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The post-rlea.ning ;oerformafices of s'bee:: calves from
fou-r beef sirains of cattle (.{ereford-, IÌighla.nd-, Higl.rland :{
IiereforcL, i'iereford ;i Tlighland) r,¡ere compared- d_uring four
successive r¡¡inter feed-lot perlods (L957-L76O inclu-sive) at
the Canacla Department of r\griculture .iìrperj-rnental_ Farm,
i'Íanyberries, alberta. Seven perfornrance traits were meas-
ured.: feedlot average.d-aÍ1y gain (aDG), pouncls of total
digesi;ible nuirj.ents (t¡i{) consu:red pei þoru,rd of weight
gained, r^reight per d-ay of age to the end of the feed"lot
l_uqt_, hair sample rueight, hair f ibre length , inai'r f ibre'bhiclmess, and- number of hair fibres per so,úare inch. The
follor,¡ing relationships r,rere determined- on a irithin-strain
basi-s: hair traits to ¡tDG and- TDi'ii consruned per llourLd- of
i^teighi gained-, hair traits to each other, :lDG to TDi,[
consu:ned per poultd- of r,'reight gained_"
_ In general, lïereford, Ilighland X Hereford-, and I-iere-ford )C l{ighland calves significantly exceeded I{ighla.nd. calvesin aDG and in r,veighi per day of age to 'bhe end of the feecllottest, r,,ihile consui'nj-ng f er,+er por.rnd-s of TDIí jler pound- of r,ieight
gained-" Iiighland- calves significantly su.rpassed- cal-ves of tne
other stralns in hair fibre l.ength, hair sample iveighte andhair fibre thickness. Each of the ieciprocal crosses signif-
icantly exceecled the llereford- in hair fibre length and halr
sarnple r"eight. There r¡ere no significant mean d.ifferences
anong strains in nur¿irer of hair fibres per scr,uare inch.

The significant coruelations and. regressions aroonghair characteristics shor^¡ecl- that (1) both the number of hai-rflbres and hair fibre length affected hair sample l,,reight , (2)
there was a clirect relationship betr,¡een hair fibre thickness
and hair fibre length, (3) ttrere r^ias an inverse rela'bionship
betr¡een halr fibre thiclcness and nu¡nber of halr flbres per
sort-lat:e inch.

A significant inverse relationsirip existed- l¡etl¡een
sÍlG and ÎÐii consr,-r*ned per pou.nd of r^leight gainecl,

No significant relationships t¡ere fouird. betlieen a.nyof ihe hair cha"rac-berlstics and- either l.t.DCì or TDIii consr,,rned-
per pound of r,reight gained-"

There l'¡ere no signlficant oifferences betr,¿een the
liighland- ,.{ iiereford- ancl ijereford- .,{ Iiighland_ j-n any of the
perforrnance trai-ts.

¡stimates of per cent heterosis in rcerformance traits
l.Jerer :iDG, 3"2; TDIü consu:ned iler poiind of r,reigirt gained_ u 3"7;r,ieight per d"ay of age,io the end of the feecllot test, 8.2;hair fibre lengt!, 1.5; hair fibre thlclmess, O"Ti náir
sample r'"eightr -3"0; numþer of hair fibres per squ-are inch,
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CITAPTER I

TIII¡ PROBLEI'I JIND DEFINITION Otr TERI.{S

I. THE PROBIEM

Introductiqn-!g tþc -Uro-þlerû" The i'festern rangesr oh

itrhi.ch large herds of cattle are maintainedr consist of vast

tracts of grassland which offer relatively lovr carrying

capacity and little protection from inclement t¡¡eather. Range

cattle receive mi-nimum feed and care during ihe wi¡ter and

often are subjected. to poor sumner grazlng conditions as a

result of overgrazíag or d.rought" Outstand.ing rustling
ability and winter hardlness, thereforer are required by a:r

animal if it is to have a long aird producti.ve ].ife in a

range herd.

Project 51.01,03? entitled. 'rA comparative study of

Highland and. Hereford cattle and their reciprocal crossesrrl

T¡Ias lnitiated. at the ExperimentaL Farm, Irtanyberries,

Alberta, in L956. The objective was to determine if Hlghland.

and Hlghland-IIereford. eattle differed significantly from

Herefords Ín hardiness and produetivity und.er Alberta range

condltions. The Hereford is noted for its rustling ability
on the range and the Seotch Highland for its hardiness in
the cold, damp, mortntainous regions of Scotland. This study

is based. on some of the data collected. for Project 51'01'03"
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Th_e_BqpÞ.1e_@_jst_a!e_ê-. It was the purpose of this study

(1) to conpare the performance of four strains of beef

cattl-e (flereford, Highland, Highland X Hereford, and Here-

ford. X lIighland) in each of seven post-vreaning trai.ts (feed-

J-ot average daily Baj-nr pounds of total d.igestible nutrients

consuroed. per pound of weight gained, weight per day of age

to the end. of the feedlot test, hair sample weight, hair
fibre length, hair fibre thiciaeessu number of hair fibres
per square lnch); (2) to determÍne the withi.:r-strain associ-

ation of each hair trait to feedlot average daily gain and

pounds of total digestible nutrients consumed. per pound of

weight gai.nedt (3) to determine the within-strain associa-

tion of the haj.r characteristics to each other; (4) to
determine the withi.n-strain associati.on of feedlot average

daily gain to pound,s of total digestible nutrients consrrmed

per pound of weight gained.

Inpoqlance gl_.Þhe_ stqdv, Basic infornation is lacking

about the response j.n individual traits and also in overall
perfornance of Highland, I{ighland X Hereford., and. Hereford X

Highland strains of cattle. An objective appraisaL of each

strain j-s achieved by comparing its performance to that of

the pred.ominant range breed--the Tlereford,

A simple, effective measure of the hardiness of

cattle is needed as an aid to the seLection of breeding



stock where climatic conditions are severe. It is important

to lcrow whether any of the haj-r coat characteristics under

stud.y is a possible indicator of rrinter hard.iness. I¡Jinter

hardiness will be measured in terms of the relationship
between each of the hair traits and average daily feedlot
gain or pounds of feed consumed per pound of weight gained.

tiqitaÍjo¡E- _oli the_-SË_udy. 0n1y a part of the overall
performance of the various stralns ls belng studied" Certain

of the traits (feedlot average daily gain, pounds of total
d.igestible nutrients consumed per pound of welght gained,

weight per day of age to the end. of the feedlot period) are

of recognized economic importance" Strain comparisons of

these traits will yield valuable information for breeders

and feeders.

The stud.y of the four hai r charaeteristics must be

termed. basic research. Horrrever, the relationshÍp of each

hair characteristic to each of feedlot A,DG and pounds of TÐIiI

consumed per pound of weight gained is an important eonsi.der-

ation in the search for an indicator of winter hardi¡ress.

This study is based on the performance of steer

calves r:nder feedlot conditions. No heifer calves were

included. in these tests. The longevity and lifetime produc-

tion records, which would gi.ve a good. estimate of the hard-
j.ness and rustli-ng ability of cows, are not consid.ered. here.



II. DEFII\IITÏON OF TEiì}'ÍS USED

ldhen strain crosses are indicated the breed. of the

sire is named. first. For example, a Highland. X Hereford

animal is the offspring of a Hlghland sire and a Hereford

dam.

The terms S] ¡ 52, 53, and 54, herelnafter, will be

used. to designate the strains Hereford, Highland, Highland X

Hereford¡ ând llereford. X Highland., respectively.

The termr Y1 , Y2, T3, and Y4r herei.nafter, will be

used to designate the caLf crops born in L957, L958, I959t

an¿ 1960, respectively.

