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ABSTllACT 

K8. L1llavatt1 R&atogi M.Sc. Animal Science 

THE E!Y!CT 01 GENOTYPE X NUTRITION INTERACTION AND 
NtlTRIENT INTAICE ON REPRODUCTIVE PERFORHANaf4 

IN EARLY LACTATION IN HOLSTElN 

This sttidy vas based on 23,195 lactation records of Holste1n 

cow. in 799 herds frOll the Quebec Dairy Het'd Analyaia Service. They 

r.pr •• ented lactations initiated over th. p.riod of October 1979 to 

Oeceaber 1980. The data vere ana1yzed to study the effects of level of 

n.t energy (1), protein, calcium and phosphorus intake 1n the first 90 

days pOBtp.rtum on days to first Bervi~e, day. ta final service and number 

of services per cow. HeritabilittejOf the reproductive tratts and the 

sire by nutrtent components of variance were estimated by Minimum Norm 
, 

Quadratic Unbiased Estimators (MINQUE). Genetic correlation coefficients , 

for sires on different nutrient level. vere calculated by intr.-class 

_thods. Age and month of c.lving included in the leut squares IIIOdel 

Bad a significant efiect on the reproductive traita. None of the nutrient 

... ures. expressed as a percent of requirement. showed any signif1cant 

trend on reproductive .... ur... The possible exception vas c.1cium, 

where intau 20 percent abave requiremen.t, tended to illprove the level of 

reproductive perforwance. An !ncreue of 100 kg of 90 day FCM vas • 

".oci.ted vith an incre .. e of 0.32±0.ll, 1.67±0.26 and 0.03tO.00 d.y. 

to firat service. days ta final .ervice and nU8ber of .ervice. p~r cov 

re.pectively. Herit.bi1itie. of reproductiv. tr.it. vere 0.01 to 0.02. 

"'ed on analy.i. of v.riance aDd len.tic correlation analy.i., .ire x 

nutrlant interaction vith ra.pect to tha reproductive .... ur •• vere 

.b •• nt. 

11 
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RESUME 

L'EFFET DE L'INTERACTION GENOTYPE-NUTRITION ET DE LA 
1 CONSOMMATION DE NUTRIMENTS SUR LA PERFORMANCE 

REPRODUCTIVE AU DEBUT DE LA LACTATION 
CHEZ DES VACHES HOLSTEIN 

Cette étude a été faite sur 23,195 lactations de vaches 

Bolstein 4ans 799 troupeaux inscrits au Programme D'AnAlyse des Troupeaux 

Laitiers du ~bec (P.A.T.L.Q. - D.H.A.S.). Ces donnies repr'santaient 

des lactations ayant commencées dans la période comprise entre le mois 

d'octobre, 19J9, et le mois de décembre, 1980. Les données ont été 

analysies pour étudier les effets des niveaux d'énergie nette. protéine. 

calcium et phosphate consommé dans les preaiers 90 jours après vêlage. 

sur les jours su premier service, jours au dernier service, et nombre 

de services par vache. Les composants de la variance et les herita-

bilités des caractères reproductifs ont été obtenus par la méthode 

MINQUE CHîntmum Norm Quadratic Unb1ased Estiaation). Les corrilations 

glnitiques ont ité calculées pour les taureaux en differents niveaux 

de nutrition utilisant les m'thodes d'intra-classes. L'âge de la 

vache et le acis de vêlage analysés par la ~thode des Moindres CarrEs 

n'ont pas eu un effet significatif sur les caractères reproductifs. De 

la .... façon, l'effet des nutriments. expri~s ca..e pourcentases des 

be.oins nutritifs. n'a pas été significatif. Cependant, une con.ca-

.. tian de ca1ciua 20% au-de.sua des b.soins nutritifs a eu tendance à 

a.61iorer le niveau de la perforaance reproductive. Une aua-entation 

de 100 kg de lait (L.C.G.) au 90 jours a éd aaaoci'. à \IDe aupentat10n 

de 0.32+0.11 jours au pra.ier service, de 1.61!O.26 jours au dernier 

i11 
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service, et ~e O.03!Ü.OO services par vache. Les heritabili~s 

f 

caractères reproductifs ont variées entre 0.01 et 0.02. Les',résultats 

obtenus de l'analyse de variance et les corrélations ginétique~ n'ont 
, 

pas indiqu~e8 l'effet d'une intéraction taureau-nutrition sur les 

mesures de la performance reproductif. 
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1. INTRODUCTION 

the aueee.a of a dairy enterpTlse depends on cows calv±ng 

t:egularly and produc1ng luge quantities of good qual1ty IIlilk. Most 

official milk recOTd1ng prog~ ln North America have calving 

iDtervals in excess of 13 months where the Ideal is considered to be 

12 1IO!lths. Wellington (L980) reported a range of calving interva1 values 

for Rolsteim and Holstein CTosses in the CaTibbean countries of 12.5 to 

17.5 months. In U.S. studies, 16% of dairy cow disposaIs were attributed 

to reproductive probleu (White et al., 1965; Miller et al., 1966). 

The causes of reproductive probleas are cmaplex and cau be attributed 

to genetic and environmental factors inc1uding nutrition, climate, health 

and management factors. 

The effects of level of nutrition and body condition on the 

reproductive etficiency.of cowshave been investigated and documentèij in 

the literature. The practice of f1ushing in sheep is based on creating a 

p08itive energy balance at the time of mating. The dairy cow represents 

a particular proble. in that the optimal time of breeding coincides with 

a period of peak production. This may frequently result in a negative 
" 

energy. protein or mineraI balance. Experimental results of underfeeding 

on reproductive efficiency have been variable. Most studies have nôraally 

been b .... d on a s ... li nUllbeT of ani1l&18 and considered one nutTient at 

Most eat1aates of the heritability of reproductive measure. 

are love In spite of ~his, aires in artifieial Inse1Ûnation (AI) unie. 

.. 
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are known to differ in their abiUty to cause conception. AI units 

regularly report sires as having a high, average or low conception 

rate. These conception rate rankings may be temporary or permanent. 

Semen is a logieal method of transfelI'1.ng genetic mate rial to other .,... 
countries. The question arises as to whether the order of merit remBina 

the same wi~h respect to reproductive traits from one country to another 

where environmental conditions may differ. 

There are suggestions of possible genotype by environment inter-

action with respect to reproductive traits. The variation in repro-

ductive performance for Holsteins in Car1bbean countries as reported 

by Wellington (1980) is a possible example. This variation could be 

attributed to a variety of environmental factors including nutritional 

conditions. Data are not available to study or estimate genotype by 

nutritional environment interactions in the caribbean area. 

lt 1s of interest to establish whether or not genotype by nutr1-

tioùal environmental interactions with respect to reproduction are
v 

of significant importance ta be considered in dairy cattle breeding. 

Since September 1979, the Quebec Dairy Herd Analysls Service 

bas been collecting laboratory feed ana1ysls data on the energy, protein, 

calcium and phosphorus content of forages and concentrates fed to 

herds on the pro gram. The field supervisor ia present on the monthly 

test day to talte milk samples and to check and record 1II11k weights, 

feed inputs and reproduction data. This represents a unique set of 

field data which could be used to deteradne whether or not genotype 

by nutrition interactions are important for reproductive traits. 

$ aq 
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II LlTERATURE REVIEW 

1. Iffect. of enerlY intake on reproductive efficiency 

The high producing dairy cow i8 u8ually in negative 

anergy balance during early lactation since energy intake 1s insuf-

ficient to .. et ies requirement8 for maintenance and lactation. 
" 

80th pre- and postpareua levels of energy intake have 

been observed ta affect reproductive performance of beef cows as 

aeasured by conception rate and percent age of eows pregnant (Wiltbank 

et al., 1962, 1964). Dunn et al. (1969) fed 240 Hereford and Angus 

beHera p08tpartum with three levela of energy intake (high, moderate 

and low). After, 120 days on trial, percent pregnancy ~&te was 

significantly in favour of the high energy group (87, 72 and 64, 

percent respectively). Israeli Fresians 

maintained on a high energy diet (6 kg hay and concentrate ad libitum) 

were found ta have fewer inseminations per conception and earlier 

conceptions than those fed a standard diet of 6 kg hay and concentrate 

for production (Folman et al., 1973). 

The effect of lactation and 3 levels of energy intake 

(133%, 100% and 66% N.R.C. req.) on ovarian act1vity of 27 Holstein 

cows were investigated (Oxenreider ~ al., 1971). Results indicated 

that low levels of energy intake (66%) signif1cantly delayed post 

partum follicular growth and ovulation particularly in animals that 

were lactating. In a combined group of Holstein and Hereford 

heifers, high energy diets (66.4%, 63.0%, 54.3% TDN) reaulted in 

slgnificantly shorter interva1s to lst oestrus and ta conception 

-' 
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CJftr 2 poatpartla perioda (Bauen .!1 !.!... 1982). 

On tbe other band, Gardner (1969) reported that neitber 

production 1 • .,.1 nor prepartua (115% and 160% D.!.· required for 

uiDtUUll1ce) and poatpartua (high. and lov) lev. la of energy bltak.e 

had a .ipificat effect on a n..-ber of .... ure. of reproductive 

perforunce in 64 Bolatebl cowe. Car.ta1ra et al. (1980) u.ed 48 

Holstein bdf.ra in a 2 x 2 factorial experillent. They eaployed 

tvo level. each of enerU' (135 and 85% N. R.. C. ) t and of pbo.pboru. 

(138 and 98% N.I.C.). Neither .. in effects ner the interaction had 

any .1.pificant affect on day. to fir.t ovulation. .ervice. per 

conception and day. postpartla to reacb 3 nI/al .er1a prole.terona , 

level. ' 

lt appear. frOli tbe ab0'ge atudi.a. tut the effect of 

la ... l of eneraY iDtate on reproductive efticiac,. of CQW8 18 iDcon-

cluaive. 

2. Iffacu of erotain intake OD reproducti ... efficieney 

Tbere are conflictina literature reporta OD the effect 

of protein level. in the diet on reproductive efficiency of cowa. 

Bedrake ~!.!.. (1964) fed a group of 500 lb. yearling 

beef heifers rations conta~na 1.06.0.60. 0.28 and 0.08 lb •. of 

cruele protein (CP)/-day for 6t .a.. The 1.06 lb. C.P. 1 day Iroup 

.hoved 50 daya to lat oeatrua cOlipared to 90 day. and no oeatrue 

froa the 0.28 and 0.08 lb •• C.P. / day Iroup.. In the ._ trial, 

re.ults froa aootber croup of 675 lb. 2-ye.r old haifer. fed the 

hilhe.t level (1.34 lb. C.P. / day). c ... in oa.true 8 day. earlier 

tha a Iroup fed 0.62 lb. C.P. 1 day. 

) 
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ln ÂWltralia, \ging a group of 8 con fecl native panure 

bay, it va. fOUDd that phosphorus supp1e1Untation (25.83 g. P. 1 dey) 

bad no aignificant effect on reproductive effielency, hovever when 

protein wa •• aupplemented (400 g. cotton aeed meal 1 dey) oestrus 

activity wa. markedly !ncreased (Teleni!l al., 1977). 

Reporta from dairy cattle etudies indicate that incre ... d 

---~ crude protein had a negative influence on reproductive par ... ters. 

Sonderegger et al. (1977) reported that surplus dletary protein 

exeeeding 250-300 g. 1 cow 1 day lengthened the interval between 

parturition and first service in dairy cova. Jordan and Swanson (1979) 

fed three groupa of 15 dairy cava 12.7,16.3 and 19.3% crude prot.in 

starting at 4 days postpartum and continuing for 91 days. Resulta 

indicated that the 19.3% group had 2.4 services 1 conception compared 

to 1.67 in the other groups. Treacher et al. (1976) concluded that 

feeding 7S% A.R.C. requirements for protein probab1y had no significant 

effect on fertility. 

On the other band, Edwards ~!l. (1980) reported that 

differing levels of dietary protein (13. ,15 and 17%) did not have a 

aignificant effect on nuaber of services p~r conception or .lU day8 

open. 

3. Effact. of pbo.phorua on reproductive efficiency 

Pho.pbo~"deficiencie8 bave been reported to produce 

verious type a of ovary dysfunction resu1ting in oe8trus irregulatitiee 

(Hignett and Higuett. 1951f. ln a review, McBowell. (1976). con-

cluded that large economic 108ses have resu1ted due ta phosphoru8 

deficiency and reaulting InfertI11ty. 

'_·~ • .-~ ... _ ... a ...... _ ..... " __ ~--------------________ _ 
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Pho8Phorua .uppl ... nt.tioa r •• ule.d in incr •••• d fertility 

lavela in eava rai.ad in areas naturally deficient in phosphorus. 

Soluble phosphate adminiatered in the drinking water reaulted in 

t.proved liveweight gain and fertility, but on1y in lactating COVA 

(Bart and Mitchell, 1965). Services per conception in dairy heifers 

dacre ... d froa 3.7 before phosphorua suppl~nt.tion to 1.3 .fter 

auppl ... pt.tion vith dic.leiua phosphate offer.d 'fr.e ehoice over 

4 ye.rs (Morrov, 1969). 

