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ABSTRACT

Master of Science N Animal Science
( Breeding) 3

i3

n Alan Kwai Wah Tong

A field data study of the ‘relationships of nuﬁritional )

practices to milk yield and composition and the estimation

of their genetic parameters

A total of 17,259 Ayrshire and 139,720 Holstein
305-day lactation records constituted d;liwfor this study. )
The respénses of yields of milk, fat and proﬁein to net
eneréy intake from silage, hay; pasture dnd concentrates '\\ ¢
were curvilinear and significant, but responses of perceh%age
traits were dpparently not affected by feeding levels,
Higher silage to hay ratios and higher energy concentraéion
.had positive, while higher,réugpage to concentrate ratios
had negative, significant (P< 0.,01) effects on all yield
traits and fat percent. Correcting records for feeding
levels reduced repeatabilities of yleld traits but had no
effect on percentage traits. Genetic variability and
heritability increased with levels of.concentrate feeding
for fat yield and percentage constituents. Repeatabilities
increased with levels of concentrate feeding for all traits., -

Sire x herd interactions were higher in environments with -

higher levels of nutrition for yield traits.
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, .
Une €tude hagée sur deg domndes du rapport entre des néthodes de

nutrition et/&a productior et cornmosition du lait et oussi

[

‘ » ”
1tes tlﬂ&thD de leurs paranelres peéncétAques
, o

Un total de 17,259 recorgs de production dliyrshire et de

139,720 ?“Holstein étmlpxdepui“ 305 jours en lartation o constitué des

données ’ ‘pour CGutP étude. \ leg résultats de productions dn 1a £Tran

et protéine comparés A 1a consonmation nette d'énercie provenant

. t ~ . .
d'ensilac e, de foin, de paturaZje et de concentrés furent proportiomnels
I'( ‘\'\ ‘
et simifictifc,.mris les réonltots de caracteres en pourcentage ne
|
furent pas apparsnnent nffectés par les niveaux de nutrition. [Une plus
r -
Jrande proportion dlensilace que de foin et une plus ¢rende concentration

”
- J

{

" d'éner:ie furent positifs, par Conséquent une plus grande proportion de

f
f
)

fourrage que de conéentrés furent négatifs, présentant des effects
simmificatifs (I’$§£O1) sur tpus caracteéres productifs et pourcentare de
~rag. la rectifidation de records pour les niveaux de nutrition réduit
les répétabilités de caractéres productifs, mais n'affecte pas les
caractéres en pourcentege. La variation génétique et 1l'héritabilité ont
augmenté dec des niveaux de nutrition de concentrés pour la production

de prras ét pour les éléments en pourcentsge. Les*répéta?iiifés on

aurmenté avec des niveaux de nutrition de concentrés pour tous les

(' /

caractéres. Les:ﬁhangements de composant pére x troupeau furent plus I

€levés dans les effects du milieu avec de plus hauts niveaux de nutrigtion

pour les caractéres productifs.
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@ I. INTRODUCTION

Feed is one of the major dairy inputs gccounting
for 45 to 60% of the cost of milk production. Its cost in
dairy rations can be minimized either by reducing unit costs,
by increasing forage quélity; which may result in h;gher
production of milk, reducing prot€in supplementation or by

f&féeding more forage and less concentrate, Input-output studies
| have appeared in litératurq,to examine feed-yield relationships

based on yearly herd summaries. However, inferenées from these
studies can oq}y be used to explain how levels of feeding
affect production on a hefd basis. On the other hand, nutritional
stu@ies haye contributed much to our understanding of feed-yield
response'in individuval cows. The evaluation of this relationsh}p
under field conditions and accounting for individual cow
variation undoubtedly has important practical significance.‘

The present éairy record information system is one
of the most complete and adnancea: Makizi/yke best use of all
available information could éontribute ch to improve the
‘efficiency of dairy prodpbiidn. One category of such importaét
information generally neglected is feeding. Studies which
examine feed-yield relationships by making use of available
feeding information to chijfacterize the nutrition status of

individual cows tunder field condition are apparently limited.

‘ Z Conceivably to acquire such information is laborous. The




' ~ implications of such information to°animal breeding ars also

lacking. For example, the relatncnqhips between plane of
nutrition and the evaluatlon of sires and the estlmation of o
genetic parameters are of particular 1nterest. o

" The objectives of this study were to create lactation

recordu containing complete feeding 1nformation4and to examine

-
-

the following:, ‘
i 1) The linear and qaaaratic~effects 3f,net'energy
intake from silage, hay, pastuﬁ? and meal on'milk
yield and compositiop. e {
2) ThHe effects of ratios(Pf si%ﬁge:hay, roughage:
m concentrate and &nergy concentration on lactat{;n
traits, n

3) Correction for levels of feeding on estimates of

genetic parameters.,
L) Sire x herd interactions and genetic parameters
in stra}ified environments classified according

to the plane of nutrition. '
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II. LITERATURE REVIEW ‘ R

e

1. Age of cow S .

\ »

‘The importance of age-yield relationships in‘dairy ,
records havq been recognized for years., Yields of milk, fat ,
protein and solids-not-fat (SNF) generally increase over the
first fourllactations (Gravir and Hizkman 1966, Logénathan

and Thompson l968,rahd Miller 1973), then slowly decline, There
is little changg‘in the product;on after the fifth lactation
(Blanchard et al. i966); On the contrary, percentage coﬁbosition
slowly and cohsistently declines in lactations of cows calving
from 2 to 10 years of age (Blapnchard et al. 1966, and Gacula

et al. 1968). o :

' Age at calving affects lactation ;ields to a consider-
able extent. Lush and Shrode (1550) reported 14 to 16% of the
total variance in milk yield was due to effects of age at
calving. Other estimates were 27% of Robert;on et al. (1956),

12 to 25% of Gagula et al. (1968), and 22%rbf Saféené et gl; ‘
(1967) for yields of fat, protein, SNF and total solids., It is
traditiénal to adjust records to a matureﬁﬁasis to compare
éenetic merit of cows of different ages. To make such an i
adJusFment, it'ié necessary to know the averag; rate of increase
expected, '‘either by adding the éverage increase to the yields

of the young cows or by multiplying these yields by the average
lr T -



proportionate increase, Searle and Henderson (1960) have"‘\k
considered three existing methods of age-correcting dairy
records; (i) multiplicative factors, (ii) herd-level factors,
‘aﬁd (iii) additive factors. They cogcluded that no differepé; ’
existed between (i) and (ii), howevér (i) have been preferred
over (iii) because the former Qés‘ﬁot affected by production
level of the herd (Miller 1973). Nevertheless, Freeman (1973)
pointed out thqp no single satigfactory method to adjust bothﬂ

complete and incomplete records for age differences has been

resolved,

N The decline in milk fat percent wifh 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
0 to 4% for fiye greeds of dairy cattles were reported (Gacula

et al. 1968), .

SNF percent declines significantly wigh ége in a
curvilinear manner (Wilcox gg‘gi, 1959), and accounts for
approximately 12 to-l4% of the total variations in Holsteins
(Gacula et al. 1968, and Loganathan and Thompson 1968). &
The decline in SNF content is largely due to a decrease in Y
lactose, The‘éhangg in total .protein content is small.

However, Waite et al. (1956) noted a drop in the casein

N

fraction, but presumably a compensatory increase in the non-,
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casein fractions. Gacula et al. (1968) reported significant
age effects on percent protein and accounted for 6.2 and 2.2%
of the total variance for Ayrshires and Holsteins respectively,
and Von Krﬁi@g& 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 reflect effects due
to physiological changes in the cow, particularly the udder,
Aging of the udaer is a series of complicated processes
associated with the anigéiis reduced efficiency to replace
mamméry tissues £5fxmilk secretion, as well as damage to the
supporting tissues apd the teats through notmal usage. Since
milk secretion is known té-be under hormonal control, this is
further complicated by the changes in the amount of relgti;e
proportidns of hormones secreted for lactation. This createé
another class of préblems with respect to éonsidering age-yield
relationshiﬁs,that is,correcting lactapion records by age
differences is biologically real and not just age dependent.

=

2., Year, season and month of calving

. Year of calving is historically considered to be a

significant source of variation in dairy records. Yearly trends

in production observed in a population may be partly due to

yau




Z 9 | 6

i

. genetic improvement and partly due to improved feeding
practices and management. Statistical procedures have been
developed to gftimate the genetic or environmental changes
with respect to time (Henderson et al, 1959, Van Vleck and

Henderson 1961, and Henderson 1972).

The influence of season of calving on lactation
yields is well recognised. Generally, wipter or sprihg éalvings
are more favorable than other seasons of the year, Annis
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 al., (1968) reported
similar significant seasonal trends of yields of milk, fat and
SNF yield for five major breeds of Massachusetts dairy cattles,
geports of Bereskin and Freeman (1965), and Parkhie et al.
(1966) shoyed cows calved in late autumn and winter produced
more milk and with significantly hiéher fat content.
Percentages are usually high in winter and low in summer.

. AN

+3

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 minimized either by reducing unit costs,
by increasing forage quality which may result higher production

. of milk or reducing protein supplement, or by feeding more
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. forage and less concentrate, Severall reviews have been

published concerning various aspects of widely varying i;;els
of forage and concentrate feeding for dairy cows (Huffmahn 1961,
Kesler and Spahr 1964, Coppock 1969, Hillman 1969, Milier and
O'Dell 1969, and Broster 1972), and of the interrelationships

//Lbetween feeding and milk composition (Legates 1960, Rook 1961,
Laben 1963, Van Soest 1963, Huber and Boman 1966, and Storry
1970).

~ /

(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 requiremgnt.

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

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

increasing concentrate supplementation.

Pasture grazing is a traditional practice .to feed

| fresh forages to dairy cows. Various studies (Castle et al.
1960, Castle et al. 1964, and McCu%lough and Shell 1955) have
indicated either little or no effect on milk production when,
extra concentrates were fed to cows grazing on high quality
pasture. McCullough an; Shell (1955) showed that milk production
wae maintained above 4O 1lb 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




produc1ng at levels up to 50 1b of milk daily could obtain
nutrltional Support for production from excellent pasture
alone, but beyond this level of daily milk production,
supplementation with concentrates was required, In a faw
instances, concentrate supplementation to grazing cows increased
milk yields about 1 1b of milk per 1 1b of concentrate added
and percentages compos1tion were sllghtly affected. /Hailey 3
and Dougall {1962) noticed that higher milk yield, lower fat
percent and slightly higher SNF percent were gssociated with
cows which received concentrate supplements rather than cows
just on pasture alone. Hancock (1958) fed cows at three levels
of nutrition;(l) one cow per acre %pd 1 1b of concentrate per
each 5 1b of milk, (2) one cow per acre with no concentrate,
and (3) one cow per 6/10 of acre with no concentrate. The
results indicated that group (1) cows produced 45% and group
(2) cows 16% more FCM than group (3) cows, and the milkaof
group (1) cows had a slightly higher fat and caéein percent
than otKer groups of cows. They concluded that the greater
yields of group (1)|cows over group (2) cows were due mainly

to their capacity to maintain a similar grass infmke level
despite concentrate §ppplements so that the total net energy
intake was at a higher level, The transfer of cows from winter
feeding to spring grazing is usually associ;ted with a rise in
SNF content and a slight fall in fat pe;cent (Waite et al. 1959,

and Rook et al. 1960), This seasonal phenomenon has been



attributed to a considerable improvement in‘thg 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 p}opionate to acetate (Annison et al,

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

Dry storage of roughage is undpubtedly the .most
permanent form of séorage. But, due to the limitations such
as the amount of labour, mechanical handling and weather, hay
making is less frequently used in intensive dairy operations.,
Greater proportions of silage in dairy rations are expected.,
All §ilage feeding programs offer a means of circumventing
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 silage to all
alfalfa hay when prbpg;ly supplemented with grain, Milk
composition was apparently not affected by the source of
roughage in the ration (Brown et #1. 1965, Brown et al. 1966,
and Hemken and Vandersall 1967). However when Waugh et al. ’
(1955) fed cows four levels 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
levels of hay, Murdock and Rook (1963) compared cows fed hay

¢

or silage free choice, indicating certain silages could depress
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' ~ SNF content. The basic problem in re?;{'cing hay with silage is
the increased moistfire content of the silage which could limit
cows' consumption of sufficient dry-matter to supply their
energy requirements (Hardison 1959). It is generally felt that
in feeding practices, the adequacy of energy supply should
receive primary consideration. Thus sufficient information
on the forage and proper concentrate supplementation are

LY
necessary if maximum production is to be maintained.,

(ii) Concentrate feeding: Much greater emphasis

< 4

has been placed on maximum concentrate feeding for fattening’HK
beef cattle than for dairy coys. The primary objective of
concentrate feeding in dairy rations, is to supplement energy
deficiency from forage feeding. Many studies have shown that
high-concentrate feeding resulted in inc%eased milk production
(Hotchkiss et al. 1960, Brown et al. i98%, Ronning and Laben
1966, Opstvedt and Ronning 1967, Fosgate et al. 1968, and Bath
et al. 1974), whereas other research indicated no advantage in
that respect (Putnam and Loosli 1959, Haoven and Plowman 1963,
Olson et al. 1966, Davis 1967, and Swanson et al. 1967). |
Changes in fat, protein and SNF percent and spifts in volatile
fatty acid ratios may or may not develop, depending on the
particular concentrate gradients, nature of the forages, and
methods of feeding (Elliot and Loosli 1959, Huffman 1961,

| Brwon et al. 1962, Bishop et al. 1963, Van Soest 1963, and

. Ronning and Laben 1966).
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. Brown et al. (1962) showed drastic increases in milk
production at higher levels of grain fqeding, especially at
the free choice level. Ronning and Laben (1966) fed tows four

\5 milled diets having hay-to-conceptrate ratios of 90:10, 60:40,

30:70 and 0:100., They observed milk yield was significantly
depfessed in the 90:10 treatment groups, and over-conditioning
was noted in the two higher concentrate groups. Most of the
increased production was accounted for by the greater energy
intake of the diets. If energy ggﬁéke is held constant, different
ratios of hay-to-concentrate ratiﬁqé seem to have little effects
on production. For example, Elliot and Loosli (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 80% of the ENE in the
form of concentrates, Similarly, feeding grains of relati;ely
high fibre content (oats and barley) to increase the plane of
nutrition of a ration (hay plus grass silage plus concentrate)
pad only small increase in milk yield (Burt 1957, and Huber
et al, 1965).

There is evidence indicating that liberal grain
feeding is of little advantage. Hooven and Plowman (1963) paired
two groups of 19 cows fed grain, hay and silage free choice,
whereas the control group was fed 110% of Morrison's Standard.

No difgerence in FCM milk was observed other than an increase

‘ in cow body weight. Olson et al. (1966) showed that cows fed

~
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‘ concentrates free choice produced more milk than cows fed .
restricted concentrates, but the difference in milk yield
became not significant when converted from actual yield to
FCM milk. _Other problems associated with high-level conchtrate
feeding centre around to maintain normal metabolism and
heaith. Excellent,reviews:have dealt with_such problems
(Huffman 1961, Kesler and Spahr 1961, Van S?Lsr, 1963, and
Miller and O'Dell 1969).

A frequent observation resulting from high-concentrate,

restricted-roughage diet feeding.;s the depression of the milk

fat percentage (Ropning and Laben 1966, Olson et al. 1966,
| Opstvedt and Rond{Zg 1967, Swanson et al. 1967 and Bath et al.
1974). But it is not inevitably so, for iﬁstance, Brown et 'al,
(1962) reported fat percent was not affected when cows were
fed free choice grain. 1If foraée-to-concentrate ratio was not
greater than 65:35, fat depression would not occur (Ronning
1960) . ?urthermore{'the fibre in some forages appears to be
a much more effective fibre source than that in others (Van
Soest l963)_and the effect of fibre on rumen metabolism would
be largely eliminated when forages are finely ground and
pelleted (Rodrigue and Allen 1960, and Moore 196L4). Therefore
diets p;oducing changes in the relative proportions of ruminal

acetate, propionate and butyrate ratios play an important role

in the energy metabolism of dairy cattle.

-
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Varied ratios of roughage-to-concentrate have varying
effects on milk protein and SNF. Higher planes of energy

(

nutrition have been shown to increase the proportion'of
propionate in the rumen which has resulted in an‘increased
protein content of the milk (Rook and Balch 1961, Huber and
Boman 1966, and Schingoethe et al. 1973). Ronning and Laben
(1966) fed cows four hay-to-concentrate diets, and reported
protein and SNF content not to be affected. Olson et al. (1966)
and Swanson et al. (1967) reported that while fat depression was
associaied with cows fed liberal concentrates, SNF content was
not significantly affected. However, Opstvedt and Ronging d
(1967) fed cows only concentrates and noticed a high concen-
tration and yield of SNF than cows fed only alfalfa hay.