The term TDN, hereinafter, will be used. to designate

the three word.s--total digestible nutrients.
The tern ADG, hereinafteru will be used. to designate

the three words--average daily gai:r.



CHAPÎER ÏI

P,EVIEI^I 0F LITEÏUTTURE

The theories of heterosis and crossbreeding are dis-
cussed here only briefly, but their appLication to breeding

programs is demonstrated in the results of severaL cross-

breedÍ-ng experiments. Although a history of the parental

breeds is reported, 1itt1e is krroqrn of the perfornance of

the Highland or the reeiprocal crosses lnvolvlng the lllgh-

land, especially under 'l¡testern range coaditions. Reports on

hair coat characteristics describe the physical properties

of the hair eoat and sometimes their relationship to heat

or cold tolerance.

T. LÏTENATURE ON THEONIES OF Hf,TEROSTS AND CROSSB1ìEEDING

Shull (l.952) d.escribed. the heterosis concept as being:

. . . the Ínterpretatlon of lncreased. vigor, size,
frultfulness, speed. of d.evelopment, resistanee to dÍsease
and to insect pests, or to clinatic rigors of any kind,
manifested by crossbred organisms as compared with cor-
respondlng inbreds, as the speeific results of unlike-
ness in the consti.tutions of the uriting parental gametes.

Lush (194Ð interpreted crossbreed.ing to mean the

nating of trtro animals u¡hich rrere both purebreds but belonged

to different breeds, and suggested that the mating of a

purebred sire of one breed to a high grade fenale of aaother

breed could also be termed crosslreed.ing. trqljnters (Lgfu)
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suggested that crossbreeding promotes the pairing of unLike

genes and that the purpose of a single cross is to i¡rtroduce

new genes to a closed. population. He observed that a closed.

population could be either a closebred farnily or a breed..

þJj:rters (19fu) referred. to a U.S.D.A. experiment by Rhoad

and Black in 1943 1n lrrhich Brahman were crossed. r+i.th Angus,

Shorthorn, and Hereford. The hybrids proved to be bet'ber

suited to the Gulf Coast region than either parental breed

because of their superiority to the Brahman i¡r carcass

quality and to the British breeds in abillty to reslst high

humldity and tenperature.

A.n appraisal of the section on the theories of heter-

osis and crossbreeding indicates that it is possible, through

a crossbreeding program, to introduce ner^r genes into a closed.

population and to produce animals with greater adaptabllity
to a given envj.ronraent than that enjoyed by either of the

parental breeds.

II. IITERA.TURE 0N HfSTOïìY 0F TIilrl PAFEllTli,L BF.EEDS

lvlacEwan (19+1) d.escribed the Hereford as being an

early developing breed., with cor¡rs weighing 1200 to 16OO

powrds and bulls weighlng 1700 to 22OO por:nds at maturity"

Ile claimed that the Hereford is unsurpassed as a range breed

and noted that the Hereford dominates the Alberta range.

Briggs (L95f) credited the Hereford with the capaeity to
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r,¡ithstand heat, d.rouglrt, and cold saiisfactorily, and aLso

r,¡ith an unsurpassed. rustling ability. Vaughan (1950) report-
ed that although i¡. some of the severe uinters before the

l9OOrs the llereford suffered consi.derable losses, it was the

consensus of opinion that it stood -t he test better than any

other known type. He observed that, in the opinlon of

Charles Gudgell (a pioneer Amerlcan Hereford. breeder), the

ability of the Hereford to v¡ithstand, rigorous conditions was

due mainly to its capacity and diligence in lay1ng up stores

of flesh on which it couLd draw when hardship presented

itself.
I'IacEwan (191+1), Vaughan (L95O), a.:ed Brlggs (IgíL)

believed, the tlest Highland or Kayloe to be d.escended from

the CeLtic bLack catble. They reported that the t¡Iest Hlgh-

land was native to the coLd2 damp, mountainous regi.ons of

ScotLand where it had gained a reputation for extreme hard-
j-ness, lvfacEwan, and also Vaughan, rated the Highland as

being slol¡r to medlum in rate of growth, with mature weights

in the range of 8OO to L100 pounds for coro¡s and. 11OO to L5OO

pounds for bu11s, Brlggs reported that Highlands had been

tried oa the ranges of l{ansas, l'{ontana, and lrlyoming 1n the

early 1900rs and were considered to be hardy but lacking the

beef producing qualities of the more common breeds. i'facEwan

indicated. that Highland bulIs had been used. on range herds

durlng tlnat same period and that the crossbred steers



produced had. fair size, valuable rustling qualities, and

good fattening tendencies.

The above descriptlons suggest that (1) the Hereford

is outstanding in rustling ability¡ and is as winter hardy

as any of the conmon range breeds i (2) the HighLand has a

reputation for outstandlng hardiness i¡a an environment of
co1d, d.amp elimate ancl rough, mou¡rtainous terrain. This is
in contrast to the dry, flat plains areas of the Western

range where this stud.y was i.nitiated. Some observati.ons

about the adaptabllity of the Highland to the tfestern range

rrere made, but were not supported by experi-mental evidence.

III. LITEP,ATUiI.E OJ.{ RESULTS OF CROSSBREED]II_G EXPERII'ÍENTS

Shai¡¡ and }4acEi'¡an (1938) used. Galloway, Shorthorn,

rlngus, and. Hereford cattLe to produce all possible single

crosses as well as the four pure breed,s. They reported that
crossbred steers had. a definite advantage over those of the

pure breed.s j.n rate of gain on feed. Gallorrrays rrere judged

to be the hardiest because the cows of that breed. required.

less special care in the r,¡inter and grazed in the open i.:r

weather in r,¡hich the cor¡s of the other breeds sought shelter.
Galloway and Gallonay crosses requi.red longer to achieve a
market finish on feed, however. Vaughan (Lg1O) suggested

that a close relationship existed betr"¡een Gallorrray and !,lest

ilighland cattle because tlrey origlnated. from neighbouring
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areas and were much alike i:r confornation, hair coat, and

carcass characteristi-cs.

Knapp and. others (19t|9) discovered. that Shorthorn -
Hereford. crossbred steers lrere heavi.er at weaning than

identically raised. purebreds, gained more in the feedlot,
and were heavier in final- feedlot weight--by a significant
margln in each case. Slight, non-signiflcant differences

favored, the crossbred.s in birth weight, slaughter grade, and.

earcass grade. Gerraugh et- al=" (195L) eompared- the feedLot

performance of Hereford, Angus, and the steers of the recip-
rocal crosses and found that the Hereford and the tr,¡o cross-

bred groups gaj:red more rapidly on feed than the Angus

steers. Holt (7955) summarized twenty-two published experi-
raents in crossbreeding beef eattle in r¡hich British, other

European t zebu, and ur¡improved cattle trere used, crossbred-

beef cattle had an average of 4.35 pey eent heterosis in
rueight and growth rate t 3"5 per cent in weaning weight, and.