Work of Rart and Mitchell (1965) and Teleni ~ al. (1977) 

indie.ted that adequate levels of both phospborua and protein togeth.r 

,vere desirable for good fertility. 

The above etudies refer to effects of long term under-

( 
feeding of phosphorus; however, different results vere obtained 1n other 

expert.ents of shorter duration. Thus, several workera have reported 

either inconeluaive or inaignificant effects of dietary phosphoru. 

levela (N.R.C. leve1 or higher) on reproductive efficiency of d.iry 

or beef cavs (Becht ~ al., 1977; Noller ~ al •• 1977; C.U .!!.!!., 

1978; Car. taira .ll al., 1980). 

lt appears that long tera under feeding of pho.phorua .. y 

hamper reproduction; havever, aupplesentation ab ove N.R.C. requirements 

doea not neceaaarily optimize reproductive effieiency. 

4. Effeces of calciua on reproductive efficiency 

Calcium and phoaphorua Ire often cOD.idered together 

aince theae are cloaely related vith vit_in D in bone metaboUs •• 

( A range of Ca:P ratios of 1:1, 4:1 and 8:1 in r.tions vere reported 
! -

as having no signifieant differences when fed ta lactating cavs 

~·,(...- ... ~_ .. t_._._ ........ ______ ...... _----__________ - __________ _ 
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(J.".C •• 1978). ao...-r. K.".C. (1978). alao reporta a better abaorp-

t10D of both el.-.n~a at a ratio of 2:1 than 1:1 for presaant haifer. 

ad poor grovth ~ feed ut1lbat1on by Boletein .teen on a ratio of 

8:1. It aPP",rs therefore that the suU.stad ranae of ratios are 

fra. 1:1 to 8:1 vith better abaorption at a 2:1 ratio. While the 

ettecta of phoaphorua on reproductive perforaance of cava have beau 

studied in detail. the effecta of calciua have received .ucb le •• 

attentiOD. 

A ralat10D8hlp betvaen Ca:P lDtake. aa4 fert11ity waa 

.da.ooatrated by Bipett ad Rignett (1951). Any eisn1f1cant deviation 

troll optt.aa Ca:P iDtakaa reeulted in lover conception ratea to firet 

.en'i.ce. Ward ~.!!. (1971) inft.t1gated the effects of tvo 1eve18 

of calciu. to pbo.phorua (.pprox. 1.1:1 and 2.3:1) vith or without 

vita.1.n D suppl_nt.tion on bovine fertility. Tbey fOUDd that 

involution of the uterua vu cQlaPlete e1gbt days sooner in the group 

fed h1gher levels of calciua and supple..uted ~th vitamiD D. First 

ovulation postpartua occured six daya earlier iD the h1gher calcium 

Iroup but w .. not affected by Vitaa1n D 8upple1lelltaUon. Cavs 

auppl ... nted vith vitaa1n D exbibited earlier postpartum oestrua and 

conception. Services per presnancy wa. not affected by calcium or 

vitaain D. In &nother study of 68 herds in British Columbia, PetersoD 

and Waldern (1977) 1dentified 10w intake. of calcium and phoaphorua 

in s1la.e .s contributing ta a reproductive problea. 

In a rev1.ev, Korrov (1980) concluded that there vaa no 

relationabip betwaen fertillty and dietary Ca:P ratio and that the 

level of intake of the.e aine rel. wu more ilIportant than thair ratio. 

ft A .. .".. iP •• 
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'elia.1er (1972) bypoebe.t.sed chae chen ... probBIy aD iDdlrec:~ 

ralatlO1l Ntweell ca1clua tntalut aM r81troduc:tion throuah the affeet 

of ca1ci .. on ail1t fever and u.oclated dystoc:1.a and r.ta1ned plAc_ta. 

5. Iffecu of avirOllMnt 011 r.productive efficiencI 

Berd, .... on and age of calving effects are içortant 

factor. atfac~1Da reproductive efficiency of dairy cava. 

Variation in reproductlve efficlacy due to differellc .. 

\\) 
Ûl herd aiu haa be.u. wU e.tabl1.hed. ...ulu of a study on lI_ 

York da.1ry bard. 1Dd1.cated that cOilception rata declined a. herd .is. 
!ner .... d (Spaldins ~ !!., 1975). Tong.!!.!!. (1979) repotted 

s:1ailar re.ults fra. Quebec da1.ry herds. Seyltora ~ al. (1980) reported 

that .erviees per conception iner .... d froa 1. 7 to '1. 9 u h.rd .lze 

increaaed fra. 50 ta 200 cav.. Differenc •• in aanaae.ent practic •• 

b.t ... n herd. accounted for ~.t of the vari.anca in reproductive 

efficiency. Beat d.cection, tt.. allocated to ob •• rvinl o..true and 

tt.. of lst in.eaination aIl contribute to h.rd differene.. in 

reproductive perforaaJlce. Covs bred b.fora 50 day. required an aver ... 

of 0.7 more services ca.pared ta cav. vhich vera bred latar (Britt, 

1975; Britt ~ al., 1976). 

Type of housing al.o influences reproductive perfo~ce 

Gwazdaualtas and Lineweaver (1981) found a biahar coocaption rate of 

10.7 p.rcent for cows or heifers out on puture thaD for thoa. kapt 

in the bam. 

Seasanal variation in f~rtilit~ occur. in both dairy aad 

beef cows. Fertility vas reported to b. lave.t dur1nl vintar .aDtha 

(Vincent, 1972). Tong .!l.!!. (1979) r.ported that 1.n Quebec dairy 

1 

-j 
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biiila, cowe cal-riDa iD .pr1na had becter reproductive perforaance 
. "' 

c...,.ra4 to tho.e cal VÛ1I at other ti_. of the year. Des Marchais 

(1982) reported .1ailar findings. Year of calving vas obaerved as 

bavina a ... 11. but significan~ effect on source of variation in 

reproductive perfor.ance (Fielden .!! al. (198Q). 

'ertility iucreaaea vith a.e. reaching a peak, and then 

decliDae .. the cova .ec aIder (Tong et al., 1979). However, other 

reporta indicate no change in breeding efficiency aa cowa get older 

Cler.er .!!. al •• 1981; Hansen ~ al.. 1981). Spalding et al. (1975) 

raporced a decline in fereiliey with increa.ing age. Differences in 

Hl.cUon and culling pr.cUce. in the populaCiOtS scud.ied cou Id 

accoUDt for aa.e of these incODsiatancies. 

6. Genecic !!pacte of reproductive efficiency 

Any aucce.aful dairy producer i. intere.ted in baving 

hia cave breeding regularly and producing a calf every 12-13 .onthe. 

Sinee 80st heritability estiaates of varioua meaeures of reproductive 

.fficieacy are racher Iov i there 1. controver.y .e to ehe importance 

that .hould be attached to dairy cav fertiliey. Table 1 preaenta 

average heritability •• ct.atea for varioua ae .. urea of reproductive 

efficieney aa a~rized by Maijala (1976) fra. aeveral literature 

reporta. Tbe heritability .aCt.ate. for a fev .... ur •• of fertilicy 

iD Holsc.in cav. are preeentM iD Table 2. Th... lov •• t1.aatea 

iDdicate chat direct a.lection to 1.IIprove fertiI1ty would not he 

effective. 

In a ravi ... Maijala (1976) reportecl tha~ fertility at 

.. 
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TABLE 1. 

11 

Beritabi1ity •• ti .. te. for various .... ur •• 
of' reproductive effietency 

Number Beritability. % 
cava Own Studies 

Trait Studies Liter. Own Liter. Pin!. Snel. 

Lell,th of cal ving iDterva1 4 5683 1.7 

% Ions calving iDterval. 19560 3.3 

No ••• rvices/conception 5 3239 22240 3.2 2.5 

Conceptiou rate after 1 .ervice 4 7789 9728 5.1 1.1 

Ki % after lst service 1 1015 219396 O.Q 1.3 2.5 

Conception rate after 2 services 1 554 9728 -0.4 1.6 

Day. from calving to heat 2 973 2.3 

% short heat periods 1 2832 11.0 

Reaularity of heat periods 1 834 5.0 

Strenlth of heat l 554 8531 21.0 3.5 

Day. trom lst serve to coneep. 2 1597 3.7 

Day. fr~ calving to coneep. 1 1314 (9.0) J 

% fettility disturbances 30204 1.0 

% sterility treat .. nta 158261 1.6 

Cull1D& for steri1iey 1 4009 166983 10.2 2.1 1.7' 

Final conception rate in A.I. 158262 2.7 

% cy.tic avarie. 3 12111 185418 13.5 3.5 1.3 

% .ultip1e birtb. 2 13864 493000 5.8 3.1 

% abortions 1 2832 91330 S.O 0.5 

% sti1lbirtb. 1" 2832 91330 S.O 0.4 

o.atrwa after couc:aptiOll 1 2832 4.0 

Sourc.: Maijala (1916) 
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tABLE 2. Beritability estimates of SODle reproductive 

traits in Holstein cattle 

Traits 

Days to firat service 

10. of servic •• 

Day. to final service 

0' 

/ 

h2 ± SE 

0.03 ± o~oi 

0.04 ± 0.-01 

0.04 ± 0.02 

0.03 ± 0.04 

0.02 ± 0.01 

0.01 ± 0.01 

0.04 :1: 0.01 

Study 

Hansen l!.t al. 

Berger !!. al. 

Des Marchais 

Gastei,er 

Hansen II al. 

Berger .!!. al. 

. Berger II a1. 

.. 

(1981) 

(1981) 

(1982) 

(1980) ," 

(1981) 

(1981) 

(1981) 

. 1 

._ 1 
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the herd leve1 can be improved through individual selection in 

bulla. 2 The average estimate of h for the annua1 % Non Return Rate 

of b~lls on the basis of progeny groups of over 1500 bul1s from 

New Zealand, Sweden, the DDR and Fin1and was 25%. The heritability 

estimates for the annual average a of semen quality range from 20-40% 

and of s~~en quantity from 10-20%. 

Genetic correlations between mi1k yield and reproductive 

performance have been ebserved (Berger ~ al., 1981). They indicated 

that high producing cows were bred 1ater, teok longer to conceive, 

and required more services per conception than low producing cows. 

Janson and Andreasson (1981) and Hansen ~ al., (1983) reported 
J 

positive genetic correlation between mi1k yield ani fertility measures. 

That ia time te first service, conception and services per conception 

would increase with mflk yield. 

,. 
6.1 Genotype x environment interaction 

Genotype x environment (G~) interaction is best defined 

as changes in phenotypic expression of a given genotype in differing 

environments. Fa1coner (1981) suggested that when there ia a GE 

interaction the phenotyplc valUe P ls not P·~E but P-G+E+IGE where 1 

is the intara~on component. Further, GE interaction can arise 

because a apecific difference of environment may have a greater 

effect on some genotypes than on others (Falconér, 1981). For 
~ 

example 1imited feeding may diminish genetic differences in comparison 

to ad libitum feeding (Pircl11er 1969). 

/ 
./ 

GE intera~tion also occurs when temperate animaIs are 

.......... ~N'I :+tAC'. i4W"QiÇ 

• 
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imported into the troplcs or vi~e versa. That ls there 1s a change 

in the ranking of the genotype from one environment to another. For 

example genotype A MaY be superior to genotype B in environment X. 

but inferior in environment ~lconer. 1981). The tero environment 

is used here in the broadest sense including levels of nutrition. he rd 

management, climate, etc. McDawell ~al. (1976) estimated small sire 

x location interactions (genetic correlations 0.81 and 0.71)" for 

sires used in Mexico, U.S.A. and Canada. 

John Hammond's (1947, 1951) sustained interest in optimising 

environment, both for full expression of animal genotypes and for 

selective breeding. did much to arouse the interest of livestock 

breeders in the role and effects of GE interactions and, thus contributed 

a lot to better understanding of the concept. 

Falconer and Latyszewski (1952) found a genotype x 
ç 

nutrition interaction for increased' growth in mice in a high and 

low nutrition line. Additional supportin~ evidence has come from 

the work of Park et al. (1966) with rats, Korkman (1961) with mice 

-and Fowler and Ensminger (1960) with swine. AlI of the above research 

compared satisfactory vs. restricted nutrition levels and measured 

&rawth rate which is normally reduced by restricted nutrition levels. 

'oFowler and Hlsminger (1960) indicated that selection for increased 

rate of gàin under the two nutritional environments (restricted and 

normal) were for different characters: feed efficiency and greater 

appetite respectively. 

More recently, evidence for the existance of GE inter-

'actions. ie. s~e x ration interaction in Holsteins for fat yield, 

---~~~~J~~.'.,.~.~1~_4~'~ __ ' ______ --____ ~ ______ ~--------~-= __ j~.--~ __ ---------------_____ --_ ----------------

1 
i 
1 

1 
1 
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fat eorrac:ted II1lk yield and effieieney of feed ut1.l.1zat1oca vu 

rqortec:l by ..... .!!..!l. (1977). Vali &ad Torok (1976) reported a 

pilot",. x nutrition 1.DteractiOil for IdU procluctiOli frOli a scate 

fara 111 Buupry. 