Lower energy intgke was eviqent with the alfalfa hay ration
group. In general, reduction of energy intake_below the
recommended standard causes a reduction in milk SNF content
(Flux and Patchell 1957)., Small increases in SNF have resulted
from increased energy intake well above the standard (Burt 1957,
Holmes et al. 1957, Castle et al. 1959, Bishop et al. 1963,
Huber and Boman 1966, and Yousef et al. 1G70). After Hoogendoorn
.and Grieve (1970) fed 27 Holstein cows at 90, 100 and 120% of
the National Research Council requirements for digestible
energy, they reported the SNF content was significant higher
(.83, 9.04 and 9.06%‘respective1y) for cows which received

higher energy rations. Increases in SNF percentage at high

energy intake levels have generally oécurfred in the protein

17
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fraction, mainly the alpha-casein and beta-lactoglobulin
fractions (Yousef et al. 1970). However, Gardner (1969) -
compared two levels of feeding, the lower level equall?d NRC
(1958) 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 pfotein'without

significantly affecting percentages of milk composition.

L. Breed differences .

The evidence for genetic variation 33Lmilk yield

and composition has been established (Butcher al. 1967,

Butcher and Freeman 1968, Thompson and Loganathan 1968,

Gacula et al, 1968, Batra et al. 1969, and Wilcox et al. 1971).
Armstrong (1958), in a comprehensive review of the literature
since 1900 from Canada and the United Sfaées on breed differences
in m;lk composition, published average values for fat and SNF
percentages for different breeds, The largest study was the #f
interregional project (Wilcox et al. 1971) involving data of

five breeds from 22 states, including 22,382 records on cows

in 298 herds, The average milk yield and composition based on
age adjusted records are presented in the following table,
Hglsteins are highest in milk yield and lowest in all percentages,
and Jersey are lowest in milk yield and bighest in all
percentages., Generally, b{eeds.with the hiéﬁer milk fat test

are also higher in SNF and protein test.



Table l: Average milk yield and composition for five breeds
of dairy cows

Breed Milk Fat % SNF % Protein %
Ayrshire 11,567 3.99 8.52 3.34
Brown Swiss 12,814 4L.16 8.99 3.53 ¢
Guernsey " 10,601 L.87 .01 3.62
Holstein 15,594 3.70 8.45 3.11
Jersey 9,798 5.13 9.21 3.80

5. Herd differences

-

Bailey (1952) and Overman et al. (1953) noted
significant differences among'herds and concluded that herd
variation was influenced by both genetic and environmental
factors. The relative proportion of variations expressed as.
per cent of the total variations associated with herd effects
ranged from 25 to 33% for yields of milk, fat and protein and
approximately 7 to 16% for constituent percentages (Burdick
and McGillard 1963, Bereskin and Freeman 1965, Fairchild et al.
1966, Van Vleck 1966, and Gacula et al. 1968), The estimates
of herd effects tend to vary with the type of data and the
statistical models used. Genetid'causes'in herd variations are
small., Pirchner and Lush (1959) énd Morillo and Legates (1970)
reported genetic_dg};erences made up aﬁproximately loﬁﬁof the
between-herd variation in milk yield and the remaining 90% was
caused by differing envirogyenbs. Pirchner and Lush (1959)

also pointed out that utilization of A.I.p sevice would
" enventually erase nearly all the beﬁ;ﬁbn-/

|
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. herd genetic differences. .Thus, herd cpmpoggnts of variance
reflect largely permanent; of'long-terﬂ\dggferences among
he%ds. Many input-output‘;gpe of studieé, based on the relation-
ships between yearly herd’éverage records and some measureable

| management practices, have been made to characterize the

; relative importance of these heré differénces. For the purpose

of this discussion, the influences of feeding practices upon
variations in herd production are primarily cons;déred.

Bayley and Heizer (1952) analysed herd data on 967
cows in 47 Holstein herds in Wisconsin to determine the effects
of nine environmental influences on average herd milk production.
They reported thewgite of TDN (Total Digestible Nutrients) fed

daily and the nutrifdive ratio of the rations were two of the

five significant dependent variables affecting_yfelds”of milk
and fat., For én increase of 1 1lb of TDN per 1000 1lb of body
weight, there was an average increase of 551 1b of milk and 18

1b of fat, but a decrease of 0.02% in fat test,

McKinney et al. (1965) related 13 environmental
factors to monthly herd averagé production in 305 G;orgia DH1 A
herds, They found feeéing practices, management of breeding
program, per cent A.I., grain feeding and type of milking
? machines were statistically significant sourcés of variation.

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

. in monthly milk production. ‘ ) ,



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

Ve

feéding‘and changes in per cent days in milk were closely

réi;téd to changes in.ygarly herd average milK production in '

New York DHIA herds. From a multiple rggression analysis using

6 independent variables, they reported thét al kgichange in

grain feeding resulted in a change of 0.84 ké of milk. 1In a

similar study, Miller et al. (1968) also reported that concen- 2
trates fed was the only feed measure which contributedbsignifi-

- cantly to yearlﬁ} produc¢tion.averages.

4
i

"y t al. (1966) failed to find any substantial

3 - Stone

g

»

‘relationships between changes in milk yield and changes in

DHIA estimates of hay, silage and paéture consumed. Miller (1968)
studied the effects of levels of feeding at different levels 6f
milk production. He concluded that-grain estimates were the

most reliable and useful DHIA feeding estimates, whereas silage fed

r’

;stimates were relatively more usgful than Pa} and pasture
estimates, These results could be caused by large .errors in

" estimating forages., The reliability of these estimates relies
heavily on the ability of the farmers or the field supervisors

to report the quality and quantity of forages fed. Corley et .al.
(1960) attempted to study the reliability of theséiéstimates.
They found the correlations between the project fieldman and .

._’ J_
the project personnel we%e in all cases higher than between

a DHIA supervisor and the project fielaman.



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 ﬁairy COWS
from eight eastern and southeastern states, Signifiqant Jlinear
and'auadratic 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-
cance of linear and quadratic effects of pasture, hay and silage

feeding were also reported. .

6. Genetic-environmental interactions

J

Bowman (1970) defined a genotype x environmental
interaction as a change in the relative performance of a
'character' of two or more genotypes measpyred in two or more
environments, McBride (1958) and ?ickerson (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 geﬂerally used to determine genotype 5&
environment interactions, (1) analysis of variance method, and
(2) product moment correlation method. Falconer (1952, 1960)
has proposed the concept of genetic correlation Between two
traits be extended to the genetic correlatiéﬁ between phenotypes
of the same genotype expressed in two different environments,

as the appropriate measure of genetic by environment interaction.

‘ -®
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. 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 interactigns {Lytton and
Legates 1966) in dairy records. For the situation involving
more than two environments, Dickerson (1962) extended. this
method by calculating the intra-class genetic correlation (r)
from components of variance for genotype (6: ) and for genotype
X environment interaction (6:;) such that

r =6,/ 0’:+ 022. This expression indicates that the intra-
class corrglatioﬁ approaches 1.0 when genetic by environment.

interactions are absent, -

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

frequent ways to examine sire by production interaction is to
cla;sify herds in accordance to their production levels,
Changes in rank order and variance for genotypes in different
levels of production would indicate the presence of interactiog.
Mason and Robertson (1956) reported that the genetic variance of
yield within herds increased as the average yield increased and
correspondingly the heritability from low, medium and high-yield
herds were 0,05, 0.15 and 0.22 for milk yield and 0.27, 0.47

- and 0.49 for fat test respectively. Van Vlieck (1963) also
reported that higher genetic variability and heritability were
associated with higher production levels for milk yield and fat
yield. However, no evidence of sire by herd interaction within ér

4

. between levels of prodjtion 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 v
(1962) agreed that,although total variability and genetic

variability'lncreased with levels of production, the fraction

of genetic variance remained relatively constant over all herd
levels. Their results failed to establish any significant

relationship between heritability values and the herd production

levels.

(ii)Sire by ration interaction: Sire by ration

interaction appears to have varying degrees of significance.
Ma; and Burnside (1969) studied interactions of sire proofs

(expressed as BCA) by three levels'of grain feeding in summer,
They reported significant interactions which accounted for 17%
of the total variance in sire proofs. Richardson et al. (1971)
fed cows of 13 sires at two levels of feeding (all forgge or
forage plus grain). Sire by ration interactions were‘éignificant
for milk and FCM but contributed less than L% of the total
variation., Other estimatesjgf sire by ration interactions were
small and considered pegligible (Lamb et al, 1973, and Rindsig
and Freeman 1973).

(i1i)Sire by herd interaction: Most estimates of

sire by herd components of variance have been small or negative
(Legates et al. 1956, Wadell and McGillard 1959, Van Vleck et
al. 1961, and Van Vleck 1966). Pirchner and Lush (1959) ‘



¢
reported dbout 6% of the total variation within yeér to be
interaction between sires.and herds. Specht and McGillard

(1960) attributed about 9% of the total variation in milk

and fat to interaction., Burdick énd MecGillard (1963) also
concluded that no.interactions of practical impoﬁ%ance were

found between sires and herd environments classified by levels

of production. However, this evidence does not necessarily
preclude the possibiliéy of genetic by environmental interactions
for production being found when the environmental conditions are

defined more precise}y than by herds.
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. III. SQURCE AND PROCESSING OF DATA

“

1. Source of data .

M
' Test day data collected by the Macdonald College
Dairy Herd Analysis Service (DHAS) from May 1966 to April
1973 inclusive were used to estimate 305-day lactation records

A
used in this study.

The DHAS program is an owner sampler program. Each
mogth the milk produced by each cow over a 24-hour period was
weighed and sampled for a milk composition test by the farmer.

A DHAS field supervisor checked and collected the milk samples
and sent them to the milk testing laboratory at Macdonald
College. From May 1966 to October 1968, milk samples were tested
for fat and protein content on an Infra-red Milk Analyser.
After this period, Milko Tester Automatic equipment was used
to analyze fat content and the integrated unit (Milko Tester
- Automatic & Pro-Milk Automatic) was used to determine fat and
.protein content in alternate months.\The milk composition test
results were then forwarded to the data processing centre,
upere herd and cow test day information were checked and puncheéd
on cards and verified. The test day data were edited and DHAS
reports were produced on a IBM 360 ﬁodel 22 computer with two
2311 disk drives, two 9 tr 800 BPI (Bytes per inch) tape

. drives, a 2501 card readfr and a 1443 printer,
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2. Descpiption of data

The test day data required to create lactation
records were on IBM cards and were stored by month of test
from May 1966 ﬁo 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 addf:;s.

(ii)Cow identification cards: two cards containing
herd numbeéer, 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.

(iii)Herd test day data cards: one card containing
the amount, quality, dry-matter content and per cent net energy for

bbth succulent feeds and dry feeds for each herd on every
test day.

(iv)Cow test day data cards: oma.for each cow on
each test day indicating the current statu§ of the cow (i.e.
whether she was calved, bred, dry or in milk etc.), the amount
of meal fed and milk produced, fat and proteimn content of her

milk.

3. Data processing methods

\

Due to the tremendous volume of Jlata cards, tape

files were created from cards to facilitate data manipulation. _-
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. Data cards were sorted manually by hyerd. Then they were read
by a Cobol program to create tape files with each herd as a
file and fach block contained 20 records with 8, bytes per
record. Approximately 3.6 million data cards were processed
and the information was stofed on 14 reels of 2400~feet 800
BPI magnetic tapes.

\

Limitations in the computer configuration (32K main
storage and Basic Fortran;Compiler) required the following
procedures to process each regl 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, n

(i1 )Each herd was edited for correct cow numbers
and other valid fields and was deblocked (i.e. sach block
contained one record, so that records could be précessed 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 nast@érfiles of
lactation records. Subsets of lactation records for Ayrshire

\

. and Holstein cows were obtained from these master files.



4. Defining lactation records

Only complete lactation records were estimated,i.e,
cows having déte %alved and date dry identified, Lactations
with cows started 90 days after calving and cows dried before
183 days were discarded. For 305-day productions, cows in milk
for more than 305 days were credited up to the 305th day and
cows dried before 305 days were credited to‘the dry date. /
Lactation records with few protein tests would tend to make
the lactation protein yield estimates unreliable., Therefore
a restriction.was set on the lactation protein yield such that
only lactations with four or more protein tests were inc}uded,
otherwise the lactation record was not given a protein yield

value,

5e Editing test day protein observations

To insure that only valid protein tests were used
to calculate lactation protein yield, tonditions were imposed
s0 as to minimize errors contr{buted 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 also less than 2%, or (ii) if a protein test
was greater than the corresponding fat test and was also

greater than 4%. -
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‘ In some instances, the test day protein observations
were missing. This might have been due to (i) farmers failed

to sample the cow, or-{f1) Pro-Milk Tester failed to produce
bimonthly protein test. Missing values within the first and the
last test day did not congribute a serious problep, because
averaging the previous and the succeeding test generally rave
éatisfactory estimates for thé missing tests, However it is
known that protein tests drop drastically from .the date Sf
calving to the L5th day after calv;ng. FEsan (1971) reported
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. PFurthermore, the Test Interval Method was used

to c&lculate lactation yields, énd this method is known to

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

test. For example, Ev tt and Carter (1968) reported first
tests on the 4th day of lactation resulted in a -LO kg bias

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

test day was on the 29th day of lactation. Some linear equations

were developed to predict the first and the last missing protein

tests, .

The procedures used to estimate the first missing -
protein tests were based on projections from succeeding tests
and to estimate the last missing tests were based on pgojections
from the previoué tests, If the lactation curve for protein
test is divided %ptoltwo periods, then the curve could be

approximately represented by two linear equations. Least squares



27

‘ estimateé for the stage of lactation on protein percent were
obcainedlfor this population (Esan 1971)- The relative change
in protein percent with respect to days after calving was
¢ estimated from these least squares estimates. A general linear ,
equation was set up to predict the missing tests:
¥ =y +bX V
where:
? = the first or last missing tests to be
estimated. bn
y = thqtsecond test when we want to estimate
" the first missing value, or the second last
test when we want {9 estimate the last test,
b = slope of protein perceit on days after calving.
X = the days after calving.

To test the accuracy of‘the prediction equations
established, a set of first and second tests and ;nother set of
last and second to last tests were collected for both Holsteins
and Ayrshires to test the hypothesis, Hy : E; - E3 = O, 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<0.0l). The significanﬁ‘deviations that resulted from

. the prediction equations might have been due to a bias kN g
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Table 2: Paired t-test for the mean differ@ghces between

the estimated and the actual tests

Test ‘No of paired

Obgervation  E; Eo S4 t
Before correcting for bias
Ayrshire
First test 187 332.88 344.32  3.79  -3.02%*
Last test 77 381.64 - 397.03 5.55 2,77
Holstein .
First test 1128 306.05 322.21 - 1l.47  -10.97™*
Last test 528 352.93 367.98 1.94 -7.76™*
After correcting for bias |
Ayrshire ‘
First test 151 342.00 337.07 L.52 1,09
Last test 6l 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

** gignificant at 0.01 level
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' attributable to a nonlinear relationships between protein test
and thedstage of lactation. A correction factor was introduced
into thé equations, and another set of first and second tests
and last and second to last tests were collected from a different
subset of herds tgﬁ}est if ¥ =y bX + 0.14 gave better
estimates. In alilcases H, was accepted (Table 2), indicating
the equations were adequate to provide estimates for missing
tests. The-prediction equations used to estimate missing tests
were as follows (protein tests were coded by x 100):

(i)For Ayrshires
? =y - 3.23927X + 14, gor X less than or equal
to 45 days. o
¥ = y + 0.34693X + 14, for X greater than 45 days.

- (1i)For Holsteins N

Y=y - 2.92105X + 14, for X less than or equal

————

gSLAS days.
¥ =y + 0.29795X + 14, for X greater than 45 days.

6. Computing 305-day feed intake )

305~day feed consumption aqu?et energy intake from
silage, hay and meal and 305-day nei energy intake from pasture
were computed. Any succulent feeds Qith dry-matter content
less than 89% were classified as silage, and the minimum net . ' -

energy content of meal was set to equal to 70%.
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Test day net enérg& intake from roughages (i.e:////,/////”/

. sii;ge and hay) was calculated as: —Epgggleb% x‘d?yig;;ter
content(%) x % nep/gnargyf1fﬁé¥ﬁ7iab 1b of feed). The amount
/ikd/tﬁﬂﬁaﬁﬁaé was based on the herd average cow“body weight, )
Net energy intake from pasture was given in units of therms of
énergy intakel from pasture per day per herd avérage cow body
weight., Therefore a cow's actual feed intake was muitiplied by
her body weight, Thus; feed intakes from rogghages and pasture

a4
were subjected to errors if changes yin cow body weight were

N

L

nof reported., Test day net energy intake from meal was ‘equal
to the amount fed(1lb) x % net energy. The test interval intakés
were computed’as: 1/2(first test day intake + second test day |

intake) x ,test interval., The 305-day amount fed and energy
A .(,', '

irxitake would be the summation over a fOS days period.
&

7. gpmpubing 305-day productions

Lactation yields were estimated by Test Interval
Method. Previous studies (Dickinson and McDaniel 1970, Everett )
et al, 1968, and Sargent et al. 1968).have indicated the ’
effectiveness of tﬁis method. For a particular test interval,
milk yield was estimated as: L/Z(first test day milk yield +
second test éay milk:yield) x test interval. The first test day
observations were used to estimate the yields in the period from

the day of calving to the first test day. If a cow was in milk
¢ © '

for more than 305 days, the last test day observations prior to
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the 305th day were used to terminate the records, and if a cow

was- in milk for lqss than 305 days but -greater than 183 '@ays,

the last test day observatlons were used to project the records

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

by averaging the per cent éémposition of twg t%fts and multiplying
by the average milk yield in that test interval., The percentages
of fat and protein in the subsequent analyses were obtained by

dividing the lactation composition yields by the milk yield.