1.0 per cent ín fi-:rished- weight. crosses between eommon beef

breeds consistently displayed hybrid. vigor in measured pro-

duction traits and the wider crosses shor,¡ed. the grea"ter

heterosis. Damon ejL al. (1961) used six breeds of bulls
(Brahnan, B; Brangusr BA; Angus, e; Hereford., H; Charolai.se,

Ç; Shorthorn, S) on fou¡ breeds of cows (8, BA, A, H) and

measured five traits on the crossbred. and strai-ghtbred

progenyo A significant or highly significant heterosis
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effect (;oercenta.ge by vihieh the average of the reciprocal
crosses exceeded. the average of the parentat breeds) was

found for lB0 day weight, slau-ghter grade, rate of gain on

feed., a.nd weight per day of age, but none for slaughter calf
grade. In rate of gain on feed B;{ H, rå. X B, and B X BA.

reciprocal crosses significantly exceeded straightbred-s,

while the heterosis effect of BA X H, Ä X B¡i., and. á. X H

crosses was not significant. In weight per da.y of age B X H,

a X B, BA X i{, and B X BA. crosses erhibited significant
heterosis while the À x BA cross showed. heterosis whieh was

not significant and- the /r - I{ reciprocal crosses actually
were significantly lower than the parental breed.s. Damon and

otlrers (L959) suggested that the performance of the Angus

and Hereford breed.s and their reclproeal crosses showed that
there was little or no advantage to be gained. from crosses

between tl:ese breeds in rate of gain, weÍ-ght per day of age,

and earcass grade. There were no significant d.ifferences

among the weights per day of age of steers sired by char-

olaise, shorthorn, Brahman: or l{ereford bulls. The weíghts
per day of age of steers sired by l3rangrr-s and .a.ngu-s bulls
were significantly loirer than those of the steers by the
other four þreeds of bull-s. There were no signifieant dif-
ferences among the r^reights per d.ay of age of the steers

ra.ised by the four different breeds of colds. steers sired by

shorthorn and. charolaise bu1ls averaged a greater rate of
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gain on feed. than steers sired by Brahman and Brangus bulls.
Steers sired by ilereford ancl ^A.ngu.s bulls had an average rate
of gain that was lntermed-iate between that of the other two

groups.

ïn the crossbreeding experiments revier¡¡ed in this
section, significant effects of heterosis were recorded for
most of the traits studied. The wider crosses showed. the

greater heterosis. fn situations u'here the basic genetlc

materiaL of the parental breeds tras apparently si.milar, the

crossirreds showed non-si-gnificant heterosis and even an

effect opposite to heterosis. It was suggested that the

Galloway and llighland had a strong genetic similarity.
Hardiness and vigorhrere attribu'r,ed to the Galloi+ay t a!-
though i.t required a longer feed.lng period Ín order to reach

a market finish. ff the suggested llighland and Galloway

simil-arity is correet, the same performanee may be expected

of t,he l{igh1and. The genetic diversity betvreen Hereford. and-

Highland, holrever, may i+ell permit the expression of heter-
osis in the reciprocal crosses.

IV. LÏ'TT]FIq.TURE ON TTÂIR CO/ì.T CIL{P,ACTJJiì]STICS

Shrode and Cartwright (L95O) obtained. correlatÍon
coefficients between respiration rate and number of hair
fibres per r:nit of skjrr area of -0.68 and -O"72 for Brahman

and Jersey cattle, respectively, and. concluded that the
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density of the hai-r coat may be a useful inclication of heat

toLerance. Peters (L962) recorded hair sample vreight anci-

density of the hair coat and observed tha.t the cattle with
tT¡e best perforrnance did not necessariry have the thickest
hair coats. Logan and sylvestre (Lg1o) reported. on the re-
duction in feedlot gain during cold period.s in three grou.ps

of calves. The grou.p v¡hich sufferecl the least reduction in
gai:r had the heaviest coat and the finest hair. There r,¡as

no significant difference between the other two groups in
coat density and fineness of hair although there was a sig-
nificant difference j.n reduction of gain during the cold

spe1ls.

Lee (L953) stated that the toLeranee of noany aninaLs

to col-d is closely assoclated l,¡ith tlre depth of the eoat. He

listed several mechanieal consid.erations luhich would help to
deternine the value of a eoat, including the ease r,.¡ith r,rhj.ch

the coat is disturbed, its resistance to separation, its
matting tendency, and its resistance to coüpression. He sug-

gested that density of fibres, fibre curvature, fi-bre thiclc-
nessr and fibre length were important hair characters.

AdditionaL records which he recommer¡d-ed be taken to cornplete

the overall appraisal- lrere: body temperaiure, respiration
rate, work capacity, reproductive capaci-ty, free behavior
(loose or confined), âgêr sex, breed, health and eondition
of the animal, location and d.ate of any tests, and the
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mana.genent practi-ses invc¡lved. throughout. Hafez et g!.
ft955) su.ggested. that in both tenperate and. tropical zones

the therrnal ecluilibrium of aniurars is controll_ecl by the
density, length, and color of the hair coat, and that the
arnount of heat loss from the surface of the coat is in-
versely related to the hair length. schleger and Turner
(tg6o) believed that of the characters contriþuting to coat

type, the most important were depth of coat, halr d.iameter,
per cent medullated hairs, and maximum length of fine hairs.
They obtained a comelation of o"21 between growth rate and

coat type.

The foregoing indicates that several workers have

stu-died the physical pro.oerties of a hair coat. Three of the
characteristics being exarnined in this stu-cly (hair fibre
lengthr hair fibre thiclcness, nu¡nber of hair fibres per

soru.are inch) were considered by rnany to be among the most

important. Others have studied the effect of coat color and

med.ullation of fibres. a classification of coat type, ijl-
volving several characters, was consid,ered. necessary by

some researchers, r,¡hile others recommended. a complete

appraisal involving the study of a nr-mber of physical and

mechanical properties along v¡ith a d.etailed. history of the
envi.ronment of the tested ani.mals. A sirirple effective test
of winter hard-iness j.s still required..



CHÄPTER III

SOURCII OF DATÀ, EXPERTI,ÍENTAL TECTINIQTIE

r. SOUNCE OF DÁ.TA

Project 51"01"03, rra comparative study of Highland
and- Hereford cattle and their reciprocal crossesln trl.as

i¡eitiated in Lg56 at the Experimental Farm, luianyberries,

albertan rn this pro ject, registered Hereforcì. ancl Hlghland
bulls hrere bred. to both hlgh grad.e Hereford and- registered.
Highland cows. .4. total of ll5 heifer calves and lol bull
calves were produ-ced in the catf crops born in L95Z¡ L95B¡

1959, and L96O. The heifer calves were retaj¡necl for breeding
on the projecto Alt of the maLe calves r¡Jere castrated. and.,

foLloruing weaning, were placed on a feed.lot and carcass

test. i,Jeight galns, feed consumption, hair coat character-
istics, and carcass data r{rere record.ed. part of the d.ata

collected on the test forms the basis for this stucly. The

number of steer calves of each stra.in and year, used. in this
study, is shovne belor,¡:

Y]
Y2

Y-
J

Y4

Total

qraôo1 s2 s3 54

11 665
6284
7633
Bz11 B

3Z 2L 28 20

Total
28

20

1g

3Ll-

101
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The fowrd-ation grade llereford colds and. some of the
Hereford- and lfighland bulls T¡rere raised. at the Experimental

Farm, Manyberries. Ilereford burls were purchased from oregon

State College; S. C. WÍlliams, Claresholm, Alberta; A. A.

ivÍitchellr Lloydminster, saskatchewan. The first and. largest
group of Highland- cows was obtained from c. shoop, Brorrrning,

l,lontana. Later purchases !üere made from B. Beruy, Belvidere,
South Dakota; G. IloLmes, Decker, ÞIontana; Mary Lindsay,

Greenstreet, Saskatcher¡ran" I{ighland bulls were purchased

from C. Shoop; i'lary Lindsay; Cn S" pettit, Credit Forks,
0ntario; A" Besler, i,.,Jetaskawin, Alberta.

ïf . EXPERIIvGi$TIiL TECHNIQUE

Management. Each year different bulrs were used. for
breeding. cor¡s r¡¡ere culled only if they failed to calve in
each of two successive years, or if they sustained an injury
which interfered with normal reproduction. at no time were

calves culled from this study.

itrach year the calves hrere born between April 1 and

T{ay LJ. I'lale calves were castrated j.rÌ Junel ârÌd- were weaned.

on l{ovember 1" calves rìrere allolred. a preliminary feeding
period jn r¿hich to become accustomed to grain. They rÄrere

started on the feedlot test January 6, L7SB; January Zt

L959; Idovenber L3 , L959; irÌovember 11 , L96O.

