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ii.  

ABSTRACT 

A system of >vintering and calving beef cows on a smJdust cattle 

pad was compared with the traditional method of wintering unsupplemented 

cows on hill country pasture. 

beginning in 1 970. 

Comparisons were made over four years, 

T vro herds of Angus beef covTS were used in the experiment . One 

herd was originally the Massey University Stud herd, which included 

approximately 50 cows aged from three to ten·. Three­

year-old replacements were added to this herd each year. This herd 

was designated the Stud herd. The other herd designated the 

Commercial herd, was based on 67 yearling heifers bought in 1 969 . 

These cows were all of the same age, and no replacements were added. 

In 1 969 25  cows from this herd 1.vere mated to calve at two-years-of-age. 

The t vro herds 1vere run together as one unit during the trial, 

distinction only being made for the purpose of statistical analysis. 

The pad consists of two yards with sawdust packed on top of tile 

drains. A concrete aprcn runs along the side where the feedi".1g racks 

are situated. A stand of pampas grass protects the pad from t he 

prevailing wind. Half p:ates '"ere installed, and the bottom rails of 

the yard wer� removed to allow the calves to get out and creep feed 

o1: the adjoining pasture. 



iii. 

Three weeks before calving begins cows were allotted to the pad 

or the hill treatment using a table of random numbers . In 1 971 , 

1 972 , 1 973 a switchover design was adopted, whereby some animals 

alternated behreen the two treatments in successive years , vfhile 

others wintered on the same treatments . 

Over 1 970 the cows were confined all the time . In 1 97 1  the 

cows on pad I were allowed to  break feed saved pasture over a week . 

In 1 972 and 1 973 the cows and calves were removed from the pad for 

three and four days after birth respectively. This enabled the 

calf to obtain colostrum without interference ,  allowed the cow to 

build up reserves of vitamin A,  helped form a bond between the calf 

and its mother , and enabled the calf to have the benefit of a 

healthier environment for the first days of its life . This practice 

appeared to have some merit in reducing the incidence of calf scours . 

Uhile confined the cows were fed hay, barley straw, and barley 

meal . In 1 970 some experimentation in feeding levels was necessary, 

and in 1 97 1 , 1 972 and 1 973 , 4 . 3  kg hay, 2.3 kg barley straw and 

0. 6 kg of barley meal per head per day were fed. 

In 1 972 and 1 973 feeding once a day was compared wit h  feeding 

the same ration once every second day. 

Before the co;rrs were confined the top three inches of sawdust was 

removed and the sawdust and timberwork sprayed with a 1 o% solution of 

formalin. In 1 973 the concrete apron was scraped off weekly with a 

tractor and blade . 
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Mi lk determinati ons were made by the weigh-nurs e-weigh me tho d 

follovring a 1 6  hour separation. 

The c o,vs entere d  the pad about the second week i n  July , and 

remained there until the end of September, when they joined their 

c ont emporarie s on the hil l. 

Generally the cows wint ered on the pad l o st more weight than the 

c ows grazed on the hi l l ,  although th e magnitude of the -v;eight l o s t  

varied consi derably be tween years . 

Birth we ights of the c a lves born on the pad were general ly about 

2 kg be low that o f  the calves born on the hil l .  However, there 

were no c lear differences between treatments for the weaning weights. 

Limi ted information gathered on the cow milk produc tion indi cated 

that although milk 1veight s of the cows on th e pad wer e  lower during 

c onfinement , handicapping the growth of their calve s, there appear e d  

t o  be a surge o f  milk produc ti on i n  these animals upon their releas e  

t o  the hil l  pas ture , in some years . This resul ted in an increased 

growth rate of the c alve s from the pad at this time. 

Reproductive performance of the three-year-old and mature c ows 

as measured by their calving interval was unaffec ted by the winter 

treatment s. 

The performance of the first calving two-year- o l d  heifers from 

the C ommercial herd in 1 970 was adversely affected by the pad treatment. 

Birth weight s and v1eaning weights were reduced and 26.5% of 

the heifers failed to rebreed the following season. Neverthel e ss 



�ubsequent performance demonstrated no further effect of 

calving at hro-years-of -age under adverse conditions. 

v. 

There was no effect on the calf performance of feeding every 

day against feeding every second day. Neither was calf performance 

affected by any of the switching treatments imposed between years. 

Differences due to the effect of sex end age of dam were similar 

to those reported in the literature for birth weight and weaning 

weight. As the four-year-old dams performed surprisingly well in 

this study an nge-of-dam x treatment interaction was suspected. 

There was an indeterminate effect of sex on the milk yield of the 

dam_ 

Regressions involving the age of the calf on the weight at various 

points revealed a strong association of g rowth with climatic variables. 

Since the period under study included stormy weather and long droughts 

this complicate d the evaluation of calf growth data. 

It was concluded that the pad system of wintering and calving 

beef cows can be operated as a commercial system in the manner 

described. A discussion of pad husbandry is given, and recommendations 

are made. 
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INTRODUCTION 

This study was concerned with only a part of the analysis of 

data collected during the operation of a new systen of nanagenent 

of beef cows and their young calves. This system involved the 

confinement of breeding cows on a sawdust pad over the earlier part 

of the winter, fron about three weeks before calving, until about 

eight weeks after calving. The rationale behind the use of this 

technique involves a consideration of the proble� in the winter 

of much of Ne\"T Zealand's hill country. Because of wetness of this 

country it is unwise to attempt to graze large numbers of cattle 

since it 1'iill contribute to erosion and pugging, and the difficulty 

involved in providing supplenentary feed for cattle. However 

because of economic considerations this land should be devoted to 

breeding, thus tying its productivity to the number of capital stock 

vlhich it can overwinter. 

The supply of store stock for finishing will becone the liniting 

factor in the expansion of New Zealand's beef industry, since breeding 

loses attractiveness to investors because of a longer cycle, and a 

greater risk compared to a finishing policy. It thus seens that any 

major increase in cattle numbers nust be the result of herd expansion 



2 .  

in the hill country. But to achieve this the problen of wintering 

the aninals in this environment must be overcome. 

The present investigation analyses the feasibility of overcoming 

the winter problem by renoving the breeding cows from the hills, and 

confining them to a sawdust pad until the spring. A sioilar group 

of cows remained on the wet hills of Tuapaka where they did not 

receive any supplenentarJ feed and these acted as controls. 

end a number of questi ons were raised: 

1 • How 1t1as the birth weight of the calf affected? 

2. How· 1t1as the weaning weight of the calf affected? 

3. How was the milk yield of the c ow affected? 

4. How was the calving interval of the coH affected? 

5 .  How was the weight of the cow affected? 

To this 

This thesis is n ot intended to be an exhaustive study of the 

system. Further data v;hich are available must be analysed to clarify 

certain aspects, particularly those associated with the liveweight 

changes of the cow·. 

In addition a nunber of feoales in the trial were calved at 

two-years-of-age, thus adding further infornntion to the literature 

already published on this practice. 

It is believed that this work will be of value to the New Zealand 

beef cattle industry, and that a number of the points raised will 

stimulate further experimentation and lead to discussion and adoption 

of the techniques by producers. 
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PART I 

CALF PERFORMANCE 

The Birth Weight of the Calf 

Birth is the point at which the calf COi:JDences independent 

growth. Health and vigour is of prime importance at this point to 

enable the calf to adapt to its new, and less desirable environment. 

These two attributes have some connection with the developnent of the 

calf, and one measure of this is i ts weight at birth. 

Furthermore an advantage in >·Teight at birth 1vould be generally 

expected to continue, and be positively correlated with certain 

economic traits such as weaning weight. The heaviest calf at birth 

is that which has grown most rapidly as a foetus. Outside the 

uterus, growth rate will be affected by variables such as the milking 

and nothering ability of the dan, climatic fac tors, the amount and 

type of feed available, as vrell �s genotype-environnent interactions. 

The degree to which these variables operate to nodify the rate of 

growth is measured by the strength of the c orrelation between birth 

weight and weaning weight. 

Koch et al . (1 973) using 3,462 Hereford calves found a correlation 

between birth weight and weaning weight (at 200 days) of r = 0.43. 
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Gregory et al. (1950) reported the conparable correlation for 

Herefords to be r = 0.27 and r = 0.60 (P <. 0.01) for trTO localities 

for 205-day weaning weight to be r = 0.35 for Angus and r = 0.40 for 

Hereford calves in �lissisippi. Dawson et al. (1947) working with 

402 Beef Shorthorn calves fron 112 dans, found the correlation 

between birth weight and the tine required for the calves to reach 

a weight of 225 kg. to be r = -0.58 indicating that the heavier 

calves at birth took less time to grow to 225 kg. Heyns (1959) in 

South Africa studied Aft':icander cot-�s and calves and noted that for 

every 4.5 kg.increase in birth weight, calves weighed 45.0 kg. nore 

at weaning, while Nimaann, and Heydenrych ( 1 965) also lvi th Africanders 

in South Africa showed 11. T·; of the variation in calf weaning weights 

could be explained as being due to the effect of birth weight. 

Hohenboken et al. (1971) found a correlation between birth 

weight and pre-weaning gain of r = 0.53 with Herefords, while 

Rogoni and Pasti (1958) reported r = 0.283 for 154 Brown Alpine 

calves. Although Auriol et al. (1963) found a highly significant 

correlation betlveen birth 1wight and calf vreight at nine nonths for 

the Charolais breed they considered that calf birth weight gave a 

poor indication of pre-weaning growth rate. Koch et al. (1973) 

and Dawson et al. (1947) reported that birth weight had a closer 

correlation with post-1'1'eaning weight gains than it did with 

pre-weaning weight gains. 
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The evidence indicates that calf birth weight has sone 

association with latter 'I'Teights, the degree of association depending 

largely on the environoental conditions operating. 

Birth �>reight is a. function of: (i) Gestation length, (ii) Genetic 

potential of the calf to grow, (iii) The material environnent. These 

variables a.re interrelated and depend upon such influences of the age 

of the dam, the sire, the calf sex, a.nd the time of birth. These 

will be considered in turn. 

The Gestation Period 

Calf production begins with conception and continues 'l'ri th the 

gro\lth of the foetus in _ _ll�· This phase of growth before birth 

is the gestation period. Since the foetus grows continually 

though at varying rates through pregnancy? it is clear that the 

birth v1eight of the calf will be a function of the gestation length. 

This is supported by the positive correlations betuecn gestation 

length and birth '"eight shown in Table 1 .1. 

Burris and Blunn (1 952 ) using 502 Hereford, Angus, and Short­

horn calves found the regression of gestation length on birth 

'l'leight to be 0.16 kg/day (P..c:::.0.01 ).  Reynolds et al. (1965) dealing 

with 438 matings of Angus, Brahnan, Brangus and Africnndor-Angus 

calves showed birth weight increased 0. 29 kg with each day increase 

in gestation. O'Connor et al. ( 1 968) working with data frotl 851 

Friesian calves showed that the regression of birth weight on 



Table t, 1 The correlation between the gestation length of the 
dam and the birth weight of the calf, 

Correlation Number of 
Coefficient Animals Breed Reference 

0 . 35 650 Simmental Brogner et al . (1970) 

0 .44 (genetic ) 4 14 Hereford Lasley et al. ( 1961 ) 

0 .25 40 2 Beef Shorthorn Dawson et al. (1 947) 

0 . 22 53 Meuse-Rhine-Yssel Jordao and De Paula 
Ass is ( 1 951  ) 

0 . 42 None given Unspecified Tudor ( 1 972 )  
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gestation length was 0 . 225 kg/day. Forrest ( 1 964 ) found a regression 

for Friesians of 0.22 kg/day. Lawson and Peters (1 964) with 219 

calves of the Highland and Hereford breeds found an increase of 

0 . 059 kg/day ( P < 0. 01) .  Although it is not strictly correct to 

report the association of tvm continuous variables as a regression 

these values do give some idea of the trend. The rapidly grow·ing 

breeds such as the Friesian gain more per day increase in gestation 

than do the less rapidly growing breeds. This is to be expected, 

and indicates more opportunity in the former breeds to affect calf 

birth weights by reducing the gestation period. 

It will be noted from Table 1 . 2  that the Angus has one of the 

shortest average gestation lengths for the beef breeds. The 

Friesian tends to be shorter than the Angus while the large exotic 

breeds, Simmental and Charolais recently introduced into New Zealand 

exhibit longer gestation periods. Animals of Bos indicus breeding 

are char�ctorised by a long gestation period, of an ord�r greater 

than 2 90 days. 

The �!eight of the Dam 

In all reports the weight of the dam is positively associated 

with the calf birth weight ( Table 1 . 3 ) .  The correlation for the 

younger, imnature dams (two- three- and four-year olds ) is normally 

lower than that for mature dams. This supports the contention that 

dam body weight per se has lit tle to do with calf birth weight beyond 

an obvious genetical association. 



Table 1 .2 Gestation length of the dam and birth weights of the 
male and female calves . 

Gestation 
Breed Length Male B . 'I'/ . Female B .W. 

( days ) . (kg) ( kg) Reference 

Hereford 32 . 9  3 1 . 8  Rice et al . ( 1 954 ) 

Hereford 3 1 .4 29.5 Hallman ( 1 965) 
Hereford 34.1 28 . 6  MacDonald ( 1 954 ) 

Angus 26 . 1  23 . 7  Hallman ( 1 965 ) 

Angus 3 1 . 3  27.0 MacDonald ( 1 954)  

Sindhi 283 1 5 . 3  1 8.9 Dave ( 1 950 ) 

Meuse-Rhine- Jordao and De Paula 
Yssel 277 40.3 38 . 0  Assis ( 1 95 1 ) 

Simmental 286 46 . 3  42 . 7  Petrovic ( 1 952 ) 

South Devon 287 45 . 8  44 . 6  Joubert ( 1 957)  

Charolais 50 . 2  45 . 9  Dumont et al . ( 1 959 ) 

Charolais 45 . 8  42 . 7  De Vree ( 1 96 1 ) 

Sahiwal 286 23 .8  2 1 .6 Singh and Dutt ( 1 96 1 ) 

Simmental 285 Belie ( 1 949 ) 

Shorthorn 281 Dawson et al. ( 1 947 ) 

Angus 283 Livesay and Ural ( 1 945 ) 

Hereford 285 Livesay and Ural ( 1 945 ) 

Hereford 287 Lasley et al . ( 1 961) 

Hereford 289 Rife et al . ( 1 943 ) 

Angus 273 Rife et al . ( 1 943 ) 



Table 1, 3 The correlation behreen the weight of the dam 
and the birth 1veight of the calf, 

Correlation Number of 
Coefficient Animals Breed Reference 

0,40 None given Unspecified 'fudor ( 1 972 ) 

0,24 502 Hereford Alexander et al, 
( 1 960) 

0,27 73 Unspecified 
heifers Balika ( 1 965) 

0.54 64 Unspecified 
second calvers Balika ( 1 965 ) 

0.38 323 Africander Niemann and 
Heydenrych ( 1 965 ) 

0.30 708 Bulgarian Red Balabanov et al. 
( 1 970) 

0 . 1 7  783 Friesian Afifi and So limon 
( 1 971 ) 

0 . 24 463 Angus x Milking 
Shorthorn Drewry et al. ( 1 972 ) 
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The Age of the Dan 

This effect is a neasure of differences in the n�ternal environnent 

as the dam ages. At younger ages, notably the h1o- and three-year-olds, 

the developing foetus must compete with active growth 'sinks' for 

resources, as at these ages the dam itself is still growing. Further-

nore, skeletal limitations of the dan nay constrain the calf's 

growth. At the older ages - greater than eight years-of-age -efficiency 

declines due to the aging process, and no doubt factors s uch as 

sub-clinical disease play a greater role. 

Values reported for the reduction in perfornance in y ounger cows 

compared with mature cows (normally five- to seven-year olds ) are 

remarkably consistent. Alexander et al. (1 960) with 244 Herefords 

found first-calf heifers to drop calves 1. 8 kg lighter than those of 

mature cows. while Bennett (1958) found calves from Hereford and 

Shorthorn dams to be 2.7 kg lighter fron the two-year-old dams, 

and 1 .8 kg lighter for tho throc-yenr·-old dans fron those froo cows 

four years and over. Meyer (1964) reported the average birth weight 

of calves from heifers was 10% less t han from nature dams. 

However the older daos appear to be ouch more variable as far 

as the birthweight of their calves are concerned. This is consistent 

with environnental influences playing a greater role. Also the 

values obtained for older dams can be binsed by culling. Many 

authors failed to make it clear whether or not this practice bnd 

occurred when reporting their results. Koch and Clark ( 1 955) 
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analysing the records of 5 , 952 Herefords found that calf bir th 

weight increased with cow age between three- and six-years then 

declined. Nieoann and Heydenrych ( 1 965) using Africanders found 

a positive curvilinear relationship between birth weight and the 

age of the dam up to six or seven years. Bosman and Harwin ( 1 966) 

with 662 calves of the Bonsmara, Africander, and South Devon 

breeds showed that cows aged three, four or eleven years produced 

calves that were 3 . 6  kg lighter than those produced by cows of 

other ages. Hewitt (1 951) working with Red Polls and Friesians 

noted no decrease in calf birth weight until the eleventh calf, 

rrhile Singh ( 1 969) found that eight- to twelv(;-ye�::r olds hnd the 

heaviest calves at birth. 

On a more general theme, Dawson et al. ( 1�7) found calf birth 

weight to be 0.09 kg heavier for each month increase in dan age. 

Similarly Singh and Dutt ( 1 96 1) showed that a one month increase 

in the dam's age increased birth weight by 0. 068 kg in males� and 

0.096 kg in females, for Sahhml calves. Vial and Nore O'Ferrall 

( 1 965) found the regression of calf birth weight on age of dam to 

be approximately linear and equal to 0. 59 kg/year, for Shorthorns 

and Friesians. Foote et al. ( 1 960) calculdted the regression of 

birth weight on parity of the dan as 0.1 8 kg/year for the Angus, and 

0. 15 kg/year for the Shorthorn. 

The question as to v1hether the age of the da:ra uffects the 

gestation period, and thus the birth weight indirectly has come 
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under consideration. The a':.e of the dam had no effect on ge station 

length in the studies of Lasley et al. ( 1 96 1 ),  Reynolds e t  a.l,. 

(1965) and Tudor ( 1 972 ).  Footo e t  al. (1959)  noted that gestation 

length increased with ago of dam for 2 50 Friesian cows, although the 

differences between ages were not significant. 

The Sex of the Calf 

Male birthweights are higher than those of female calves 

according to almost all studios ( Table 1.2 ) .  

Male calves are generally carried in utero for a longer period, 

as well as being heavier at birth. However, that the increase in 

malo birth weight is due to an effect ovor and above that of the 

increase in gestation length is shown by the results of O'Connor 

e t  al. ( 1 968) • They found that �ale calves had a 1.6 day increase 

in gestation period and a birth weight of 4.0 kg higher than females 

although the regression of birth weight on gestation length was 

0.2 3  kg/day. Evidence was also provided by Footo et al. ( 1 960 ) 

who showed that female Shorthorn calves were in utero longer than 

were the males, although the birth ,.,eights favoured the males. 

The Sire of the Calf 

Since the sire contributes a sample half of his genes towards 

the genetic makeup of the calf, differences betwe en sires of the 



1 3. 

same breed as the dams, for the birthweight of the progeny are to 

be expected. Thus significant differences between sires were 

noted by Brown and Calvez ( 1969) �n� Brakel et al. ( 1952). Brown and Calvez 

(1969) found that sire effectG accounted for 2o% of the variation 

in Hereford calves, and 9% in the Angus. Niemann and Heydenrych 

(1965) noted differences of 4.1 kg between sires for calf birth 

weight. Foote et al. (1959) found differences of up to 5.9 kg 

between six sires used on 250 Friesian cows. However, no significant 

sire effect was found by Abelein and Hitter (1959), or Singh (1969). 

The sire effect will depend not only upon the relative genetic 

merit of a sire for foetal growth rate, but also upon the degree of 

genetic difference between the sire and dam, which may give rise to 

either heterosis, (between lines within a breed), or inbreeding 

depression. 

Brogner et al. (1970), and Wheat and Riggs (1952), have 

reported a significant effect of sire on gestation period. Rice 

et al. (1954) with 443 Hereford cows mated to eight bulls found 

that offspring of the different sires varied from 284 to 289 days 

(P< 0.01).Willet (1950) using 20 Groningen bulls observed a high, 

positive, correlation (r = 0.82) between the gestation period of 

individual bulls and the average gestation period of their progeny. 

This sire effect lends support to the �rpothesis that the calf plays 

a deternining role in the initiation of parturition. 
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Time of Birth 

Dickinson, (1961), examined the effect of month of calving, 

and found a decrease L� gestation length when cows calved in the 

summer. There was also a short decrease in April ( northern spring ) 

which appeared to be associated with the cows going out onto pasture. 

O'Connor et al. (1968), with British Friesian cattle found 

significant differences between areas for gestation length. Calves 

from the North and Wales had shorter gestation periods than those 

in the Midlands and South East. However there were no differences 

between the corrected birth weights. 

Bosman and Harwin (1966), found birth weight to increase by 

0.05 kg/day and 0.07 kg/day in each of two herds as the calving 

season progressed. Young (1970) found 0.06 kg/day ( P< 0.01) 

and 0.063 kg/day ( P� 0.01) for Angus, while Lawson and Peters 

(1964) calculated a 0.05 kg/day for Highland and Hereford cattle. 

The latter authors attribut ed this gain to a superior pre-calving 

range environment for the late cows, although all studies were 

confounded by gestation length. Bracher (1951) studying gestation 

length found no effect of calving sequence on birth weight. 
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Repeatability of Birth Weight 

Repeatabili ty may be calculated in either of two ways, l:mt 

neither takes account of variations in gestation length. 

1. Intraclass correlation between calves by the same cow. 

2. Regression of subsequent records on earlier records 

by the same cow. 

Botkin and \llhatley ( 1953) calculated r = 0. 18 for the first 

method and r = 0.14 for the second for 620 Hereford calves. A 

second herd with only two calving records gave r = 0.25. 

Taylor et al. ( 1957) with 350 calves from 103 Hereford cows 

found r = 0. 18 and with 900 calves from 364 Angus, Hereford and 

Shorthorn dams r = 0.30. Alexander et al. ( 1960) using 502 

calves from 244 Herefford cows found r = 0.25 while Singh and Dutt 

( 1961) in India with 177 Sahiwal calves calculated r = 0.1 1. 

Since repeatability is o£fected by many unconsidered variables such 

as age, sire and gestation lengt� estimates calculated as above 

cannot be expected to be high. 
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PART II 

CALF PERFORMANCE 

The Weaning 1veight of the Calf 

Weaning is an n��i��ary point dete rmined by the catt leman 

at which the cow and calf are separated. Initially the cow 

provides food and maternal inf luence ne cessary for the calf ' s  

survival, but as the calf develops and grows its diet changes, and 

the need for supe rvision decreases,  so the cow becomes increasingly 

compe titive with it s calf . Eventually a stage arrives whe re the 

growth of the calf is like ly to be enhanced by removing the cow .  

The location i n  time of this point varies according t o  the 

environmental condi tions , and the d egree of technology available. 

It can be as long as 300 days as on some New Zealand high country 

s tations , or as short as three or four days on intensive dairy 

farms . Howeve r most reports concerned with run cow beef uni t s  

put the average time o f  weaning a t  around 200 days of age . 

Because of the different birth dates and a managerial nee d 

to wean all calves at one time, calves differ in their ages a t  

weaning. Thus to make any inferences about weaning, the weights 

of all calves must be adjusted to a common age . 

done by the use of the formula: 

Thi s i s  normally 
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1·/eaning weight (W.1¥.) rll.1d. B.vl. 
Birth vTCigh t (B. vi.) age (days) X cannon age (days ) +-B. W • 

Co�UJon age is nornnlly given as 1 80, 200, 205 or 210 days. 

This formula assuoes that growth rate up to the weaning age has 

been linear. Brolim ( 1 960 )  noted linear growth between 60 and 240 days 

for Hereford and Angus steers, as did Pahnish (1958) with 661 

Herefords between the ages of 121 and 323 days. Burns nnd 

Alexander (1 956 ) at Brinn Pastures in Queensland, Australia, reported 

a linear growth rate of 0 . 68 kg/day for Herefords over the first 

eight nonths until the pasture deteriorated. Mnrlowe et al. (1965 )  

showed line�r growth for Angus and Hereford calves fros 120 days 

until >·maning. Linear grovrth to weaning was assuned for the 

calculations reported in the papers of Green and Buric, (1 965 ) ,  Koch 

et al. (1 959)  and Rollins and Guilbert ( 1 954) . 

However Elings et al. (1 971) investigated the effect of average 

daily gain of calves to weaning for Hereford cattle, using two 

herds, �>Ti th 4, 612 observations in herd A, over 28 years, and 1, 324 

observations in herd B over 14 years. They found that between 1 80  

and 292 days the rogression coefficients of age on average daily 

gain (A.D.G. ) indicated an average decrease of 0.0009 kg/day for 

bulls, and 0.00084 kg/day for heifers. Similar evidence for a 

curvilinear effect was provided by Creek, (1964), working in Jamaica 

with Zebu, Angus, Red Poll and Charolais calves from eight farms. 
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In a systenntic conparison of estinntos with real weights, he found 

that estimates taken before 210 days overestinatod the 210-day 

'l'feight while estimates taken after 210 days underestimated the 210-day 

weight. Logana than et al. ( 1 965) using 667 Hereford calves found 

that nnle8 grew 1.07 times as fast as feoales through to July, and 

1.11 tiiileS ns fast fron July to vTOaning. Swiger et al. ( 1962) calculated 

a linear growth rate from birth to 130 days, but a pronounced curvi­

linear effect of age on gain from 130-200 days of age, (P<: 0.05), 

for beef calves at each of two separate locations. Older and 

younger calves appeared to gain nore slowly than calves near the 

average age over this period. Minyard and Dinkel (1965), observed 

1,915 Hereford, and 436 Angus calves fron 20 private herds in the 

period 1951-1957. The average weaning age in these herds of 203 

days was adjusted to 190 days. They discovered that the linear 

correction factor appeared to overadjust vTeight for the extrene age 

groups. The younger age groups were adjusted too high, and the 

older groups too low. Cundiff et al. (1966) reported a significant 

nonth of birth x type of nanageoent interaction for weaning weight. 

