicating an increase in BCSAVG was associated with an increase in 

COWWTAVG.

Table 29. Regressions of COWWTAVG, BCSAVG, MILKSUM and COWWT change 
on covariates_______
Covariate COWWTAVG BCSAVG MILKSUM COWWT

CHANGE
COWWTAVG
Linear
Quadratic

.009 ± .001

BCSAVG
Linear 57.13 ±4.37 -24.9 ± 4.5
Quadratic
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Average COWWT was a significant covariate for BCSAVG {P < 0.05). The 

linear regression of BCSAVG on COWWTAVG was positive indicating heavier cows 

had higher BCSAVG.

Average BCS was a significant covariate for COWWT change (P < 0.05). The 

linear regression of COWWT change on BCSAVG was negative indicating that cows 

with lower BCSAVG had greater weight changes.

Table 30 lists the significant covariates for EFF, EFF(FO), EFF/BW and 

EFF(FO)ZBW (P < 0.05). Total milk production was a significant covariate for EFF and 

EFF(FO) (P < 0.05). The linear regression of EFF and EFF(FO) on MPSUM was 

positive indicating that increasing MP increased EFF and EFF(FO). Montano-Bermudez 

and Nielsen (1990) found the opposite relationship between efficiency and MP. Even 

though the low MP biological type weaned the lightest calf in their study, their energy 

intakes were reduced enough to more than balance out for this difference. Calves in their 

study were creep fed while calves in our study had to graze along with the cows which 

could explain a portion of the difference. Creep fed calves were able to gain more weight 

than calves in our study due to the high quality of the creep feed. The quadratic 

regression was negative for both measures of efficiency, indicating that extreme levels of 

MP decreased efficiency for EFF and EFF(FO). This is similar to what was found by 

Kattnig et al. (1993), increasing MP increased efficiency initially but increasing MP 

further had a negative effect on efficiency. Grings et al. (1996) . found MP to be a 

significant adjustment factor for efficiency (P < 0.05) with greater milk production being 

associated with greater efficiency. In the current study, greater milk was associated with '



82

greater efficiency until approximately 41 kg of milk EFF and 39 kg of milk EFF(FO) 

(Figures 19 and 20), after this point, increasing milk production was associated with 

decreasing efficiency.

Table 30. Regressions of EFF, EFF(FO), EFF/BW and EFF(FO)ZBW on covariates
EFF EFF(FO) EFF/BW EFF(FO)ZBW

COWWTAVG
Linear
Quadratic

.004 ± .001 .009 ± .002

MPSUM
Linear
Quadratic

.15 ±.05 
-.002 ± .001

.28+ .10 
• -.004 ± .002

COWWT
CHANGE
Linear
Quadratic

-.004 ±.001 -.007 ± .003

Average COWWT and COWWT change were both significant covariates

EFF/BW and EFF(FO)ZBW (P < 0.05). The linear regression of EFF/BW and 

EFF(FO)ZBW on COWWTAVG indicated that increasing COWWT increases these 

measures of efficiency. Kattnig et al. (1993) found overall efficiency to increase with 

increasing cow BW. The linear regression of EFF/BW and EFF(FO)ZBW on COWWT 

change was negative indicating cows that lost more weight were more efficient.

Standard partial regressions were calculated to determine the relative importance 

of each significant covariate for EFF/BW and EFF(FO)ZBW. When looking at EFF/BW, 

b' = 0.078 for COWWTAVG and 0.236 for COWWT change. This indicated that 

COWWT change was approximately three times as important as COWWTAVG. When 

looking at EFF(FO)ZBW, b' = 0.096 for COWWTAVG and 0.226 for COWWT change.
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indicating COWWT change was approximately two and a half times as important fhar, 

COWWTAVG.

Table 31 lists the significant covariates for EFF(WR), EFF(FO(WR))5 

EFF/BW(WR) and EFF(FO)ZBW(WR) (P < 0.05). Total milk production was a 

significant covariate for EFF(WR) and EFF(FO(WR)) (P < 0.05).. The linear regression 

of EFF(WR) and EFF(FO(WR)) on total MP was positive indicating that increasing milk 

increased EFF(WR) and EFF(FO(WR))1 The quadratic regression was negative for both 

measures of efficiency (Figures 21 and 22), indicating that maximum EFF(WR) was 

achieved between 35 and 41 kg of MPSUM while maximum EFF(FO(WR)) was 

achieved between 35 and 42 kg of MPSUM after these points increasing MPSUM has 

diminishing returns for EFF(WR) and EFF(FO(WR))1

Table 31. Regressions of EFF(WR), EFF(FO(WR))5 EFFZBW(WR) and 
EFF(FO)Zb W(WR) on covariates______________