'rhe von done by Mao and lurnaide (1969) 1a particular1y 

relevant to our study. They -x_iDed the iIIporullce of interaction 

betveen eatt.&te. of breeding values of dairy drea (sire proofs) 

dd sevaral contr .. tina herd env1.ronaents in vb.1ch their dauahters 

.ade records. Ho 1I1teractions of practical illportaDc:e betveell 

aire proofs and .,at herd envirou.ents vere found, havevar, a hip1y 

8ign1ficçt 1I1teraction 1nvolvina sire proofs and level of sraill 

c· 
feec:linl in s~r vu found;it vas inaipificant ill villter. Tb. 

interaction ca.ponent of variance accountad for 17% of the total 

var1.ance in a1re proofs. Genetic correl.ationa batv.en proofs of 

the S&1l8 sire. b .. ed on tbair daugbtera in harda vith different 

levelB of grsin feeding in s~r ransed frOll 0.54 to 0.19. 

F1mland (1913) 1n 8yratad (1976) grouped hi. daca inco three 

group. based on per cent of net enerlY suppliad in' coacentrate. 

«35%, 35-42% &Bd >42% respectively). The genetie correlation 

coefficients betveen mU yields in tha thne aroup. raled froa 

approx. 0.8 to 1.0. thus indicacinl the preaence of inailllificant 

..aunts of sire x en.ray leve1 interaction. 

The interaction betveen dietary rep.en and br .. d 011 

• poetpartua reproduction v .. inveatipted by "[re •• !S. &. (1971). 

Be reported inconclusive resulta due to a h1ah iDciclence of uterine ., . 
prolapseia COWI fed the high ener.,. di.t. Bauen ll.!!. (1982) 

,tA, *.." t?444U • T' ( 
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uaed 31 tvins of Hereford end Holsteins cm hi8h dieta of 66.4. 

63.0 end 54.3% T.D.N. fed fras 210-449 days and low dieta of 52.4, 

52.2 and 50.3% T.D.N. fed over the SaDe period, to study the elfects 

of breed and diet on postpartum reproduction. Day8 to first oestrus 

and daya to'conception over cwo postpartum periods vere sborter on 

the high enerlY dieta. A significant breed x diet interaction vas 

noted. The Boùte1n.e reaponded vith a .horter period to firat 

oestrus on the high 1evel diet than did the Hereford •• 

6.2 Statistic&! approach tO estt.&ting senotyp. x envirooment 

interaction 

Ttro _thod. ta esti_te aenotype x env.1rODMnta1 inter-

actions have been used. 

6.2.1 Anal!.!. of variance .. thod 

Thi.s _thod is quite conven!ent and 1.a ba .. d. on conveat1.OD&l. 
• • 

two-vay, cross-classified analysis of variance, usins for ~1., 

aire and herd, or sire and nutrition levele 'aS sources of variation 

(Dickerson, 1962; Falconer, 1981; Syrstad, 1976). Dickerson (1962) 

concludes that this .. thod is a satisfactory too1 provided "(i) the 

interaction c~onent of variance 1s adjuated for important variation 

betveen enviraa.ents in the scale of genetic effeces and (2) the 

variance ca.ponent for the averase effect of genetic groups ls 

recognised .. equivalent to the average covariance 

2 
saDetic group ~ different environments, (i •• 0C-

of the s_ 

2 
ltCij ) to includ.e 

the rea1 p08sib:l.lity of nes_tive senetic correlation." 
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6.2.2 GeMS:1c corplad.op _tbod 

tba .... a-otype (api_la of a br"'. for uaple) 

.. para ce cbaractera (phenotypea) aad the puttc correlatiOll between 

the two charactera CIO be e.t~ted uain. appropriate analy.1a of 

c:ovad.aDca. Thia COIleepc wu introduced by Falconer (1952). Tht. 

_thoc! t. I.18eful vben --.11 nuabera of env1ro..-ntl are involved 

ad tt t. de.trable to quantify the delre. of interaction. Thua-. a 

aenetic correlation of unit Y _&lUI that no GE interection axut •• 

Arly _'riation froa unit Y indic:at •• the exi.tence and the de.re. of 

interactton, (Pirchner. 1969). D1ckarsoa (1962). ~tended thia _thod 

to include .are than 2 enviraa.enta. 

o 

i _.b , 
1 '. 

t , 
~ 
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1 
1 

l' 

( 
) 

• 



18 

( 

III. SOUItCE AND PROCESSING or DATA 

1. Sou~ce 

Test day data for cava enrolled in the Quabec Dairy Berd 

ADalysis Service (Q.D.H.A.S.) official progr .. vere obtained for the 

period fra. October, 1979 to August. 1981. These record. served 

as the base fra. which the data set for thi8 study va. created. 

These test day records contained aIl the cow identification • 
. 

p~oduct1on. Ililk coaposit1on and reproduction data. They alao included 

herd and ccv feed reports and feed ca.position. 

Relevant Q.D.H.A.S. for.a are included in Appendix A 

vbere further dataUs can be found. 

2. Creation of data set 

2.1 The test day data for the official Q.D.B.A.S. harda vare 

eztracted fra. D.H.A.S. tape files. Approxt.ately 43.000 records par 

.anth vere retrievad. 

2.2 The test day data vere sorted so that the ca.plete te.t 

clay fUe for each cow was in .equence by clate. 

2.3 The sorted test day data files vere then uaed to create a 

record for each lactation for each cow contain.d in the period un4er 

study. 

2.4 Ninety and 305 day lactation recorda for •• ch lactatiOn 

vere cOllPleted for .. ch cow according to the Candi an Milk Recoréling 

Board procedure. 'eed intakas and requlr~ts vere ca.puted ~d 

expre ••• d in tenu of lntalte and require_nt per day within the r •• -

pective 90 day and 305 clay or ca.plete lactation., if le •• than 
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305 days. The variable. contained in the lactation record are presented 

2.5 The geuetic analysis was based on Urst lactations 

initlated after October, 197~ The lactation records were sorted by 

s1re. Sires vith le.s than 50 daughters with records were excluded 

fra. the data set. This represented the data .et that va. uaed for 

genetic analysis. 

3. Edlt1nS restrictions 

The present study was restricted ta Holstein identified 

cavs. The data vere edited ta ea.ure the pr ••• nce of the follow1ng 

information: the cow, sire and dam identification, blrth and calving 

dates, complete test day data vith a minimum of 150 day. in mllk 

ca.plete vith feed and forage analysis, Individual Deal intake, dates 

of service, vith service sire and date dry. 

The 150 minimum days in milk from calving was to ensure 

that an adequate post-calving period was available for a recordlng of 

reproduction data. 

For the sire x nutrition interaction study, only sires, 

vith at least 50 daughters and a ainiaua of 10 daughter8 per feeding 

group wer~\' included. 

4. DescriPtion- of th. lactation record 

The variables contained in the lactation record are 11sted 

in Table 3. Most variables are self explanatory. Variabl •• date bred 



TABLE 3. De.cription of variables in a la.ctation record 

No. Variable Name C,OIIIIIents 

l Herd number 

2 Cow number 

3 Calving date 

4 Ccv breed 

5 Ccv registration 

6 Ccv nip let ter 

7 Sire breed 

8 Sire registration 

9 Dam breed 

10 Daa regi.tratiolt 

( 
11 Dam nip let ter 

12 Birth date 

13 
1 

Date bred previou. calving 

14 Service sire 

15 Calving codes sex/aize/calving ease/ 
alive or dead last calving 

16 Date dry 

17 Date bred No. l 

18 Service sire identification 

19 Date bred No. 2 

20 Service sire identification 

21 Date bred No. 3 

22 Sarvice sire identification 

23 Date bred final May ba 4th or Any 
later breeding 

24 Service sire identification 

25 Final .erviee sequence Total m. of 
.arvic.. report.d 

26 Next calving date 

e 
. continued •.••• 

........ « 
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c 
TABLE 3 continued 

1 .1 

No. 1 Variable Name Coaaents 

90 305 
clay da7 

27 43 Kilk y1eld (ka) c~uted fra. test day 
ailk vel,bU 

28 44 Fat yield (kg) cOilputed f r01ll 1Il11lt and 
fat % test day data 

29 45 Prot.in yield (kg) cOIÇuted frOil m!llt and 
pratein % test day data 

30 46 Millt value ($) 

31 47 Feed coat ($) 

32 48 Energy fad (Mcal) p. 

(_1 33 49 Energy requ~red (Meal) 

34 50 Protein fad (kg) 

3S 51 Protein required (ka) 

36 52 Calcium fed (g) 

37 53 Calcium required (g) 

38 54 Phosphorus fed (g) 

39 55 ,Phosphorus requireci (a) 

40 56 BeA IIlillt 

41 51 BeA fat 

42 58 Cow rating 

59 EJl8rgy f rOll corn .;11a.e (%) 

60 Energy fra. hay si1a,e (X) 

61 Energy froa hay (%) 

62 Energy frOII paature (%) 

63 Date culled 

( 

"W. 
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no. l, 2, 3 and final together with service sire identification vere 

included to allow for calculation of the reprodùctive measures as days 

to first service, number of services and days to,final service. Date 

bred no. 4 included either the 4th or final bred date. Four breeding 

dates vere considered an appropr1ate number of records to maintain on 

the file. 

Ninety day and 305 day .ilt, fat and protein yields vere 

computed fra. test day data, milk weights, fat % and protein % and were 

espressed as cumulative yields over 90 and 305 dsys. 

Net energy fed, protein, calcium and phosphorus fed were 

coaputed as the average daily intake over 90 and 305 day periods. They 

vere based on nutrients present in meal, protein supplement and forages 

as supplied fra. the anslysis of feeds given in test day data records • 

Net energy • protein. calcium and phosphorus required vere based 

on 1978 N.R.C. standards for dairy cattle and vere calculated as part 

of the recommendations ta the farmer. 

5. Classification of the lactation data 

There were 23.195 lactation record. distributed over 199 

Holstein herds. The data vere classtfied ba.ed on 90 day production 

and nutrient intake records. Table 4 provides the distribution of 

observations by classification of the variables considered in the 

analyats. 

5.1 Age and .mth of calvins 

Age classification vas simply by age in years at calving 

( 

P , .... uu 
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vith those calving under three yeara of age classed as 2 year a1d •• 

Tbose over 5 years of age vere also grouped a8 one cl.e •• 

The records vere grouped by month of ca1ving from October 

1979 to December 1980. 

5.2 Nutrient tntake 

The nutrient intake of net eneray of lactation, protein, calciua, 

ad pbo.phorus vere espress.d .. !ntsk •• as a percent of requir ... nte 

(B.R.C., 1978). The net energy and protein values vere divided into 

5 classifications vith a range of 10% each. The mid classification 

contained approximately one third of the observations. The calcium 

and phosphorua data consisted of a grester range of values and were 

classified ioto 7 subgroups. The calcium 8ubgroups each covered a 

ranle of 20% and the phosphorus subgroups a ranle of 15% intake. as a 

percent of requirements. 

5.3 Genotype by nutrition interaction studles 

!able 5 presents the division of the nutrlent intake as a 

percent of requirement for the interaction etudies. The nutrition 

levels were each classified into 3 groups. The data used in the 

interaction etudies were restricted to the first 90 day record of 

each cow and only for sires with 50 or more daughters. There vere 66 

sire. in aIl represented by 23,743 daughters. This vould explain the 

difference in the classification for ca1ciua and pbosphorua'grouping. 

in tables 4 and 5. 

Cî 
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DaI 4. Cl..auificatiOil of clata for tbe Dutriti.OD 

atatua atudy 

ClaaaU1catiOll lto. of oba.rYatioaa 

Toul 23195 

Ap 

~ 2 (yn) 7082 
3 4907 
4 ~ 
5 2512 

)0 5 50U 

! .. r - .,.th of cal'riq 
1979 
--- Oc:tober 722 
~er 1013 
Dec:aiber 1389 

1980 
.Ianuary 1599 
February 1664 
March 1453 
April 1727 
May 1426 
.IU1Ia 1085 

~~- .Iu1y 929 - Aupat 890 
Sept.-ber 1336 
October 2028 
Roveaber 2280 

90:;: Deceaber 36.54 

IDa % (I/Il) 
seo 3130 

81 - 90 5172 
91 - 100 ~\ 7520 

101 - 110 4871 

90 day 
> 110 2502 

Prote1J1 % (I/a) 
s 75 3182 

76 - 8S 5316 
86 - 95 7131 
96 - lOS 4777 

> lOS .. 2789 

contiD.ued ••••• 
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Clu.Uicatioe No. of ob .. rvatioa.a 

- 1 
90 clay 

1 
Ca!c:i_ 1 (I/a) 

s 90 1454 
91 - 110 3476 

111 - 120 5091 1 
121 - 140 5183 
141 - 160 3601 
161 - 180 2231 

90 4a1' 
>180 2159 

Phoaphorua % (lia) 
~ 90 786 

91 - US 0 1621 
116 - 130 3720 
131 - 145 \ 5284 
146 - 160 SU8 
161 - 175 3496 

> 175 2764 

, 
(1/.) iDtaka/requireMlK 

• 

,;, , i • 
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TABLE 5. Levela of nutrient intake in ,the sire x nutfient 
interaction analyaia 

Nutrient 

90 dey Energy % (I/R) 

90 day Protein % (l/R) 

90 day Calcium % (l/R) 

90 day Pho.phorus % (l/R) 
a 

Grou);!. in 
. below 
average 

1( 92 

< 90 

< 155 

< 155 

(I/R) intake/requ1r ... nt 

. \ 

1 

1, • 

" 

-\ 

relation to NRC 

average 

92 - 107 

90 - 105 

155 - 175" 

. 155 - 175 

, 

Il la 'jf* 4';:499 il lA pi • Wk J 'il i , 

reguirement. 
above 

average 

> 107 

> 105 

> 17~ 

> 175 

,. 
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IV. HETHODS OF ANALYSIS 

The data vere analysed on an IBM 370 Model 148 computer 

utilising available FORTRAN programs. Given be!ow ls a brief description 

of varions models used and their underlying assumptions. 