Similarly Harwin et al. (1966) found a significant year x age of 

calf interaction for weaning weight in Hereford calves. Creek 

(1964) studied calf growth during a period of drought in Janaica. 

During the acute period of the drought, the younger calves gained 

at a rate of 0.11 kg/day, and the older calves at 0.46 kg/day 
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(P < 0.01). Lehmann ��· ( 1 96 2 ) using 2 , 802 calves ,  which were 

weighed four times at 28-day intervals, calculated the regression 

of average daily gain on the age o f  the calf to be signif icantly 

concave for creep-fed ce.lves , and signifi cantly convex for 

non-creep fed calves. 

The evidence indicates that line ar adjustment of calf weaning 

weights to a constant age could be subject to error if between 

birth and we aning one or more components of the environment 

undergo a marked change .  Such changes may occur during a drought.  

The different environmental conditions cause a departure from 

linear grmrth .  The extent o f  dep arture from linearity appears to 

affect different ages of calves diffe rently , and may have something 

to do w ith the relat ive propo rtions of milk to grass which the calf 

has been consuming . 

In an investigation into th e effect of age correct i on factors , 

Johnson and Dinkel (19 5 1 ), showed the growth curve to be straight 

up to 155 days, th e reafter increasing at a decreasing rate . 

Howeve r,  they found a linear correction factor to be more accurate 

than a quadratic one. Nevertheless they counselled caution in 

applying a correction factor to calves whe re the <tre aning weight has 

been taken much mor8 than 30 days preceding , or following the 

standard weaning age . 
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The situation becomes serious when age adjusted weaning 

weights from a large range of ages is us ed to compare the effect 

of diffe rent treatments. This aspect, and it s re la tionship to 

the p resent work wi ll be discussed in de tail later. 

The Weight of the Dam 

The advantage established at birth, repo rted as a positive 

corre lation between the weight of the dam and the weight of the 

calf (see ea rlier discussion bn birth weight) ,  continues to 

weaning. Urick et al . ( 1 971) reported the correlation between 

cow weight and 205-day weaning weigh t  of the calf as r = 0.21 for 

534 cows of the Angus, Ch aro lais , and Shortho rn bre ads . ;Niemann 

and Heydenrych (1965) using 321 Africande r calves calculated that 

1 . '2!/o  of the to tal varia tion in weaning weight was accounted for by 

the �>Teight of the dam. Neville ( 19 62) �>TOr king with 135 calves 

from 61  Hereford dams calculated an extra weaning weight of 3 kg 

for eve ry 45 kg inc rease in dam weight ,  ( P <: 0. 01 � God ley and 

Tennant (1969), showed tha t  the weigh t of Angus cows was positive ly 

correlated with the weaning weight of their calves , but this was not 

true for He reford cows. Tanner et al . ( 1965), using 385 Hereford 

calves, from 153 dams, and 5 18 Angus ca lves from 250 dams found a 

linear re lationship between cow weight and calf weaning weight in 
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the Angus , ( 4  kg/45 kg) ,  and a curvilinear association in the 

Hereford. Benyshek and Marlowe,  ( 1 972 ) working with 1 , 01 1 

observations from 1 5  herds of Hereford cattle made over two years , 

calculated adjusted average d�ily gain to increase linearly with 

adjusted cow weight at the rate of 0. 29 to 0 . 46 g/day. 

The Age of the Dam 

A similar pattern to that observed for birth weight emerges 

( Table 1 . 4 ) . A major factor in the maternal enviroment to weaning 

is the milking ability of the dam. In a review of this subject 

Barton ( 1 97 1 ) presents correlations between the milk production of 

the cow and the growth of it s offspring for the Angus , Hereford 

and Charolais breeds. Values range from r = 0 . 1 3  to r =  0.85 ,  

with a maj ority of values r = 0. 45 to 0 . 6 5 .  Milk yield and its 

relationships will be dealt with separately. 

Two- and three-year-old dams wean noticeable lighter calves 

than those in the mature age groups of five to seven years . This 

effect of the younger dam seems to be fairly consistent with large 

increases in production, occurring between the second and third, and 

third and fourth years . Pahnish ( 1 958 ) showed age of dam to exert 

a curvilinear influence on age adjusted weaning weights as did 

Ni emann and Heydenrych ( 1 965 ) ,  from three to seven years of age . 



Table 1 .4 

Weaning 
Age 

( days ) 

Effect of the age of the dam ( years ) on the weaning 
weight of the calf (kg) . 

l>leaning 
lveight 

( kg) 2 3 

Preston and Willis ( 1971 )  

Age of Dam (years) 

4 5 6 7 8 9 10 Reference 

Not given Not given - 7 2 2 2 10 10 10 - 5 - 5 Burgess et  al . 
( 1964 )  

180 1 5 1  -16  - 5 - 2 0 0 0 0 0 0 Glum et al. ( 1956 )  

180 170 -17 -17 - 6 0 0 1 - 1 - 1 Brown ( 19 60 )  

240 204 -14 -10 - 5 - 2 0 0 0 Mahmud and Cobb 
( 1963 ) 

190 189 -25 - 9 - 2 2 10 1 1  12 8 5 Minyard and 
Dinkel ( 19 65 )  

200 176 - 6 - 6 2 2 5 5 5 5 2 Harwin et  al . 
( 1966 ) 

205 1 89 -12 - 12 0 3 6 7 8 8 7 Cundiff et al . 
( 1966 )  

205 202 -18 - 18 -10 0 0 0 0 0 0 Meade et  al . 
( 1959) 
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Singh ( 1 96 9 ) ,  working with Herefords ( Herd A) , and Warren et al.  

( 1 965 )  with 28, 493 Hereford , Angus and Santa Gertrudis calves found 

that weaning weight increased significantly with age of dam up to 

seven years of age . 

An interesting result obtained by Singh ( 1 969) using 244 

steers and 1 89 heifer calves from the Hereford breed ( Herd B) was 

that the calves from the four-year-old dams were heaviest at 

weaning despite the fact that calves from the eight-to-twelve year 

old age groups were heaviest at birth. 

On the othe r  hand the decline in production of cows at the 

older age groups is much more variable .  This may be due t o  the 

degr9e of selection operating, as well as differing environmental 

influences .  Sewell et  al . ( 1 963 ) using the 1 80-day weaning weight 

of 1 , 066  Hereford calves ,  C lum et al.  ( 1 956 ) and Marlowe and Gaine s 

( 1 958 )  working with Angus ,  Hereford , and Shorthorns , showed that there 

was no fall off in production until the tenth year. Marlowe et al . 

( 1 965 ) observed no fall off in calf weaning weights until a herd of 

Angus and Hereford cows reached their eleventh year. However Creek 

and Nestal ( 1 964 ) found the 2 1 0-day weight of 2 , 358 Zebu type 

calves in Jamaica ( a  tropical climate) to decline when dam age 

reached eight years . 

An illustration of the variable effect of the environment was 

demonstrated by Mathis and Kothmann ( 1 970) , when they compared 
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four- year-old, and eleven-year-old Hereford cows under t hree rates 

of st ocking. As expected the l ightest calves were weaned under 

the heaviest stocking rates for bo t h  ages of cows. Under all 

treatment s, t he younger cows weaned consi s t ently lighter calves, 

however the difference increased wi th reduced stocking rat e , showi ng 

a greater effect of the less favourable enviro nment on the o lder 

cows. It is easy to imagine a relati onship favouring t he younger 

cows becoming more important as topography and climate t end to 

extremes. Further evidence of t his nature was provided b y  Harwin 

et al. ( 1 966 ) wit h  Herefords, and �ftekhari-Shahroudi ( 1 972) with 

Angus and Herefords, who found significant year x age of dam 

interactions. The lat te r  found this interaction to account for 

1 0 . 7% of the variation in weaning weight. 

The Sex of the Calf 

Conside rati on of the effect of sex on weaning wei ght involves 

a third classificat ion, name ly st eers. Bulls are heavier t han 

heifers at weaning, with st eers inte rme diate ( Table 1 . 5 ) .  Problems 

of interpre tati on are invo lved in using steer data, since t he time 

of castration is often not st ated . 

Male calves have an advantage at birt h, ( sG e  earli er discuss i o n  

under birth weight ) but t he y  also appear t o  grow faster t o  weaning. 

Pahnish ( 1 958 )  give s an ext ra growth rate of 0. 1 kg/day for males. 



Tablq, k-5 The effect of sex on the weaning weight of the 
calf of different breeds . 

Veaning Male 

Breed Age 
(days) 

�·feight 
{kg) 

Hereford 1 80 1 82 

Hereford 200 1 93 

Hereford 200 1 8 1 

Hereford 2 1 0  1 70 

Hereford 240 21 0 

Hereford 205 1 75 

Hereford 230 2 1 8 

Angus 200 1 98 

Angus 205 1 88 

South Devon 1 80 1 58 

Shorthorn 200 1 95 

'Preston and hfillis ( 1 97 1 ) .  

Female 
'·!eight 

(kg) 

1 71 

1 76 

1 71 

1 58 

1 93 

1 65 

202 

1 76 

1 77 

1 48 

1 76 

Reference 

Brinks et  al . ( 1 961  ) 

Gregory et  al . ( 1 966)  

Harwin et al . ( 1 966 ) 

Lasley et al . ( 1 961  ) 

Mahmud and Cobb ( 1 963 ) 

Meade et al . ( 1 9 59 )  

Pahnish et al . ( 1 964 ) 

Gregory et al . ( 1 966)  

Meade at al. ( 1 9 59)  

Joubert ( 1 957 ) 

Gregory et al .  ( 1 966 ) 
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Koch et al . (1959) gave 0 .05 kg/day, Mahmud and Cobb (1963) gave 

0 . 05 kg/dny, Singh ( 1 969) gave 0 . 05 kg/day and Jamison ( 1 967) gnve 

0. 07 kg/day. Marlo1're :�nd Gaines ( 1 958) reported steers grer.'f 3�G 

faster than heifers and 57� less than bulls . 

The extent to which the males have the advantage depends upon 

how near the optimum the environmental conditions are for growth . 

This leads to sex x environment interactions. Creek and Nestal 

( 1 964), reported that male calves from mature dams were markedly 

heavier tlk'l.n those from younger or older dams , r.'lhile dam age had 

little effect on the 21 0-day �'leight of femetles . PD.hnish (1958) 

also demonstrated that the age of the dam had a greater influence on 

bull calves than on heifer calves . Further sex x age of dam inter-

actions were noted by Urick et  al . ( 1 971 ) for 534 cow-calf pairs of 

Angus , Charolais and Hereford breeds. This was also noted by 

Cordellino and Frahm (1971 ) and Harr.'lin et  al . (1966). Cundiff et  al. 

( 1 966) found no significant sex x age of dam effect, although there 

was a significant sex x management interaction. 

Marlovfe et al. ( 1 965) studied 1 1 1 Angus, and 82 Hereford calves 

and sho•v-ed non-creep fed bulls to Grow 6 .  5% faster than heifers, and 

creep fed bulls to gro'\-T 9. 75{, faster than heifers . Similarly Cundiff 

et al. (1966) demonstrated bulls to benefit more from creep feeding 

than either steers or heifers for 13, 937 Hereford and Angus calves. 
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The Effec t  of the S ire 

The sire contributes a genetic influence to the weight of the 

calf. Enviro nmental variation be tween birth ancl 1·re:.ming could 

diminish the influence of the s ire in weaning \•reight es c omparecl 

with birth weight . This may mnke the sire influenc e in weaning 

"l'reight more difficult to assess , espec ially when only small numbers 

of animals are involved. In this respe c t  Neville ( 1 962) found no 

significant sire effect using 1 35 animal s .  r.hguel and Lago s ( 1 96 7 )  

\·Torking wi th 1 45 Herefor•i calves the pro geny of six bul ls :lid not 

find a sire effect , although from the abstract repo rt o f  thi s 

expe riment the au tho rs do not appear to have removed variat ion 

due to the age of dam effec t .  Rovira et al . ( 1 967 )  with only 97 

Hereford calves by eight diffe rent bulls rietected no sire influence . 

Singh ( 1 969 ) \Wrking \vi th 432 calves in eight s ire groups found no 

sire effec t ,  but in 11 second her<l having 6 1 9 calves in 1 3  sire 

groups ,  a significant s ire influence was reporteu .  

Significo.nt effect s  o n  weaning weight clue to the sire were 

notecl by Bo snan and F�rwin ( 1 956 ) , who calculated the difference 

between extremes to be 29 kg. They al s o  observed the raru{ing 

for sire s  at weaning were different to tha t at birth. Brown 

( 1 96 1 ) found the difference between the b est and poo re s t  sire to 

be 53 kg for 287 Herefords , 35 kg for 334 Angus in o ne herd and 

37 kg for 271 Angus in another herd. Rice et al . ( 1 954 ) 

s tudying 443 Hereford cows and eight bul l s  calculated the 
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extreme differences between sire groups to be 1 9. 5  kg. 

As pointed out under birth weight some heterotic effect may 

occur if the genetic make up of the sire and dam nre dissimilar . 

Brinks et al. ( 1972) estimated this by crossing two lines of Hereford 

cattle . They found a heterotic effect of 5. 4% for pre-weaning 

daily gain, and . 4 . 7% for weaning weight . 

The Year and Season of Birth 

Differences between years for weaning weight were significant 

in the studies  of Bosman and Harwin ( 1966) ; Brown (1961) ,  who 

sho;-;ed that the year of birth accounted for 6-ff/o of the variation 

in weaning weight ; Burgess et al . ( 1 954 ) who found w·eaning �-reigh ts 

of 546 Hereford calves to vary 20 kg over five years ; Eftekhari­

Shahroudi ( 1 972) , using 530 Angus and Hereford calves showed weaning 

weight to vary by 23 kg over eight years . However neither green 

and Buric ( 1953) using 62 Angus and Hereford calves ,  nor Miguel 

and Lagos ( 1 967 ) vrho studied 145 Hereford calves ,  noted any 

significant year effect . 

Actual year effects due to  climatic variations are difficult 

to compute accurately because year and age at weaning are confounded . 

As pointed out earlier, linear adjustment of calf age for weaning 

weight can lead to errors due to  non-linear grovrth rate under some 

conditions , and this would inflate or deflate the estimates. 
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Seasonal influences have also been establishe d. As expected 

calve s born in t he spring have heavier weaning 'l'reights (Marlowe 

et al ., 1 965 ; Clum et a l .  · 19 56). . Calves born in t he winter 

havfi t he lightest we aning weights, ( Burgess ::.md Bowman, 1964 . ; 

Marlowe et al . , . 1965) . �:Jar::'.:'en et a l .  ( 1965) report ed t hat the 

heaviest calves were born i n  late winter (February ) , although t his 

was in Georgia under a tropical clima t e .  

Niemann and Heydenrych ( 1965) showed weaning weight to be 

significantl y  correlated with date of birth ( r = -0.88)  for 

Africanders, while Bennett ( 1958)  found late-born Hereford and 

S ho rthorn calves t o  be 17 kg lighter t han those bo rn mid-season. 

However Neville ( 1962 ) working with 1 35 calves born to 6 1  Hereford 

dams reported that for every day later in the season that birth 

o ccurre d, calves weighed a significant 0. 1 kg more at four months 

of age , alt hough t he difference was negligible at eight month s .  

,The Repeat nbili ty of 1'/eaning Weight 

As with birth weight , repeat �bility of we aning weight may be 

calculated in e ither of two ways : 

1 .  I ntra-class corre lation betvreen calves of the same cow. 

2. Regression of subsequent records betwee n  calves of the 

same cow . 
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Repeatnbility : of weaning weight is generally higher than that 

calculated for birth weight ( 'rable 1 . 6 ) .  This reflects the 

strength of influence of some maj or sourc e of variation, probably 

milk-yield ( see later) . Meade et al . ( 19 59) found repeatnbility 

of birth weight for Herefords to be 2SV�, but repeat ability for 

weaning weight to be 42%. Botkin and Whntley ( 1953) working wi th 

603 calves of 151 Hereford cows found birth weight r = 0 . 18 ,  but 

weaning weight r = 0 .43. S imilarly Taylor et al . ( 19 57) cal culated 

r = 0.18 for birth weight , and r = 0 .30 for weaning weight . 

Values are high enough to enable pr ediction of a c ow ' s worth 

to be mad e early in its lif e ,  although Cunninghan and Henderson 

( 1965) having analysed 4, 838 rec ords of beef cattle indi cated that 

earlier records were a poo r  basis for prediction of performance more 

than two years removed . 



Table 1 .  6 The Iepea tabili ty of the dam for calf 1.;reaning 
weight . 

Repeat- Age Number of 
ability ( Days ) Animals Breed Reference 

0.44 180 3342 Hereford Kress and Bur:t'ening ( 1972) 

0.46 210 603 Hereford Botkin and vfuatley ( 1953) 

0.66 2 10 98 Hereford Bo tkin and lfuatley ( 1953) 

0.52 180 1066 Hereford Sewell et al . ( 1963) 

0.42 200 693 Hereford Kilkenny ( 1968) 

0 . 39 200 607 Angus Kilkenny ( 1968) 

0.49 200 896 Lincoln Red Kilkenny ( 1 968) 

0.45 260 Hereford/Angus Lueker et al . ( 1963) 

0.30 330 Hereford Taylor et al . ( 19 57) 

0. 30 900 Hereford/lill.gus/ 
Shorthorn Taylor et al . ( 19 57) 

0.48 240 1 59 Hereford Rollins and Guilbert ( 1954) 

0.52 745 Hereford Koch ( 1 95 1) 

0.44 205 439 Dre�ry and Hazel ( 19 66) 

0 . 16 205 Angus Mea de et al . ( 1959) 

0.42 205 Hereford Meade et al . ( 1959) 



PART I I I 

THE EFFEC T OF NUTRI TI ON OF THE D.AN OVER THE 

PERI OD OF GESTATION UPON THE BIRTH \fE I GHT OF 

I TS CALF 

The issue as to whethe r  the birth we ight of the calf can be 

influenced dire c t ly by the level of nutrition of the dam over the 

peri od of gestation i s  currently of int e re s t  in the beef cat t le 

indus try .  The introduc tion o f  exo tic breeds such 9.S the Ch.:n o lais , 

Simmenta l ,  and Limousin ha s produced new potential f o r  t rai t s  such 

as s i ze , l ivewe ight gain per day , and heavy mus cling . However ,  the 

incidence of foe tal dystocia has been high when the s e  breeds have 

been crossed with the smaller Brit i sh be ef breeds ( Angu s ,  Herefo rd 

and Shorthorn ) which predominate in Ne1-1 Zealand . This is a 

factor which has reduced the profi tabi l i ty of utili s ing t he se 

animals in New Zealand , and else1oJ"he re . 

The b irth weight of the ca lf has been shown to influenc e c alving 

diff iculty ( Bellows et a l . , 1 97 1 ) ,  Brogn•�r e t  al . ( 1 970) , Las t  e r  

e t  al . ( 1 973 ) ,  Mont e i ro ( 1 969 ) , Naude ( 1 967) , Nelson and Huber ( 1 97 1 ) .  

Belie and Menis sier ( 1 968) report ed a correlation o f  r = 0. 64 between 

calf birth we ight , and d am ' s calving difficulty score . If bi rth 
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weight could be reduce d  by nutrition then a valuable managerial too l  

would be nvailable to help t o  overcome the problem o f  foetal dystocia 

where the large breeds are concerned .  The question is whe ther or 

not restricting the energy intake of th e dam during gestation will 

improve overall productivity in the herd. This means consid ering 

other aspects such as dam's reproduct i ve efficiency , and her milk 

pro duction besides the po ssible reduction in the calf birth weigh t .  

Calf birth �"fe ight can b e  effectively reduced b y  severely 

restricting the rtinter nutrition of th e cow·. : Jil tbank et al . ( 1 962 ) 

re duced the birth weights of the progeny of 24 Hereford cows by 

4 . 95 kg by re ducing dam's liveweight to 1 7-2o% of that in th e a utumn. 

Similarly Hight ( 1 966 ) in New Zealand fed Angus cows so that they 

lost up t o  25% of their autumn liveweight at calving to produce 

calves which were 5 . 4  kg lighter at birth than the controls whose 

dam ' s  only lost 1%  of the ir autumn liveweight .  Bo th the se feeding 

regimes increased the period of anoestrus in the nutritionally 

stressed cows. Furthermore , Right ( 1 968 ) showed that the calves 

from these cows had a lower weaning iV'eight than the calves from 

the control cows. Be llows et al .  ( 1 972 ) succe eded in fee ding o ne 

group of Angus-Here ford cross first-calf heifers t o  gain 1 4% of autumn 

liveweight , the other group to lose 1 4% of aut umn liveweight .  Calf 

birth 'IV'eight was significantly ( P  < 0. 05 )  lower for the lo1-w plane 
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group ( 28. 6 kg y 26 . 8  kg) . How·ever , the period of ano es t rus was 

20 days longer for these CO'<V"S on the 101-t plane of nut ri t ion. 

Thus the effects o f  re stricted pro-calving nutri tion of the 

dam upon repro du c tion and mi lking a bility - bo th important ec onomic 

parameters - c onfine the m.?..nipulo.t ion of drun pre-calving nutrition 

to rather narrow limi t s . Lamond ( 1 970) recomr�ends that ma ture 

beef c ows should lose no more than 1 5% of thei r autumn livoweight 

during the wint e r .  

O f  these workers who c onfined their inve s t igat ions within 

narro;ver limi t s ,  Pinney e t  al . ( 1 972 ) in evaluo. ting the lif etime 

perfo rmance of range beef coiw wi ntered at different l evels of 

nut ri tion, repo r t e d  that b irth we ights we re unaffect ed by any of 

the t reatment s .  S carth and Dnlt on ( 1 972 ) ,  c ompared 30 female s  

whi ch gained 23 . 3 kg over three months pri or to calving wit h  35  

heavily stocked COi-TS which lost 1 7 . 2 kg over the same period.  

Diffe renc es in bi rth v·reight vTere small ann non-significant . On 

the o the r hand ,  McGinty and Ray ( 1 973 ) using two groups of cow s ,  

the first gaining 1 1  kg, th e second l o sing 2 3  kg over the 54 days 

prior to calving, found calf bi rth weights to be l ower for the 

se c ond group . However . the pre senc e  of first calving two-year-o ld 

hei fGrs in this t rial may have influenced t he re sult s .  

A dif ferent situation would apply to he ifers s ince t he se animal s 

are still groidng whi le c arrying thei r fir s t  calf . Clanton e t  al . 

( 1 967) working wit h  bred yearl ing heifers found a calf birth ueight 

diff erenc a of 4 kg between tho s e  which l o s t  4 . 5  kg and t:b o se nhich 



gained 52 . 2  kg over the winter. 

( only 1 6  animals were involved) . 

35 . 

This difference was not significant 

Similarly Christensen et al. ( 1967 ) 

fed 58 yearling heifers,  over a 1 40-day pre-calving period .  One 

group gained 3 5 . 5  kg, the sec ond group lost 2 . 2  kg. The difference 

in birth weight of the calves from each group was 3 . 3  kg ( 29 . 9  kg 

� 26 . 6  kg) .  But this difference becrune 4 . 6 kg at two weeks , 5 . 9  kg 

at four weeks, 6 . 6  kg at six weeks , 1 3 . 6 kg at eight weeks . Milk 

production was found to average 1. 0 kg lower for the low plane 

group. It would appear that the energy restriction in the work 

of Christenson et al. ( 1 967 ) w�s mild , and thus the results emphasise 

the cost in terms of calf weaning weight from attempting to restrict 

first calving heifers . To what extent this applies to mature cows 

remains to be determined, but it would appear that any restriction 

in nutrition sufficient to affec t the birth weight of the calf is 

almost certain to adversely affect the �ilk yield of the dam, - at 

least over the first two months post-��rtum ( see section on milk 

yield ).  

The evidence indicates that  a reduction in the birth we ight of 

the calf due to nutritional restriction is possible . However, it  

is open to  doubt wheth0r the reduction is sufficient to affect the 

ease of calving when overfatness on the part of the dam is not the 

reason for a large foetus. It is not eworthy that although the 
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sttidies of Young ( 1970 ) , Ryley ( 1961) , Bellows et al. ( 1 972) 

reported reduced calf birth weights emong the group with a l ower 

energy intake , none of thes e  authors found foetal dys tocia to occur 

any less frequen t ly. Furtheruor e ,  the data of Smiths on et al. 

( 1 966) fron a s tudy of 4 5  c ows through seven calf crops indicated 

that considerable adaptation could occur �ong cows whi ch los t  up 

to 20% of their autumn liveweight , so tha t  after four years of 

treatment the birth weight of t heir calves was sioilar to those 

of cows whi ch los t only 5% of their au tunn liveweight before cal ving. 

The poss ibility that the ges tation length might be affec ted 

� the nutri tional regime has been rai s ed by Tudor ( 1 972 ) .  He 

fed sub-main tenance rations to Hereford c ows under Queensland 

c onditions during the last triues ter of pregnanc y ,  and signific an tly 

reduced calf birth weight by 6 . 8  kg. But he also l owered the 

moan ges tation length by 5. 4 days, when coupared to cows on an 

above-maintenance ration .  This aspe c t  does no t appear t o  have 

been c onsidered by o ther workers. If i t  is true then the 

nature of t he diet may have souc ioportance in affecting the time 

of parturition. 