EFF(WR) EFF(FO(WR)) EFFZBW(WR) EFF(FO)ZBW(WR)
COWWTAVG
Linear
Quadratic

.004 ± .001 .008 ± .002

MPSUM
Linear .135 ± .049 .252 ± .090
Quadratic -.002 ± .001 -.004 ± .001

COWWT
CHANGE
Linear
Quadratic

-.004 ± .001 -.007 ± .002

Average COWWT and COWWT change were both significant linear covariates 

for EFFZBW(WR) and EFF(FO)ZBW(WR) (P < 0.05). The linear regression of 

EFFZBW(WR) and EFF(FO)ZBW(WR) on COWWTAVG indicated that increasing
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COWWT increased these measures of efficiency. Kattnig et al. (1993), studying 

efficiency under semi-desert conditions, found efficiency to be negatively related to 

COWWT. Although forage was not a limiting factor in the study by Kattnig et al. 

(1993), higher intakes of larger cows were not balanced out by the additional weaning 

weights expressed by their calves. The linear regression of EFF/BW(WR) and 

EFF(FO)/BW(WR) on COWWT change was negative indicating cows that lost more 

weight ranked higher for efficiency.

Standard partial regressions were calculated to determine the ranking of the 

covariates for EFFZBW(WR) and EFF(FO)ZBW(WR). When looking at EFFZBW(WR), 

b' = 0.084 for COWWTAVG and 0.235 for COWWT change. This indicated that 

COWWT change was almost three times more important than COWWTAVG. When 

looking at EFF(FO)ZBW(WR), b' = 0.046 for COWWTAVG and 0.128 for COWWT 

change indicating COWWT change was roughly three times more important than

COWWTAVG.
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CHAPTER 5 

SUMMARY

A 4-yr study, from 1991 to 1994, was conducted at the Northern Agricultural 

Research Center near Havre, Montana to compare three breed groups of cows for 

biological efficiency under Montana range conditions. Data were collected on 51 cow- 

calf pairs during five periods (November, February, May, June and September) 

throughout the production year. The biological types represented were straightbred 

Hereford (HH), straightbred Tarentaise (TT) and the Fi reciprocal cross (HT).

Fecal output (PO) was estimated during five periods throughout the production 

year and was converted to organic matter intake (OMI). Calf weights were taken during 

May, June, September, and at weaning in October. Biological efficiency was defined 

four ways: I) EFF = calf weaning weight/cow OMI, 2) EFF(FO) = calf weaning 

weight/cow FO, 3) EFF/BW = calf weaning weight/cow OMI on a per unit of cow body 

weight basis and 4) EFF(FO)ZBW = calf weaning weight/cow FO on a per unit of cow 

body weight basis.

Biological efficiency differences exist between different biological types of cows 

under Montana range conditions with TT and HT cows being more efficient (P < 0.05) 

than HH cows for all measures of efficiency. These differences were due to differences 

in calf weaning weights rather than important differences in cow intakes. Total milk 

production (MP) was a significant covariate for EFF and EFF(FO) (P < 0.05). The 

quadratic regression of EFF on total MP and EFF(FO) on MP indicated an optimum 

amount of milk to be approximately 36 to 37 kg and 37 to 40 kg, respectively. Average
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cow weight and cow weight change were significant covariates for EFF/BW and 

EFF(FO)ZBW (P < 0.05). Standard partial regressions indicate that cow weight change 

was approximately three times as important as average cow weight for EFF/BW and 

EFF(FO)ZBW.

Maternal heterosis was positive for all definitions of efficiency at 3.0, 3.4, 5.6 

and 5.9% for EFF, EFF(FO), EFF/BW and EFF(FO)ZBW respectively and was significant 

for EFF/BW and EFF(FO)ZBW. This is a finding that has not been published in the 

literature.

Future research should be aimed at measuring economic efficiency and 

determining its relationship with biological efficiency. In addition, looking at sires with 

different growth potentials may prove beneficial in increasing biological efficiency under 

range conditions. As it becomes more and more challenging to make a living in the 

cow/calf sector, producers will need the upper hand when selecting cattle to place on 

their range.



87

LITERATURE CITED

AOAC. 1980. Official Methods of Analysis (13th Ed.) Association Official Analytical 
Chemists, Washington, DC.

Adams, D. C., T. C. Nelsen, W. L. Reynolds, and B. W. Knapp. 1986. Winter grazing 
activity and forage intake of range cows in the northern Great Plains. J Anim 
Sci. 62:1240-1246.

Allison, C. D. 1985. Factors affecting forage intake by range ruminants: A review. I. 
Range'Manage. 38:305-311.

Anderson, D. C i D. Casebolt, D. D. Kress, and D. E. Doombos. 1986. Lactation curves 
and milk production in different types of beef cattle. MT AgResearch. MT 
Agric. Exp. Sta. Vol. 3, (Issue 1):16-17.