1. Leut squares analYais 

The data on the three dependent variables (days to first service, 

days to final service and number' of servi~es) vas subjected to lesst squares 

analysis in order to test the statistical sign1ficance of varions fixed 

effects including levels of different nutrients. The followtng general 
( 

model was used: 

y 
ijklmnop • ll+ Hi+Aj+Dk + El + Pm + Cu + Fo 

+ (EP)lm + (EC)ln + (EF)lo +(PC)mn 

+ (PF) + 
110 

(CF) + b NE + b1M no 0 

+ b 2 CS + b 3 HS + b 4 HY + b 5 PS 

+ 
e 

ijklmnop 

" 

where: 

'( 
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YijklJmop 

p 
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- An observation for the respective 
dependent variable 

- population .. an 

- an effect coaaon to aIl eows in the i
th 

herd 

th 
- an effect ca.aon to aIl eowa of j age 

(j - 1 •.•••• 5) 

- an effecbt ca..on to a11 cava calving 
du ring k year-aonth (k - 1 •..... ,15) 

th - an effect eaa.on to aIl cowa receiv1ng 1 
level of energy intake/require_nt (1 - l, ••••• ! 5) 

- an effect c~ to aIl eows receiving _ th 

level of protein intake/requireaent 
(Dl - l, ••••• 5) 

th - an effect e~ to aIl cava reeeivini n 
level of ealc1ua int.e/raquir ... nt (n -
1, ...... 7) 

- an effect e~ to aIl cave rece1v1ng oth 
level of phosphorua intaka/requir ... nt 
(0 - l, ..•• , 7) 

- an interaction effect of (la) th enerlY­
protein aubel ... 

- an interaction effeet of (ln) th enerlY­
caleiua aubel ... 

- an interaction effeet of (lo)th ~nerlY­
phosphorua aubel ... 

- an interact1œ effeet of (-.1) th protein­
calc1ua aubelas. 

- an 1nteractiœ effeet of (.a)th protein­
pha.phorua aubel ... 

- an interaction effect of (no)th calc1~ 
phoephorua .ubcl.u. 

o 
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• partial regre.sion of dependent variable 
on the independent and' COIltinuoua 
variable holding aIl other discrete 
variables constant 

• net energy intake per day 

• --100 kg 4% Fat Corrected Kilk 90 day. 

• per cent net energy fra. cam silage 

• ft " " ft n hay 811age 

• H If If If ft bay 

• ft If " If " pasture 

raDda. error. ... ~ to be 1IID (O. a 2) 
e 

The equat100a for berd effeet. vere absorbed. Furtber 

dataila ou. .arioua clus .. in each aa1n effect cu he fOUDd in 

Section III. aub-sect1on 5.1 and Table 4. 

In addition to the tbra. depeDllant variablaa _ntionad 
t 

above. 1t v .. alao ~sible to analy.e calvin, inta"al. days to 

and •• rvic •• par cODeaptton but for a .ucllreduced .et of tnoee C0W8 

which bad • sub.equeut ca.lvinl duriDa th. pariod of thi •• tudy. n.e 

pswral lIOClel .scr1bed &bave vu .ect elIeept that the interactiou 

vere not 1oeludect. 

) 

The aaalys.. of vartauca for aU traita 'are li ..... in 

"Appencliz 1 - Tables U. n a4 31. 
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2. lat1!ation of variaDCa COllfODallts 

lleuderaon' • (1973) 1Û.Z8d lIOCIel equatiou vere uaed to 

obtain KIMQUE (!U.niaua Mora Quadratte Uobiued X.taation) of lire 

and at,re lit nutrieot interaction cOIIpooent8 of vartaDCe aployina 

the follov1.ng lIixed socieL 

-
vIlen: 

Ylju-;, • 

-
• 

(SIl) la • 

• 

+ ·ijk~ •••••••••••••••.•.•.•• (i) 

au ob.ervatidb for the r~~ctive 
dependent variable (1.e •• da,. to lat 
aervice, ntmber of .erviees aDel. claya 
to final .ervice) 

ail effect c~ to al1 cava ln the Ith 
bed1na group vi th in the respective 
DUtrlent (Le., enar." prote10, ca ad 
P; 1 - 1 •.•• , 3) 

au effect e~ll to aIl cava aind by the .th 
aire '" (O. (J. ) 

au lnterfRtioo effect c~ to a11 COV8 
10 the 1 feecl1nl group vitb1.n tbe

t
, .. -

pective nutnent and s1nd by the • 
aire alter Min .fl!cu of 5 and M have 
b .. n r.-wed '" (0.0 ) 8n 

Tude. erTor. ...UMd to be MID (O. a e 2) 

the .,-ob Bi' Aj and ~ are .. defiDed 10 lub-àect101l IV.l 

If 
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Bowever. ea.puter proar ... vere not ava1.lable to run 

th. abave d •• eribed aixed model sinee it included two random effects 

in addition to error. Thus in arder to facilitate analysis, the ... 

abave model was reduced into tvo, each including only one random 

affect, .. follows: 

y 1jkblo - li + Hi + Aj + Dk + NI + S. + e ijklmo ••••• (11) 

Y1jkblo - li + ~ + Aj + Dk + (SN)la + eijklllO •• ••• (1.1.i) 

where (SN) 111 in lIOdel (1.1.i) 18 the effact of th. lath SN sub-clus. 

In adctition ta 4!stiaaUng s1.re and sire x nutrition 

tbter.c~ion ca.ponents of variance, genetic standard deviations 

for sire .ffacts .vere alao eati_ted for each nutrient x feed1.ng 

group aubclass in order ta calculate the correction factor for, 

a2 Ta .chieva this, .odel (11) &bave vas further reduced as an' 

follawa: 

y ijlœo 

This model vas then run separately for each nutrient 

x f .. Ung aroup subclua, thus aa1ting a total of three analya •• per 

Gutrient or 12 ~ly.ea per trait. 

2.2 GeDeral M1xed LiJlear Model 

The m.xed lIIOdel (i) in subs.ctiou 2.1 CUl be VT1.ttan iD. 
r 

the fol1ov1.q leneral fora: 

y - Ib+Zu+e 

vIlare: / 

1 

-t .2 
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y - a veetor of observation of order uXl, for 
D - total nuaber of observation. 

x - a fixed aud known .atri~ of order n x p 

,b - a veetor of unknown fixed effeets of order 
p x 1 

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

u - a veetor of rando. variables of order 
q xl'" (0, G) 

e - • veetor of rando. errors of order n x 1 

A~dit1on.11y. u and e are uncorrelated. 

Th.; a1xed model equatione (RenderaoD. 1973) .ra: 

(

l' X 

Z'X 

X' Z ) 

Z' Z+D 

whera: 

•• auaiule 18 nOD-sinlular. and 2 2 
de' a.n • 

2.3 PIoeedure: MIliQUI 

In partitioned for., the aixed 

( 
X'X X'Z X'Z l 2 

Z 'X Z'Z +I~2/lt2 ZiZl 1 l 1 • • 

Z'X Zi z 1 Z'Z +Ilt1/l}1 2 
2 2 e au 

-1 2 G a 
e 

'2 
" .. , t1 • IUlOVD. 

.odel equatiou. 

S X'y 

û
1 - Z'y 

1 

... Z'y u
2 2 

are: 
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Let T b. a .,...tric loeralized iav.rse of the coefficient .. trix: 

(

l'X 

Z'X 

X'z )-

Z'Z+D 

1Jl part1t1oned fora. 

T as 

TI 
ans 

-T-

T saa 

T snan 

theu s.- of squaru are c~ut.d: 

• 

t - y'y - b'l'y - ûlZ~y - 2 G' û t lJ2'lJ2 
o 1"1 1 e i 

A,_ (»2,_2)2 f 1 2 
tt - uiut u. Ut • or t - • 

.ad coefficient.: 

lJ2 

which. 

Poo • a - ~t wher. r - raDk of X 

q -1. 

lJ~ 

for t • 1. 2 
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for i. j • 1,2 and i ~ j 

Dafining 

p 
Pol P t 2 

00 os 0 e 

p • p' P
ll P 12 t - t l and a2• a2 

01 9 

p' Pi2 P22 tz 2 
os an 

the MIHQUE of cr 2 
18 

a2 -1 
- p t 

2.4 Itaration 

2 2 
Prior a.ti.ate of ae/a i ratio 1. neaded for th1. 

procedure and .erves as the startina point for rap.atad 

1tarationa unti1 convergenca ~. achievad. 

3. Mizad Model Analysi. 

t 
Thia procadure va. u.ad to obtain tha aoa1ysi. 

of variance vith the raudo. affect of .1ra. includad iu th • 

• odel (.a •• oda1 (i1) in auba.ction 2.1). lati.ata. of 
" 2 2 

cra aod as fro. tba MIHQUI analy.a. vara ••• u •• d as knovn 

population. par ••• t.r.~ 

I--------... ~.~-_ ... --~------~----------------------------------------------------------------------1 
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Tha ai.ad aod.l aquat10ns vere: 

( 

X'I 

Z'X 

h 2/ 2 vara K • 0 a e • 

l'Z 

Z'Z+KI 

(fros KUIQUE) 

( 
l' Y ) 

Z'y 

Solution. vere obtained for band u. The .50VA 

11 liven in Appendlx B, Table 4B. 

4. Dafinition and Beti •• tion of aeritabi11tI 

Beritabil1ty of. a trait i8 def1ned a. tbat port~on 

2 if it. total pbanotypic variance (0 ) vbich i. due to 
p 

2 variance of additive ,ene effecta (CA)' That 18 2 
CA 

2 ap 

lt v •• a.ti •• tad uaina p.xernal hall-.ib .athod 

a. fo llo"a : 

vhara: 

a!. a.ti.ata of aire co.poneut of .arianca 

2 a • •• ti.ata of error coaponant o~ variaDce e 

Tbea. co.ponent. of variance vere calculatad by KtlQUE 

procadure •• a1r.ady d.acribad. 

5. .ati.atlon of Genotype S &Dvlron .. nt Igteraction 

Tvo aathoda .are u •• d. 
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5.1 AnalI.1. of variance ae,tbod 

Thi. ba. been described already in aubaection l 

abov. and the ANOVA i8 given in Appendix B, Table 4B. 

S.2 G.netic corr.1ation (rG) method 

The average degree of genetic correlation va. \ 

co.put.d froa tbe coaponents of variance for airea (a 2 , 
a 

acro.s feedio8 groups) and for interaction (a 2 
) by the 

en 

lotra-cla ••• etbod a. 

r -G 

wb.r,. 

2 
a • 

2 a , 
sn 

2 
o.n' 

2 - a corrected ln 

-

(Dick.r.on, 1962) 

anel 0.1 , cr.2 ' cr.
3 

are th. gene tic • tandard devlat ion. for .i re 

_ffeetl vithin eaeh of tbe tbre. environ.ents (fe.dina group.). 

The .1 ••• nt. n.c •••• ry to co.pute r G are given 

in .pp.nelix l, T.ble 5B • 
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V, gStJLTS AND DISCUSSl;OB 

Tbe total deca .et of 23,195 lactation recorda vere analysed. 

Tbe reaulca are presented in Table 7 and Appendix B, Table lB. Due 

to differenc.. in feed 80urces between summer and winter (outdoor 

arazins va indoor hay) and more uniform feeding during winter, the 

fall and W±nter manthe data were ana1ysed in a second analysi8 

aeparately. A total of 15,685 cow records vere available (Table 8) 

for thi. ana1Y81a. 

A third set of data including'4,226 ccva calving a second 

time durlng the 23 month period of this study represented a thlrd 

analyais. This facilitated the study of three dlfferent, but more 

precise, .. asures of fertility, n ... 1y, calving interval, days ta , 

conception and services par conception (Table 9). Bowever, the 

reaults of this analysis .u.t he vieved vithin the restrictions of 

the sa.ple, in teras of inclusion of only cowa vith a subaequent 

calving withln the data collection periode 

1. Meana of reproductive traiu, 90 91 4% ,fafi; corrected ailk (J'CM) 

and source of eileru 

The ,.ans and standard enors of the reproductive traiu, 

90 day 4% FCM and sourcee of aner.,. are prea.ted ln Table 6. The 

.... r ... fiaure for day. to Urse service 'vu 81. 4 clays. S1a1lar 

re.alt. vere reported for Quebec BolateiJl8 by TOOI ~~. (1979). O.a 

Marchais (1982) reported a aliahtly lov.r a .. r .. e ~ 79.8 day. for 

Boutdn cowa in Quebec. This trait b influeuced by ~"WImlt 

" cleacbiona. It ta ..... rüly recUlc_IIIDlUde.d that cava .hou1d he bred 

the firet oestrus after 60 daye poatpett,., bcNe'ftr .a.e cla1~ 

'-

\ 

! 

l 
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• 

will braad con e.rUer nUe other. will delay breeding hiah producing 

C0V8. 