8. Description of lactation records

L4

Lactatf%&‘ggcords were stored in tape files, Each ,
record contained the following information: herd number, cow
number, body weight(lb), date of birth, calved and dry, lactat;on
humbef, sire and dam identification;, 305-day milk, fat and
protein yield(lb), 305-day amount fed(lb) from silage, hay and
meal, and 305-day net energy intake(therm) from silage, hay,

pasture and meal.

9. Classification of data \

All Ractation records created for Ayrsﬁirés and
Holstein- cows were used for milk yield, fat yield and percent
fat analyses. These records are referred to as All Records.
A subset of the records with lactation protein yield values,

|
which are referred to as the Protein Subset, was used for
)



protein yield and per cent protein analyses.

-

, Holstein cow records with their sires identified
constituted lactation records for the estimation of genetic
parameters. Similarly, within this sire identified Holstein
cow subsét% All Records and the Protein Subset were collected
for the appropriate lactation trait analyses., Genetic and
phenotypic correlations between protein or percent protein and
the rest of the lactation traits were based on.the Protéin
Subset records.

a

o Lactation records were classified by age of cow

{5 classes), year of calving (7 classes) and season of calving

(3 classes) as follows, .,

(1)Age of cow

Class Age of cow (years old)
1 - less or equal to 3
" 2 3-4
3 L-5
L _ 526
5 greater than 6
* -
; ’ 1
’ ' .,

-
~
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’ (ii)Year of calving
Class Year of calving
‘1 1966
2 1967
3 1968 : 8
L 1969 |
5 1970
6 1971
7 1972 .

Preliminary examination o§ the data indicated that
the Protein Subset only had a few observations inuthe 7th year
of calving class, because the integrated fat and protein 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 gnd those records were not given
lactation protein yield values, Therefore, the 7th class of
the Protein Subset was eliminated and the effects of year of

calving were reduced to 6 classes.

(1ii)Season of calving

Class Season of calving
|
1 Nov-Feb

2 Mar-Jun
‘ 3 Jul=Oct
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In a subsequent analysis to study the interaction

of sire by herd environment, records were classified into three

levels of net energy intake from meal as follows. /

_-Level of net energy lactation net energy
' intake from meal intake(therm) from meal
D . .
Meal 1 (Low) less or equal to 2200
Meal 2 (Medium)- greater than 2200, less

or equal to 2900
* Meal 3 (High) greater than 2900
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IV. METHOD OF ANALYSIS

As indicated in the previous section (Sourcé and
Processing of Data), in addition to the usual cow production
information, the lactation records created also contained
lactation feed intake from various feeds. This additional 1S
information ma%es the study of the effects of nutrition on
fielq data and its relationship to animal breeding possible in

dairy cattle. Five different models were used in the present

*‘study. Their brief considerations, descriptions, their underlying

assumptions and computations are presented in the following

sections.
1, Model I

Henderson's Method 11 (Henderson 1953) was uéed to -
simultaneously estimate the fixed effects of levels of net
energy intake from silage, hay, pasture and meal, and herd,
cow within herd and error coﬁponents of variance. Fortran
programs based on the procedures describe& by Harvey (1960)‘
were available to carry out the analyses on a IBM 360 Model
22 computer. The following model was assumed to describe the

lactation records.
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where

Yi jklmn

Cij

Ak

Rl

Sm

Xfi jklmn

Bf

Ei jklmn

Yijklmn = u + Hi
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+ Cij + Ak + R1 + Sm +-£Bf Xfijklmn + Eijklmn
1,2, 00000sp el
1,2,000000q
1,2,000000r
1,2,000000e8
1,2 000000t
0,1,2,.0c0seNijklm

.
n-th lactation record of j-th cow in i-th herd
for k-th age of cow, l-th year and m-th season
of calving.
the population mean.
the effects common to i-th herd.
the effg%ts common to j-th cow in i-th herd.
the effects common to k-th age of cow.
the effects common to l-th year of calving.
éhe~effects common to m-th seaéon of calving.
linear and quadratic net energy intake from
silage, hay, pasture and meal respectively,
and £ = 1,2,¢000008. .
linear and quadratic partial regression
coefficients of Yijklmn on Xfijklmn
for £ =1,2,......8.

random error,

—I Ill - ) B

-~
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|
|
' . X It was assumed that the random effects of herd, cow
; within herd and the error term were identically and independently

2 2 2
distributed with mean zero and variance 6,6 and oirespectively.

(T
For hypothesis testing purposes,“the random errors were assumed
to be normally distributed. Intefactions were assumed to be
absent. Age of cow, year and season of calving effects and the
covariates 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 inflate the herd component estimates,

The failure to considetr the joint effects of year and season of

calving could also produce some bias in the estimates,

The analyses can be described in two steps; Steﬁ‘l -
computing least squares estimates; and Step 2 - Estimating the
variance components, For convenience to‘develop the theories
involved, the above model is generaliged in terms of matrix
notation and.the notations used are largely after Searle (1968)

and Henderson (1971). The model can be .rewritten as: . \

y=Xb+ Zu +e

where y = a vector of observation of order n x 1.
X = g 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 x 1.

| . u = a vector of random variables of order q x 1.
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e = a vector of random errors of order n x 1,
and is distributed with zero vector mean

4
and variance-covariance 6g I, and Cov(ue!)=0.

The vectgr b can be partitioned into p subvectors
corresponding to the effects of age of cow, year and season of
calving and the regression effects., Least squares procedures
can be used to estimate the vector b in Step 1 temporérily
regarding u as fixed., Similarly vector u can be partitioned into
q subvectors corresponding to the herd effects and cow within
herd effects, The vector of random effects, u, is distributed
with mean null vector of order q x 1 and variance-covariance

16 O

2| » Estimation of herd and cow
0 16,

matrix D, where D =

within herd variance components is carried out in Step 2,

Step 1 « Computing least squares estimates: Least
squares procedures involves miniﬁizing the sums of squares
of deviations of observed y's from &heir expected values, i.e,
minimizing e'e.. The normal equations after differentiating with
respect to S and G are:

xrx xz]{b] [xry

Z2'x  zZ'zy{u] |2y
Due to the large matrix size of raﬁdom effects (2), X'Z, 2'X

and Z'Z must be absorbed into X'X. After multiplying and

]



expanding the above normal equations, then the following

equations are obtained,

”~ ~
X'Xb + X'Zu = X'y (1)
A A
Z'Xb + 2'Zu = 2'y (2)
-1 -1

, ~ A
Solving for u from (2), 3 = (2'2) z2'y - (2'z) 2Z'yb, and
substituting 0 in (1) produces the least squares estimates of

lz'X)'l(x'y - x'z(z'zy tzty)

the fixed effects, i.e. g = (X'X - X'Z(Z'Z)— .
Since 72'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 -0 as the absorption process. A solution
to % is b?sed on the constraint that'%p = 0 and amended to
satisfy gf bi = 0, so the solutions are directly expressed as
*

deviations from a mean of zero.

The residual sum of squares is SSE = y'y —‘%'X'y - G'Z'y
with an unbiased estimate of the error variance being .
6: = SSE/N - r, where r is the rank of matrix XZ. The sums of
squares due to fitting the i-th fixed effect are computed

1A A

Ny -
directly as, SSi = biGi bi’ where bi is the vector of least

squares estimates of SSi effect, and Gi is the segment of
inverse matrix corresponding to gi (Harvey 1960). Nofmality

is assumed to test hypothesis H : bil = b.12 Z e biS'

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

last level in i-th fixed effect. Then the F-test statistics is
given by: F(HO) = 88i/(s - 1)8% , 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 mixed
model, expected values of the random effects contain functiams

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 11 (Henderson 1953). Th;s method involves estimating the
fixed effects by least squares}procedures, correcting the data

in accordance with these estimates, equating the corrected sums
of squares to their corresponding expectations and solving for

the variance components. A generalized Method II was considered ~
by Searle (1968), and he showed that Henderson's Method II was

a épecial case of his generalized Method II which could be
applied, prqyided that certain conditions were met to obtain the
generalized 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 equations is given by:
ol |x'x  xz| | Xty

al z2'x VANA WAL )
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XX X'z P Q l
where = is the generalized inverse,
i'X 2'Z Qr S
Then b = PX'y + QZ'y. If we let L = PX' + QZ', then b =Ly.
If % is used to correct the observed f vector for the fixed

effects, then the corrected y observations, designated as w,

- can be expressed as: w =y - XB. Spbstituting Ly for b and

~re

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

w=(X - XLX)b % (2 - XLZ)u + (I - XL)e. Henderson (1971)

has shown that w reduces to, w =<<]1 + Zu + Te, where o< is.

a scalar and T= (I - XL) if the following conditions are met,
(i) (X - XLX) has all rows the same, and (ii) XLZ = Q.
Therefore, appropriate procedures (Searle 1?68) to 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 (Nodel II of Eisenhart, 1947), but the
constant e contains a linear function of the fixed effects and
the variance-covariance matrix of e becomes a complicated set
of linear functions of TT'da . 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 - Rl - Sm +4§I‘f§f(§f - Xfijklmn), where:
Ak, R1, Sm are the least squares estimates for k-th age of -cow,
l-th year and m-th season of calving. Bf and Bf are the linear
and gquadratic partial regressions’'and means respectively.

Xfijklmn is the linear and quadratic net energy intake from
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silage, hay, pasture and meal respectively and Yijklmn is

an observed record before correcting for the fixed effects,

The sum of squares of r-th random effect can be
expressed as w'Zr(Zr'Zr)-er'w, and its expectation is
E(w'Zr(Zr'Zr)-IZr'w)==°:1'Zr(Zr'Zr)-12r'l +
_i d{tr(Zr(Zr(ér'Zr)—er'ZiZi')~+d§tr((I—XL)'Zr(Zr'Zr)-er'(I-XL)).

1a
Tgis is identical to the expectation arrived at for the completely
random model using Henderson's Method 1 except for the

coefficient of 6':. The coefficient of dfreduces to

q:r(Zr) + ditr(X'Zr(Zr'Zr)-lzr'XP), where r(Zr) is the rank

of Zr, and P is defined earlier and it is the portion of the
generalized inverse correspondiﬁg to the fixed effects (Henderson
1971). Therefore, the coefficient of q:is augmented by
tr(X'Zr(Zr'Zr)-er'XP), which is the only difference compared

to Method I. The expressién "(X'Zr(Zr'&r)- Zr'X)is the quantity
obtained when r-th random effects are absorbed into X'X and

it can be calculated 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 is necessafy to impose the

same constraints on (X'Zr(Zf'Zr)T Zr'X) 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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\ . O
’ ‘ - | The best unbiased estimate of 0'6 as given by
) 2
Henderson (1953) is, 8} = (y'y-R(b)~-R(u))/N-r(Xz), where

R(B) and R(u) are the reduction sums of squares due to
fitting all fixed and random effects respectively and

| r(XZ) is the rank of the full model. The variance
componenté for herd and cow within herd effects carn be
solved by equating their corrected sums of squares to their
expectations. The following éxpressions are used for the

actual calculation.

- r
r2
K1 K2 K3 C¢ Th - Tu
’ ~2 AR al -1
K=|K4 K5 0 |, and & =|0. |, then 0 = K -|T& - Th
X} al
1 0 0 % Ce
- -1
Y where K1 = H + tr(X'sh(zh'zh)"Lzh'xP) - 1 - tr(x'1(1'1) 1'xp)
S Nij? Znij2
K2 =Z j _:_Lj
3 Ni. N
‘ ;Ni.z
K3 = N - —n
. N
{
-1 -1
K4 = C + tr(X'2c(2c'2c) Zc'XP) - H - tr(X'zZh(zh'zh) Zh'XP)
INij?
3
ks =n-FI__
© Ni.
) and N = total number of records. ’
H = number of herds.
C = number of cow within herd.
%y = Correction for the mean.
Th = Herd sum of squares
' Tc = Cow within herd sum of squares o




The total variance is estimated as:

~ 9 ~8 ~ "“_s ~ -
6p =6, +06, +6; , where, S, is the estimated herd variance

gomponent, 3’:“15 the estimated cow within herd variance component

~

and 6: is the estimated error (within cow) variance component.
Intra-herd repeatability (on a between and within cow basis)

, ~_ e ~ ~
is estimated as r =0 /(&% + 63).

2. Model I{

i
¥
~

-~

4

(3
~.

This was a reduced NModel I, with identical terms

to Model I except the covariates of feed intake were not
considered. It is given as follows with all definitions and
assuﬁptions similar to those in Model I: |

Yijklmn = u + Hi + Ak + Rl + Sm + Eijklmn.
The péimary function of this model was to evaluate the relative
changés in herd and cow variance componernits for milk yield and
cbmposition\contributed by accounting for feeding pracﬁibes.
Tﬁis was obtained by the differences between the variance

components estimated from Model I .and Model II.
3. Model III

This model was used to estimate the effects of
feed ratios of silage:hay, roughage :concentrate aﬁd energy
concentration of all fegd on milk yield and composit;on.
All difinitinons and assﬁmptions were the same as in Model I

except for the covariates:

L
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. g 3
Yijklmn = u + Hi + Cij + Ak + Rl + Sm +{§:Bf Xfijklmn + Eijklmn
=|

where

to net energy intake from hay.

1

X;ijklmn = the ratio ,of net energy intake from silage

Xzijklmn = the ratio of net energy intake from silage,

X531 jklmn

By,B,,B,

4. Model 1V

hay and pasture to that of net energy intake

from meal.-

the ratio of total net energy intake to the

total amount fed from silage, hay and meal.

on Xfijklmn, for f = 1,2,3 respectively.

= partial regression coefficients of Yi jk1lmn

Eisenhart!s Model II (Eisenhart 1947) was assumed

to describe both gets of records corrected by the least squares

estimates from Model I and Model II to estimate variance and

covariance components for estimation of genetic parameters.

I3

This model is as follows.

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

for i = 1’2,......8

J
k
1
where
Yijkl

l,z,oooaooc
l,z,cotoooNijk

e

1-th lactation record of k-th cow in ij;th,sire-

’herd subclass.

4

Y

2l
l,Z,f.....h, and total number of ij subclasses is

-3

£
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Si = the effects common to i-th sire.

Hy = the effects common to j-th herd.

(SH)ij = the interaction4effects common to the i-th sire

. . and j-th herd. S
Cijk = the effects mmon to"the k-th cow in ij;th -~\\
siée-herd sub¥lass. '
Eijkl = within cow random error, {/>

- *Sires, herds, sire x herds, cows and errors were .
assumed to constitute independently and identically distributed
: 3

random variables with mean zero and respective variances 6:', dh ,

dﬂh ,62 and 6: . A dam component was not included in the model
due to limitations of the data that there were few records
for which the dam could be identified. Consequently the
,sire and herd variance components in the above model could be
in{}anéd.‘

If inbreeding coefficignts are assumed to be zero
(i.e. random mating population), then the genetic and environmental
interpretations of the components underlying the above model
can be considered..The sire component of variance, d: y is due
to sire groups being different. These groups consist of paternal
"half sibs, so that 6: is the b;variancq>of half sibs. It estimates
1/4 of the additive genetic variancg1 The cow component of

s 3 . . 2
variance, 6, and hérd variance component;, 6,, are due to differences

betweeri'animals and between herds. They contain both genetic
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. and permanent environmental portions. The within cow variance
component, 6; , measures the variance of repeated records w;thin
a cow, therefore it contains the temporary environmental portion.
N
Since it is a completely random model, Henderson's’
Method I (Henderson 1953) was used to estimate the variance and
covariance cohponents. This method involves collecting the sums
of squares or cross-products and\equating these to their
. expectations and solving for the vakiance and covariance components.
The following expressions were used to obtain solutions.
[ N-X6  K1-K7 K1-K8 K2-K9 s-1 |
K3-K6 N-K7 K3-K8 K4-K9 h-1

Let K = | K6-K3 K7-K1 N+K8- K5+K9- te-s-
K1-K3 K2-K4 h+l

0 0 0 N-K5 c-t

0 0 0 | 0 ‘N-c J

S o2 2
Nij. Ni jk Nij.
Kli=% j E__i_. K3n§£_i_ ,
i i N.j.

’

2 02 2
Ni jk Ni jk Ni..

N.J. g Nij. N
{ /
2 2 2
Najo Nijo ° Nijk
(k7= , Kg= E————, K9= L— .
N N N



and

where To
Tu

Ts

Th

Tsh

Te

‘ 48
":} (Ts - Tu
-y Th - Tu
~a ~_2 ~2 -1
¢ =|6&,|,. thend'=K Tsh = Ts -
Th + Tu
~-2
6 |- Te - Tsh
{?‘l“ ~TOPTC J

4
= total Sum of squares or cross ppoduots.