Ansotegui, R. P., K. M. Havstad, J. D. Wallace, and D. M. Hallford. 1991. Effects of 
milk intake on forage intake and performance of suckling range calves. J. Anim
Sci. 69:899-904.

Baker, R. D., Y. L. P. Le Du, and J. M. Barker. 1976. Milk-fed calves: I. The effect of 
milk intake upon the herbage intake and performance of grazing calves. J Agric 
Sci., Camb. 87:187-196.

Balch, C. C., and R. C. Campling. 1962. Regulation of voluntary food intake in 
ruminants. Nutr. Abstr. and Rev. 32:669-686.

Barlow, R., K. J. Ellis, P. I. Williamson, P. Costigan, P. D. Stephenson, G. Rose, and P. 
T: Mears. 1988. Dry-matter intake of Hereford and first-cross cows measured by 
controlled release of chromic oxide on three pasture systems. I. Agric. Sci., 
Camb. 110:217-231.

Boggs, D. L., E. F. Smith, R. R. Schalles, B. E. Brent, L. R. Corah, and R. J. Pruitt. 
1980. Effects of milk and forage intake on calf performance. J. Anim. Sci 
51:550-553.

Bourdon, R. M. 1997. Heritability and repeatability. In: Understanding Animal 
Breeding, pp. 149-184. Prentice Hall, Upper Saddle River, NI.

Brandyberry, S. D., R. C. Cochran, E. S. Vanzant, and D. L. Harmon. 1991. Technical 
note: Effectiveness of different methods of continuous marker administration for 
estimating fecal output. J. Anim. Sci. 69:4611-4616.



88
Buntinx, S. E., K. R. Pond, D. S. Fisher, and J. C. Bums. 1992. Evaluation of the captec 

chrome controlled-release device for the estimation of fecal output by grazing 
sheep. J. Anim. Sci. 70:2243-2249.

Buttazzoni, L., and I. L. Mao. 1989. Genetic parameters of estimated net energy 
efficiencies for milk production, maintenance, and body weight change in dairy 
cows. J. Dairy Sci. 72:671-677.

Buttram, S. T., and R. L. Willham. 1989. Size and management effects on reproduction 
in first-, second- and third-parity beef cows. J. Anim. Sci. 67:2191-2196.

Casebolt, D. G., D. D. Kress, D. C. Anderson, and D. E. Doombos. 1983. Lactation 
curves and milk production in beef cattle with varying degrees of crossbred 
influence. Proc. West Sec. Amer. Soc. Anim. Sci. 34:37-40.

Clutter, A. C., and M. K. Nielsen. 1987. Effect of level of beef cow milk production on 
pre- and postweaning calf growth. J. Anim. Sci. 64:1313-1322.

Crouse, I. D., C. L. Ferrell, and L. V. Cundiff. 1985. Effects of sex condition, genotype, 
and diet on bovine growth and carcass characteristics. J. Anim. Sci. 60:1219- 
1227.

Davis, M. E., J. J. Rutledge, L. V. Cundiff, and E. R. Hauser. 1983: Life cycle efficiency 
of beef production: I. Cow efficiency ratios for progeny weaned. J. Anim. Sci.
57:832-851.

Davis, M. E., J. J. Rutledge, L. V. Cundiff, and E. R. Hauser. 1983. Life cycle efficiency 
of beef production: II. Relationship of cow efficiency ratios to traits of the dam 
and progeny weaned. J. Anim. Sci. 57:852-865.

Dickerson, G. E. Animal size and efficiency: Basic concepts. 1978. Anim. Prod. 
27:367-379.

Doombos, D. E., K. M. Havstad, E. Fredrickson, M. Wagner, and D. D. Kress. 1987. 
Estimating efficiency of different biological types of beef cattle. Proc. West Sec. 
Amer. Soc. Anim. Sci. 38:75-78.

Doombos, D. E., C. A. Steffan, D. D. Kress, and D. C. Anderson. 1983. Beef heifers 
' differing in milk production: III. Relationship of age at puberty, percent pregnant 

and day pregnant, Proc. West Sec. Amer. Soc. Anim. Sci. 34:8-10.

Fenton, T. W., and M. Fenton. 1979. An improved procedure for the determination of 
chromic oxide in feed and feces. Can. J. Anim. Sci. 59:631-634.



89

Ferrell,- C. L., and T. G. Jenkins. 1984. Energy utilization by mature, nonpregnant, 
nonlactating cows of different types. J. Anim. Sci. 58:234-243.

Ferrell, C. L., and T. G. Jenkins. 1985. Cow type and the nutritional environment: 
Nutritional aspects. J. Anim. Sci. 61:725-741.

Ferrell, C. L., and T. G. Jenldns. 1987. Influence of biological types on energy
requirements, p. 1-7. Proc. Grazing Livest. Nutr. Conf., July 23-24, 1987, 
University of Wyoming.