Twice daily, from B to lO A..lvl. and 3 to 5 p.lul., the
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calves hrere fed in ind-ividual stalls inside a steel shed.,

I'fhen not feeding, the cal-ves had aecess to a small pen vrlth-

in the shed and a1so, through a large open doorway, to an

outdoor pen suruounded by a high board fence. lfhile partially
sheltered from the wind, the calves were exposed to the cold.

weather even while feedlng.

At the begi:rning of the feedlot period, each calf
received a daily allowance of two por.rnds of r¡¡hole oats. Thj.s

Ìias increased gradually until the calves T¡rere leavi.ng oats

in their feeder.s. Then the ration was changed to 2 parts

rolled oats to 1 part rolled barley, by weight. å.fter eight
weeks the ra.tio v¡as changed to equal parts oats and. barley,
r"¡hile after tr¡¡elve weeks the ratio was ehanged. to 2 parts

barley to 1 part oats. The grain portion of the ration re-
mained at that ratio until the completion of the test" The

hay portion consisted of 2 parts grass hay to I part alfalfa
hayr by weight r throughout the f eedlot period. Feed consllmp-

tion records were kept for each calf.
All the steer calves were held in the feed.Iot r.¡ntil

the Herefords rrere judged to have reached a market finish,
at wh.ich time all the calves were shipped for slaughter. The

duration of the feeding period in d.ays uas ZO3t Z2+r 254¡

and 2t+1 in Lg5B, L959, L95g-6o, and" a96o-6t, respectively.
Cal-ves tr'reue weighed at the beginningr at two week

intervals throughout, and at the end of the feedlot period.



Ðeqc¡c:iBlion_ of traits. Feedlot ÄDG was

17

determined by

dividing the total gain in vreight during the feedlot period.,

by the d.uration of the feedLot period. i.n days.

The weight per day of age to the end. of the feedl_ot

perlod was determined by dfviding the total live weight at
the end of the feedlot period, by the total age in d.ays.

The daily consumption of grass hay (predominantly

crested r'rheat), aLfaLfa hay, barley, and oats r¡¡as recorded

for each animal" Coefficients used. to deternri-ne the percent-
age of TDI,I aval]able to ruminants from each type of feed

were taken from Tables of Feed Composition (fg5Ð, The

coefficients i/¡ere 0"60 for oats (U.S., all analyses), O.TL

for barley (U.S",all analyses), O.tO for alfalfa hay (aLl

analyses), and O.50 for lrheatgrass hay (al} analyses). The

number of pounds of TDN consumed r¡as then divided by the
nunber of powrd-s of weight gained throughout the feedlot
perlod, to establish the trait labelled pound-s of TDN con-

su-ned per poru?.d of weight gained.

In mid-February, j,:r each of the four years of the
study, hair samples r¡ere clipped from the mid-rib area on

the left side of each animal. a section of teeth, one-half
Ínch in length, hras removed from each clipper blade. One

verticar and one horizontal sT¡reep rtrith these clippers iso-
lated a hair sample one-oJ.arter of a square inch in size.
This v¡as clipped off and placed jrr an envelope" a.11 the hair
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samples were forwarded to the i¡iool I¿boratory at the Re-

search Station, Lethbridge, irrhere the various measurements

I4lere madeo

The weight of each sample nas caleulated in terms of
the milllgrams of sample per square inch.

The ni-¡mber of hair fibres was recorded on a per

square inch basis.

The average hai-r fibre length for each animal r,¡as

recorded in millimeters,

The average hair fibre thickness for each animal was

recorded. i¡r microns.
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I'MTI{ODS OF Ai\TALYSES, NtrSUËTS

A separate section for eaeh of the post-rreaning

traits under study is included irr this ehapter. Ä,nother

section is d.evoted. to the discussion of sinple correlation
and regresslon coefficierrts,

Each of the four hair traits, f eed.rot ¿.DG? and. pounds

of TDiti consumed- per pouncl of r,,reight gained- r¡rere analyzed on

an intra-strain and intra-year basis,

rdeight per day of age to the end of the feedlot test
was analyzed on ar¡ intra-strain, intra-year, and. intra-age-
of-d.am basiso Dams were classified into groups which were

2, 3r l+r 5-7, and 8+ years of age"

Except in the analysis of weight per day of age to
the end of the feedlot test, the regression of each trai.t on

initial feedlot r*eight was the first analysis conductecl

rrrithj-n each section. The subsequent analyses in each sectioa
resulted i¡r estinates of the strain mean differences and

their significaneeo

The mean of st was determined for each trait using
the formula sx,/n. The strain mean difference between sp and

each of srr s3, and. s4 was calculated on an intra-year basis
for each of the hair trai.ts, feedlot a.DG, and por:ncls of TDN

consu¡ned per pound of weight gained, and on an intra-year
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and intra-age-cf-d.am basls for weight per day of age. To

establish the ad.justed strain means, the estimated, strain
meån difference between S1r and each of S2r 53, and 54 was

added to or subtracted from the mean of S1r as indÍcated.

All methods of analyses used trrere taken from Snedeeor

(191+6). Detalled examples of all analyses mentioned, ln
Chapter IV (exeept the nethod. of ftttÍng of constants to a

two factor table with interactlon negligible) are found in
the Append.ix. The Llst of Examples is found on page x" Some

of the data for haír fibre length are used to shor',r the

nethod. of weighted squares of means r¡iith interaction present

(Example XII), For all other examples, the data for pounds

of TDN ccnsumed per pound. of weight gained are used..

IO FEEDLOT ADG

A ccvariance analysis was performed. to d.etermine the

regression of feedlot ADG on initial- feedlot weight. there

was a non-signifieant regression of O.0003 pounds of feed-

lot ADG per pound of increase in initial feedlot weight.

Heterogenelty of regresslon was non-signiflcant" The yearly

strain means for feedlot ADG (Table I, page 22) were sub-

jeeted to an analysis of variance which indieated that
interaction was non-slgnifieant and. that signifleant
(P<0.01) d.ifferences existed. for each of strains and years,

The nethod of fitting of eonstants to a t¡¡o factor tableo
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interaction negligibler wâs then follorued and interaction
proved to be non-significant, while both year and. sirain
effects lrere significant (p<o.or). All possible strain coû-

parisons hrere mad.e, using the nethod described for dispro-
portionate subclass numbers in an R x 2 table r,¡ith inter-
aetion negligible. The estirnated s'crain mean dlfferences ia
feedlot AÐG are shorqn j:r Table rr, The adjusted strain
averages for feedlot aDG r¡rerer s1, 1.86 pound.si s3, l,B5
pou-irdsi Shr L,7l poi:ndsi 52, L.59 por-rnds. Each of Sp 53,

and s4 significantly (P. o.0l) exeeeded s2r and s, signif-
icantly (p< o.05) exceed.ed s4 in feediot ADG. There were no

significant dÍfferences between fi, and S, or S, and S4 Ín

feedlot á.DG,

rI' POUI\]DS OF TDi{ CONSIIEItrD PER POIII'IID OF T,íEIGIIT GITITI]ED

a covariance analysis ruas performed to determine the

regression of pounds of TDN consu¡ned per pound of weight
gained on initial- feedlot r,reight. There r,ras a significant
(P< 0.01) regression of o"oo42 pound.s of TDN consumed per

pound of weight gained for each increase of one pound. in
initial feedlot r,reight. Heterogeneity of regression ainong

subclasses l¡as non-significant" The curvilinearj.ty of the
regression r,¡as tesied using ,"i2 as the second. ind.ependent

variate. curvilinearity was non-significant" Becau-se the

regression proved to be significant, homogeneou.s, and.
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TABTE I
yEARLy STnAIN IIEANS 0F FEEDLOT ADG ( p0IlNDS )