The .verage nuaber of day. to final service va. 120.3 day •. 

Tong ~~. (1979) reported 121 day. open for Quebec berd •• Thi. 

tratt ta dependant upon days to firat breeding. Genetic and phenotypic 

correlations of 0.79 and 0.40 for days to first breeding and days open 

have been reported (Berger.!!.!l., 1981; !verett .!..t &., 1966). A 

final service in the D.H.A.S. data collection is confirmed only after 

a ca1ving for tbat service ia recorded. Tbe daya to final .ervice 

reported i. not necea.arily a final date. Sa.e cav ... y return to 

service several moutha after the final service while other ... y bave 

not been in calf and culled late in lactation. 

The average nuaber of service. per cov w.. 1.8. Si.Jd.lar 

re.u1ts (1. 9) vere repot;ted for Quebec dairy herds by Tong ~ Al. (1979) 

aod nes Marchai. (1982) for services per conception. Aa already 

di.cussed, the final service in this study vas not confir.ed, therefore 

this yalue _y be an under estilKtion. The a"Verage n1aber of servic •• 

per conception for 4,226 cow. vith a .ub.equent calYing during the 23 

~th period of thi. atudy vas 1.5. This ia lover that 1.8 reported 

by Des Marchais (1982). Thi, e.ti_te 18 bi ... d downvard a. COVII vith 

loaa calvinl intervals and repeat service. would not have calved 

aaatn within the data collection period and wou1d have bean excluded 

froa thi. third analys1a. 

The avera,_ calvi.na interval for 4:226 con vaa 380 day •• 

This 18 lover that tbe average of 396 day. repotted for the D.B.A.S. 

official population of Boleteiua (P.A.T.L.Q • .-ry, 1980). This 

41 .*.< -- .. 
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caD he attribut.d to 1taitation.·of the data set as discuased in 

tbe preceedina paragraphe 
, 
" 

The .an net energy (1) intaka par day was 21.8 Meal for the 

lst 90 days of lactation ~n this study campared ta the lover value of 20 

Meal for Quebec cows reported by Cassali (1979). The change in the 

.. thod of eatimating net energy iDtake from Morrison net energy values 

to NRC a.t energy (1) standards in 1979 and increase in mi1k production 

since .. y esplain this difference. 

Tbe roughal' intates are expre.sed aa a percent of total 

net enerlY intate. Corn .i1a8e, gra ... ~la8e, hay and pasture aceounted 

for 10.5, 7.0, 23.8 and 6.6%, respectively of the daily net energy 

mtake so tbat 47.8% of tbe net energy intake per day came fram rougllages 

and S2.2% fra. concentrate.. ca.sali (r979) reported that 51.1% of 

tb. ..t1aated net eaeraY ~take over 90 day. in lactation c... from 

concentrate for Bolatein COlVS in Que~c . 
"" 

'Tbe .an 90 day 4% FCM waa 2258.8 kg. Ca .. ali (1979) reported 

a 90 clay Ililk yield ~or .... Quebec herd. of 1648. ~ ka.' Hbltever, 

... ua. production per eav in Quebec has increa.ed ainee that atudy 

v .. doGe, .. d.-oDatrat.d by. the value froa the present .tudy. 

2. Effect of .... Iur:-oath of cal vins and 90 da! 4% Fat on 

reprocluct~V! traita 

The analy.1a ~f variance for clay. to firet and hnal .ervice 

ad ..... 1' of .ervic .. are preaent.ed in App.ndix B, Table U, 2B. As' 

of COlI, y"1"'101ltb of c:alvt.na and 90 day 4% FCK had silPlificant effeeta 

GD the th". r.proclucthe .... ur ••• 

ID the tb~rd 80del vbich va. re.trictad to cova that had 
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calved, age had a s~snificant effect on services per conception and 
~ 

days to conception; year-month of calving had a significant effect on 

-calving interval, 'services per conception and days to conception while 

90 day 4% FCM yield had significant effects on the calving interval 

(Appendix B, Table 3B). 

Two year old and 5 year oId or older cows required more 

days to first and final service as weIl as more services than cowa of 

intermediate age (Table 7, 8). Similar results were reported by 

Tong ~ al. (1979) for Quebec herds. Des Marcha~s (1982) reported 

that older cowa required more services to conceive and had 27.5 more 

days open campared ta 2 year olda. Selection of cows for high production 

may account for the fact that aIder cows show more reproductive 

prob1ems. A dairy farmer may be reluctant to cul1 a good producer 

even if she had reproductive problems. 

In Table Il, days ta conception rather than final service 

was measured. Older cows had least days to conception and services 

per conception, in contrast to results reported in Tables 7 and 10. 

This could be explained by restrictions of the data set. 

Leaat squares estimates of differences ~f year-month of 

calving and distribution of observatio~s are presented in Table 7. Th~ 

... llest number of ca1vings occured in October 1979, June, July and 

August 1980, ~th the largest number occurring in October, November 

and Deceaber 1980. The s .. ll number of October 1979 calving. wa. due 

to the start &f data collect~on at that time. 
) 

Cows calving in March to Septeaber tended to have .ore days 
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to first s~rv1ce. Des Marchais (1982) r~ported that cavs calving in 

Harch and April had faver days to first service. Days to flratr' service 
/ 

i8 a trait which 1s inf1uenced by the dairyman's decis10n rather than 

the oestrus cycle, hence the inconsistencies. 

Cava calving during spring (Harch - Jdne) required lass 

days to final service and less nu.ber of services. These reBults 

are in close agreeaent with those of Des Marchais (1982) and Tong 

!.!. al. (1982) who postulated that environmental change noo. ~doors 
< --

to outdoora and the acceaa to frash pasture have favourable effecta 

on reproductive performance. Spring caivera are due to be bred 

when they are out on pasture. lt 1a therefore easier for the dairywan 

to datect his cova in heat by lIOunting (Des Marchais at al. J 1980). 

Cava in Quebec are k.ept in tie staIl barns during vinter, _king 

heat detection more difficult. This Is partIy responsible for the 

lover reproductive effieieney of the winter calvers (Des Marchais, ( 

1982). 

Cows calving in October and ~ov"'er .1979 had longer ealving 

intervals and had ~re days to conception and services per conception 

(Table Il). These results ahould be 19nored as they are affected 

by the restrictions of the data set. Covs calvinl in Dec.-ber, 

January and February 1980, would have had • sborter period of t~ 

to reach a subsequent calving. 

The. effect of 90 day 4% FOI VU choeeu .. 1t cowen the 

lactation period in which it i. no~y d_ired ta &chi.va coaeeptiOll. 

In Tables 7, 10 and Il, 90 day 4% Fat 1s expr ...... iD. 100 ka ua1ta. '.gr 
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/ 
, 

the ~œpl.te data set (Table 7) an inerease of 100 kg of 90 day milk 

yield was 8Baociated vith an addition of .32 days ta first service, an 

addition of 1.67 days ta final service and an increase of 0.03 services 

per conception. These effects were aIl slightly increased in Table 10 

where the data for previoua calvings between March and August were 

exeludèd. An~agonism between m11k yield and fertility has been reported 

by Hansen et al. (1981), Hansen et al. (1983) and Janson and Andreaason 

(1981) • 

Clark 'and Davis (1980) indicated that high producing cave 

are normally in a state of negative energy balance during early lactation 

due ta their inability ta eat enough and this, in part may explain 

their low fertility. Furthe'r, our data may be biased as high producing 

cows vith fertility problems are more like1y ta be retained in the 

breeding herd than lov producing cavs vith little or no reproductive 

prob1e ... 

3. Effeet of nucrtent 1ntake on reptocluctive traits 
( 

nte nutr1ent intakes for the 90 clay poatpartua period va. 
expressed as percent of requ1re_~ts based on N.R.C. staDdarda. Of 

the varioua nutrients only calciua int~ nad a s1an.ifieant effect 

00 days ta fint service. Of the fint arder interaction.a .-xli the 

nutrlenta, on.ly the effeeta of energy x protd.n on, nUllber of clay. to 

firet service vere silDificant. Of the eovar1ab1ea, net eueray intake 

per da" had .. .1p1f1caat effects OD day. ta Uret aDd final service 

(AppeDdix B, Table 11). 'or the faU aod winter data, pratein iDt&ke 

( had silDific_t effecu on day. te firat Hn1.ce (AppeDdix l, Tabla 2S). 

'._ fi ,. f4.è-

.. 
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None of the nutrienta had a aignificant effect OD the reprO­

ductive traits in the data set of subsequent calvers (Appendix B, 

Table 3B). 

3~1 Net energy 

Least squares estimated differences (L ••• ) of net energy 

are presented in Table 7. One th1rd of the cavs fed 91-100% of 

the requirement. In aIl, 80% of the cows were f 81-110% of the re-

quirements. Net energy intake as a percent of requireaent did not 

have a significant effect on any of the reproductive traits. The on1y 

trends suggested vere that below optt.ua energy intakes reduced daya 

to firat service and increased days to final service. In a study 

of Quebec herds, Tong ~ al. (1979) reported that herds vith low levels 

of net energy intakes had fewest days fram calving to first service. 

3.2 Protein 

\ \ Protein intake as a percent of requirement appeared to be . 

c 

siailar1y distributed as energy int~ except at an approximately 5% 

lover level. Prote in as a percent of requirement had no significant 

effect on reproductive measures (Table 7, 9). The ana1ysis of the fall 

and winter data (Table 8) indicated that protein intake had a signi-

ficant effect on days to first service ooly. No trends could be iden-

t1fied tra. the data. The range of protein intakes ia not very great 

and Chis _y partially explain the lack of significance. There are 

cODflicting literature reports on the effecta of protein intake ou 

reproductive traits. Edwards ~ al. (1980) reported that differing 
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r 
lave~ of dietary prote1n dld not baYe a ailD1fleant effect on ~r 

of aerv1c:e1 pe,.- cOlleept1on or on days open in Bolateina. 
\ 

3.3 Calciua aDd pho,pb.orua 

Laaat Iquare' estt.ates of differences of the effeets 

of eal.elua and phoaphorus are presented in Tables 7, 8 &Dd 9. 

Appron.ate1y 90% of the con in the Quebee population are f.d above 

lt. R. C. requlr..euta for calclua and pho,phorua. Approxillate1y 45% 

of the population reeelve about 111-140% of their M.R.C. requir ... nts 

for cal.c1ua and about 63% receive 116-160% of their M.R.C. requir ... ntl 

for phosphorua. Latest rec~udatiOll8 for ca1ciua and phoaphoru. are 

./) 
&bave R.R.C. 1978 requir...uta (Quebee C.B.L., 1982). 

( '\ 
eow. whOH 1ntake of ca!c1ua vu betveen 90-120% of M.R.C". 

requir_nta, needed lIOre days ta flrat service than othen. Althouah 

differences vere uot signif1cant. the .... group of cava alao needed 
\ 

.ore daYI ta final service (Table 7). Ward et al. (1971)'reported 

that uterine involution vas ca.p1eted 8 da,. 1000er and firlt ovulation 

oeeured 6 days earU,er in 37 Bolstein cava fed 200 a calciua dai1y 

ca.pared ta a 100 a aroup. However. their vork ahc:JflMd that differences 

in cialciua intake did not sipif1e8lltly effect Urst po.tpartua o .. t~ 

The effect of pbOlphorua intakes on reprocluctive traita 

vas not sianificant. The only.trend vu fever day. ta firlt aerviee 

vith lover 1eve1l of pboephorua int.ake. M.eDonll (1976) rafer. to 

incr .... d fertil1ty 1eveh in arazin& eoww &fter phœpborua lupp1_ut1aa. 

This i. related ta lona tent UDd.er feadinC of phOlphorua. Other nporta 

( 
~'!- 1n41cated Chat phoapborua fad at wini •• daily requir-.nt or 
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auppl.-.nted did Dot affect po.tpartua reproductive perfo~ce Qiacht 

.!1 al., 1977 iCaritaira et .!!.., 1980>.. 

3.4 Tvo-vay Dutri.nt interactions 

All tvo-vay Gutrient int.ractiona v.re tuted for slpificanc •• 

Tbe protein lt enersy interaction vaa .ignificant for nUllber of .ervic •• 

(P<.05) • The protein x calciua interaction for day. ta firat service , 

va. alla aignificant (P<.Ol). The leaat squares estt.ate. are presented 

in Tables 10 and il. There vere nd appar.~t trends indicated 111 the 

tvo-vay claadf1catioo of the leut aquai.s .. tillatea. 
u 

3.5 lesreaaion of reproductive trait. on n.t enerlY (1) intake 

In tables 7, 8 &Dd 9 daHy net eneray (1) iDtake for the 

90 day period va. treatad a .. a covariate. In al1 c .... dally ut •• rsY 
, 

iDtake did not have a dpif!cant effect OD reprod\1Ctive traita. Thil 

11 not inconaiatent vith otber etudie. (Car. taira !1 .!!., 1980). 