Freetly, H. C., and L. V. Cundiff 1998. Reproductive performance, calf growth, and 
milk production of first-calf heifers sired by seven breeds and raised on different 
levels of nutrition. J. Anim. Sci. 76:1513-1522.

Freetly, H. C., C. L. Ferrell, and T. G. Jenkins. 2000. Timing of realimentation of 
mature cows that were feed-restricted during pregnancy influences calf birth ■. 
weights and growth rates. J. Anim. Sci. 78:2790-2796.

Frisch, J. E., and J. E. Vercoe. 1984. An analysis of growth of different cattle genotypes 
reared in different environments. J. Agric. Sci., Camb. 103:137-153.

Frisch J. E., and J. E. Vercoe. 1991. Factors affecting the utilization of nutrients by 
grazing beef cattle in northern Australia. Proc., Grazing Livest. Nutr. Conf 
Colorado Springs, CO.

Green, R. D., L. V. Cundiff, and G-. E. Dickerson. 1991. Life-cycle biological efficiency 
of Bos indicus x Bos taurus and Bos taurus crossbred cow-calf production to 
weaning. J. Anim. Sci. 69:3544-3563.

Green, R. D., L. V. Cundiff, G. E. Dickerson, and T. G. Jenkins. 1991. Output/input 
differences among mnonpregnant, lactating Bos indicus-Bos taurus and Bos 
taurus-Bos taurus Fi cross cows. J. Anim. Sci. 69:3156-3166.

Gririgs, E. E., D. C. Adams, and R. E. Short. 1995. Diet quality of suckling calves and 
mature steers on northern Great Plains rangelands. J. Range Manage. 48:438- 
441.

Grings, E. E., R. E. Short, M. D. MacNeil, M. R. Haferkamp, and D. C. Adams. 1996. 
Efficiency of production in cattle of two growth potentials on northern Great 
Plains rangelands during spring-summer grazing. J. Anim. Sci. 74:2317-2326.

Hatfield, P. G., J. J. Walker, H. A. Glimp, and D. C. Adams. 1991. Effect of level of 
intake and supplemental barley on marker estimates of fecal output using an 
intraruminal continuous-release chromic oxide bolus. J. Anim. Sci. 69:1788- 
1794.



90

Havstad, K. M., W. J. Lathrop, E. L. Ayers, D. E. Doombos, and D. D. Kress. 1986. 
Forage intake of different beef cattle biological types under range conditions. MT 
AgResearch. MT. Agric. Exp. Sta. Vol. 3, (Issue 2):20-21.

Hirsch, T. S. 1995. Fecal output of Hereford and Tarentaise beef cattle on native range. 
M.S. Thesis. Montana State University, Bozeman.

Holloway, J.W., W. T. Butts, Jr., J. D. Beaty, J. T. Hopper, and N. S. Hall. 1979. 
Forage intake and performance of lactating beef cows grazing high or low quality 

. pastures. J. Anim. Sci. 48:692-700.

Holloway, J. W., and W. T. Butts, Jr. 1984. Influence of cow frame size and fatness on 
seasonal patterns of forage intake, performance and efficiency of Angus cow-calf 
pairs grazing fescue-legume or fescue pastures. J. Anim. Sci. 59:1411-1422.

Jenkins, T. G., L. V.-Cundiff, and C. L. Ferrell. 1991. Differences among breed crosses 
of cattle in the conversion of food energy to calf weight during the preweaning 
interval. J. Anim. Sci. 69:2762-2769.

Jenkins, T. G., and C. L. Ferrell. 1983. Nutrient requirements to maintain weight of 
mature, nonlactating, nonpregnant cows of four diverse breed types. J. Anim. Sci. 
56:761-770.

Jenkins, T. G., and C. L. Ferrell. 1994. Productivity through weaning of nine breeds of 
cattle under varying feed availabilities: I. Initial evaluation. J. Anim. Sci. 
72:2787-2797.

Jenkins, T. G., C. L. Ferrell, and A. J. Roberts. 2000. Lactation and calf weight traits of 
mature crossbred cows fed varying daily levels of metabolizable energy. J. Anim. 
Sci. 78:7-14.

Kattnig, R. M., J. A. Winder, J. D. Wallace, and C. C. Bailey. 1993. Evaluation of 
biological efficiency of free-grazing beef cows under semidesert conditions. J. 
Anim. Sci. 71:2601-2607.

Kiesling H. E., H. A. Barry, A. B. Nelson, and C. H. Herbel. 1969. Recovery of chromic 
oxide administered in paper to grazing steers. J. Anim. Sci. 29:361-364.

Kress, D. D., D. E. Doombos, and D. C. Anderson. 1990. Performance of crosses 
among Hereford, Angus and Simmental cattle with different levels of Simmental 
breeding: V. Calf production, milk production and reproduction, of three- to 
eight-year-old dams. J. Anim. Sci. 68:1910-1921.