= correction to the mean.

= gire sum of squares or cross products,

= herd sum of squares or cross products. .

= sire-herd subclasses sum of squares or cross products.,

= cow in sirezherd subclasses sum of squares or

Q

cross~products.

Repeatability, heritability, genetic and phenotypic

- correlations for milk yield and composition wére estimated on

a within herd basis by taking ratios of appropriate variance

dﬁﬁ}\ggzariance components.

(1 )Repeatability ﬁ g
r '3,;% 3;;4_ 7(:_*.3';
(ii)Heritability
h®= o3
o



L9

(1iii)Genetic and phenotypic correlatidns between

trait x and trait y are given by Hazel (1.9l.3

5. Model V

Genetic correlation, r - wa/] 65x

Phenotypic corrglation, r, = mv/

where
”~
Gsxsy = sire covariance component between trait

x and trait vy.

A ~.2

63x and %y = sire variance components for trait
x and trait y respectively.

A ”~

O’,: and O'ray== total phenotypic variance (sum of

sire, herd, cow and error) for trait x
and y respectively.

~ -, '

o?xp‘(' total phenotypic covariance between trait

x and trait y.

This is a reduced Model IV, by which the sire-herd

interaction term is neglected. The purpose of this design is

primarily to examine changes in herd and sire variance or

covariance components and consequently the effects on gemetic

parameters when interactions are not included in the model.

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

follows;

o«

£

Yijkl = u + Si + Hj + Cijk + Eijkl

L




Definitions and assumptions underlying this model

are the same as in Model 1V. The procedures used to estimate
.the variance and covariance components are similar to Model

i& except that Ki's in K matrix and sums of sduares or cross
products corresponding to the interaction term are deleted.
Examining the expectations in K matrix, it is evident that et
and 3":would be expected the same as in Model IV. However, ef
and 3: 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 undereﬁgimating the sire and herd components,
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V. RESULTS AND DISCUSSION

l. Distribution of data

A total of 161,833 lactation records were created
from DHASRtost,d;y data files from the period of May 1966 te
April 1973 inclusive. Of these rocérds. 86.34% were Holstein,
10.66% were Ayrshire and the remaining 3% aceounting for records
of Brown Swiss, Canadienne, Guernsey, Jersey and Shorthora cows.
In view of the limited number of observations in the minor
breeds, only records éf Holsteins and Ayrshires were used in
this investigation. For studies estimating gonotic parameters,
only Holstein ;ocordl with sires identified were used.
Distributien of these subsets of lactation records for Holsteins

and Ayrshires is given in Table 3.

Table 3: Subsets of lactation records

Sire 1don§1fiod subset

All Protein All Protein
Breed Records Subset Records Subset
Ayrshire | 17,259 6,841
Holstein - 139,720 61,300 13,561 7,506
. \\ﬁ\ —

.
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- 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

culled with increasing lactation numbers,

Table L: Population distribution of lactation records by age

& of cow
Age of All Records Protein Subset
cow .
Class, (year-old) Ayrshire Holstein Ayrshire Holstein
1 <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
I 5-6 2,122 17,370 778 7,541
5 >6 6,495 49,563 2,406 20,795 . /
Total 17,259 139,720 6,8,1  .61,300

o+

Number of lactation records (Table 5) increased
steadily from 1966 to 1971 reflecting the expansion of the
DHAS program. The relatively small number of observations in
1972 is due to the fact that the test day data used in this (
study were terminated in April 1973 and cows that calved e
after late summer of 1972 had not completed their lactations

by the following April.




53

Table 5: Population distribution of lactation records by

year of calving K N
Year All Records Protein Subset
Class calging‘ AyrsQ}re Holstein Ayvrshire Hol§tein
1 1966 188 1,607 188 1,607
2 1967 610 6,214 5235 5,373
3 1968 1,830 13,664 535 5,141
L 1969 2,928 - 23,703 2,342 20,307
5 1970 3,899 32,114 2,059 18,230
6 1971 4,577 38,555 1,193 10,642
7 \\ 1972 3,327 23,863
Total ' 17,259 139,720 6,850 61,300

Distribution of lactation records by season of
of calving (Table 6) consistently indicated more cows freshened
in spring (i.e. class Mar-Jun) than other seasons for Ayrshires
and Holsteins., This implies that Quebec dairymen are aware
that, as reported in the literature, 5pring and winter

calvings are more favourable than other seasons,

Means,'phenotypic'standard deviations and coefficients
of variation for milk yield and composition of Ayrshires and
Holsteins are shown in Table 7. These data were not adjusted

for age differences. Approximately 70% of the cows were less
‘ .
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‘ Table 6: Population distribution of lactation records by (4

season of calving

Season All Records Protein Subset
of :

Class calving Ayrshire Holstein Ayrshire Holstein
1 Nov-Feb 4,366 43,056 1,508 18,795
2 Mar-Jun 10,053 éL,592 3,334 24,246
3 Jul-Oct 2,840 32,072 1,599 18,259

7
Total 17,259 136,720 6,841 61,300

Table 7: Means, phenotypic standard deviations and coefficients

of variation for milk yield and composition

. Ayrshire ‘ Holstein
Trait Mean S.D. C.V. Mean S.D. C.V.

; Milk(lb%\ 8,703 2,014 0.23 10,569 2,979 0.28
Fat(lbs 330 79« 0.24 371 114 0.31
Protein(1b) 297 66 0.22 339 86 0.25 i
Fat % 3.79 -0.36 0.1l0 3.50 0.57 0.16 )
Protein % 3.27 0.25 0,08 3.07 O0.43 O.14

¢ Ay

4
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‘ than 4 years-old, thus lower yields are expected when compared
to mature oquivalent records (Wilcox et al. 1971). Nevertheless,
these results confirm two established facts, (i) Holsteins
have higher yields but lower percentages than Ayféhires, and

(ii) Percentage traits show less variability than yield traits.

Average net energy intake in therms from silage,
hay, pasture and meal are shown in Table 8, The exact distri-
bution of these feed variables was not exsamined in this study
and h;s,gpparently not been studied elsewhere. Since estimation
of least squares effects does not require normality (Searle
1971), the consequonces, if these variables are not norﬁai,
might not be too serious except in testing hypotheses where
normality has to be assumed., Net energy intake from isal
feeding had the lowest values of coefficient of variationa
among these four feed intake variables for both breeds., Miller
et al. (1968) reported values of coefficient of variatiom being
0.15 and 0.19 for meal and dry forage respectively from yearly
herd average records. Later, Hiiler (1968) concluded that

meal estimates were the most reliable DHIA feed estimates,




Table 8: Means, standard deviations and coefficients of

variation for 305-day net energy intake from feeds

Ayrshi;e Holstein
Feed Mean S.D. C.V, Mean S.D. C.V.
Silage 303 397 1.31 551 58l 1.06
Hay 1,26k L5, G.36 1,335 546 0.4
Pasture 1,089 378 0.35 1,023 L2 0.3
Meal 1,812 608 0.34 2,210 825 0.37

2. Effects of age, year 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 ingluding these effects in the model was primarily
to account for 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 I (model including levels of feéding) and Model II1
(model not including levels of feeding) are discussed concurrently.,
Estimates of these effects from Model III were similar to those
from Model Il and are not discussed. |

2 .

Significant age effects at calving on yields of

milk, fat and prdt;in were found for Ayrshires and Holsteins

with both models (Table 9; Appendix Tables 1 to-8), However,



Least squares estimates of the effects of age of cow on milk yield and

Table G:
composition for Ayrshires and Holsteins from Model I and Model IT2
Age of cow (year-old)
Trait Model <3 3-4 L<5 5-6 >6
Milk(1lb) Ayr Model I ** -558,7663 -102.7355 156.€976 239.6797 265,124
Model II** -980,9994 -321.7972 243.1650 4L82.,2357 577 .3960
Hol Model I ** .78G,7683 ~-166.3144 184.7779 357.7964 413,5083
Model IIx% =1537,7183 L27.2739 332,3025 732.9807 899.7090
Fat(1lb) Ayr Model I **  -18.9395 -3.2215  5.8178 8.7563 7.5870
. Model Ilx*x -35.6907 -11.8409 9.3140 18.3268 19.8909
Hol Modeél I =*x* -28.2647 -6.1392 6.7319 13.C686 14.6033
Model IIx** ~-55.6134 -15.7003 12.1429 26,7928 32,3778
Protein(lb) Ayr Model I *x  ~18,7082 -2.6789 6.0456 7.04L57 8.2957
Model II** -36.8126 -10.4325 7.7705 16.4232 23.0514
Hol Model I ** -26.3711 -4.,1059 6.2358 10.8732 13.3680
’ Model I1x** -50.2L07 -12.3679 10.5316 23.3088 28,768
Fat % Ayr Model I * 0.0373 0.0077 -0.0053 -0.0117 - -0.0279
Model I1 0.0273 0.CC31 -0.0028 -0.0065 -0,0211
Hol Model I 0.0024 -0.06017 0.0007 0.0007 -0.0022
Model II -0.0062 -0.0048 _  0,0026 0.0051 0.C033
Protein % Ayr Model I -0,0088 0.01L44 0.0028 -C.0074 -0,0010
Model II -0.0045 0.0160 0.0023 -0.0094 -0.00L3
‘'Hol Model I *x* 0.0006 0.0160 0.0002 -0.0081 -0.0087
Model II*x C.0039 0.0173 -0.0003 -0.0099 -0,.0110
a) expressed as deviations from the means N
- * significant at 0,05 level ~
*% significant at 0,01 level

5




58

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 I was significantly affected by age at
calving. Studies elsewher? showed disagreement regarding the
effects of age on fat‘éercent. For example, Gravir and Hickman
(1966) reported no siénificant\ége effects on fat percent, but
Gacula et al. (1968) showed gign%ficant effects. Different
results for age at calving on percentage composition of the

two breeds could be due to the smallgéample size for the
Ayrsﬁire population or breed diﬂfereﬁces. In general, effects
of age of cow on milk yield and composition were in agreement
with Gravir and Hickman (1966), Gacula et al. (1968) and
Loganathan and Thompson (1968). Yields of milk 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 1 to 8). The 1972 year class
was eliminated in the Erotein Subset ana%yses‘due to a limiéed
number of records with protein values. Except in the first
(1666) and the -last (1971 and 1972) year classes, milk yield
waégrelatively constant for both breeds over the period from
1967 to 1970, but some trends of decline in percentage of fat
and protein were noticed.  The drastically high and low values

of estimates for 1966 and 1972 ckasses were;presumably due to
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Table 10: Least squares estimates of the effects of‘yeaé,of calving on milk yield and
composition for Ayrshires and Holsteins from Model 1 and Model II® *
Year of calving
Trait Model ' 1966 1967 1968 1969 1970 1971 1972
Milk(1lb) Ayr Model I 365.9041  -91.6370  -85.6586 -~ 46.414L8  -64.8101 -13.1;226 -156.7906
. Model II -343.422L4 -441.6917 32.9486 290,8587 56,6438 226.5933 178.06G8
Hol Model I ~-48.7950 50,9466 , -17.2012 91.3347  73.8949 9G.94L75 =250.1275
Model II -924.1577 -518.1648  -30.0197  319.9468 = 324.4639  523.4639  304.4673
Fat(1lb) Ayr Model I 21.054L5 . 3.2526;_ -2.8800 5.1243 -5.4066 -4.2896 -36.8552
) Model II  -7.6514  -10.94L5 1.7478 14.8324 -0.4392 - 5.5290 -3.0739
Hol Model I -0.6507 4.1382 -0.1504 7.0359 2.8858 3.7393 ~-16.9979
Model II. -32,7421 «16.4500 , -0.3677 15.4377 12.1281 19,1909 2.8039
Protein(1lb) A}r Model I 4, .8173 -6.0140 -1.2649 2.1450 0.5556 -0.2454
Hol Model I  -12,8914 -3.2463 1.2211 - 5.4719 5.8037 3.6410
Model II -38.0403 -18.9757 5.7143 13.8194 17.26;§ 20.218%
Fat % Ayr Model I 0.0752 0.0798 0.0082 0.0374 -0.0327 -0.0416 ~0.1263
Model II 0.0543 0.0654 0.0097 0.0426 -0.0289 -0.0331 -0,1139
Hol Model T 0.00G0 0.0196 0.0044 0.0380 0.0ott*-~\Q*QQ%2‘\\*:8:8773
) Nodel I1 -0.0018 0.0148 0.0064 0.04%1 0.0C79 0.0065 =0 749\\\‘\“
Protein % Ayr Model I -0,0315 0.0046 0.0134 0.0212 0.0178 670285
Model II -0.,0302 0.0048 0.0129 0.0244, 0.0175 -0.0293
Hol Model 1 -0.,0762 ~-0.0202 0.0184 0.0385 0.0386 0.0009
Model II -0.0738 -0.0178 0.0182 0.0376 0.0371 -0.0013

)

a) expressed as deviations from the mean

6§
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sampling variation since few observations were associated

with these c¢classes,

Effects of season of ;alving on rilk yield and
‘co-po:ition (Table 11) were significant with beth models for
the two breeds (Appendix Tables 1 to 8), except for fat percént
and protein percent with Model I for tﬁo_lyrshiros and fat
percent with Ay;shiro Model II. Estimates of seasonal effects
on fat and protein percent were similar with Model I and Model
Il and closely followed the trends reported by other studies
(Wilcox et al. 1959, Johnson et al. 1961, amd Esan 1971).
Percentages of fat and protein were highest for cows calving

in the spring (Mar-Jun class). Rook et al. (1960) attributed
increased SNF content to the increased plane of energy nutritiom
when cows were placed on spring pasture. The high percentage of .
protein observed in this study for cows calving in spring in

the proviace of Quebec are élosoly related to the high quality
of fordges found during this period. No noticeable differences
were found betweem a model accounting Ffor and a model not
accounting for levels of feeding 1nd£;ating that feeding
practices exert little effect on seasonal variation in milk
percentages. However, for yield t;aits, results frép Model I1I
consistently indic;iod that winter calving (Nov-Feb)was the most
favorable. These trends were comparable to ihoao reported in
the literature (Bereskin and Freeman 1965, Parkhie et al. 1968,

and Gacula et al. 1968). But, estimates of seasonal effect from

-
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Table 11: Least squareé~estimates of the effects of seasan of
calving on milk yield and composition for Ayrshires
and Holsteins from Model I an{Model 114

-

Season of calving

Trait Model Nov-Feb Mar-Jun "Jul-0Oct
111k(1b) Ayr Model I *x 43.3.83 71, . 8062 -118,12.5
Model IIx*x 280.1240 -144.0795 -136.0445
Hol Model I % 51,8456 81,8287 -133.6742
Model II**_  3L45,6065 -218.8621  -126.7LL4
Fat{1b) Ayr Model I *x 0.6572 3.9148  ° -4.5720
Model IIxx* 10.1957 -4.7931 -5.4026
Hol Model I x*x* 0.5185 5.22L6 -5.7431
Model IIx*x 11.4652 -5.0626 -6.4027
Protein(lb) Ayr Model I * 1.4428 2.9415 -4 .38L4
Model IIx* 74,262 -5,8120 -1.6142
Hol Model I #x 0.3010 L.0586 ~4..3596
Model II 8.2637 -4 .8643 ~3.399L
Fat % Ayr Model I -0,0089 0.0126 -0.0036!
Model TI -0,0028 0.0053 -0.0025
Hol Model I *x -0,0111 0.0214 -0,0103
Model IIxx -0.0059 0.0239 -0.0179
Protein %4 . Ayr Model I -0.0092 -0.0099 0.0192
Model IIx -0,0102 -0.0112 0.0214
Hol Model I *x -0,0185 0.0082 0.0103
Model ITs -0.0189 .0.0101 0.0088

Hex

expressed as deviations from the mean
significant at 0.05 level
significant at 0.0l level

*

4
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a model which accounted for levels of feeding indicated spring

calving (Mar-Jdun) to be more favorable than winter calving.

3. Linear and quadratic effects of levels of net energy

intske from silage, hay, pasture and meal on milk yield

and composition ¢

. A total of 17,259 Ayrshire and 139,720 Holstein
r?cords described by Model I were subjected tonleast squares
analyses. The resultant least squares estimates of linear
and quadratic partial regression coefficients for net energy
1ntakeﬁfron silage, hay, pasture and meal for Ayrshires and
Holsteins are shown in Table 12 and analyses of variance are

presented in Appendix Tables 1 to 8.

