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ABSTRACT 

Master of Science 

Alan Kwai Wah Tong 

Animal Science 
(Breeding) 

A field data study of the :'relaFionship8 of nutri tional 

Eraetices ta milk field and composition and the estimation 
1 

of their genetie parameters 

" 

) 

--~-­

\ 

Â total of 17,259 Ayrshire and 139,720 Holstein 

305-day lactation records constituted d~for thls study .• 

The responses of yields of milk, fat and protein to net 

energy intake rrom silage, hay, pasture 4nd eoncentrates ,. 
~ 

were curvilinear and signlficant, but responses of vereentage 

traits were apparently not affected by feeding levels. 

Hlgher silage to hay ra~ios and higher energy concentration 

had positive, while higher,roughage to concentrate ratios 

had negative, significant (P < 0.01-) effects on at'l yield 

" traits and fat percent. Correeting records for feeding 

levels reduced repeatabilities 9f yield traits but had no 

effect on pereentage traits. Genetie variability ~nd 

heri~ability increased with levels of.concentrate feeding 

for fat yield and percentage constituents. Repeatabilit~es 

increased ~ith levels of coneentrate feeding for all trait~. 

Sire x herd interactions were higher in envirollllents wi th " 

bigher levels of nutrition for yield traits. 

\ 
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LIan : Hai Wnh 'T'one 
t 

;Jcience l',.rli: '111e 
C{cp~'ocluction ) 

Une étude l'nsée Sur den dom~~eG du. rn;pport entre des r'léthodcs de 

nutri hon et n nrodncti 01' ct ~o[1nosi tion du llli t 8t ~ 

l'estinl1.tlon de leurs nur2-1\ètres Uü8 
{' 

Dn total de 17,259 pl'oduct"ion d' IlJTshi..re et rie 

139,720 f"IIolstdn 

donnécn,fpour C<:>tt0 

8tm1t depui n 305 jours en ] rtrtation Il consti tut:, d'?8 

'\ 
étude. \ Les résnl t<l,ts de productions dn l[',i t, CTrt'J 

01. prottfine cor~pnréG à 1 El, cOHsonmation 'lette d'énpr,sie provennnt 

d'el1nilaJ" de rom, de pnt1u'n.,:;r> et de concentrés fUrent proportiœillE'] s 
( , .., 

et SiL,l1ifictlfQ~ \ mus les réon] t8ts de caractères en pourcente{,e Ile 
! 

furent pM appar2rJl1ent affectés pnr les niveaux de nutrition. {une plus 
r ~ 

t~e.nde pl.~oportion d 1 en,~ilace (].ue de foin et W-:'E' plus cran.de concentration 

d f énercie furent pos~~ifs, :par éonséquent l..me plus grande proportion de 
;' 

1 

fourraee <lue de con1en trés furen t né['.'a tifs, présen to.n t des effects 
/ 

ei:3hificatifs (P:<?01) sur tous caractères productifs et pourcentace de 

.:;ras. La rectifidation de records pour les niveaux do nutrition réduit 

les répétabili téiS de caractèreG productifs, mais ni affecte pas les 

caractères en pourcenteee. La variation génétique et l'héritabilité ont 

auementé avec des niveaux de nutri hon de concentrés pour la production 
"", 

1 

de cras et poux les éléments en pourcentaee. Les'répêta~és ~n 
\ 

aucmenté avec des niveaux de ntttri tion de concentrés pour tous les 

caractères. 

élevés dans 

..... , ,", 

Le~~FhanGements de composant père x troupeau furent plus 
t? 

les effects du milieu avec de plus hauts niveaux de n~tr~ion 

f 

pour lès caractères productifs. 
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1. INTRODUCTION 

Feed is one of the major dairy inputs accounting 

for 45 to 60% of the cost of milk production. Its cost in 

l 

dairy rations can be minimized either by reducing unit co~ts, 

by increasing forage quality; which May result in hi~her 

production of milk, .reducing pro~n supplementation or by 

\feeding more forage and less concentrate. Input-output studies 

have appeared in li tera turE(:) to examine feed-yie ld re la tionshirs 

based on yearly herd summaries. However, inferences from these 

studies can o~ly be used tD explain how levels of feeding 

affect production on a herd b~sis. On the other hand, nutritional 

studles have contributed much to our understandin~ of feed-yield 
0/ 

response in individual cows. The evaluation of this relationship 

under field conditions and accounting for individu~l cow 

variation undoubtedly has important practical significance. 

The present dairy record inform9tion system is one 

of the Most complete and ady~nced. Making ~e best use of all 

available information -could cDntribute ~ to improve the 
• • J 

. ~fficien~y of dairy prod.u·ction. One category of such important 

information general~y neglected ts feedin~. Studies which 

exam~ne feed-yield relationships by making use of available 

feeding information to ch~cterize the nutrition status of 0 

indi vidual cows tinqer field condi tion are apparently limi ted. 

~ t Conceivably t~ acquire such information is laborous. The 



implica tions of such informa tion to °anima 1 breedine are 'éllso 
J ' 

~acking. For example, the relatjonships between plane of' 

nutrition and the evaluation of sires"and the estimat~on of 
* 

1 
genetiè parameters are of particular interest. 

2 

The objectives of this s~udy were t~ create lactation 

rec~rds containing complete feeding information "and to examine 

the following: .. 

1) The 1inear and quadratic effects of, net en~rgy 

in~ake from silage, hay, pasture and meal on milk 

yield ann composition. 
, 

2) Tlie effects of ratios of silnge:hay, roughage: 
/\ 

concentrate and €nergy concentration on lactation 

traits. 

3) Correction for levels of feedin~ on estimRtes of 

genetic parameters. 

4) Sire x herd interactions and eenetic parameters 

in stratified environments ,. 
to the plane of nutrition. 

, 

, " 

according 

t 
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II. LI TERA TURE REVIEW 
. , 

1. Age of cow 

~The importance of age-yield relationships in dairy 

records hav~ been recognized for years. Yields of milk, fat, 

protein and solids-not-fat (SNF) geDerally increase over the 
, 

first four lactations (Gravir and Hickman 1966, Loganathan 

and Thompson 196$, and Miller 1973), then s10wly dec1ine. There 
.1 ' 

i5 little change in the production after the fifth lactation ., . 
(Blanchard et al. 1966). On the contrary, percentag~ composition -- . . 
slowl~ and consistently declines in lactations of cows calving 

from 2 to 10 years of age. ( Blapchard 'et al; 1966, and Oscula -- ( 

et al. 196$) • -- (_ .. .1 

: 
1 • 

Age at calving affects lactation yields to a consider-
... 

abl~ extent. Lush and Shrode (1950) reported 14 to 16% of the 
.J 

total variance in m~lk yield was due ta effects of ~ge at 

calving. Other estimates were 27% of Robertson ~!l. (1956), 
I~ f , '\ f , 

12 to 25% of Gasula et.!l. (1968), and 22% of Sargent llll. 

(1967) for yields of fat, protein, SNF and total ~olids. It ia , 
\ ' 

traditional to adjust :records to a mature' :1"asis to compare 

genetic merit of cows of different ages. Ta make such an 

adjustment, it'is necessary to know the average rate of increase 
, Q 

expected, 'either by adding the average increase to the yielQs 

of the young cows or by m~1ttp1ying these yie1ds by the average. 
( , 
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4 

proportionate increase. Searle and Henderson (1960) hav~ 
considered three existing methods of age-correcting dairy 

records; {il mu1tip~icativ.e factors, (ii) herd-1eve1 factors, 

and (iii) additive factors. 
,y 

They conc1uded that no difference 
.< 

existed between (i) and (ii), however (i) have been rreferred 

" over (iii) because the former ~as not affected by production 

level of the herd (Miller 1973). Nevertheless, Freeman (1973) 

pointed out that no single satisfactory method to adjust hoth 
l' • 

'~ 

comple~e and incomplete ~ecords for age differences has been 

reso1ved. 

The decline in milk fat pe~cent with age is progressive, 

but appears to be statistically not significant (Gravir and 

. Hickman 1966, Blanchard et al. 1966, Loganathan and Thompson 1968). 

Percent of total variance accounted for age effects ranged from 

o to 4% for five breeds of dairy cattles were reported (Gacula 
( 

II tl· 1968). 

SNF percent dec1ines significantly with age in a 
-

curvi1inear manner (Wilcox et al. 1959), and accounts for -- . 
approximate1y 12 to>14% of the total variations in Ho1steins 

" 

(Gacula ~!l. 1968, and Loganathan and Thompson 1968). 

The decline in SNF content is largely due to a decrease in 

lactose. '!he ,chang~ in total,protein content ia sma1~. 

However, Waite !!!l. (1956) noted a drop~~ the casein 

fraction, but presumab1y a compensatory increase in the non-, 

>, • 

\ 
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casein f~actions. Gacula et al. (196$) reported significant 

age effects on percent protein and accounted for 6.2 ~nd 2.2% 

of tfie' total variance for Ayrshires and Holsteins respectively, 

and Von Krdtii8et al. (1960) noted 3% of the total variance 

in percent protein was due to significant age effects for 

Holsteins. 

As discussed by Legates (1960), the changes in yields 

and composition with successive lactations ref1ect effects due 

to physiological changes in the cow, par~icularly the udder. 
p 

Aging of the udder is a series of comp1icated processes 

associated with the ani~ reduced efficiency to replace 
i 

mammary tissues for,~ilk secretion, as well as damage t~ the 

supporting tissues and the teats through notmal usage. Since 

milk secretion 15 known to- be under hormonal control, thi~ i5 

further complicated by the changes in the amount of relative 
, 

proporti6ns of hormones secretèd for lactation. This creates 

another class of problems with respect to considerlng age-yield 

1 relationships,that i5,co~recting lactation records by age 

differences is biologically rea1 and not just age dependent. 

2. Year t season and month of calving 

Year of calving i5 historically considered to be a 

significant source of variation in dair~records. Yearly trends 

in production observed ln a population ~ay be partly due to 

, 4 

/ 



1 i 

1 

1 

1 

4It genetic improvement and partly due to improved feeding 

practices and management. Statistical procedures have been 

developed to estimate the genetic or environmental changes 
" with respect to time (Henderson et al. 1959, Van Vleck and 

Henderson 1961, and Henderson 1972). 

6 

The influence of season of calving on lactation 

yields is well recognised. Generally, winter or spring calvinge 
J 

are more favorable than other seasons of the year. Annie 

et al. (1959) reported lactation milk yields were highest for -- . 
cows freshened in March and April and lowest in July and 

August for Washington herds, and Gacula et!l. (1968) reported 

similar significant seasonal trends of yields of milk, fat and 

SNF yield for five major breeds of Massachusetts dairy cattles. 

Reports of Bereskin and Freernan (1965), and Parkhie ~ al. 

(1966) showed cows calved in late autumn an~ win ter produced 

more milk and with significantly higher fat content. 

Percentages are u8ually high in winter and low in summer. 

" 

3. Effects of feeding 

Feed is one of the major dairy inputs accounting 

for 45 to 60~ of the cost of milk production. Feed cost in 

the dairy ration can be mihimized either by reducing ùnit costa, 

by increasing forage quality which May result higher production 

of milk or reducing protein supplement, or by feeding more 

c 
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forage and less concentrate. Several reviews have been 
"'->.. 

published concerning various aspects of'widely varying levela 
• 

of forage and concentrate feeding for dairy cows (Huffma~ 1961, 

Kesler and Spahr 1964, Coppock 1969, Hillman 1969, Miller and 

O'Dell 1969, and Broster 1972), and of the interre1atjonships 

;' between feeding and milk composition (Legates 1960, Rook 1961, 

Laben 1963, Van Soest 1963, Huber and Boman 1966, and Storry 

1970) • 
J 

(i) Forage feeding: Miller and O'Dell (1969) pointed 

out that the Key problem of forage feeding is whether the cow 

could obtain sufficient energy intake to meet her requirement. 

Ways in which energy deficiency can be overcome are (1) ~~reaSing 
forage digestibility, (2) increasing efficiency of utilization 

of digested nutrients, (3) increasing forage intake, and (4) 

increasing concentra te supplementation. 
o 

Pasture grazing is a traditional practice .to feed 

fresh forages to dairy cows. Various studies (Castle ~ ~. 

1960, Cast1e ~~. 1964, and McCullough and Shell 1955) h~ve 
, 

indicated either little or no effect on mi1k production when, 

extra cdhcentrates were fed to cows grazing on high quality 

pasture. McCullough and She11 (1955) showed that milk'production 

wae maintained above 40 lb daily with no concentrate supplement, 

provided the digestibility of the forage dry-matter remained 

above 70%. Donker et al. (1968) have shown that most cows --



..................... --------------------~~ 
producing at levels up to 50 lb of milk daily could obtain 

, --............ 

nutritional ~upport for production from excellent pasture 

alone, ,but beyond this level of daily milk production, 

supplementation with concentrates was required. In a I~W 

instances, concentrate supplementation to ~razing cows increased 

milk yields about l lb of milk per l lb of concentrate added 
1 • 

and percent~ges CO~POSi tion were ts1i.e;htly affected. "1 Ha41e~\) 
. , 

and Dougall (1962) noticed that higher milk yield, lowér fat 

percent and slightly higher SNF percent were associated with 

cows which received concentra te supplements rather than cows 

just on pa~ture alone. Hancoc~ (195e) fed cows at three levels 

of nutritioni(l) one cow per acre and 1 lb of concentrate per 
~ 

each 5 lb of milk, (2) one cow per acre with no concentrate, 

and (3) one cow per 6/10 of acre with no concentr~te. The 

r.esults indicated that group (1) cows produced 45% and group 

(2) cows 16% more FCM than group (3) cows, and the rnilk of 

group (1) cows had a slightly higher fat and casein percent 
~ than otHer groups of cows. They concluded that the greater 

yields of group (1) cows over group (2) cows were due mainly 
1 

to their capacity to maintain a similar grass in~ke level 

despite concentrate supplements so that the total net energy 
-1 

intake was at a higher level. The transfer of cows from winter 

feeding to spring grazing 1s usually associated with a rise in . 
SNF content and a slight fall in fat percent (Wal te ll!l. 1959, 

and Rook et al. 1960). This seasonal phenomenon ha s, been -,.--

1 

.r 



attributed to a considerable improvement in the plane of energy 

nutrition as a result of the high quality spring pasture. 

The changes in milk composition are caused by an increase in 

the relative ·proportion of propionate to acetate (Annison ~ ~. 

1959, Rook and Balch 1961, Bath ~ al. 1962, and Van Soest 1963). 

Dry storage ~f roughage is undoubtedly the·most 

permanent form of storage. But, due to the limitations such 

as the amount of labour, mechanical handling and weather, hay 

making 15 less frequently used in intensive dairy operations. 

Greater proportions of silage in dairy rations are expected. 

All silage feeding programs offer a means'of circurnventing 

the problem of hay curing and can adapt~well to automation of ' 

feeding. ,Various aspects of silage feeding have been reviewed 

extensively (Hemken and Vandersall 1967, Coppock 1969, and 

Hillman 1969). Equally high levels of milk were produced from 

cows fed varying rations ranging from all corn sila~e to all 

alfalfa hay when ~y supplemented with grain. Milk 

composition was apparently not affected by the source of 

roughage in the ration {Brown ~~. 1965, Brown et ar., 1966, 
.1 

and Hemken and Vandersall 1967}. However when Waugh et !l. 

(1955) fed cows four leve1s of hay (0.0, 0.25, 0.50 and 1.00 

kg per 100 kg of body weight), plus corn silage free choice, 

and reported slightly higher fat content for cows fed higher 

1evels of hay. Murdock and Rook (1963) compared cows fed hay 

or silage free choice, indicating certain silages could depress 
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, 
• 

10 ' 

SNF content. The basic problem in re~cing hay with silage is 

the increased mois t'Cire content of the silage which could li mi t 

cows' consumption of sufficient dry-matter to ~upp1y their 

energy requirements (Hardison 1959). It is generally felt that 

in feeding practices, the adequacy of energy supp1y should 

recei ve primary oonsidera tion 0 Thus sufficient information 

on the forage and proper concentrate supplementation are 

necessary if maximum production 1'5 to be maintained. 

(ii) Concentra te feeding: Much greater emphasis 

has been placed on maximum concentrate feeding for fattening' 

beef cattle than .for dairy cows. The primary objective of 

concentrate feeding in dairy ration~. is tç supplement energy 

deficiency from forage feeding..... l-lany s~udies have shown tha t 
l, . 

high-concentrate feeding res~ted in increased milk production 
: .... \ 

(Hotchkiss II al. 1960, Brown et tl. 1'962, Honning and Laben 

1966, Opstvedt and Ronning 1967, Fosgate ~ tl. 1968, and Bath 

et tlo 1974), whereas other research indicated no advantage in 

that respect (Putnam and Loos1i 1959. Hooven and Plowman 1963, 

Oison ~~ &. 1966, Davis 1967, and Swanson II &. 1967). 

Changes in fat, prot~in and SNF percent and shifts in volatile 
1 

fatty ~cid ratios May or May not develop, depending on the 

particular concentrate gradients, nature of the forages, and 

methods of feeding (Elliot and Loos11 1959, Huffman 1961, 

Brwon et tl. 1962, Bishop !.!2. tl. 196), Van Soest 196), and 

Ronning and Laben 1966). 

\ 
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Brown ~ aL (1962) showed drastic increases in milk 

production at higher levels of grain f~eding, especial1y at 

the free choiee 1eve1. Ronning and Laben (1966) fed t:ws four 

milled diets having hay-to-conc-J,Jtrate ratios of 90:10, 60:40, 

30:70 and 0:100. They observed milk yield was significantly 

depressed in the 90:10 treatment groups, and over-conditioning 

was noted in the two higher concentra te groups. Most of the 

increased production was account~d for by the greater energy 
, ' 

intake of the diets. If energy ~take is he Id constant, different 

ratios of hay-to-concentrate rations seem to have little effects 
I.~ If. 

on production. For examp1e, Elliot and Loos11 (1959) fed diets 

in which the level of Estimated Net Energy (ENE) intake above 

maintenance was held constant. Production of FCM milk was not 

different on diets containing 40, 60 or eo% of the ENE in the 

form of concentrates. Similarly, feeding grains of relatively 

high fibre content (oats and barley) to increase the plane of 

nutrition of a ration (hay plus grass silage plus concentrate) 

had only small increase in milk yield (Burt 1957, and Huber 

!1 al. 1965). 

There is evidence indicating tha t liberal grain 

fceding is of li ttle advantage. Hooven and Plowman (1963) paired 

two groups of 19 cows fed grain, hay and si lage free choice" 

whereas the control group was fed 110% of Morrison' s Standard. 

No difference in FCM milk was observed other than an increase 

e in cow body weight. Olson.!1!l. (1966) showed that cows fed 



concentra tes free choice produced more mil~ than cows fed 

restricted concentrates, but the difference in mi1k yie1d 

became not significant when converted from actua1 yield to 

12 

FCM milk. ~ther prob1ems associated with high-1eve1 concentrate 
\ 

feeding centre around to maintain normal metabo1ism and 
.. 

hea1th. Excellent. reviews have dealt with-such prob1ems 

(Huffman 1961, Kesler and Spahr 1964, Van S~st 1963, and 

Miller and D'Dell 1969). 

A frequent observation resulting from high-concentrate, 

restricted-roughage diet feeding 15 the depression of the mi1k , 

fat percentage (R07ning and Laben 1966, 01son et al. 1966, 

t Opstvedt and Ron,r((ng 1967, Swanson ~ al. 1967 and Ba th et tl. 

1974). But it i5 not inevitably so, for instance, Brown ~'!l. 

(1962) reported fat percent was not affected when cows were 
, 

fed free choice grain. If forage-to-concentrate ratio was not 

greater ~han 65:35, fat depression wou1d not occur (Ronning 

1960) • Furthermore;- the fibre in sorne forages appears to be . 
a much more effective fibre source than that in others (Van 

Soest 1963). and the effect of fibre on rumen metabolism would 

be large1y eliminated when forages are finely ground and 

pelleted (Rodrigue and Allen 1960, and Moore 1964). There.fore 

diets produc1ng changes in the relative proportions of ruminal 

acetate, propionate and butyrat~ ratios play an important role 

in the energy metabolism of dairy cattle. 

r 
. . 
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Varied ratios of roughage-to-concentrate have varying 

effects on mi1k protein and SNF. Higher planes of energy 

nutrition have been shown to'increase the proportion 'of 

propionate in the rumen which has resu1ted in an increased 

protein content of the mi1k (Rook and Balch 1961, Huber and 

Boman 1966, and Schingo~the et al. 1973). Ronning and Laben 

(1966) fed cows four hay-to-concentrate diets, and reported 

protein and SNF content not to be affected. 01son ~!l. (1966) 

and Swanson !!!l. (1967) reported that while fat depression was 
, 

associated with cows fed libe~al concentrates, SNF content wa~ 

not significant1y affected. However, Opstvedt and Ronning 

(1967) fed cows only concentrates and noticed a high concen­

tration and yie1d of SNF than cows fed only a1falfa hay. 