The use of controlled nutrition as a managemen t  tool by 

influencing the birth weight of the c al f  seems t o  be limi ted by 

its effec t on other variables s uch as milk yield, and the period 

of anoes trus . Furtheroore, reducing birth weight by two or 
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three kilogrags may b e  insuffic ient t o  l ower the frequency of 

dys tocia. One is led to conclude tha t the de pth of research in 

this field i s  insufficient . Too o f t en the resul ts reported have 

been ob tained as a by-produc t  of the main inve s tigati on, and thus 

there has b e en no follow up to de teroine the e ffec t upon other 

variables . The effe c t  of r.ti ld en ergy re s tri c tion to give an 

autunn l iveweight loss of l ess than 1 5% in mature c ows be fore 

calving, needs t o  be inves tigated to find i ts effe c ts upon dam ' s  

nilk yield and reproduc tive effi ciency . A largo-scale fac torial 

experiment us ing a nunber of �nergy leve l s  needs to be c arri ed 

out to bet ter identify arens of interes t and impo rtanc e to the 

unders tanding of the problem. Unt i l  thi s ,  or simi lar 'i/Ork , i s  

done the f i e ld reoains undefined,  and progre s s  will no t b e  nado . 
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PART IV 

MILK PRODUCTION OF 'rRE BEEF COW 

There exists a high correlation be tween the livoweight gain 

of the calf, and the milk production of i ts dum during the 

preweaning perio d. B:lr ton ( 1 97 1 ) ,  has reviewed the literature 

and tabulated the correlations obtained by vari ous workers 

(Table 1 .  7) . 

The nes t conoon me tho d of evaluating the milk produc tion 

of a CO\'T i s  by the weigh-nurs e-weigh (v! .  N. �v. ) me thod. The c alf 

is s epara ted from the c ow for a poriod , \'Teighed, allovred to nurse, 

then weighed again irrocdiately after nursing . The diff erence 

b e tween the two wei ghts is assunocl to bo the azount of mlk 

produc ed by tl1e covl. Actually the figure is a noasure of the 

calf 's appetite at the time ,  ra ther than the cow 's capacity to 

yield milk . Bur ton ( 1 971 ) points out that errors mny ari s e  due 

to an int era c tion between the cow and calf, whic h  may depend on 

such fac t ors as the sex of the calf, i ts birthwcight and 

subsequent weight c hanges , its vigour, breed, and i ts sbili ty t o  

s timula te the cow's le t-down pro cess . Furtheroore Dickey ��· 

( 1 971 ) , using 977 obs ervations of milk y ield on Angus and Hereford 

cows reported that the figure obtained by the W . N .  W . net}J Od vms 

s i gnificantly (P < Oi05)  dopcmdont on the time for which the cow 

and calf w·ere s eparated before suckling. 



Table 1 .1 Correlation coefficients between milk production of 
the cow and growth of its offspring. 

After Barton ( 1971) 

Age of  Number Age of Correlation 
Breed Cow of Offspri�g Coefficient Reference 

( years ) Cow/Calf 
pairs 

Hereford 2 to 8 50 1 0.52  *-* Gifford ( 1953) 
2 0.66 ** 
4 0.67 ** 
6 0.65 ** 
8 0.60 ** 

Hereford 2 to 8 20 8 0.8 2  *-* Gifford ( 1 953) 
12 0.69 *-* 

24 0.53 ** 
36 0 .55 ** 

Hereford 3 to 6+ 135 2 0. 74 ** Neville ( 1962) 
4 0.63 ** 
6 0.59 ** 
8 0.66 ** 

( days )  

Hereford 4 17 40 0.84 ** Furr and Nelson 
( low plane ) 74 0.38 NS ( 1964) 

110 0.80 ** 
146 0.59 ** 
160 0.45 -* 

173 0.30 NS 
Overall to 

173 days 0.8 1  ** 

Hereford 4 16 40 0.4 1 NS Furr and Nelson 
(high plane ) 74 0 .65 ** ( 1964) 

110 0.73 ** 
146 0. 13 NS 
160 0. 17 NS 
173 0. 36 NS 

Overall to 
173 days 0 .85 ** 

Angus 4 to 7 24 14 0.37 NS Schwulst et  al . 
21 0.50 ** ( 1966) 
35 0.29 NS 

Overall to 
35 days 0 .58 ** 

NS = p > 0.05 

** p < 0.01  

* p <.. 0 .05 
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Perhaps the most serious critic i sm of thi s  method is related to 

the compari son of int ermittent versus c ont inuous suckling. Lampkin 

and Lampkin ( 1 960 ) , conducted a small t rial with four calves t o  

estimate the degree o f  error that might b e  invo lved . The calves 

were allovred to suckle thei r  dams three time s eve ry day for 1 2  

weeks at 7 . 00am, 1 2 . 00noon, 5 . 00pm. thus repres enting a nightly 

separation interval o f  1 4  hours . 5 4 ,  2 1  and 2 5% of the total milk 

consumed over the 1 2  weeks was taken at the morning, noon and evening 

te sts respectively . Errors in estimation increased as the int ervals 

between tests became greater. Thus it appears from thi s  'I'TOrk that 

estimates of milk produc tion obtained by W .N .V . using a calf 

separation inte rval of 1 2  to 1 6  hours , should be regarded as only 

being be tween 50 and 6o% o f  the total daily milk yield , Close 

obs ervations of calf suckling behaviour by Walker ( 1 96 2 ) using 9 '  

Angus ,  10 Hereford x Angus , and 3 Angus x Jersey two�ye�r heifers 

revealed that the most regular suckling time was about daybreak, 

the majori ty suckling between 4 . 00am. and 6 . 00am . Most calves fed 

again bet,veen 9. OOam. and 1 2 .  00P.09Il, mainly betw·een 1 1 .  OOa.m.. and 1 2 .  OQnoon. 

There was no c learly defined late afternoon suckling t ime. Mo st 

feedi ng o ccurred between 3 . 00pm . and 6 . 00pm .  Intervals between 

sucklings tended to increase as the season progressed , 

An alternative technique of e stimating milk produc tion is by 

administrating oxytocin ,  a hormone which caus e s  the c ow ' s  udder 
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muscles to contract expelling the milk. Schwulst et al. ( 1 966 ) 

investigated the effects of oxytocin inj ection using two groups 

of 12 Angus cows ranging from four to seven-years-of-age. 

Comparisons were made between milk yie lds obtained by using 0 �  

not using OJCytocin, calculations being carried out by \v . N  . l'l . 

Observations were made when calves were approximately 2 ,  3 and 5 

weeks of age, over one 24 hour period of each i'reek. All cows 

i'Tere milked by machine immediately calves had completed nursing. 

The data indicate that milk consumption results obtained by 

W .  N . lv .  lead to a significant error in estimating total cow 

production in early .lactation. At the two and three week 

observations the average residual milk was 15 and 11% res�ectively 

of  the total milk production measured .  At five weeks residual 

milk \'las only 6% of total milk production. However as the authors 

point out , this decrease may have been because the calf consumed a 

greater percentage of total milk, or the cow may have become 

refractory to oxytocin. The authors conclude that the evid ence 

from this experiment does not indicate that oxytocin is useful for 

estimating either milk consumption of calves , or total milk 

production of beef cow�  ( accurately? ) .  However from the results 

of this trial it appears that oxytocin, used in conjunction with 

W .N.W. , would be more accurate than W . N . W . alone , especially in 

early lactation. 
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Lamond et al . ( 1 969 ) tre ated mixed age Hereford cows with 

oxyt ocin at six hour int e rvals. This t ime inte rval was chosen to 

ensure continuous milk secret i on into the udder . Estimates of 

between 6 . 0  to 8 , 0  kg per day were o�tained. A similar e stimate 

was obtaine d by Gle ddie and Berg ( 1 968 )  of 6 . 4  kg afte r milking by 

machine fo l lowing oxytocin inj ection . 

after 24 hour separat ion r,ras 6 .  5 kg. 

The i r  est imate by lv . N . l'J . 

Totusek and Arnett ( 1 965 ) 

using 24 cows kept in a drylot found the average daily milk produc­

tion to be 5 . 86 kg by \rJ , N . �tT . , and 4 . 55 kg by hand milking. Dm.;son 

et al . ( 1 960 ) calculated an average dai ly milk yie l d  of 7 . 7  kg/day 

over 245 days by vl . N , \i , for 30 Beef Shorthorns between 1 93 1  and 

1 935 . Twenty-nine he ifer calves from these cows consume d, on 

average , 2 . 24 kg T . D . N ./day ( from milk , g�ain , and hay ) for an 

average daily gain of 0 .8 1  kg pe r day . The ir e st imated requirement 

base d on nutrient requirements for normal growth ( 0 . 76 kg/day) for 

dairy heifers of large breeds ( N . R . C .  1 95 6 )  was 2 . 3  kg T . D . N ./day .  

Thus they ate a little lesB than the recommended requirement, and 

gained a l ittle more . This would seem to indicate that the cows 

gave as much milk as w&� est imated, 

A ve ry interesting approach to this problem of measuring the 

milk yie ld of the beef cow has been undertaken by Nicol and Irvine 

( 1 973 ) . Upon calf separation 1 mg. of I odine 1 3 1 was inj ected 
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int o the mammary gland. Aft er six hours of separation, and j us t  

before suckling th e cow's milk was sampled for I odine 1 3 1 .  Then a 

milk sample t aken previously and incuba ted 1-Ti th Iodine 1 2 5 ,  at 

1 �c/5 kg of c alf livewei ght to simulate cond i tions applying to 

the I odine 1 3 1 in the mammary gland, was forced up the teat canal . 

Suckling was th en permitted. Final ly blood samples were taken 

from the j ugular vein of the calf at one and four hours af ter 

suckling for messurements of the Iodine 1 2 5/I odine 1 3 1 rati o .  Six 

h our milk consumption was then ca lculated by the formula : 

Six hour total milk yi eld = 
Total Iodine 1 25 X Iodine 1 31 in calf blood 
Iodine 1 3 1 in milk I odine 1 2 5 i n  calf b lo o d  

The auth o r ' s report that t h e  t e chnique accura t e ly measured th e known 

milk intakes of bucke t -fed Friesian cal ves . 

As a c ontrol the same cows had the ir milk yields me asured by 

W .N .ltl . , after oxytocin treatment . In compariso n wi th the radi o-

ac t i ve i odine me thod some large differences for milk yie ld 1rere 

obtained . As the auth ors po int out it is impossible t o  decide 

whi c h  is th e more realist i c  figure from this work . However th e 

authors fe l t  that the di fferenc es may be due in large part to 

i nc omplete emptying of ·'-'1 e udder by t�.e calf in the oxytocin induced 

W . N  . -w .  studi es . 

Th e greatest inaccuracy from this method would appear to come 

from sampling , and measures of radioac t ivi ty . The radioact ivi ty 

invo lve d two separat e measures, each with an acc ompanying error. 
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The I odine 131 is absorbed onto the fat globules of the milk, and it 

is known that the yield of fat varies with the stage of milking. 

There is thought to be a particularly high concentration of fat 

in the residual milk. The present technique involves obtaining 

a sample at the beginning of suckling only, and this could lend to 

over-estimation of the amount of milk consumed by the calf . No 

doubt ,  the technique could be improved by sampling again at the 

conclusion of suckling. The authors report recovery rates of 

Iodine 1 25 varying from 84-96%.  However the extrapolation of 

this to infer that Iodine 1 3 1 also has a high recovery rate is 

invalid since Iodine 1 3 1 has had far more time to bind onto fat 

globules,  and thus leaving less opportunity for the Iodine 1 25 to 

bind. The recovery of Iodine 1 25 is probably unrelated to the 

recovery of Iodine 1 3 1 . Nevertheless this method appears to have 

promise , and further investigations of it should be profitable. 

The correlation computed behre0n dam ' s  milk yield , and calf 

liveweight gain depends largely upon the age of the calf at the 

time of measurement .  Neville ( 1 962) notorl  that the value of milk, 

and its relationship to calf gain vms greatest during tho first 

60 -d.ay period . Similar·ly ,  Drewry and Hazel ( 1 966 ) ,  found that 

maternal effects through the first 1 00 days post partum '\·reremost 

important when calves Y.Tere not creep-fed . Christian et al . ( 1 965 ) 

calculated the correlation between the dam ' s butterfat production 

and the liveweight gain of Hereford calves to be r = 0 . 44 for the 
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first 60 days . This dropped to r = 0 . 32 for the period 60-240 days , 

( both P < 0. 01 ) ,  for calves hnving access to croep feed . Gleddie 

and Berg ( 1 968 ) ,  found · correlations of milk yield with average 

calf dai ly gain of r = 0 . 62 ( first month ) ;  r = 0 .75  ( second month) ; 

r = 0 . 76 ( third month ) ;  r = 0 . 5 1  ( fourth month) .  Gifford ( 1 949 ) 

using 57 Hereford co�·rs to estimate the gross ( presumably uncorrected) 

correlations between dam ' s daily milk production, and the A . D .G .  of 

their calves gave r = 0. 60 ( first month) ; r = 0 .7 1  ( second month) ; 

r = 0 . 52 ( third month) ; r = 0 . 35 ( fourth month) . Both these 

latter trials lend support to Neville ' s  ( 1 962 ) ,  statement concerning 

the diminishing value of milk after 60 days .  Furr and Nelson, ( 1 964 ) 

worked with fall-calving Hereford calves fed different levels of winter 

supplement . The group getting the low level was fed 1 . 23 to 1 . 27 kg 

cottonseed meal/day. The high level group was fed 0 . 82 to 1 . 1 8  kg 

of cottonseed meal/day, plus 1 .  72 to 2 . 1 8  kg of ground milo . Table 

1 . 8 shows the average dai ly gains of the calf , average dam �ilk 

yields, and the correlation coefficient for each month. Both 

groups exhibit a diminishing strength of correlation as the season 

progressed . The degr� of correlation, and the significance of it 

show some tendency to be affected by the level of winter supplement . 

Montsma ( 1 960) , \'TOrking with Zebu type cattle in Ghana found a 

very high correlation of r = 0 . 96 between milk yield and calf A . D . G . 

at eight weeks of age . Tr1e author  considered that this was due to  



Table 1 . 8  The average daily gain (A .D . G . ) of c�lves nnd 
the milk yield of their dams and the correlations 
between them. 

Furr and Nelson ( 1 962 ) 

Low \·[inter Su'2J2l8!'1P.nt ]:i Rh vlinter SUJ2,:r1PJ.�nt 

A . D .  G.  11ilk 
Date 

30 Jan. - 1 1  Mar. 

1 1  Har. - 1 4  April 

1 4  April - 20 May 

20 May - 25 June 

25 June - - 9  JU_ly 
· 9 'July - 22 July 

(kg) Yield 
(kg) 

0 . 1 9  2 . 03 

0 . 1 4  1 . 89 

0 . 72 2 . 93 

0 . 88 3 . 36 

0 .80 3 . 1 0  

0. 73 2 . 66 

* p <. 0.05 

** p < 0 . 01 

A .D . G. Hillc 
(kg) Yield 

r ( k_s ) r 

0 . 84·H 0 . 29 2 . 69 0 .4 1  

0 . 38 0 . 2 5  2 . 97 0 . 65''H 
0. 80** 0 . 72 3 . 3 1 o. 73*''f: 

0 . 59'H 0 .95  3 . 28 0 . 1 3  

0 . 45* 0 . 95 2 . 79 0 . 1 7 

0 . 81 ** 0. 57  2 . 88  0. 85** 
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a rel�tively low milk yield of the dam resulting in a sub-maximal 

growth rate for the calves .  However it would seem more likely 

that an environmental component was acting as well to reduce the 

values of both variables .  It  is  known that high ambient 

temperatures reduce animal intake , and this could well be a factor 

operating in this case. This comment applies to all milk 

determina tions by 1'1 . N. \'l . in a tropical environment . 

Neville ( 1 962 ) ,  reported that as nutrition and milk production 

of the dam improved there was a lower correlation between milk 

production of the dam and 240-day weight of the calf . Using 

1 35 Hereford cow-calf pairs he calculated for N1 < N2 < N3 

r = 0 . 90 ,  0 .83 ,  0 . 69 respectively. This is supported by Lampkin 

and Lampkin ( 1 960 ) ,  working with Zebu cattle in Kenya, who found 

whereas on average over the three years of the trial 8 . 7  and 9 . 7  kg 

of milk consumed by male and female calves respectively in the 

first 1 2  week period were accompanied by 1 kg of growth, the 

fegressions showed that 1 8 . 0  and 1 9 . 9  kg respectively would have 

been required to  produce an extra kilogram of growth within the 

limitations of the grass available at any given time . 

Drewry and Hazel ( 1 966 ) ,  calculated the correlation between 

dam •s milk yield and 205-day calf weaning weight t o  be less when 

the calves were creep fed. The fact that the calves were creep 
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fed almost c ertainly means that the dams r,;ere restricted in their 

feeding, thereby lowering milk yie lds ,  thus forcing cr..lve s t o  become 

more independent . 

Breed Considerations 

'.:lillhn.m ( 1 972 ) cites the average mi lk yie ld for the British 

beef breeds (Angus, Hereford and Shorthorn) t o  ·he 2 . 8  kg/day. 

However this would �eGm to be much lower than thr..t generally given. 

Schwulst ( 1 969)  gives figure s of 6 . 9  kg Angus ,  6 . 4 kg Hereford , 

6 . 9 kg Sho rthorn . Klett et a l .  ( 1 96 5 )  found averages to be 3 . 90 kg 

and 2 . 92 kg for Angus and Here ford respe ctively . The se e stinntes 

would probably be further i!l orro r due to only one H . f:.T . \,T . deternination 

following separation .  Giff ord ( 1 949 ) , found th e Angus and Shorthorn 

bre ed s  to be better milkers than the Here ford, and thi s appears to 

be true generally. 

Abo.din and Brinks ( 1 972 ) 1o1o rking 1-1i th 68 Hereford h:')i fers \'l'hich 

had their calves ,,'leaned soon after birth, and. were the n  milked twice 

dai ly by mrtchine until tho 1 50th day of lac t- : t ion found these anim:1ls 

gave an average total milk yi e l :l of 379 . 2  kg over 93 '.bys :  butterfat �� 

was 3 8;  soli.'\.s-not-fat % 8 .  7 .  Average milk pro�luction increased 

from 39 . 9  kg during the first 1 4-day perioc.1 to '�9 .  9 l<".g in the second 

and third , gradually dec lining t o  1 1 . 8 kg in the eighth 1 4-clay period. 
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Dawson et al . ( 1 960) determined the milk yield of 30 Beef 

Shorthorns aged behreen 2 .  5 and 7 years by VJ . N . T·i .  The average 

for 245 days was 1 875 kg. Cows reached the peak of lactation at 

the end of the second month at an average of 1 0 . 2  kg/day. 

Deutscher et al .  ( 1 970 )  compared 3 1  Angus-Friesi�� crossbred 

heifers with 41 Angus heifers for milk production by vl . N .  \IJ . 

Crossbred cows produced 8 . 2  kg/day compared to  4 . 1 kg/day for the 

Angus cows (P  < 0.05 ) . Work by Plum and Harris ( 1 971 ) using 42 

Hol stein cows under beef management shoued that these animals had 

a potential to produce 1 4  kg of milk daily for four months . 

Walker and Pos ( 1 963 ) measured the average 1 80-day milk 

production of Angus , Hereford x Aneus and Angus x Jersey two 

year-old heifers to be 972 kg, 1 040 kg, 1 404 kg, respectively , vrith 

respective ranges of 81 0-1 1 34 kg, 744·· 1 353 kg, 1 1 1 2-1 674 kg. These 

figures were determined by '!J . N :vl . ,  but with two sucklings each day 

at 5am. and 3 . 30pm. Calves were permanently separated from their 

dams between these times .  It  should be  noted that the se animals 

were grazed under much better conditions than would be considered 

normal in New Zealand for beef breeding cows . 
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The Lactation Curve 

Gifford ( 1 949 ) working with Angus, Hereford, and Shorthorns, and 

Dawsob et al . ( 1 960) using Beef Shorthorns , · · · · found the peak 

of the lactation curve to occur at the end of the second month of  

lactation. Gifford ( 1 953 ) ,  using Herefords and Montsma ( 1 960)  

studying Zebu type cows in the tropics found the peak of lactation 

to occur in the first month after calving. Gifford ( 1 953 ) quote d 

evidence to show that the peak of production for milk yield in da� ry · 

cows generally comes within the first month after calving. Johansson 

and Rendel ( 1 968 ) ,  and McDonald et al . ( 1 966 ) · place the peak 

of production for lactation ;ri thin the first 45 days of calving in 

the dairy breeds . Thus the evidence supports the hypothesis 

first formulated by Gifford ( 1 953 ) ,  and later supported by Klett 

et  al . ( 1 965 ) using 1 5  Angus and 15 Hereford COI'lS milked by a 

machine1 that the lactation curves of beef co  .... rs differ from those 

of dairy cows . The latter authors consider beef cows to be more 

flexible i:1 "their milk production in response to changing feed 

c onditions . However Lampkin and Lampkin ( 1 960) studying Zebu 

cows in the harsh conditions of Kenya disagree on this point . Their 

evidence sho,.,ed that milk yield in Zebus was relatively insensitive 

to changes in the environment . 

than increasemilk production. 

Cows tended to put on weight , rather 

It would be interesting in this connec tion to know what part 

winter nutrition plays in influencing the shape of the lactation 
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curve . Current thinking in the dairy field places importance 

upon the wintering policy in the det ermination of milk yield of 

the cows.  A similar relationship may exist for beef cows . 

Gifford ( 1 949 ) pointo:i out that the maximum milk production 

normally measured during the first six weeks of lactation is 

considerably influenced by the capacity of the young calf to 

consume milk. Thus determination of the lactation peak by 

W . N .W . ,  may be considerably biased , wi th the lactation peak 

actually occurring earlier than shown. 

In mo st studies of the lactation curve of beef cows milk 

yields are reported as averages ( commonly monthly averag� . Yet 

whenever individual values are repo rted there appears to be a 

large amount of variation for thi s  trait .  Klett et  al . ( 1 965 ) ,  

found a range from 0 . 34 kg to 7. 1 4  kg per milking ( wi th a machine ) 

for 30 cows.  Jeffery and Berg ( 1 970) using 277 cows of  Hereford, 

Angus , Gallovmy and their crosses ,  obtained a variation in the 

mean 24-hour milk yield of 3 . 8  kg to 6 . 1 kg/day. Mason ( 1 963 ) 

using 1 5  Angus , and 1 5  Hereford cows found production to lie 

between 1 . 0 1  kg to 7 . 08 kg per milking for Angus,  and 0. 33 to 5 . 1 7  kg 

per milking for Herefords , Dawson et al . ( 1 960) found that the range 

at the end of the second month of lactation for 30 Beef Shorthorn 

cows aged from two-and-a-half to seven years ;.ms 5 .  58 kg to 1 5 .  98 kg, 

and for the same animals in the last month of lactation ( 245 days)  

the range was 2 . 7  kg to 1 0 . 8  kg/milking. Gleddie and Berg ( 1 968 ) 
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working with 42  cows of  mixed breeding found that the estimated 

calf consumption (uncorrected ) for June ranged from 2 . 7  kg to 

1 3 . 2  kg/24 hours. Caldwell et al . ( 1 962 ) , quotcd a coefficient of 

variation of 25-3� for the milk yields of Angus ,  Herefords , and 

Shorthorns . 

This large variation within cows occurring for milk yield 

data makes simple monthly averages of milk production of rather 

questionable value , particularly when small numbers of animals are 

used, and especially so when no correction of data for variables 

known to effect milk yield ( see later ) has been carried out . 

The curves in Fig. 1 . 1  hRve been drawn from data published 

by the various authors cited ,  situated at different locations . 

They emphasise the apparent flexibility, and seasonal dependence 

of the lactation curve of beef cows . This flexibility, and the 

ability to recover milk production upon an improvement in feed 

conditions is a very important trait in beef cattle and will be 

discussed below .  

Nutrition and Milk Yield 

Wilson et al . ( 1 969 ) found energy level to significantly 

( P  < 0 .01 ) influence the 1 2-hour milk yield for 24 Angus - Friesian 

cross cows . Sink et al . ( 1 973 ) ran 24 l�s-Friesian cross cows 

at two ration levels , one at 85%, and the other at 1 1 �  of N .R . C .  
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requirements . The 24-hour milk yie ld was 4 . 0  kg for 85%, and 

5 . 4  kg, for 1 1 5%.  Harris et al . ( 1 965 ) put 20 Hereford cows and 

10 bred Hereford heifers , calving in the fal l o nto two planes of 

winter nutri ti on.  The high level group had pasture plus hay, plus 

0 . 9 kg cottonseed meal . The low l eve l group was conf ined t o  

dryl o t ,  with poor quality (undefined ) hay, block salt ,  and water. 

The trial was conducted over a period of s ix years . The average 

daily hay consumption of the high plane group was 8 . 2 kg , c ompared 

with 1 0 . 9 kg for the low plane group . Average weight losses in 

the winter were 30 . 2  kg for the hig� plane cows and 58 . 1  kg for 

the low plane group. The l ow plane cows were found to secrete 

less milk when on the drylot , but when both groups moved onto lush 

spring pasture , they pro duced more milk than did the high plane 

c ow s .  However the average ndjus ted calf weaning wei ght was still 

1 4  kg less for the low plane cows . 

Furr and Ne l son ( 1 964 ) fed fal l-calving Hereford cows different 

levels of supplemental wint er feed on native grass pasture . A 

second group was held in a drylo t  and fed prairie hay as roughage . 

The two groups were further divided into high and low ration l eve l s .  