RiDety day 4% FCM yie1d u a .... ur. of output and net .naray 

iDta. Ar. cœp1 ... ntary ... ur •• of am..l fuactioo.. Ca .. ali (1979) 

luge.ta tbat the s ... et of •• n •• ccatribute iD part to the leutic 

variance of both traits aud that feed intake 11 a functioo. of the cow' • 

• netic capacity for mUt production. In thil Itudy, 4% PCH yi.leI u 

_11 u ut eneray ine.ke/day vere 1Dcluded in the •• 1 .. covariate •• 

ao-ver. lt appear. Chat 4% PCK yield aloae 1a a lood ~ ...... r. 

of the ability of the &ni .. ) to utiltae eaarar for r.productive fuact1oaa. 

OIan... in body veilllt wou.ld COIIIMIuate for GY UDIIer or Oftr ... t _qy 

1Dtake. 
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l.6 Percent of ptt eDaflY froa diff.rent rOUlbaI' .ourc •• 

The percent of energy froa corn .il .... sr .... U ..... hay _4 

panure _re iDClucled .. covariat .. in the analy8ia (Tabl .. 7, 8 and 9). 

Of aIl th. sources of n.t !Dergy only hay had a dan1ficant .ff.ct on 

4&y. to fint and final service. AIJ perc.nt n.t enerlY contribution 

• fra. hay iDCreued. days to fint service and to fiDal s.rvic. incr .... d 

• 
by 0.15 and 0.21 days, respective1y. 

Bay vas the .. jar source of nét eneray frOli rouahaa'. In 

90 4&, int"'s. 47.8% of the n.t anerlY int'" e ... fra. roulbal' of 

vbich approz1M.t.ly 50% wu froa hay. In sa.. herd., particularly 

for cava c:alvina in late fall and early willter (a p.riod of poor repro-

cluctive perfo~.), hay _y repr.Nnt the entire .ourc. of D.t enerlY 

fra. roUIhaP. 'nlua, ther. 1s SOM ausse.tion that altiple sourc.s 

of rouaba .. 18 ..,r. favourabl. for r.production than a a1n&le rouahase 

.ource of hay. 

3.1 The ef.t of populatiOll atudiecl on r.productiv .... ures 

Tabl .. 1 &ad 8 r.pr'''Dt a study of days to first s.rviee. 

clays to final servie. and DUilber of .. rvic .. for cava without a sub .. -

quellt c:a1v1D&. BeDe. the day. ta Unal •• rvice and nu.ber of •• rviC88 

..., be UDd.resti8at.d. Tehle 9 requ1recl th.t th. cow calve4 belon 

1M1D& ineluded in the .tucly. 

C~r1D.1 th. Du.ber of cavs calvin& b.tween October 1979 

.ad rebruary 1980. 1t 1a apparent that a larae D"'er of cava in the 

full dat ••• t vere e1tber cullecl b.for. calviq or still bad DOt ' 

cal ... by Auauat 1981. Tb1a .... that .~ of the c~ vith a fiDal 

.. , 
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.. niea _y Dot have beaD iD calf. Any atudy of field data 18 subjeet 

to eulliDl. 

The limitatiooa in Table 9 are evident iD the effectl of 

.anth of calving on reproductive measures where the values of calving 

iDtarval, days to conception and services per conception ~re much 

areater for cavs calvina in the earUer montha. 

MOat of the reports quoted in th!a study vere baaad on 

expert.ental data. There are certain limitations of field data 

vith re.pect to its use for nutrient intakes. Nutrient intakas are 

trequent1y estimated. Pasture intakes are variable and difficu1t 

to e.timata. Bowever comparison of re.ults fra. Table. 7 and 8 

revealed no difference due to the exclusion of pasture fed cows. 

Field data however has the advantage of the use of large volume of 

data, UDder which caa.erc1a1 production operates. 

4. Beritabilitr estimates of reproductive traits 

heritability estimates are preaented ~n Table 12. The 

heritability of days to firat service waa 0.02. This la comparable 

to heritability estimates of 0.03 to 0.04 from the literature (Dea 

Marchais, 1982; Hansen ~ al., 1981; Berger ~ al., 1981). Heritability 

of the nuaber of services par cov was 0.01. Hansen et al. (1981) ,--
&ad Berger ~~. (1981) reported heritabilitie. of 0.02 and 0.01 

reapectively for this trait for North American harda. Her!tability 

of day. to final aervice was 0.02. Berger ~ al. (1981) reported a 

al1&btly higber heritability of 0.04 for North Aaerican herds. Aa 

aspected for reproductive traits, the eat1œatea are lov. 

~."*"' .. - ........ - ...... - ..... -._----,...------------------------

-

• 
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s. Sin II lIutritiOD interaction 

S.l Analysia of variance 

None of the a1re x nutrient (energy. protein. Ca &Dd P) 

interactions had a significant effect on any of the three reproductive 

.... ur •• analyaed (Appendix B. Table 4B). Existence of negative 

interaction su.. of squares œay be due to the faet that theae were 

calculated as the difference between error suas of squares for the 

ca.plete and reduced .adel and not directly (see section IV. 3). 

Syrstad (1976) cautioned that there .. y be statistieal 

interactions which could give aisleadina results fro. the uae of 

the cro •• class1fi.d tvo-way model. However. thia doea not .pply 

in this case as the interactions vere not significant. 

5.2 Genetie correlationa (rol 

Tbe genetic co~relationa are pr •• ented in Table 13 end were 

calculated fros different sire coaponents of variance and covariance 

.. given in Append1x B. Table SB. No est1 .. tes are presented for days 

to finel service in either table since coaponenta of variance and 

covariance were either negat1ve or zero. This can be explained perh.p8 

by the fact that they vare calculated fros full and reduced models by 

aubtracUon. 

Six of the ei&ht est1aates of rC in Table 13 were equal ta 

1.0. The rC of sire a protein int.raction and aire a eneray interaction 

w1th re8pect ta days to firet 8ervice _ra 0.85 and 0.93 re.pectively. 

Genetie correlationa cl08e or equa! to 1.0 indicate the absence of 

8ire x energy, sire a protein. sire a calciua and .ire a pho8phorua 
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iAt.ractiOlUl on both days to firat service and nuaber of services. 

Ir ••• ~ al. (1971) found that a genotype x diet interaction vas 

not signifieant for a number of reproductive traits studied but aeeounted 

for approximately 23% of the variance o~ the reproductive traits from 

firat standing heat to first calving. 

The genetie correlation results were not in agreement with 

tho •• of Hatuaen ll.!!. (1982). They found a significant genotype (br.ad) 

x diet interaction for interval to first oestrus and ta conception; 

that is, the differences eaused due to h;gh and low energy intake in 

the iDterval from calving to first oestrus vere greater for Holsteins 
J 

than Berefords. This vas probably due to a number of factors including 

the diversity of the genotypes. Genotypes in the current study were 

represented by progeny groups (half sibs) where as breeds were used in 

the .tudy by Hansen ~ al. (1982). According ta Syrstad (1976), use 

of different breeds uaually results in a larger genetic variation 
1 

whieh increases the chances of obtaining a signifieant interaction 

ca.pared to the use of half sibs groups. 

Ransen's study also employed the use of twins under experi-

.. ntal c~itions. which enabled the testing of identieal genotypes ip 

the different envirou.ents but reatricted the number of enviraa.enta 

to 2. Syrstad (1916) sugaeacs that Ddlk recording data (aa 

in thu .tOOy) v.s not particularly suited to est1aating genotype x 

nutr~ interaetiona baeau.e of the lack of precision in est1aatina 

f.ed !ntakes and the' 1i~t.d variability vith r.spect to lev.la of 

nutrition in dilferent berds. Tbe difference. betveen the feedina 

aroups in Chia scudy vere not very dr_tic (Tabla 5). AlI axplained 

\ 



, < 

( 

( 

$ J 2i@ 

50 

prerioùaly the clay. ta fiNt urvica 1.8 a trait wbich 18 iDflueuced 

-.,re b,. .anq~t decia10u thaD by sanatic effects and the nUilber 

of .ervic .... _asured .. y not have been final for that calvina. 

Thar. ar. certain advantases hovever to the ua. of field 

data; a ~rae nu.bar of Obs.rvations. a ready and available suppl,. 

of data fra. proseny tests vithout e.ploy1nS extra re.ourc.. and data 

collected under prevailina fara conditions where reaaarch results have 

potential application. 

These r .. u1ts sUAest that ranktna of sires, on the buis 

of their daughters' reproductive performance in Quebec dairy herd. 

vith diff.rina levels of nutrition, re .. 1ned Unaltered. The implication 

of this concluaion for dairy sire selection i8 that dairy cattle 

br .. ders lI&y continue ta select sires without baing concerned vith the 

nutrition_l statua of herds in which their daughters are expected to 

p.rfora. 

lt should be pointed out that the above conclusion vaa not 

~ected in view of the limited variability vith re.pect to levela 

of nutrition in different Quebec dairy h.rda, i .•.• moat D.B.A.S. 

enrQlled herds teud to feed levels approach1n& N.B..C.' nutrient requir-...ta. 
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"UIL& 6. ...... ad naDdard anor. for reproductive trait., 
90 day 4 % lCM ad .ourc.. of' eDeTIY. 

Trait. Ma&Il ± a.E. 

Day. to fir.t .arYlca 

Day. to fiua1 .arYlea 

lIhœbar of .. rv1.ca. 

Calv1na intarval 

Servica. par cOIlcaptioo 

lat anaray intaka/day (Meal) 

90 day 4 % PCM (ka) 

lnaray froa corn aila.a (%) 

IDarlY fraa .r... .ila.& (%) 

EDaray froa hay (%) 

.. 

'0 

.. 

81.3StO.18 

120. 32:t:0.43 
, 

1.8ltO.Ol 

379. 98:t:0. 58 

, 1. SUO. 01 

27. 77tO.03 

225.8. 83:t:3.34 

10. 46±0.08 

6. 99±0.07 

23.7StO.09 . 

6.62±0.oa 

, 
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T.AItB 7. Leut aquare ••• ti .. teci d1.ffereuc •• froa .. ro sub­
claa., standard error. and te.te of s1lDificance for 
.... y.ar-.onth of calving and nutrient intakes on 
reproductive traits' 

Classification 

Gaura1 mean 

!:2 yra 

3 

4 

5 

>5 

Year-month of ca1ving 

Oc:tober 79 

Novellber 79 « 
Decellber 79 

January 80 

February 80 

Karch 80 

April 80 

May 80 

June 80 

July 80 

August 80 

Septellber BO 

October .80 

Nove1Bber 80 

Dece1lber 80 

No. of 
oba. 

23195 

7082 -
4907 -
3606 -
2572 -
5028 

722 -
1013 

1389 -
1599 

1664 -
1453 

1727 

1426 

1085 

929, 

890 

1336 

2028 

2280 

3654 

Daye to: 

lat Service riDaI Service No. of Services 

81. 3SZO. lB 120. 32±0. 43 1.81tO.01 

* ** ** 
0.25tO.67 1.4O±1.64 0.OO±0.03 

0.79±0.58 - 7.27±1.41 - 0.14±O.02 

1.80±0.59 - 8.62:t1.45 - 0.14±0.02 

0.50±0.65 - 8.58±1.60 - 0.17±Q.03 

O.OO±O.OO O.OOtO.OO O.OOtO.OO 

** ** ** 

o .48±l~18 14.14±2.90 O'.16tO.05 ' 

1. 83±1.01 10. 25±2. 47 o .08tO.04 

1.20±0.88 5. 8h2 .16 o .04tO.04 

0.09±0.83 4.06±2.04, - o .03tO.03 , 
0.19±0.81 2.46±2.00 - 0.OStO.03 

2.59±0.85 1. 61±2 .10 - O.10tO.03 

5.23±0.83 0.02±2.04 0.23tO.03 

1.10±0.91 - 4.1l±2.38 - 0.23tO.04 

1.30±1.16 - 2.76±2.85 - O.15tO.05 

1. 86±1.20 7.19±2.93 - 0.03tO.OS 

4.76±1.14 10.55±2.81 0.OO±Q.05 

3.87tO.95 9.90±2.23 0.07±Q.04 

O.IO±O.77 5.4711.89 0.06tO.03 

0.2B±0.72 4.82±1. 77 0.07tO.03 

O.OO±O.OO O.OO±O.OO O.OOtO.OO 

cont1nued •.••. 
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ela.Uicatian 

90 Dey lDern % (lIa) 

580 

81-90 

91-100 

101-UO 

>110 

9.0 Day PToteil1 % (I/Il) 

.s75 

76-85 

86-95 

96-105 

>105 

90 Day C&1eiua % (lIa) 

.s9O 

91-110 

111-120 

121-140 

141-160 

161-180 

>180 

1110. of 
Qb •• 

3130 

5172 

7520 

4871 

2502 

3182 

53'16 

7131 

4777 

2789 

1454 

3476 

5091. 