S1 82 s3 srl Total

Y1

y2

Y3

Y4

1,61

2" 1l_

L, 93

1"gh

L56
1.86

1,57

lrr2

1" 83

r.96

L.86

1.89

L"6tr

2" Ol

t"65

L" 82

6 "6)
7.*
7.OL

7.L7

Total 7.59 6.57 7 "l+ 7 "L2 28"76

TABLE II
ESlïrvfATED STRAIN MEAN DIFFERENCES IN FEEDLO ADG ( POI]NDS )

s1 s3 s2s4

s1

s3

s4

s2

.003
" 101+

. o8g

.2fg*x

" 288**

. L/3**

+ P< o.o5
** P< 0.01
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linear, the average regression coefficlent of o.ool+2 and the

average ini-r,iaL feedlot weight of 396 por-mds were used as

the bases for the adjusinent of alt values of pound.s of TÐlü

consuned. per pouil.d of weight gained. Iilei,,r s)(, sx2, (sx72¡n,

and Sx2 values lJere calculated for por:nds of TDiri consumed.

per pound of weight gained, Table rrr shor,¡s the adjusted.

yearly strain neans for powrds of TDr{ consumed per pound of
weiglrt gained. The adjusied yearly strain means were sub-

jected to an analysis of varianee. rnteraction effects were

non-signifi-cantl but significant straj¡r (p<O.O5) and, year
(P< 0.01) effects rjrrere indicated" The method. of fittirls
constants to a two faetor tabl-e with lnteraetion negligible
showed that interaction effects were non-significant rr¡hile

straj.n and year effects were significant (p< O.O1). An

analysis utilizing disproportionate subclass numbers i_a an

R x 2 table r¡¡ith interacüion negligible was used. to deter-
mine the si.gnificance of the strain mean differences. All
posslble strain comparlsons lilere made. The results are shown

in Table rv. The adjusted strain averages of pound.s of TDi[

consumed. per pou¡r.d of i,reight gained. r\rere: s3r 5"Ll pounds;

51, 5.23 pound.st ,Sh¡ 5"28 pourd.s; Se, 5"55 pounds, 52

significantly exceed.ed 51 (p < O.Ot) and. S, (p< O.O1) in
powrd.s of TDtf consu:ned per poutld_ of v,reight gained." IiIo slgnif-
icant differences T/lere found betr,¡een S, and S4r 54 and S1r

st and s3 r s3 and s4 in por:nds of TDiir consumed per pollnd of



2È+

TABTE III
YEABLY STRAIN iqEANS 0F POUNDS 0F TDN CONSUI"IED PER P0UND 0F

ÎJEIGHT GAINED (BASED ON TDN VALTTES ADJUSTED FOR

DIFFEBENCES IN INITIAL FEEDLOT lÂlEIcHf )

s1 s2 s3 54 Total

Y1

Y2

Y3

Y4

, "gg
l+" 88

5.oo

4,66

6 "zo
\.gz
5 "5t
5 "o3

,*e
l.oz
4.gg

4 "62

I "73

I "o3

,.\6
l+.7L

23 "l+1

L9 "8'
20"96

L9.02

Total 20"13 2L.66 20"L2 20.93 83, år

T¿.BÏ,E IV

ESTIMATED STBAIN }{EAN D]FFERENCES IN POUÎüDS OF TÐN CONSM{ED

PER POUND OF i¡IE]GFTT GAINED (B¿SNP ON TDN VALTTES ADJTISTED

FOR DIFFERENCES IN INITTAI FEEDLOT WEIGITI )

s2 s4 s1 s3

s2

s4

S1

s3

"21 "l 2*

"a5

nl$**

"L6

"12

*
**

P < o.o'
P< 0"01
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weight gai¡red"

Atl strains of cal-ves lrrere taken off feed and slauglr-

tered r,¡hen S, was Judged to have reached a market flnish.
The resulting carcass grades v¡ere converted to nr¡nerical

valuesT and an analysj.s of varlance was performed on the
yearly strain means. 0n1y S+ did not differ significantly
from St fu carcass grade. 0n the average, S1 and SU reached

a good to cholce grade while S, and S, were lnferi.or by

about 0.1 and l.f grades, respectively, If lt is assumed

that beef cattre become less efficient in feed utillzation
as the degree of thelr fatness increases, then it must be

assumed also that the ad-justed. strain averages for pound.s of
TDN consumed per pound of r'reight gained- are underestinated

for 53 and S, because they passed. through only part of their
fattening perlod,.

ÏII" I,üEIG.TTT PER DAY OF AGE TO THE END OF TIIE FEEDLOT TESÎ

l,{eight per day of age is commonly used to assess

growth ln beef calves, especially when birth weights â,r€ ürr-

available. unless the calves being compared have been raised

in a common environ¡rent and are of liniform age, however, the

comparison may be meaningless. Accordlnglyr the flrst step

1n the determination of weight per d.ay of age figures was to
perform an analysis of variance of the yearly strai.n means

of age Ín days at the end of the feedlot test" The yearly
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strai.¡a means are shorrn below ¡

e
"z

+eT,o
46o"5
l+68. B
t+49.3

s1

465.o
48t.5
)63.7
45t.6

s3

46o"5
l+71.t+

+59.3
4tr2.O

sL+ Total

Yl
Yz

Y3

Y4

Total

l+6h,\-

l+87.8

)62.?
\46.1

L r856.9
r ìgol..2
]-1959 .5
L¡789.o

1r861.8 1r945.6 IrB33.2 1rg66.o 7 ?\,06"6

There r/üere no slgnificant strain or interaction
effects, although year effects ftrere significant (p.o.o1).
when no straj¡. differences viere j:rdicated 1n age in d.ays at
fhe end of the feedlot test, weight per day of age figures
were carculated usÍ:rg the method previousry descrlbed.

The averages of welght per day of age within-strain,
withÍn-year, and within-age-of-d.am, and the nunber of steers
withln each class are shown in Table v. rhe number of pairs
of age-of-dara groups, and the nr¡mber of steer calves on

whlch each straj.n eomparlson i.s based.¡ â,rê shown in Table
VIr page 28" The method. of d.isproportionate subclass numbers

in an R x 2 tabre with i¡teraction negllgible was used, and

all possibre strai:r comparisons mad.e. rhe estlmated straln
mean differences are given 1n Table vrr, page zB. The ad.-

justed- strain averages of weight per day of age to the end

of the feedlot test r¡Iere, s3, 1"82 pounds; sl , L.Z4 por:nds;

Shr L.73 por:nds; Se, !"fu por.rnd.s. Each of S1r

significantly (p. O.01) exceed.ed. S, in welght
"3t
per

and S'+
day of age
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TABI,E V

AVER/IGES OF ÌÀIEIGI{T PEN DAY OF AGE TO TTIü END OF TTIE FjlEDI,oT

TEST, ],.JITITTi{ ST}ìATI\J, YEAA,, AND AGE.OF-DA.ÞÍ

Dam 51 õÐ2 s4

(1)
(t+)
(1)

(1)

(1)
(1)
(3)

(3)
(1)

(2)
$)
(1)

Yl

L"g8 (1)

2.O2 (1)
7.79 rc)

v2

(1)

(3)
(1)

(1)
(1)
(1)
(1)

(1)
(2)

(3)
(2)

(2)

(3)
(1)
(1)
(1)
$)

(3)
(2)

(3)

(1)
(3)

(1)
(4)