Lower energy intake was evident with the a1fa1f~ hay ration 

group. In general, reduction of energy intake be10w the 

recommended standard causes a reduction in mi1k SNF content 

(Flux and Patche11 1957). Smal1 increases in SNF have resu1ted 

from increased energy intake we11 above the standard (Burt 1957, 

Ho1mes et al. 1957, Cast1e et ~. 1959, Bishop ~!l. 1963, 

Huber and Boman 1966, and Yousef ~ al. 1970). After Hoogendoorn 

~and Grieve (1970) fed 27 Holstein cows at 90, 100 and 120% of 

the National Research Counc11 requirements for digestible 

energy, they reported the SNF content was signif1cant higher 

(8.e), 9.04 and 9.06% respectively) for cows which received 

higher energy rations. Increases in,SNF percentage at high 

energy intake levels have genera11y o~cut~ed in the protein 

" 
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fraction, main1y the,alpha-casein and beta-lactoglobulin 

fractions (Yousef ~!l. 1970). However, Gardner (1969) , 

compared two 1evels of feeding, the lower leve1 equalled NRC 

(195$) standard, and the higher one was intended to be 

adequate to maintain live weight through the lactation. 

He reported increases in yields of milk and prote in 'without 

significant1y affecting percentages of milk composi,tion. 

4. Breed differences , 

The evidence for genetie variation ~ milk yield 

and composition has been estab1ished (Butcher fi: al. 1967,' 

Butcher and Freeman 196$, Thompson and Loganathan 1968, 

14 

Gacula ~!l. 196e, Batra et!l. 1969, and Wilcox ~~. 1971). 

Armstrong (1958), in a comprehensive review of the literature 

since 1900 from Canada and the United States on brêed differences 

in milk composition, published average values for fat and SNF 

percentages for different breeds. The large'st study was the ,t 

interregional project (Wi1cox!! al. 1971) inv01ving data of 

five breeds from 22 states, including 22,3$2 records on COWB 

in 298 herds. The average milk yield and composition based on 

age adjusted records are presented in the following table. 

Ho1steins ate highest in milk yield and lowest in ail pereentages, 

~ Jersey are lowest in milk yield and ,pigh~st in aU , 

pe~.entages. General1y, breeds .wi th the higher milk fat test 

are a1so higher in SNF and protein test. 
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Table 1 : Average milk yield and composi tion for fi ve breeds 
of dairy cows 

Breed f'.1ilk Fat % SNF % Protein % 

Ayrshire 11,567 ' 3.99 8.52 3.34 
Brown Swiss 12,814 4.16 8.99 3.53 1#' 
Guernsey . 10,601 4.87 9.01 3.62 
Holstein 15,594' 3.70 8.45 3.11 
Jersey 9,798 5.13 9.21 3.80 

5. Herd differenees 

Bailey (1952) and Overman et al. (1953) noted 

signifieant differenees among herds and eone1uded that herd 

variation was influeneed by both genetie and environmental 

factors. The relative proportion of variations expressed as-

per eent of the total variations associated with herd effects 

ranged from 25 to 33% for yields of milk, fat and protein and 

approximat~1y 7 to 16% for constituent percentages (Burdick 

and McGillard 1963, Bereskin and Freeman 1965, ~irehi1d ~~. 

1966, Van Vleek 1966, and Gaeula et al. 1968). The estimates 

of herd effects tend to vary with the type of data and the 
"" 

statistical models used. Geneti~ca~ses'in herd variations are 
< 

sma11. Pirchner and Lush (1?59) and Morillo and Legates (1970) 
"\ ~ 

reported genetie ,differences made up ~pproximate1y 10%~of the 

between-herd variation in milk yield and the remaining 90% was 

caused by differing enviro~ents. Pirchner and Lush (1959) 

also pointed out that uti1ization of A .• I.f sevice wou1d 

'~nventually erase near1y all the bet~-( 

\ 

5 _ 
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, ' , 

herd genetie differences •. Thus, herd components of variance 
, "'\ ..... , . , \ ~ 

reflect largely permanent;, o'r long-term'( d~fferences amo~ 
" 

he~ps. Many input-output type of studies, based on the relstion-
, f . J' 

ships between yearly herd average records and sorne measureable 

management practices, have been made, to character1,ze the 

relative i~portance of these herd differénces. For the purpose 

of this discussion, the iRfl~ences of feeding practices upon 

variations in herd production are primarily consid~red. 

Bay1ey and Heizer (1952') analysed herd data on 967 

cows in 47 Holstein herds in Wisconsin to detertnine the effects 

of nine environmental influe~ces on average herd milk production. 

'They reported t~~te of TON (Total Di~estible Nutrients) fed 

daily and the nut~i~ive ratio of the rations were two pf the 

five significan.t dependent variables affectin~ yrelds" of milk 
< 

and fat. For an increase of l lb of TDN per 1000 lb of body 
r. 

weight, th~re was an average increase of 551 lb of milk and la 

lb of' fat, but a decrease of 0.02% in fat test. 

McKinney et al. (1965) related 13 environmental --
" " 

factors to monthly herd average production in 305 Georgia Dm! , 
herds. They found feeding practices, management of b1"eed171g 

program, per cent A.I., grJifn feeding and type of Dli~king 

machines were statistically significant sources of variation. 

The 13 variables studied accounted for 31% of the total variation 

in monthly mi1k production. 

1 

0 1 

1 
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Stone et al. (1966)reported that changes in grain 
/ 

f~~ding. and changes in per cent days in milk were closely 

related to changes in yearly herd average mil~ production in 

New York DHIA herds. Fro~ a multiple regression analysis using 

6 independent variables, they reported tha~ a l kg. change in 
/ 

grain fe~ding resulted in a change of 0.84 kg ~f milk. ln a 

similar study, Miller et al. (196$) also reported that conGen--- . 
i 

trates fed was the only feed{measure which contributed signifi-

, cantly to yearly produç~ion-averages. 
t' 

" 

, 
Stone et li. (1966) failed t.o find any substantial, 

relationships between changes in milk yield and changes in 
, 

DHIA estimates of hay, silage and pasture consumed. Maller (·1968) 

studied the effects of levels 'of feeding at different levels of 

milk p~duction. He concluded that-grain estimates were the 

most re1iable and usefll~ DHlA feeding estiIriates, wherea~ silage fed 

estimates were re1ative1y more useful than hay and pasture, 
ti" 
estima tes. Th\se results cou1d be caused by large ,'errors in 

. estimating forages. o The reliability of these estimates relies 

heavily on the ability of the farmers or the field superviSors 

to report the quality and quantity of Eorages fed. Corley!!oal. 
i _. 

(1960) attempted to study the reliab~lity of thes~~stimates. 

Tpey found the correlations between the ~roject fieldman and 
- f 

the project personnel we~e in all cases higher than between 
t 

a DHIA supervisor and the project fieldman. 

" 
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Brown and White (1973) studied the possible linear 

and quadratic effects of nine independent variables on yearly 

herd average records consisting of three breeds; of ~lry ~ows 

from cight eastern and sOlltheastern states. Signifiqant ,linear 
J 

and quadratic effects of concentrate feeding were reported for 

Guernseys and Holsteins, but the estimates of these quadratic 

effects were'inconsistent for 'the two breeds. Varying signifi-

, canee of linear and quadratic effe~ts of pasture, hay and silage 
, . 

feed1ng were also reported. 

6. Genetic-environmental interactions , 

Bowman (1970) defined'a genotype x environmental 

interaction AS a change in the relative performance of a 

'character' of two or more genotypes meas~red in two or more 

environment~. McBride (1958) and pickerson (1962) have discussed 

problems of genotype by environmental interactions in animal 

breeding. Its practical implication lies on the proper ranking 

of phenotype of a series of genotypes in different environments. 
" Two methods are generat1y used to determine genotype by .. 

environment interactions, (1) analysis of variancè method, and 

(2) product moment correlation Methode Falconer (1952, 1960) 

has proposed the concept of genetic correlation between two . 
traits be extended to the genetic correlatiori between phenotypes 

of the same genotype expressed in two different environments, 

as the appropria te measure of genetic by environment interaction. 
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4t This method has been used to examine sire by herd interactions 

(Mason and Robertson 1956, Robertson et al. 1960, and 

Van Vleck 1963) and sire by region interacti~ns (Lytton and 

Legates 1966) in dairy records. For the situation involving 

more than two environments, Dickerson (1962) extended. this 

method by ca1culating the intra-class genetic correlation (r) 
• from components of variance for genotype (6'. ) and for genotype 

2 
X environment interaction (~.a) such that 

" .. .. r = 0;. / cr. + ~E. This expression indicates that, the intra-

class corr~lation approaches 1.0 \llhen genetic by environment. 

interactions are absent. 

(i) Sire by production interaction: One of the most 

îrequent ways to examine sire by produ~tion interaction 1s to 
,-

classify herds in accordance to their production leveis. 

Changes in rank order and variance for genotypes in different 

leveis of production wou1d indica'te the presence of interaction. 

Mason and Robertson (1956) reported that the genetic variance of 

yie1d within herds increased as the average yie1d increased and 

correspondingly the heritability from low, medium and h~h-yield 

herds were 0.05, 0.15 and 0.22 for milk yie1d and 0.27, 0.47 

and 0.49 for fat test respectively. Van Vleck (1963) a1so 

reported that higher genetie variability and heritability were 

associated with higher production leve1s for rnilk yie1d and fat 

yield. 

between 

However, no evidence 

le;els of prod;ttion 

of sire by herd interaction within ~r 

has been reported, as they , 
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found the correlations between sires in different environments 

were approximately 1.0. Burnside and Rennie (1961) and LegateS ,: 

(1962) agreed that,although total variability"and genetic 

variability increased with levels of production, the fraction 

of genetic variance remained relatively constant over al1 herd 

levels. Their results failed to establish any significant 

relationship between heritability values and theherd production 

leve1s. 

(ii)Sire bl ration interaction: Sire by ration 

interaction appears to have varying degrees of significance. 

Mao and Burnside (1969) studi~d interactions of sire proofs 

(expressed as BCA) by three levels of grain feeding in summer. 

~ey reported significant interactions which accounted for 17% 

of the ,total variance in sire proofs. Richardson et !le (1971) 

fed cows of 13 sires at two levels of feeding (all forage or 
" .. ""' ... 

forage plus grain). Sire by ration interactions were 'significant 

for milk and FeM but çontributed less than 4% of the total 

variation. Other estimates~~ sire by ration interactions were 

small and considered negligible (Lamb ~!l. 1973, and Rindsig 

and Freeman 1973). 

(iii)Sire by herd interaction: Most estimates of 

sire by herd components of variance have been small or negative 

(Legates ~!l. 1956, Wadell and McGillard 1959, Van Vleck !1 

a~ 1961, and Van Vleck 1966). Pirchner and Lush (1959) 



il 
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~ reported a~out 6% of the total variation within year t~ be 

interaction between sires. and herds. Specht and McGillard 

(1960) attr~uted about 9% of the total variation in milk 

and fat, to interaction. Burdick and McGillard (1963) also 

concluded that no· interactions of practical impo/tance were 

21 

found betwe~n sires and herd environments classified by levels 

of production. However, this evidence does no~ necessaril~ 

preclude the possibility of genetic by environmental interactions 

for production being found when the environmental conditions are 

derined more precise~y than by herds • 

. ~ 



-
22 

III. SOURCE AND PROCESSING OF DATA 

1. Source of data 

Test day data collected by the Macdonald College 

Dairy Herd Ana1ysis Service (DHAS) from May 1966 to April 

1973 inclusive were used to estimate 305-day lactation records , 
used in this study. 

The DHAS program 18 an owner sampler program. Each 

mon th the milk produced by each cow over a 24-hour period was 

weighed and sampled for a mi1k composition test by the farmer. 

A DHAS fiel,d supervisor checked and collected the milk samples 

and sent them to the mi1k testin~ laboratory at Macdonald 

College. From May 1966 to October 196$, milk samples were tested 

for fat and protein content on an Infra-red Milk Analyser. 

After this period, Milko ~ster Automatic equipment was used 

to ana1yze fat content and the integrated unit (Mi1ko Tester 

Automatic & Pro-Milk Automatic) was used to determine fat and 
\ 

.protein content in alternate months. The mi1k composition test 

results were then forwarded to the data processing centre, 

where herd and cow test day information were checked and punchëd 

on ca1rds and verified. The test day data were edited and DHAS 

reports were p~oduced on a IBM 360 Model 22 computer with two 

2311 disk drives, t'Wo 800 BPI (Bytes per inch) tape 

drives, a 2501 card re-ad r and a 1443 printer. 



2. Description of data 
( 

The test day data requ1red to create lactation 

records were on IBM cards and were stored,by mon th of test 

~rom May 1966 to April 1973. Four types of data cards were 

concerned with this study: 

(i)Herd-identification cards: two cards for each 
,.-

herd to identify the farmer's name and address. 

23 

{ii)Cow identification cards: t'Wo cards containing 

herd number, registration date, her identification, sire and 

dam identification, date of birth and her body weight for each 

cow when she came on the testing service. 

li11)Herd test day data cards: one card contain1ng 

the amount, quality, dry-matter content and per cent net energy for 

both succulent feeds and dry feeds for each herd on eyery 

test day. 

(iv)Cow test day data cards: o~,for each cow on 

each test day indicating the current status of the cow (i.e. 

whether she was calved, bred, dry or in milk etc.), the amount 

of Meal fed and milk produced', fa~ and protein content of her 

1l1lk. 

3. Data processing Methode 

Due ta the tremendous volume of 1ata cards, tape 

files were created irom cards ,to facilitate data manipulation. 
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Data cards were sorte~ manually by herd. Then they were read 

by a Cobol program to create tape files with each herd as a 

file and each block contained 20 records with 84 bytes per , 
record. Approximately 3.p m1~lion data ,~ards were processed 

and the information ~as stored on 14 reels of 2400-feet 800 

BPI magnetic tapes. 

Limitations in the computer configuration (32K main 

storage and Basi c Fortran" Compiler) required the following ., 
procedures to process each reel of test day data to calculate 

the lactation records. 

(i}Each reel was merged with the misplaced data 

cards and then were sorted within each file by type of data 

cards (i.e. herd test day data card, or cow test day data card, 

etc.), cow number and test day. The resultant files constituted 

the permanent test day data master files. 

(ii)Each herd was edited for correct cow numbers 

and other va11d fields and was deblocked (i.e. each block 

contained one record, 50 that records could be processed by 

Fortran programs) into 8 reels of 2400-feet magnetic' tapes. 

{iii}Each deblocked data tape was processed 

separately by'Fortran programs to estimate lactation records. 
, 

Combining all lactation records produced by the 14 reels of 
! 

test day data master files constituted the master files of 

lactation records. Subsets of lactation records for Ayrshire 
\ 

and Holstein cowe were obtained from the8e .aster files. 
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4. Defining lactation records 

Gnly complete l~ctation records were estimated,i.e. 

cows having date calved and date dry identified. Lactations 
J 

with cows started 90 days aft~r calving and cows~ried before 

18) days were discarded. For )05-day productions, cows in milk 

for more than )05 days were credited up to the 305th day and 

cows dried before 305 days were credited to the dry date. 

Lactation records with few prote in tests would tend to make 

the lactation protein yield estima tes unre1iable. Therefore 

a restriction was set on the lactation protein yield such that 

only lactations with four or more protein tests were inc1uded, 

otherwise the lactation record was not given a protein yie1d 

value. 

5. Editing test day prote in observations 

To insure that only valid protein tests were used 

to calculate lactation protein yield~ Conditions were imposed . 
50 as to minimize errors contributed by the Pro-Milk Tester. 

Test day protein observations were discarded:- (i) if a protein 

test was less than the corresponding fat test in the same test 

month and was a1so less than 2%, or (li) if a prote ln test 

was greater than the corresponding fat test and was a1so 
p 

greater than 4%. 

1 

1 
J 
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In sorne instances, the test day protein observations 

were misslng. This might have been due to (1) farmers failed 

to sample the cow, or.~J Pro-Milk Tester failed to produce 

bimonthly protein test. Misslng va lues wi thin the f\rst and the 

last test day did not co~rl'bute a serlous proble~, because 

averaging the previous and the succeeding test g~nerally pave 
, 

satlsfactory estlmates for the missing tests. However it 15 

known that protein tests drop ctrastically from,the date of 

calving to the 45th day after calving. Esan (i971) repbrted 

Holstein cows in this population had an average protein test 

of 4% in the 7th day after calving which dropped to 2.9% by 

the 45th day. Purthermore, the Test rnterval Method was used 

to c&lculate lactation yields, and this method i5 known to 

be affected by the time of first test and the time of last 

test. For example, Ev~t and Carter (196S) reported first 

tests on the 4th day of lactation resulted in a -40 kg bias 

of milk while a +140 kg bias of milk occurred when the first 

test day was on the 29th ~ay of lactation. Sorne linear equations 

were developed to predict the first and the last ,missing protein 

tests. 

The procedures used to e5timate the fir5t missing 

protein tests were based on projections from succeeding tests 

and to estimate the last missing ~ were based on projections 

from the previous tests. If the lactation curve for protein 

...,. 

test is divided into two periods, then the curve could be 

approximately represented by two linear equations. Least squares 

{ 
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estimates for the stage of lactation on prote in percent were 
t ~ 

obtained for this population (Esan 1971). The relative change 

in protein percent with respect to days after calving w~s 

estimated from these least squares estimates. A general linear 

equation was set up to predict the missing tests: 

" y - y + bX 

where: 

" y = the first or last missing tests to be 

estimated. 

y - th~ second test when we want to estimate 

the tirst missing value, or the second last 

test when we want t~mate the last test. 

b a slope of protein percedt on days afte~ calving. 

X = the days after calving~ 

\ 

To test the accuracy of the prediction equations 

established, a set of first and second tests and another set of 

last and second to last tests were collected for both Holsteins 

and Ayrshires to test the hypothesis, Ho : El - E2 c 0, where El 

was the average protein tests estimated by the prediction ~. 

equations, and E2 was the average actual protein tests. These 

equations underestimated the tests by an average of approximately~ 

0.14% for both start and end of lactation for both breeds 

{Table 2}~ The paired t-test statistics were all significant 

(P< 0.01). The significant deviations that resulted from 

the prediction equations might have been due to a bias \ 
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Table 2: Paired t-test for the Mean diffe~ces between 

the estimated and the actual testsa ) 

<, 
Test No of paired 

O~ervation El 

Before correcting for bias 

Ayrshire 

First test 

Last test 

Holstein 

18? 

77 

332.88 344.32 

3ln.64 . 397.03 

).79 

5.55 

t 

-3.02** 

-2.77** 

First test 1128 

Last test 528 

306.05 322.21 0 1.47 

352.93 367.98 1.94 

-10.97** 

-7.76** 

After correcting for bias 

Ayrshire 
/ 

First test 151 342.00 337.07 4.52 
1 

1.09 

Last test 64 380.90 380.76 5.46 0.26 

Holstein 

First test 1420 322.18 321.33 1.40 0.61 

Last test 553 368.74 372.09 1.86 -1.80 

a) protein values coded by times 100 

** significant at 0.01 level 

, , 

\ 
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attributable to a nonlinear relationships between protein test 

and the stage of lactation. A correction factor was introduced 
': 

into th~ equatiods, and another set of first and second tests 

and last and second to last tests were collected from a different 

subset of herds to test if y = y bX + 0.14 gave'better 
~' ~,.: 

estimates. In are'cases Ho was accepted (Table 2), indicating 

the equations were adequate to provide estima tes for missing . 
te8ts. The -,prediction equations used to estimate missing tests 

were as follows (protein tests were coded by x 100): 

{i)For Ayrshires 
'" ' y = y - 3.2g927X + 14, 

y = y + 0.34693X + 14, 

{ii)For Holstelns 
".. 

Y - Y - ?92105X + 14, 

for X less than or equal 
" 

to 45 days • 
• for X greater than 45 days. 

\ 

, 
for X less than or equal 

t~ 45 days. ----,.. 
y D Y + 0.29795X + 14, for X greaten than 45 days. 

6. Computing 305-da! feed intake 

305-day feed consumption and~et energy intake from 
!J. i 

silage, hay and Meal and 305-da~ net energy 1ntake from pasture 

were computed. Any succulent feeds with dry-matter content 

less than g9% were classified as silage, and the minimum net 

energy content of Meal was set to equal to 70%. 