Linear effects of net energy intake from silage,
hay, pasture and meal feeding were all positive and significant
(P<0.01) for yields of milk, fat and protein in both breeds,
Linear partial regression coefficients in Holsteins indicated
that an increase of 1 therm of nei energy fed resulted in yield
increases ranging from 1.3 to 1.9 pounds for nilk; 0.04 to
0.07 pounds for fat and 0.04 to 0,05 pounds for protein,
depending on the source of net energy. The magnitude of
effects of a fixed quantity change of net energy were in
increasing order from silage, hay and pasture to meal. The

feeF—yield relation has been investigated extensively in
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Table 12: Least squares estimates of linear and quadratic partial regression coefficients of

Partial regression coefficient

milk yield and composition on net energy intakes for Ayrshires and Holsteins

Trait Breed Silage Silage< Hay Hay“ Pasture Pasture Meal Meal”
Milk(lb)‘ Ayrshire 1304.08** .0,07 1124 .49%% ~0,02 1797 .35%% ~0,L17%% 1644 .36%% 0,10%*%
Holstein 1392,.61** _0,05%*% 1340.05%%x -0,07%*x 1880.,55%* .0,07*%% 1944.79%% 0O,0L%**
th(lb)b Ayrshife 6209,52%*% ~-0,95%% 5186,7L%*% «0,37% 6733.,60%x -0,52% 5892 ,20%% O, 56%x%
Holstein 4839.75%* .0,05 4918.26%% =0,30%* 7120,68*%% .0,28%% 6650.15%% 0.25**
3rotein(lb)bkyrshire 3908.61*x -0,04 3244.98** 0,00 5904 .,05%* -0,08 6339.49%*-0,00
Holstein 4234 .L7*%% -0,2%% 4280.80%* .0,21% 5581,33%% 20,21 5375.54%% QO,17%*
Fat %€ Ayrshire 1461.96%x -0,69%* 114,9,30*%* -0,33% -104.66 0.15 -110.13  0.15%
Holstein -62.56 O.11l%x 117.36 -0,04 505.87*%* .0,05 -107.94 0.07%
Protein % Ayrshire 258.83  -0.39 -76.46  -0.01  -538.09 0.12 352.92 -0.09
Holstein 193.34 «0,11% 132,69 -0.06 =45.,46 0.01 117.14 =-0,04*
a) coded by times 103, b) coded by times 105, and c¢) coded by times 107
* gignificant at 0,05 level -
** gjgnificant at 0.01 level S
-y
o
. W
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nutritional studies (Burt 1957, Huffman 1961, Kesler and
Spahr 1964, Coppock 1969, Hillman 1969, Miller and O'Dell
1969, and Broster 1972) and from yearly herd average
production records (Bayley and Heizer 1952, McKinney et al.
1965, Stone et al. 1966, Miller 1968, Miller et al. 1968,

and Brown and White 1973). Positive relationships observed
in this study between net energy intake from various sources
of feed and lactation yields indicated yields were independent
from the source of net energy whether from forages or concen-
trates. Many studies (McCullough and Shell 1955, Castle et al.
1960, Castle et al. 1964, and Donker et al, 1968) have
-indicated either little or no effect on milk preduction when
extra concentrates were fed to cows grazing‘on high-quality
‘pasture. Equally high milk production levels have been
maintained when cows were fed v;fying forage proportions
ranging from all silage to all hay when properly supplemented
with concentrates (Brown et al. 1965, Brown et al. 1966,
Hemken and Vandersall- 1967, Coppock 1969, and Hillman 1969).
From studie% on yearly herd average records, milk yield
resp&nses to feeding 1 kg of concentrates ranged from

0.74 to 0.84 (Stone et al. 1966, and Brown and White 1973).
Brown and White (1973) reported positive and significant
linear effects of concentrates, hay and pasture feeding on
yearly herd average milk production. Most of the studies

on herd average production records were based on the

relationship between quantity fed and response of milk
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production. The measure of levels of feeding in the present
study was the estimated lactation net energy intake from the
respective source of feeds. Apparently, this is a better
estimator of feed intake than that used in input-output types
of studies because this estimator accoeunts for (1) individual
cow differences and (2) variations in feed quality. The linear
effects of net energy intake from silage, hay, pasture and meal
on yields of milk, fat and protein for both breeds were in
agreement with the results of above literature cited. Higher
levels of net energy intake generally resulted in %ncreaaod

production. ' ‘ .

i For the Holstein popuittion, quadratic effects
of net energy intake from silage, hay, pasture and meal
feeding were all significant fof yields of milk, fat and
protein except the effects of silage on fat yield and pasture
on protein yield. Fewer significant quadratic effects were ,
observed in Ayrshires, eithor because of sample size or
breed differences. Significant quadratic effects of concen-
trates but varyiné effects of silage and hay on yearly“herd
average milk production for Guerasey, Holstein ard Jersey were
reported by Brown and White (1973). It is evident from this
study (Table 12) that, although the quadratic effects for yield
traits were statistically significant, the values wers relatively
small and of minor practical impertance. Brown and White (1973)

compared a full regression model which included both linear
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and quadratic effects of concentfates, silage, hay and pasture
and the reduced model which included only linear effects.

They reported that the full model accounted for no more than
a\l% increase in the amount of variation whish could be

accounted for by only the linear model.

In Holsteins, linear effects of feed intake did
not significantly‘affect percentages of fat and protein,
except for the linear effects of pasture on fat percent.

(“‘7

Quadratic effects of silage and meal on fat percent and meal

on protein percent in Holsteins wére significant. Fat percent

of Ayrshires was apparently more affected by feeding levels
as significant results were observed fgr linear silage and
ha Effects and quadratic silage, hay and meal effects,
Protein percent was not affected by levels of feeding in
Ayrshires and only quadﬂatic effects of silage and meal were
significant for Holsteins.,' Conclusively, net energy intake
from silage, hay, pasture and meal had little effect on milk

composition.

. !
-
!

L. Effects of feed ratios on milk yield and composition

The effects of the ratios of silage:hay, roughage:
concentrate and energy concentration were estimated from
Model III for Angﬁires and Holsteins. Results are shown in

Table 13 and analyses of variamce are presented in Appendix

.
¢




Table 13: Least squares estimates of effects of feed ratios on milk yield and

composition for Ayrshirgs and Holsteins

Partial regression coefficient

—

Silage:Hay ___ Roughage :Concentrate Energy Concentration
Trait . Ayrshire Holstein Ayrshire Holstein Ayrshire Holstein
, Milk(1b) 9.7518 17.1199 ** -322.5310** -1064.6011%* 3178,8LL1%%* 327L,7093 %%
Fat(lb} ~2,0412 0.7469%% . =Ll4.,1612%%  -38.7079*%% 113.0272%*% 127.8431**
Protein(1b) l9.5414** 0.5501%x% -2é.8488** ~30.6964L%% 16G,5680%% 131,0015%
Fat 4 -0.029 1% 0.0014%%  -0.0223%%  -0.0123%%  -0.1757 0.1117#%
Protein % -0.0122 =0.0025%x 0.00% -0.0003 0.1468 -0.0700

** significant at 0.0l level

L9
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o Tables 9 te 12. Since there were almost eight times as many
Holsteins as Ayrshires, the Holsteim results were used as the

basis for interpreting the results,

An all silage feeding program offers means of
circumventing the problem of hay curing and can adapt well
to automated feeding. Various aspects of silage feeding
have been extensively reviewed ( Hemken and Vandersall 1967,
Coppeck 1969, Hillman 1969). The results have generally
indicated that, for cows fed varying forage proportions
ranging from all corm silage to all hay, milk yield and
composition has noi been affected by the source of roughage
\ in the ration (Brown et al. 1965, Brown et al. 1966, and
. Hemken and Vandersall 1967). Results from the present study

suppert the above view. Holstsim results indicated that

if the ratio of silage:hay fed was doubled, it would result in
increases of 17 pounds of milk, 0.75 pounds of fat and

0.55 pounds of protein. Fat percant{nas slightly increased
whereas protein percent was decreased when more silage in
relation to hay was fed., However, the effects of silage: ‘
hay rﬁtio were small and probably contributed little practical

significance.

Higher roughage:concentrate ratio significantly
(P<0.01) depressed yields of milk, fat and protein and perecent
. ' fat for both Ayrshires and Holsteins (Takle 13)., Pretein

*
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percent in Holsteins was lowered when a higher proportion of
the ration was composed of roughage, but it was statistically
not significant, Thé ge} proSIe- generally expressed in

high levels of ro&ghage feeding ia that cows usuilly can not
obtain sufficient energy intake to meet their requirement,

S0 that proper supplementation with concentrate is necessary.
Previous studies have indicated that high-concentrate feeding
results in increased milk production (Hotchkiss et al. 1960,
Brown et al. 1962, Ronning and Laben 1966, Forgate et al. 1968,
and Bath et al. 1974). The decreased production observed
with high roughage rations in the present study supporta
those results reported elsewhere, However, fat depression
with high concentrate rations;was not obseérved in this study.
bhanges in fat and protein percent resulting from changes in
ifuninal acid ratios may or may not develop, dep;nding on

the particufar concentrate, nature of the forages and methods
of feeding (Rook 1961, Van Soest 1963, and Ronning and ¢
Laben 1966).

Energf concentration is a measure of nutritive
value of the feed (i.e. higher energy concentration indicates
more net energy available in i pound of feed consumed). '
Highly significant (P <0.0l) increased yiold% of milk, fat
and protein and fat percent were observed with increased
energy concontr%tion (Table 13), Fat depr%ssion was not

observed in Holsteins, presumably because a considerable
-
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‘ portion of the ration was roughage. Elliot and Loosli (1959)
reported that if energy intake were held constant, different
ratios of hay:concentrate (60:40, 4O:60, and 80:20) seemed
to haye little effect on production. On the contrary, feeding
grains of relatively high fibre content to increase the plane
of nutrition results in only small increases in milk production
« Huber et al. 1965). Bayley and Heiszer (1952) reported that for
an increase of 1 pound of TDN per 1000 pounds of body weight,
an average increase of 551 pounds of milk and 18 pounds of fat
was produced. In this Study, the large and significant
increases of yields of milk, fat and protein ;esulting from
increased energy concentration in the feed support the view
that adequate en;rgy should receive primary consideration in

practical dairy cattle feeding.

5. Effects of levels of feeding on estimates of intra-herd

repeatability

. Henderson's Method 11 was used to estimate herd,
cow within herd and within cow variance components based on
Model I and Model II. This method requires correcting the
lactation records for the fixed effects in the model. Records
of Model I were corrected by levels of feeding in addition to
other fixed effects in Model II, and were referred to as
Corrected Records. Analyses of variance and expected sums

. of squares of Model I and Model II required for the estimation

/
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of variance ares shown in Appeandix Tables 13 and 14 for
Ayrshires and 15 and 16 for Holsteins. The sstimated components
of variance from Corrected and Uncorrected Records for Ayrshires

and Holsteins were summarized in Appendix Tables 17 and 18.

One of the consequences when lactation records
were corrected for levels of net energy intakes in addition
to correctiﬁg for age, year and season of calving was the |
tremendous reduction in the components of variance for yieids
of milk, fat and protein, bug those of percentages were
scarcely affected. Hence it is difficult te interpret changes
in the components of variance when expressed as abselute values,
In order to examine the relative reduction in the varioﬁs
components of variance due to different levels of feeding,
components of variance were expressed as a percentage of tq}al
variance in each model (Table 14). Peré;nt changes in the
total variation for ylields of milk, fat and protein ranging
from 1 to 3% for Ayrshires and 7 to 9% for Holsteins were :
attributed ﬁo differences in feeding practices among herds,
and 6 to 8% for Ayrshires and 2 to 6% for Holsteins were
accounted for by levels of feeding among cows. There were
slight increases in the percent of total variance for herd
effects of protein percent in both Ayrshires and Holsteins
after accounting for levels of feeding. Table 12 indicated
that’-ost of the regressions of feed intakes on protein}percent

were statistically not significant,thuaspresumably the resulting
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Table 14: Variance components expressed as a percent of total vdriance and

——

repeatability estimates from Corrected and Uncorrected Records ' I

[

Percent of total vgriancg)

4

Herd Cow Within cow repeatability?

Trait “Record Ayr Hol  Ayr Hol © Ayr Hol Ayr Hol
Milk(1b) Corrected 40 34 20 24 40 42 0,34 0.36
Uncorrected L1 L1 27 28 32 31 0.45 0.47
Fat{1lb) Corrected ~ 38 30 18 25 Ll 45 ’0.30 0.35
Bncorrected L1 40 24 26 35 3, 040 0.43
Protein(lb) Corrected L0 36 15 16 45 L8  0.27 0.25
° Uncorrected 43 LY 23 23 34 33 0.41 0,40
Fat % Corrected 21 14 Lo -5, 39 32 0.51 0.62
o . Uneorrected 2L - 14 _o'hq- 53 39 33 0.51 0.62
Protein 4 -Corrected 21 17 33 3, L6 L9 0.42  0.41
> Uncorrected 2 15 34 35 L6 50 0.43 ' 0.41

- a) intra-herd repeatability, r = cow/cow + within cow.

2L
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herd component of variance should not differ much from
component estimates from Uncorrected Records. The reason for
the inflated herd component of protein percent is not known.
This night have been due to rounding errors in ‘the computation
procedures or the relative changes in cow and within cow
components ;esulting in .the change in the herd component.
The herd component of variance after accounting for levels
of feeding might have magnified other environmental and
genetic influences upon the cows in the herd. Griffiths and
Featherstone (1957) studieé seven herds of tows with low SNF
content, and ther accountingifor seaéon, stage of lactation,
age, nastigis,and feeding practices as factors involved, ;hey.?
concluded thaé genepics constituted a major factor. No
essential differences/:;isted in the percent of total variance
conponentsﬂggr peréept fat between Corrected and Uncorrected
Records (Table 14). These results favour the generally
expressed view thaf the fat test is least affected by feeding .
. practices among percentage traits,

Rebeapabilities (Table 14) for Holsteins from
Uncorrected ;cords ;efe within the range of those reported
by Butcher gzrgl. (1967) and Gacula et al..(1968), but slightly
lower than thpse roéortod by Bereskin and Freeman (1965),
Gaunt et al. (1968) and Wilcox et al. (1971). Re;eatability ’

of fat percent was comparable to that of Butcher et al. (1967)

and the repeat4gbility of protein percent was similar to that
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@ of Gaunt et al. (1968). Repeatability éstimates of milk yield
and composition for Ayrshires agreed with those of Gacula et al.
(1968) and were lower than those of Wilcox et al. (1971).

The sé%oqd consequence of major concern is the disproportionate
changes in the components of variance resfiting from C?rrected
Records which reduced the repeatability estimates, intra—herd
repeatability estimﬁtes were drastically reduced for yields of
milk, fat and protein, but those of percentages of fat and
protein were not affected (Table 14). Repeatability is a
measure of the within herd average correlation between records
of the same cow. It estimates theesproportion of va;iation
among observations caused by permanent diffgrencéébalong ~q‘
animals. These permanent diffeyences consist of the animal's
genotype and some permanent environmental ;ffecté determining
the animal's real producing aility. Therefore, the genetic

‘and the environmental interpretations of the cqmponents under-

lying the model must be related in order to consider the

effects'of levels of feeding on estimates of repeatability.

. - Herd and cow components of variance contain genetic h

s

¢ .
and permanent environmental portions, whereas’thb_uithin cow

component contains the sampling variance of repeated records

o]

and temporary environmental effects of the same cow, ﬁy

correcting records for the levels.of feeding,(éart of the
permanent environmental effects, contributed by diffegfncos in

. feeding practices among herds or cowsyis removed. The relative
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percent reduction of the herd variante component between

Corrected and Uncorrected Records, as pointed out earlier,
;epresents the percent of the total variation accounting

for feeding practices among herds in milk yield and\bomposition.
The disproportionate reduction in herd and cow components and

the inflation of within cow.component consequently reduced

the repeatdbility estimates. Frequently, repeatability estimates
are considered as logical upper limits for heritability estimates,
If all environmental portions were removed from the cow component,
it estimates the heritability in a broad sense. The reduction

in repeatability observed in this study when_environmental

]

.effects due to levels of feeding were removed thus narrowed

the gaps between estimates of repeatability and heritability.
For example, repeatability from Corre¢ted Records for Holsteins
in milk yield was close to heritaéility estimates of 0,35
reported by Gacula et al. (1968) and 0.37 of Thompson and

Loganathan (1968}, As indicated earldier, fat percent was

" known to be least affected by changes in feeding practices,

This corresponds well to the least reduction in repeatability
in fat yield, being reduced\by 0.10 for Ayrshires and by 0,08
for Holsteins. Repeatability fpr milk yield waslreduced by
0.1l for both Ay;shiriz and Hﬁlsteing. The repeatability
estimate of protein field was reduced as much as 0,14 for‘
Ayrs@%res and 0.20 for Holsteins. This observation

favours tne view expressed frequently that nutrition may be

another way to change protein content of milk (Legates 1960,

r
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Rook 1961, Laben 1963, and Huber and Boman 1966). The

" tremendous reductions in repeatability estimates of protein

yield observed from this study indicate feeding practices

are a major environmental influence on this trait. The
repeatability estimate of protein yield for Holstein from
Corrected Records was comparable to most of the heritability
estimate;‘of this trait reported elsewhere (Butcher et al.

1967, Gacula et al. 1968, and Batra et al. 1969). Conclusively,

most of the permanent eﬁvironmené;axinfluences affecting

ey

"the Value of repeatability appear to be of nutritional origin.‘;

-

However, the repeatability estimates 'of percentages of fat |

-and protein were apparently npﬁ‘affected by levels of feeding.