Th e  milk yield of each group i o· pre sente d  i n  Table 1 . 8 .  The 

higher ini ti al milk yield of those cows receiving the high p lane 

of winter nutrition i s  obviou s .  

a t  the latter part of the cyc l e .  

But comparisons are le ss defini te 
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Schake et al . ( 1 966 ) experimenting with mature Hereford cows 

confined them between three and four months pre-partum, and fed 

a silage-grain ration at 1 0o%, 1 3o% and ?o% of their non-pregnant 

body maintenance requirement . At calving, the ?o% and 1 3o% levels 

were interchanged . Two consecutive 1 2-hour milkings were added to 

give a 24-hour milk yield using W .N .W .  The milk yields each month 

are presented in Table 1 . •  9 .  The drop in milk yields in May and 

the marked recovery in April can be clearly seen. This was due to 

changing pasture condi tions . It would seem that milk yield is more 

dependent upon immediate energy rations , than upon energy stores . 

The effect of a more favoured wintering treatment on milk yield does 

not appear to have any significant influence beyond the first six 

weeks . 

Hughes ( 1 972 ) working with 60 Hereford heifers placed on low,  

moderate,  high, and very high ( all undefined) levels of winter 

nutrition, found the least squares means for high and moderate 

levels were largest for milk production. Milk production for 

the low cows were lowest with the very high cows intermediate in 

the first year of the trial . However, the produc tion of the low 

plane cows increased faster than that of the very high plane cows 

in succeeding years , implying that some mechanism for na2ptation was 

operating. Further evidence of this nature was provided by P inney 

et al. ( 1 962 ) who studied the lifetime production of 1 20 beef cows 

divided into three groups for wintering. Group I was fed 0 . 45 kg 



Table 1.9 

Feed Level % 

1 00-1 00 

70-1 30 

1 30-70 

The milk yield (kg) , of beef c ows on different 
level s  of feeding. 

Schake et al , ( 1 966 ) 

Milk Yield (kg) 
Apr i l  May June July 

4. 58 3 . 1 4  4 . 00  3 . 1 8  

4 .26 3 . 76 4 . 60 2 . 95 

4 . 90 3 . 81 3 . 86 2 . 63 

August 

3 . 68 

3 . 73 

3 . 05 

I, 
\ 
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cot tenseed meal ; Group II go t 1 . 1 3  kg cot tenseed meal ; Group III 

was given 1 . 1 3 kg cott ens eed meal , plus 1 . 35  kg of oat s .  The 

weaning weights of the calves during the ' life time ' , t rial were 

unaffected by the winter treatment . 

Neville ( 1 971 ) fed 30 Hereford cows three leve ls of energy t o  

give livewe ight gains o f  -0. 59 kg/day, +0. 1 9  kg/day, an d  +0. 77 kg/day . 

The trial began five weeks after parturi tion, which was likely to be 

about the time of peak milk produc tion for the animals . He found 

dai ly 4% fat correc ted milk (F . C .1-1 . ) to be unaffected by the energy 

leve l .  

Bes ides research into energy leve l s ,  the leve l o f  protein 

required in the diet and i t s  effe c t s  on milk yield of the bee f  cow 

have attracted some intere s t .  Wo rk i n  thi s  field i s  difficult 

becaus e  protein may be catabo lised, for energy. Thus it is 

difficult to know whe ther or not the resul t s  simply reflec t the 

increased ene rgy avai lab+e rather than the pro t ein per se . 

Bond et al . ( 1 964 ) divided 54 Angus heifers on a drylo t into 

nine equal groups. The heifers averaged 1 76 kg. Thre e l eve ls 

of energy were fed - high, medium and low. At each energy leve l ,  

pro t ein was fed a t  three levels , high, medium and low. The 

animal s  were kept on the se rations unt il 1 80 days after thei r  firs t 

calving then fed a high roughage ration �· �. unt il they were 

with their third calf . Milk yield 'I'Ta s estimat e d  by vl , N .  vT . for a 
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a 1 2-hour s eparation weekly for 1 50 days . 

in Table 1 . 1 0 .  

Results are pre sented 

The se results appear to favour restricting the energy 

levels of beef heifers in the winter they are carrying their 

first calf . High energy levels show a t endency to reduce milk 

yield,  which may be due to the depo sition of fat amongst ma:Jlllary 

gland t i ssue . High protein gives much the same effect ,  and may 

have been C l.tnbo lised for energy plllrposes.  Of int ere s t  i s  the 

depre s sing effect of the low protein diet carried through into 

the second year. However , this trial vms carri.ed out \vi th heifers 

which would s till be growing when carrying and suckling the ir 

first calf . Thus a prot ein restriction could interfere with the 

structure or func tion of the mammary gland . 

Harris e t  al . ( 1 962 ) working with tvm groups of Hereford 

females o f  3 0  and 2 5  animals each, assigned them to e ither o f  two 

winter feeding leve ls . One group 'ilas given its ration while on 

good pasture , and the other group was fed on a drylot and had no 

pro tein supplement . The daily F . C .M .  was 4 . 1  kg for the pasture 

group , and 2 . 7  kg for the drylot group . Again pro tein effects 

were confounded with energy effe ct s .  

Gorden and Forbes ( 1 970) gave eight lactating dairy co1vs 

rations to supply so% or 1 2o% of e stimated energy requireme nt s ,  

and so% o r  1 2o% of estimated protein requirements .  The energy 



Table � . 1 0  The milk yield (kg ) , fo r beef cows fed at different 
levels of energy and protein. 

Bond e t  al . ( 1 964)  

l'lilk Yield (kg) 
Energ:£ Level Protein Level 

Parity Low l.\iedium High Low Me dium High 

First calf 3 . 4- 6 . 7  6 . 6  4- . 6  6 . 3  5 .8 

S econd calf 8 . 6  8 . 0  7 . 5  7 . 3  8 . 6  8 . 2  
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intake significantly affected milk yield energy output, fat %, 

SNF %, and non-protein nitrogen (N.P . N . ). Intake of protein 

significantly affected milk energy output, and N .P.N. content. 

This higher level of energy in the milk was probably due to an 

increased protein fraction. This could have significance for 

the growth rate of the calf. Garden and Forbes ( 1 970 ) ,  noted 

that it vms evident that the effect of each of these factors on 

milk yield or composi tion was dependent on the other . There was 

a greater partitioning of additional energy toward milk energy 

with the larger allowance of protein . 

Protein and its interrelationships with energy in affecting 

the milk yield of beef cows appear to be poorly understood . Much 

of the difficulty lies in the confounding of protein and energy 

in their effects .  A useful avenue of research in applied beef 

production would be to determine the effects of increasing 

protein levels in the dam ' s  milk upon the performance of the 

calf . This would be of particular interest in the drylot 

production of beef calves . 

Milk Constituents and Calf Performance 

Relatively little examination has been made of the effect 

of milk constituents upon calf weight gain. Firestone ( 1 969) , 

working in the field of Dairy Science with eight Friesian cows 

sho1ored that the fat % in the milk could be significantly lowered 
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by feeding less fibrous feed , while the milk yield did not differ. 

\r/alker and Elliot ( 1 969) , also using Friesian cow·s , gave the 

animals a diet ( unspecified ) to reduce the fat content of the milk 

starting five to seven waeks before calving. Treatment cont inued 

after calving. The intake of dry mat ter was significantly lower ,  

and milk fat content steadily declined for the first s i x  t o  eight 

weeks of lactation. 

S ink et al . ( 1 973 ) using 24 lingus-Fri esinn cross c ows , and 

thei r  calves fed at tvm rat ion level s  85% and 1 1 5% of N . R . C .  ( 1 956 ) 

requirements ,  found that al though the 85% ration produced 1 . 4  kg 

le ss milk the butt erfat % and S . N  . F . % v1ere not affected by th e 

dro p  in energy intake . Schnke e t  a l .  ( 1 966 ) worked with mature 

Hereford cows in the trial described oarlier where the animals were 

fed at 1 00 %, 1 3o%, 7o% of non-pregnant body maintenance . The 

1 3afo and 7CJ/o levels -v;ere interchanged at calving. Again the 

fat % was unaffected, 70-1 3o% giving 1 . 43 % and 1 30-7o% giving 

1 . 4 1 %. S imilarly for the S . N . F .  70-1 3�fo 8 . 53 and 1 30-7o% 8 . 28 . 

Results appeared to be bet ter when the nutri tion levels Here kept 

constant : butterfat % 1 . 78 ;  solids-not-fat % 8 .84 . 

Chri stian et al . ( 1 96 5 )  reported n correlation between calf 

A .D . G. and butterfat % of r = 0. 44 for the period 0 to 60 days , and 

r = 0. 32 for the period 60 to 240 days . Melton e t  al . ( 1 967 ) 

found a correlation of r = 0. 3 1  between calf gain and butterfat 

yield.  However, butterfat yield is closely related t o  milk yield. 
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ifJhen Melton et  al . ( 1 967)  related calf gains to butterfat % and 

S .N . F .  %, they found the correlations to be near zero . Gleddie 

and Berg ( 1 968 ) ,  found the percentage variation in calf A .D . G . was 

accounted for by percentage protein . 

An interesting result w'as. · repo.rted by r•1ason ( 1 963 ) 

for 1 5  Angus and 1 5  Hereford cows which showed that the variation 

in S .N .F .  was approximately 500fo more important in the weight gain 

of the calves than were variations in butterfat . However the 

results may have been spurious since 20 Angus calves which were 

bucket fed showed butterfat and S .N .F . to be of equal importance . 

It  is likely that one constituent vTould be of overriding importance 

only
,
if the level of that constituent was directly limiting to 

growth. 

Vi t�min A conce11tra tion in the milk of cows may be of some 

importance in contributing to the disease resistance , and general 

health of the calf. Ferrando et al . ( 1 969)  reported that 

vitamin A content of cow' s colontruc fel l  from between 4 1 2 

and 860 I .U .  in the first lactation to between 1 91 and 481 I .U .  

in the third or fourth. The authors considered that the first 

calves resisted infection and survived better than latter calves 

of the same cow .  Cvetkovic/ ( 1 966 ) ,  found a negative correlation 

between vitamin A concentration in the cow 's serum and calf death 

rate . 
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Sunclare san et ai . ( 1 967 ) found c ol d  treated rat s  t o  require 

at lea s t  20 times more retinoic acid than their contro l s  to maintain 

growth and survival .  

Baker e t  al . ( 1 954 ) noted that the mobil isation o f  s to red 

vitamin A and carotene by lac tati ng beef c ows which occurs on a 

low plane of carotene intake was inadequate t o  provide suffici ent 

vitamin A in the milk for their calves . The vitamin A, and to a 

le sser extent the caro tene cont ent o f  the milk seemed much mo re 

closely related to the dietary caro tene intake during lactation 

than t o  differential liver s to res resulting from various levels 

of c aro tene intake pre-partum. The authors found that supple-

mentation with 300 mg of caro tene pe r cow dai ly resulted in normal 

milk. McGillivray ( 1 957 ) , considered that the bulk of vitami� A 

was derived from the diet , but al so stated tha t irrespe c t ive of 

immediate carotene o r  vitamin A intake of the animals ,  or o f  the i r  

liver reserve s ,  some o f  the milk-fat vi tamin A ester i s  derived 

from vitamin A of other than imoedinte di etary origin. 

Work by Thompson and McGillivray ( 1 957 ) ,  with four cows , 

and six he ifers of Jersey o rigi n  establi shed that the re i s  a 

large decrease in plasma vitamin A concentration at or near 

parturition . This is despite a high int�ke prior to calving. 

They sugge sted that this was due to the extra drain of c olostrum 

synthesis . 
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Harris et al . ( 1 965 ) found vitamin A levels to be less in 

cows restricted in their winter ration. 

The evidence indicates that vitamin A deserves more considera­

tion than it has been given in beef cattle research, particulsrly 

where the level ,  and type of winter feeding in a drylot is 

c oncerned. If the vitamin A level of the diet is lo"l'r,  then there 

appears to be a need to increase it during the period of 

colostruo synthesis to safeguard the health of the calf.  

The Efficiency of Milk Conversion to Liveweight Gain 

Nelton et al . ( 1 967)  compared the Angus ,  Charolais ,  and 

Hereford breeds using 1 5  animals in each breed, and found that 

the amount of milk required to produce 1 kg of calf gain 1.ms 

1 2 . 5  kg, 1 1 . 4 kg, 1 0 . 3 kg for Angus ,  Ch.arolais and Hereford cattle . 

Montsma ( 1 960) in Ghana with Zebu-type cattle found conversion 

rates to vary with the stage of lactation. At eight weeks it took 

1 1  to 1 3  kg of milk/kg A . D . G . ; at 1 3  weeks 1 0  kg to 1 4  kg/kg 

A .D . G . ;  at 26 weeks 1 5  kg 1 8  kg/kg A . D . G. 

Neville ( 1 962 ) �  using 1 35 calves born to 6 1  dams during the 

period 1 957-1 959 placed three groups of these onto three 

nutritional treatments until they were four months old (N1 < N2 < N3 ) .. 

Under N2 and N3 it took 5 . 6  kg of  milk to produce 1 kg of calf gain, 

but under N1 it took 1 0 . 6  kg of milk fat for 1 kg of calf gain. 

It is known that as intake increases digestibility drops , but this 
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would mean a very large drop in digestibility indeed . Preston and 

Willis ( 1 971 ) ,  consider this result unacceptably large , and su spect 

faulty methodology .  

Barton ( 1 971 ) reviewing the sub�ect noted that large differences 

have occurred between the results of various  workers for this trait. 

He argues that this may be due to the different methods employed to 

determine milk yield , or be affected by such factors as the stage 

of lactation, whether the milk was the sole diet , the nature of the 

dam ' s  diet , thB composition of the milk, the breed of the cow and 

calf, and po ssibly the sex of the calf . 

Although the conversion of food to milk by the cow and its 

utilisation by the growing calf cannot be considered an efficient 

process of producing weight gain, Willham ( 1 972 ) reviewing beef 

cow milk production and efficiency , made the point that it may 

be much more efficient than generally believed if the possible use 

by the cow of low quality forage which is not utilisable by the 

calf is considered . 

�of Dam Effects 

Rutledge et al. ( 1 971 ) using 279 cow-calf pa irs , with the 

cows aged 2 to 1 5  years, mea sured milk yield once each month by 

the lJ.N.I>l . method and found that the age of dam had a quadratic 

effect on milk yield with a maximum occurring at 8 . 4  years.  Neville 
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( 1 97 1 ) , working with 30 Hereford cows of ages , two , three , four, 

six,  and twelve years with six in each age class , reported a 

steady increase in 4% F . C .M ,  five weeks after parturition when the 

experiment was conducted, due to the age of d�1 effect .  This was 

significant at all ages ,  except between years three and four. The 

highest production occurred at 1 1 years , and was thought to be 

largely due to  culling of poorer producers at younger ages . 

Reynolds et al. ( 1 967 ) found three-year-old Angus coNs gave 

3 . 1  kg, compared to 3 .  8 kg for four-year-old cows using \'l , N .U . 

after the calves had been separated frora the covrs for 1 6  hours . 

Dickey ( 1 972 ) also obtained a significant (P  � 0 . 01 ) effect of c ow 

age on milk yield. 

Melton et al . ( 1 967 ) working with 1 5  Angus , 1 5  Charo lais and 

1 5  Herefords aged between two and ten years determined milk yield by 

vl . N .W .  using the average of two , 1 2-hour separation intervals . 

Two-year-old dams gave a milk yield of 553 kg ; three-- ani four-year­

old dams gave 667 kg. Five-year-old dams and over, gave 809 kg. 

An interesting observation was made by Christian et_Ql. ( 1 965 ) 

working with identical and fraternal Hereford heifers hold in a 

drylot . Milk production was measured by hand-milking two udder 

sections , while the calfnurned the other two , after a 1 5t-hour 

separation interval . In this study, although the three and four­

year-old dams produced more milk than did the two-year-old dams , 
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the lat ter were more persis tent in their produc tion yielding 4 . 7%  

more of their total milk during the period 6 0  t o  240 days 

p o s t  partum . 

Neville ( 1 962 ) calculated that age of dam effec t s  on weaning 

weight were not impo rtant , or signi ficnnt , when weaning we i ght s 

were adjusted for variati on in dam weight and milk produc tion. 

S imilarly Rutledge e t  al . ( 1 97 1 )  reported that the age of dam 

d id not cont ribut e to the variation in weaning we ight beyond i t s  

influence ,  through c orrected variables - dam we ight , c a l f  birth 

weight , and dam ' s  milk yie ld. 

The Sex of the Calf 

The literature remains confusing on the sub j e c t  of the 

influence of the sex of the calf on i t s  dum ' s  milk produc tion. 

Melton e t  a l .  ( 1 967 ) using 45 cows ( 1 5  of each of the Angus, 

Charo lais , and Hereford bre eds ) found that tho se cows nursing bul l  

calves gave 0. 58 kg/day more nilk than tho se nursing heife r  calve s .  

However, the position was reversed in the work of Rut ledge e t  al . 

( 1 971 ) ,  who reported f rom the resu l t s  of 279 c ow-calf pa i rs that 

dams hursing females produced signifi cantly more milk . Carpe nt er 

( 1 972 ) ,  Jef fery et al . ( 1 971 ) ,  Dickey et al . ( 1 971 ) ,  Gledd ie and 

Berg ( 1 968 ) all found the sex of the c alf to be inconsist ent , and 

not significant in its effect on the milk yield of the dam . 
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Hughes ( 1 972 ) used 60 Hereford cows in an investigation into 

winter nutrit ion levels over n period of 8everal years . C ow s  

nursing males  produced more milk behveen 1 96 1  t o  1 963 , but from 

1 96 5-1 967 the position 1v2s reversed (all cows v1ere of the same 

age ) . Co1fr milk yield increc:.sed up to 1 963 , so the results 

s trongly suggest the presence of a sex x cow age interaction 

operating with the male sex being the more dominant at  the lower 

milk yields . 

A point worthy of consideration in this context concerns the 

earlier discussion regarding the large amount of variation between 

individual cows for Bilk yield . \"fi th the small numbers of 

animals contOon in uilk-yield studi e s , any sex effect could easily 

be Tiasked. 

Cartwright and Carpenter, ( 1 96 1 ) working with 1 45 Hereford 

cows nursing Hereford or crossbred calve s ,  obtained results which 

led them to belic;ve that milk pruduction may be affected not o nly 

by the genotype of the dam1 but also by the genotype of th e calf.  

This means the sire may have an influence ,  and sire x sex inter­

actions may also be important in milk production. 
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is  not nearly naximal . To increase w·eaning weight through excess 

fat deposition by more milk than e a� be used for lean tissue 

growth destroys efficiency in the foedlot when cattle arc fed to  

a target slaughter weight . 

Ho-vrever ,  Willham ( 1 972 ) also states that it may be harder to  

alter a weak start through lack of adequate milk than is generally 

thought . This may be especially true when animals are grown 

( post-weaning) and finished on pasture . Bailey and Bishop ( 1 972 ) 

weaned autumn-born Hereford calves at four, six and eight months . 

The liveweights of the calves the following autumn were respective ly, 

225 kg, 253 kg, 271 kg. The evidence of Harris et n.l " ( 1 965 ) 

described under ' nutrition ' lends further support to the importance 

of good milk production early in the life of the calf . 

Of great practical significance in beef production systems 

o perating under a ve.riablo feeding regime such as pasture grazing, is 

the degree of flexibility of the lactation curve , or the ability 

to  recover nilk prodw L;_on after a period o f  lov; energy consumption. 

Beyond the fact that this occurs , and seems to operate before the peak 

of lactation, little is known about i t .  Much more information i s  

needed, particularly hotof the drop in produc tion n ffects the 

performance of the calf, not only at weaning but also in post­

weaning traits ,  in the light of �·lillham ' s ( 1 972 ) comments .  
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MATERIALS AND METHODS 

Husbandry 

This experiment has been carried out over three complete years 
·
, ( 1 970/71 , 1 971 /72 , 1 972/73 ) ,  and is continuing into a fourth year 

( 1 973/74 ) . 

Two herds of Angus cows are involved.  One herd of cows 

designated the S tud herd vm.s originally the 'Massey University 

sUrl Angus herd. It  is  comprised of cows aged from three to 

ten-years-of-age . Cows nre mated to calve first at three-years-of-

age . Replacements were added to the trial in 1 971 and 1 972 . Covrs 

older than ten-years-of-age , or those showing signs of age , were 

removed from the trial . The cows in the other herd designated 

as the Commercial herd were purchased as 1 4-month heifers . 

Twenty-five of these were mated to calvei as two-year-olds . The 

remainder calved as three-year-olds . All cows in this herd are of 

the sai!le age . No replacei!lents were entered during the experiment . 

For experimental purposes both herds wore run together as a 

unit. A distinction was only I!lade for the mathematical analysis . 

Approximately three weeks before they were due to begin calving 

the cows were assigned ( see experimental design) to either the hill 

pasture or to the sawdust confinment �ad .  About 80 days later the 
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c ows were removed from the pad and all animals were grazed together 

on the hill until the next winter. The time cor..-s spent on the 

pad varied between years according to the onset of the spring 

pasture growth (Table 2. 1 ) .  In 1 970 the cows were removed 

prematurely from the pad owing to bad weather which caused the pad 

to break down and become a quagmire . 

The pad consisted of two separate y'3.rds packed with sm-rdust .  

Feed could be placed in racks which ran along one side of the pens. 

A concrete feeding apron was situated between the sawdust and the 

feeding :racks . This apron was scraped off weekly with a tractor 

and blade . Protective railings were installed t o  provide an area. 

in each pad where the calves could rest free of movement by the cows . 

The whole pad was protected from the prevailing wind by a stand of 

Toetoe planted along the southerly side . 

The bottom rail of the yards was removed so that the calves 

were able to get out and creep-feed on the adj oining pasture . In 

this respect access was often easier for the calves on pad I than 

for the calves on pad I I  due to the deposition of a mound of pad 

1 scrappings1  at the exit to pad I I . This inhibited the passage 

of the calves between their dams �d the pasture . In September 

1 973 a load of metal was dumped on this site and this removed the 

impediment to the movement of the calves.  

Each calf was weighed within 24 hours of birth, and a numbered 

ear-tag clipped into its ear. �'Teights were taken using a sling and 
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a c lock-face scales both of which wore supported from an iron bar. 

The bar could be lifted by one or two flen . 

In 1 970 cows remained on the pad throughout the wint er . I n  

1 97 1 , t h e  c ows on pad I I  were taken off the pad one day a week and 

grazed on nitrogen top-dressed pas ture . Pad I c ows remained on 

the pad throughout the wint e r .  In 1 972 c ows were removed from 

the pad for up to three days after calving. They were then 

returned to the pad .  Some o f  the se c ows went out onto pasture 

while others re�ained within a holding yard . In an effort t o  

stop thieving of colostrum frOQ young calve s due t o  a tendency t o  

multiple suckling by the old er calves , and also i n  an att empt t o  

ensure that there were adequate vitamin A level s  i n  the milk, the 

cows were turned out onto pasture for four days after calving. 

During the first winter of the t rial ( 1 970) some experimenta­

tion was needed to determine suitable feeding levels . Bale s  of hay 

weighing 27 . 5  kg and bales of barley straw weighing 28 .8 kg were fed. 

· From 1 6  July 1 970 to 1 August 1 970 three bales o f  hay and three 

bales of barley straw were placed in the racks of each pad . This 

was insufficient supplement so from 1 August 1 970 to 8 August 1 970 

four bales of hay and four bales of barley straw were offered to the 

c ows . Further supplement ation was obviously needed so from 8 Augus t 

1 970 to 1 2  Augus t 1 970 five bales of hay and four bales of barley 

st raw were provided� From 1 2  August to the end of the winte r  the 
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ration was increased t o  s ix bales of hay and four bale s of barl ey 

s t raw . 

Over tho winters 1 97 1 , 1 972 ,  1 973 , barley meal was added to 

the ration . For the s e  years the animals rece ived a constant 

ration of 4 . 3  kg of hay , 2 . 3  kg of barley straw and 0 .6  kg of 

barley meal per animal pe r day . 

The cows which were wint e red on the hill received no supplement . 

They had only what they were able to obtain f rom the pas ture . 

The Experimental Design 1 970 t o  1972/73 

In the winter of 1 970 cows were assigned to either the pa d 

o r  to the hill pasture by using a set of random numbers whi ch were 

matched with the numbe red ear tags of the c ows . The numbe rs of 

cows ente ring the pad, or be ing turned out on the hi l l  each winter 

are shown in Table 1 . 1 .  

I n  1 97 1  a swi tchover design was adopted by randomly allocating 

cows which had wint ered on the pad during 1 970 b etween the pad and 

the hi l l ,  and similarly dividing those cows which had winte red o n  

the hi l l .  Previous winter t reatment was taken into account i n  the 

s ta ti st i cal analysi s ,  thus fou r dis tinc t t reatments were re cognised 

for 1 971 /72 ( Table 2. 1 ) . 

Furthar switching of the c ows between treatments was carried 

out in 1 972 to produce the t reatment combinat ions out lined in Fig. 

2 . 1 . 



Table,.2. 1 I 4 � 
The number of c ows on each treatment in each year 
of the trial . 