/ 

, 1 

0 
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e Test day net enérgy intake from roughages (_i~~_~-

-" 

r silage and hay) was calculated as: am~~~ x-ary-matter 

\ 
/ 

content(%) x % net_~_nePgT-rfJie-~-/lOO lb of feed). The amount 

~~~ds was based on the herd average cow body weight. 

Net energy intake from pasture was given in units of therms of 

ènergy intake\ from pasture per day per herd average cow body 

weight. Therefore a cow's actual feed intake was multiplied by 

her body weight. Thus, feed intakes from roughages and pastu,re , 
,/"_./ 

were subjected to errors if changes,~n cow body weight were 
.,.. . ~ , 

not reported. Test day net energy intake from meal was 'equal 

1 to the amount fed(lb) x % net energy. The test interval intakes 

were computed'as: 1/2(first test day intake + second test day \ 

intake) x ,test interval. The 305-day arnount fed and energy 
;1.1'" 4,'''' 

i.~ntake wOlll,d be the summation over a 105 days period. 
~ 

7. Computing 
• 

30;-day productions 

Lactation yields were estimated by ~est Interval 

Method. Previous studies (Dickinson and McDaniel 1970, Everett 

et al. 1968, and Sargent et ~. 1968).have indicated the 

effectiveness of this Methode For a particular test interva1, 

mi1k yield was estimated as: 1(2(first test day milk yield + 
. . 

second test day milk yield) x test interva1. , The first test day 

observations were used to est'imate the yields in the period from 
ç 

-the day of ca1ving to tqe first test day. If a cow was in milk 
t ~-

for.more than 305 d~ys, the last test day observations prior ta 



, 

, , 

1 

31 

4It the 305th day were used to terminate the records, and if a cow 
, ~ 

wa& in milk for l~ss than 305-days but-greater than 183\~ys, 

the last test day observations were uséd to rroject the records 

to the dry'date. Fat and protein yields were computed similarly 

by averaging the per cent composition of tWQ têsts and multiplying 

by the average milk yield in that test interval. The percentages 

of fat and protein in the subsequent analyses were obtained by 

diviaing the lactation composition yields by the milk yield. 

8. Description of lactation records 
" 

, \ 

Lacta~W-f~cords were stoTed in tape files. Each 
, ~. 

record contained the rollowing information: herd number, cow 

number, body weight{lb), date of birth, calved ~nd dry, lactation 

humber, sire and dam identification~ 305-day milk, fat and .. 
prote in yield{lb), 305-dayamount fed(lb) from silage, har apd 

meal, and 305-day net energy intake(therm) from silage, hay, 

pasture and meal. 

9. Classifiéation of data 

_ ..... 
.. 

. -
Ali lactation records created for Ayrshires and 

Holstein- cow~ were used for. milk yield, fat yield and percent 
, " 

fat an~lyses. These records are referred to as Ali Records. 

A subset of the records with lactation protein yield values, , 
which are referred to as the Prote in Subset, was used for 

} 

, 
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protein yield and per cent protein analys~s. 

Holstein cow records with their sires identified 

constituted lactation records for the estimation of genetic 

parameters. Similarly, with~n this sire ident1f1ed Holstein 

cow subsèt, All Records and the Protein Subset were eollected .. 
for the appropria te lactation trait analyses. Genetie and 

phenotypic correlations between prote1n or percent protein and , , 

the rest of the lactation tra'1 ts wer6 bae~d on, the Protè1n 

Subset records. 

, 
, " Lactation 

.( 5 classes), year of {7 

(3 cl~sses) as followa. 

(~)Age of cow 

Olass 

l 

2 

3 

4 --
5 

~.t 

, 
/ 

, . 

classif1ed by age of cow 

classes} and season of calving 

! 
f 

Age of COlf (years old) 
f 

less or 

)-4 

4-5 

5-6 

greater 

equal 

than 

'"1..... 
'{ 1 

J 

to ) 

6 

, , .' , 
-, 
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(ii)Year of calving 

Class Year of calving 

'Ill 1966 

2 1967 

3 1968 .' '. \ 

4 1969 

5 1970 

6 1971 
, 7 1972 

Preliminary examination of the data indicated that 

the Protein Subset only had a few observations in the 7th year 

of calving class, becàuse the integrated fat and prote in test 

unit was out of service for a considerable period of time during 

that year. This resulted in the majority of the records having 

three or fewer protein tests ~nd ~hose records were not given 
/ 

lactation protein yield values. Therefore, the 7th class of 

the Protein Subaet was eliminated and the effects of year of 

calving were reduced to 6 classes. 

(iii)Season of calving 

Clase 

l 

2 

1 

Season of calving 

Nov-Feb 

Mar-Jun 

Jul-Oct 

\. 

.. 
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In a sub~equent analysis to ~tudy the interaction 

of sire by herd environment, records were classif1ed into three 

levels of net energy intake from Meal as follows. 1 

_. Leve l of net energy 

intake from meal 

~ 

Meal l (Low) 

Meal 2 (Medium)' 

~ Meal:3 (High) 

, 

l 

1 

Lactation net energy 

intake(therm) from Meal 

less or equal to 2200 

greater than 2200, less 

or equal ta 2900 

greater than 2900 

. " 

J 

() 

= 
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IV. METHOD OF ANALYSIS 

As indicated in the previous section (Source and 

Processing of Data), in addition to the usual cow production 

information, the lactation records created also cont~ined 

lactation feed intake from various feeds. This additional 

35 

information makes the study of the effects of nutrition on 

field data and its relationship to animal breeding possible in 

da1ry èattle. Five different models were used in the present 

~:' '-study. Their brief considerations, descriptions, their underlying 

assumpt~ons and computations are presented in the following 

sections. 

1. Model l 

Henderson's Method II (Hen~erson 1953) was used to -
. 

simultaneously estimate the fixed effects of levals of net 

energy intake trom silage, hay, pasture 1 and meal, and herd, . 
cow within herd and error components of variance. Fortran 

programs based on the procedures described by Harvey (1960), 

•• re available to carry out the analyses on a IBM )60 Model 

22 compute~. The following model wes assumed to describe the 

lactation records. 
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8 
Yijklmn DI u -t:" Hi + Cij + Ak + Ri + Sm + tBf Xfijklwm + Eijklmn 

of=\ 
for i D l,2, •••••• p 

t 
.. ·j .... 1,2, ....... q 

k .. 1,2, •••••• r 

1 - 1,2, •••••• s 

m" 1,2, •••••• t 

n ... O,1,2, •••••• Nijklrn 

where 
\ 

Yijklmn - n-th lactation record of j-th cow in i-th herd 

for k-th age of' cow, l-th year and rn-th season 
l' of calving. 

u ... the population Mean. 

Hi .. the effeèts common to i-th herd. 

Cij .. the efff6ts common to j-th cow in i-th herd. 

Ak .... the effects common to k-th age of cow. 

_: Rl - the effects common to l-th year o~ calving. 

Sm - the.effects common to m-th season of calving. 

Xfijklmn .. linear and quadratic net energy intake from 

,silage, hay, pasture and Meal respectively, 

and f .. 1,2, •••••• 8. 

Bf - linear and quadratic partial regression 

coe~ficients of Yijktmn on Ifijklmn 

for f - 1,2, •••••• 8. 

Eijklmn .. random error • 

.. 
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lt was assumed that the random effects of herd, cow 

within herd and the error term were identically and independently 
• t S 

distributed with Mean zero and variance "H' ~ and ~respectively. 

For hypothesis testing purposes, the random errors were assumed 
.'"' 

ta be normally distributed. Interactions were assumed to be 

absent. Age of cow, year and season of calving effects and the 

covaria tes were considered to be fixed--; Sire and dam effects 

were not included in the above model because there were only a 

limited number of records for which the sire and dam could be 

identified. This could 1nflate the herd component estima tes. 

The failure to considet the joint effects of year and sesson of 

calving could a1so produce sornè bias in the estima tes. 

1 
The analyses can be described in two steps/: Stet1, l -

". 

computing least squares estimates; and Step 2 - Estimating the 

variance components. For convenience to deve10p the theoriee 

involved, the above model 18 genera~i.z ed in terme of matrix 

notation an~the notations used are 1argely after Searle (1968) 

and Henderson (197l). The model can be .rewritten as: 

\ 
y - Xb + Zu + e 

where y CIl a vector of observation of order n x 1. 

X - a fixed and known matrix of order n x p. 

Z - a fixed and known matrix of order n x q. 

b - a vector of unknown fixed effects of order p 

u - a vector of random variables of' order q x 1. 

x 1. 



e B a vector of random errors of order n x l, 

and 1s distributed with zero vector mean 
• and variance-covariance ~ l, and Cov( ue 1 )-0. 

',1 

The vector b can be partitioned into p subvectors 

corresponding to the effects of age of cow" year and season of 

calv~ng and the regression effeèts. Least squares procedures 

can be used to estimate the vector b in Step l temporarilY 

regarding u as fixed. Similarly vector u can be partitioned into 

q subvectors corresponding to the herd erfects and cow within 

herd effects. The vector of random effects, u, i8 distributed 

with Mean null vector of order q x l and variance-covariance 

matrix D, where = {I trH2. 0] 
Da· o l 6'e 

Estimation of herd and cow 

within herd variance components ls carried out in Step 2. 

Step l - Cornputing least squares estimates: Least 

squares procedures involves minimizing the sums of squares 

of deviations of observed y's from fheir expected values, i.e. 

minimizing e'e. The normal equations after differentiating with 
,. A 

respect to band u are: 

[XIX 
Z'1 

IIZJ[ ~H IIY] 
Z'Z u Z'y 

Due to the large matrix size of random effects (Z), 1'Z, Z'I 
• 

and Z'Z must be absorbed into X'X. After multiplying and 
, 
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expanding the above normal equations, then the following 

equations are obtained, 

" A X'Xb + X'Zu = X'y (1) 

1\ '" Z 'Xb + Z' Z u = Z' y ( 2 ) 

~ A -1 -1 A 

Solving for u frorn (2), u = (Z'Z) Z'y - (Z'Z) Z'yb, and 

substituting ti in (l) produces the least squares estimates of 

the fixed effects, i.e. ~ = (X'X - X'Z(Z'Z)-lz'xfl(x'y - X'Z(Z'Zrlz'y~ 

Since Z'Z is a diagonal matrix, even if its order is large, 

it can be calculated in stages with each random equation. This 

is generally referred ~o as the absorption ~rocess. A solution 

'" 
,... 

to b is on the cbnstraint that bp = 0 and amended to 

satisfy 0, 50 the solutions are directly expressed as 

deviations from a mean of zero. 

,.. /10 
The residual SUffi of squares is SSE = y'y - b'X'y - u'Z 'y 

with an unbiased estimate of the error variance being 
"a, 
(te = SSE/N - r, where r is the rank of matrix XZ. The surns 

squares due to fitting the i-th fixed effect are computed 
A. -1" ,.. 

directly as, SSi = b.Gi b., where b. is the vector of least 
111 

squares estirnates of SSi effect, and Gi is the segment of ,. 
inverse matrix corresponding ta bi (Harvey 1960). Normality 

is assurned ta test hypothesis Ho 

of 

(i.e. to test the equality of b's), for aIl i, and s is the 

last level in i-th fixed effect; Then the F-test statistics is 
AI. 

-given by: F (Ho) = SSi/ (s - 1) CTe ' and F (Ho) has a F-distribution 

with (s - 1) and (N - r) degrees of freedom. 
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Step 2 Estimating variance components: The model 

used in this analysis contains both random and fixed effects, 

frequently referred to as a mixed model. Generally in a rnixed 

model, expected values of the random effect8 contain functiQDs 

of the fixed effects that can not be eliminated by, considering 

linear combinations of the random effects. However, the bias 

in estimating variance components due to the presence of fixed 

effects -in the mixed model is eliminated by using Henderson's 

Method II (Henderson 1953). T~is method invo1ves estimating the , 

fixed effects by 1east squares /procedures, correct~ng the data 

in accordance with these estima tes, equating the corrected surns 

of squares to their corresponding expectations and solving for 

the variance components. A genera1ized Method II was considered 

by Searle (1968), and he showed that Hender:=lon's lvlethod II was 

a special case of his genera1ized Method ~I which could be 

applied, pr)vided that certain conditions were met to obtain the 

genoralized inverse used to estimate the fixed<effects and that 

no interactions existed between the fixed and random effects 

in the model. 

From the normal equations decribed in the previous 

section, a solution to the normal equatlons Is given by: 

[~]_[I'l 
u Z'I 

x'~n l'Y] 
Z'Z Z'y 

-

" 



where [XrX 
Z 'X 

.,.. 

X' Z P Q - ( ] 
Zlzl - Q' S 

i5 the generalized inverse. 

..... 
Then b :;: PX'y + QZ'y • If we let L = PX' + QZ', then b =Ly. 

..... 
If b is used to correct the observed y vector for the fixed 

effects, t~n the corrected y observations, designated as w, 
.,.. ~ 

- can be expressed as: w" y lb. S~bstituting Ly for h and 

Xb + Zu + e for y, the model for w becomes: 
/ 

W a (1 - XLX}b + (Z - XLZ)u + (1 - XL)e. Henderson (197l) 
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has shown that w reduces ta, w -oc l + Zu + Te, where ~ is<> 

a scalar and T - (1 - XL) if the following conditions are met, 

(i) (X - XLX) has all rows the same, and (ii) XLZ = O. 

Therefore, appropria te procedures (Searle 1968) ta obtain a 

full rank subset of normal equations are necessary to satisfy 

the above conditions. The reduced model for w becomes a 

simple random model (rv:odel II o'f Eisenhart J 1947), but the 

constantQc contains a linear function of the fixed effects and 

the variance-covariance matrix of e becomes a complicated set 

of linear functions of TT' fSét.. In terms of the mathematical 

model in this analysis, the reduced model would become a Simple 

two-way nested random model, Yijk* - u* + Hi + Cij + Eijk#. 

The corrected lactation records Yijk* are obtained by: 

Yijk* - Yijklmn - Ak - îh - Sm + t BfCSf - If1jklmn), where: ". \ -
,.. - -Ak, Rl, Sm are the least squares estimates for k-th age of-cow, 

.... -
I-th year and rn-th season of calving. Bf and Bf Rre the linear 

and quadrat1c partial regressions',and means respectively. 

Xfijklmn is the linear and quadratie net energy intake trom 

\ 
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silage, hay, pasture and meal respective1y and Yijk1mn is 

an observed record before correcting for the f1xed effects. 

The surn of squares of r-th random effect can be 
-1 

expressed as w'Zr(Zr'Zr) Zr'w, an~ its expectation 1s 
-1 , -1 

lJ. E(w'Zr(Zr'Zr} Zr'w) =0( l'Zr{Zr'Zr) Zr'l + 

42 

, ~ -1 2 -1 
.~ c1'\.tr(Zr(Zr{lr'Zr) Zr'ZiZi') +CS'.tr((l-XL)'Zr(Zr'Zr) Zr'(I-XL)}. ,a, 
This is identica1 to the expectation arrived at for the completely 

random model using Henderson's Method l except for the 

coefficient of cr,". The coefficient of < reduces to 
1. -1 

tS','r(Zr) + d'etr{X'Zr(Zr'Zr) Zr'XP), where r(Zr) is the rank 

of Zr, and P is defined earlier and it is the portion of the 

genera1ized inverse corresponding to the fixed effects (Henderson 
II 

1971). Therefore, the coefficient of ". is augmented by 
-1 

tr(X'Zr(Zr':lr) Zr'XP), which ~s the only difference compared 
-1 

to Method l. The expression (X'Zr(Zr'lr) Zr'X)is the quantity 

obtained when r-th random effects are absorbed into X'X and 

it can be calcu1ated by subtracting the matrix after r-th 

random effects are absorbed from the original X'X matrix. In 
, 

order to be conformable with P, it i5 necessary to impose the 
-1 

same constraints on (X'Zr(Zr'Zr). Zr'I} as were imposed on P. 

In this analysis, three augmented portions by three separate 

passes to absorb the Mean, herd'and cow within herd equations 

respectively are required. 
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2. a , 
The best unbiased estimate of cre as gl.ven by 

",,1. 
Henderson (1953) is, cre = (y'y-R(b)-R(u»/N-r(XZ), where 

R(~) and R(u) are the reduction surns of squares due ta 

fitting aIl fixed and random effects respectively and 

r(XZ) is the rank of the full model. The variance 

components for herd and cow within herd effects ca~ be 

s~lved by equating their corrected sums of squares to their 

expec~a~ions. The following expressions are used for the 

actual ca1cu1ation. 

KI K2 K3 
.... 7-

K = K4 K5 o , and cr- = 

l o o 

"1 ct, 
1\2. 

<fc. , then 
~1. 

O"'w 

,,1. 
0"'= -1 

K -, 

Th - Tu 

Tè - Th 
,,1, 

(je; 

-1 
where KI = H + tr(X'Zh(Zh'Zh)-lZh'XP) 

~Nij2 ~Nij2 
- 1 - tr (X ' 1 ( 1 ' 1 ) 1 'XP ) 

K2 = r "j ..:.. Ioj:.....-_ 

L Ni. N 
." t Ni. 2 

K3 = N 
N 

-1 -1 
K4 = C + tr(X'Zc(Zc'Zc) Zc'XP} - H - tr(X'Zh(Zh'Zh) Zh'XP} 

~Nij2 
K5 = N - L l . 

é. Nl.. 

and N = total number of records. 
.' H = number of herds. 

c = number of cow within herd. 

tu = Correction for the mean. 

Th = Herd sum of squares 

Tc = Cow within he rd sum' of squares 0 
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The total variance 15 estima·ted as: 
............. t. .... ..... _ 

d"p = ~H + ~ + ~ , where, 6"H ls the estimated herd variance 
~ t 

çomponent, ~ 'is the estimated cow within herd variance co.polleAt 

and fret is the estima ted error (wi thin cow) variance component. 

Intra-herd repeatability (on a between and within cow bas~s) 

is estima ted as 

2. Kade l II 
.., ~ .. 

'." 
"­

'~. 

. , , 

-.... 
~~·n 

This was a reduced Model l, with identlcal terme 

to Model l except the covariates of feed intake were not 

considered. It ls given as follows with all definitions and 

assumptions similar to those in Model 1: 

Y~jklmn - u + Hi + Ak + Rl + Sm + Eijklmn. 
, 

The pr1mary funct10n of this model was to evaluate the relative 
! 

changes in herd ànd cow variance components,for milk yield and 
, , 

~omposition contributed by accounting for feeding practipes. 

This was obtained by the differences between the variance 

components estimated from Model l ,~nd Model II. 
o 

3. Model III 

This model was ueed to estimate the effects of 

feed ratios of silage:hay, roughage:concentrate and energy 

concentration of all feed on milk yield and composition. 
o , . 

Ali difinitions and assumptions were the same as in Model l 

except for the covariates: 

. " 

, 
d 

\ 
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1 
Yijklmn - u + Hi + Cij + Ak + Ri + Sm + ~bf Xfijklmn + Eijklmn 

i=1 / 
where X1ijklmn - the rati,o ,of net energy intake from silage 

~ 

to net en~rgy intake from hay. 

X2ijklmn - the ratio of net energy intake from silage, 

hay and pasture to that of net energy intake 

from meal.-

X
3

ijklmn - the ratio of total net energy intake to the 

total amount fed from silage, hay and Meal • . 
Bl ,B

2
,B