(2)
(3)
Q)
(1)

v+

r" 50
L"47

L"53
L"60

2
3
LF

5-7
B+

2
3
Lt

,-7
B+

2

f,
5-7
8+

2
3
4

5-7
B+

1.10

1.111
1,t13
1"63

1. 83
T.7L

1"46

L.72
L55

1" 6l+
l"79
1" 6t+

r.g5
L.g5
2"L3
2.08
t"g5
!"79

:. t+3

r.53
L"6L

1"77
r"7g
2.00
1.91+

L.g4 (3)

r"72
f" 89

1.93
r"96

Y3

L,g5

L"92
L"70

L"67

r"67
1'91

1"91
l.8l+
L"97

2"og

(1)
(+)

Q)

L"7L (2)

1.4r+ (1) I.T3 (t)
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TliBI,E VI

iüïlI'tsER 0F PÄIRS 0F ÀGE-OF-DÄÞI GRoUPS AND N1JMBER 0F STEERS,

oN l'lHrcH aRE BASED sTti*.rN COMPARrSONS FOR I¡rErcHT PER DAy

OF AGE TO TTIT' Ei{D OF THE FEEDLOT TEST

Pairs of age- Nurnber of
of-dam groups steers

S, versur 52

S, versur 53

S- versus S.I+
S, versu" 53

S, versut 54

S, versur Sh

B

10

9

B

7

B

37

It
32

33

3r

31

TABI,E VII
ESTIJVÍATED STF]IIiV }[TAN DIFFEREiVCES IN hiEIGIil PER, DÁ.Y OF AGE

TO THII END OF TITE FEEDLOT TEST

s3 st s4 se

t3

s1

sLf

"2

"O79 .1O3 "282,F*

.006 .L)J**

.2J2**

'l<* P < 0.01
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to the end. of the feedlot test. No significant d,ifferences
were found among the other strai¡e means. No straj:r x year

interactj.on effects were apparent in these comparlso¡¡s.

IV. HAIR FIBRE I,,ENGTH

A covarianee analysls was performed to deternine the
regression of hair fibre length on i.¡ritial feedlot weÍ.ght.

There hras a rofl-slgniffcant regression of -O.O1O1 mi.llineters
of hair fibre rength per pound. increase in initial feedlot
weight. Heterogeneity of regresslon vras non-significant. The

yearly strain neans for hair fibre length (ta¡le VIII) wer.e

subjeeted to an analysi.s of varianee whlch i¡rdlcated signif-
j.cant (p.0"01) straÍn, year¡ and interaction effeets. all
posslble strain eomparisons rrere made. The nethod. of dis-
proportionate subcLass nr:nbers i:r an B x 2 table with j¡rter-
action negligi.bLe was used to deterrnine the strale mean

differences between s, and s, and also between s, and s4.

With all other deterni¡¡ations of the straln mean d.ifferences,
the nethod of welghted squ.ares of means was used because

lnteraction was present" The estinated strajn mean dlffer-
ences are shown in Table rx. The adjusted. strajn means for
halr fibre length werer s2, 6L.5 nillineters; sb, 5r.! nilLi-
metersi s3, 49.5 milllmetersi sr t 37"6 nilrineters. s2 sig-
nificantly (P < o.01) exceed.ed each of sp s3, and s4r while
each of s, and s4 signifieantly (p< o"o1) exceeded sr. rhere
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TA,BI,E VIII
ICARËY ST1ìATN þTEANS OF HAIR FIBAE I,ENGIH (Mrr,rri.ffirENS)

s1 se u3 s4 Total

Yl

Y2

Y3

gt|

37.r

34.2

35.8

42"2

56.2

53"5

62,-4

70.6

43.0

46.3

,6.5

5L.3

54,4
111.1

58.B

119"3

r90.7

]-75.L

2r3 -,
er3.4

Total 1t+9.3 z4z.T lg7.l 2o3.6 792.7

TABI,E ÏX

ESTIFIATED STRq.TN ÞIOA.N D]FFERENCES IN HAIR F]BRE

LEIIGTH (ltrllriq¡rpns )

s2 s4 s3 s1

se

ê
"l+

U^
J

st

9"78** 11.\-o**

"99

2l,99+*

11. lB+*

11.95**

*8 P < 0.01
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iÀras no significant strain mean difference in hair fibre
length between S, and. S4.

V. HAIR FIBRE THICKI{ESS

a covariance analysi-s was performed to deterroine the
regression of hair fibre thickuress on initial feedlot weight,.

There \,r¡as a non-slgnificant regression of -O.OO5Z microns of
hair fibre thicbress per polind of increase irr initial feecl-

lot weight. The yearly sùrain means for hai.r fibre thichress
(ra¡te x) !üere subjected to an analysis of variance whlch

ind.j.cated that lnteractÍon was non-sÍgnificant although both
strain and year effects were significant (p<o.01). The

method of fitting constants to a two factor table wlth j.nter-

action negligible, shor¡ed i-nteraction to be non-signiflcant,
while both strain and year effects lrere slgnificant (p< o"o1)"
an analysis i¡volvlng tire use of disproportionate subclass

numbers i¡r an R x 2 table with i¡rteraction negliglble was

used to determlne the slgniflcance of the strain mean dÍf-
ferences. all possible straj.:r comparisons were nade. The

estÍnated strai¡ nean differences are shown in Table xr. The

adjusted straln means for hair fibre thÍclmess were z s2t 36.0
microns; s3r 35.o mi.cronsi sr+r 3l+.3 micronsi srr 32.B nicrons"
st had significantly greater hai.r fibre thickaess than s4
(P<o.05) and s, (P<0"01), while s, also exceed.ed s, signif-
icantly (P<O.01)" Strain mean d.lfferences between S, and 53r
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TABI,.E X

YEARTY STNAI¡T },IEANS OF HAIN F]BRE THIC]iI\MSS (MTCTIONS)

st s2 s3 s4 Tota1

Yt 3o"g 32.r 32.4 33.4 tz8. g

Yz 33 " 2 32.3 3T.o 34" 6 142.1

5 32"9 38.5 35.9 3l+"1 1t+1.4

v4 3\-.9 37.? 36.L 35.7 1\4.4

Total 131"9 L45.6 141.4 132. B 556.2

TABI,E XT

ESTI}TTATED STBAIN I"IEA¡I DIFFERENCES ]iv EA.TR FIBRE

THICIS'{-ESS (ttrCnolus )

s2 s3 sh st

a
"2
a
"3
sh
(!
"1

L"O7 L.67* 3 " 19*,*

"7! 2"t-g+tr

t.48

* PcO"05
** P< O.01
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54 and S1r S, and 54 were non-signi.ficant"

vI. NUI'tsEB 0F HAIR FIBRES pER SqUA.AE IIICH

a covarlance analysis was conducted to d.etermine the
regression of number of hair fibres per square j¡.ch on

initial- feedlot weightn There was a non-si.gnificant regres-
slon of 2.U85 hair fibres (per square inch) per pound.

lncr'ease in initial feedlot weight. The heterogeneÍty of
regressi.on r¡ras non-significant. lhe yearly strajn means for
number of hair fibres per sqlrare inch (fa¡le XII) were sub-

jected to an analysis of variance whlch indicated that
lnteraction, strain, ancl year effects rùer-e all non-slgnifi-
cant. The F value for interaetion, hov¡ever, closely approach-

ed significance at the 5f, leveJ, A.lthough strain mean

differences were not signiflcant, each of the other stralns
was compared to s, to determine the adjusted strain averages

in nirnber of hair fi.bres per square inch. as straÍ:r x year

interaction was slgnificant in each comparison, estirnates of
strain mean differences (table XIII) rüere made by d.etermining

the differences between the averages of yearly strain neans.