STUD HERD 

1 970 .1.211 .1.2.R .1.212. 
Number of 

Treatment Animals 
Number of 

Treatment Animals 

Number . . f 
Treatment q 

Airl.mals 

Number 
of 

Treatment 
Animals 

Pad 

Hill 

20 Pad-Pad 9 Pad-Pad- Pad-Pad-

Pad-Hill 1 3  Pad I 5 Pad-Pad I 5 
26 

Hil l-Pad 1 2 Pad-Pad- Pad-Pad-
Pad I I  5 Pad-Pad I I  5 

Hil l-Hill 1 6  
Pad-Hill- Pad-Hill-
Pad I 4 Pad-Hill 9 

Pad-Hill- Hill-Pad-
Pad I I  5 Hill-Pad 1 1  

Hill-Pad-Hi ll 1 1 Hill-Hill-

Pad-Hill-Hi ll 3 Hill-Hill 1 8  

Hill-Hill-Hill 1 5 

COMMERCIAL HERD 

.12ZQ .121.1. 
Number of Number of 

.1.2.1£ .11ll 
Number Number 

Treatment Animals Treatment J ninals 
of of 

Treatment Animals 
TreatmentAnimals 

Pad · 

Pad 

Hill 

Hill 

1 2 Pad-Pad 9 Pad-Pad-Pad I 5 

1 9  Pad-Hill 22 Pad-Pad-Pad I I  3 
1 4 Hill-Pad 1 7  Pad-Hill-Pad I 6 
20 Hill-Hill 1 7  Pad-Hill-Pad II 1 0  

Pad-Hill-Hi ll 6 

Hill-Pad-Hil l  1 7  

Hill-Hill-Hill 1 7  

�: I refers t o  those animals on pad I which were 
fed every day . 

Pad-Pad-
Pad-Pad I 5 

Pad-Pad-
Pad-Pad I I  3 

Pad-Hill-
Pad-Hill 1 6  

Pad-Hill-
Hill-Hill 6 

Hill-Pad-
Hill-Pad I 1 6  

Hill-Pad­
Hill-Pad I I  1 6  

Hill-Hill­
Hill-Hill 1 7  

I I  refers to tho s e  animals on pad I I  which were 
fed every s econd day. 
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Extra investigation w�s carried out over 1 972/73 to determine 

whe ther there was any affect on the cows or the calves which were 

confined to the pad which was due to feGding out a double ration 

eve ry second day . If feasible such a technique would roduce labour 

costs in n commercial operation. In order to study this the cows 

on pad I were fed normally every morning, while the cows on pad II 

were fed only every second morning, but fed a double ration. 

Occasionally cows vrare removed from the pad due to sickness . 

In these instances they >V"ere not included in the am.lysis for that 

year . 

Two sets of tvlins were born during the tria l .  Their weights 

were added, and the data analysed as if their  dams had pro duced a 

single calf "reighing the sur1 of the twin pair s .  

The Experimental Design 1 973/74 

Analysis of the data from the previous three years showed no 

significant differences for calf traits due to the previous wintering 

treatments of the dam. Thus no further analysis of previous 

wintering treatments on calf traits was undertaken. Since the 

data on the perfo:rnw.nce of the cow remain to be arolysed,  but 

because further complex switching would hnve been impractical with 

t he numbers of c ows available, the pro cedure out lined in Table 2 . 1  

was adopted. Basically those C01V"S which had been switched in 

1 972 were switched again, while the others were wintered as they 

were in 1 972 . 
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Prel iminary analysis o f  tho do.to.. from the earlier three years 

indicated that valuable informat i on could be obtained by clos ely 

monitoring the livev;eight gains of the calves nnd their dams . 

Ac c ordingly tho calves and co1rs vrere weighed at three -1tTeekly 

int ervals .  

Biometri cal Analys�� 

All models tvere l inear fixed effec t s  model s .  

1 • Birth Height, Heaning 1•leight, Nillf. Co_:g_�2._I!1]2tion, Cnl ving Interval 

( n )  Stud· herd 

where 

Y
i jkl 

the l th observation of the Kth 
age of the j th 

sex of the i th treatment 

�.  Is  a general mean 

b (x  - x )  i s  the covarinte . b i s  tho regression co effic ient 

of time of birth of the cnlf ( ::: ) on the >-Teight , of the 

calf , milk consuoption of calf or calving interval of 

the dam. 

( b) C ommercial herd 

Y . .  
l 

= 11 + t .  + S .  + C + b  . .  ( x  - x) + e . . l lJ P l J p l J P  m l J P 

where 

Y . . 1 i s  the l th 
observation of the pth parity order of 

l J P 

the j
th sex of the i

th treatment . 

� i s  a gene ral mean . 



2 . 'rlinter Liveweight Change of the Cow 

78. 

Data were available for the Commercial herd only but no data were 

available for 1 972 . The liveweight of the cows on their removal from 

the pad 1·ms analysed. 

Y.; J. kl = V + t; + s J. + cP + b . . ( x - x )  + d . . ( z - z) + e . . 1 
� � _ lJP m �JP m �JP 

where 

Yijkl refers to the lth observation of the pth calving of the j th 

sex of the ith treatment . 

� is a gene ral mean. 

b refers to the regression coefficient of time of birth of the 

(x )  calf and cow weight d refers to the regression coefficient of 

autumn cow live�oreight ( z ) and cow liveweight at the end of the 

pad treatment . 

3 . Liveweights of 1 973  Calves from 1 2  September 1973 

For Comflercial herd only 

( -) ( 2 -2 ) Yijk = V + ti + Sj + b 1 . . xm - x + b2 . . x m - x + eijk �J lJ 
where 

Yijk refers to the kth observation of the j th sex of the ith 

treatment 

b 1 i s  the linear regression coefficient of time of birth of 

calf (x) on the calf ' s  liveweight . 

b2 is the quadratic regression coefficient of time of birth of 

the calf on the calf ' s  liveweight . 
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These models may be stated in matrix terms ns 

y = X B + e 

where 

y is an Nx1 vector of  observations 

x is n known fixed Nxp matrix 

B is an unknown fixed p x 1 vector 

e is an Nx1 vector having a multivnrinte distribution with 

mean zero, a vnriance-covnriance matrix assumed equal to the 

identity matrix. 

The method of least squares was chosen to estimate the B ' s. 

B is chosen so that the sun of squares of the deviations of the y ' s  

from their expected values is n minimum. 

Since y = X B + e 

e = y - X B  

and 

e 1 e· = (y - XB) 1 (y - X B)  

= 

The order of Y
1 XB is ( 1  x N) (Nxp) (p x 1) = 1. Thus y1 X B is 

a scalar, and thus \-Till be equal to its transpose 

i. e . , y1 XB = b1 X1 y 

Thus 

e 1 c ·  = y1 y - 2B1 x1 y + B1 X1 XB 
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To minimi se the squere of tho EJrrors 1-ri th respect to B set the 

first partial derivative equal to zero 

1 de  e 

d B 1 
= -2 X1y + 2 X1 XB 

And the minimum 

2X1 XB 1 2X y 0 

Because the equations no.king up the x1 x matrix were not 

independent the matrix 'iW.S not of full ro.nk in all th e moc1ols used . 

( 1 ) -1  Hence X X does not exist , so the equo.tions cannot be solved by 

obtaining the ordinary inverse . 

However tho equations c�n be solved by the use of a eeneralised 

inverse (Searle ,  1 966 ) . Given G i s  n generalised inverse , 

Bo . . G x1 J.. S gJ..V8n -P: S  y 

This is only a r�olution and not an estimator of  B ,  since a 

generalised inverse is not unique . Thus the B ' s are not estimable . 

Ho wever� any line.J.r function of the E ( B0 )  is estimable ,  such as 

differences between trent�ents . 

In the analysis the matrix >-m.s m�de full rank by deleting 

appropriate rows and columns . Inversion of the reduced ��trix gave 

the generalised inverse . 

The reduction in the sum of squares due to fi tting the model 

and the analysis of variancG were carri ed out according to  Ha�rey 

( 1 960) . Differences between means were tested by Dtmcan's Nul tip le 

Range test . 
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RESULTS AND DISCUSS I ON 

The Effe c t  of the S ex of th e Calf 

(a ) Birth \·Je ight 

The least square diff erenc e s  asso ciated wi th the effec t  o f  

the calf s e x  o n  i t s  bi rth \veight are shown in Table 3 . 1 ,  for each 

h erd-year .  The values are siBi l nr t o  those reported in th e 

lit erature for Angus calve s ,  particularly whe re the anima ls have 

been wintered out s ide on pa s ture ( Table L 2 ) .  

Mal es were consi s tent ly heavier than females , al though re sults 

were only significant (P � 0 . 05 ) ,  in the years 1 972 and 1 973 for 

the S tud herd . The gene ral lack of signifi canc e was probably 

due to l ow numbers of animal s which were used wi thin each herd-ye ar . 

The year 1 97 1  shows a reduced dif ference for both he rds . S inc e 

the male superi o rity i s  att ributed to both a l onger gestation 

peri o d ,  and a greater capa c i ty to grow , thi s infers .th'lt ei t!l.or 

o ne or b o th of the se parame ters vTere affe cted . Table 3 .  25 shm'ls 

the calving intervals to be s imilar to o ther years , whi ch provi des 

s ome evi d ence that the gestation peri o ds > L - ·..::: unaff e c ted. However 

the New Zealand Gazet t e  ( August - October, 1 97 1 ) reporiPd the l'Tint er 

o f  1 971 to be mild in c ompari son, and thus feed suppl ies for the 



Table 2z 1 The least square differencesbet,,een sexes in each 
herd-year for the birth vreight of the calf. 

fumi Year Difference (kg)(Male-remale) Number of Animal s  

Commercial 1 970 + 1 . 4 22 
Stud 1 970 + 3 . 1 45 

Commercial 1 9'1 1 + 0 . 5  48 
Stud 1 971 + 0 . 1 48 

Commercial 1 972 + 1 . 4  50 

Stud 1 972 + 2 . 8* 47 

Commercial 1 973 + 1 . 0 54 
Stud 1 973 + 3 . 3*  37 

* Significant at the 5% level ( P  < 0.05 ) 



cows on the hill should have be en above normal . Thus the re does 

not appear to be any sinpl e  explanation for t he s e  unusual result s .  

I t  i s  intere sting t o  note nn apparent t rend towards lower 

sex differences fo r birth weight which o ccur in the Co�erc ial 

herd coDpared with thGse tha t  occur in the Stud herd. This 

indicates that : 

1 .  Male calves in the Stud herd had a longer gestati on 

period than did those in the Co�ercial herd . 

2 .  There was a less favourabl e  �at ernnl environment in 

the C ommercial herd which reduced the expression of 

male superiori ty. 

3 .  There was a si re effact operating. 

The lower sex difference wcrs t o  be exp e ct e d  in 1 970 and 1 97 1 , ,  

when the c ows in the Connercial herd were only age d hvo- and 

three-years-of-age , respe c t ively. However ,• the t rend doe s  

cont inue into the mature age cla sse s .  

Both herds were run toge ther vri th the sane bulls a t  Dating. 

Nevertheless lack of specific information on the sire s ,  and lack 

of significanc e in the re sul t s  inhibit further speculation on 

this po int . 
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( b ) ?leaning �leight 

The least square dif fe rences between sexes for the linearly 

a.djusted 200-day weaning >veight aro shovm in Ta.ble 3 . 2 . Nales 

were heavier than feoales for all herd-yo�rs . 

significant at the leve l s  shown in the Tabl e .  

Diff erences are 

The s e  differences 

appear to give more advantage to the male sex than do values 

reported by other authors ( Table 1 . 5 ) ,  e specially in 1 972 . 

Any disadvantage suffered by th e Counnercial hord at birth 

for s ex differences co:r.1pared to the Stud herd appear to have b een 

regained and generally the Commerc ial herd sex differences for 

weaning weight are larger than tho se for the S tud herd in the same 

year . Again int erpre tQtion i s  not possible without info nwation 

o n  the re spec tive sire s ,  but the r:"} i s  a strong possib ility tha t  

th e  Connercial cows provided a better :n.:1::o r:hal enviromnent , 

probably in the form of better milk pro duction than did the S tud 

c ows . Certainly thi s should be the case in 1 97 1  when all the 

C ommorcial cows 1vere agecl four ycnrs , whe reas the S tud herd included 

a numbe r  of first calving three-year-olds , and o lder cows . 

The unexplained reduction in th e sex effe ct noted for birth 

weight in 1 971 , also appeared for 1·1eaning �reight , in 1 971 . 



Table 3.2 The least square differencesbetween sexes in each 
herd-year for the weaning weight of the calf 
( 200-day adjusted) . 

Herd Year Difference (kg)(Male-Female) Number of Animals 

Commercinl 1 970 + 1 6 . 7-l<- 1 9  

Stud 1 970 + 1 2 . 3**  44 

Commercial 1 971 + 1 5 . 1 *  42 

S tud 1 971 + 9 . 0a 
44 

Commercial 1 972 + 23 . 6** 44 

Stud 1 972 + 1 8 . 6** 43 

a 
0 . 05 > p 7 0. 1 

* Significant at the 5% level ( P  < 0 . 05 ) 

** Significant 3.t the 1 %  level (P  < 0. 01 ) 
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( c )  Milk Production 

The l east square diffe rences for the effec t of sex o f  calf upon 

the milk production of the dam are shown in Table 3 . 3 .  Estimates 

were made at two separate times in each o f  the years 1 970 and 1 97 1  

for bo th he rds . However ,  the two values obtained for each herd 

within each year are not directly comp�rable since different 

numbers of animals c ont ributed towards each f igure . Thus for the 

Commercial herd the firs t  estimate taken on 1 9  September, 1 970, showed 

the male sex to be s ignificantly ( P  < 0 . 05 )  doninant in mi lk consump­

t ion. But on 20 Oc tober , 1 970, the po si ti on hnd alt ered , and females 

-vrere consuming significantly (P <: 0 . 01 ) more milk. However ,  between 

estimates the population structure of the model had altered , with 

some animal s  added and othe rs removed . The net result was more 

females and le ss mules . Thus the estimat e s  given are of que stion-

abl e  validi ty. 

1 97 1 . 

A similar s ituation occurs fo r the Stud herd in 

Broadly speaking the male sex appeared to consune more milk 

in 1 970 , while the female sex consumed more in 1 97 1 . In view of 

th e c ontrary results published on this subj ec t ,  the present analysi s  

hint s at t h e  possibility of an environmental effec t operating, 

which produce d differential milk c onsumption. Examina tion of 

metereologi cal reports published in the New Zealand Gazette ( Augus t  

to October 1 970, 1 97 1 ) for the late winter and spring o f  1 970 and 

1 97 1  reveal them to be two ve ry different years for c l imate . From 



Table 3.3 

Year 

1 970 1 7  

1 8  

20 
20 

1 971 9 

9 

28 

28 

The least square di fferences be tvreen sexe s fo r the 
milk consumption of the calf . 

No . of 
Date Herd 

Difference ( kg � 
(Male - Femal e  Animals 

September C ommercial + 1 . 35* 20 

S eptember S tud + o. 72•** 42 

October C omme rcial - 0. 45** 1 7  

October S tud + o .  27-'** 49 

September Comme rcial - 0 . 27 1 8  

September S tud - 0 . 41 32 

Oc tober Commerc ial - 0 . 36** 28 

Oc tober S tud - 0 . 09** 29 

* p <: 0 . 05 

** p < 0 . 01 
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August to Octob.Jr in 1 970 unusually high frequencies of winds v1ere 

reported, while September was reported to be the windi est and 

wettest since 1 943 . Pasture gro>vth vms al so reported to have 

suffered. On the other hand, the period from August to October 

1 97 1  wns characterised by be ing unusually mild with September 

being reported as a warn month. 

Cold stress is known to cause changes in the metabo lism of 

the ruminant ( Hess and Bailey,  1 96 1 ) . Stimulation of the thyroid,  

pituitary ,  and adrenal glands o ccur,  and blood elec trolytes ,  notably 

the potassium and sodiun concentrati ons ,  shift . It  is possible that 

climatic s tress may cause a differential effec t on the sexes ,  the 

altered metabo lism causing a change in appetite ,  and milk consump­

tion.  

The Effect of  the Age of the Dam 

( a )  Birth \ieight 

The least square means for the effect of the aGe of the dam 

on calf birth weight are shown in Table 3 . 4 . Estimates are only 

possible within each year for the S tud herd, as the Commercial 

herd comprised cm,rs which were all of the Sa.r:Je age,  thus confounding 

age and year effects in this herd. 

All e stimates are non-signific ant and they nre also erratic . 

This is probably due to the small numbers of observations , and to 



Table 3.4 The least square means for the effect of the age of 
the dam (years ) on the birth weight of the calf (kg) .  

(Values for the Stud Herd only) 

Birth \tleig:ht {kg:l according: to Dam Age {�rs2 Number of 
Year Five to Eight to Animals 

Three Four Seven Ten 

1 970 23 . 91 28 . 67 28 . 25 28 . 93 45 

1 97 1  26 .37 24 . 35 28 . 02 27 . 84 48 

1 972 2 1 . 73 27 . 33 25 . 66 25 .83 47 

1 973 not 27 . 62 26 . 48 27 . 34 37 
available 
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disproportionnte age-c lass grouping bet"l-reen years , i . e  .• , a grouped age c lass 

such us the nge five to s even, fillcY c ontain different proport ions of 

animals of ages five , six , nnd s even in different years . 

General ly the three-year-old dams produc ed the lightest calves 

at birth, nnd this has be en the experience of most o ther workers. 

Four-year-o ld c ow s ,  tha t is,  tho se calving for the second t im e ,  

performed surprisingly v1e l l ,  being the best age c lass f o r  1 972 and 

1 973 ,  but results l�ck si gnifi cance . 

( b ) 'vlenning Vleight 

The least square Qeans for the effect of the ago of the dam on the 

calf weaning weight are shown in Table 3 . 5 . Re sult s are not signif i-

cant , although the d if ference betv1een the four-year-old cows nnd the 

three-year-o ld cows approached the 5 per cent significanc e l evel in 

1 971 /72 and 1 972/73 . Estimates suffer the same disadvantages 

ment ioned above . 

The b e s t  age class is c o nsis tently that o f  the f our-year-old 

c ow s .  Thi s  i s  peculiar t o  thi s seri e s  of experiment s .  At 

\(:hatawhata Hight ( 1 966 ; 1 968) reported six-year-o ld cows to be better 

pro ducers o f  calf livev1e ight at weaning . This provides suspicion 

in the pre sent study tha t an age x treat�ent interaction i s  ac ting 

t o  inflate values for the four-year-old c ows . 

investigation. 

This requ ires further 



Year 

1 970 

1 97 1  

1 972 

Table 3. 5 The least square differences f or the ef f ect of the age of 
the dam (years) on the weaning weight of the 

-

calf (kg) . 

(Values for the Stud Herd only) 

Differences in vJeaning 1oleight (kg) according to Number of 
Animals D..§-2'1 Age �years} 

Five to Eight to 
Three Four Seven Ten 

+ 1 • 1 + 2 . 4  0 - 0. 2 45  

- 5 . 6  + 1 4 . 0 0 - 3 . 2  48 

- 9 . 5  + 1 2 . 5  0 + 5 . 0  47 
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( c )  Milk C onsuoption of Calves 

The least square differences are sho1m in Table 3 .  6 .  

Results  were not significant for the earlier estinate in both 

years , but showed s ignifi cance in the lat ter estimates . Three-

year-old cows show estioates which are consistently below the 

other age classes ,  this difference tendin� to increase in the 

latter estimates . The older cows in the eight- to ten-year-old 

age group give the highest  estimate in all years except for the 

latter e stimate in 1 97 1 . Some of this would be due to culling, 

but some may also be due to the mo re doci le nuture of the older 

cows during measurement , showing less anxiety and bat ter rnilk 

le t-dovm . The parti cularly goo d  perfornance of the four-year-old 

c ow s  is  not iceable , and this is to be expected in vievr of the 

1veaning -vmight differences Uscussed above . This difference 

between the ages be comes more evident when the cows come off the 

pad , as is  app�rent from the second estinnte of the year. 

I"lilk consumption estimates at 28 Oc tober 1 971 , shovr the 

same ranking order for age of cow as do the estimates for weaning 

weight in 1 97 1 /72 for the age of the cow. This i s  to be 

expected considering the high correlation established between the 

milk production of the darn ( of 1vhicb calf consumption is assumed 

to  be a measure ) , and the gr mvth of the calf. In 1 970 hmvever, 

no such relation appears . Thin  may have b2cn due in large part 

to lack of randomness in selection of calves which participated in 



Table 3. 6 The least square differe ncesfor the effec t of the 
age o f  the d>:tm on the amount o f  uilk consumed by the 
calf . 

Differe r .-� cs in Calf I'hlk Consum·)t i cil 
__ Lkg) Acc ordin,Q." t o  Du.r:1 �\f!P. �V;.J ) 
Three F)ur F'ive- Eight- liUillbers 

TJ!onth Year Year Ycs.r Seven Ten o r  Signifi canc e 

1 8  

2 0  

9 

28 

Yen1 ... Ye��� l�n irn .'J. l. 8 

Sept . , 1 970 -0. 48 -0 . 4 5 -0 .. 09 0 42 N . S . 

Oc t . , 1 970 - 1 . 02a ·--0. 03 b 
-0 . 09b ob 49 p <. 0 .  05 

S ept . ,  1 971 - 1 . 40 -0. 40 - 0 . 4 1 0 27 N . S . 

Oct . , 1 97 1  - 1 . 48a 
+ 1 . 4 1 b 0 ., 6ab 

+ , ) onb 29 r �  

NOTE : Supers cripted value s are significantly different 
from unsuperscripted or different ly superscript e d  
values at the levels indicated . 

o .  0 1  
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the t ri al , nnd t o  the erro rs i n  the me�sur cnent s . But explanation 

al ong the se :;Lines does not seen to be ful ly adequ3.te ,  and int e re st 

at taches t o  the drou,<sht which ;-r.'ls expe rienced from DeceDb e r  to 

February in 1 970-71 . I t  i s  po ssibl e however that the diffe rent 

o.ge clas s e s  differed in the pers i s t ency of the i r  lactation dur i ng 

the dry pe ri o d . Al though it canno t be regarded as anything 

except the scan t i est of evidenc e , the va lue s  shmm in Table 3 .  6 

suppo rt the sue-ge sti on tho.t the younge st dnos , not i ceably the 

thre e-year- o l ds , oay provide o. bet ter m.'1 t e rnal enviro!lElent over the 

d rought . Further elucido.t ion of this sh ould be poss ible wh en data 

presently beine; collec ted at Hnssey University arc amlysed . By 

c ompo.rison 1 97 1 -72 , a l though dry over the sumne r ,  doe s  no t seen 

to have offt: red the de0r _,e of Mimal stress as did 1 970-7 1 . 

u 
The Effect of Previous Cal vin,c;s 

The inte re s t  in this c r. s e  ll:cy I<Ti thin the Coonercial herd, 

and was primarily concerned wi th compnrin� tho se cows which calved 

as hto-year-olds in 1 970 , I.Yi th thor; e  which calved as three-year-o lds 

in 1 97 1 . 

(a )  Birth vleip;ht 

The lea st square ooans f o r  the effec t of calving history on 

birth weight are shown in Table 3 . 7  for the Commercial herd . In 

1 97 1 , which was the first year the complete herd was calved, the 



Tab le .. 3.., 7 The least square diffe renc es f o r  the effe c t  of t he 
pari ty of the dam on the birth Height of the cal f .  

1 97 1  

1 972 

1 973 

(Values f o r  C ommerc ial Herd only. ) 
Al l same age . 

Pari ty 

Calve d as h10-year-o lds in 1 970 

Dry as two-year-olds in 1 970 

Thi r d  calving 

Calv e d  1 970 Dry 1 97 1  

First C a lving ; Dry 1 970 and 1 97 1 

Calved as two-yca r-o lds in 1 970 

Dry as tvro-year-olds in 1 970 

B· p < 0 . 01 

Diffe rence Numbe r of 

(kg) Animals 

3 . 1 3 ** 2 2  

0 

0 . 37 

3 . 39 

3 . 6 2 

0 

0 . 42 

50 

54 
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difference behJeun tho se which had previously cc.lve d ns tvro­

yenr-o lds in 1 970 , and thos e which calved for the f ir s t  t ime a s  

thre e-yo ar-o lds i n  1 971  was 2 .8  kg in f a.vour o f  the foruer c ows . 

Thi s difference was very highly signi f icant ( P  <_ 0. 01 ) .  Lack 

of rec o rds on ge s tation peri o d s  however precludes speculation 

on the material env ironocnt . 

In 1 972 no s i gnifi cant differenc e s  1-re re obt::'.in e d  between 

cows with diffe rent calving hi s tori e s ,  although there was s ome 

slight tendency for those cows which had been dry t he previ ous 

season ( 1 971 ) to produce calves Hi th heavier birth weights . 

I n  1 973 compari son was made c":mly be tvmen c ows 'vhich hnd 

calved first at two- and first at three-years-of-age , since further 

di scu s sion of calving his t o r i es wo uld have been ioprac t ic able . 

There was no d i s c ernible diffe rence be tween the two c la s s e s  i n  

1 973 , when the c ows would have b e e n  five-years -old . 

( b) Ueaning Weight 

The effects ( Table 3 . 8 )  in all years were non-signifi c ant , 

although i n  1 97 1 /72 t he animals which were calved at two-years-of­

age in 1 970/71 show·ed some superiority . Howeve r ,  thi s  was pro bably 

due , in large part , to the be t t e r  s tart provi ded by the i r  higher 

birth 'i'Teigh t .  In 1 972 result s sho1-r s ome advantage to the calves 

of the cows which had remained empty the previous s ea son , although 



Year 

1 97 1  

1 972 

Table 3. 8 The leas t square differences for the effect ·the parity of 
the dam on the ueaning vleigh t of the calf . 

Difference Number of 
Pari ty (kg) Animals 

Calved as t"lvo-yenr-olds in 1 970 + 7 . 1 42  

Dry ns tvw-year-olds in 1 970 0 

Third Calving 0 44 

Calved 1 970 , Dry 1 97 1  8 . 68 

First Calving , Dry 1 970 and 1 97 1 1 3 . 44 

Dry 1 970 , Calved 1 97 1 3 . 1 2  
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again thi s vre .. s probo..hly due t o  the c.dv�ntr.1ge in birth vJG i ght just 

di s cus s e d ,  rc.tlwr thc.n .�ny improveoent in tho p o s t-no.t<�l nr'.t ernnl 

o nvironoent . 