91

Kress, D. D., D. E. Doombos, D. C. Anderson,--and K. C. Davis. 1995. Tarentaise and 
Hereford breed effects on cow and calf traits and estimates of individual heterosis. 
J. Anim. Sci. 73:2574-2578.

Kronberg, S. L., K. M. Havstad, E. L. Ayers, and D. E. Doombos. 1986. Influence of 
breed on forage intake of range beef cows. J. Range Manage. 39:421-423.

Easter, D. B., G. M. Smith, L. V. Cundiff, and K. E. Gregory. 1979. Characterization of 
biological types of cattle (cycle II) II. Postweaning growth and puberty of 
heifers. J. Anim. Sci. 48:500-508.

Le Du, Y. L. P., R.'D. Baker, and J. M. Barker. 1976. Milk-fed calves: II. The effect of 
length of milk feeding period and milk intake upon herbage intake and 
performance of grazing calves. J. Agric. Sci., Camb. 87:197-204.

Le Du, Y. L. P., and R. D. Baker. 1979. Milk-fed calves: V. The effect of a change in 
milk intake upon the herbage intake and performance of grazing calves. J. Agric. 
Sci., Camb. 92:443-447.

Lemanger, R. P., L. A. Nelson, and K. S. Hendrix. 1980. Influence of cow size and 
breed type on energy requirements. J. Anim. Sci. 51:566-575.

Lesmeister, J. L., P. J. Burfening, and R. L. Blackwell. 1973. Date of first calving in 
beef cows and subsequent calf production. J. Anim. Sci. 36:1-6. -

Luginbuhl, J. M., K. R. Pond, J. C. Bums, and D. S. Fisher. 1994. Evaluation of the 
Captec controlled-release chromic oxide capsule for fecal output determination in 
sheep. J. Anim. Sci. 72:1375-1380.

Marshall, D. A., W. R. Parker, and C. A. Dinkel. 1976. Factors affecting efficiency to 
weaning in Angus, Charolais and reciprocal cross cows. I. Anim. Sci. 43:1176- 
1187.

Melton, A. A., J. K. Riggs, L. A. Nelson, and T. C. Cartwright. 1967. Milk production, 
composition and calf gains of Angus, Charolais and Hereford cows. J. Anim. Sci.
26:804-809.

Miller, E. T. 1998. Fecal output of calves of Tarentaise, Hereford and crossbed cows 
under range conditions. M.S. Thesis. Montana State University, Bozeman.

Miller, S. P., J. W. Wilton, and W. C. Pfeiffer. 1999. Effects of milk yield on biological 
efficiency and profit of beef production from birth to slaughter. I. Anim. Sci. 
77:344-352.



92

Moment, P. A., R. J. Pruitt, R. J. Emerick, and R. H. Pritchard. 1994. Controlled release 
chromic oxide and alkaline peroxide lignin marker methods. J. Range Manage 
47:418-423.

Montano-Beimudez, M., and M. K. Nielsen. 1990a. Biological efficiency to weaning 
and to slaughter of crossbred beef cattle with different genetic potential for milk. 
J. Anim. Sci. 68:2297-2309.

Montano-Bermudez, M., and M. K. Nielsen. 1990b. Reproductive performance and 
■ variation in body weight during annual cycles for crossbred beef cows with 

different genetic potential for milk. J. Anim. Sci. 68:2289-2296.

Montano-Bermudez, M., M. K. Nielsen, and G. H. Deutscher. 1990. Energy 
requirements for maintenance of crossbred beef cattle with different genetic 
potential for milk. J. Anim. Sci. 68:2279-2288.

Naazie, A., M. Makarechian, and R. J. Hudson. 1999. Evaluation of life-cycle herd 
efficiency in cow-calf systems of beef production. J. Anim. Sci. 77:1-11.

Neville, W. E. Jr. 1962. Influence of dam’s milk production and other factors on 120- 
and 240-day weight of Hereford calves. J. Anim. Sci. 21:315-320.

Neville, W. E. Jr. 1974. Comparison of energy requirements of non-lactating and 
lactating Hereford cows and estimates of energetic efficiency of milk production. 
J. Anim. Sci. 38:681-686.

NRC. 1996. Nutrient Requirements of Beef Cattle (7th Ed.). National Academy Press, 
Washington, DC.

Nutt, B. G., J. W. Holloway, and W. T. Butts, Jr. 1980. Relationship of rumen capacity 
of mature angus cows to body measurements, animal performance and forage 
consumption on pasture. J. Anim. Sci. 51:1168-1176.

Osuji, P. O. 1974. The physiology of eating and the energy expenditure of the ruminant 
at pasture. J. Range Manage. 27:437-443.