Each of the strai¡. nean dlfferences was then added to the

strain average (sxln) deternined for sr. The adjusted straln
averages for number of hair fibres per square inch were:

St, 5ZZ+ hair fibresi S3 ¡ 5093 halr fibresi Se, 506+ hair
flbresi S+, +678 hair fibres"



34

T¿IBLE XII
YIi]ARLY STF.A.TN TViEANS OF NU},ßER OF }T1i]R FIBRES PER SqUARE TI\ICH

s4s1 s2 s3 Total

Yl

Y2

5
Yt+

5 1482

5 ¡2o3

6,7+g

3 r7ro

5 rfu7

5 1376

4, \.o6

5 rol7

5 1297

5 r3t7

4 1639

5 ¡2a7

5 ßo7

5 ro67

3 fi97
4 ??29

21'333

20 t963

L9 r79t
18, 7O3

TotaL 21r181+ 20,346 20 1460 18, Boo Bo r79o

TABI,E XIIT
ESTII{A.TED STNAIN ]"IEAN D]FFERENCES IN AIU}TBER OF HAIR FIBP,ES

PER SQUAFT ]NCH

alJ1
J

s1 ê
"2 sb

s1

S^

se

s4

181"0 209.5 596.o
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VII. HAIR SATTIPI,E I.IEIGHT

a covariance analysis was performed to determlne the

regression of halr sample weight on i¡iitial feedrot weight.
There was a non-signiflcant regresslon of o.1238 nÍ11igrans

of hair sanple weÍght (per sqllare inch) per pound. lncrease

in i¡it1al feedlot welght. The heterogenei-ty of regression
was non-significant. The yearly straln neans for haj-r sample

welght (table xrv) were subjected to an analysls of variance

whlch indicated non-signlficant lnteraction and year effects
and significant (P<0.01) strain d,ifferences, The ¡oethod of
fitting constants to a two factor table, lnteractj.on negli-
gible, confirmed that j.nteraction and year effects rirere ooo-

significant and strai¡¡ effects slgniflcant (p< o.o1). ¿11

possible strain comparlsons hrere made usj¡g either the method

of disproportionate subcrass numbers in an R x 2 table with
interaction negliglbler or the method. of weighted squares of
means with interaction present. rhe estimated strain nean

differences are shov¡n j.n Tabre icr/. The adjusted. strai-n

averages for hair sarnple weight werer s2, 559.3 miJ-ligrams;

srrr 389.+ nllligrans; s3, 385.7 nilligrams; sl t 239.5 milli-
grans. 52 significantly (P<o.o1) exceeded each of 51, 53,

and S4r while each of S, and 54 significantly (p<0.01)

exceeded St' There was no significant strain mean difference
between S, and Sr* jo halr sanple wei.ght.
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TABIE XIV

YiiARtY STP"A.IN MEAI'üS OF I{AIR S¿IT'IPLE I¡IEIGHT (¡Irr.,r,rCN¿US)

s1 "2 s3 oPl+ Total

Yl

Yz

Y^
5

Y4

266.o

222.3

256.\

20]-.2

566.8

*2.6
,66.r
fug.t

331$.4

384.0

43e,3

387.6

522"O

329.8

392.5

292"+

L1689.z

rr4ZB "T
t1647 "3
1rÌ+30.3

Total g+5.9 zrz2\.6 I r 538.3 L r 536.7 6 ,24J. J

TAEI,E XV

ESTrþ{arED srFAri'[ þIEAI{ DTFFEP,ENCES rN ¡InrR sÁ.rvfptE

iÁIEIGHT (i'lrr,lrcn¿J"ts )

c
"2 S.J s4 s1

se

t3

s4

st

t|r.53** 174.75l"*

.\o
319" 74**

1I+6.18**

149. B4tt

** P < O.01
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vïrr. REGRESSTON aND cOi.rRELA.TrON coEFFrcrENTS

]¡Iith the exeeption of weight per d.ay of age to the
end of the feedlot test, each trait was related. to each of
the other traits and initial feedlot weight by means of
regresslon and. corelation coeffi.cients.

Resresslon _coefficients. among the more inportant
consideratlons i¡¡volved j¡r thls study were the effects which

each of the other traits had. on por:nds of TDirI conswred. per
pound of welght gai:led and on feedlot ADG.

As shown in Table XVIr there r¡ras a significant
(p<0.01) regression of -L.6539 pounds of TDN consumed per
pound of weight gained. for each increase of one por.rnd. Ín
feedlot aDG. also, there rüas a significant (p<o.01) regres-
sion of 0.o0tr2 pounds of TDN eonsuned. per pound of weight
gained for each lncrease of one pound in initial feedlot
rreight. The regression of pounds of TDt.[ consumed per powrd,

of wei.ght gai.:red on each of hair sanple weight, number of
halr fibresl hair fibre thiclaress, and hair flbre length was

non-si.gnifleant 
"

The regression of feedlot ADG on each of halr sample

weightr number of hair fibresr halr fibre thickness, hair
flbre length, and, initial feedlot weight was non-signiflcant.

There was a significant (p<0.01) regressi.on of O.Ob66

milligrams of hair sampre weight for each increase of one



TABI,E XVT

NEGT{ESSTON COEFF'ICIENTS. TfiAITS: A, TDN CONSUMIID PER POUND OF 6EIGHT GATNED

(eouivus¡; B, FEITDLOT ADG (roumns¡; c, ru\rfi saMpLE !{¡EIGHT (tu¡r,r.,rcn¿Ms), D,

IüulvtsER 0F IIAIR FIBRES (ppn s(cua,nc INCH); E, HAIR FIBRE THISK1IESS

(UfCnOnS¡; F, HAIR FISRE tENcIH (Uti.f,fltr:TERS); G, INITIAI
FEEDLoT WEtcHT (POUNDS)

Regresslon

ofAon
ofBon
ofCon
ofDon
ofEon
ofFon

** P< O"O1

-r.6J39** o.oooo3 -0.0000a - -o ,ooz1-o.ooo3 o.ooooo6 -o.oo8g0.01+66** 6. Bo3g
-143.7800't'*

-o.oog7
-o"oo15

5.5927*n
33. 8034
o.L!27*4,

0.oCI42**
0.0003
o,1238
2.L785

-o.oo17
-0.0101

Ur
oo
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halr fibre per squ.are inch. also, there T¡ras a signifieant
(P<o.01) regressi.on of 5"5927 rnilligrams of hair sample

weight for each increase of one nillimeter j.n hair fibre
length. The regression of hair sailple weight on each of hair
fibre thici<ness and. initial feedlot lreight nas non-signif-
icant.

There -r^ras a significant (p<0"01) regressi.on of
-143 "7\oo ha.ir fibres per square inch for each increase of
one mi.eron Ín hair fibre thi.ckress. The regression of number

of hair fibres on each of hair fibre length and i¡ritial
feedlot weight I^Ias non-significant.

There was a significant (p<0.01) regression of
o.LL27 microns of fibre thickness for each increase of one

mil-Lineter ia hair fibre length. The regression of halr
fibre thichress on initial feedlot weight was non-signÍf-
icant.

the regression of hair fibre length on i.¡ritial feed-
1ot weight nas non-significant.

å'11 of the regressions irere homogeneous except the
regression of pou.rrds of TDll consumed per pound of weight
gained. on feedlot i.DG; hair sanple weight on nurnber of ha.ir
fibres; hair sample weight on hair fibre thicirness; number

of hair fibres on hair fibre thicianess.

" All posslble sinple come_
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lation coefficients were connputed. usi.:rg each of the four
hair traits, feedlot ADG, pouncls of TDli consumed per por.mcl-

of weight gained¡ and lnitial feedlot weight. as shown jn
Table xvrr, significant (P < 0.o1) eorrelati.on coefficients
existed betr'¡een pounds of TDN consurned. per pound of weight
gained and feedlot aDG (-o,7r7l); pounds of rDt[ consumed. per
pound of weight gained and initial feedlot weight (o.55tz);
hair sanple weight and. number of hair fibres (o.6o5n; hair
sample weight and hair fibre length (0.3998); nunber of hair
fibres and hair fíbre thichness (-0.298Ð, hair ffbre thick-
ness and hair fibre length (0.2985). None of the other
comelation coefficients were signifj.cant.