This observation was partly ‘explained by the relatively high
heritability of percentage traits that only small portion of

the variation is due to environmental causes,

(

6. Effects of correcting for feeding levels on estimates of

genetic parameters on milk yield and composition . 2

* Most studies of gqpetic parameters of déiry traits
have neglected the effects of nutrition, conceivably duq& to
the inavailability of sgch information ofi lactation reco;ds.
Studies from the previous sectioné have shown the effects
of levels of feeding on lactation traits to be significant
in most cédses. An immediate problem is whether these nutritional

effects would alter the estimates of genetic paf?noters.
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Théﬁprinary objective of the preseﬁt study was to compare
genetic parameters ajusted for levels of feeding to those
obtained by the canv§ntion way of estimation,

A total of 13,561 305-day Holstein lactation‘\\‘
records with sires identified were collected for the subseguent
genetic studies, These sires were‘sither A.I. or natural
service sires which were used in one or more herds. This
subset of records accounted for approximately 10% of the
total Holstein lactation rogqr@s.~ Distribution of these
records by sire, herd, sire-herd subclass and cow within
sire~herd subclass is shown in Appendix Table 19, Corrected
Records consisted of those records corrected by the eétinated
least squares effects (from Model I) for age, year and season
of qalving and net energy intake from silage, Hay, pasture
and meal. Records corrected by the least sqdares estimates
from Model II, which were corrected only for effects due to
age, year and season of calving, constituted the Uncorrected
Records. Since these fwo sets of least squargs‘bsti-atép were
obtained from a large segment of the milk rocorodyﬂolstein
ﬁopulation in Quebec, the corrected subseés of records should
not be supject to serious sampling errors. For ﬁha purpose
of this study, these subsets of cows were assumed to be .

i

randomly collected.
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A comparison of the phenotypic performance of
Holstein cows from Corrected and Uncorrected Records was
studied, and the results were presented in Table 15. Means
of milk yield and composition of the Uncorregted Records N
were higher than those without age a justed population means f
in 1;;10 7. The coefficients of variatidh of lactation
traits from Table 15 for the Uncorrected Records were within
the range of the Holstein estimates reported by Wilcox et al.
(1971). After Trecords were corrected for least squares
estimates of feeding levelg, éq@pral repuétions in the means, , "
standaré d;;iations and coefficients of variation for all
y&eld traits were noted, but percenﬁage éraits remained
relatively unchanged.
/
Table 15: Meéns, standard deviations amd coefficients of
vafiation of milk yield and composition for

Corrected and Uncorrected Records

Corrected Records Uncorrected Records
Trait Mean S.D. C.Vv. Mean  ,S.D. C.v.
Milk(1b) . 10,745 1,337 Q)fz 11,561 2,465 | 0.21
Fat(1b) 383 58  0.15. 412 9  0.23
Protein(1b) 343 45  0.13 364 78 0.21
Fat % . 3.56 0.36 0.10 ' 3.57 0. 36 0.10_
Protein % 3.08 0.23  0.07 3,08  0.22  0.07.
-
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Sinpie correlations were made to study the changes
of levels of feeding to changes in lactation traits on both
sets of records (Table 16). Silage had the lowest and meal
the highest value of correlation coefficient with the lactation
traits. Stone et al. (1966) reported 0.49 correlation between
yearly herd average milk production andgﬁﬁe meal feeding but
negligible correlation with silage, hay énd pasture. As
might be expected, correcting for the levels of feeding
reduced the correlation between the dependeni and the indepen-L
dent variables. The most drastic'reductions in the coefficients
of correlation were\op;erved between yields ané meal. ~Howeve?!
the correlation between protein perceﬁt and silage and
between protein percent and meal was increased by 0,07 and
0.1l respectively. One of the possible explanations was the
rounding errors in the conputation'procedures, since none of
the linear and only two quadrétic regressions of protein

percent on net energy intakes were significant (Table 12).

Henderson's Method I was used on Model IV to\ '
es@}mate sire, herd, sire x herd and cow within sire x herd
components of variance and covariance from the Corrected
and Uncorrected Records., Repeatability was baleu}ated on
a within herd basis and heritability was computed as the
ratio of four times the sire component' to tﬂ; total variance
conboneﬂfh(i.e. the sum of sire, si;e x hard, cow and within

cow variahce components). The estimated components of var{ance

i

D

lgy.




Table 16:

Simple correlations between lactation traits and

net energy imtakes for Corrected and Uncorrected i

Records

Simple correlation coefficient

Trait Record Silage Hay Pasture Meal
, )

gilk\lb) Corrected -0.04 0.03 0.03 O.14
Uncorfected 0.21  0.l4 0,01 . 0,78

Fat{1lb) Corrected 0.0l 0.02 -0.03 0.13
Uncorrected 0,22 0.12 -0.02 077k

Protein(1b) Corrected 0.08 -0.05 -0.04  0.20
Uncorrected 0.22 0.08 ~0,02 0.75

Fat % feorrocth 0.07 0.0;\\, -0.05 0.09
Uncorrected 0.08  0.02 -0,03 0.12

‘Prdtein §  Corrected  -0.16 -0.0h  =0.0h 0.2

Unoorrected b.09

-0.01 ‘ -0.02 0.10

1Y
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Burdick and McGillard 1963, Bereskin and Freeman 1965, Van,Vleck

) 81
i
on both sets of records for milk yielérend composition are
presented in Appendix 'Table 20, After records were corrected
forilevels of feeding, components of variance were reduced
for‘yield traits, but some irregular patterns of slight
increases or decreases were observed in the variance gomponents
of percentage traits. The percent reduction in the magnitude
of variahce components due to correcting for levels of feeding
ranged from 20 to 73% in yield{traits. mTherefore, for more
meariing, these egtimatgs of variance component were converted
to relatiV!‘percgnt of‘tﬁe total variation ig both\set3°of
records (Table 17). P ‘

The contribution of sire component to thé tot;I
variance for yields of milk, fat and protein for Uncor;ected
Re;ords ranged from éfll to 7.71% and those of percentages
composition ranged from 6.66 to 13.03 (Table 17)." The
relative proportioh of herd component expressed as percent
of total variation accounted for from 32.57 to 39.5i for
yields of milk, fat and protein and from 11.38 to 13.52 for
peréﬁntage traiFs. These estimated variance components wefe
in the range of those reported in the literature ( Hickman and

Henderson 1955, Legates et al., 1956, Vgn Vleck et al. 1961,

1966, Gacula gt al. 1968, and Norman et al. 1975); Sire by herd

interactions accounted for from 0.29% of the total variance

for protein yield to 5.60% for protein percent among all



Table 17:

—
’.

Repeatability, heritability and estimated percentages of total variatiom -1
of Holsteim records contributed by sire, herd, sire x herd and cow

comporents.of variance

Percentage of total variation Total 2 .
. — r h oy

Trait Record Sire Herd SH Cow BError variance
Milk(1lb) Corrected 6.60 32.3 3.39 15.01 42.61 1790582 0.32 0.39
Uacorrected " 641l 32,5 Lel2 21.77 35.43 6088753 O0.41 0.36
. Fat(1b) Corrected 8.55 27.69 2.27 17.49 44.00 3396 0,36 0.47
. B Uncorrected 7.71 33.68 1.1k 21.15 36.32 9328 O.L4 O0.47
frotcin(lb) Corrected 6.06 30.91 0.42 10,04 52.57 2064 0.23 0.35
N “.Uneorrected 6.73 39.51 0.29 16.57 36.90 60,47 0,39+ 0.45
Fat % Corrected 12.97 10.74 3.19 40.82 32.28 0.1329 0.60 0.58
Uncorrected 13.03 1l1.38 2.65 4k0.68 32.26 00,1333 0,61 0,59
l Protein % Corrected 6.88 14.34 5.30 22.20 51.28 0.0509 0.34 0:33

Untorrected 6.66 13,52

c8
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lactation traits. These results favour most of the published
estimates on sire x herd interactions that this component was
generally small or negative (Legates et al. 1956, Wadell and
McGillard 1959, Van Vleck et al, 1961, Van Vleck 1966, and
Burdick and McGillard 1963)., Repeatability estimates on a
within herd basis for yields of milk, fat and protein were
slightly lower than reports of Wilcox et al.’(1971), but
comparable to those of Gacula et al. (1968). Those of
percentages composition were comparable to reportg of Von
Krosigk et al. (1960) and Butcher et al. (1967), but slightly
lower than reports of Gaunt et al. (1968) and Gacula st al.
(1968). Heritability of milk yield and composition were in

general agreement with most of the published estimates, except

.that of protein percent was low (Sargent and Legates 196&,

Blanchard et al. 1966 Butcher ot al. 1962 Gacula et al. 1968,
Gaunt et al. 1968, and Thompson and Loganathan 1968).

Sire components obtained from records corrected
for levels of feeding were slightly increased for yields of
milk and fat and percent protein, but decreased slightly

for protein yield and fat percent. Sir® by herd interaction

components of variance had varying effects after being
corrected for levels of feéding. Percent components of

variance for’herd and cow effects were reduced in all traits.

These results agreed with those observed in Table 14, confirming -

Yhat correcting records for levels .of feedihg effeétively'

\J

w«
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removed a considerable amount of environmental variation
associated with herd and cow components. As might be expected,
repeatability was reduced for all traits (Table 17). The
Ehanges in heritability in the Corrected Records were small
and probably of little practical significance. However, 1n1
all cases, slight ‘increases or decreases in heritability
were reflected by the similar changes in the percent sire
components. Higher heritability'than the corresponding
repeatability in milk yield and fat yield was due to the
large reduction in cow variancé'conponent after records were
corrected for levels of feeding. This appears that a |
considerable amount of permanent environmental effects in
the cow component is of nutritional origin.

Phenotypic’ correlations among yields (Table 18)
ranged from 0.85 to 0.91 for the Uncorrected Records. The
relationships between constituents and yields were smaller
and ranged from -0,20 to O.46. Genetic correlations alpngb
yields were high and similar to those of phenotypic‘yalues.

The renaining\génetic correlations, with two exceptions,

'\/‘, ”

were also simailar to the corresponding pheqotyﬁic correlation
values., The two exceptions wére ?ﬁe small positive relationship
between .milk yield-fat percent and the relatively small

negative corrélation between milk yield-protein percent.

These estimates were within thg range of reports elsewhere,l'

i3 ) ,
with ohly one éxception that both phJQotypic and genetic

o N
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Table 18: Phonotypié and genetie correlations among milk amd

milk constituents from Corrected and Uncorrected

Records ’
! e v . Genetie eorrolaéion
Trait . ¥ Recerd M1k Fat® Protein Fat % Protein %
1 ‘Milk(I8)  Corrected 0.47  0.81. -0.27  -0.42
} ' . Uncorrected 0.81 094 0,05 -0.13
¢ > a R i'g
) ‘ i
‘ Fat(ls)  Corrected  0.53 0.56  0.7L  0.10
Uncorrected 0.85 0.85 0.61 0.16
" Pretein{1b) Corrected 0.75 0.66 -0.01 0.17 )
' Uncorreeted 0.91 0.86 0.18 , 0.21
. , % ' _ ¥
Fat % Corrected -0.24 0,62 0.08 . 0.53 R

Ulcorrected -0.12 O.40  0.06 ' 0.53

¢ 4 ‘ , {
Protein % Corrected <0.23 0,20  O.45 ’ 0.46
Unecorrected -0.20 0.06  0.22 0.46 . ~

. —
-

é

Phenotypif correlation

A
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changes in phenotypic anqﬁgenétic gorrelations were brought

\ . i
- correlations between milk yield-fat percent were high (Sargent

and Legates 1964, Blanchard et al. 1966, Butcher et al. 1967,
Christensen 1968, Thompson and Loganathan 1968, Batra et al. '
1969, and Wilcox et al. 1971). - S
9.
. 9 , )
' General reductions in components of covagiance ‘were

4
i

observed from the Corrected Records. Phenotypic correlations

betweén milk yield and constituents were decreased. Slight »
increases or decreases in phenotypic correlation were noted g
anong other traits, Qxcept protein percent-fat percént was | u

not affected. Genetic correlations among milk yield an;kmilk
constituents were also generally decreased except that of, fat ‘

yield-fat percent and protein percent-fat percent. These .

dbput by unequal rate of reductions in.the components of co-
variance to'the cqrreSpondiné Yariance; reshlbing in inéféaées‘
or decrqases in the rétiog of the product momeﬂﬁlco¥relation
coefficients. Relatively greater reducg}ons

in genetic correlations than the corresponding phenotypic
correlatlons indlcated greatmramountsof environmental co- ? o ’
variance due to levels of feeding were associated with the

sire components. Thus, the corresponding environmental

correlations uould also be expected to be reduced. Increases

observed in phenotypic.and genetic correlations were relgtively

small compared to the decreases in most of the correlations. j

Both phenotypic and genetic correlations of protein percent- ) f

~ v
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fat percent were unaltered. These two traits can be assumed
to have little environmental variance or covariance attributable

to levels of feeding.

7. Sire x herd interactions and genetic parameter estimations.

from herds fegding_hifferenc lévels of concentrates

-

‘é
v . ¢

interactions have generélly been reponted to be iﬁsignificant
(Legates 1962, Burdick and McGillard 1963, and Van Vlieck 1963).

w -+  Sire by herd and sire by herd production levels

These studies have inevitably classifed herd environments
according to levels of milk production. Large scalg studies

of genotype by envirommental interactipns andkgenetic baranete§
estimations from herd environments defined by dif}erenc levels
of concentrate intake has not Peen done. This investigation
was designed to seeﬂ~1nforn§tion on the interrelationships
'bctween genetics and nutrition in'uncontrolled environments.

j !

A total of 13,561 305-day, age, year and season of
calving corrgcted lactation records were divided inif three
approximately equal subsets according to low (less than 2200
the;is),'nediun (betweeh 2200 gnd 2900 therms) and high (greater
tbai 2900 therms) level of lactation net energy intake from
concentrates (meal). Henderson's Method I was used on‘Model r
IV (including sire, herd, sire x herd and cow within sire x herd

subclagses)to estimate components of variance and covarinnce.

e
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aenetic parameters were computed within each subset 4f records,
Distribution bf these subsets of records by sire, herd, sire x
herd and cow within sire x herd subclags are shown in Appendix |
Table 19, The number of observations in each ‘subset were
considered approximately equal, but no attempt was made to
study'hén sires were représented in the three environments,
| j

The relationships of levels of meal feeding and
phenotypic performance of lactation traits were investigated
(Table 19). Means of all traits consjistently increased, whereas
goefficients of variation decreased with higher levels of mehl
intako. Phenotypic standard deviations were highest in high
level. Studies elsewhere (Legates 1962, and Van Vleck 19@3)
have shown higher mean and total variation in production of
milk in records from higher production le§els. The close
association betweén different criteria of stratifyimng lactation
records, i.e. by either levels of production or levels of meal

intake as used in this study, is probably connected with the

4

Y

_high coﬁ;relatione between yield traits and meal intake, which
ranged from 0.74 to 0.78[(1hble 16).
| 4
Sire components of variance for yields of milk, fat
and protein ranged from 4.84 to 10.94% of the total variation
(Thﬁle‘ZO). 'The estimated actual components of variance are
presented in Appendix Table 21, There was no evidence of

increasing sire or total variation with improved environments

A

<



Table 19: Fhenotypic performance of cows in low, medium

and high level of meal intake N
Level-of meal , v

Trait intake Mean S.D. c.v.
Milk(1b) Low [ 9,602 1,825 0.19
Medium. 11,512 1,608 O.14
High 13,702 1,953 0.1k
_ Fat(1lb) Low 339 - 72 0.21
Medium L1l 67 0.21
High . 491 81 0.17
. ~ .
Protein(lb)  Low 303 .58 0.19
Medium 360 54 0.15
High / 427 63 0.15
Fat % Low 3.54 0.3640 0.10
Mediunm 3.58  0.3579 0,10

High 3.59  0.3706  0.10°
Protein % " Low 3.06 0.2289 T0107
] Medium 3.07  0.2209 0.07
High * '3,09 ' 0.2235 0.07

\



Table 20: Repeatability,. heritability and estimated percentages of total variation

of Holstein records from three levels of meal intake

Level of meal Percentage of total‘{ifiation Total 2
r h
Trait intake Sire Herd SH Cow Error variafnce
Milk(1s)  Low 5.294 30,01 -0.75 -16.57 48.88 3336441 0.31 0.30
Medium- 7.38 32.32 <2.40 1.8.58 44.l2 2588865 0.38 O.44
High 4.84 25.60 5.56 2}.35 4L2.65 3826156 0.35 0.26
v '—‘ ;/ )+ A6Y
Fat(1lb) Low 5.87 28.57 0.31 15.59 49.66 5197 0.3C 0.33
! Medium 6.13 29.66 .2.79 15.43 45.99 L4471 0.31 0.35
High 6.13 26,81 2.01 21.22 43.83 (1\6%;3 0.37 0.34
Protein(lb) LOU . 100914' 35052 "5095 10062" l‘»8087 332( 0.33 0.68
High 5.98 30.78 1,15 10.57 51.52 045 0.24 0.35
Fat ¢ Low 8.88 12,50 7.62 33.97 37.03 0.1326 0.49 O0.41
Medium 13.65 1l.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 00.61 0.63
Protein ¥  Low 3,47 13.84 17.89 21.52 43.28 0.0525 0.29 0.16
Medium 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 0.3 =

P

06
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i .
in the yield straits. However, sire components of percent
fdt and percent protein consistently incregsed with levels
of meal feeding The inconsistency ob:erved in the sire
components may be due\to the fact that sires used in this
analysis ;ere not necessary equally represented across
environments. Relative chaﬁges in sire components were
reflecggd in the beritabiliﬁ} estimates. There were no specific
trends foﬁ;heritabilgmies of yieLﬁ traits, but gradual increases
with leveis of meal intake for constituent traits were noted.
Heritabilities of constituents in the two high level groups
were almost déuble the value of the 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 heritabilities
were also increased. However, Burside and Rennie (1%61) and
Legates (1962) agreed that although the total variability and
the genetic variability increased with levels of production,
yet the heritability remained relatively constant over all
levels, The changes in sire cdnponents from three bnvironuénts
with low, mediﬁm and high level of meal intake indiéate a
form of sire by ration interaction. The rela}ive chagées
of percent genetic variance between levels of meal inéake within
each traits ranged from appréximately 1 to 5% of the total
v;riati n. Sire by ration interactions in dairy records ranging

from negligible amounts to 17% of the total variation have been
reported |(Mao and Burside 1969, Richardson et al. 1971, Lamb



. é .
et al. 1973, and Rindsig and Freeman 1973).