The se results show l i t t l e:  [�dvantnge in keeping c ous clry ove r 

t he i r  sec o nd year und er hi l l  country c ondi t io!� s ,  fron the point o f  

vie•.-r of weight of cnlf 1ve�1ned . Provi ded the co -vrs nre ren s onnhly 

we l l  f e d ,  b o th whe n they nrc carrying, nnd vrhen they· are suckling 

their firs t cal f ,  thi s trinl indi cn t e s  th2t c alving Angus heifers 

at two-ye nrs-of-age ho.s no detrimental effGct on t he c ow ' s abi lity 

t o  produc e and feGd sub sequent calves . 

( c ) l.U lk C o nm�m]ti o n  

The l enst squnre differenc es for t h e  effec t of the parity o f  

the c m.; o n  h e r  subs equent Qilk produc t i o n ,  as mensured by t h e  milk 

c onsunption of her cal f ,  nro shown in Tab le 3 . 9 . There i s  n c lear 

d i fferenc e in favour of the covrs 1vhich had calve d at hro-yet2.rs-of-age 

for the lat ter estimat e of 1 971 . 

significant . 

Thi s dif ference wns highly 

The Effe c t  of the 1Jintering Treatment 

(n) Bi rth Weight 

All the effects  o f  the treatme nt s on birth 1-reight were non­

signifi cant except for the Co�ercinl herd in 1 97 1  where n 



Table 3. 9 

� 

9 September, 1 97 1 

28 October, 1 97 1  

The leas t square differences for the effect of 
the pari ty of the dal:l on the milk consumption 
of her calf . 

Difference Number of 
Pari tz. (kg) Animals 

Calved as tvm-year-old in 
1 970 + 0. 68 1 8  

Dry as tiw-ye.::lr-old in 1 970 0 

Calved as two-yoar-old in 
1 970 + 4 . 1 8-** 28 

Dry as hvo-year-old in 1 970 0 

** p 0 . 0 1 
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significo.nt ( P  < 0. 05 ) difference o f  2 kg WllS re co rded ( To.bl e  3 . 1 0) . 

Superior birth voights o c curred on tho hil l  in b o th he rds in 1 970 

and 1 973 , but failed to re ach significnnce . There did not appear 

to be any e ffe c t  due to swi t ching the treatTient s between years , 

nor t o  fcoc:ding out every o the r day as o;--•posed t o  feeding do.ily . 

However, the numbe rs in the s ub-classes 0 re t o o  low, particularly 

in 1 972 to demonstrate anything o ther thnn a Bnj o r  e ffe c t . 

The S tud herd in 1 97 1 , nnd bo th herds in 1 972 , pres ent o. 

confus ing picture . The ln ck of pattern in the resul t s  was 

probably caused largely by l ovl , sub-class nUBbers and n. long 

calving season ( over 70 days ) '<'Thich extended through r!larked 

changes in the physical environBent as the spring pasture flush 

o c curred.  

Lower birth vre ight s  on the pncl oay have been due t o  o. 

restric tion of energy intake by the dam be fore calving or by a 

shortening o f  the gestation pe riod due to the treatment . Thi s 

might b e  caused by high levels of corticost eroids triggered by 

s tressful so cial condi ti ons on the po.d . The expe riment provides 

no indi cation of which of the se o.l ternntives might b e  the case , 

without informat ion on the s tage o f  the ge s tation period of 

each nnimal . 



Year 

1 970 

1 970 

1 97 1  

1 97 1  

1 972 

1 972 

1 973 
1 973 

Table 2- 1 0  The least square differences for the effect of 
the treatments on the birth ':reight of the calf . 

Number 
of 

Herd Treatment Differences (kg) Animals 

::: li 
Stud 0 2 . 05 45 

Commercial 0 2 .  H 3  22 

£!. PH 'FIT' HH 
S tud 0 0. 29  o .  -t9 -1 . 03 48 

Commercial 0 0. 02 2 . 0a 2 . 62a 48 

illl FPPII B1iiT PHP I I  Hl:H. flffi. rum. 
Stud 0 2 . 2 1  0 . 43 -6 . 46 4 .. 68 4. 5·1- o. 97 47 

Commercial 0 -0 . 34 -3 . 36 -3 . 06 -4 . 49 - 1 . 68 -1 . 89 50 

ll PII . H  

S tud 0 1 • 1 0 1 .  70 37 
Commercial 0 0 . 28 1 . 63 54 

NOTE : Superscripted values are significantly different 
from unsuperscripted values at the levels indicated . 

P pad ; H = hill treatment ; I = pad I ;  II = pad I I . 

S ignifi-
cance 

N. S .  

N . s . 

N . S .  

P "< 0. 05 

N .s . 

N . S . 

N . s .  

N .s . 
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( b ) \le aning vlcip;ht 

The problem of tho int erprob.t i on of waanine 1veights arise s  

because o f  the e xtended. C£1,1 vi ng :period ovGn though the \'/enning 

wei gh t s  were l inearly adjusted for nge before their stat i s t i cal 

n.nnlysis . However , tho lone calvi ng period uould hnv e nennt 

thnt cnlvos 1-re re exposed to diff erent enviroru:1ent s at diffe rent 

nge s nnd this DGy ht1.ve biase d the re sul t s . Evidence thnt 

dif ferentia l respons o  does in f ::> c t  o ccur is pre sent ed vrhen the 

growth o f  the cnlve s  born i n  1 973 i s  dis cussed . I f  mos t  of the 

calve s in one sub-clnss -vrere born in n different time perio d to 

c nlve s in another sub-clns s ,  then the resul t in g  1-rcanine w·eights 

would not be s t ri c t ly c omparD..ble if the re spons e was not l inear 

and acc ount ed for by the c ovariate . \'lhere sub- c lnss nllr:lbers nre 

low ( be tween hro and five :mim::>..ls in nany cnse s ) ,  the danger that 

thi s o igh� have o c curred becomes greater. 

The least square di fference s  f o r  the 200-day linearly 

ad juste d �>leaning weight are shown in Table 3 .  1 1  • In 1 970 th ere wore 

s i gni fi cant differences i n  favour of the hi ll for bo th herds . There 

is a differenc e in fnvour of the hi l l for the S tud herd in 1 97 1  

although it is no t si gni fi cnnt . On the othe r  hand , the Cornne rc ial 

herd in 1 97 1  showed the pad treatment to be slightly better . 

Both herds in 1 972 pres ent a c onfusing picture . Although 

differences are s i gnifi c ant ( P ' 0. 01 ) for the C ocrmc rcial herd 



' ' I 

i i 

� 
I 

Table 3, 1 1  The least square differences beh;een the treatments 
for the adjusted weaning weight of the calf. 

� 

1 970 

1 970 

1 971 

1 97 1  

1 972 

1 972 

Numbe r  
of 

� Treatment Differenc es Animals 

I] H 

S tud 0 "� · 98 a 
44 

Commerc ial 0 1 4 . 90
a 

1 9  

pp PH HP HH 
S tud 0 3 . 96 1 0. 40 9 . 39 44 

Commercial 0 -4. 42 -!� . 1 7  - 5 . 22 42 

11TI. PFPII 'PHP I PHPII JHFH PHH HHH 

S tud 0 2 .  71� - 1 0 . 69 -8 . 93 1 .  3 1  1 1 .43 - 1 . 90 43 

Connuercial 0 -1 7 . 67
ab 

-23 . 98a 
-2 . 92 

a b -4. 82 -1a og -8. t£ 44 

�: Superscripted value s are signific antly different 
from unsuperscribed or different superscripted 
values at the levels indicated. 

Signifi-
cance 

p < 0 . 01 

p <. 0 . 05 

N . s . 
�J . s . 

N . S . 

p ...::. 0 . 0 1  
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there doe s  not nppoc.r t o  be r•.ny di s c ernible p3.tt ern ,  nnd 

diff erence s  nc.y h:we been due t o  the bio.s nent ioned above . I t  

Hns known that c e rto.in c o.lvos scoured bndly during 1 970 , 1 97 1 , 

nnd 1 972 ,  pnrticu lnrly tho s e on the p2- d . A further sourc e of 

b ias could ho.vo been caused by the pro �3enco of sone of tlws e  

calves in one trentr.1ent c lass , but no t i n  nnother . Thi s no.y hnve 

been the cnse in 1 972 when clnss nunbers vlere ve ry low . 

The do.tc. shmred evidenc e  ::Jf ;;., sex X ·  treatnent inter.:-tction 

'ilhi ch oo.y hn.ve bean caus ed by rml tiple suckling :1raone;st the p::;.d 

calves . That this did o c cur v1as t)bs G rved often during the 

experiment . Th i s  po s s ible effec t w::ts o.pp::.rent in th e cl o.ss means 

as the better perfomance :U::•)ng the nale c::1.lve s on the pnd 

ago.inst mnle co.lve s on the hi l l , \H ;J probably due to 

piro.te d milk . Unfortunately numbers did not o.llm'l' the calcula-

tion of thi s inte ract ion. No doubt this pi rnting c ontribute d  

to l ov-rer weaning 1.re ight s o f  other D.o ro tini d co.lve s , nnd when 

colo s t r u:_; 1ws s to len this mny hnvc caus ed di s o.:1.s e and subs e-

quont lo,.,e ring of the calf ' s growth rnt e . 

Thi s oultiple suckling eff ec t is n real di sadva.nto.ge of the 

pnd system of wintering and nursing , and any t e chnique to 

eliminate or reduce it should result in an improvement of the 

performance of calve s  who s e  dan ' s milk has been taken by o ther 

calves . In 1 973 each cm., and calf pair vms removed from the 

po.d soon afte r calving, nnd run in nn o.djacent paddo ck for four 



1 05 .  

days t o  n l loH the cnlf t o  o btain c o los t ruo unhindered. The re 

wns only on0 mild cnse of sc ours in 1 973 . However other factors 

such ns a very nild wint 0 r  ancl an on.rly sprin,o: w·ere n l s o  ope ra t ive . 

When tho p'ld apron wcJ. s s c raped o ff ,  i t  vl.'l.S noronl prnctice t o  

b l�do the dung just out si de the �nt o  o f  the f irst pnd, nnd l eave 

i t . The result o f  thi s c-ms the f orr:1.'i. tion of a quadnire �round 

the gnte whi ch r1nde p-':'.ssnge for the c.�lve s ( whi ch were c reep fed) 

f rom the f i r s t  pad very dif f i cul t .  This nay hnv,;; been n 

d isc ouragenent to the calves on p.::' .. d I t o  re turn to the ir mothe rs 

fo r .2 feed . 

( c ) rililk C onsu mption 

Estimnt es o f  cnlf nilk consuiTJ.p t i on 1-re re made twice r.-rhen the 

calve s vre re aged app roxit!m t e ly 20 o.nd 50 dnys respec: tively , in 

the years 1 970 and 1 97 1 . The f irst observn t i o n  wns mndo whi le the 

anima ls w e re s t i l l  c onfined , \-rhilo the sec ond obs ervat ion >v.'l.s made 

after they had been removed from tho p:.-�cl ru:1d were grnz ing on the 

hill . The le3.st square differenc e s  are shown in Table 3 . 1 2 . 

For the c onfined estimate taken when th e pnd cow.s \'lore sti l l  on 

the pad , sh owed that tho se on the hi l l  were signifi cant ly ( P  � 0. 01 ) 

supe rior in the milk consUillpt ion o f  thei r calves fo r both he rds . 

However the seco nd un c onfined estimat e  taken on 20 Octobe r ,  1 970, 

Hhen the cow s  ha.d be en renoved from the pad showed there 1ms no 



Table :2a 1 2 The least square differences for the effec t  of the 
treatment on the milk consumption of calves . 

Differences (kg) Number. of Signifi-

lliJlQ � Eilli liill. Animals canoe 

1 7  Septembe r 1 970 C ommercial 0 3 . 43 20 p < 0 . 01 

1 8  Septembe r 1 970 S tud 0 0 . 96 lj.2 P<. 0 . 01 

20 October 1 970 C omme rcial 0 o .  1 8  1 7  P <  0 . 05 
20 October 1 970 S tud 0 -0 . 27 49 N . S . 

- 9 S opt cbbcr 1 971  Commerc ial 0 -0. 1 1  1 8 N . S . 

' 9 S_ept 2:. :bG r  1 971 Stud 0 0 . 54 27 I'1 . E� . 

28 October 1 971  Commerc ial 0 - 1 . 05 28 p .::.. 0. 05 

28 October 1 971  Stud 0 -0. 30 2 9  N .S . 
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s ignificant di fferenc e behlocn tho treatuent s for the Connercial 

herd in 1 970 , end a much redu c e d  though still significnnt (P .c:::: 0 .05 )  

differe nce in f�vour o f  the hil l  for the Stud herd in 1 970. 

A diffe rent si tu::tion o c curr . .;d in 1 97 1 , wi th the� re being no 

signi fi c�nt d iffe renc e bohwcn t roatr1ent s for th•; estin.�te . of the con­

fined cows taken m 9  Sept enbGr , for both ho rcls . Hovtevo r ,  the 

latter e s t im:ct e  taken on 28 Oc t obe r  shovlS n. significnnt ( P  < 0. 05 )  

difference  of 1 . 1 5  kg o f  1:1ilk consumed i n  frwcur o f  the PP t reatment 

conpnred t o  the PH t ren tment in the Cor"u�tercinl herd . The pad 

trentnent is nlso favoured nt this point for the Stud herd although 

the differences are not significn.nt . 

These results nro interpret e d  as evidence that the covrs 

confined to the feeding pnd over the Hinter , poss ibly under 

s tressful c ondi ti ons , incren se thei r milk production when they 

are remov e d  fron the pad and placed o nto hill :pnstures unde r wha t 

are pos sibly l ess s tressful c onditions . The type , cause ,  and 

degree of s t ress wi ll be d i s cussed lnt er when other varin.b les that 

also have o. bearing on the matter have been introduce d .  

The extended calving period means thn t  the e s t imntes inc lude 

records from cows at very different stages of l�ctation. The only 

New Zealand obs e rvat ion on the t ime of peak lactation 1ms made by \•Talker 

alli: Pos ( 1 963 ) who found tha t  Mlgus cows reached thei r peak of 

lactation behreen 8 and 9 weeks f o l lowi ng calving under a grassland 
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grnzing systorJ. Ho st of the cmm 1..rould have been >-ri thin this 

tine 1.;hon thG ec..rlicr >Jstir:w:tes of t�o co�'1fined C01-rs "'.•!ore but the latter 

estinntos would hnve incluuod ::1. number of cmm 1vhich could hcve 

boon p�st  their peak of lc..c t.:_o.tion. This n.�q h:J.ve ce.uscd bic..sed 

rcsul ts since the linon,r ndjus tl-:!i.ent for the ugo of the calf night 

have been insufficient to cope with different s tages of lact�tion. 

� of Crclving 

( n )  Birth Ueight 

Tho effect of the dnto of birth wns culculnted n.s n covnrinte 

in the natheoaticGl nodal , for increnonts of one dny. The 

regression coefficients for birth vJeight arc shovm in Tnble 3 .  1 3 . 

In 1 97 1 when the cows in tho Co!JDorcinl herd v:ore three­

yec.rs-old , and o.bout hnlf vrore calving for the first tino , the 

regression coefficient shmvs a signifi cant ( P  Z.. 0 . 0 1 ) decrease of 

0 . 1 7  kg in birth vreight for every day calving �ms dclo.yed after 

2 1  July. On the o ther hand , in 1 972 when the cows in the 

Coi •:Jcrcinl hGrd were four-years-old the regression coefficient 

shows a significant (P .:::. 0 . 0 1 ) increase of 0 . 1 7 kg in birth vTeight 

for every day calving is  delayed nfter 2 1  July. Both the late 

winter and early s pring were reported by the New Zealand Gazette 

(August 1 971 , Septonber 1 971 , August 1 972 , Septenber 1 971 ) ns nild 

for both years . Interpretation is hanpered by the absence of data 



Table 3 . 1 3  

Herd 

Stud 

Commercial 

Stud 

Commerc ial 

Stud 

Commercial 

Stud 

Commercial 

The regression coefficients for the time of calving 
( days ) on the birth v1eight (kg) . 

Year 

1 970 

1 970 

1 971 

1 97 1  

1 972 

1 972 

1 973 

1 973 

ReRrGssion Coefficient 

** p <. 0 . 01 

0. 0 1 49 

- 0 . 0247 

0 . 1 239 

- 0 . 1 6 53 H· 

- 0 . 0440·** 

0 , 1 697 ** 

0 . 01 44 

- 0 . 0 1 78 

Number of 
(kg/day) ...l:_nimals 

45 

22 

48 

48 

4 7  

50 

3 7 

54 



on the ges tati on length of each c o w ,  and of clina t o logi c a l  data 

within the envi ronr2ont in whi ch the cattle exis t e d .  Nev erthe l e ss 

there rt'Dains cl reuo t e  p o s s ib i l i ty of an ago of dc.n x s eas on int e r-

a c tion operating i n  l i eu of a aorc l ikely oxplenat i on. The S tud 

herd in 1 972 showecl'l. low but s igni f i c ant ( P  <:. 0 . 0 1 ) n<Jgntivc 

regre s s i on c o ef fi c i en t .  The exi s tenc e o f  t h i s  regres si on co ef f i c i ent 

\vhi ch i s  o pp o si te i n  s ign t o  tha t of the c o effic i ent f o r  the 

Cor:n:1e rcio.l herd inprovos tho r. t trac t ivene ss of the hypo thes i s of 

o.n ago o f  dacJ x s eo.son int crnc ti on . 

\h th thG cxc e}Jtion o f  1 972 thc regres s i on c o eff i c i cm ts for 

each ho:rd wi thin each yec.rwe ro o f  s inil::cr crlgni tudc but of o ppos i te 

s ign. The S tud herd sho"tred a po s i tive rc;gros s i on c o eff i c i en t  i ndi c:1ting 

an increas e in the birth 'I'JO igh t of the la t t o r-born c nlvos , vlhi lo the 

Cou .• ""Je rcial herd shovwd a noga tive c o eff i c i 8nt indi cr:ting tha t the 

earl i er c nlvos tended to hnvo the heavi e s t  bi rth weight . Houeve r , 

there is a general lack of s ta t i s t i cal s igni f i cnnc o o f  th ese data. 

(b )  \;!caning ·Height 

The lens t  square regrcs s i or.. c o effi c i ents froo fi t ting the 

covar iat e are shown in Tabl e  3 . 1 4. The c ovario.te was f i t t e d  

after cn.lf weaning "�ore ight h a d  boen lineo.rly ad jus t ed t o  200 days of 

age . 

Al l vnlues i'I"GrG no t signifi cnnt f o r  1 970 and 1 971 , ind i c u ting 

that tho linear udj us toent c onpensatod f o r  t ine of b ir th adequat ely. 



Table  3. 1 4 

lli:L<l Year 

Stud 1 970 

Commercial 1 970 

S tud 1 97 1  

Connercial 1 971 

S tud 1 972 

Commercial 1 972 

The least square regression coefficients for the 
effect of the time of calving on the 200-day 
adjusted lveaning vreigh ts . 

Regression Coefficient 

- 0 . 1 64 1  

0 . 0984 

- 0 . 1 403 

0. 01 52 

0 . 4772 

o . 6 1 1 1  

** p < 0 . 01 

* P <  0 . 05 

::·* 

* 

(kg/day) Number of 

44 

1 9  

44 

42 

43 

44 

Animals 



1 1 2·. 

How-ever, 1 972 shm'led po si tivo significc:.nce (P  < 0 . 0 1  for the 3tud 

v. P < 0 . 05 f0r the Comw rc i o. l  herd )  regre ssion coefficients. This 

l'lOUld i ndi cate thn t the o.nount of tb.; o.djustr::cnt to vro<ening ueight 

was t o o  l m'l  for the younger c ::c lves . The u :pring of 1 972 �vc:s sunny, 

but dry , il"hi ch c ould be i ntc:rpro tcd :1 s providing good grovring 

conditions for the c alves born a nrli t r . Drou�ht b c CD.! eO tSC?ne rnl 

in Doc o�::;bor and c ondi ti ons <wre dry i n  Novc:cb or. ( New Zcal :md 

Gazette,  Augus t 1 972 to Do cocbor 1 972 ) . Hm;eve:r drought -;vould hrtvo 

oc curred nt tho tina the older c nlves 1'i"cre beconing less d ependent 

on thoir dne ' s  nilk. Lc.ck of food ony hnvo hand i co.ppcd their 

growth . 

( c ) �lilk Consuwpti on 

The leas t s quo.re regressi on coefficients nr0 shown in Tnble 3 . 1 5 . 

Ex cept for t�1o enrl i Gr confined os tinntos in 1 970 , va luos nrc low 

and nego.tivo inplying nn incronso of b o hrocm 0 . 02 and 0 . 03 ke; of 

ni lk consunod f o r  every day of rl[SO of the ca lf . 

expe c ted . 

This was as 

Tho ecrly �s tinntes of 1 970 , tnken whi l e  the c ous �'lere still 

confined nre c ontrary to all oxpe c tati ons . Hovwve r when 

thos e  data >voro co llec ted thoro was considerable confusion,  du(; to 

problems nsso c i nted vli th the operati on of the '-roigh-nurse-t'leigh 

technique for the f irs t tine . I t  soons that the older calves 

night have fini shed earli er then urinated or defv..ocatod before 

being weighed . I f  this �wre the case i t  would result in the 

positive regression coefficients . 



Tab le 2· 1 2 

Da te 

1 7  SepteJJlb er 1 970 

1 8  Septemb er 1 970 

20 Oc tober 1 970 

20 O c tober 1 970 

9 Se ptember 1 971 

9 September 1 97 1  

28 Oc tober 1 97 1  

28 O c tober 1 97 1  

The leas t s quar e  regress ion co effi cients f o r  the 
eff ect of the tiao of calving on the milk 
consumpti o n  of the ca lf . 

Herd Regress i o n  Coeffici ent 

Commercial 
S tud 

Commercial 
S tud 

Comme rcial 
S tud 

Comme rc i al 
S tud 

H- p < 0. 01  

* p < 0 . 05  

0 . 3083 .;i-�� 

0. 002 9 -*�*" 

- 0 . 0796 * 

0 . 0397 i,-

- 0. 022 3 

- 0 . 0248 

- 0 . 0354 "?{-�-

- 0 . 031 7 * *  

(kg/day) 
Number of 
An:i_mals 

23 

42 

1 7  

49 

1 8  

52 

28 

29  



1 1 4 . 

The Li vevTGight Change of thu CoHs over \rhntor 

( a )  Trontnent 

The lenst s quc:ru diffe renc es bohw un t rcmtcvnts f or the c m'r 

livoroights folloNine th,_ rec-,ovnl of tho Coru�:o r c i :-�1 Herd c mrs f ron 

the p::cd .1.ro shovm in Tnblu 3 . 1 6 . Tho difforoncvs 1w re s igni fi c an t 

in 1 97 1  nnd 1 973 (P  < 0 . 01 ) in f::wour of the hil l . The ye ':l.r 1 97 1  

wns f nvo urnblo c l innt i cr:ll y ,  pnrti culnrly f o r  the hi ll envi ronnon t 

ns v.r<J.rn teDpornturcs vrould f.'lvour pns turo growth ( To.blo 3 . 26 ) . 

The clirk'1 tic dn to. for 1 973 n t the tiue of 1vri tin.:; nro unavc.iln bl c ,  

however n subi e c tivo assosscent of the clina t G  prevn.iline; n t  th.'l t  

t iD.0 Nould indi c !l  to a nild s pring Hi th go o d  pns tu r e  grovrth . 

In 1 970 vThon the CorJ.Cercir'..l c mvs wero two-yonrs-o ld thoro uo.s 

no signifi can t difference b c h1eon tho c ows kept on the pad , and 

tho s e  kept on the hi l l  over the winter . Tho clioo. t i c  c ondi t i ons 

(Tabl e  3 . 26 )  reveal the peri o d  fror_: Jul y  t o  O c t ober to be 

unfnvouro.ble t o  aninals living on expo s ed hi ll pas tures . Unusually 

high winds prevnil ed and Sn pt onbo r was re po rt ed to be the windi est 

and wet tes t since 1 943 , nec e s si tating t he early reuovnl o f  cows 

fron the pad duo to i ts breaking down . Conditi ons wore too wet 

for pasture growth, and a very cold s outherly change occurred on 

26 Septenbcr. The pad would be be tter shel tered agains t wind , and 

no t subj ec t to f luc tuating feed l evels , but would be oore prone t o 

bocooo excess ively we t .  Thus n o  o n e  onvironnont could be snid to 



1 970 

1 97 1  

1 973 

Table 3. 1 6  

PP 

0 

The leas t s quare differenc e behre8n the liveweights 
of the c mv-s acco rding t o  vfin t er trea tment vrhen they 
tvere removed fron the pad . 

p 

0 

( Commercial Herd only) 

Difference (kg) 

HP 

9 . 05 b 

PII 

5 .  72 b 

H 
4 . 2 1 

H 

3 5 . 01 C 

Numbe r of 
Animals 

22 

** 42 

Super scripted values are significantly different . 

** p <.. 0. 0 1  



bo any nore favourable than another in 1 970 , and lack of any 

dononstrnblE: liv8vTeight difference; between the co-vrs involved in 

each i s  a reflecti on of this s to.tenent . 

(b )  Sex of the Calf 

The least square differences nre sho\m in Table 3 . 1 7 . A 

signifi cant (P < 0 . 0 1 ) difference of 7 . 6  kg in favour of those 

cows suckling fonale calves occurred in 1 97 1  for the Connercial 

herd. Since the fcnnlc calves shovred n. gren. tor t<mdency to 

consuno nilk in 1 97 1  this result is cxplic::tble in these terns . 