5183 

3601 

2231 

2159" 

90 Day Pho.phoru. % (III.) 

590 786 

91-115 1627 

116-130 3720 

131-145 5214 

146-160 5518 

161-175 
r--

3496 

>12.5 ~2ü 
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TAlLE 7. cODtinued 

Day. to: 

lat Service Final Service Mo. of Services 

MS HS HS 

- 0.Olt1.54 4.30±3.78 0.04±O.06 

- 0.74t1.18 0.92±2.91 ,0.00±O.O5 

- 0.83±0.95 l.08t2.3l 0.0510.04 

- 0.78tO.79 1.97±1.95 0.0510.03 

O.OOto.oo O.OOtO.OO 0.00'10.00 

--
MS HS HS 

- 0.09:!:1. 22 - 0.05±2.99 - 0;O1±O.05 

0.S4±O.97 - 1.65:t2.39 - 0.04'10.04 

- 0.0,,*0.R1 - 0.59:!:2.04 - 0.0l:!:O.03 

- 0.45±O.74 - 1.06:!:1.81 - 0.01'10.33 

O.OOtO.OO O.OOtO.OO O.OOtO.OO 

• MS !tS t 

3.4Otl.52 5.62:!:3.73 - 0.OUO.06 

O.63t1. 22 0.12%2.99 _- O.OUO.OS 

0.42t1.05 1. 70%2.57 O.OOiO.04 

- 0.63tO.92 1.81±2.27 0.04iO.04 

- 0.34t0.86 - 0.53·±2.12 - 0.03:tO.04 

- 0.8StO.86 - 2.08±2.11 - 0.05:tO.04 

O.QOtO.QO 0.001O.00 O.OOiO.OO 

MS 1I1S } 1I1S 

- 2.02:!:1.80 1.111:4.42 0.06iO.08 

- 1. 88t1. 39 - 0.82±3.42 O.04iO.06 

- 0.08U.ll 1. 98t2. 73 Q.OHO.05 

0.7S:t0.93 1.1012.29 0.03".04 

0.67±0.81 ' 1. 21±1.99 0.O4~.O3 

O. 4Q:t0. 76 1. 29tl.86 0.03~.03 , . 

1 

g. s:KltQ. gg Q,gQ;g,QQ Q.QQ~.gg 

cOlltinued •.••. 

-
_~_ ~ ___ M~ ____ -h.. 



Classification 

Covariab les 

bgr. on 90 Day net 
energy ~take/day 

(Meal. ) 

Be gr • ~ 90 Day 4% 
lCM 

(100Kg) 

Begr. on % net 
energy 

l. 
froa corn silage 

Begr. on % net 
energy 

f~oa graaa silage 

Be gr • on % net 
enars.! 

frOli hay 

Regr~ ~ % net 
enargy 

fram pasture 

* ** P < .05 

( 

, 
'. 

" • 4 , 
__ Pi. 

No. of 
oba. 

P < .01 

54 

TABLE 7. continued 

Days to: 

Ist Service Final Service No. of Services 

NS NS NS 
0.08tO.12 O. 38±O. 29 O:OOtO.OO 

** ** ** 
0.32±0.1l 1.67±0.26 ~ 0.03±0.00 

NS NS NS 
0.01±0.04 • 0.04±0.lO O.OO±O.OO 

NS NS ifS 
- O.OltO.OS 0.09±0.12 _').> 0.00::1:0.00 

** * NS 
0.15±0.04 O.lUO.lO O.OOtO.OO 

NS HS NS. 
- 0.03±0.04 0.05±0.09 O.OO±O.OO 

.J' 

HS P>.05 (I/R) inta~e/rëquirement 

• 

J i 
, \ 
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TABLE 8. te .. t square e.t1aated differences fra. zero 
subcla ••• standard error. and test. of 
ai.anif1cance for age, year-.onth of calving, 
and nutrient intakea on reproductive traits 
(PaU and Winter data) 

Cla •• if ic.tian 

General Mean 

Age 

~2 yrs 

3 

4 

5 

>5 

Year-Konth of 
Calving 

October 79 

Noveaer 79 

Dece.ber 79 

January 80 

February 80 

Septeaber 80 

October 80 

Noveaber 80 

Deceaber 80 

90 Day &Dergy 
% (1/R) 

No. of 
oba. 

15686 

5632 

3685 

2369 

1497 
" 2502 

722 

1013 

1389 

1599 

1664 

1336 

2028 

2280 

3654 

Days ta: 

lst Service 

8O.9.5±Q.21 

* 
O. 93±Q. 80 

- O.25±Q.70 

- 1. 62tO. 74 

O.39tO.84 

O.ootO.OO 

** 
- 1. 38±1.17 

1. 49±O.98 

- 1.39tO.85 

- O.D7tO.81 

- O.61±O.79 

3. aS±L07 

- O.16±O.77 

0",,17±O.69 

O.OO±O.OO 

NS 

Final Service 

120.42:tO.51 

** 
1.55±2.00 

- 7.41±1. 74 

- 8.15±l.85 

- 8.35±2.10 

O.OOtO .00 

** 
12.34%2.92 

9.59±2.45 

5.16±2.14 

3.61±2.01 

2.08±l.98 

7. 96±2. 68. 

4.54±l.94 

4.75±l.73 

O. OO±O. 00 

KS 

No. of 
Services 

1.8h01 

** 
- 0.03:!O.04 

- 0.18:!O.03 

- 0.17 ~.03 

- 0.19 ~.04 

O.OO~.OO 

** 
O.15~.05 

O.08tO.04 

0.041Q.04 

o • 04 :t(). 04 

- 0.OS±O.04 

0.06±O.OS 

O.06:!O.03 

O.OStO.Ol 

O.OO:!O.OO 

NS 

~80 1967 

3426 

5187 

3337 

1768 

- 0.26ti.82 1.31%4.54 - O.06±O.08 

81 - 90 

91 - 100 

101 - 110 

>110 

- 1. 04:t1. 34 

- 1.10:t1.11 

- O. 73±O. 92 

O.OO±O.OO" . 

- 1.291:3.48 - O.07±0.06 

2.16±2.78 O.OltO.OS 

2. 22±2. 30 

o .OO±O.OO 

O.03±O.04 

O.OOiO.OO 

cantinued 



56 

~ 

TABLE 8. continued 

110. of 
Day. to: ICa. of , 

CluaUication ob •. lat Se rvi c.e P1Dal Service Servie •• 

90 Day Protein 
% (IIi.) * MS ' "MS 

~75 1654 - 1.03::1.46 - 1. 24 :t3 • 65 - 0.p31O.07 

76 - 85 3293 1. 46:t1. 31 - 0.02±2.83 - 0.OO~.05 

86 - 95 5036 0.47±O.94 0.23±2.35 0.0210.04 

96 - 105 3523 - 0.35±O.82 - 0.58±2.06 O.OHO.04 

>105 2179 O.OOta.CO 0.0010.00 0.0010.00 

90 Day Calcium 
% (I/R) MS MS MS 

~90 939 2.77±1.85 1. 92±4. 64 - 0.0310.08 

( 91 - 110 2203 ,/.-r2 7 ±1. 46 0.14:t3.65 0.0210.07 

111- 120 3443 " O. 29±1. 24 1. 39:t3.11 0..0210.06 
"\ " 

121 - 140 3556 - 1l:86±1.08 - 0 .84±2. 73 - 0.0110.05 

141 ~ 160 2452 - 0.69±1.01 1.44±2.53 0.04:tO.OS 

161 - 180 1541 - 0.92±0.99 - 3.53±2.49 - 0.05±O.04 

>180 1551 O.OO±O.OO O.OOiO.OO 0.0010.00 

90 Day Phospborua 
% (I/R) MS MS N'S 

~90 409 - 1.18±2.21 5 .07±5. 52 o . lOtO. 10 

91 - 115 927 - 1. 53±1.67 - 0.17±4.18 0.0710.07 

116 - 130 2357 - 0.37±1.31 2 .20±3. 29 0.0710.06 

131 - 145 3604 - 0.25±1.09 - 0.22:t2.75 0.03tO.05 

146 - 160 4014 - 0.01±0.9S - 0.01±2.37 0.03±O.O4 

161 - 175 2418 - 0.OS±O.88 - 0.06±2.20 ' 0.04tO.04 

>175 1956 O. OO±O. 00 o .OOtO. 00 o .00tO.OO 

, 
continued .... 

( 
~._-

'/ 
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TaLE 8. continued 

No. of 
Claas1ficaCion obe. 

Covar1ablea 

Regr. on 90 Day net 
eoergy intake/day 

(Meal) 

Regr. on 90 Day 4% 
FCM (100 1.&) 

Regr. on % net -
energy froa corn 

s1lage 

ltegr. on % net 
energy from graee 

silage 

Regr. on % net 
energy fra. hay 

bgr. on % net 
eoergy fra. pasture 

* p < .05 ** < .01 p 

Oays ta: 

lst Service 

MS 
0.10±0.14 

** 
0.41±0.12 

MS 
0.07±0.05 

NS 
- O.Ol:t0.06 

** 
O.13±0.04 

MS 
0.05:t0.06 

MS P > .05 

4 

---~ - ~ -- ~ - ~------------------~-

No. of 
Final Service Services 

1 

MS MS 
0.04±0.34 0.00±0.01 

** ** 
2.01±0.31 O.04±0.O1 

MS fiS 
0.16±0.13 O.OO±o.OO 

MS MS 
O.OhO.15 O.OO±O.OO 

MS MS 
o .13±0.12 - 0.00±0.00 

MS MS 
0.15±0.14 0.00±0.00 

(1/1) intake/require.ent 
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UBU 9. Leut squar .. eatiaated differance. froa aero 
.ubel ..... tandard errora and te.t. of 
dp:Lficance for age, year-1DOllth of ealving 
ad Dutrient intakaa on reproduet:Lve tra:Lt. 
(.ub.equent cal ving.) 

No. of Calving Day. ta Service. per 
Cl .. aification ob •• iuterval conception concepc1.on 

Genaral Mean 4226 379. 98±O. 58 98. 60iO. 58 1. 54±()' 01 

Ace MS * ** 
$2 yn 1594 2.72t2.55 - 1.00%2.58 - 0.06~.06 

3 1026 - 1.65±2.15 - 4.5h2.17 - 0.15j:().07 

4 638 - 1. S6±2. 27 - S.Oet2.30 - O.lHO.OS 

5 388 - 4.94:1:2.58 - 6. S7±2. 61 - 0.15iO.06 

>5 580 0.00:1:0.00 O.OOiO.OO O.OOiO.OO 

( -
Y.ar-NDutb of 

ca.lvina ** ** ** 
Oc:tober 79 526 23.16t2.74 20.05:1:2.78 O. 33j:(). 06 

lIoveliber )79 714 19.23:1:2.17 16. 93±2. 20 0.28j:().05 

Decaber 79 950 11. 20t1. 90 10.45:1:1.93 0.21iO.04 

January 80 1037 11. 32±1. 79 9.95±1.81 0.141'0.04 

rebruary 80 999 O.OO±O.OO O.OO±O.OO O.OOtO.OO 

90 Day IDeqy 
% (III) ifS IfS IfS 

S80 653 S.34~.81 4.10±5.89 0.05 ±O. 13 
/ 

/ 

81-90 1021 3.6Ld:4.48 2.86%4.54 0.03iO.10 
~ 

91-100 1419 4.35%3.59 3.00.t3.64 0.0610.08 

101-110 756 - 1. 74.t3.02 - 2.08±3.06 - 0.0810.07 

~1lO 377 O.OCUO.OO O.OOiO.OO 0.001'0.00 

CGlltiIIuM ••.• 

( 

* ...... ~ 
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TABLE 9. continuee! 
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Cla .. if1catiog,. 
--

Covariabl •• 

lalr. on 90 Day net 
..wray iDtaka/da.,. 