3 
- partial regression coefficients of Yijklmn 

on Xfijkilln, fol' f - 1,2,3 respectively. ..----

4. Model IV , 

Eisenhartts Model II (Eisenhart 1947) was assumed 

to ~escribe both~ets of records correctedOby the least squares 

estima tes from Model land Model II to estimate variance and 

covariance components for estimation of genetic parameters. 
F" 

i 
This model is as follows. 

Yijkl - u + Si + Hj + (SH)ij + Cijk + Eijkl 

for i -1,2, •••••• s .J 1 

j - 1,2, •••••• h, and total , nUilber of ij subclasses 18 

k ::1 1,2, •••••• è -, 

l - 1,2, •••••• Nijk 

" /' 
where 

\ . 
Yijkl - l-th lactation record of k-th cow in ij-th ,sire-

he rd subclass. / 

19l 
.J 

t. 
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Si ... the effects common to i-th sire. 

Hj = the effects common to j-th herd. 

(SH)ij ... the interaction effects common to the i-th sire 

and j-th herd. 

Cijk - the effects ~mmon to the k-th cow in ij-th " 

sire-herd SUD lasse 

Eijkl .. within cow random error. 

-'Sires, herds, sire x herds, cows and errors were 

assumed to constitute independently and identica11y distributed 
,1 LI. random variables with mean zero and respective variances ~s ' QH 

1 1 1 1 

cS":H ,6c and 61 • A dam component was not included in the mode1 

due to limitations of the data that there were few records 

for which the dam could be identified. Consequently the 

~re'and herd variance components in the above model could be . 
inflabéd. ,. 

If inbreeding coeffic~nts are assumed to be zero 

) 

(i.e. random mat~ng.population), then the genetic and environmental 

interpretations of the components underlying the above model 
, 

can be considered. -..The sire component of variance, d s , is due 
. 

to sire groups being di€fer~nt. These groups consist of paternal 
\ 

'half sibs, so that 4: is the covarianc~ of half sibs. lt estimates 

1/4 of the additive genetic variance, .. The cow component of 
• J 

variance, k: and h~rd variance component·~ 6! are due to differences 

betweerï;animals and between herds. 'Ihey contain both genetie , 

, 
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~ and permanent environmental portions. The within cow variance 

e ~ 

t component, ~6 , measures the variance of repeated records within 

a cow, therefore it contains the temporary environmental portion • 

. / 
Since it is a cOl!1ple,tely random model, Henderson's' 

Method 1 (Henderson~1953) was used to estimate the variance and 
1 

covariance components. This method involves collecting the sums 
"-

of squares or cross-products and equating these to their 

expectations and solving for th,e variance and covariance components. 

The rollowing expressions were used to obtain solutions. 

N-K6 Kl-K7 Ki-Ka K2-K9 s-l 

K3-K6 N-K7 K3-Ka K4-K9 h-l 

Let K - K6-K3 K7-Kl N+Kg· K5+K9- t-s­
Kl-K) K2-K4 h+1 

o 
o 

fi Nijk2 

K4=f ; 
N.f· 

1 

2 
~K7:a 

~ N.j. , 
N 

o 
o 

o 
o 

N-K5 

o 
e-t 

·N-c 

hNi jk
2 ! Nij.2 K2-f ~ , K3-l:-

Ni. • j N. j. 

t Nijk2 ~ Ni •• 2 

K5s:a ~ , , K6=r 
IJ Ni j el N 

Kg· 
~ Nij.2 

K9-= 
~Nijk2 

N N 
• 
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A. cri Ts - Tu 

6':1 
" 'Ih- Tu 

""'. 6:' ... s -1 
and ~ .. , then t5 = K Tsh - Ts -SM Th + Tu 

.... :1 

6c Tc Tsh 

a:' • To ~ Tc 

total ~um of squares or '" where To - cross pIJOd UGts. 

Tu .. correction to the Mean. 

Ts = sire sum of squares or cross products. 

Th ... herd sum of squares or cross products. 

Tsh .. sire-herd subc1asses sum of squares or cross products. 

Tc ... cow in sireo:.herd subclasses sum of squares or-

cross-products. 

Repeatability, heritability, genetic and phenotypic 

, correlations for milk yield and composition w~re estimated ~n 

a within herd basis by taking ratios of appropria te variance 

~ariance components. 

(i}Repeatability 

... • -:r.
c
t "'S + v. 

r .------------------
i'~+ 6"': + ~ + ~: 

(i~)Heritabil1ty 

1. "" t ... cr; 
b2• ________________ --

a:' 1 

, 
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.' 

(iii)Genetic and phenotypic correlatiOns between 

trait x and trait y are given by Hazel (1943); 
" J"'1L "a Genetie correlation, rg - ~.Sy/ ~JC ~'t" 

Ph i l i ~ / ~~ ~. enotyp c corr, at on, r - pw,y u,. vP'f 
P 

where 
,.. 
d'iasY' - sire covariance component between trait 

x and trait y. 
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"" . .... . 
cSi)C and eSt ... - sire variance components for trai t 

5. MOdel V 

x and trait y respectively • 
... a ,. a 
~x and o;y = total phenotypic variance (sum of 

sire, herd, cow and error) for trait x 

and y respectively. 
~, 

aplCpy - total phenotypic covariance between trait 

x and trait y. 

This ls a reduced Model IV, by which the sire-herp 

interaction tera ls neglected. The purpose of this design ~s 

primarily to examine changes in herd and 'sire variance or 

covariance co.ponents and consequently the eftects on g ••• tic 

para.eters "hen interactions are not included in the model. 

Model V 15 assumed to be a random model and it ls given as 

follows. 
.\ , 

f. 

Yijkl - u + Si + Hj + Cijk + Eijkl 
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Definitions and assumptions underlying this model 

are the same as in Model IV. The procedures used to estimate 

the variance and covariance components are similar to Model 

IV except that Ki' 5 in K matrix_ and suas of sq'uares or cross 

products corresponding to the interaction term are deleted. 

Examining the expectations in K matrix, it i5 evident that 
,. .. 
cf'c 

~~ ~~ 

and ~ would be expected the same as in Model IV. However, ~s 
...... 

and ~H would change as (K2 ~ K9) is deleted from the sire 

equations and (K4 - K9) is deleted from the herd equations. 

Consequently,positive sire x herd interactions in Model IV 

would result in underes~ting the sire and herd eomponents. 

) 

t. 
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4It v. RESULTS ARD DISCUSSION 

, 

1. Di.tribution ot .ata 

A total or 161,833 lactatioR r.corè •• er. create. 
1 

rro. DRlS t •• t ,day .ata fil.. !ro. th. p.riod or May 1966 t. 
1 ~,b 

April 197' inc1u.iye. or th ••• recor4 •• 86.34 ••• re Hel.t.ia, 

lO.66~ •• r. Ayrahire Aad th. r ... iain& 3~ aoeouatlac ~.r recor4. 

ot BrowR"Swl •• , Ca ... l •••• , Gu.ras.y, J.r.ey a •• Shorthora 00.1. 

la yie. of th. 11ait.4 auab.r of o~'.rYatio •• in the aiaor 

br •••• , ORly recorè. or Holatela. ana Ayr.aire •• ere use. ia 

thi. iay •• ticatioR. For atu.i •• e.ti •• tine ,enetie par .. eter., 

only Hol.teia recoraa vita aire. i.enti!i •• vere u •• d. 

Di.tri~utien of ta •••• uD •• t. ef lactati •• recor •• for Hol_tei •• 

a.a Ayraaire. ia eiy.n 1. Ta~l. 3. 

Ta~l. 3: Su~ •• ta of 1a.tatioft r.cora. 

Sire i ••• tifie. .u~ •• t 
-

All Protei. All Prote1. 

Bre •• a.cor •• SU~let Recore. Sub •• t 

Ayr.a1r. 17,259 6,841 

Holatei. 139,720 61,)00 13,561 7,506 

"- "-
--.... , 

c \ 
l' 

... 

-



Distribution of lactation records by age of cow 

is given in Table 4. Number of cows decreased with age from 

3 to 6 years, as might be expected if low producers were 

cu11ed with increasing lactation numbers. 

Table 4: Population diatribution of lactation records by ap,e 
~ of cow 

Age of All Records Protein Subset 
cow 

Class (year-old) Ayrshire Holstein Ayrshire Holstein 

l <3 3,334 29,750 1,559 14,477 

2 3-4 2,845 23,101 1,157 9,906 

3 4-5 2,463 19,936 941 8,581 

4 5-6 2,122 17,370 77$ 7,541 

5 >6 6,495 49,563 2,406 20, '79 5 , 

Total 17,259 139,720 6,841 .61,300 

.1 

Number of lactation records ( Table 5) increased 

steadily from 1966 to 1971 reflecting the expansion of the 

DHAS program. The relatively smal1 number of observations in 
\ 

1972 1s due to the fact that the test day data used in this 

study were terminated in April 1973 and cows that calved 

after late summer of 1972 had nct completed the~r lactations 

by the following April • 

. .\ 
:i 
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Table 5: Population distribution of lactntion records by 

year of calving " 
Year All Records Protein Subset 
of 

Class calving Ayrshire Holstein -Ayrshire Holstein -
1 1966 le8 1,607 lee~ 1,607 

" 1967 610 6,214 524 5,373 ~ 

3 1968 1,830 13,664 535 5,141 

4 1969 2,928 23,.703 2,342 20,307 

5 1970 3,e99 32,114 2,059 18,230 

6 1971 4,577 38,555 1,193 10,642 

7 \ 1972 3,227 2),863 

Total 17,259 139,720 6,850 61,300 

Distribution of lactation records by season of 

of calving (Table 6) consistent1y indicated more cows freshened 

in spring (i. e. c1ass f.~ar-Jun) than other seasons for Ayrshires 

and Holsteins. This implies that Quebec dairymen are aware 

that, as reported in the literature, spring and winter 

calvings are more favourab1e than other seasons. 

, 
Means, phenotypic' standard deviations and coefficients 

of variation for mi1k yield and composition of Ayrshires and 

Holsteins are shawn in Table 7. These data were not adjusted 

for age differences. Approximate1y 70% of the cows were less 

- . 
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e Table 6: Population distribution of lactation records by 
, 

ses son of calving 

Season Ali RecordR Protein Subset 
of 

Class calving Ayrshire Holstein Ayrshire Holstein 

l Nov-Feb 4,366 43,056 1,90$ 18,795 

2 Mar-Jun 10,053 64,592 3,334 24,246 

3 Jul-Oct 2,840 32,072 1,599 18,259 

) 

Total 17,259 139,720 6,841 61,300, 

Table 7: l'Leans t phenotypic standard deviations and coefficients 
"-

of variation for milk yield and composition 

. Ayrs~ire Holstein 

Trait lriean S.D. C.V. lw1ean S.D. C.V. 
-, 

,} 
, 

Milk( lb} 8,703 2,014 0.23 10,569 2,979 0.28 
( 

Fa t( lb) 330 79~ 0.24 371 114 0.31 

Proteinllb) 297 66 0.22 339 86 0.25 , 
~ 

~ 

Fat % 3.79 ~ 0.39 0.10 3.50 0.57 0.16 

Protein % 3.27 0.25 o.oe ).07 0.43 0.14 ) 

? 
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tA_n 4 years-old, thus lower yiel.s are expecte. when compare. 
, 

ta .. ture equivalent records (Wilcox !!!1. 1971). Nevertheless, 

these results confira two estAbliehe& tacts, (i) Holeteins 

Aaye higher yie14s eut lower percentagee than Ayrshiree, and 

(li) Percentage traits show less variability than, ylel. traits. 

Average net enercy intake in theras rro. 8ila~e, 

hay, pasture and mea1 are shawn in 18hle 8. The exact distrl­

butl0. of th.se feed varia_les .as not exaalned in this stuay 

and has ,pparently not aeen etudiee elsewhere. Since estimatloR 

of least squares effecte Goes not require noraallty (Searle 

1971), tae consequences, if these variables are Dot noraal, 

.ignt not be too serioue except in testin, hypotaeses where 

noraality àas to .e assuae.. Net enercy intake fro. a.al 

fee.ina ha« the lowest values of coefficient of variation 

&aoD« taese four fead intake vari •• les for both breede. Miller 
, 

!1!l. (1968) reported yalues of coefficient of yariation bein, 

0.1; ana 0.19 for meal and dry forage respectively tro. ,e.rly 
, 

àera average records. Later, Miller (1968) conclu«e. taat 

a.al estiaates were the .ost reliable DHIA reed estiaates. 

r 

, 1 
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Table 8: Means, standard deviations and coefficients of 

variation for 305-day nèt energy intake from feeds 

Ayrshire Holstein , 

Feed Mean S.D. C.V. tJiean S.D. C.V. 

Silage 303 397 1.31 551 5$4 1.06 
. 

Hay 1,264 454 6.36 1,335 546 0.41-

Pasture 1,089 378 0.35 1,023 442 0.43 

Meal 1,812 608 0.34 2,210 825 0.37 

2.:Effects of age, 1ear and season of calving 

Effects of age, year and season of calving on milk 

yield and composition have been well established. The main 

purpose for inçluding th~s~ effects in the model W8S primarily 

to account fo~ known sources of variation and secondly to use 

these estimates to correct lactation records. Therefore, 

estimates of effects of age, year and season of calving from' 

Model l (model including levels of feeding) and Model II 

(model not including levels of feeding) are discussed concurrentl~. 

Estimates of these effects from Model III were similar to those 

from Model II and are not discussed. 

Significant age effects at calvin« on yittld~ of 
--milk, fat and prdtein were found for Ayrsnires and Holsteins 

with both models (Table 9; Appendix Tables l to-Sl. However; 

. , 

• l 
" ,f 
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Table 9: Least squares estimates of the effects of age of cow on milk yield and 

composition for Ayrshires and Holsteins from Model land Kodel lIa 

Age of cow (year-old) 

Trait Model <3 3-4 4-5 5-6 >6 

~lilk( lb) Ayr Model l ** -558.7663 -102.73:55 156.6976 239.6797 265.1244 
Model 11** -980.9994 -321.797<2 243.1650 482.2357 577.3960 

Hol Model l ** -789.7683 -166.3144 184.7779 357.7964 413. 5m~3 
Kodel 11** -1537.7183 427.2739 332.3025 732.9807 899.7090 

Fat(lb) Ayr Model l ** -18.9395 -3.2215 5.8178 8.7563 7.5870 
Jilodel 11** -35.6907 -11.8409 9.3140 18.3268 19.$909 

Hol Modél l ** -28.2647 -6.1392 6.7319 13.0686 14.6033 
Model II** -55.6134 -15.7003 12.1429 26.7928 32.3778 

Protein{lb) Ayr Mode1 l ** -18.7082 -2.6789 6.0456 7.0457 8.2957 
Model 11** -36.8126 -10.4325 7.7705 16.4232 23.0514 

Hol Model l ** -26.3711 -4.1059 6.2358 10.8732 13.3680 
c Model 11** -50.2407 -12.3679 10.5316 23.3088 Ze.7684 

Fat % Ayr Model l * 0.-0373 0.0077 -0.0053 -0.0117 - -0.0279 
Model II 0.0273 0.0031 -0.0028 -0.0065 -0.0211 

Hbl Model l 0.0024 -0.0017 0.0007 0.0007 -0.0022 
Model II -0.0062 -0.0048 0.0026 0.0051 0.0033 

Protein % Ayr lr.ode1 l -0.0088 0.0144 0.0028 -0.0074 -0.0010 
~odel II -0.0045 0.0160 0.0023 -0.0094 -0.0043 

'Hol lriodel l ** 0.0006 0.0160 0.0002 -0.0081 -0.0087 
r~"\ , 

Model 11** 0.0039 0.0173 -0.0003 -0.0099 -0.0110 

a) expressed as deviations from the mean \n 

.." * significant at 0.05 level --.J 

** significant at 0.01 level 

.. 
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4It age of cow had varying effects on percentage traits for the 

two breeds. Significan~ age effects were observed on protein 

percent for Holsteins with _both models, while only fat percent 

from Ayrshire Model l was significantly affected by age at 

calving. Studies elsewher~ showed disagreement re~arding the 
J , 

effect6 of age on fat percent. For exarnple, Gravir and Hickman 
',..... ' 

\ 

(1966) reported no significant age effects on fat percent, but 

Gacula et al. (1968) showed signfficant effects. Different 

results for age at calving on percentage composition of the 
"1 

two breeds could be due to the small ::sample size for the 
! -

Ayrshire population or breed diEfere~ces. In general, effects 

of age of cow on milk yield and composition were in agreement 

with Gravir and Hickman (1966), Gacula ~!l. (1968) and 

Loganathan and Thompson (1968). Yields of rnilk fat and protein 

increase with age, while percentages decline steadily with age. 

Effects due to year of calving on milk yield and 

composition were significant for both breeds with the two 

models (Table 10; Appendix Tables l to B). The 1972 year clase 

was eliminated in the ~rotein Bubset analyses due to a limited 
if? 

number of records with protein values. Except in the first 

(1966) and the 'last (1971 and 1972) year classes, milk yield 

wasrrelatively constant for both breeds over the period from , 

1967 to 1970, but sorne trends of decline in percentage of fat 
, J 

and protein were noticed. ' The drastical1y high and low values 
! , 

of estima tes for 1966 and 1972 ~!asse5 were' presumably due to 

,t" • 
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Table 10: beast squares estimates of the effects of 'year of ca1ving on milk yield and 

~ , 
---, a· ~. composition for Ayrshires and HQlsteins from Model 1 and Mod~l II 

Year of calving 
--_._--- -----

Trait, Model 1 1966 1967 1968 1969 1970 1971 
co 

lvalk( lb) Arr Model 1 365.9041 -91.6370 -85.6586 - 46.4148 -64.8101 -13.4226 
. Model II -343.4224 -44~.6917 32.9486 290.8587 56.6438 226.5933 

Hol r~oGel l -48.7950 50.9466 ~ -17.2012 91.3347 73.8949 99.9475 
Mode 1 II -92-4-.-Ull_ -518.1648 -30.0197 319.9468 324.4639 523.4639 

-- . 
Fat(1b) Ayr Mod.el l 21.0545, 3. 2526., -2.8800 5.1243 -5.4066 -4.2896 

J.lode1 II -7.6514 -10.9445 1.7478 14.8324 -0.4392 5.5290 
Hol rw:odel 1 -0.6507 4.1382 -0.1504 7.0359 2.8858 3.7393 

Mo~el II, -32.7421 -16.4500 ~ -0.3677 15.4377 12.1281 19.1909 ,.. 
Protein(lb) Ayr Model l 4.8173 -6.0140 -1.2649 2.1450 0.~20 -0.2454 

f/lode1 II -17.0013 -14.5850 7.8157 8.5639 7.1576 8.0491 
Hol Model l -12.8914 -3.2463 1.2211 ·5.4719 5.8037 3.6410 

!wiod-el Il -38.0403 -18.9757 5.7143 13.8194 17.26~ 20.2184 

Fat % Ayr IW10de l 1 0.0752 0.0798 0."0082 0.0}74 -0.0327 
Model II 0.0543 0.0694 0.0097 0.0426 -0.OZ89 

Hol Model 1" 0.0090 0.0196 0.0044 0.0380 0.004tr 
fJ:ode-l II -0.0018 0.0148 0.0064 0.04~1 0.0079 

Protein % Ayr Model l -0.0315 0.0046 0.0134 0.0212 0.0178 ::6~85 
:f.1ode l II -0.0302 0.0048 0.0129 0.0244 0.0175 -0.0293 

Hol ~1odel l -0.0762 -0.0202 0.0184 0.0)85 0.0386 0.0009 
Model II -0.0738 -0.0178 0.0182 0.0376 0.0371 -0.0013 .. 

'5 

a) expressed as deviations from the mean ~.':'-

a 

1972 

-156.7906 
1-78.0698 

-250.1275 
304.4673 

-;6.8552 
-3.0739 

-16.9979 
2. $O~_O 

-0.1263 
-0.1139 
-0.0773 
- • y 

(JI 

\0 
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.a.pliac variation sine. f.w obs.rvation. wer. associat.d 

vit. th ••• ola ••••• 

60 

Bff.et. of •• a80n of calvin, on milk yield and 

co.po.ition (TaDle 11) wer. significa.t wità beth ao •• la fo~ 

th. two .r •••• (App ••• ix rables l to 8 li' .xc.pt for fa~ percent 
1 

and prot.in p.re •• t with Model l for t»._Ayrshir.s aD. fat 

p.tc.nt wita Ayrahir. Mo •• l II. Eati.at •• of •• asonal efteets 

oa f.t aad prot.i. p.rc.nt w.r. siailar with Mo.el l an4 Mo4.1 

Il an. cl ••• l, foll0... tà. tren •• r.port ••• , oth.r .tu.i •• 
j 

(Wilcox .t .1. 1959, John.on .t al. 1961, •• d Esan 1971). -- r. --
P.rcentag •• of r.t and proteift w.r. high.at fqr co •• calvin, 

in tae .pria, (Mar-Jun cla •• ). Rook .t al. (1960') attribute. --
incr ••••• SNr cont.nt to th. incr.a ••• plan. of .n.rgy ~utritio. 

wh.n COM. wer. plac •• on .prin, pa.tur.. The high percentage of 

prot.ia •••• rve. i. thi. st~4y for cow. ca~vin, in .prin, in 

ta. proviDc. of Que •• c Ar. cl ••• l, relat •• to th. higa qualit, 

or fora, •• fouad durinc this periode No notie.a~l. difr.renc •• 

wer. foun. bet.e •• a moc.l aecountinc tor ••• a ao •• l not 

accounting for l.y.la or r •• din, in.icating taat r •• dine 

practie ••• x.rt little .fr.ct on .easonal variatien,in .ilk 

p.~e.ntal.8. How.v.r, for yio14 traits, rosults frô. Mo.el II 
\.l\ 

consist.ntly inèicat •• that winter calving (Noy-Feb}w&s tae aO$t 

favora.le. Th ••• tr.n4. w.r. co.para.l. to tho •• reported in 

.ta. lit.rature (Ber •• kin a •• Fr .... n 1965, Parkhi. !!!l. 1968, 

an. Gacul. ~!l. 1968). But, •• ti .. t •• ot s ••• o.arettect,troa 

, . , 

-

\' 