( c )  Parity of the Cow 

The l east squnre differences arc shown in Table 3 . 1 8. Those 

cows which had calved at two years of age in 1 970 were significantly 

(P < 0 . 0 1 ) 1 2  kg lighter than those calved at threo-ye�rs-of-age in 

1 97 1  when they cone off the pad. Hovrnver,  the two-year cnlvers 

were shown to have had cnlvos which consunod significnntly ( P  <.. 0 . 0 1 ) 

nore nilk on 28 October, 1 97 1 . 

There is no signifi cant difference between degrees of parity 

for 1 973 .  



1 970 

1 97 1  

1 973 

Table 3. 1 7  The l eas t s quare d i ff erenc ffi for the effe c t  o f  the 
s ex o f  the calf on the li vevre igh t of the dan at 
the end of vlint or . 

( C oNOercial Herd only ) 

Differen c e  (kg) (!'Iale - Female) Nunber of Animals 

+ 1 .  5 22 

- 7 . 6  * 26 

+ 2 .  3 1 42 

* p <. 0 .05  



Tabl e  3. 1 8  The leas t s quare d iff erenc es f o r  the eff e c t  of 
the pari ty of th e c o>v on her l iveweight c. � the 
end o f  the vTinter . 

( C ommercial Herd onl y) 

Difference Number 
Year Pari ty (kg) Animals 

1 97 1  Calving at two years of age i n  1 970 0 26  

Dry a t  hvo years of age in 1 970 1 2 . 1 H· 

1 973 Calved 1 970 ,  1 97 1 ' 1 972 0 42 

Calved 1 970 , Dry 1 97 1 ' Calved 1 972 5 . 43 

Dry 1 970 , Calved 1 97 1 ' Calved 1 972 -4 . 56 

Dry 1 970 , Dry 1 97 1 , Calved 1 972 - 1 0 . 78 

Dry 1 970 , Calve d 1 97 1 , Dry 1 972 -24 . 2 3  

** P <.  0. 01 

·' 

of 



(d ) The Autunn Livei-re ight of the Cm-r 

Thi s  wes expressed in the natheno.ti cnl nodcl ns n c ov:-�rio.te . 

Tho regr e s s i on coeffi c ients �re sho1vn in Tnble 3 . 1 9 . As expec ted 

the o.utunn livewo igh t to.ken o.t the point when tho c ovm wore plnced 

on the p�Hl wns highly signifi co.nt ( P  .c:... 0. 0 1 ) . 

( c )  The Tine of Calving 

This 1-ms expres sed in the nntheno.ticnl oodcl ns 2 s e cond c ovo.rinte . 

'l'he regres s i on coefficients C'.re shown in To. blc 3 .  20 . Result s  [!.re 

only 1.vailnble for t ho Con...nerciC'.l hurd . The decreasing inpor tnnce 

of the regress i on c o effi c i ent as the cows increase in nge co.n be 

s oon . There o.ppenrs to be c onsiderab l e  advo.ntagc in te ros of 

l iveweight recovery, pro bab ly b y  c onpens2.tory growth , ( sinc e  they 

will be s till groi'ling at two and thre o-years-of-nge ) for the 

younger do.os having their c alves Gnrly . This l ends suppor t t o  

the current recoDnenda tions to m� to yenrling heifers two weeks 

b efore tho nnture c ows . 

The Growth of the 1 973/74  Calves 

(a) Wint er Treo.tnent 

Although there was no signifi cant differenc e be �ieen trentoents 

for the calf bi r th weight o. s ignifi can t ( P < 0. 0 1 ) difference of 

o.bout 8 . 0  kg in fo.vour of the hil l  ho.d deve loped b e nre en the live-



Tab l e  3. 1 9  

Year 

1 970 

1 97 1  

1 972 

The lea s t  s quare regression c o efficients for the 
effect of the autumn liv ev10ight of the c ou on her 
liveweight at the end of the winter . 

( C ommercial Herd only) 

Number of 
Regressi on Co efficient (kg/kg) Animals 

o .  9339*'� 2 2  

0. 8503H· 2 6  

0 . 8602** 42 

** p <. 0 . 01 



Table 3. 20 

Year 

1 970 

1 971 

1 973 

The l ea s t  s quare regres sion coefficient:! f or the 
effect of the time o f  calving of the cow on her 
livewe igh t  at the end of the winter. 

( Conmercial Herd o nly) 

Regres s i on Coeff i c i ent 

1 . 4082-l'd{· 

0 . 8761 ** 

0 . 456 3  

** p < 0 . 01 

(kg/day) 
Number of 

Animals 

22 

2 6  

42 
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weight of cnl ves on the pnds and the cnl vcs on the .Ril l vrhen the 

nninnl s were renovcd fron the pnd to the hi l l  �sturcs on 1 2  

Septoub e r ,  1 973 ( Tabl o  3 . 2 1 ) . The re wc.s no signif i c8llt 

differenc e b e h1cen the two hc.lves of the p�d iuplying thnt feeding 

every day ( pnd I ) ,  as against fGeding only every se�ond day ( pad I I )  

produced no effect on the l ivmwight gc.ins o f  their res pe c tive 

calves . A s inilar s i  tua.tion W<:S .:�ppc.rent on 5 October , 1 97 3 . 

On 2 5  O c tober the difference b e tween the tNo pads hnd inc reased 

to becono signi fi cant (P � 0 .0 1 ) in favour o f  pnd I .  This difference 

renained up t o  the las t woighinb on 20 Dccenbcr, al though i t  was 

reduc ed to the f ive per c ent lovel of s i gnifi cance on this dc.to . 

This inplies thn t the calve s fron the c ows fed only every sec ond day 

vlhi lc on pad I grew s l m·wr than thC: calves fron tho c ows thnt 

were fed every dny whi l e  on pad I I . Thi s i s  difficult to unde r-

s tnnd, but if t his dis advantage in grmvth is due to l mvor uilk 

production on the part of the dnns in the earlier peri od fron 1 2  

Se ptenber , 1 973 to 2 5  O c tober, 1 973 th8n pe rho.ps those covTS having 

becono nc cus t oned to having fo od c�s i ly availab l e  to then b e c one 

lazy foragers on the hill , and the nonth 1ms required for thou to 

reacquire the hab i t  of fo raging. Further data on the 1 973 vTinter 

t reatnents are avai labl e fron the S tud hr;rd , and the analys is 

should provide ndditi onnl infornation on thi s point . 

The calves fron the hm pnds s t endi ly gninod in li vewe igh t at 

a faster rate than did tho s e  c nlves fron the hi ll onco they were 

I 



Table �. 2 1  The least square means f o r  the effec t of the treatment 
on calf vieight at birth and three �reekly int erval s ,  
post pad. 

P2.d I Pad II Hill Number of 
Date ilfg)_. (kg) lkcl ]Lr1 i.111als 

Birth •oreight 27 . 60 27 . 88 29 . 23 54 

1 2  S eptember 1 973 49 . 2 1  -�-6 .  07 56 . 83a 45 

5 October 

25 October 

1 5  November 

6 Decembe r  

2 0  December 

�: 

1 973 62 . 02 66 . 80 73 . 88a 49 

1 973 78 . 89a 72 . 04 85 . 50
a Llr9 

1 973 96 . 66a 89 . 63 1 01 . 65a 49 

1 973 1 1  4- .  37a 1 07 . 38 1 1 8 . 38a 49 

1 973 1 37 . 89a 1 )2 . 00
b 1 35 .  70

ab 49 

Superscripted values are signifi cantly different 
from unsuperscripted or differently supersc ripted 
values at the level s  indicat e d .  

Signifi-
cance 

N . S . 

p .::: 0 . 01 

p < 0 . 05 

P <. 0 . 01 

p < o .  01 

p ..( 0 . 01 

p <. 0 . 01 
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reuoved f roo the pad . By 6 Decenbor,  1 973 thoro 1V'C.s no s igni f icant 

differenc e b e tween pc.cl I c.nd the hill for calf livc1-1eight . On 

20 De c ocb or , 1 973 thoro W<'.S no s ignif i c ant diff erenc e b e tvTG en the 

hill cnlves and oi thor pad trec.tnont cnlves f or live-vmigh t . The 

b etter weight gnins ac hieve d by tho s o  c alves previ ously on the pad 

o c curred while thG on j o ri ty of cr�l vos were less th:::n 1 00 days of ago . 

Cons ideri ng the high c orrolntion b e t'IV'e en nilk produc tion of the dao, 

nnd the l ivevroight gnin of the cnlf d eoons tra ted f o r  co.lve s ngod 

l ess than 1 00 d nys ( Chapter T�vo ) those results provide grounds for 

s trong suspi c i o n  tha t the oilk yield o f  those c ovrs wh ich hc.d been 

r oooved f roo the p�ld increa s e d  t o  a level which v.ms above the nilk 

yield of the c ows vrint ered on tho hill . 

(b ) The Sex of the Calf 

The least square differences f o r  the l ivoweigh t  diff erenc es 

b e tween the sexes are shown in Tabl e  3 . 22 .  Ther�) i s  an incrensing 

advantage due to t he nales up to 6 De c onb e r ,  1 973,  c.ll differen c e s  

b eing s ignifi cant (P <.. 0. 01 ) . The environnent 1ms subj e c t ively 

assessed t o  be good f or calf growth, c.nd the increas ing oale 

advantage wns probab ly due to the onvironoent a l l owing the ful l 

expre s s i on o f  the inherent c.::.pnc i ty o f  the oc..l o  to grm-1 fas ter than 

the f eoal o. 

Cas tra ti on took placG on 6 Decenber ,  1 973 , and this was probably 

thG nain reason for thG reducGd s ex differoncG sho1-1n on 20 D e c eob er, 

1 973. 



1 2  

5 

2 5 

1 5  

6 

20 

Table 3, 22 The least square differenc e s  for the effe c t  of 
sex on c2-lf 1-Teight at b i rth and at three we8kly 
intervals post pa � . 

Male Number of 

1@.1£ Advantage (kg) Anima l s  Signific anc e 

Birth t•re ight 1 .  0 5 t1r N . s . 

Sep tember 1 973 5 . 28 4 5 p <::.0 . 01 

October 1 973 9 . 30 49 p ..(_ 0 . 05 

October 1 973 1 1 . 39 49 p < 0 . 01 

Novembe r 1 973 1 2 .  1 4  49 P <.  0 ,  01 

December 1 973 1 8. 58 49 p < 0 . 01 

December 1 973 6 . 24 49 P< 0 , 05 



1 26 .  

Tho Effect of the Tine of Bi rth 

In order to obtain noro infornati on on the int erac tion of the 

age of the cnlf wi th the s eason, the tine of birth of the cnlf was 

included in the nnthcnnti cnl nodel bo th o s  a linear and as a 

quadrati c c ovarint c . The regre s 5 ion c o e fficients nrc shown in 

Tabl e 3 . 23 ,  and the curve s arc plotted in Fig . 3 . 1 . The younges t  

calf was born 4 4  days into the calving s e as on . The re were two 

calves born after 40 days , and s ix born after 30 days , but before 

day 35 o f  the calving s eason. Thi s nakes interpre ta tion of the 

c ovnriate unreal is tic beyond 35 days . Differentiating and s e t ting 

the derivative equal to zero enables the curve mininun to be f ound 

( Table 3 . 24 ) . As expe c ted thi s lies b e twe en 30 and 40 days 

implying tha t the latt er-b orn calve s ne eded the oost adjus t5ent . 

Howeve r ,  the degree o f  adjus tnent dioini shes as the calf age 

d e creases , whi ch is probably due to b e t t e r  growing c ondi ti ons f o r  

the younger c alves as the season progre s s ed . 

The s trength of the quadratic c ovariate increased up to 1 5  

De cember , 1 973 then d e creas ed on 6 De c enber,  1 973 . ExnLt ination 

o f  clinati c data in c onne c ti on wi th thi s phenomenon nay prove 

interes ting when such data becono available . 

The c onplete reversal of the quadra t i c  on 20 Decenber, 1 973 

i s  nore di fficult to unders tand . I t  s hows an advantage to the 

younger calf . The ons e t  of dry c ond i t i ons whi ch nay have 

affected the milk yields of c ows norc advanced in lac tation as 



1 2  

5 

25  

1 5  

6 

Table 3,22 The l inear and quadratic regress ion c oeffic i ent s  
of calf age on we ight a t  b i rth and thre e weekly 
intervals post pad . 

Linear Quadratic 
Regress ion Signi fi- Regression Signifi-

12.9:.E. 
. .  

Co effici ent canoe C o efficient eance 

Birth -;;eight - 0. 0 1 78 N . S . 

S eptember 1 973 0. 053 1  N . s . 
October 1 973 - 1 . 5000 N . S . 0 . 0 1 32 N . s . 
October 1 973 - 1 . 6 1 66 P < 0 . 01 0 . 01 88 0. 1 > P  > 0 . 05 

November 1 973 - 2 . 495 1  p < o . 0 1  o . 037 1 p < 0 .  01  

De cember 1 973 - 2 . 1 268 P <  0 . 01 0 . 0287 p < o . 01 

20 De cember 1 973 1 .  9059 N . S .  - o .  03 1 1  p ,  0 . 0 1 

Number of 
Animals 

54 

45  

49  

49 

49 

49 

49 



Table 3. 24 The m1n1mums of the quadrat i c  regressions of calf 
age on calf weight at three \'l"eekly intervals post 
pad . 

Date Minimum Value (days) 

5 October 1 973  56 . 80 

2 5  October 1 973 42 . 99 

1 5  November 1 973 33 . 6::! 

6 December 1 973 37 . 05 

20 Dec embe r  1 973 30 . 66 
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vTell v..s the grouter shock due to cv..s trati on suffe red by the older calves,  

which woul d have b e en converting froo oilk t o  gras s ,  and trds 

nay also have been a f a c tor, in their l o s s  of superiori ty . 

Hmvever, fur the r and fuller int erpre tr:. ti on ous t wai t  until the 

dn to.. froo the S tud hercl ho..ve been anc.lys e d . Heo..nwhile the 

present .:mnlysi s gives .::mo ther w::.rning on the undes irnbi li ty o f  

co..s trnti on being C·'l.rri ed out n t  ::. tine when cl iontic s tresses o..re 

al s o  likely to o perate . 

The Cc.lving Int erval 

The leas t s quare nenns and differenc es for the c alving 

interval between trentnents are shown in Table 3 . 25 . A full 

analysi s  was no t ct:t rri ed out a.s only the tren tnents were teste d  

for s ignifi canc e to s e e  whether nny trentoent produced a n  increase 

in c alving interval . Full analysis will be the bas i s  for later 

work .  All treatoents were no t signifi can t except f o r  the 

C ocroercial herd in 1 97 1 /72 where PP and HP had a signifi cantly 

l onger calving interval than did tPH (P <. 0. 0.1 ) .  Generally 

however , thero appeared to be no o ther t endency for longer calving 

intervals to be a s s o ciated wi th the pad treatnent. 

Al though there was no signifi cant difference in calving 

interval , the two-year-old in-calf heifers whi ch were wintered 

on the pad in 1 970 had only a 64 . 3% posit ive pregnancy d iagnosis 



Table 3.25  The least square di ffe renc e s  for the effe c t  o f  
treatme nt o n  the calving interv..:.l o f  the c ow·s . 

Least Square Differenc e s/ Numbe r of 
Year Her.£ llieans (days) Ani:rnals S ignifi canc e 

p H 
1 970/7 1  C ommerc ial 0 6 . 97 1 5 N . S . 

1 970/7 1  S tud 0 -3 . S6 34 N . S . 

pp PH HP HR -
1 97 1 /72  C ommerc ial 380 . 6  3L1,6 .  5 �66 . 9 354 . 8 43 p < 0 .. 01 

1 97 1 /72  S tud 368 . 9 367 . 8 387 . 7 372 . 7  29 N . s . 

PI PII  H 
1 972/73 Commercial 350. 1 360. 7 356 . 3  43 N . S . 

1 972/73 S tud 366 .8 369 . 9 368. 5 37 N . S . 



f o ll owing their s e cond nn ting. The conpnrnble fi gure fo r th e 

h eifers wintered on the hi l l  wns 93 . 3�&. Thi s was despite nny 

signi fi c ant differenc es in the livewoight o f  tho s e  heifers on 

r enovnl fron the pad . Full nn�lysis o f  the heifer liveweight 

c hnnges through the year nny c l2.rify thi_s ob s e rvnt ion . 

1 32 .  
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GENERAL DI SCUSSION AND CONCLUSION 

The original t rial wns designed to inves tigo.te the feo.sib ility 

of o. sys t en o f  weaner calf producti on fron beef-bree ding c ows which 

i nvolved reP-�oving the cows fron the hill po.sture in the w·inter and 

naintn.ining then on o. sawdus t  p:.1.d until one or two nonths n.f te r  

calving i n  the spring. The prec eding work , c onsists of the 

analysi s  of the c ow and cnlf liveweight data c o l le cted over the 

three-and-a-half years the sys ten wns operated. Be co.use i t  wo.s 

an inves tigo.ti on of o. sys ten of producti on ,  and no t o. trial s e t  

u p  to test o. s pe cifically fornulated hypo thes i s ,  this work d o e s  

no t prove anything i n  the s cientifi c s ense . I t  doe s  however ,  

provide evidence of the o c currence o f  sone phenomena of practical 

inportanc e in the nanagenent o f  beef-breeding c ows and thei r  calves , 

and es tablishes a nodel fron which future expe rinent s can b e  planned 

t o  further inves tigate these phenonena . 

The results show the inportance of cl inate on the grmvth of 

the cal f. Clina te nay affect the calf directly through the 

vo.riab l e s  tenperaturc , wind , and wain , as 1-1ell as indirec t ly 

through the effe c t  o f  these vari ables on the cow (e s pe cially her 

lac tntional physi o l ogy) , and upon pasture growth. It appears that 

the c limatic eff e c t  depends on the age of the calf. This means 
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th� t i t  is affec ted by such things n s  the s tnge o f  lactation of t he 

d� the degree of dep0ndence by the cnlf on its dan 1 s D.ilk , as 

well as the effect of increasing size of tho calf. 

Clina tic s tress was nos t  likely to occur nt two peri ods wi thin 

each year of the experinent . The firs t 1'12S be t<veen Augus t  and 

Septenber when cold s tres s  vm.s likely Ol'fing t o  s tomy wco.ther 

ncconpe .. ni ed by tenper�tures bel ow the cri ticnl t enporaturo for the 

calf . The sec ond beh'fe en Janunry and February when drought c ondi. tions 

usual ly prevailed ( Table 3 . 26 ) .  The curvi linear regression for 

the effect  of calf age on livevreight ( Table 3 . 23)  favours the 

younger calves,  i . e . , thos e  born lctcr in the s pring when cond i ti ons 

were wo.rner .  Th e  data collected over the s��er drought hcve not 

ye t been analysed . Creek ( 1 964 ) reported younger calves to gain 

significantly ( P <  0 . 0 1 ) noro thnn older calves during a drought 

in Janai ca . The older calves would be no ro dependent on pas ture 

than the younger calves , and would probably find less �ilk avai lable 

to then fro� their dans . 

Consideration of the above two points invi tes suspicion on 

the nc thod of co:::�paring calves by linear adjus tnent of the live­

weight data to a constnnt age , usually 200 days . When the ages o� 

calves are far enough apart for then to have been exposed by different 

climati c c onditions at each s tage of their life then linear adjust-

ment nay no t be valid .  Evid6nc e o f  the error introduced by linear 



Year 1 970/71 

fllonth 

July 1 970 

August 1 970 

S eptember 1 970 

O c tober 1 970 
November 1 970 
Decemb e r  1 97 0  

January 1 97 1  

February 1 97 1  

March 1 97 1  

Year 1 971/72 

July 1 97 1  
August 1 97 1  
S eptember 1 97 1  
October 1 971  
November 1 97 1  
December 1 97 1  
January 1 972 
February 1 972 
March 1 972 

Table 3. 2 6  

Mean Air 
0 

Temp. C 

9 .  1 

9 . 6 

1 1  • 6 

1 3 . 3  
1 4 . 8  
1 6 . 6  

1 8. 6  

1 9 . 4 

1 6 . 7 

8 . 5 
1 o .  5 
1 1 . 0 

1 4 . 7  
1 6 . 9  
1 7 . 4 
1 6 . 7  
1 7 . '5 

C limnto logi cal Data 

To tal 
Rainf a.ll (mm) 

1 1  5 

70 

1 65 

9 1  
5 1  
72 

1 35 

90 

34 

1 0  
1 1 9  

8 1  

6 0  
53  
64 
50 

1 39 

Nevl Zea.land Gazette 
f!J:onthly July 1 970 - March 1 972 . 

Toto..l Sun-
shine (hrs) Comments 

92 An unusually mi ld month 
marked by n high frequ­
ency of wes terly winds . 

1 09 fill unusually high frequ­
ency of northerly t o  
e'lster ly vrinds . 

1 22 :Jindj_<J st nnd vmt t o s t  
Septembe r since 1 943 . 
Reported o.s too 1<1e t f o r  
pasture groHth by the 
end of the month . Cold 
southe rly change on 26 
Sept ember .  

1 1 8 Varied effects 
201- Dry , 1·1arm , and sunny . 
2 1 0  Drought starting to shm<T 

an ef fe c t .  
1 94 Cyclone Ro sie relieved 

drought a little . 
1 78 Exceptionally warm. 

Frequent nor-east vlinds . 
Nearly al l rain fell in 
peri o d  23-2 5 February. 

209 High >'lind frequency 
vve::lthor dry in the early 
pe ri o d . 

1 34 
1 22 
1 1 2  

227 
1 93 
1 90 
1 99 
1 28 

Unusually mild . 
tHndy . A -vmrm month. 

Sunny month 
\r[arm month. Goo d  growth. 
Dry in North I s land . 
Dry and sunny . 
Hettest March for 50 
years in the North 
I sland . Also gene rally 
warm . 

I 



Year 1 972/73 

rllonth 

July 1 972 
August 1 972 
S eptembe r  1 972 

Oct ober 1 972 
November 1 972 

De c ember 1 972 

January 1 973 
February 1 973 

March 1 973 

Table 3. 26 Climatological data ( Cont ' d . ) 

Mean Air 
0 Temp. C 

9 .  1 
8 .  1 

1 1 . 5  

1 3 . 2  
1 6 . 1 

1 5 .  1 

1 8 . 0  
1 8 . 4  

1 4 . 4 

Total Total 
Rainfall (mm) shine 

1 00 1 23 
80 1 56 
55  1 06 

6 5  1 28 
29 1 1 1 

40 1 43 

50  227 
1 6  2 1 7  

59 1 00 

Sun-
(hrsl Comment s 

lllild month. 
Cvld  but su.."lny. 
Uarm month. Strong 
w·esterly vrinds . 
Condit ions dry . 
T!Jindy month. 
�varm , cloudy and rathe r 
dry . 
Cool and windy. Dry 
conditi ons . 
Dry and warm. 
One of the driest months 
on record . Drought 
conditions became gene ral . 
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ndjus b1ent wi thout regard t o  the cliontic condi t i ons operat ing 

i s  provi ded by the highly s ignificant regression c oeffici ents for 

the ago o f  the calf on the 200-day linearly �djusted weaning 

weights f o r  b o th herds in 1 97': /72 ( Tnble 3 . 1 4 ) ,  m1d the s ignifi co.nt 

curvilincnr regressions of the age of the cnlf on unc orre c te d  calf 

l ivewe igh ts in 1 973/74 . Fur thGr mlc, lysis of the 1 973/74 calf 

l iveweight data should provide ooro inforontion o n  this ns pec t . 

Pres ent ne thods o f  s electi on do no t perni t the coopnri s on o f  

aninnls rnised o n  different faros under di fferen t onnageoont 

c ondi ti ons . This vmrk casts s ooo doub t  upon tho conp.'l ri s on o f  

animals o n  the sane fnrn whose differenc es i n  age has cnusod then 

to experi enc e diff erent c J.ion. t i c  conditi ons �·rhcm of tho s ane age . 

The ques t i on is how far apnrt ages nus t be to produce a signifi cant 

effe c t ?  Johns on and Dinkel ( 1 95 1 ) counselled caution i n  applying 

a linear correc tion factor for ago to calves where t he weaning 

weight has been taken nore than 30 days prec eding o r  fol l owing the 

s tandard weaning ago , \vhi l e  Creole ( 1 964) rec onnended thct the time 

b e tween the younges t  and olde s t  c alf should no t be noro than 60 

days if thei r s t andardi sed weights are to be co opared . Minyard 

and Dinkel ( 1 96 5 )  and Swiger et al . ( 1 962 ) found that linear 

c orrec ti on appeared to over-adjus t calf wei ght f o r  extreme age 

groups being t o o  high f o r  the younger calves and too low for the 

older calve s .  Thi s  would als o  s een to b e  the case i n  this s tudy .  

Harwin e t  al . ( 1 966)  s howed a s i gnifi cant year x age o f  calf effe c t  
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wi th Hereford calves , and this  l e d  thmJ to roconnencl the use of  

wi thin-yoar regressi ons on each calf ' s  mm prmveo.nine daily gain 

to adjust for age of calf effects . The n�1utude of this effect  

under <.l c lic:mte such as thG. t o f  Nor Zealnnd whore sec.som.l 

fluctuations occur ,  and aninals ,'lre largely dependent on pns ture , 

rec.nins to be deteminod. However , the graph (Fig. 3 , 1- )  indicates 

a departure fro� linearity of calves born after 30 days of th e 

calvinc period have passed . 