Paterson, J., M. Kerley. 1987. Discussion of marker methodologies used in grazing 
experiments and digestibility of forages consumed by grazing animals, p. 67-68. 
Proc. Grazing livest. Nutr. Conf., July 23-24, 1987, University of Wyoming.

Pond, K. R., J. C. Bums, and D. S. Fisher. 1987. External markers -  use and 
methodology in grazing studies, p. 49-53. Proc. Grazing Livest. Nutr. Conf., July 
23-24, 1987, University of Wyoming.



93

Ramsey, W. S., P. G. Hatfield, J. D. Wallace, and G. M. Southward. 1994. Relationships 
among ewe milk production and ewe and lamb forage intake in Targhee ewes 
nursing single or twin lambs. J. Anim. Sci. 72:811-816.

Reid, C. R., C. M. Bailey, and M. B. Judkins. 1991. Metabolizable energy for 
maintenance of beef-type Bos taurus and Bos indicus x Bos taurus cows in a dry, 
temperate climate. J. Anim. Sci. 69:2779-2786.

Richards, M. W., J. C. Spitzer, and M. B. Warner. 1986. Effect of varying levels of 
postpartum nutrition and body condition at calving on subsequent reproductive 
performance in beef cattle. J. Anim. Sci. 62:300-306.

Rosiere, R. E., J. D. Wallace, and R. D. Pieper. 1980. Forage intake in two-year old 
cows and heifers grazing blue grama summer range. J. Range Manage. 33:71-73.

Russel, A. J. F., and I. A. Wright. 1983. Factors affecting maintenance requirements of 
beef cows. Anim. Prod. 37:329-334.

Rutledge, J. J., 0 . W. Robison, W. T. Ahlschwede, and J. E. Legates. 1971. Milk yield 
and its influence on 205-day weight of beef calves. J. Anim. Sci. 33:563-567.

SAS. 1988. SAS User’s Guide: Statistics. SAS Inst. Inc., Cary, NC.

Schingoethe, D. J. 1988. Nutrient needs during critical periods of the life cycle effect of 
nutrition on fertility, reproduction and lactation. In: D. C. Church (ed) The 
Ruminant Animal Digestive Physiology and Nutrition. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey.

Short, R. E., R. A. Bellows, E. L. Moody, and B. E. Howland. 1972. Effects of suckling 
and mastectomy on bovine postpartum reproduction. J. Anim. Sci. 34:70-74.

Smith, E. G., J. E. Lawson, K. K. Klein, and G. W. Rahnefeld. 1987a. Economics of calf 
production with foreign cattle breed crosses in the short-grass prairies. Can. J. 
Anim. Sci. 67:973-983.

Smith, E. G., G. W. Rahnefeld, K. K. Klein, and J. E. Lawson. 1987b. Economics of 
calf production with foreign cattle breed crosses in the parkland region of western 
Canada. Can. J. Anim. Sci. 67:961-972.

Solis, J. C., F. M. Byers, G. T. Schelling, C. R. Long, and L. W. Greene. 1988. 
Maintenance requirements and energetic efficiency of cows of different breed 
types. J. Anim. Sci. 66:764-773.



94

Sowell, B. F., J. D. Wallace, M. E. Branine, M. E. Hubbert, E. L. Fredrickson, and J. G. 
P. Bowman. 1996. Effects of restricted suckling on forage intake of range calves. 
J. Range Manage. 49:290-293.

Sprinkle, J. E. 1992. Fecal output of different biological types of beef cattle on native 
range throughout a production year. M.S. Thesis. Montana State University, 
Bozeman.

Sunvold, G. D., and R. C. Cochran. 1991. Technical note: Evaluation of acid detergent 
lignin, aldakine peroxide lignin, acid insoluble ash, and indigestible acid detergent 
fiber as internal markers for prediction of alfalfa, bromegrass, and prairie hay 
digestibility by beef steers. J. Anim. Sci. 69:4951-4955.

Taylor, C. S., R. B. Thiessen, and J. Murray. 1986. Inter-breed relationship of 
maintenance efficiency to milk yield in cattle. Anim. Prod. 43:37-61.

Taylor, R. E. 1992. Lactation. In: Scientific Farm Animal Production. Macmillan 
Publishing Company, New York, New York.

Totusek, R., D. W. Arnett, G. L. Holland, and J. V. Whiteman. 1973. Relation of 
estimation method, sampling interval and milk composition to milk yield of beef 
cows and calf gain. J. Anim. Sci. 37:153-158.

Van Oijen, M., M. Montaho-Bermudez, and M. K. Nielsen. 1993. Economical and 
biological efficiencies of beef cattle differing in level of milk production. J. 
Anim. Sci. 71:44-50.

Wagner, M. W., K. M. Havstad, D. E. Doombos, and E. L. Ayers. 1986. Forage intake 
of rangeland beef cows with varying degrees of crossbred influence. J. Anim. 
Sci. 63:1484-1490.