Sire by herd interactions when daughters of sires

were grouped into three environments increased with improved

feeding levels for yield traits but decrggsed for percent

I

constituents {Table 20), " Interactions ranged from negative

to 5.56% for yjeld traits from this study were comparable to
reports elsewhere (Legates et él' 1956, Wadell and McGillard
1959, Van Vleck et al. 1961, Burdick and McGillard 1963, and
‘Van Vleck 1966). | Hammond(1947) concluded that the character
required is best electéa for under environmental conditions)

which favours its fullest expression and that once developed

i

could be used in oﬁ?er environments, Falconer and Latysaewski

(1952) pointed out

tYat for Hamhond's concept to hold good,
’

there should be no g notype-environmental'interaction. The
magnitude of sire ;_Aerd interaction of milk pgoductiontat_
high levels of meal intake was greatér than tﬁe corresponding
sire component ( Table 20). ‘This could lead to some serious
:conséquences in sire evaluation., On the other hand, improved
feeding practices apparently had little iﬁflgence\on percentage
compoa@tion (Table 12), the reduction in interaction terms in
these traits:might have been due to change of the negative
‘correlation with yield traits,

Percbnlages of poial variation attributable to herds

were essentially lower at higher levels of meal feeding. If

e
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i

less than 10% of herd differences are of a genetic nature
(Pirchner and Lush 1959), then herd components reflected

/largely environmental variation. Improved feeding practices

, would undoubtedly ;emoved some of these env1ﬁonmental differences)
among individual /herds. Cow components at higher levels of

meal intake wefe generally increased. If animals under

favourable environmental conditions could express their

genotyp;s to the fullest extent, increases/in variation

between genotypes are to be expected, Studies have shown

that genetic variability increased with levels of production
(Mas&n and Robertson 1956, Burnside and Rennie 1961, Legates

1962, and V{ifi}eck 1963). Changes of sire components with

levels of meal feeding also‘partially supported this view, “
Th;refore, it is reasonable to expect cow components would ”“\\\dg
. increase ﬁith improved environments, Increases in sire and

cow component resulted in’increased repeatabilities), Results
consistently indicated repeatabilities of all traits increased
'wich increasing levels of meal feseding, exéept for protein

yield ( Table 20). Sh}ode et al. (1960)?€¢ported that changes

of repeatabilities from 0,37, 0,32 and/0;70 to 0.49, O.44 and

0.71 for milk, fat and fat percent respectively after some

\known definit; improvements in various aspects of herd manage- -
ment wére made,

/

" Phenotypic and genetic correlations among milk and
/

milk constituents from three levels of meal intake are presented



P

/‘appqaring in the 1itorature;

9

in Table 21. Both phenotypic and genetic correlations decreased
with improved environments, excépt the phenotypic values of

fat percent-fat yield, protein percent-fat yield and protein
percent-protein yield, and the genetic valze of fat yleld-

fat percent were increased with "higher levels of meal intake,
Increases or decreases in the product moment correlations are
brought about by changes in the ratios, of the covariance to
those of the variances. Much of the discussion in interprebiné
the chaﬁges of variance components in different environments
could also be used to explain the changes in covariances, ‘
Imbrevedﬁenvironments removed some te‘¥orary einvironmental

covariances associated with the joint function of the two

traits and thus reflected the true correlations of these traits,

It is interesting to observe the relationship

between milk and fat percent. A majority of the reports found
that ?he phenotypic correlations ranged from -0,05 to -0.66
and the genetic correlations Fanged from -0.17 to -O.44 (Sargent
and Legate’wéh, Blanchard et al. 1966, Thompson and Loganathan
1968, Batra et al. 1969, and Wilcox et al. 1971). The estimates

of correlation for nilk-yield-fat percent in three environments
fell within these ranges, but with decreasing magnitude from
low to high level. These results indicated,that environﬁpntal

effects dus to nutrition could be one of the sources of

variation contributing to differences in estimates of correlations



: Table 21: Phenotypic and genetic\copralations among milk
and milk constituents from three levels of meal intake
Level of Genetic correlation
meal
Trait~ intake Milk Fat Protein Fat % Protein %
© Milk(1b)”  Low 0.81 0.97 -0.02  0.58
Medium -t 0.55 00814- -0038 ‘0-‘06
P High 0.42 0.87 -0.36 ~0.50
Fat(1b) Low 0.8 . 0.99 0.5  0.87
Medium 0.72 O.45 0.55 0.00 -
High 0.72 0.68 0.62 0.03
Protein(lb) Low 0.89 0.85 0.37 0.77
Medium ‘Mb.83 0076 "'0019 ":’\0007
_ High 0.8} 42 0.75 0.04 -0.01
Fat % . Low -0.08 O.45 0.13 0.88
Medium -0.18 0.55 0.11 O.45
. High - -0021 Oo 52 0.0h . Odllv7
Protein % Low -0.19 0.10 0.27 0.47
; Medium T =0.17 0.17 0.39 0.46 |
- HiSh "0023 0.13 0.35 O.‘b6

‘ Phenotypic correlation
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'Reductions in phenotypic correlations were not
too large, ranging from 0.02 to 0.13 for all traits. But
the decreases in genetic correlations with improved environments
were much larger and have significant implications. One of
these implications is that the expected selection response could
‘be serious biased if no consideration is made regarding the

environment upon which the genetic correlation value is obtained.

8. Consequence in genetic parameter estimates meglecting

sire x herd interaction
2

Most estimates of genetic parameters using paternal
half sib correlation methods from mature equivalent records
were based on models ignoring sire x herd interaction ( for
example, Gacula et al. 1968, and Wilcox et al. 1971). Results
from the previous section indicated that sire x herd inter-
“actions for yield traits were larger in better environments,
From~the existing data, this follow-up study used a model
ignoring sire x herd iteraction (i.e. Model V) to reestimate

the genetic parameters.
3
Repeatability, heritability and estimated percentages
of total variation from Model V (including sire, herd ‘and cow
within sire-herd subclasses)lfor records of three levels of meal
intake are presented in Table 22, and t%e actual estimated

components of variance are shown in Appendix 22, Before



Table 22: Repeatability, heritability and estimated percentages of total

variation from an interaction ignored model .
Level of meal Percentage of total variation Total 2
r h

Trait ] intake Sire Herd Cow Error variance-
Milk(1lb) Low 4.92 29.81 16,52 48.75 3345431 0.31 0.28
Medium 6.11 31.72 18.42 L3.75 2610848 0.36 0.36
High 8.04 26.74 21.76 L4L3.46 3754540 O0.41 O.44
1 Fat(1lb) Low 6.03' 28.65 15.61 49.71 5192 0,30 0.34
’ Medium 7.61 30.35 15,58 46.46, LL26 0,33 O.44
High 7.29 27.22 21.37 44.12 6584 0.39 0.40
. Protein(1lb) Low 7.59 33.99 10.43 47.99 3388 0.27 0.46
Medium 4.25 33.61 15.74L 46.40 2890 0.30 0.26
High 6.69 31.01 }0.61 .51.69 4031 0.25 0.39
Fat % Low 12,90 14.10 34.93 38.07 0.1289 0.56 0.60
N Medium 14.23 1l.45 43.55 - 30.77 0.1277 0.65 0.64
" High 14.95 11.05, 40.51 33.49 0.1369 0.62 0.67
Protein % Low - 13,90 17.52 22.77 45.81 0.0496 O0.44L 0.67
Medium 9.25 13.40 19.1l4 58.21 0.0483 0.33 0,43
High 10.64 12.41 22,72 54.23 0.0492 . 0.38 O0.49

52
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. comparing the results to those of the previous model which
o included sire x herd interactions, an examination of the
individual expectations was ﬁecessary (page 47). Expectations
of cow and within cow sums of squares were the same in both |
models, but (K2 - K9) and (K& :.K9) of the interaction term
were taken away f;om sire and‘herd equations rqspectivély.
Thus the existence of a sire x herd interaction would over- o
estimate thege two components in a model which failed to
account for this interaction. This statement was examplified
by\comparing the sire component in milk yield from both v
models( Table 20 and Table 22). Furthermore, heritability 1@
a ratio of four times the sire to the total var;ance, positive
and negative interaction component sstimates changed the
absolute magnitude of the total variance. Nevertheléss,
the differences may be of no practical significance. For_ -
example, heritabilities qf milk in three environments from
the model ignoring interaction still fell within!the accepté%le'
range of this estimate. Repeatability was not exﬁected to .
change greatly bgcause the cow component would not be

appreciably affected by the inclusion or deletion of a sire x
herd term, ? °
.

[ Ignoring interaction apparently did not affect
phenotypic and genetic correlations (Table 23), except for
the genetic correlations of milk yield-constituents at low

. le\,gelg w/ere underestimated. This might have been an /

» n
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indication that interaction 9ovariancgs.be£ween two traits ~

were approachingHZeio in most cases, and thus did not affect

' @

the ratios of ;the product moment correlations, )
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Table 23: Phenotypic and genetic~correlations among milk and

o
milk .constituents from an interaction ignored model

T
- Genetic correlation

Level of
. meal -
) Trgit, intake Milk . Fat, Protein Fat % Protein %
Milk(1lb)  Low 0.71 0.85 -0,14  0.15
" Medium 0.54  0.71 -0.25 =-0.41
* . High K 0.5,  0.84 -0:.38 -0.42
“Fat( 1) Low 0.85 ‘ Jrf’o.su 0.5  0.51
‘ Medium - 0.72 0.73  0.67 0.23
High 0.71 0.69  0.57  0.15
\
) Protein(1b) Low 0.90  0.87 0.26  0.6L
Medium 0.84 0.75 0.33 0.33
’ High 0.83 0.75 t‘ -0.03  0.13.
\ .
Fat % Low -0.07 0.5 0.1k 0.60
- Medium  -0,20  0.53  0.06 0.61
- _ High -0.21 0.53.  0.06 d 0.60
, .
Protein % ' Low 0.17 ( 0.10  0.25  0.47
! | Medium  -0.19  0.16  0.38  O.44
1 z ‘ High -0.23 - 0,12 0.3k  O.kb
| f

Phenotypic correlation

!
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VI. CONCLUSION

Relationships between feeding practices and milk
yield and composition were investﬁgaced by studying 17,259
Ayrshire -and 139,720 Holstein 305-day, age, year and season
of calving adjusted re;ords. Positive and signficant (P< 0.01)
‘linear effects and generally significapt quadratic effects
of net engrgy intake from silage, hay, pasture and meal
indicated that yield respanses to levels of feeding were
curvilinear, 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
‘fdrages or concentrates. Incorporating larger amount of
si}age in the ration relqpivz 6@ hay slightly increased
yfelds of milk, fat and 5roteiq.~ The magnitudes of change
‘were small, for exampi;, doubling the ratio of silage in the
ration resulted in increases of 17 1lb ;f milk, 0.74 1b of .
fa; and 0.55 lb of protein. These results fawoured-the
extensive use of silage in dairy ration and partially
substantiated the popular interest in all silage feeding
program. Higher roughége in the ration depressed yields,
" because animals couid'not obtain enough energ} fog their k
production as a result of reduction in dry-matter intake from
high forage rat;ons. Increased'voluntary intak; of the forages
or supplementation with concentrates were apparently @he only

solution iﬁ problems of high-level forage feeding programs.
N \

/.

.
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Energy concentration, a measure of the overall nutritive
““value of the feed, consistently exerted large positive
‘effects on yields of both breeds. The estimators of feeding
practices in this series of studies were the net energy
intake from any particular feed or some ratios of two categories
of feed on a net energy Qasis. One advantage of using such
an estimator in dairy field 6;;3 was that it accounted for
variations in feed quality. Except for the roughage:concentrate
ratio, which had a negative effect on lactation yields, other
ratios ;Rtxahe net energy intake fro? silage, hay, pasture
and meal were positive, It was therefore concluded that
energy in dairy raﬁaons should receive primary consideration
in practical nutrition. Increasing net energy intake from
whatever source of feedstuff generally increased yields. On ,
the othef hand, high forage feeding, which would result in a
reduction in total net energy intake, would seriously reduce
yields of milk, Afat and protein. Net energy intake from silage,
hay, pasture ‘and deal apparently had 1}ttle influence on milk
composition. However, ratios of feed had varying and inconéis-
tent effects on fat percent between the two breeds. Only
silage:hay ratio in Holsteins had any glgnificant effect on
protein .percent. TheSe inconclusive effects of-feeding on
milk composition ?ndiééted that alteging milk composition -
through nutritional changes was limited. Changes in fat and
prot;in percent are thought to result from changes in ruminal

fatty acid ratios. These changes may or may not develop, -
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depending on factors such as the particular concentrates,

nature of the forages and method of feeding. yd

One of the basic assumptions in estimating
variance components is that random effects are.free from
fiied effect influences. Failure to account for important
fixed effects could bias the variance component estimates.
General reductions in variance components after records
were corrected for levels of feeding, as observed in this
study, posed a challenge to the validity of th{s basic
assumption. Whether the model which failed to consider levels
of feeding biased th; component estimates was open to
question. Fuyrthermore, the unequal proportion of reduction
in variance components of cow and within cow reduced
repeatab;lity estimates. Repeatabilities were reduced by
a’fange of 0.10 to 0.25 for yields of milk, fat and protein
for both Ayrslires and H&lsteins. It was mentioned earlier
that milk composition was apparently not affected by levels
of fqeding. This was demonstrated by the unchanged repeat-
ability of milk composition in the Corrected Records., The
decreases in repeatability of yield traits were due to -
removal of some permanent environmental effects associated
with the cow component. Repeatability is a measure of within
herd averége correlation between recordékof'the same COW.
After the\inflhence of feeding was removed, repeatability

estimates of the yield traits approached the corresponding

{

, ' -
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heritability estimates indicating that permanent environmental

effects are largely 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 cow terms, Similar reductions in

variancé components and repeatabilities were observed in the

' Corrected Records. Slight increases or decreases of herita-

bility estimates among yield traits and unchanged heritability
estimates of milk composition traits indicated that cofrecting
records for levels of feeding did not significantly change
heritability estimates., The changes in sire x herd interaction
were not consistent among all traits. Varying increases or
decreases were observed in the phenatypic and genetic
correlations among milk yield and composition traits. A
generally greater amount of reduction in genetic correlations
than correspohdfﬁg phenotypic correlations indicated that

a greater amount of envirpnmental covariance d§§3£é 1eyels

of feeding was associated with the sire componenF. The
phenotypic and genetic correlation of ﬁajor concern was'
milk-fat percent. However, these estimates fell within

the acceptable range irrespective of uheéher feeding was
accounted or not. Therefore, it was concluded that correcting

for levels of feeding had no major effect on genetic
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parameters, except repeatability'which was significantly

reduced in all cases,

In one study, Holstein records were stratified
into three approximately equal subse%s according to low,
medi&h and high level of meal intake to study sire x herd
interactions and genetic parameters estimateg from these
three environments. Sire components across aifferent
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 meal intake within
each trait .ranged from approximately 1l to 5% of the total
variation, Inconsistency in showing higher genetic variability
in improved environments for milk and protein yield was
thought to be a result of daughters of the sires were not
equally repreéented across alf gpree environments, Corres-
ondingly, heritability estimates in tﬁese thpee environments)
were reflected‘by the same changes in sire components, Fat
yield and the percentage traits showed increased heritabilities
with levels of meal intake. To a certain extent, these
results support the view thag animals required optimum
environmental conditions to express their genotypes to the
fullest extent. Sire by herd interactions when daughters
of sires were grouped into tiree environments were observed

to increase with improved levels of feeding for yield traits,
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and decrease for percenatage traits. This implied that
more problems in sire evaluation at optimum’environments
than poor environments were to be expected. Increases in
Sire and cow component accompanied by decreases in herd
componenEs resulted in increased repeatability estimates
with improved cow environment. The reduction in herd
component was resulted from removal of some envf?%nmental
differences among individual herds. Phenotypic and genetic
correlations were generally decreased with improved
environment, but it was concluded that S?ese changes were
not particular significant since most estimates in these

three environments were within acceptable ranges. 3

The consequences in estimating genetic parameters
if the sire x herd interactiop.was not included in the model
app;ared to vary, depending on the sign and the magnitude
of the interacfion estimates. However, it was concluded
that fa{}qre to include the interaction term would tend
to overestimate héritability at high levels of feeding.