(Mcal) 

bar. on 90 Day 
4% P'CK (100 q) 

lalr. on % net 
eIUIrlY frOli 
corn .1la.e 

blr. on % net 
energy fro~ 
Ir ... dlase 

lalr. on % net 
en.rgy froa 
hay 

bar. OD. % net 
en.~gy fro. 
pa.ture 

* P<.OS ** P<.Ol 

/ 
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TAlLE 9. cOI1t!nued 

Mo. of Ca1ving Day. ta Service. per 
ob •. interval conception conception 

RS NS NS 
0.26%0.47 0.lUO.47 O.OltO.Ol 

" 
* NS' NS 

0.86:tO.42 0.69%0.42 0.00:1:0.01 

MS MS MS 
O. 45:tO. 24 0.31%0.25 0.01:1:0.01 

MS MS NS 
O. 24±0. lO 0.24±0.30 0.OlfO.01 

** NS NS 
0.SStO.20 O.40±O.21 0.00±0.00 

NS NS NS 
0.20tO.28 0.lOtO.28 O.OO±O.OO 

MS P>.05 (l/R) intaka/requ1r..ent 

r 
j 

1 
! 

j 
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TABU10. Laut .quare ••• tiuted differences frOll zero .ubela •• ad 
.taDdard' error. for energy-protein .ubel ..... for 

nUlibers of services 

90 day 90 day Protein % (IIi) 

berlY % (l/Il) ~ 7S 76-85 86-95 96-105 > 105 

~ 80 0.05±0.07 -C.OO±0.07 O.l6±O.lO -0.O4±0.12 -0.27±O.l7 

81 - 90 -C.03±0.01 -0.02±0.06 -0.Ol±O.06 O.ll±O.Oa -0.28±O.ll 

91 - 100 0.14±0.09 -O. OltO. 05 O.04±O.O5 0.O3±0.05 0.B±O.07 

101 - 110 -0.04±0.16 0.lO±0.07 0.02±0.05 0.O3±0.04 O. 09±0. 05 

> 110 -0.09±0.41 -0.03±0.16 -0.02±O.OS 0.O2±0.09 O.OO±O.OO 

(I/R.) intake/requir ... nt 

• 4.1 $ 
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tt TAlLE 11. Leaat squares estillated differencea froa zero aubel ••• and 
standard errors for protein-caleiua subelasses for 

days to first service 

90 day 90 day Calciua % (I/R) 
Prot.in 
% (l/ll) ~ 90 90-110 111-120 121-140 141-160 161-180 > 180 

~75 1.92t1.70 O. 33±1. 77 0.03±1.68 1. 90±1. 89 5.4512.44 -3.00±3.76 3.0913.85 

0-
76-85 4. 2Ul. 96 O. 8lt1. 52 1.·32±1. 39 O. 27±1. 39 -O.OH1. 57 -2. 62±1. 84 2.44±2.4'9 N 

. 
86-95 3.49t2.14 1. 2l:t1.46 -O. 77±1. 30 -O.l9±!. 23 -O. 99±1.30 -1.l0±l. 45 1.04tl. 70 

96-105 -1.0312.21 -O. 23:t:1. 10 • 0.8511.34 -2. lOtI. 26 -o.08B.26 -0.5811. 40 -1. 92±l.65 

>105 1. 5lt2. 09 -2.92t2.11 2. 8ltl. 88 O. 47±1. 57 -3. 73i!. 59 2. 34±l. 74 O.OO±O.OO 

(I/RJint.ke/requlr~nt 

~ 

" 
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TAILI 12. Bertcability ent.ace. for reproclucti_ 
traite .tudled 

Day. to firet •• rv1ce 

110. of .. me •• 

Day. to f1Del .. rv1c. 

O.02t 0.007 

O. Olt O.ooS 

O.02t 0.007 

'1'AILl 13. GeDaclc cornlatioae b.t1M .. day. to Uret .. me. or 
D~r of ~rn.c.e for air •• OB c:Jlfflrent Dutrient live la .. 

Sir. x llucrient 

Sire li[ eDeqy 

Sire li[ prot.1.D 

Sir. li[ «lcilla 

Sire li[ pho8pbo~ 

r 
Dey. to firit •• rvic. 

0.93 

0.8S 

1-.00 
1.00 

( 
/ 

Mo. of •• rv1cee 

1.00 

1.00 

1.00 

1.00 

f 

• 
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VI. SUMIAaY AllI) COMCLUSIORS 

A cocal of 23,195 ~ctatioo r.cord. of Bolet.iD cowa, 

'Drolled on che Q.D.B.A.S. official prolr .. ver. ca.put.d fra. 80Dcbly 

t .. t clay data coU.ce.d over a 23 IIOIlth p.rtod (Oc:eober. 1979 to 

Aquat, 1981). 

Tbe d.t. vere ua.d ta .tudy th. éff.ct. of (1) 1.v.l of 

nucritiOD and, (2) .ir. x nutri~ int.raction on r.productive 

.... ur... Th. nutri.nta atueii.d ver. an.ray, prot.in, calciua and 

pho.phorua intak.a azpr •••• d .. perc.nt of requlr...uta in th. fir.t 

90 d.y po.tpartum p.riod. The reproductive .... ur •• atueii.d vere: 

day. to firat •• rvice, d.ya to final .ervice and nu.b.r of •• rvice. 

p.r cow. A atudy with • 8ubpopulation of 4.226 cow. with •• ub-

.equent c.lvina w .. uaed to .tudy the effecta of the nutri.nt. on 

c.lving int.rval. day. ta conc.ption and .arvic •• per conc.ption. 

Tbe le •• t .quare. .adela used to e.ttaete th •• ff.ct. of 

nutrient inteke. includ.d ••• and month of c.lving. Both f.ctor. 

bad •• ignificant .ffect on r.productive traita. Th. reproductive 

p.rfo~nce. a ..... ured by the.reproductive traita, w .. b •• t for th. 

\ po.tpartua period fol10vinl calving for 3 to 5 y.ar old cav •• 

Cow. calvinl in the February to July period required fev.r •• rvic •• 

to conceiv ••• ain followinl calvinl. Cava calvin. 10 Octob.r ancl 

Mov..o.r h.d th. poore.t r.productive record. 

Th. analy.i. of the complete .. t of data indicat.ct that 
~ 

calciua, upr •••• d .. p.rcent of requir ... nt. v .. th. ODly nutr1ent 

that bact • s1p1ticant .ffect on day. to tir.t •• rvic.. Th.r. v.- • 

. 
4 ... _ t=te 4 
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\ 
eread for eow vith eal.cl .. le"lI belov 120 percene of N.Il.C. req\u1re-

_tl ta b ... .on da,.. t.o Ur.t. .erv1ce than covs cOIlI-.:lng over 120 

"rcat of ealci .. requi~nt;l. Whil. not lilll1fieant, thie trend 

carri,d O'Nr to f1Dal .. nie •. 

Tbe lealt Iquare • .odel. allo coutain'd ccvariat •• al to 

Hurce of rouahale enere, net eoerlY Inult. and 90 day rAillt yield. 

'rh. effect of total net euraY on reproduet1ve .aeure. vu not .1pi-

fic&1lt. 'lbe perc.ut of eaersY intake froa hay vu hi.hly aip1f1caut 
, 

for dey. to fir.t •• rY1ce and .ilD1f1cant for da,.. ta fir.t .erY1ce in 

thé full ~el. The nuaber of days increased vith incre .. el of hay 

iDtake. This say be attribut.d to berda vith hay a. a ainlle source of 

rouaha,e durinl the vinter II01lth.. In an .ade.ls, the days to Ur.t 

.ervice and fInal aervice and the nUilber of aervice. per cow increased: 

0.l2±O.11, l.67±0.26 and O.03±0.OO respectivel" vith an increa.e of 100 

kilolr ... of 90 day (4 % FCM) .tIlt yield ln the full .,del. 
h 

Tb. tvo-Way interaetionl bet'tNen the nut1'ient in~aket .... ur.d 

a. percent of requir ... nt., vere t •• ted. The only toeeraction. found 

.ipif1cant v'11'e for nu.ber of aervice. on energy x protein and for 

day. to firat •• rviee on prot.in x cale!... The tvo-va'1 lu.t .quare • 

•• t1Jl&te. indicated no particular trende. There vu .OM .uue.Uon 

of co~1nad level. of h1ah protein and calciua intake. favourina 

r.productive perfo~c •. 

Beritability of the reptoductive .... ur •• : day. ta fir.t 

.er1iic., da,a to flnal aervic. _d .. rv1c~ per cow .. re a11 low. 

0.02. 0.02 and 0.01, re.pective!,.. 

", .. 
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The sire x nutr1ent interaction effects vere found ta be 

ne&liaible. The average degree of sire x nutrition interaction for 

e&ch nutrient vas estiaated by calculating genetic correlatioDB by 

tbe intra-class method. The r G values were eitber unit Y or close to 

unity. This is not unexpected with the low beritability and lack of 

,sianificance of the nutrient intake effects. 

Vithin tbe Quebec D.H.A.S. population, where feed quality 

and iDtakea are .. asûred and feed reco.aendationa are provided, 

aenotype x nutrient interactions do not exi~t or are Qot of" signif-

iant importance. 

The 90 day postpartua milk yield bas a ~108er relationsbip 

vith reproductive measures than nutrient intakes. This i8 probably 

becauae milk yields are better estiœated tban nutrient Intakes. lt 

i. a180 probably becauae cows can co~en.ate for nutrient intakea 

by body veight çhanges. 

Baaed on this study~ there Is no evidence to indicate that 

sire x nutrition interaction interferes vith the ranking of sires 

vith regard to reproductIVe performance. lt would appear that if 

lenotype x nutrition interactions affect reproduction they oaly do 

sa uoder a .ore extreJM ranle of nutrlent iDtates than AXist in the 

pop~atiOD studled. 

f .. 
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TABLE 21. Aoaly ••• of varianëe of ase. year-.onth of 
ca1vinl and nutrient intake. on reproductive 
traita (fal1 and winter data) 

f • 

Meag Sguar!. 
Source d.f. lat Service Final Service No. of Service. 

* ** ** Ale 4 1992.41 56010.60 20.63 

Y.ar-.onth of 
** 14546.23** ** 'calvinl 8 170S.18 4.22 

EnerlY (E) 4 341.00 6124'.87 2.32 

Proteln * 4 1627.54 568.07 0.27 

Ca1c1ua 6 932.54 4750.03 1.62 

Pho apho rua 6 150.99 2045.48 0.53 

.. Regr. on net E 
intake/day (~cal) 1 .325.63 49~49 tl.37 

( Regr. on 90 day 4% 
** ** ** 'CM (lOOkg) 1 7095.98 166822.37 51.40 

Regr. on % net E 
fram corn silage 1 1133.09 5501.80 0.36 

Regr. on % net E 
from graSB silage 1 14.71 '787.40 1. 56 

Regr. on % net E 
** from hay 1 4533.72 4706.64 0.22 1 ., 

.1 

Regr. on % net E 
from pasture 1 522.72 4693.23 0.04 

Error 14857 616:89 3860.61 1.22 

* ** P<.05 P<.Ol 
1 

! , ,. 1 
i . i 

( 

1 

.. Ct - b 
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tABLE 31. ADalys •• of variance of age, year-aonth of 
calvins and ~utrient intakes on reproductive 
traita (Subsequent calvings) 

He an Squares 

Services Days 
cal~ng per to 

Source d. f. interval conception conception 

7 
~~ * Ase 4 2930.41 2.19 3556.73 

Year-lIODth of 
** 

if> .* .@ ** calvin. 4 32215.17 6.99 24661.92 

Inergy (E) 4 2594.43 1.34 1810.68 

Protein 4 1971.53 1.26 1051. 64 

Calcium 6 1747.58 ? O. 64 1720.62 

Phosphorus 6 603.60 0.05 215.71 

Regr. on 90 day net 
E intake/dey (Meal) 1 397.31 0.82 544.37 

Regr. on 90 day 4% 
* Fœ (100 kg)' 1 5441. 67 0.01 3477.38 

Regr. on % net E 
from corn si1age 1 4448.93 0.52 2008.38 

RegI'. on % net E 
from grass S'ilage 1 818.99' 1. 74 -- 814. 3~ 

Regr. on % net E 
** 

r'>'> 

from hay 1 10124.12 0.09 4986.34 

Regr. on % net •. E 
from pasture 1 651. 32 0.31 1637.93 

Error 3562 1270.60 0.60 1303.16 

• ." . 
P<.OS P<.Ol 

1 

,. 

,; 
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tABLE 4B. Analyses of variance for sire x nutrition 
" interactions on reproductive ~raits 

\ 

"Iean ·Sq).1ares 

Number 
Days to of • Days to 

SouJ;ce of variation d. f. ' 1st SerVice Servic'es Final Service . , 

Sire x energy' 130 37.83NS O.OOa 0.004 

Error 22661 ~ 66.69 1.16 3~·.01 

Sire x protein 130 63.97NS a" 
~ Q,_OO . O.OOa 

Error 19057 661.22 1.14 3710.50 ,~ 

Sire x Ca l ciUIII. '-' 130 34.80NS, O.05
NS O.OOa 

Error 17586 66.35 .;, 1.17 j-759.02 

(~ 
r. 

p~ 

Sire x Phosphorus 130 O.OOa O.OOa O.OOa 

Error 17586 659.44 1.15 93714:54 
~ t; 

NS P>.05 ~ 

a s .... o~ ~q~r.~tive and 18sumed to 
be zero' . , .. 

. . 
." 

(~ , , 

\. 

" .. 
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TABLE 58. 
2 2 Sire (a ) .nd aire x nutrition (a ) ea.ponenta of 

a an 
variance and genetic standard deviation. (a , a 2' s • 
and a.

3
) of airea for feeding group. l, 2 and 3 

Day. ta lat Service _____ Humber of Service. -------
lutrlent a 2 a 2 2 

aa! aal aa2 a - a as1 as2 as3 • an a3 • "-(J 

QI) 

ï .... 
laeray 3.406 0.270 1.895 2.217 ,... 1.978 .005 .000 .094 .685 0.00 

Prot.ta 2.962 .493 .930 1.996 2.042 .004 0.00· .109 .004 0.00 

caletua 3.069 .327 1.692 2.627 1.526 .004 .001 .065 0.00 .080 

O.OOa 
. . 

Phoaphorua 3.104 1.246 2.084 1.513 0.004 0.00 .685 .082 0.00 , 

-' •• ative variance, ••• u.ed to be 0 

.. 

.J -- f - -~ -.' ...... --~--........... 