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Table 11: Least squares ~estimates of the effects of season of 
calving on milk yield and composition for Ayrshires 
and Holsteins from Model l an~~odel lIa 

- Seas~n of calving 

Trait ltlode1 Nov-Feb Mar-Jun Ju1:0ct 

Milk(lb) Ayr ~lodel l ** 43.3.83 74.8062 -11$.1245 
Model 11** 2$0.1240 -144.0~95 -136.0445 

Hol Model l ** 51.$456 81.$ 87 -133.6742 
Model 11**_ 345.6065 -218.8621 -126.7444 

Fat( lb i Ayr Mode 1 l ** 0.6572 3.9148 -4.5720 
Model 11** 10.1957 -4.7931 -5.4026 

Hol Model l ** 0.5185 5.2246 -5.7431 
Model II** 11.4652 • -5.0626 -6.4027 

Protein(lb) Ayr Model l * 1.4428 2.9415 -4.3844 
~1odel 11** 7.4262 -5.8120 -1.6142 

Hol ~odel l ** 0.3010 4.0586 -4.3596 
Model II 8.2637 -4.8643 .. 3.3Y94· 

.' 

Fat % Ayr Model l -0.0089 0.0126 -0.0036\ 
1-1odel Il -0.0028 0.0053 -0.0025 

Hol Mode1 l ** -0.0111 0.0214 -0.0103 
Model II ~c* -0.0059 0.0239 -0.0179 

Prote in % / Ayr l~odel l -0.0092 -0.0099 0.0192 
Model II* -0.0102 -0.0112 0.0214 

Hol Model l ** -0.0185 0.0082 0.0103 
Model 11** -0.0189 -0.0101 0.008$ 

a) expressed as deviations from the mean 
* significant at 0.05 level 
** significant at 0.01 level 

, 

'\... ,"" 

"" 

, 
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a ao.el which accounted for levels of feeding indicated spring 

calvin, (Mar-Jun) to be aore favorable than.winter ealving. 

3. Linear and guadratie effects or levels of net ener,y 
1 

int.ke rro. silage, ba,. pasture and _e81 on ailk yield 
; 

and coaposition 
1 

" . A total of 17,2;9 Ayrshire and 139,720 Holsteln 

r,cords descri.e. 8y Model l were su.jeeted to least squares 
\ 

analyses. The resultant least squares esti.ates of linear 

and qua.ratie partial regresslon coefficients for net energy 

1ntak~ fro. silage, hay, pasture and Meal for Ayrshires and 

Holsteine are shown in Ta~le 12 and analyses of variance are 

presente. in Appen41x na.les l to 8. 

Linear effects of net energy intake rro. silage, 

hay, pasture and aeal teeding were all positive and signific.nt 

(P<O.Ol) for yields or milk, fat and protein in both breeds. 
• 0 

Linear partial recression coefficients in Holsteins indicate. 

that an increase of l tbera of net energy red resulted in yield 

incr.ases ranglng rTOm 1.3 to 1.9 podnds for .11t, 0.04 to 

0.07 pou.da for fat and 0.04 to 0.05 pounds for protein, 

àepen.1ng on the source of net energy. "The .. gnituèe ot 
, 

effects of a fixe. quantlty ch~nge of net enercy vere in 

increasin« order rro. s11age, bay and pasture to .eal. The 

fe~-y1eld relation has .een invest1gated extenslTely 1. 
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Taltle 12: Least -squares estimate's of linear and quadratic par_t'ial regression coefficients ot 

.ilk yield and composition on net ~nergJ intakes for Ayrshires and Ho1steins 

Partial regression coefficient 
.-

Silar;e2 HayZ Pasturez Mea12 Trait Bre •• Silale Hay Pasture Meal 

Mil)d lb)- 1304.08** 1124.49** 1644.36** 0.10** Ayrsh1re -0.07 -0.02 1797.3-5** -0.17** 
HoIste1n 1392.61** -0.05** 1340.05** -0.07** 18g0.55** -0.07** 1944.79** 0.04** 

Fat(lb)b Ayrshire 620<1.52** -0.95** 5186.7i** -0.37* 6733.60** -0.52* 5892.20** 0.56** 
Holstein 4,839.75** -0.05 4918.2 ** -0.30** 7120.68** -0.28** 6650.15** 0.25** 

}rotein(lb)bAyrsb1re 3908.61** -0.04 3244.98** 0.00 . 5904.05** -0.Q8 6339.49**-0.00 

Fat 'J,e 

Protein ~e -

.. 

Holstein 4234.4.7** -0.23* 4280.80** -0.21* 5581.33** -0.21 5375.54** 0.17** -Ayrshire 146.1.96** -0.69** 1149.30** -0.33* -104.66 0.15 -110.13 
Holst.in -62.56 0.11** '117.36 -0.04 505.87** -0.05 -107.94 

Ayrsbire 258.83 -0.39 -76.46 -0.01 -538.09 0.1"2 352.92 
Holstein 193.34 -0.11* 132.69 -0.06 -45.46 0.01 117.14 

a) coded br t'i.es 103 , b) eoded br ti.es 105, and c) eoded by times 107 
* signifieant at 0.05 leyel 
** significant at 0.01 leyel ":' 

./ 

'" 

0.15* 
0.07* 

-0.09 
-0.04* 

0\ 
\..,) 

-



nutritional stûdies (Burt 1957, Huffaan 1961, Kesler an. 

Spahr 1964, Coppock 1969, Hill.an 1969, Miller and O'Dell 

1969, and Broster 1972) and from yearly herd average 

productioR records (Bayley and Heizer 1952, McKinney !! al. 

1965, Stone et!l. 1966, Miller 1969, Miller!!!l. 1968, 

and Brown and White 1973). Positive re1ationships observed 

64 

in this study batween net .nergy int.ke fro. variou~ sources 

of ree« an« lactation yie14s indicated yields were, independent 

from the source of net energy whether from fora~es or concen-
1 

trates. Many studies (McCullough an. Shell 1955, Castle ~ !le 
1960, Castle et al. ~964, and Donker ~!l. 1969) bave 

,indicated either little or no effect on ailk production when 

extra concentrates vere fed to COW8 grasing on high-quality 

·pasture. Equally high milk pro.uction'levels have been 
y 

maintaine« when cows were red varying forage proportions 

r~n«ing rro. al1 sil.ge to al1 hay when properly supplemente. 

with concentrates (Brown !1!l. 1965, Brown !1!l. 1966, 

Heaken and Van.ersal~-1967, Coppock 1969, and Hill.an 1969). 
, 

Fro. studies on yearly herd average records, milk yield 

respo'nses to feedin,; l kg of concentrates ran! •• fra. 

0.74 to 0.g4 (Stone!!!l. 1966, and Brown and White 1973). 

Brown an. White (197) reporte. positive and signifieant 

linear effects of concentra tes, hay and pasture feedin& on 

yearly' herd average ailk production. Most of the studies 

on àerd average production records were based on the 

relationship Detween quantity fed and response of milk 
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ta production. The .easure.of leyela of feeding in the present 

stuèy waa the esti-ated Lactation net energy intate rro. the 

re.pective source of r •• da. Apparently, thi. ia a better 

esti.ator of fe.d intake than that use. in input-output types 

of .tudi •••• eaus. thi. estiaator accounts for (1) in.lvidual 

co. differ.nce. and (2) variations in fe~. quality. The linear 

effects of net .n.rcy intake rro. s11a,_, hay, pasture and •• al 

on yi.lds of .ilk, fat and prat.in for both bre.da were ia 

agr •••• nt wit. th. r.sulta of a"v. literature cited. Higher 

levels of net energy intake cenerally resulted in iner ••••• 

production. 

For th. Holatein population, quadrat1e .rfecta 

of net enercy intake froa ailag.) hay, pasture and Meal 

feeding were al1 significant for y1.14. of ailk, fat and 

prot.in except the effects of silage on fat yield and pasture 

on protein yielà. Fewer signifieant quadratic effecta wer. ~ 

o •• erTed in Ayrahires, either .acause of sa.ple st le or 

.reed differences. Significan~ quadratlc erfect • • t conceD-

• 

trat ••• ut varying effects or silage and har on yearly"àer. 

average .ilk pro.uction for Guerasey, Ho~tein .ad Jeraey vere 

reported by Brown and Whit. (1973). It i8 evident froa thi8 

atudy (Table 12) taat, although ~h. quadratic .rracts for yiela 

traite .ere statiatically signifieant, the values .are re1atiTely 

a •• ll and of ainor practical i.pertance. BrGWn and White (1973) 

~ co.pared a full re,r.saion .0 •• 1 whick ineluieà ~oth linear 
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~ an. quadratic effects of concentrates, silage, hay and pasture 

~ an. the reciuced Bodel which inelu.ed only linear effects. 

They reported tha t the full lIodel aecounted for no l10re than 

~~ increase in the a_ount of yariation whi,h could be 

accounteà for by only the linear .o«el. 

In Holsteins, linear effects of feed intake di. 

not s1gnifieantly affect percentages of fat and protein, 

except for the linear effects of pasture on fat percent. 
t:1 

Quadratic etfects of srla,e and ~al on tat percent and meal 
. { 

on protein percent in Holsteins w~re si«nificant. Fat percent 

of Âyrshires was apparently .ore affected by feeding levels 

as significant results were observed for linear silage and 

ba~ :~fects and quadratie silage, lIay and lIleal effects. 

Prote1n percent was not affected by levels of feeding 1n 

Ayrsh1res and only qua~atic effects of silage and l1eal were 

significant for Holsteins.' Conclusively, net ener,y int.ke 

froll silage, hay, pasture and Meal haà little effect on 1111k 

co.position. 
i 

f 
~ .... fl,' { 

4. Effeete of feed ratios on .ilk yield and composition 

The effeets of the ratios of silage:hay, roughage: 
, 

eoncentrate and energy concentration were estimated froM 
-#' Model III for Ayrshires and Holsteins. Results are shown in 

lable 13 and analyses of variaRce are presented in Appen4ix 

" 
i 
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Table 13: Least squares ~stimates of effects of feed ratios on mi1k yie1d and 

composition for Ayrshirps and Ho1steins 
~, 

Partial regression coefficient 

Silage :Hay Roughage:Concentrate Energy Concentration 

Trait Ayrshire Holstein Ayrs.hire Holstein Ayrshire Holstein 

Milk(lb) 9.,7518 17.1199>:<* -)22.5810** -1064.6011** 3178.8141** 3274.7093** 

Fat(lb} -2.0412 0.7469*.* -14.1612*:(: -38.7079** 113.0272** 127.g431** 

Protein(lb) 9.5414** 0.5501** -26.8488** -30.6964** 169.5680** 131.0015** 

Fat' % -0.0291** 0.0014** - -0.0223** -0.0123** -0.1757 0.1117** 
\ 

0.001'1 . Protein '" -0.0122 -0.0025** -0.0003 0.1468 -0.0700 

** significant at 0.01 level 

,'JI( .. 

" 

1-

0"­...., 



'. 

68 

Taills 9 tl 12. Sinee th.re were .~ost eight ti.el as .. ny 

HOl.teins as Ayrsbires, the Holsteia results wer. used as the 

basis ror iaterprltinc tae re.ulta. 

A~ all si1age fee41nc progra. offers •• ans o~ 

circuaventin& the pro_lea of hay curing and can adapt well 

to autoaatl. fee.ing. Various aspects of si1age f.edin« 

{ have been ext.nsively revi.wld (Heùen and vanèlrsa1~ 1967, 

Coppeck 1969, Hill.an 1969). Tàe re.ults have ,eRerall,. 

inèicate. that. for COlIS fe. varying fora~e proportions 

raaglag rro. all cora silag. to all bay, a11k yield and 
, 

co.~osition has not been affect •• by th. sourel of rougha,e 

in the ratio. (Brown !!!l. 1965, Brown!l!l. 1966, antl 

H.llken a~d Vanderaall 1967). Resulta fro. th. present .tu.,. 
auppert the above vi.w. 'Holstaia results in.lcated that 

lf the ratio of s11age:"y te. was douDled, it would reault ln 

ln CA.". of 17 pound. of .ilk, 0.75 poun •• of fat an. 

0.55 pouad.s of proteia. Fat percent was sligàtly increase • 

• aereas protein percent wa. deereased when aore silage in 

rela tiora to ha,. was 1"... However, thl etfects of 811age: 

.ay ratio were .. all and pro'abl,. contributed little practieal 

significance. 

Higher roucha,l:conclntrate ratio s1gn1f1cantly 

(P<O.Ol) depresseà yiel •• or aille, fat and protein an4 pereent 
\ 

rat for Dot" Ayrsàirea alld Holstein8 ('lable 13). Pr.teln 
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percent in Hols teins .as low.red when a higher proportion of 

the ration was cOllposed of roughage, hut it was sta tistically 

not significant. The key proDle. generally expressed in .,. 

hieR levela of rougnage feeèin, 1ft tkat cows usually can not 

obtaia sufficient ener«y intake to Ileet the1r requiresent, 

so that proper Supplementation w1th concentrate ls necessary. 

Previous studies have indicated that high-concentrate feedin, 

results in increased m11k production (Hotchkiss !! al. 1960, 

Brown!!!l. 1962, Ronning and Laben 1966, Forgate !!!l. 1969, 

and Ba th et al. 1974~. The clecreas •• protluctidn observed --
witb high roughage rations in the present stu.y supports 

taose results r.ported ela.where. Howe~ert fat clepression 

with high concentrate rations\wa. not obsérYeà in this study. 

Changes in rat ana protein percent resulting fro. changea in 

,ruminal acie ratios say or .ay not dev.lop, depend1ng on 

the part~cular conc.ntrat., nature of th, forages and aethoès 

of feedinc (Rook 1961, Van Soest 196), au. Ronnin& an. 

La.Ml 1966). 

. 
Bner" concentration ia a a •• sure ot nutritive 

value of the r ••• (1 ••• h1C •• r enerlY concentration in.icatee 

.ore net enercy available in a ponne of feed consuaed). 
1 

High1y aign1f1cant (P < 0.01) inerease. yie1d"s of .ilk, fat 

an' protein and fat percent ~ere observed with increasea 

energy concentr~tion (Table 13). ra t depr~,ssion .as not 
,,',/ 

observe. in Holsteins, pr.suaably ~ecau8e • considerable 
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~ portion of the ration was roughage. Elliot and Loosli (1959) 

reporte4 that if energy int.ke were nelà constant, different 

ratios of hay:eoncentrate (60:40, 40:60, an~ 80:20) see.ed 

to haye little efrect on proàuction. On the~ontfarYt feeding 

grains of relatively high fibre content to increase the plane 

of nutrition results in only small increases in ailk pr04uction 

~Huber !!!l. 1965). Bayleyand Heiaer (1952) reported that for 

an' increase of l pound of TON per 1000 pounds of body weight, 

an average increase of 551 pounès of milk and 18 pound~ of fat 

was produeed. In this stuay, the large and signifieant 

incr.ases of yields ot .ilk, fat and protein resultin, from 
D 

increased energy concentration in the fee. support the vie. 
~ 

that adequate energy should receive pri.ary consideration in 

practical dairy cattle fe.ding. 

5. Efrects of levels of feedinl on estlaates of Intra-her4 

repeatabl1ity 

" Henderson's M.thod II was used to estl .. te herd, 

côw within h.rd and within cow variance components based on 

Model land Model II. This aethod requires correcting the 

lactation recoras for the fixed effect~ in the aodel. Records 

of Model l were corrected by levels of feeding in aedition to 

other fixed eftects in MOdel II, and were referred to as 

Correcte. Recor4s. Analyses ot variance and expected suas 

of squares of Model land Model II required for the esti .. tion 

J 
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e. o~ variance are shOWJl iD Appe.iix 'la~les 1) an. 14 for 

Ayrshires an. 15 antl 16 :for Ho1steins. 'lbe •• ti_te. co.ponents 

o~ variance rro. Correcte. and Uncorrected Records for Ayrshires 

and Ho1steins were su..ar1zeè in Appentlix 1ah1es 17 and 18. 

One of the consequences when lactation records 

were eorreeteà for,levela of net energy 1nt.kes in add1tioB 

ta correcting ror age, year anc season of calving .as the 

trellend.ous reduct10n 1n the co.ponents ot yariance for yie.î.48 

o~ .1lk, fat an. prote!., bu~ those of percenta,es were 

seareely affect... Henee it 1s diffieult te interpret changes 

ift tae co.ponemts of variance wàen expressed as .... lute valuea. 

1. order ta .xa.ine tae relative reduction in the variou8 

co.ponents oC variance due to di~terent levels of ~eedin" 

eo.pon.n~. oC variance were expressed as • percentage of t~ta1 

variance iR eacà .oiel (Table 14). Percent cbangès in the 

total yarietion for 1ie141 of .ilk, rat and protein rangin, 

rro. l ta 3~ fer Ayrshires and 7 to 9~ tor Holsteins were 
, 

attri.ut •• to diff.rances in feedin, practices a.one herds, 

and 6 to â% fer Ayrsà1res a.a 2 to 6~ for HolstefDs were 
; 

account •• for 'Y 1eye18 ~f feedinc aaong cows. There were 

slight increase. in taa percent of total yariance Cor he~ 

.frects of protein percent in bota Ayreh1rea an. Holste1ne 

alter aecountinc for levels of feed1nc. Table 12 tntlieated , 

that .ost of the re,ressions of feed int.kes on prote1n, percent 
\ 

ver. Itatietically not s1gD1fiCa.t.thu.~presuaab1r the resul~i.g 
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Table 14: Variance components expressed as a percent of total variance and 

, 
,repèatability estimates from Corrected and Uncorrected Records 

,...-

Trait '''Record 
y'" 

Milk(lb) Corrected 
Uncorrected 

Fat(lb) Corrected 
Uncorrected 

Protein(lb} Corrected 
o Uncorrected 

Fat % Corrected 
. '.-::'---,._ Uneorrected 
~-

A .,.. .... ~ 

PrQtein % ,Corr&cted 
, Uncorrected 

Ayr 

40 
41 
38 
41 

40 
43 

21 
21 

21 
2'0 

Percent of total v~riance) 

Herd Cow 

Ho1 ,Ayr Hol 

34 
41 

30 
40 

36 
44 

20 
27 

18 
24 

15 
23 

24 
2$ 

25 
26 

16 
2.3 

14 40 -'54 
14 40' - 53 

,-",_ ... 

17 33 34 
15 34 35 

~ithin cow repeatabilitya 

Ayr 

40 
32 

44 
35 

45 
34 

39 
39 

46 
46 

Hol Ayr 

42 0 ... 34 
31 6.45 

... 
45 0.30 
34 0.40 

48 0.27 
33 0.41 

Hol 

0.36 
0.47 

0.35 
0.43 

0:25 
0.40 

32 0.51 0.62 
33 0.51 0.62 . 
49' 0.42 0.41 
50 0.43 0.41 

.- a) intra-herd repeatabi1ity, r = cow/cow + within cow • 

» 

'-, 
f. r~ • 

------- -

-' 

-~r.: 
-, . 

\ 

-...J 
N 
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~ herd co.ponent of variance shou1d not dlffer much from 

component estiaates from Uncorrected Records. The reason for 

the inf1ated herd co.ponent of protein percent is not known. 

This .ig~t have been eue to rounding errors in "the co.putation 

~ procedures or the relative changes in cow and within 'cow 

co.ponents resulting in:the change in the herd co.ponent. 

.. 

The her. co*ponent of variance after accounting for levels 

of feeding .1ght have aagnified other environaenta1 and 

genetic influences upon the cows in the ber.. Griffiths and 

Featberstone (1957) studiee seyen herds of ,cowa with low SN' 

content, ••• after accountlng'ror season, stagè of lactation, 
~ ~ 

age, .asti~18 and feedlng practices aS factors inyolved, th&y, ~ 

conqludeà tha! genetics constltuted a major factor. No 
• i ~-

essehtial differences existed in the percent of total varlance 
l 

co.ponents for percent rat between Corrected and Uncorrected 
~~ 

Records (Table 14). These results favour the generallr 

expressed view that the fat test ls least affecte. by feedlnl 

, practlces aaong percentage traits. \ 

R.pea~abl11ties (Tab1e,14) for Holste1ns fro. 
, 

uncorrectedJ' cords .ere w1thin the range of those reported 

by Bu tcher et.!!. 1 ~ 967) and. Ga~ u1a !! !.! •. 1,1968). but slight1y 

lower 'han ta se reported by Bereskin and Fre •• an (1965'), 
j"~ 

Gaunt!!!l. 1968) and Wi100x ~!l. (1971). Repeatability 

of fat p.rcen~ was co.par.hle to that of Butcher !!!l. (1967) 

alUi the repe. protein percent was s1.ilar to tàat 

c' 

-
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of Gaunt et al. (1968). Repeatability astimates of mi1k yield --
and composition ,for Ayrshires agreed wi th those of Gacu1a ~ !le 
(1968) and were lower than those of W11cox !1!l. (1971). 

'l-
The second consequen~e of major concern is the disproportionate 

changea in the components of variance resditing from torrectei 
\ 

Records which reduce,d the repea tabili ty est11R8. tt!s. Intra-heri 

repeatability estimates were drastica11y reduced for yields of 

m11k, fat artd protein, Dut those of percentages of fat and 

protein were not affecte4 (Table 14). Repeatability ia a 

aeasure of the within herd average correlation between records 

of the saae cow. lt estimates thewproportion of variation 

amOD! observations caused by,permanent differencé~aaong 

animals. These peraanent diffe~nce~ consist of the ani.al's 
" genotype and some permanent environmental effects determinin« , 

the ani_al's real producing aility. Therefore, the gènetic 