Williams, J. H., D. C. Anderson, and D. D. Kress. 1979. Milk production in Hereford 
cattle. II. Physical measurements: Repeatabilities and relationships with milk 
production. J. Anim. Sci. 49:1443-1448.

Wiltbank, J. N., W. W. Rowden, J. E. Ingalls, K. E. Gregory, and R. M. Koch. 1962. 
Effect of energy level on reproductive phenomena of mature Hereford cows. I. 
Anim. Sci. 21:219-225.



95

APPENDIX A

Analyses of variance tables and quadratic regressions
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Table 32. Means and standard deviations-by period for cow-and calf traits

Traits I II
Period

III IV V
COWWT 519 ±75.01 549 ±81.90 492 ± 73.43 510 ± 66.63 524 ±61.27
BCS 5.87 + 0.97 5.52 ±0.93 4.78 ±0.89 5.24 ± 0.90 5.42 ±0.83
INT 4.00 + 1.31 5.95 ± 1.67 8.76 ± 2.74 6.51 ±3.04 6.09 ± 2.46
FO 2.86 ±0.97 3.32±0.88 3.72 ±1.17 3.19± 1.25 3.41 ±0.90
INT/BW 7.82 ±2.61 10.94 ±3.10 18.02 ±5.92 13.13 ±6.53 11.56 ± 4.17
FO/BW 5.60 ± 1.94 6.12 ± 1.73 7.67 ±2.54 6.42 ± 2.76 6.53 ±1.55
MP 9.05 ±3.04 12.39 ± 4.35 8.40 ± 5.45
CLFWT 67 ± 10.49 HO ± 17.09 209 ± 26.03

Table 33. Analyses of variance (P values) for COWWT
Main
effects

Df PdI Pd II PdIII PdIV PdV

Year 3 .001 .001 .008 .001 .001
AOD 3 .001 .001 .001 .001 .001
CBT
Covariates

2 .066 .265 .568 .001 .001

BCS I . .001 .001 .001 .001 .001
HIPHT I .001 .001 .001 .001 .001

R-Squared .82 .86 .87 .83 .73

Table 34. Analyses of variance (P values) for BCS
Main effects Df PdI PdII PdIII PdIV PdV
Year 3 .001 .001 .001 .143 .181
AOD 3 .001 .001 .001 .239 .005
CBT 2 .009 .003 .001 .370 .001
SBT 2 .375 .930 .958
YeaHCBT 6 .007
Covariates
COWWT I .001 .001 .001 .001 .001
COWWT change I .001
HIPHT I .001

R-Squared .63 .66 .70 .62 .53
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Table 35. Analyses of variance (P values) for MP
Main effects Df Pd III PdIV PdV
Year 3 .011 .005 .114
AOD 3 • .010 .023 .141
SEX I .451 .932 .399
CBT - 2 ..001 .001 .001
SBT 2 .651 .081 .359
Year*SEX 3 .023
Year* CBT 6 .052
Covariates
CLFWT I .021
COWWT I. .035

R-Squared .35 .20 . .27

Table 36. Analyses of variance (P values) for CLFWT
Main effects Df PdIII PdIV PdV
Year 3 .001 .058 .001
AOD 3 .001 .001 .001
SEX I .001 .001 .001
CBT ’ 2 .001 .001 .001
SBT 2 .848 .038 .406
Year*CBT 6 .014 .004
Year* SBT 6 .002
Covariates
COWWT I .009 .001 .001
CAGE I .001 .001 .001
COWWT change I .001 .005
MP I .005 .001

R-Squared .62 .70 .76
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Table 37. Analyses of variance (P values) for INT
Main effects Df Pd L PdII Pd III PdIV PdV
Year 3 .001 .001 .001 .001 .001

■ AOD 3 .014 .025 .726 .003 • .001
CBT 2 .802 .859 .059 .608 .572
SBT 2 .453 .453 .287
Year*CBT 6 .003
Year*SBT 6 .020
Covariates
HIPHT I .034
COWWT I .001
COWWT change I .136
MP I .002

R-Squared .53 ■ .28 .65 .66 .81

Table 38. Analyses of variance (P values) for FO
Main effects Df PdI PdII PdIII PdIV PdV
Year 3 .001 .001 .001 .001 .001
AOD 3 .014 .035 .447 .002 .001
CBT 2 .803 .863 .038 .689 .555
SBT 2 .517 .566 .454
Year* CBT 6 .001
Year* SBT 6 .006
Covariates
HIPHT I .032
COWWT I .001
MP I .002

R-Squared .56 .17 .65 .59 .58

Table 39. Analyses of variance (P values) for INT/BW
Main effects Df PdI PdII PdIII PdIV PdV
Year 3 .001 .001 .001 .001 .001
AOD 3 .238 .200 .058 .322 .052
CBT 2 .662 .767 .025 .730 .836
SBT 2 .423 .712 .385
Year*CBT 6 .004
Year*SBT 6 .028
Covariates
HIPHT I .047
COWWT I .001 .001 .001 .001
COWWT change I .128