An important point which has arisen fron this >vork concerns 

the performw.'1ce of the younger ( t.hrec- and four-year-old ) dc.ns 

under clinatic stress ,  particularly drouBht condi tions . Chris tian 

et al . ( 1 965 )  found younger daos to be  nore persi stent in their 

lactation than older dnos and this nay be a consideration over 

the drought period which t end s to occur towards the end of 

lactation. Harwin et al . ( 1 966 )  reported a significant inter­

acti on between calf vreaning weight and dan age , l ending to the 

conclusi on that in poor years there was a narked trend for the 

weaning weights of calves from younger covrs to be  oore adversely 

affected than the 1veaning weights of calves from nllture cows . 

Hm.;ever a poor year was undefined,  and nay not have roferreC. to 

drought . The effect of drought on the oilk production of beef 

c ows deserves further inves tigati on. 

The cli��tic influence on beef wennor produc tion is  nore 

important than it is on o ther phases of the production cycle,  
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since the economics of land-use di ctate that breeding-cow he rds should 

be kept in areas of c l ima tic and f eed ext remes . The re are probably 

advance s  to be ma de in thi s  fie ld from a study of the int e rac ti ons 

of climat i c  variable s and calf growth . 

The mo s t  int eresting aspect of this trial conc e rns the grm'lth 

of the calve s and the change s in the milk yield of the dam vrhen 

the animal s  are removed from the :pa d and grazed on the hi l l  in the 

spring. The re sult s reported are no t c onclus ive , but they offer 

evi dence that upon removal from the pad in the spring the milk 

jd eld of the c ow s  �orin tered on the po.d inc reases f rofl a point whe re 

they we re giving l e s s  milk than tho s e  cows wint ered on th e hi l l ,  

t o  a point where they were giving more milk than tho se co�oTS 

wintered on the hil l , as de te rmined by the '"':; .],gh-nurse-�1eigh · 

method .  Further support to the hYpothe sis that the pad wint e ring 

causes a surge in mi lk producti on on a re turn to ful l  feeding i s  

given by the growth figures o f  the 1 973/74 calves from th e 

Commercial herd . The growth rate of the calve s rai sed on the 

pad was much faster on leaving the pad than '-ras the growth rate of 

their c ontemporaries on the hil l ,  indi cat ing an inc rease in the 

milk yield of the i r  dams and/o r  availability of pa s ture to the 

calves . 

Kropp e t  al . ( 1 973 ) compared the sys tems o f  keeping cows on a 

drylo t , o r  on open range . They reported that the lac tation curve s 
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o f  c ows i n  the drylot were more typical of dairy c ows with n much 

more marked paak, than the lactation curves from the range c ows . 

The better the c ows ovor the vrinter ·were fed the more marked 1-ras the 

lactation peak. 

Gifford ( 1 9 53 ) propo s e d  that the physiologi c.?..l processes o f  

milk secretion in boaf c ovrs are limi t ed t o  the capacity o f  the 

calves to consume milk and the rate of consumption during the 

firs t month of lactation automatically sets the patt ern f o r  the 

remainde r  of the lac tation cu:rre . I!lilk secre t i on is probably 

adj usted by hormonal fe ed-back to the pi tui tary . If , however, 

something such as a change in the d i e t ,  or an increase in the 

energy supplied , o c curs , then this might up set the hormonal 

balance of the animal suffici ently for a new e quilibrium of milk 

secre t i on to be established . If this new equi librium point i s  

also determined by the �ppetite o f  the calf i t  vn l l  b e  higher 

than the earlier figure s . However , there are no data to indic ate 

whe ther this might be the case . The absence of milk yie l d  d&ta 

in 1 973/74 and lack of signif icance in many of the obs ervations 

on treatment differenc e s  in the milk yie ld data for 1 970/71 and 1 97 1 /72 

means that further work i s  needed t o  establish this hypothesis . 

Assuming that the milk yield o f  the c ows wintered on the pad 

does surge as has been indi cated, then this opens up a new field 

of i nvestigation of prac t ical importance in beef husbandry . A 

number o f  que stions become apparent : the first c onc erns the 
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optimum wintering condit ions in terms of the degree of we ight loss 

before and after calving as v<ell as the type of fe::;d available . 

Experience in dairy s cience shovm that wint ering treatment i s  

important i n  determining ::mbseq_uent milk production, and Kropp 

et al. ( 1 973 ) showed that the milk yield of tl:TO-year-old 

beef cows vias influenced by the level of supplementary feed,  both 

on the range and in the dryl o t . However, the pre sent q_uestion 

conc erns the degree of nutrit ional stress to be allowed after 

calving. 

The second ques tion concerns the suspected age x treatment 

int erac tion. Normally the older covm Nould be expec ted to settle 

easier than the younger cows under the less comfortable and more 

socially stressful conditions of the pcd, nnd , therefore , perform a 

little b e tter. The better producti on of the four-year-old cov1s 

calls for closer examination, although this produc tion was 

measured over all trentnents . There was no difference in the 

milk yield of the four-year-old cows from the othe r  age classes 

upon removal from the pad in 1 970/71 . But in 1 970/7 1  the 

advantage in calf weaning c-reight to the four-year-old cows was not 

very great . However ,  in 1 97 1 /72 the milk yield of the four-year-old 

cows increased sharply over the oth8r a�e classes  on removal fr0m 

the pad. Correspondingly the weaning weights of the calves from 

these four-year-old cows were much higher than those calves from 

the o ther age classes .  Perhaps the younger dams are more 
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s ensi tive to the s t imulus causing the surge in mi lk produc t i on . 

Unfortunately this effect is confounded for -v. ;;aning 1•Ieight s of 

the calves w ith a po ssible effect o f  drought on the effect of the 

age of the dam as menti oned earl ier.  Neve rthe less , further 

en�uiry might be directed towards a system in whi ch t he younger 

c ows winter and c alve on the pad , >ih ile the older c ows winter 

and calve on the hil l .  

The thi rd question c onc erns the opt imum s tage o f  lactat ion 

a t  which the cows should be returne d to ful l f e ed in o rder to cause 

the surge in mi lk produc t i o n .  One vrould exp e c t  that thi s vTOuld 

be before the peak of lactation, o rdinarily six to eight '"eeks in 

a beef cow. At the moment this is only c onj e c ture with no 

evidenc e t o  support i t .  

These questions, among o thers , vn l l  c ons titute t he next stage 

of en�uiry for the phenomena . The answers to them wi ll no doubt 

invite modi f ic ations to the present sys tem ,  and provide suggesti ons 

f or new approache s .  

Providing that the type o f  feed the c ows have does not aff e c t  

t h i s  surge i n  lactation t hen n pad ne ed not b e  bui l t  i n  o r d e r  t o  

s tress the animals. They may be kept sho rt o n  pas tu re after 

calving. This has wide application in the fie ld of pasture 

management , a very important consi deration on hi l l  c ountry farms , 

and likely t o  bec ome even more important in the future as 
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conservation pressure s  inc re ase . Keeping breeding cov-rs o n  shor t  

rat i o ns for s ome t ime Qfter calving a s  a husbandry t e chnique will 

als o provide a manager vri th much mo re fle xibi li ty for pasture 

nainten8nc e . Suckling (pers . coL� . 1 974 ) rec ommends that for 

the health of the pas ture the mo.na.genent in the spring should. aim 

to spell the pas ture un til it is hro to three-inches high . I t  

should then be gra z ed off,  and this p ro c e s s  repe�t ed peri odica lly . 

If beef c O>iS do not ne ed to be ful ly fed straight af ter cnlving, 

thi s allows mo re freedo2 to o pe rate thi s poli cy . 

Large areas o f  Hew Zealand hi l l  c ounfry are unsuitabl e for 

gra zing cattle over the 1·rint e r  due t o  cl imatic, topographi cal and 

s o i l  limi ta tions . On tho s e  nreaa , to pography o f t en limi ts the 

ext ent to vlhich suppl er.wnt ary f eecl can be carried over a "\ve t  

wint er and s o i l  erosi on i s  a ma j o r  probl em . On the other han d ,  

c onditions at o ther t ime s of the year may mean that abU11dant feed 

i s  avail able . Indeed f arme rs are ofton embarra ssed by being 

tmable to utili s e  all the pasture grown . A s t o c k  poli cy whi ch i s  

uninhibi ted b y  the se fixed fact ors of s o i l . clima t e ,  and topoGraphy 

would enable more capital s t o ck to be carri e d .  This woul d  have a 

dire c t  effect on pro fitab i l i ty through inc reased pro du c tion ,  and 

an indirec t effe c t  due t o  better pastu re cont ro l .  Confinement of 

b e e f-bre0ding c ovrs on a cattle pad during the wint er repre s ents 

one such possible policy. 

Evaluati on of the wintering of beef c ows on a pad as a sys tem 

of produc tion c ompared to the normal po licy o f  wint e ring them on 
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the hill i s  dif ficult because of the climatic fluctutJ.tions which 

have occurred every year tho exp6riment hn s  operated. In fact 

there has been no season ona vmuld call typical of  r·1D.nawatu hill 

country. 

A further implication aris es when attempting to extrapolate 

these results to hill cotmtry gener�lly. Tuapaka carries a 

Drysdnle flock ,  and raises stud Perendale rams . A herd of 

Galloway cows is ctJ.rried .:J.s -v;e ll as the two herds of Angus cows 

under discussion. The running of o ther experiments also competes 

for the available resources . This means that the resources 

available to the cows and calves on Tuaptlka may be less than those  

which would be allocated to such an enterprise on a commercial 

farm. Certainly calf weaning ueights at Tuapaka which averaged 

1 60 kg in 1 970/71 and 1 97 1 /72 for the Elixed-age S tud herd -vrould 

be considered less than average in the Manmvatu . Hovmver, the 

cows wintered fairly wel l ;  those on the hill only lo sing 2% o f  

their autumn liveweight a t  the end of the wintering period . The 

check came during the summer droughts when management of the 

property favoured the stud sheep . 

Brown et al . ( 1 968)  confined 45 cm•rs on a dry lot where they 

remained throughout the year. They did not find any problem in 

this system and the 250-day weaning weights averaged 240 kg .. 

Marion et al . ( 1 97 1 ) reported the lifetime performance of beef cows 

confined to a drylot .  These cows performed a s  well as those on 
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pasture for the f irst s even years , vwo.ning 2 1 6 kg in the drylot 

compared to 2 1 2 kg on pasture . But during the next three yenrs 

the average birthweight on the dryl ot fell to 26 kg compared to 34 . 2 kg 

on pasture . The survival rate of calves on the drylot was als o 

reduc ed . This was attributed to a cumulntive nut ritional 

deficiency since the cows l'lere not fed minerals or vitamin A 

regularly . Th e calf crops improved \·;hen the nr:wunt of digesti 'ule 

pro tein in the diet fed to the confined cows w:::ts increase d .  These 

resu l t s  refer to cows which w·ere confined in the pad cont inuous ly ,  

and were not grazed o n  pas ture a t  all .  

Kropp e t  al . ( 1 973 ) compared the drylot agains t the range for 

the produc tiv i ty of two-year-olds . Cows on the drylot were 

confined continuously, 2�d fed t o  approximate the weight changes 

of the range cows . The 240-dny adjusted weaning weight for 

He reford cows was 229 kg on the range , and 1 88  kg on the drylot ,  

des pite the same daily milk yie ld o f  5 . 2  kg observed under both 

conditions . High roughage c reep-fed was provided for these 

calves which was cal culated to contain suffic ient dige stible 

energy and protein fo r a dequate gains , but intakes of creep-fed calves 

were much lower than anticipated , probably owing to the individual 

s tallfeeding of thG calves . 

Two maj o r  problems >'li th the pad policy have become apparent 

during the four years of ope ration, namely, multiple suckling among 

the calve s .  and pad hygien e .  
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Multiple suckling pres ent s n threat to the younger and vmalcer 

calves .  Th e  apparent robbing o f  colostrum from th e new-born calf 

was assumed to cause the mos t  trouble , and presumably would have 

been one of the main reasons for the high incidence of calf scours 

noted on the pad , over the f i rst three years . This vms prevented 

in 1 973/74 by reooving the CO>v and calf fror:1 tho pad to an ".dj acent 

pasture for the four days immediately after partui tion. . C alf 

bullying and the robbing of milk from the less aggre ssive calves 

were probab ly the oain reasons for the greater variabili ty among 

the \veaning weights of th e c alve s f rom the pad . 

Further improvements du ring 1 973/74 des igned to reduce the 

incidenc e of calf scours included the spraying of the pad with 

formalin prior to moving the cows ont o the pad and more attention 

was paid to the regular scraping off of the pad feeding-apron. 

On the sawdust foundat ion the dung doe s  not break down as readily 

as it does on pasture , thus it gives a favourable environment for 

mic ro-organisms to grow and disease among the calves is  the resul t .  

Acc ess i s  t o o  free from the feeding racks to the sawdust bedding 

area . An improvement might b e  to cons truct a railing behind the 

feeding apron which fo rced the cows to walk through a gate to one 

side of the pad in order to get a feed . Thi s  would encourage them 

to defaecate on the concrete apron. Clo sing of the feeding area 

might also help to reduce the incidence of multiple suckling, 

s ince this was observed to o c cur most frequently when the c ows 
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'tvere fe eding . Hygi ene might al so b e  improved by regular working 

up of the sawdust wi th harrows or a rake in order to break up the 

dung for rapid oxidation, and to expo s e  nevr so.v1du s t . 

The removal of the noN-bo rn co.lf nnd i t s  dam fron the po.d 

for a t  lea st four days i s  s t ro ngly rec onnended . No t only do e s  this 

ensure that the young calf ge t s  ndoqu2.. te c o lo strun , but vi tamin A 

leve l s  in the milk may a l so b e  increa sed . The young calf begins 

l ife in a much healthi e r  envirollflent , and thi s early fami liari ty 

wi th the pas ture encourage s  c reep-feeding . P e rhaps the o pportunity 

thereby provided for the calf to becone ncquaint e d  wi th i t s  mo the r  

may h e l p  t o  prevent lat e r  m i l k  robbing. 

As a system of beef produc tion ( o n  Tuapaka ) , which i nc reas e s 

the numbe r  of c apital s t o ck c arri e d ,  t�e po l i cy of wintering and 

calving on a sawdust pad was suc ce s sful . Provided hygiene i s  

carefully c onsidered thi s wo rk shows tha t there i s  n o  rea son 

why thi s sys tem should not b e  opero.ted as part o f  a profitable 

commerc ial weaner-beef produc tion ent e rpri se . 

Furthe r ,  mo re det ai l e d  investigation of t he o ther phenomena 

observed should provi de valuable info rmation on how mn..'1agement of 

the breeding-cow herd might be impro ved for grea t e r  produc tivi ty 

and henc e mo re profi t t o  b o th the indivi dual farmer, and to the 

country as a who le . 
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APPENDIX I 

Example to sh01v the ari thmntic involved in es timating the 
fixed effec t  mode l . 

The calf weaning weights of the 1 97 1  S tud herd . 

= f -t  + a . + s . + tk + b ( x - x )  + e � . kl l J ' ... J 

'1 63 . 

where a
i 

inc ludes a3 = The three-year-o ld dams 

a
4 The four-year-o ld dams 

a5;7 = The five t o  s even-year-old dans incluD::.vu 

a8; 1 0  = The eight to ten-ye�r-old dans inclusive 

s .  includes S = The nale calves 
J m 

s
f 

= The female calves 

t
k 

includes pp = Pad i n  1 970, Pad in 1 971  

PH. = Pad in 1 970, Hil l  in 1 971 

HP = Hill in 1 970,  Pad in 1 971 

HH .  = Hil l  i n  1 970 , Hil l  in 1 971 

b (x - i) = the regression of c alf age on corrected 200-day 
calf wei ght . 

The normal equations , or the x
1

x matrix .. �as set up as in Fig A . 1 



I '  
a3 

a4 a5/7 
a
8/1 0  s sf 'pp PH pp HH b n 

/-t 44 8 1 0  1 6  1 0  22 22 8 1 2  3 1 6  

a3 8 8 0 0 0 4 4 2 22 1 3 9 . 2728 

a4 1 0  0 1 0  0 0 7 3 2 2 1 5 5 1 . 59 1 0 

a
5/7 1 6  0 0 1 6  0 6 1 0  2 5 3 6 -59 . 4544 

a
8/1 0  1 0  0 0 0 1 0  5 5 2 3 3 2 -1 . 4090 

s 22 4 7 6 5 22 0 3 6 ) 8 6 1 . 5002 
m 

sf 22 4 3 1 0  5 0 22 5 6 3 8 -6 1 . 5002 

pp 8 2 2 1 3 3 5 8 0 0 0 -5 . 7272 
- 1 2  2 2 5 3 6 6 0 1 2  0 0 4 . 9092 
'PH 

HP 8 1 1 3 3 5 3 0 0 8 0 -75 .7272 

'HH 
1 6  3 5 6 2 8 8 0 0 0 1 6  76 . 5456 

b 9 . 2728 5 1 . 59 1 0  -59. 4544 - 1  . -'l-090 6 1 . 5002 -6 1 . 5002 -5 . 7272 4 . 9092 -75 . 7272 76 . 5456 1 3325 .8864 

And the right hand vector is ,�. : 7534 . 4 

a3 : 1 3::>9 . 6  

a4 : 1 850. 5 
a

5/7 : 271 5 . 8  
a
S/1 0  : 1 658 . 5  

s : 3839 . 9  I!l. 
sr : 36 �4 . 5  

·pp . 1 304 . 8  

PH 
. 2085 . 3  

HP . 1 352 . 8  

HR . 2791 . 5  

b : -1 7 1 . 0455 
Figure A .  1 The normal equ�tions 
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pp 
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In order to reduce the s i z e  o f  the x1 x matrix before inversion 

the mean effec t ,  and the age effe c t s  were ab sorbed into the sex , 

t rentment and c ovariance equations . 

0.3 
a4 
1 5/1 
a8/1 0  

e .  g. 

s 
m 

1 0 . 3500 

-1 0.3500 

-1 . 1 500 

0. 2250 

1 . 1 750 

-0. 2500 

43 . 7500 

D •  " d "  
th 

t "  b �Vl 1ng a .  equn lOll y � -l l 

s s
f 

FP l'II 
m 

0. 5 0 . 5 0. 25 0. 25 

0 .7  0 . 3  0. 2 0. 2 

0 . 375 0 , 625 0 . 1 25 0. 3 1 25 

0. 5 0 . 5  0 . 2  0. 3 

HP HH b R . H . V .  

0 . 1 25 0 . 375 1 • 1 591 00 1 63 . 7  

o .  1 o .  5 5 . 1 59 1 0  1 85 . 05 

0 . 1 875 0 . 375 -3 . 7 1 59 1 69 . 7375 

0 .3  0 . 2 -0. 1 4090 1 65 .85 

Sm = 22 - 0 . 5 ( 4 ) + 0. 7 (7 ) + 0 . 375 ( 6 ) + 0. 5 ( 5 ) 

= 1 0. 3500 
etc . 

Thus the �trix i s :  

s
f 

PP PH ' HP HH b R . H . V .  

-1 0 . 3500 -1 . 1 500 0 , 2250 1 .  1 750 -0. 2500 43 . 7500 92 . 0750 

1 0 . 3 500 1 . 1 500 -0. 22 50 -1 . 1 75 0  0. 2500 -43 . 7500 -92 . 0750 

1 . 1 500 6 . 4500 -2 . 1 250 -1 . 4250  -2 . 9000 -1 0 . 6 500 -63 . 8750 

-0. 22 50 -2 . 1 250 8 . 6375 -2 . 2875 -4 . 2250 1 1 . 27 50 41 . 5625 

-1 . 1 750 -1 . 4250 -2 . 2875 6 . 3 1 25 -2 . 6000 -70 . 4750 -2 . 7 1 25 

0 . 2500 -2 . 9000 -4 . 22 50 -2 . 6000 9 . 7250 69 . 8500 25 . 0250 

-43 . 7500 -1 0 . 6 500 1 1 . 2750 -70.4  750 69 .8500 1 2827 .8500 -91 0. 5935 
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To make this matrix of full raclc , in order to obtain a generalised 

inverse a row and column. are set to zero .  The matrix is of rank five , 

but there are seven ro;;.,rs and columns . Therefore , one row �md column 

from each of the two classes is set to z ero . 

Thus S = PP = 0 f 

This gives the reduced matrix . 

s PH HP HH b R . H .V . 
ID 

1 o.  3500 0 . 2250 1 . 1 750 -0 . 2 500 43 . 7500 92 . 0750 

0. 22 50 8 . 6375 -2 . 2875 -4 . 2250 1 1 . 27 50 4 1 . 5625 

1 . 1 750 -2 . 2875 6 . 3 1 25 -2 . 6000 -70. 4750  -2 . 7 1 25 

-0. 2500 -4 . 2750 -2 . 6000 9 . 7250 69 . 8500 2 5 . 0250 

43 . 7500 1 1  • 2750 -70 . 4750 69 . 8500 1 2827. 8500 -9 1 0 . 5935 

This matrix was inverted and the equations solved using the method 

of Gaussian elimination with a package programme on the I . B .H .  1 1 30 

computer� Latter, more ill-conditioned matrices were solved on the 

Burroughs B 6700 computer using a F�RTRAN programme for i teration. 

Solutions to the above equations are : The fixed effect least 

square estimates = B s = 9 . 0406 
ID 

PH = 1 0 . 4008 

ill{ = 9 . 3901 b = -0. 1 403 

Calculate the absorbed age effects :  

Effect of the ith age = --1 -a .  

where 

i goes  from a3 to a8;1 0  

l 
Yi - S . .  B .  lJ J 

HP 3 . 9577 

ai refers to the number of animals in the ith age group. 

j refers to the columns of the X' X matrix, Thus j S to b for m 



Thus 

a3 = i 1 309 . 6 - 4( 9 . 0406 ) 2 ( 1 0 . 4008 ) - 3 . 9577 - 3 ( 9 . 3901 ) 

- 9 . 2728 ( -0. 1 403 ) = 1 52 . 7261 

a4 = To 1 850 . 5 - 7 ( 9 . 0,�-06 ) - 2 ( 1 0 . 4008 ) - 3 . 9577 - 5 ( 9 . 390 1 ) 

-5 1 . 591 0( -0. 1 403 ) = 1 72 . 2744 
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a5;7 
= +6 27 1 5 . 8 - 6 ( 9 . 0406 ) - 5 ( 1 0 . 4008 ) - 3 ( 3 . 9577 ) - 6 ( 9 . 3901 ) 

+ 59 . 4544 ( -0. 1 403 ) = 1 58 . 3 1 23 

a8;1 0  = fo 1 658. 5 - 5 ( 9 . 0406 ) - 3 ( 1 0 . 4008 ) - 3 ( 3 . 9577 ) - 2 ( 9 . 3901 ) 

+ 1 . 4090 ( -0 . 1 403 ) = 1 55 . 1 244 

To calculate the variance due to fitt ing the ful l  model : 

I n  matrix terms this equals BX ' y  

Hhere B' i s  the vec tor of leas t square constants 

X ' y  is the right hand vector for the X ' X matrix 

Thus 

E'X ' y  = R ( 1_,. a t  s b ) = ( 1 52 . 726 1  X 1 309 . 6 ) + ( 1 72 . 2744 X 1 850. 5 ) 

+ ( 1 58 . 3 1 23 X 271 5 . 8 ) + ( 1 55 . 1 244 X 1 658 . 5 ) + ( 9 . 0106 X 3889 . 9 ) 

+ ( 1 0 . 4008 X 2085 . 3 ) + ( 3 . 9577 X 1 352 . 8 ) + ( 9 . 3901 X 279 1 . 5 ) 

+ ( -0. 1 403 X - 1 7 1 . 0455 ) 

= 1 294468. 4957 

Therefore , the unaccounted or error variance is  Y ' Y - B ' l� : y  

where Y ' Y  i s  the raw sum o f  squares of the obs ervations 

BX'y is the reduction in the sum of squRre s due to fi tting the 

model 
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Thus 

Error variance = 1 304090 . 5 - R ( ;A a ,  s ,  t ,  b ) 

= 9622 . 0043 

To estimate the e ffec t of the treatments ,  the treatment rows u.nd 

columns of the X '  X matrix are set eque.l to zero . Then the redllced 

matrix becomes 

s 
m 

b 

s 
m 

1 0 . 3 500 

43 . 7500 

s = 9 . 3307 
m 

b R . H . V .  

43 . 7500 92 . 0750 

1 2827 . 8500 -9 1 0 . 5935 

b = -0 . 1 028 

Solve for age equations again 
1 

= 

1 0  1 850. 5 - 7 ( 9 . 3307) - 5 1 . 59 1 0 (-0. 1 028 ) 

= 1 79 . 0489 

1 
1 6  27 1 5 .8  - 6 ( 9 . 3307 ) + 59 . 4544 ( -0 . 1 028 ) 

= 1 65 . 8565 

= 1 
1 0  1 658. 5 - 5 ( 9 . 3307 ) + 1 . 4090 ( -0 . 1 028 )  

1 6 1 . 1 702 

The reduction in the sum of squares due to fitting all the mo d e l  

except for the treatments is 

R (f a  s b ) = ( 1 309 . 6  X 1 59 . 1 538 ) + ( 1 850 . 5 X 1 79 . 0489 ) 

+ ( 271 5 . 8  X 1 65 . 8586 ) + ( 1 6 1 . 1 702 X 1 658 . 5 )  

+ ( 9 . 3307 X 3889 . 9 )  + ( -0 . 1 028 X -1 7 1 . 0455 ) 

= 1 2938 1 0 . 441 6 



The sum of squares associated 14'ith the t reatments is 

Variation 

Treatment 

E:rror 

a, s ,  t, b) - R ( ;_ . , n, s ,  b )  
I 

s . s .  

658 . 0541 

9622 . 0063 

F = 0. 7978 

N .S . 

= 658 . 0541 

D . J? . N . S . 

3 2 1 9 . 35 1 3  

35 274 . 91 14 
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