and the environ.ental interpretations of the cqmponents under­

ly1ng the model must be related in order to consiaer the 

effects of levels of 'feeding on estimatee of repeatability. 

.. .. 
'-, 

Herd and cow components of variance eontain genetie 
<). , 

and per.anent environaental portions, whereas'the" within cow 

co.ponent contains the sampling v~riance of repeated records 
o 

and temporary environaental effects of the sa.e cow. By 
(-

correcting recorde for the levels-of feeding, \part of the 
" 

per.anent environmental effects, contributed by differences in 
"-

feeding practices .aong herds or cow~ls removèd. The relative 

l' , . 

" 
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percent reduction of the herd varian~e component between 

Corrected and Uncorrected Records, as pointed out earlier, 

represents the percent of the total variation accounting . ~ 

75 

for feeding practices among herds in milk yield and eomposition. 

The disproportionate reduction in herd and cow components and 

the inflation of within cow.component consequently reduced 

the repeatâbility estimates. Frequently, repeatability estimates 

are considered as logical upper limits for heritability esti.ates. 

If all environmental portions were r •• oved from the cow co.ponent, 

it estimates the heritability in a broad sense. 
\ 

The reduction 

in repeatability observ~d in this study when environmental 

·effects due to levais or feeding were removed thus narrowed 

the gaps between estimates of repeat&bility and heritability. J 

For exa.ple, repeatability from Correçt~d Records for Holstelns 

in milk yield was close to heritabillty estima tes of 0.35 

r~ported by Gacula !l al. (196g) and 0.37 Qf Thompson and 

Loganathan, (1968). As indicated ear1ier, fat percent wae 

known to he least affected by changes in feeding practices. 

This corresponds well to the lea~t reduction in repeatability 

in fat yield, being reduced by 0.10 for Ayrshlres and by O.Oe 

for Holsteins. ~epeatbili ty f,or mil,k yield was reduced by 

0.11 for both Ayrshir sand Hplsteins. The repeatability 

esti~ate of protein yield was redueed as much as 0.14 for 

Ayrs~res and 0.20 for Holsteins. This observation 

favours tne view express~d frequently that nutrition May be 

~ another way to change protein content of .ilk (Legates 1960, 

" 
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Rook 1961, Laben 196), and Huber and Boaan 1966). The 

tremendous reductions in repeatabi1ity e~timates of ,protein 

yield observed from this study indicate feeding practices 

are a major environmental influence on this trait. The 

repeatabi11ty estimate of.protein yield for Holstein from 

Correcte« Records was comparable to Most of the heritability 
".; 

estimates of this trait reported elsewhere (Butcher ~ al. 
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1967, Gacula !1!l. 1968, and Bact~a ~!l. 1969). Conc1usively, 

Ilost of the penaanent envirozmentQ .J.nfluencefl affecting ( 

'the ~alue of repeataiility appear to be of nutritional origin.~ 

However, the repeatabl1ity esti.ates 'of percen~ages of fat \ 

. an. protein were apparently not" affected by levels of feecUng. 

This observation was partly'explained by the relatively high ' 

heritability of percentage traits that only s.all portion of 

the variation is due to environaental causes. 
t 

. ~6. Effects of correcti", ror feeding levels on estiaates of 

genetic Earaaeters on .11t yield and composition 

Most stuaies of genetic paralleters of dairy traits 
') 

bave neglected the effects of nutrition, coneeivably du,.to 

tbe inavai,lability of suc. information oi lactation recortis. 

Stutlies from the previou8 sections have shawn the effeets 

of levele of feeding on lactation traits to be signifie.nt 

in Most cases. An 1 .. ediate problem la whether these nutritional 

effects would alter the estima tes of geneti~ para •• ters. 
C, 
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1 
'Ihé'lprimary objective of the present study was to co.pare 

genetic pàrameters ajustee for levels of feeding to those 

obtai~ed by the convention way of estimation. 

77 

A total of 13,561 305-day Holstein lactation \ 

records with sires identitied were eollected fo~ the subs~uent 
genetic stuciies. These sires were \i ther A-. 1. Ol/' natural 

service sires whlch were used in one or more heras. This 

subset of records aecounted for approximately lO~ of th • . 
total Holstein lactation recoTds.· Distribution of these 

,;" J • 

records by sire, herd, sire-herd subelass and cow within 

sire-her« subelass i8 shawn in Appendix Table 19. Corrected 

Records conslsted of those recoras correeted by the estimated 

least squares effects (from Model I) for age, year and season 

of calving an. net energy intake fro. s11age, Hay, pasture 

and meal. Recores corrected by the least squares esti •• tes 

fro. Moeel II, which were côrrected only for effects due to 

age, year and season of calving, constituted the Uncorrecteë 
, . 

Records. Since these two sets of ,least squares '.sti .. t~~ wer. 

oataine. fro. a large 8e~ent of the'ailk recor •• -Holste~ft 

population in Que'ec, the correcte. sUDsets of records should 

not ae subject to serious sa.pllng errora. For ta. purpose 

of thls study, these su.sets of COMS were aSSUMe. to be 

" randoaly collecte«. 

,l 

,1 ' 
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A comparison of the ph~notypic perfor.ance of 

Holstein cows fro. Corrected and Uncorrected Records was 

stuàied, and the results were presented i~ Table 15. Means 

of milk yield and co.position of the Uncorrect~4 Records 

wer. higher th,n tho~e w1thout ag~ ajusted population means 

78 

in Ta.le 7. Tae coefficients of variatidh of lactation 

traits rrom Ta.le 15 for the Uncorrected Records were within 

th~ range of the Holstein estiaates reporte. by Wilcox ~ !l. 
( 197~) • After ~recor«s were correctéd for leajSt squares 

\ . 

est~.ates of feeding levels, g~heral re~uètions in the means, 
. 

standard deviations and coefficients of varia~ion for all 

yield traits were noted, but percentage traits remained 

, relatively UD~h.nged. 
,1 

Table 15: 

Trait 

Milk( 11) 

'at( lb) 

Protein(llt) 

Fat ~ 

Protein ~ 

1 

Means, stan.ar« deviations a_d coefficients or 
J: 

variation of .ilk yield and coaposition fo~ 

Corrected and Uncorr~cted Recoras 

'Corrected Recor«s Uncorrec ted 

MMD S.D. C.V. Mean ...S.D. , 
10,745 1,337 O~12 11,561 2,465 

383 58 " 0.15, 412 96 

343 45 0.13 364 78 

(1 
3.56 0.36 0.10 3.57 (1.36 

3.08 0.23 0.07 3.08 0.22 
r,I • 

'1 

.; 

Recor«a 

C.V. 

0.21 

0.23 

0.21 

O.lQ_ 

0.07' 

" , 
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Siaple correlations were made to study the chsnges 

of levels of feeaing to changes in lactation'traits on both 

sets of records (TaDle 16). Silage had the lowest ana aeal 

the highest value of correlation coefficient with the lactation 
, , 

traits. Stone et al. (1966) reported 0.49 correlation between -- / -

yearly Aerd average milk,production an~ the aeal feeding but 
" 

negligible correlation with silage, bay and pasture. As 

might be expected, correc~i~g for the levels of feeding 
). 

reduced the correlation between the dependent and the indepen-. \ 

dent variables. The Most drastic'reductions in the co~fficiente 
" 

of correlation were 0~,8erved between yields and l1e,l. However, 

the correlation between protein percent and silage and 

between protein percent and Meal was increaseà by 0.07 and 

0.11 respectively. One of the possible explanations was the 

rounding errors in the computation procedures, since none of 

tae linear and only two quadratic regressions of prote in 

percent on net energy intakes were significant (Table 12). 

Henderson's Method l was used on Model IV to 

es~mate sire, ber., sire x herd and cow within sire x herd 

cOMponents of va~iance and covariance from the Corrected 
" " 

and Uncorrected Records. Repeatability was calculated on 

a within herd basis and heritability was coaputed as the 

ratio of four ti~s the sire component l to the total variance 
, 

co.pon~t (i.e. the SUE of sire, sire x ~, cow and within 

cow vari~ce components). The estimated components of variance 
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Table 16: SiMple correlations between lactation traits and 
1 ... 

net ener«y latakes for Corrected and Uncorrected 

Records ( 
Simple correlation coefficient 

Trait Record Silage Hay Pasture Meal 

~ilk\lb) 
C" 

Corrected -0.04- 0.0) 0.0) 0.14 ' ' . 

Uncorf..cted 
1 

0,78 0.21 0.14- 0~01 

, 
Fat( lb) Gorrected 0.01 0.02 -0.0) 0.1) 

Uncorrected 0.22 0.12 -0.02 0.74 
l' ~ 

1) 

Protela' U.) Corrected 0.08 -0.05 -0.04 0.20 
'f Uncorreeted 0.22 0.08 -0.02 0.75 

)' , 

0.03\ , 

~ 
\ 

rat eorr.cte~ 0.07 -0.05 0.09 

\ Uncorrected 0.08 
1 

0.02 -0,0) 0.12 

\ 

Correct'd 
, 

Pratel" ~ . 0.16 -0.04- -0.04 0.21 
\ 

-O.Cl Unoorrected 0.09 -0.02 0.10 
'-

" 

11 
;, 

,-e '1~ ~ 
• ,V/' .:1 

,l') 

'1 

r .. 
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on bath sets of records for milk yield'and composition are 

presented in Appendix 'Table 20. 1 ~ 

After records were corrected 

for levels of feeding, components of variance were reduced 

for yield traits, but some irregular patterns of slight 

increases or decreases were observed in the variance 'Pmponents 

ai percentage traits. The percent reduction in the magnitude 

of variance components due ta correct1ng for levels of feeding 

.,anged from 20 to 73% in yield ('traits. ...Therefore, for lIore 
.. 

meariing, these esti.ates of variance component were converted . . 
to relativtr perc.~nt of the total vari~tioft i~ both\sets' of 

records (Table 17). 

The contribution of sire component to the total 

variance for yielès of mi1k, fat "and protein for Uncorrected 
~ ~ 

Recor4s ranged from 6.11 to 7,71% and those of percentages 

composition ranged from 6.66 to 13.03 (Table 17).' The 
"' 

relative proportion of herd component expr.ssed as percent 

-of total variation accou~ted for from )2.57 to 39.51 for 

yi.lds of milk, fat and protein and from 11.JS to 13.52 ~or 

per~entage traits. These estimated variance components were . 
in tpe range of those reported in the literature (Hickman an« 

Henderson 1955, Legates et !le 1956, V,n Vleck!! !le 1961, .. 
'Bu~dick and McGi11ard 1963. Bereskln and Freeman 1965. Van. Vleck 

'" 
-1966, Gacula!!~. 196E!, and Norman !l!l. 197~)'- Sire by h~rd 

interactions' aocounted for rrom O.29~ of the total variance 
n 

for prote1n yield to 5.60~ for prot.in percent among all 

2 
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Table 17: 

• 

-,rait 

Mille(lb) 

o rat(lb) ••• " 
. 

Protei.(l_) ... 

"t~ 

Protet. ~ 
• 

---------------- -
"\ 

J 

1....-1 

',f . l 

Repeata~i1ity, heritability and esti •• t •• pereentages of total variatio. 

ot Hol_tela reeor4_ contr1buted by sire, àerd, aire x ber. and cow 

eOBpo.eDt8~ot variance 

Peroentace or total yariation Total 
h2 l r 

RecoMl Sire Herè SB Cow Error variance 

Correcte. 6.60 32.3t 3.39 15.01 42.61 1790582 0.)2 0.39 
Uacorrecte. ~6.·11 32.5 4.12 21.77 35.43 60887-53 0.41 0.36 
~ 

Correcteci 8.55 27.~ 2.27 17.49 44.00 3396 0.)6 0.47 
U.eorrected 7.71 33.~'8 1.14 21.15 36.32 9)28 0.44 0.47 

6.06 Correct •• 30.91 0.42 10.04 52.57 2064 0.2) 0.)5 
.. ,Uaeorrecte. 6.73 39.51 0.29 16.57 36.90 6047 0.39" 0.45 

Correcte. 12.97 10.74 3.19 40.82 32.28 0.1)29 0.60 O.SS 
Uncorrecte. 1).03 11.38 2.65 40.68 32'.26 0.1333 0.61 0.59 

Correete. 6.68 14.34 5.)0 22.20 51.28 0.0509 0.34 0.)2-
Uactorreet •• 6.66 1).52 5.60 22.58 51.64 0.0505 0.)4 0.)1 

~ ... :l 

a 

e 

*1 
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4It lactation traits. These resulta favour Most of the pubiished 

estima tes on sire x herd interactions that this component was 

generally s.all or negative (Legates ll.!!. 1956, Wadell an. 

McGillard 1959, Van Vleck !1 al. 1961, Van Vleck 1966, and 

Burdick and McGillar. 1963). Repeataàility esti •• tes on a 

wlthin herd basis for yields of ml1k, fat and prot.in were 

slightly lower than reports of Wilcox et al.'(1971), but 

co.parable to thos. of Gaeula!l al. (1968). Thoee of 

percentages co.position were comparable to report~ Von 

Krosigk !1!l. l1960) ana Butcher !!!l. (1967), but slightly 

lower than reports of Gaunt !l!l. (1968) an. Gaou1a !!!l. 

(1968). HeritaDility of milk yield and composition were in 

/ 

general agree.ent with Most of the puèlished estimates, exeept 
1 

.that of protein percent was law (Sargent and Legates 1964, 

Blancharâ !l al. 1966, Butcher ~!l. 196~. Gacula ~!l. 1968, 

Gaunt !l!l. 1968, ànd Tho.paon and Loganatàan 1968). 

o 

Sire co.ponents obtained fro. recoràs corrected 

for levels of feeding were slightly increased for yields of 

milk 'and fat and percent protein, but dacrease. slightly 
... 

for proteln yield and fat per ente Sir~ by her. interaction 

components of variance ha. 
(51' 

cQrrected for levels of f 

ying affects after being 
, :\ ' 

Percent components of 

" 'variance for aerd and eow effeç~s were reduced in all traits. 

Thes. rasu1ts agreed with those observed in ta.le 14, confirming' 

e that 'cor~ecting recorcls for levels .of feed1ng erfec'tively 

-

\ 



-e 

re.oveà a'considerable a.ount of env1ronmental variat10n 

associated w1th berd and cow co.ponents. As m1ght be expecte4, 

repeatab111ty was reduced for all traits (Table 17). The 
" 

changes in heritability in the Corrected Records were 'sMall 

and probably of li ttle p,ractica l s1gnif1ci!nce. However, in . 

all cases, s11ght1.ncreases or decreases 1n her1tabi11ty 

wer. reflftcted by the simil~r changes in the percent sire 

co.ponents. Higher heritability than the corresponèing 

repeatability in m11k yield and fat yield was due to the 

larle reduction in cow variance 'co.ponent after records were 

corrected for levels of feed1ng. This appears that a 

consid~rable amount of permanent environmental effects in 

the cow co.ponent is bf nutritional origin. _ 
" 

Phenotyp1c' correlations amon~ yields (Table 18) 
.-"11 

ranged fro. 0.85 to 0.91 for the, Uncorrected Records. Tbe 

relationsh1p~ between const1tuent~ an.5i yie'lds were smaller 

and ranged from -0.20 to 0.46. Genetie eorrelat1ons aa901 

yields vere high and sim11ar to those of phenotyp1e values. 
1 The reaa1ni~& genetic correl~tions, with two exceptions, 

~' ~. 

were also s1aa11ar to the corresponà1ng phe~tYP1e correlat1on 
, 

values. The two exceptions wère the saall posit1ve relationship 

.etween~milk yield-fat percent and the relat1vely s.all 

negat1ve correlation between milk y1eld-prote1n percent. 
" 1 • 

These estimàtes were with1n the range of reports elsewhere, . , 
vith ohly one exception tut both phci~otypic and genetic , 

2 
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Ta»le 18: P.enotyp1e an. geDet1e correlat1oas "oac .ilk a •• 
, . . 

ailk co •• t1~u •• ta r~o. Correeted a •• Uncorr.ete. 

aecorda 
l 

\) Genett • • orr.latio • .. il; 
Trait R.c.~ Milt hOt:, Prote1a htJ Prot.iD ~ 
~ r:â 

,f? 

Milk( ']!w) Correct.cl 0.4-7 0.81 , -0.27 -0.42 

Uncorr.cte. 0.81 0.94- 0.05 -0.1) . 
\.' 

,j 
(! 

)1 

,Fat( li) Correct.d ~.0.5~ 0.56 0.71 0.10 

Uaeorr.ete. 
, 
0.85 0.85 0.61 0.16 

.. 
" 

Il 

Prete1.(1~) 0.66 
t 

Correot •• 0.75 -0.01 0.17 

1 Uac:orre.teil 0.91 ~ Eh'6 0.18 .... 0.21 

',> 

'" ~o 

'" Pat ,~ Correcte. -C.24 0.62 0.08 0.5l 

U{corr.c:t •• -0.12' 
" 

0.4-0 0.06 0.53 
ct 

\ " .. 
Protei. ~ éorr.ct •• -0.2) ~0.20 0.45· 0.4-6 

Uncorrect •• -0.20 0!06/ 0.22 0.46 ..... 

.. 
Phenotn>i~ correlation , , 

~ 

e '. \1' .. 

\ , 
1 " 

r \' , , 
\ 

: 1 , , \ 
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t 

correlations between milk yield-fat percent were high (Sargent 

and Legates 1964, Blanchard!!!l. 1966, Butcher !! al. 1967, 

Christensen 1968, Thompson and Loganathan 1968, ~atra et al. --.,.-

q 

1969, and Wilcox !!!l. 1971). 
,; 

1 General reductions in co.ponents of cOV8fi~nce' '"er~ 
t· 

observed fro. the Corrected Records. Pbenotypic correlations 

between lIlilk yield and constituents were de'creased. Slight 

increases or decrease~ in phenotypic correlation were noted 

a.ong other traits, except pro,tein percent-fat percent was 
~ , , 

, . 
not affecteè. Genetic correlations among ailk yield,and milk ,-

constituents were also generally decreased e~cept that of,f~t 

yiele-fat percent, and protein pe~cent-fat percent. The se 
.-

changes in phenotypic anq,genetic correlations were brought '. -
ab?ut by ui\èqual rat. of reductions in", the co.ponents of c"'o-. 
varianc\ to'i the corre,sponding variances; resulting in inèreases ' 

or decreases in nhe ratios of the product moment ,correlation ' 
, 

coefficients~ Relatively greater ~eductions 
• • -;0;;: 

in genetic correlations than the correspo~ding phenotypic 

carrela'tions indicated greater amounts of env~~~nmental co- t 
0' 

> 

yariance due to levels of feeding were associated w1th the 
\ , 

sire componen~s. ThUB, the eorrespondirlg environmental 
11 

correlatione would also be expected to ~e redÛced. Increasee 
, " 

observed in phenotypic·and genetic correlations were rel~tiyely 

''(') 

, 

small coaparéd to the,decreases in most of t~e correlations. / 
, 

Both phenotypic and genetic correlations of protein percent~ 
• 1 

, 1 

, 1 

.. 

1 , , 

-

, . 



, 

,. ] 

1 

fat percent were unaltered. 

l' 

These two traits can be assumed 
1 

87 

• to have 11ttl~ environmental variance or covarianc~ attributable 

to levels of feeding. 

7. Sire x ber4 interactions and genet1c para.eter estiaations , 
~ 

from herds fe~ding different 16vels of concentra tes 
J 

. 
Sire by herd and sire by herd production levela 
, - '"-

\ . , 
interactions have generally been repo~te. to be insi~nificant 

(Legates 1962. Burd1ck: and McG1ll~rd ~963; and Van Vleck 1963}. 
1 -, 

These stud1es fiave 1nevitably classifed herd environmente 

accQrding to levele of milk production. Large scale studies 

" of genotype by environmental interactions and genetic parame ter 
, 

") 

estimations' from her4 env1ronments 4efined by different levels 

of concentrate 1nt.ke has not been done~ This investigation 
ù 

was desi«ned to see~ inro~t1on on the interrelatlonships 

.etween geneties and nutrition in uncontrolled envlronmente • 
• 1 

A total of 13,561 305-day, age, year and season of 

calving corrected lactation records were divided 1n\0 three 

approxi.ately equal sUDsets according to low (less than 2200 
i • 

therms),'.edium (between 2200 and 2900 theras) an. high (greater 

tba. 2900 thermal level of lactation net energy intake tram 

concentrates (meal). Hen •• rson's Method l wae used on Model 
• v , 

IV (includinc sire, berd, sire x htrd an. co. within sire x her4 

subcla~~es}to estimate co.ponenta of va;1ance an. COY~~iance. 
/' 

• 
... 