R-Squared .54 .28 .65 .69 .77
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Table 40. Analyses of variance (P values) for FO/BW
Main effects Df PdI Pd II Pd III PdIV PdV
Year 3 .001 .001 .001 .001 .001
AOD 3 .244 .218 .346' .175 .038
CBT 2 .649 .754 .156 .659 .896
SBT 2 .743 ■■ .696 .456
Year* CBT 6 .001
Covariates
HIPHT I .042
COWWT :-'V. .001 .001 .001 .001
COWWT change I .085
MP I .006
BCS I .038

R-Squared .58 .24 .65 .67 .49

Table 41. Analyses of variance (P values) for total intake (kg), fecal output (kg), intake 
(g/kg) and fecal output (g/kg) _______________________________ ______
Main effects Df INTSUM FOSUM INT/BWSUM FO/BWSUM
Year 3 . .001 .001 .001 .001
AOD 3 .010 .003 .021 .009
CBT 2 .580 .482 .692 .662
SBT
Covariates

2 .324 .153 .386 .172

Average COWWT I .021 .022 .001 .001
R-Squared .66 .63 .76 .74

Table 42. Analyses of variance (P values) for traits that define cow biological types
Main effects Df Average

COWWT
Total MP Average

BCS
COWWT
change

Year 3 .011 .001 .001 .001
AOD 3 .001 .001 .016 .047
CBT 2 .701 .001 .001 .006
SBT 2 .877 .283 .635 .045
Covariates
Average BCS I .001
INT/BW I .083
Average COWWT I .001 .001

R-Squared .79 .30 .74 .69
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Table 43. Analyses of variance (P values) for EFF, EFF(FO), EFF/BW and 
EFF(FO)ZBW_____________
Main effects Df EFF EFF(FO) EFFZBW EFF(FO)ZBW
Year 3 .001 .001 .001 .001
AOD 3 .132 .064 .625 .504
CBT 2 .004 .001 .005 .001
SBT 2 .862 .717 .907 ,750
A0D*CBT 6 .006 .005
Covariates
Total MP I .007 .005
COWWT change I .009 .009
Average COWWT I .001 .001

R-Squared .60 .55 .67 .64

Table 44. Analyses of variance (P values) for EFF(WR), EFF(FO(WR))3 EFFZBW(WR) 
and EFF(FO)ZBW(WR) ________________________________________
Main effects Df EFF EFF(FO) EFFZBW EFF(FO)ZBW
Year 3 .001 .001 .001 .001
AOD 3 .129 .062 .620 .497
CBT 2 .001 .001 .001 .001
SBT 2 .851 .704 .902 .743
AOD*CBT 6 .006 .006
Covariates
Total MP I .007 .006
COWWT change I .009 .009 .
Average COWWT I .001 .001

R-Squared .62 .57 .67 .64
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F ig u r e  2 . Q u a d r a t ic  r e g r e ss io n  o f  B C S  on  C O W W T  c h a n g e  d u r in g  p e r io d  IV
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Figure 3. Quadratic regression of CLFWT on COWWT during period III
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Figure 5. Quadratic regression of CLFWT on COWWT during period V
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F ig u r e  6 . Q u a d r a t ic  r e g r e ss io n  o f  C L F W T  on  M P  d u r in g  p er io d  IV
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Figure 7. Quadratic regression of CLFWT on MP during period V
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F ig u r e  8 . Q u a d r a t ic  re g r e ss io n  o f  IN T  on  H IP H T  d u r in g  p e r io d  I
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Figure 9. Quadratic regression of INT on COWWT change during period III
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F ig u r e  1 0 . Q u a d r a t ic  r e g r e ss io n  o f  IN T  o n  M P  d u r in g  p er io d  IV

Figure 11. Quadratic regression of FO on HIPHT during period I
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Figure 13. Quadratic regression of INT/BW on HIPHT during period I
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F ig u r e  14 . Q u a d r a t ic  r e g r e ss io n  o f  F O /B W  on  H IP H T  d u r in g  p er io d  I
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Figure 15. Quadratic regression of FO/BW on BCS during period III
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F ig u r e  16 . Q u a d r a t ic  r e g r e ss io n  o f  F O /B W  on M P  d u r in g  p e r io d  IV
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Figure 17. Quadratic regression of total INT on average COWVVT
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Figure 18. Quadratic regression of total FO on average COWWT
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Figure 19. Quadratic regression of EFF on total MP
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F ig u r e  2 0 . Q u a d r a t ic  r e g r e ss io n  o f  E F F (F O ) on  to ta l M P
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Figure 21. Quadratic regression of EFF(WR) on total MP
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