The effects of ignoring the interaction on est;gaxes of

phenotypic and genetic correlation was apparently not serious.
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Appendix Table l:-Analysis of variance by Model I on yields
of milk and fat and fat percent for Ayrshires

.——F ratio of mean square

o

Source —DF. Milk "Fat - fat %
Age of cow L 93.82%%x  56,77%%x  3,08%
"Season of calving 2 11.70%% 10.36%% .59
Year of calving 6 S 15.78%%  37.82%% 29 ,47%%
Silage 1 148,76%%  160.46%% 17,53%%
' Hay 1 100.34%% 101.56%*% 9 ,83%x
Pasture 1 207.29%% 138.42%% 0,07 -
Meal 1 L5L.73%%  275.94%% 0,19 ¢
Silage? 1 1.15 10.41%%  10,95%%
éay2 1 0.16 Iy OL% 6 o ilyx
Pasture? 1 11.06%*  5,28% 0,80
Meal? 1 28.65%%  L4L,50%%  6,61%
Error 7242 '

% significant at 0.05 level

** gignificant at 0.0l level



131

Appendix Table 2: Analysis of variance by Model I on protein
yield and percent for Ayrshires

F ratio of mean square

Source D.F. Protein Protein %
Age of cow L 19,33%x% 1.29
Season of calving 2 3 43% 1.83
Year of calving 5 3.68% 5. 59%%
Silage 1 19 ,27%%" 0.2

Hay 1 12,1 1%% 0.02
Pasture 1 35,.77%% 0.84 L
Meal 1 118.,79%* 1.04
§ilage2 1 Ve57 1.85
Hay? 1 0.02 ., 0.00
Pasture® 1 3.82 0.26
Meal? 1 0.60 - 1.33
Error . 1714 '

* significant at 0.05 level

** significant at 0.0l level
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Appendix Table 3: Analysis of variance by Model I oﬂ yields
of milk and fat and fat percent for Holsteins

F ratio of mean squaré

Source D.F. ViTk Tat: T3t 7
Age of cow L+ 992.53%%  685.34%% \ 0.78
Season of calving 2 101.87#%  125,52%%  65,6L%%
Year of calving 6 194.99%%  366,67%% 189 .76%x
‘Silage 1 1765.83%% 1138.95%%  0.60
Hay 1 1154525 830.52%*  1.49
Pasture 1 1852.04%% 1418.06%%  22.49%%
Meal 1 5009.27%% 3127.96%% 2,59
Silage” 1 12,67%% 0.73 11, 415k
Hay< 1 26,85%% 30.2L%% 1,41
Pasture? 1 15.96%%  12.28%% 1.0l
Meal? 1 71.12%%  124.42%%  30,8L%x
Error 58630

% significant at 0.0l level
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Appendix Table 4: Analysis of variance by Model I onJprotein
yield and percent for Holsteins

F ratio of mean square

Source D.F. Protein . Protein %
y
Age of cow L 235 .94%% 8,22%%
Season of calving 2 33 ,88%x% 28,3 5%%
Year of calving 5 34 ,65%* 78.95£*
Silage 1 328 ,32%x% 2.48
Hay 1 23h.blex 0,81
Pasture 1 345 4 2% 0.08
Meal L 81G ,29%x% 1.41
Silage® 1 6 .62% 5.81%
Hay® 1 6.32% O 1.84
Pasture2 | 1 2.70 0.04
Meal? L 23,748 Lo h8%
Error 16599

* significant at v.05 level

*% gignificant at 0.0l level
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Appendix Table 5: Analysis of variance by Model 1I on yields
of milk and fat and fat percent for Aﬁrshires

F ratio of mean square

Source D.F. MiTk rat Fat %

Age of cow L 108,66%x 83,93 %x 1.88
Season of calving 2 S54,58%% 3G Ll .43

Year of calving 6 22 ,30%% 30423 %% 26, 1 2%
Error 7250 -

%% significant at 0,01 level

\

l

Appendix Table 6: Analysis of var%ance by Model II on protein
yield and percent for Ayrshires

F ratio of mean square

Source & D.F. Proteln Protein %
Age of cow L ’ 31.09%* 1.25
Season of calving 2 9 79%% 3.17%
Year of culving / 5 , Q.75%% 5.95%%
Error 1722

* significant at 0.05 level

*% significant at 0.0l level
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Appendix Table 7: Analysis of variance by Model II on yields
of milk and fat and fat percent for Holsteins

F ratio of mean square

Source D.F. MIlk Tat Fat %
Age of cow L 1402 ,68%%  1197,59%* 2,29
Season of calving 2 519 , 1L5%* 3&6.36** 82 ,97%%*
Year of calving 6 207 o 18% 28G.98»x% 211 ,18%x*
Error 586138

7 .

* significant at 0,05 1evel'

** significant at 0.01 level

/

Appendix Table 8: Analysis of variance by Model II on protein
yield and percent for Holsteins

F.ratio of mean square

é

Source D.F. Protein . Proteln %
Age of cow . L 413.96%x% 8. 55%x
Season of calving 2  8L.85%x 31, 20%x
Yegr of calving 5 < LL7.49%% 78, 54%x
Error 16557

« o significant at 0.0] level
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AN

Appendix Table 9: Analysis of variance bf Model IIf on yields

of milk and fat and fat percent for Ayrshires

!

- F ratio of mean square

Source D.F. Vilk ™ Fat Fat %T
Age of cow . Ly 59.2L%%  43.99%% 2,04
Season of calving\ 2 23 . 30%x* 17.73%x% 0.25
Year of calving 6 18,1 3%%* 20.36** 11.,05%*
Silage:hay 1 0.04 1.03 7 o 9233
Roughage :concentrate 1 153 . 16%x* 156.75%% 1l ,60%*
Energy concentration 1 53 ¢ 36%% 35,83 %%

3756

Error

3.26

#*% significant at 0.01 level

~
.
4

Appendix Table lu: Analysis of variance by Model III on protein

yield'and percent for Ayrshires

F ratio of mean square

Source D.F. Protein Protein %
Age of cow L 17 .01 1.32
Season of calving 2 5o L1 % 2,78
Year of calving 5 2.35 2.16
Silage:hay 1 8, {O%* 0.64
Roughage :concentrate 1 106.62%x 0.10
Eenrgy concentration 1 25,28%x 0.89
Error r 1041

* signifiéant at 0.05 level

%% significant at 0,0l level

L
~



Appendix Table ll: Analysis of variance by lModel III on yields '

of milk and fat and fat percent for Holsteins

T

F ratio of mean square

Source D.F. Milk Fat Fat %
Age of cow L 866.56%x  711,82%% 1,00
Season of calving 2 208.64*4 132,19 L7 ,G1%x
Year of calving 6 182,617  237,3L%* 86,19
Silage:h;y 1 30,29 %% 35.93*4 7 o L3k
Roughage :concentrate 1 LL54.10%% 3669 ,05%% /21.86**
Energy concenération 1 396.8L%%  376,84%%  17,08%x

38629

Error

»¥ significant at 0.0l level

Appendix Table 12: Analysis of variance by Model III on protein

yield and percent for Holsteins

/

F ratio of mean square

Source D.F. ~Frotein Protein %
Age of cow 4 291 ,32%x% 5 4,9%x%
Season of calving 2 20,04 %% 27 ¢ 32%x%
Year of calving 5 62 ,76%% 5l , 22 %%
Silageipay 1 Y Y4 G . 20%*
Roughage:copcentrate 1 1019, 82#x 0.01
Energy concentration 1 148,38%x% 2.62

Error 11623

2

*% significant at 0.01“level



138

Appendix Table 13: Analysis of variance and expected sums of

squares by Model 1 for milk yield aﬁd”composition of Ayrshires

(i)For All Records

/ + b
Sum of squares

Source D.Fs Milk? Fata Fat % Expected sum of squares
Herd 785 8605 15 529 823 €.+ 1309 6 + 17181 G
Cow/herd 9211 8611 17 1378 9261 6.+ 15947 65
Error' 7242 3599  _8 38 &

a) coded by times 10-6
(ii)For Protein Subset

Sum of squares

Source D.F. Proteinb Protein % Expected sum of squares
Herd 468 4243 79 5LLic+ 612 6 + 6793 &)
Cow/herd 4639 4986 24,0 4726 Op+ 6228 .
Error 1714 L, s

b) coded by times 1073
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Appendix Table 1l4: Analysis of variance and expected sums of

squares by. Model II for milk yield and composition of Ayrshires

( ic) For All Records

Sum of squares

/

Source D.F. Milk® Fat® Fat % Expected sum of squares
Herd 785 26475 43 533 7976 +_ 13096, + 17181 &
Cow/herd 9211 27175 . L4i 1368 92476 + 150476,
Error 7250 8832 15 388 &’

a) coded by times 10'6

|

/
Sum of squares

(1i)For Protein Subset

Source D.F. ProteinP Protein % Expected sum of squares
" Herd Lo8 11826 77 LBE 6o+ 612 6o+ 6793 6o
Cow/herd 4639 124,78 24,0 4699 6f+ 6228 6,
Error 1714 2386 L 3;'
F\C&Led by times 1073
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. i Appendix Table 15: Analysis of variance and expected sums of
squares by Model I for milk yield and 'composition of Holsteins

L

(i)For All Records
t ‘ ' Sum of squares -~
Source D.F. Milk® Fat® Fat % :ﬁxpected sum of squares
| Herd 2626 81148 125 2713 2665 62+ 4575 6c+ 139623 6,
Cow/herd 78448 10969 203 12827 78502 &'+ 135143 o2
‘ Error 58630 41910 78 2498 C
_a) coded by times 10-6 ,
(ii)For Protein Subset °
Sum of squares -
éourcef D.F. Proteinb Protein % Expected sum of squares
Herd 1957 39864 - L97 4753 SR+ 2673 6+ 61241 6
. Cow/herd 42778 59913 = 2208 L2717 6+ 58625 6%
Error 16549 15866. 439 &
~ b) coded by times 10-3
AN

AN "
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Appendix Table 16: Analysis of variance and expected sums of

squares by Model II for milk yield and composition of Holsteins

(i)For All Records

Sum of squares

Source D.F. Milk® Fat® Fat % Expected sum of squares
Herd 2626 337873 465 2748 26736y + L4575 6+ + 139623 &t
Cow/herd 7848 3676859 523 12790 784,104 + 135143 & |
Error 58630 109494 169 2511 s .

. \ .

- Y 6
a) coded by time 107

/ . »
o4 4

(ii)For Protein Subset
/

Sum of squares ‘ ~
Source D.F. Protiiﬁb Protein % Expected sum of squ;res
Herd 1957 155120 L85 2030 60+ 2673 6¢+ 61241 O
Cow/herd 42778 156176 2217 42719 Op + 58625 6.
Error 16549 31335 140 Ch

|
b) coded by «times 103




Appqnaix Table 17: Analysis of compénents of variance from Corrected and

Unéorrected Records for Ayrshires
‘

Variance component

Trait ) Recérds 1Herd e Cow Within cow Total
Milk(1lb) Correcdted 505492 251327 L9706, 1223333
Uncorrected 1521334 997683 1218238 3737255

Fat(1lb) Corrected 904 Y42 1045 2391
‘ Uncorrected 2516 1483 2190 6189
Protein(1lb) Corrected 660 24,9 727 | . 1636
Uncorrected 1754 958 1385 4097

| .

Fat ¢ Corrected 0.0291 0.0556 0.0530 0.1377
Uncorrected 0.0293 _ 0.0547 0.0536 0.1376

Protein % Corrected 0.0119 0.0190, 0.0258 0. 7
Uncor—~cted 0.0115 0.0191 0.0258 0.0564

AR
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Appendix Table 18: Analysis of components of variance from Corrected and

1

Uncorrected Records for Holsteins

Variance component

».

Trait Records ' Herd Cow Within cow Total
Milk(1b) Corrected 581857 396372 714981 1693210
' Uncorrected 2401973 1638492 1867470 5907935
Fat(1lb) Corrected 898 722 1339 2959
Uncorrected 3310 2201 2876 8387

Protein(lb) Corrected <711 313 960 1994
Uncorrected 2540 1283 1895 5718

Fat % Corrected 0.0179 0.0701 0.0426 0.1306
Uncorrected 0.0182 0.0698 0.0428 0.1308

Protein % Corrected 0.009% 0.0183 0.0265 0.0542
Uncorrected 0.0080 0.0185 0.0266 - 0.0531

et
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Appendix Table 19: Distributionof sire identified Holétein

records by sire, herd, sire-herd and cow in sfire-herd subclasses

/

Number of records

N

Subset of records Sire . Herd Sire-herd Cow/S-H Total

' Overall
All Records 1873 779 44,02 7432 13561
Protein Subset 1439 571 3121 5134 7506

Meal 1 (Low) 2
All Records 1116 619 2260 3389 4,724
Protein Subset ¢« 770 L23 1396 2042 2475
Meal 2 (Medium)
All Records 1118 542 2251 3389 Lb1L
Protein Subset 800 1,06 14,64, 2093 21,26
> Meal 3 (High) —
" ALL Records 1003 431 1917 2929 4423
- Protein Subset 755 323 1343 2038 2605
4



Appendix Table 20: Anal¥sis of components of variance by Model IV from Corrected

--and Uncorrected Holstein records

Variance component

Herd

Trait Records Sire Sire-herd Cow Error Total
Milk(1lb) Corrected 118163 580065 606214 268694 763036 1750582
Uncorrected 372040 1983176 250686 1325820 2157031 6088753
Fat(1lb) Corrected 290 941 77 5914, 1494 3396
Uncorrected 719 3142 106 1973 3388 9328

Protein(1b) Corrected 125 638 9 207 1085 2064
Uncorrected 4,07 2389 18 1002 2231 6047

Fat % Corrected 0.0172 0.,0143 0.0042 0.0543-  0.0429 0.1329
' Uncorrected 0.0174 0.0152 0.0035 0.0542 0.0430 0.1333
Protein %4 Corrected 0.0035°  0.0073 0.0027 0.0113 0.0261 0.0509
Uncorrected 0.0034 0.0068 0.0028 0.0114 0.0261 0.0505

ST
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Appendix Table 21: Analysis of component of variance by Model IV from records

classified by levels of meal intake

Level of Variance component

Trait _ meal intake Sire Herd Sire-herd Cow Error Total

=

Milk(1lb) Low 176599 1001105 -24G75 552726 1630986 3336441
Medium 191162 836801 -62227 L,80885  11hL2244 2588865
High 185071 979581 2129012 816817 1631775 3826156

7

Fat(1lb) Low 305 1485 16 810 2581 5197
Medium 274, 1326 125 690 2056 LL71
High L06 1777 133 1407 2905 6628

Protein(1b) Low 364 1182 -198 353 T 1626 3327
Medium 136 975 -25 L55 1341 2882
High 242 1245 L7 4,28 2083 LOLS

Fat % Low 0.0118 0.0166  0.0101  0.0450  0.0491 0.1326
Medium 0.0175 0.014L 0.0013 0.0556 0.0393 0.1281
High = 0.0193 0.0149 0.0020,, 0.0555 0.0458 0.1375

Protein % Low 0.0018 0.,0073 0.0094 0.0113 0.0227 0.0525
Medium 0.0033 0.0062 0.0021 0.0092 0.0280 0.0488

High 0.0037 0.0058 0.0025 0.0112 0.0267 0.0499

91




Appendix Table 22: Analysis of components of variance by Model V from records

classified by levels of meal intake

, Level of Variance component
Trait meal intake Sire Herd Cow Error Total
Milk(1b) Low 164570 997149 552726 1630986 3345431
Medium 159490 828229 480885 1142244 2610848
High 302035 1003913 816817 1631775 3754540
Fat(1lb) Low 313 14,88 810 2581 5192
Medium 337 1343 690 2056 L4,26
High 480 1792 1407 2905 6584
Protein(1lb) Low 257 1152 353 1626 3388
Medium 123 971 L55 1341 2890
High 270 1250 428 2083 L4031
Fat % " Low - 0.C166 0.0182 0.C450 0.CL9L 0.1289
Medium 0.0182 0.C1l46 G.C556 0.0393 0.1277
High 0.0205 0.Cl51 0.0555 0.0458 0.1369
Protein % Low C.Cu69 0.0087 0.0113 0.0227 0.0496
Medium 0.C046 0.0065 0.0092 0.0280 0.C483
High 0.0052 0.0061 0.0112 . 0.0267 0.04G2

LT