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Genetl.c parameters were cOllputed within, each subset ' 4r records. 

Distribution pi these subsets of records br sire, htrd, sire x 

her. ana cow within sire x herd subcla~s are shown in Appendix 

Table 19. The number of observations in each 'subset were 

considered approxillately equ~l, but no attempt was made to 

study' ho~ sires were repr~ented in the three environments. 

1 
The relationships of levels of meal feeding ana 

phenotypic performance of laçtation traits were investigated 

(Table 19). Means of all traits cons~stently increased, "hereas 

Goefficients of variation decrea~ed with higher levels of lIeà1 
\ ~ 

intake. Phenotypic standard deviations wer~ highest in high 
1 

level. Studies elsewhere (Legates 1962, and Van Vleck 19q3) 
. 

bave shown higher Mean and total variation in production ot 

milk in records,from h1gher production levels. The close 

association betwe.n different criteri. of stratifying lactation 

records, i~e. by either levels of production or levels of meal 

intake as used in this study, ia probahly connected with the 

, high conrrelations betwern yield traits and meal intake, whieh 

ranged froll 0.74 to 0.78 (Table 16). 
'. 

Sire co.ponents of variance for yields of milk, fat 

and prot.in range. fro. 4.84 to lO.94~ of the total variation 

(Table '20). 'The estl .. te. actual co,ponents or variance are 

presented iD Appendix Table 21. There vas no evidence of 

increas1ng sire or total variation vith improved env1ronments 

.... 



Table 19: Phenotypic performance of cows in 

and h\gh leve 1 of mea 1 'i~ take 

l'OW, llediUJD 

Trait 

Mi1k( Ut) 

" Fat{lb) 

Protein(l~) 

Fat ~ 

Protein ~ 

~"~ft''' , . • 
") ~. 

Lev~ of Ileal / • 

intake 

Low / 

High 

Low 

M&an 

9,602 

11,512 

13,702 

339 

M~diUII~ . 4ll 

High ~ 491-

~ 
Low 303 

Medium 360 

H1gh 427 

Low ) .. 54-

Me.iua ).58 

Higa ).59 

Low ).06 

Medlua 3.07 

High 
.. ').09 

.,. . 

~ 

S.D. 

~~825 

1,608 

1,'953 

72 

67 

81 

~ 58 ~ 

"-. 

54 

6) 

0.)6lt.O 

0.3579 

0.3706 

O.22g<} 

0.2209 

0.22)5 

\ 

,....,.'. 

c.v. 

0.19 

0.14 

0.14 

0.21 

0.21 

0.17 

0.19 

0.15 

0.15 

0.10 

0.10 
\ \. 
0.10 

O~.07 

0.07 

0.07 

c 

~ 

." --
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Table 20: Repeatability,. heritabi1ity and estiaated perçentages of total variation 

or Holstein records from three levels of meal intake 

Leve l of mea 1 Percentage of total variation Total 
h2 '" r 

Trait intake Sire Herd SH ë& Error variarrt!e . 

, 

5. 29, 30'ffl Mi1k(1_) Lo. -0.75 -~6;57 4e.Sg 33.36441 0 .. 31 0.30 
MediUll' 7.)S 32.32 -2.4.0 1.8.58 44.12 2588865 0.38 0.44 
High 4.84 25.60 $.56 21..35 42.65 3826156 0.35 0.26 

.J '/ ~ 

Fat(l_) Low 5.87 28.57 0.31 15'.59 49.66' 5197 0.30 0.33 
Medium 6.1) 29.66 ,2.79 15.43 45.99 4471 0.31 0.35 
Hlgh 6.13 26.S1 2.01 21.22 43.8) Cîl:1 0.37 0.34-

"'=-, 

10.62- 48.87 \~ Protein(lb) Lo. - 10.94 35.52 -5.95 0.33 O.6t 
Medium 4.72 33.82 -0.85 15.78 4.6.53 2882 0.31 0.29 
RiCh 5.98 30.78 1.15 10.57 51.52 5 0.24 0.J5 

rat~ r.o. 8.8S 12.50 7.62 33.97 37.03 0.1326 0.49 0.41 
M •• iUII 13.65 11.26 1.04 43.39 30.66 0.1281 0.64 0.62 
High 14.06 10.82 1.49 40.31 33.32 0.1375 0.61 0.63 

'" 
Pretein ~ Law 3.47 13.84 17.89 21.52 43.28 0.0525 0.29 0.16 

Meciiua 6.73 12.60 4.37 18.88 57.42 0.0488 0.29 0.31 
High 7.47 11.65 5.10 22.37 53.41 0.0499 0.34 0.34 

~ 

; 

\ 
, '>0 

o 

• 
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in tae yield ~raits. However, sire components of percent 

fat and percent protein consistently increased wfth levels 

of meal feeding~ The inconsistency ob:erved in the sire 

components May be due to the fact that sires used in this 
.. 

analysis were not necessary equally represented across 

~,nvirollllents. Relative changes in sire components were 
"-

91 

reflected in the heritability estima tes. There were no specifie 
/' 

trends for~heritabi~~ties of yield traits, but gradual increase~ 
J • 

with leveis of meal intake for constituent traits were noted. 

Heritabilities of constituents in the two high level groups 
~ 

wer. almost double the value of ~he low level group_ Mason 

and Robertson (1956) and Van Vleck (1963) consistently showed 

that genetic variance of milk'yield within herds increased as the 

average yield increased and correspondingly the he~itabilities 

were also increaseà. However, Burside and Rennie (1~61) and 
. . 

Legates (1962) agreed that a~though t~e total variability and 

the genetic variability increased with levels of produètion, 

yet the heritability remained relatively constant over all 
~ 

levels. . Tàe changes in sire co.ponents fro. three ~nYlron~t8 

with low, medium and high level of meal intake indicate a 

fOTm of sire by ration interaction. 
f 

Th~ relative chan~eB , . 
of percent genetic variance bétween levels of meal inta~e w1thin 

ea9h traits ranged from approximately l to 5~ of the total 

variati~. Sire by ration interactions in da1ry records rang1n« 

from ne lig1ble amounts to 17~ of the total'variation have been 

reported J~ao and Burside 1969, Richardson 11 !!.-1971, Lamb 



. 
were into three environments increased with improved 

feeding leve s for yield traits but decreased for percent 
"-

constituents Table 20). "Interactions ranged from negative 

to 5.56% for y eld traits from this study were comparable to 

reports elsewhe e (Legates et !l. 1956. Wadell and McGillard 

1959, V~n Vleck t!l. 1961, Burdick and McGil1ard 1963. and 

-Van Vleck 1966). Hammo~d(1947) concluded that the character 
, 

requtred is best elected for under environmental conditions 

which favours 1ts ullest expression and that once deve'toped 
\ 

could be used in ot~er environments. Falconer and Latyssewski 

(1952) pointed out' ~at for Ha";"ond's concept to hold good, ~ 
there should be no ~~notype-environmental interaction. The 

magnitude 'of sire x herd interaction of' milk production at 
, 

high leveis of meal intake was greater than the corresponding 
1 

sire compon~nt (Table 20). This could lead to some serious 

: consequences in sire evaluation. On the other hand, improved 

feeding practices apparentiy had little inf1genc~on percentage 
Il . 

compo~tlon (Table 12), the re~uction ,in interaction terms in 
" " . . these trait~might have been due to change of the negative 

'correlation with yield traits. 

~ 

Percentages of total variation attributable to h~rds 

4It were essentially lower at higher levels of meal feeding. If 
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less than 10~ of herd differenees are of a genetie nature 
l' 

(Pirchner and Lush 1959), then herd eompone~ts reflected 

93 

!:' lal"gely' environmental variation. Improved feeding practices 
~ 

1 would undoubtedly ~moved some of these envitonm~ntal differences) 

among individua~erds. " Cow components at higher levels of 

meal intake ~ generally increased. If animals under 

favourable environmental conditions could expre~s their 
" / 

genotypes to the fullest extent, lncreases in variation 

between genotypes are to be expected. Studies have shown 

that genetic variability increased with levels of production 
1 (Mason and ~rtson 1956, Burnside and Rennie 1961, Legates 

1962, and v~eck 1963). Changes ~f sire components with 

levels of meal feeding also partially supported this view. 

The re fore , i t is reasonable to expect cow components would 

, increase with improved environments. Increases in sire and 

cow component resulted in ,increased repeatabilitie~ Resulte 

consistently indicated repeatabilities of all traits increased ,. 
wita increasing levels 0{ mea1 feeding, except for prote1n 

, \ 

yie-ld (Table 20). Shrode!!!l. (1960) .,.[.eported that changes 

of repeatabi1it1es trom 0.37, 0.32 and 10.70 to 0.49, 0.44 and 

0.71 for milk. fat and rat percent reepectively after some 

known definite improvements in various aspects of herd mana~e­

lient were made. 

1 

~Phenotyp1c and genetie correlations a_ong mil~ and 
1 

m11k constituents from three levals of meal intake are presented 
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in Table 21. Both phenotypic and genetic correlations decre~sed 

with improved environments, except the pheno~ypic values br 

fat percent-fat yield, protein percent-fat yield an« protein 
4t 

percent-protein yield, and the genetic value of fat yie1d-

fat,percent were increased with"higher levels of meal intake. 

Increases or decreases in the product moment correlation~ are 

brought about by changes in the ratioa of the covariance to 

those of the variance&. Much of t~ discussion in interpretin! 

the changes of variance components in different environments 

cou1d a1so be used to explain the change8 in covariances. 

lmproved, environments removed some te.1orary einvironmental 

covariances associated with the joint function of the two 

traits and thus reflected the true correlations of these traits. 

lt is, interesting to ~erve the relationship 

between mil~ and fat percent. A majority of t~e reports found 

that the phenotypic c~relations ranged from -0.05 to -0.66 

and the genetic correlations ranged from -0.17 to ~O.44 (Sargent 

and Legate~964, Blanchard !l al. 1966, Thompson and Loganathan 

1968, Batra et!l. 1969, and Wilcox et!l. 1971). The estimatee 
. 

of correlation for .ilk yield-fat percent in three environments 

fell within these ranges, but with d~creasi~ .agnltude fro. 
- . 

lON to hi,h lev.l. These results indicated that enviro~nt.l 

effects due to nutrition coula be one of the sources of 

variation contributing to differences in estimAtes of correlations 

/ ".pp.aring in the lit.rature. 

\ 

, 

L 
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TaIDle 21: Phenotypic and genetic correlations among milk 

and milk constituent~ from three 1eve1s of mea1 intake 
7 

Level of 
llea1 

Trait" intake 

Milk( lb) 1" Lo. 

Medium 

\ ' H1gh 

, 

Fat ( lb) Low 
1 

Medium 

High 

Prote1n(lb) Low 

Melli,.um 

, H1gh 

Fat ~ , LOw 

MecliUll 

H1gh '" 

Protein ~ Low 

MetliUII 

H1gh 

• 

0 

Genet1c correlation 

Milk: Fat Protein Fat % Protein % 

0.81 0.97 -0.02 0.58 
, 0.55 0.84 -0.38 -0.46 

, 

0.42 0.87 -0.)6 -0.50 

0.81t. 0.99 0.56 0.87 

0.:72 0.~45 0.55 0.00 . 

Q.72 0.-68 0.69 0.0) 
• 

0.89 0.85 0.)7 0.77 

......dl.e) 0.76 -0.19 <:0.07 

~ 

0.8) $1..0.75, 0.04 '-0.01 

-0.08 0.lt.5 0.1) O.g~ 

-0.18 

-0.21 

.,0.19 

-0.17 

-0.23 

0.55 

0.52 

0.10 

0.17 

0.13 

Phenotyp1c 

0.11 

0.04, 

0.27 

0.39 

0.)5 

0.47 

0.46 

0.46 

correlatioll 

, 

0.45 



\ 

~ 

Reductions in phenotypic correlations were not 

too large, ranging f.rom 0.02 to 0.13 for all t~aits. But 

96 

the decreases in genetic correlations with improved environments 

were much larger and Rave significant implications. One of 

these implications is that the expected selection response coulà 

be serious bi.sed if no consideration 1s made regarding the 

environœent upon which the genetic correlation value i8 obtained. 

a. Consequence in genetic para.eter estimates neglecting 

sire x berd interaction 

Most estimates of genetic paraseters using paternal 

half sib correlation methods from aature equivalent records 
, 

were based on modela ignoring sire x herd interaction (for 

exa.ple, Gacula !1!l. 1968) and Wilcox !! al. 1971). Results 

from the previous section indicated that sire x herd inter-

actions for yieid traits were larger in better envi,rorunents. 

From- the exi'sting da ta, this follow-up study used a Ilodel 

ignoring sire x herd iteraction (i.e. Model V) to reestimate 

the genetic para~eter8. 

" ~ ,'" 
1 

Repeatability, heritability and estiaated percentages 

ot total variation'fro. Model V (including sire, herd~nd cow 

within sire-herd subclasses) for records of three levels of rneal 

lntake are presented in Table 22, and ~e actual ~stimate., 
components of variance are sftown in Appendix 22. Be fore 



e 

Table 22: 

Trait 

Milk(l~) 

~ Fat( lD) 

Pro~ein(lb) 

Fat~ 
'Il 

Protein ~ 

.. 

Repeatability, heritability and estimated percentages of total 

variation from an interaction ignored model ... 
, 

Level of lIlea1 Percen~age of total_variation Total 
h2 r 

intake Sire Herci Cow Error variance/' 

10w 4.92 29.81 16.52 48.75 3345431 0.31 0.28 
M •• iua 6.11 )1.72 18.42 43.75 2610848 0.36 0.36 
Hig. 8.04 26.74 21.76 43.46 3754540 0.41 0.44 

LoW 6.03' 28.65 15.61 49.71 5192 0.30 0.)4 
Mediua 7.61 )0.)5 15.58 46.46. 4426 O.)) 0.44 
HiCh 7.29 27.22 21.)7 44.12 6584 0.)9 0.40 

Low 7.59 33.99 10.43 47.99 3388 0.27 0.46 
Med1ua 4.25 )).61 15.74 46.40 2890 0.30 0.26 
Hi,h 6.69 )1.01 10.61 ,51.69 4031 0.25 0.39 

Low 12.90 14.10 )4.9) )8.07 0.1289 0.56 0.60 
Meàiua 14.23 11.45 4).55 - )0.77 0.1277 0.65 0.64 

- H1gb 14.95 11.05. 40.51 )).49 0.1369 0.62 0.67 

Lo. - 1).90 17.52 22.77 45.81 0.0496 0.44 0.67 
MeàiUll 9.25 1).40 19.14 58.21 0.048) 0.33 0.43 
High 10.64 12.41 22.72 54.2} 0.0492 . 0.38 0.49 

~ 

e 

: 
: 
~ 

t'-
1 

~ 

\,Q 
--.J 



~ comparing the results to those of the previous model which 

included sire x herd inte~actionsJ ~n examination of the 

insividual expectations was necessary (page 47). Expectations 

of cow and within cow sums of squares were the ~ame in both 

1 

... 
models, but (K2 - K9) and (K4. - K9) of the interaction term 

were taken away from sire and herd equations r~spectively. 

Thus the existence of a slre x herd interaction would over-

estimate these two components in a model which failed to .,. 
account for this interaction. This statement was examplifieè 

"' by comparing the sire co.ponent in milk yield from both 

models ( T.able 20 and Table 22). 
1 

Furthermore, herltability 15 
.. 

a ratio of four times the'sire to the total variance, positive 

and negative interaction component estimates changed the 

absolute magnitude of the total variance. Nevertheless, 
. 

the differences May be of no practical significance. For 

example, heritabilities of milk in three en~ironments from 
, , 

the model ignoring interaction still fell with1n the acceptAle' 

rangé of this estimate.: R~peatability was not expected to . 

change greatly because the cow component would not be 

appreciably affected"by the inclusion or delation of a sire x 

herd terme o 

Ignoring interaction apparently did not affect 

phenotypic and genetic correlations (Table 23), except for 

the genetic correlations of milk yleld-constituents at low 
, / 

le!els were underestimated. Thi~ might ~ve been an 

o ' 



Q 

e indication tbat interaction covar1anc~s .be.t,ween two ~rai ta -..., 

" 

• 
'" were approaching Zero in mos.t cases. ,and thus did not a.fl'ect 

" th~ rati~s' of/the product moment correlations. 

, . 
o 

• 

: 

l, 

" " 

. , 

. ~. 

... 

\ . 
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Ta.le 23 : Phenotypic and genetic correlations among milk and 
\.,... 

milk ,constituents from an interaction ignored model 
." 

Level of .' Genetic correlation 
aeal 

Trait intake Milk Fat / Protein Fat % Protein % 
~ 

Milk(lb) Low 0.71 0.85 -0,14 0.15 - , 

Me.lull 0.54 0.71 -0.25 -0.41 
• High 0.54 ; 0.84 -0~38 -0.42 

• --Fat( lb) Law 0.85 ÎO.~4 0.59 0.51 
" 

U.23 Medium 0.72 0.73 0.67 
, 

High 0.71 0.69 0.57 0.15 
). 

/ 

Protein(llt) Low 0.90 0.87 0.26 0.64 

Medium O.~l,. 0,.15 

l 
0.33 0.33 

HiCh .. 0.83 0.75 -0.03 0.13. 

\ 

Fat c~ Law ... 0.07 0.45 0.14 0'.60 

MediUll -0.20 .0.53 0.06 0.61 

Hlgh -0.~1 0.53· 0.06 0.60 r, d • 

'prot~1~ ~ " Low -0.11 \ 0.10 9.25 0.47 .. 
1 • 

Medium -0.19 0.16 0.38 0.44 
1 ..t 

l ' Hlgh -0.2) 0.12 0.34 0.44 
O.c , .,0 

e Phenotypic correlation 

c, 

.' 0 

\ . .., 
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4It VI. CONCLUSION 

r • 

Relationships between feeding practices and milk 

yield and composition were investigated br studying 17,259 

Ayrshire-and 139,720 Holstein 305-day, age, year and season 

of calving adjusted records. Positive and signficant (P<O.Ol) 

linear effects and generally significant quadratic effecte 

of net enprgy intake from silage, hay, pasture and meal 

indicated that yi~ld re~~ses to levels of feeding were 

curvl1inear. Examination of the linear relationships between 

yields and levels of net energy intake indicated that yields 

were independent of the source of net energy from either 

forages or concentrates. IncQrporating larger amount of 
~ ~ " silage in the ration relative t~ hay slightly increased 

1 A , 

yi'elds of milk, fat and proteilh . TIle magnitudes of' change , 
Î 

were small, for example, doubling the ratio of silage in the 

ration resulted in increases of 17 lb of milk, 0.74 lb of 

fat and o. 55 ~. of proteine 'lbese results fa~oured·the 

extensive use of silage in dairy ration and partially 

substantiated the popular interest in'all s~lage feedtn~ 

program. Higher roughage in the ration depr~ss~d yields, 
, i 

because animals could 'not obtain enough energy for their 

11 

production as a result of reduction in dry-matter intake from 

high forage rations. Increased'voluntary intake of the foragee . 
or supplementation with concentrates were apparently the only 

~, solution ~p problems of high-level forage feeding programs. 

~ 

-
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l' 
Energy concentration, a measure of the o~erall nutritive 

6 
value of the feed, consistently exerted.large positive 

effects on yields of both breeds. The estimators of feeding .... . 
practices in this series of studies ~ere the net energy 

-intake from any particular feed or some ratios of two oategories 

of feed on a net energy basis. One advantage of using such 
, ./;. 

an estimator in dairy field Bata was that it accounted for 

variations in feed quality. ~xcept for the roughage:concentrate 

ratio, which had a negative effect on lactation yields, other 

ratios ~~~he net energy intake from silage, hay, pasture 
1 

and meal were positive. It was therefore concluded that 
• 

energy in dairy rations should receive primary consideration 

in practical nutrition. Increasing net ener~ intake from 

wbatever sour~e of feedstuff generally inc~eased yields. On. 

the other hand, high forage feeding, which would result in a 

reduction in ;J0t ! net energy intake, would seriously reduce 

yields of milk, fat and proteine Net energy intake fro. silage, . 
hay, pasture and meal apparently had little influence on ~ilk 

composi tion. However, ratios of feed had var"ying and inconsis­

tent effects on fat percent between the two breeds. Only 

silage:hay ratio in Holsteins had any significant effect on 

protein -percent. The~ inconclusive effects of~feeding on 

milk composition indiéated that altering milk composition' • • 

through nut~~tional changes was lim1ted. Changes in fat and 

protein percent are thought to result fro. changes in ruminal 

fatty acid ratios. These changes may or may not d~velop, ., 

.j 

" 



depending on factors such as the particular concentrates, 

nature of the forages and method of feeding. /" 

One of the basic assumptions ~n estimating 

variance components is that random effects are·free from 

fixed effect influences. ~ailure ta account for importa'nt 

fixed affects could bias the variance component estima tes. 

General reductions in variance components after records 

were corrected for l~vels of feeding, as observed in this 
-, 

lQ3 

study, posed a challenge to the validity of this basic 

assumption. Whether the model which failed to consider levels 

of feeding biased the component estimates was open to 

question. Fijrthermore, the unequal proportion of reduction 

in variance components of cow and within cow reduced 

repeatabilityestimates. Repeatabilitie"s were reduced by 

a range of 0.10 to 0.25 for ylelds of ml1k, fat and protein 
1 1 

for both Ayrshires and Holsteins. It was mentioned earlier 

that milk composition was apparently not affected by levels 

of f~eding. This was demonstrated by the unchanged repeat-
-

ability of ml1k composition in the Corrected Records. The 

decreases in repeatability of yield traits were due to" 

removal of sorne permanent environmental effécts associated 

with- the cow compon~nt. Repeatability is a measure of within 

herd average correlation between records of the sa me cow. 

After the, influence of feeding was.removed, repeatability 

4It est1mates of the yield traits approached the corresponding 
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heritability estimates indicating that permanent environmental 

effects are large1y of a nutrional nature. 

In an attempt to examine the changes in heritability, 

phenotypic and genetic correlations after correcting records 

for levels of feeding, sire identified Holstein records 

were described by a model which included sire, herd, sire x 

herd, cow and within CO'W terms. Similar '(reductions in 

variance components and repeatabilities were observed in the 

'Corrected Records. Slight increases or decreases of herita­

bility estima tes among yield trai~s and unchanged heritability 

estima tes of milk composition traits indicated that correcting 

records for levels of feeding did not significantly change 

heritabi1ity estima tes. The changes in sire x herd interaction 

were not consistent among all traits. Varying increases or 

decreases were observed in the phenotypic and genetic 

correlation~ among milk yie1d and composition traits. A 

generally greater amount of reduction in genetic c~rrelations 

than correspondi~g phenotypic correlations lndicated that 

a greater amount of envir?nmental covariance dU~ levels 

of feeding was associated with the sire component. The 
1 

phenotypic and genetic correlation of major concern was 

mi1k-fat percent. However, thase estima tes fell within 
.. 

the acceptable range 1rrespecttve of whether reed~ng waB 

accounted or not. Therefore, it waB concluded that correct1ng. 

for levels of feeding had no major effect on genet1e 



\ ., 

-
parameters, except repeatability which was s1gnificantly 

reduced in all cases. 

In one study, Holstein records were stratified 

into three approximately equal subse~ according to low, 

medium and high level of meal intake to study sire x Herd 

interactions and genetic parameters estirnate,d from these 
, 

three environments. Sire components across different 

105 

feeding levels were inconsistent for milk and protein yield, . 

but other traits consistently showed higher genetic variability 

with higher levels of nutrition. The relative changes of 

percent genetic variance between levels of ~eal intake within 

each->rait .ranged from approximately l to 5% of the total 

variation. Inconsistency in showing higher genetic variability 

in improved environments for milk and protein yield wa~ 

thought to be a result of daughters of the sires were not 
, 

equally represented across all \hree environments. Corres-

ondingly, heritability estima tes in these three environments) 
/ ' 

were reflected by the same changes 1n sire components. Fat 

yield and the percentage traite showed increased heritabilities 

with levels of meal intake. To a certain extent, these 

results support the view that animals requ~red optiaum . 
environmental conditions to express their genhtypes to the 

fullest extent. Sire by herd interactions when daughters 

of sires were groupad into thr,e env1rol1llents were observed 

to increase wi~h improved layels or feeding for yield traits. 

,1 



and decrease for percenatage traits. This implied that 

more problems in sire evaluation at o~timum environments 

than poor environments were to be expected. Increases in 

sire and cow component accompanied by decreases in herd 

components resulted in increased repeatability estima tes 

106 

with improved cow environment. The reduetion in herd 

component was resulted from removal of some env~onmenta1 
differences'among individuel herds. Phenotypic and genetie 

correlations were genera11y decreased with improved 

environment, but it was concluded that ~ese changes were 

not particular signifieant sinee Most estima tee in these 

three environments were within acçeptable ranges. { 

The consequences in estimating genetic parameters 

if the sire x herd interactio~was not included in the model 

appeared to vary, depending on the sign and the magnitude 

of the interaciion estimates. However, it was concluded 

that fail~re to inelude the interaction term would tend 

to overestimate her1tability at high levels of feeding. 

The effects of ignoring the interaction on esti~es of 

phenotypic and genetie correlation was apparently not serious. 

/ 
1 
( 

) 

) 
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.. 

e Appendix Table.l:-Analysis of variance by Model l on yields 

of milk and ~at and fat percent ~or Ayrshires 

.- -F ratio of Mean square 

Source -----fT;"F" • PIIII< ' P'at ' ~at 1& 

Age of cow 4 93.82** 56.77** 3.08* 

- Season of calving 2 11.70** 10.)6** 2.59 

Year of ca1ving 6 15.78*:':< 37.82*),\ 29.47** 

Silage 1 148.76-1.'* 160.46** 17.53** 

, Hay 1 100.34** 101. 56*),~ 9.$3** 

Pasture l 207.29?!t* 138.42** 0.07 "" 

Meal 1 451.7)';(* 275.94-1,<* 0.19 \ ' 
( 

Si1age2 1 1.15 10.41** 10.95** 
, 

Hay2 l 0.16 4.01* 6.44* 

pasture2 1 11.06** 5.2$* 0.80 

Mea12 L 28.65** 44.50** 6.61* 

Error 7242 
Cl. 

, 

* s~gni fl:ëâ:nt at 0.05 leve1 

** significant at 0.01 leve1 
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-e Appendix 1able 2: A!1a1ysis of variance by Mode1 l on protein 

yie1d and percent for Ayrshires 

F ratio of mean square 

Source D.F. Protein 'Protein % 

Age of cow 4 19.33** 1.29 

Season of ca1ving 2 3.43* 1.$) 

Year of calving 5 3.6$*::< 5.59** ,1 

Si1age. 1 19.27**' 0.24 

Hay 1 12.11::'* 0.02 

Pasture 1 35.77** 0.84 
./ 

Meal 1 11$.79** 1.04 

.?ilage2 1 U.57 1.$5 

Hay2 1 0.02 0.00 ,. 

Pasture2 1 3.$2 0.26 

Mea12 1 0.</0 - 1.33 . , -. , 
~ 

Error 1714 

* significant at 0.05 1evel 

*,~ significant at 0.01 level 

c 1 
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e Appendix Tab1-e 3: Analysis of variance by M.odel l on yields 

of milk and fat and fat percent for Ho1steins 

, 

Source 

Age of cow 

Season of caLving 

Year of calving 

Si1age 

Hay 

Pasture 

Meal 

Silage2 

Hay2 

pasture2 

Mea12 

Error 

F ratio of mean squarè 

D. F. Mi lk Fa t ' Fa t % 

\ 

4! 992.53** 685.34** 0.7$ 

65.64** 

189.76** 

0.60 

1.49 

2 

6 

1 

1 

1 

1 

1 

1 

1 

1 

5$630 

101.87** 125.52*! 

194.99** 366.67** 

1765.83** 113$.95** 

1154.52** 830.52** . 
1852.04** 141$.06** 

5009.27** 3127.96** 

12.67** 

26.85*~:< 

15 .96*7,~ 

71.12** 

,. 
0.73 

30.21** 

12.2$*>:< 

124.42** 

22.49** 

2.59 

11.41** 

1.41 

1.01 

30.81*>:' 

** significant at 0.01 level 

.. 
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Appendix Table 4: Analysis, of variance 

yield and percent for Holsteins 

133 

by Model l on~n 
F ratio of mean sq uare -

Source D.F. Protein 

1 

Age of cow 4 235.94"f* 

Season of calving 2 33 .88*~( 

Year of ca l ving 

Silage 

Hay 

Pasture 

Meal 

Silage 2 

Hay2 

Pasture 2 

Mea12 

Error 

5 34.65*':< 

l 328 .32~("": 

l 234.41*';' 

1. 3-45 .42~(';' 

l 819.29** 

l 6.62* 

l 6.)2* 

l 2.70 

r 23.74** 

16549 

* signif'icant at ù.05 level 

** signif'icant at 0.01 leve1 

l Protein % 

8.22** 

28.35** 
, 

7lL95** 

2.48 

91 81 
) , 

0.08 

1.41 

5.81* 

1.84 

0.04 

4.48* 
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Appendix Table 5: Analysis of variance by Model lIon yields 
\ 

of mi lk élnd fat and fat percent for Ay-rshires 

F ratio of mean 3quare 

Source D.F. ~rIK Fat ~at % 

Age of cow 4 10$.66** 83.93** 1.$$ 

Season of calvi1;1g 2 54.58** 39 .44~;c* 0.43 

Year of calving 6 22.)0** )0.2)>:0:' 29.12** 

Error 7250 

** significant at 0.01 level 

Appendix Table 6: Ana1ysis of variance by Model lIon protein , 
yield and percent for Ayrshires 

Source 

Age of 

Season 

Year of 

Error 

F ratio of mean square 

Qp D.F. protein 

cow' 4 31.09** 

of calving 2 9.79** 

calving 5 9.75** 

1722 

* significant at 0.05 level 

** significant at 0.01 level 

Protein 

1.25 

3.17* 

5.95** 

% 
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Appenqix Table e:· Analysis of variance by Model lIon protein 

yield ,and percent for Holsteins 

F~ ratio of Mean square 

Source D.F. protein Pr~tein % 

Age of cow 4 413~96** $.55** . 
SeasoJl of calving 2 $4.$5** 31.20** 

Yeétr of" ca1ving 5 147.49** 7$.54** .. . 
Error 16557 

> 

'" 
** significant a t 0.01, level 
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Appendix Table 9: Analysis of variance by Model Illon yields 

of milk and fat and' fat percent for Ayrshires 

F ratio of Mean square . 
Source D.F. Ml.lk Fat Fat % 

Age of cow 
\ 

L~ 59.21** 43.99*>;< 2.04 
\. 

Season of calving 2 23.)0"f* 17.73*';< 0.25 

Y~ar of ca1ving 6 18.13** 20.36';0;< 11.05** 

Si1age:hay 1 0.04 1.0) 7.92** 

Roughage:concentrate 1 153.16** 156.,75** 14.60** 

Energy concentration 1 53.36** 35.$3** 3.26 

Error 3756 

** significant at 0.01 1evel 

• 

< Appendix Table lu: Analysis of variance by MOdel Illon protein 

yield'and percent for Ayrshires 

F ratio of me an square 

Source D.F. protein 

Age of cow 4 17.01** 

Season of calving 2 5.11** 

Year of calving 5 2.35 

Silage:hay 1 8.40** 

Roughage:concentrate 1 106.62** 

Eenrgy concentration 1 25.28** 

Error 1041 

* signifitant at 0.05 level 

** significant st 0.01 level 

Protein % 

1.32 

2.7$ 

2.16 

0.64 

0.10 

0.89 
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e Appendix Table 11: Analysis of variance by lvi.odel Illon yields 

"lt-. of milk and fat and fat percent for Holsteins 

Source 

Age of cow 

Season of calving 

Year of calving . 
Silage :hay 

'D. F.' 

4 

2 

6 

1 

Roughage:concentrate l 

Energy concentration l 

Error . 38629 

F ratio of mean square 

Milk Fat 

866.56** 711.82** 

2Ga.64*~ 132.19*~ 
182.61** 237.34** 

30.29*"~ 35.93;'.<)(' 

4454.10** 3669.05** 

396.81'** 376.84** 

Fat % 

1.00 

47.91** 

7.44** 

21. $6** 

17 .08~o'~ 

** significant at 0.01 level 

( 

Appendix Table 12: Analysis of,variance by Iv:odel Illon protein 
1 

yield and ~ercent for Holsteins 

Source D.F. 

Age of cow 4 

Season of calvin~ 2 

Year of calving 5 , 

Silage:hay 1 
y 

Roughage:concentra~e 1 

Energy concentration l 

Error 11623 
) 

F ratio of mean square 

Protein 

291.)2** 

20.04** 

62.76** 

, 7.22** 

1019.82** 

14S.38** 

Prote in % 

5.49** 

27.32** 

54.22** 

9.20** 

0.01 

2.62 

** significant at O.Ol~leve1 
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e Appendix Table 13: Analysis of variance and expected sums of ... 
, 0 

squares by Model l for milk yield arid composition of Ayrshires 

(i) For Al1 Records 

Suin of 
, 

squares 

Source D. F~ Mi1ka Fata Fat % Expected sum of squares 

• .. .. 
Herd 785 8605 15 529 82) d'. + 1)09 ~ + 17181 6'" . .. !I. 

' . 
Cow/herd 9211 86·11 17 1378 9261 <r; + 15947 ~ 

Error' 7242 3599' $ 384 
,. t 

cs-; 

a) coded by times 10-6 

(ii)For Protein Subset 

Sum of squares 

Source D.F. Protein 
b 

Protein % Expected sum of squares 

Herd 46$ 4243 79 
a 

5411d'i + 
' , 

612 ~ + 6793 6"HI. 

Cow/herd 4639 4986 240 4726 0;-+ 
.. 

6228 ~ 

Error 1714 44 a:" 
~ 

b) coded by times 10-3 
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Appendix Table 14: Ana1ysis of variance and expec~ed suros of 

squares by.Model II for milk yield and composition of Ayrshire~ 

(i)For AlI 
( 

Records 

Sum of squares 

Source D.F. Mi1k~ Fat~ Fat % Expected sum of squares 

Herd 785 26475 43 533 797 ç", + 
t 

1309~ + 17181 ~I 

Cow/herd 9211 27175 44 1368 
.. 

9247 ~ + 159'47 ~: 

Error 7250 8832 15 388 a:' 1 

a) coded by times 10-6 

) 
(ii)Fol1 Protein Subset ; "-, 0 

Sum of squares 

Source D.F. Proteinb Protein % Expected sum of squares 
( 

4bS 4$$ ~ ... + 
Il 6".. .. Herd 11826 77 612 cS; + 6793 te 

Cow/herd 4639 12478 240 4699 ~t.+ • 6228 ~ 

Error 1714 2386 44 a:a 
1 

~ 10-3 b) è-Gd...ed by times 

~ 
~ 

" 

'--
~ 

. -
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e Appendix Table '15: Ana1ysis of variance and expected sums of 

squares by Model l for milk yield and Icompos.ition of Ho1stei~s 

(i)For All Records 

Sum of squares - ---

Source D.F. Mil~a Fa ta Fat % E~pected sum of squares 

Herd 2626 81148 125 2713 266$ (f',t' + 
1. 

4575 "-c + 1396236"H'I. 

Cow/herd 78448 109694 203 12827 78502 de- + 135143 ~2 

Error 58630 41910 78 2498 0--' • 
:' 

, a) coded by tlmes 10-6 

(ii)For Protein Subset 

Sum of squares 
0 

Proteinb Source' D. F. Protein % Expected sum of squares 

He rd 1957 39864 497 4753 ($.2+ 
1-

2073 6 .. + 61241 d"H
2 

Cow/herd 42778 59913 2208 42717 <f".1 + 58625 cre!. 
, 

Error 16549 15866" 439 a:' 1 

b) coded by times 10-) 

o , 

Q 

\ 
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Appendix Tcible 16: Analysis of variance and expected surns of 

squares by Model II for mi1k yield and ,composition of Ho1ste1ns 

(i)For All Records 

Sum of squares 

Source D,F. Mi1ka Fata Fat % Expected sum of squares 

Herd 2626 337873 465 2748 2673 <l': + 
1 

4575 6. + 139623 6"~ . 
78410 <fe

a + Cow/herd 78448 367859 523 12790 135143 (fI. 
~ 

Error 58630 109494 169 2511 
A. 
d'E '" 

\ , 
a) coded by time 10-6 

~I " 

(il') For Protein Subset 

Sum of squares '-, 

Prot~~~b " Source D.F. Prote in % Expected 'SUIn of squares 

2030 tr,t + • 61241 6 H" Herd 1957 155120 485 2673 cfe + 

Cow/herd 42778 156176 2217 427:1:-9 trl
t 
+ "58625 ~: 

Error 16549 31335 440 "', 
61: , 

~ 

b) coded by o;times 10-3 

, . 

il 
1 
i 

1 
1 
1 

1 

li 
1 

\ 
1 

, 
1 
1 

1 

1 
1 

1 

1 
1 

\ 

Il 

\ 
\ }. 
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Appe,ndix Table 17: Analysis of components of variance from Corrected and 

Uncorrected Records for Ayrshires 
• 

Trait Records 

Mi1k(lb) Correeted 

Uncorrected 

Fat{ lb l Corrected 

Uncorrected 
'-, 

Protein(lb) Corrected 
-

Uncorrected 

Fat % Corrected 
-

Uncorrected 

Protein % Corrected 

Uncor-1!cted 

Herd 

505492 

1521334 

904 

2516 

660 

1754 

0.0291 

0.0293 _ 

0.0119 

0.0115 

fil 

Variance component 

Cow 

251327 

997683 

442 

1483 

24g-

958 

0.0556 

0.0547 

0.0190, 

0.0191 

Within cow 

497064 

1218238 

1045 

2190 

727 

13g5 

0.0530 

0.0536 

0.0258 

0.0258 

Total' 

12~3 

3737255 

• 

2391 

6189 

1636 

4091' 

0.1377 

0.1376 
, 

~ 
0.0564 

." 

e 

"-

t-' 
.f:-
I\) 
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Appendix Table 18: Analysis of comp~nents of variance from Corrected and 

Uncorrected Records for Holsteins 

Trait 

Milk( lb) 

Fat(lb) 

Protein(1b) 

Fat % 

Protein ~ 

"'­
Records He rd 

Corrected 581857 

Uncorrected 2401973 

Corrected 898 

Uncorrected 3310 

Corrected -: 711 

Uncorrected 2540 

Corrected 0.0179 
. 

Uncorrected 0.0182 

Corrected 0.0094 

Uncorrected 0.0080 

Variance component 

Cow 

396372 

1638492 

722 

2201 

313 

1283 

0.0701 

0.0698 

0.0183 

0.0185 

--

Within cow 

714981 

1867470 

1339 

2876 

----
960 

1895 

0.0426 

0.0428 

0.0265 

0.0266 

Total 

1693210 

5907935 

2959 

8387 

1994 

5718 

0.1306 

0.1308 

0.0542 

0.0531 

-e 

t-' 
~ 
\IJ 
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Appendix Table 19: Distribution'of sire identified Hol~tein 

records by sire, herd, sire-herd and cow in sire-herd subclasses 

Subset of r~c6rds Sire 

Overall 

Ail Records 1873 

Protein Subset 1439 

Meal 1 (Low) 

Ail Records 1116 

Protein Subset IJ 770 

Meal 2 (Medium) 

Ail Records 1118 

Protein Subset 800 

Meal 3 (High) . , 
Ail Records 1003 

Protein Subset 755 

\ 

Number 

Herd 

!' 

779 

571 

619 

423 

54Z 

406 

----

431 

323 

of records 

Sire-herd 

4402 

3121 

2260 

1396 

2251 

1464 

1917 

1343 

.-

Cow/S-H 

7432 

5134 

3389 

2042 

3389 

2093 

2929 

2038 

r 

Total 

13561 

7506 

4724 

2475 

4AJ-4 

4423 

2605 
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_Appendix T~ble 20: A?alrSis of components of variance by Model IV from Corrected 

- and Uncorrected Holstein recordS 

Trait Records Sire 

Milk(lb) Corrected lUn63 
• 

Uncorrected 372040 

Fat( lb) Corrected 290 

Uncorrected 719 

Proteinllb) Corrected 125 ..... 
~~ 

Uncorrected '407 

Fat % Corrected 0.0172 

Uncorrected 0.0174 

Protein % Corrected 0.0035' . 

Uncorre~~ed 0.0034 

Variance component 

Herd Sire-herd 

580065 60624 

1983176 250686 

-4 

941 77 

3142 106 

, _. 

638 9 

2389 1.8 

0_0143 0.0042 

0.0152 ,0.0035 

0.0073 

0.0068 

0.0027 

0.0028 

Cow 

268694 

1325820 

594 

1973 

207 

1002 

0.0543· 

0.0542 

0.0113 

0.0114 

Error 

763Q36 

2157031 

1494 
"-

3388 

1085 

2231 

0.0429 

0.0430 

0.0261 

0.0261 

Total 

. 
1790582 

6088753 

3396 

9328 

2064 

6047 

0.1329 

0.1333 

0.0509 

0.0505 
~ 
~ 
VI 
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Appendix Toab1e 22: Analysis of components of variance by Model V from records 

classified by levels of meal intake 

Level of Variance component 
1 

Trait meal intake Sire He rd Cow Error Total 

MJ.llc{ lb) Low 164570 997149 552726 1630986 3345431 
Medium 159490 828229 480885 1142244 2610848 
High 302035 1003913 816817 1631775 3754540 .. 

Fat( lb) Low 313 1488 810 2581 5192 
Medium 337 1343 690 2056 4426 
High 480 1792 1407 2905 6584 

Protein(lb) Low 257 1152 353 1626 3388 
Medium 123 971 4'55 1341 2890 
High 270 1250 428 2083 4031 

Fat % Low 0.0166 0.0182 0.0450 0.0491 0.1289 
Medium 0.0182 0.0146 0.0556 0.0393 0.1277 
High 0.0205 0.C151 0.0555 0.0458 0.1369 

Protein % Law (;.OG69 O.G087 0.0113 0.0227 0.0496 
Mediupl 0.0046 0.0065 0.0092 0.0280 0.C483 
High 0.0052 0.0061 0.0112 0.C267 0.0492 
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