TX. IIETEROSIS

rn this studyr the heterosis effect ls measured. in
terms of the percentage by which the average of the adjusted.

strain means of the reci.procar crosses exceed.s the average

of the adjusted stral¡¡ neans of the parental breed.so The

heterosis effect (in per cent) for each trait is: feedlot
ADGr 3.2i pounds of TDN consumed. per pound of weight galned.,

3.7; weight per day of age to the end. of the feedlot test,
8.21 hair fibre length, l.li hair fibre thiclrress, o.Z. The

reciprocar crosses were below the average of the parental

breeds by 3.o and 5.5 per cent for hai.r sample weight and

number of fibres per square inch, respectj.vely.



TABI,E XVIT

CORRELA.TION COEFFICIENTS. TRAITS: A, TDN CONSIIIvIED PER POUND 0F 1üEIGHT GAIIIED

(poINDs); B, FEEDIoT ADG (poulos); c, HArR saMpLE !üErG,r{T (urr,r,rcnn}4s); D,

NUMBER 0F HAIR FTBnES (psn sQuaRE INCH); E, HAIR FIBRE THToKNESS

(UfCnOiVS¡; F, HAIR FIBRE LENGTH (¡¿ff,f,f¡m:rr:nS); G, INITIAT

FEEDTOT IÁTETGHT (POUNDS)

Coruelatlon

between
between
between
between
between
between

A
B
C

D
E
F

and
and-
ancl
and
and.
and

*t( P < 0.o1

-o.7L7L*t o.o7o7
-0.1h15

-o.0637
0,0\45
o"6057**

-0.0163
-0.124\-

o" 1837
-o.2985x*

-o.L55L
-o.o552
0. JPP$**c

-o.18t8
o.2985**

o .51L2**
o.lItO
o.0Bo3
0.1086

-o.13Bo
-o.ogLí

-t-
ts



CHAPTER V

SU-ivtyrA.RY, DLSCUSSION, Á.iüD CONCEUSIONS

I. SUI4]'TARY ANÐ DISCUSSION

Thirty-tr,¡o Ilereford, 2L Highland, ZB l{ighland X

Hereford,, and 20 Hereford x Highland steer calves were used.

j¡r the study of seven performance traits.
The purpose of the study was to compare the perform-

ance of the four strai.ns of cattle for eaeh of the seven

traits and to d.etermi¡re the lqithln-strain reLatlonship of
six of the traits to each other"

Table xvrrr, page 4Ir, r¡¡hich sumrnarizes the results of
the analyses of variance of the yearly straj.:r means, shorus

th.at esiimated strain mean differences r{rere significant for
feedlot aDGr por:nds of TDN consumed. per pound of weight
gainedr halr sample weight, hair fibre length, and halr
fibre thicknessr while there hrere no signlficant strain mean

differences ln nr¡mber of hair fibres per square lnch" year

effects r¡üere shown to be signifieant for feedlot ADG, poi:nds

of TDlt eonsuned. per polurd. of weight gained.2 hair fibre
length2 â,rrd hair fibre thiciness, but not for halr sample

weight or number of hair fibres per square j¡reh" The only
strai:r x year j¡rteraction was for.md. in the analysis of the
trait hair fj.bre length.
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Table xrx, which surunarizes the results of the fit-

ting of constants to a two factor table iuith interaction
negligible, confirms the results i¡r Table XVIIf.

sire and elinate effects are proìrably two of the nost
inportant factors i-nvolved. in the year variation. I{o attenpt
-was made to separate these coinponents of variation in this
stud.y.

Table xx, page 4f, sumrnarizes the ad.justed. strai-n
¡neansr and indicates the results of the tests of slgnifi-
eance of the estinated straln mean di.fferenees for each

trait studi.ed,

GroJutll charaejerj.sticË. There rras no relationship
between feedlot .A.DG and j-nitlar f eedrot weight, although
there was a significætr homogeneous, and. linear regressi.on

of o.oo42 por,md.s of TDN consumed. per pound of weight gained

for each i¡.crease of one pound in initial feedLot wei-ght.

The coefficient of comelation between por.md,s of TDN eon_

su¡ued per pound of weight gained. and initial feedlot welght
was 0.15L2, an ind.ication that anlmals which lrere the heav-
iest at the beginnj¡rg of the feedlot test tended to be the
least efflcient l:e feed utilizatlon on the feedlot test"

Each of Sp 53, and 54 significantly exceed.ed. S, in
feedlot aDG and weight per d.ay of age to the end. of the
f eedlot test, while s, and s, also consr.¡^med. significantly



T.aBLE xvrrr 
l+tt

F VALUES FOR INTEB.åCTION, STRAITI, AM YEAR EFFECTS RESÜLTING

T'ROiVI SI}"ÍPLE .Á,NÁIYSIS OF VARI¿,NCE OF YEARLY STRATN IVIEANS.

TRAITS: A, FEEDIOT ADG (P0IINDS); B, TDN CONST]MED pER

POIIND 0F IIIEIGHT GAINED (POUUOS); C, IIAIR SA}4PLE

IÀJEIGHT (iqTLLTCRAII4S ) ; D, HAIR FIBRE IEI{GTH (i'{rÎ,-

LII'{ETERS ); Er IIAIR FIBRE THIÛKMSS (i'lf cnOiVS );
F, NITMBER OF HAIR FIBRES PER SQUARE ]NCH

Interactlon Strains Years

1"35
1" 19
L"67
2.76**
.gg

r"97

A
B
c
D
E
F

9 "\7**3.54*
3 8. 8+x*
l+0" 80**
6"58**

"81

11,33**
2i"i6**

2" 26
9"78**
9.66**
l" 20

TABLE XIX

F YALIIES FOR INTERACIION, STRATN, AND YEAR EF}îECTS RESUTTING

FROÌvi FITTING OF CONSTå.NTS TO A TltfO FACTOR TABLE WITTI

INIERACTI0N NEGITGIBLE. A, B, C, AND E (Stlæ ¿S

rN TABIE XVIII)

Interactlon Strains Years

A
B
c
E

1.19
l,2L
I"92
1" 18

12.64**
).72**'

48" o5**
7.67*x

13 "67**43.25**
2,33

12"77+t

For Table XVIII and Table XIX
strains and. years E. 01(3, B5)= 4.02 F,0t(3. Bl)= 2.7!Interaction F,01f9-1857= 2,63 F.05(9285)=- i,9B



SUMI{ARY OF

I^JEICH IT

\,

TABTE E(

ADJUSTED STRAIN MEANS, GR0UPS 0F MEANS, IÁÍITHIN

IS NOT POSSIBËE TO DEMONSTRATE SIGNIFICANT

DÏFFERENCES, ARE UNDERTINED

FeedLot ÂDG
S1
1" 86

S:J1.8'
s4
r.7l

S2
r.19

Pound.s of TDN eonsuned./

pound. of weight gained

s2
5.rl

s4

5"28
S1

5"8
s3

5 "rr

üIeight per day of age
s3
I"82

S1
1.7)

S2
L.l+

slr
1" 73

Hair sanpLe welght
S2

5r9"3
s4

3 89"l+
s3

38r.7
S1

239.,

Hair flbre J-ength
s2

6t.-,
a
J49.'

s1
37.6

s4
5r.1_

Halr fibre thickness
S2

36.0
s3

35. o
s4

34.3
S1

3 2.8

Nunber of hair fibres
s2 s4

,ú4 )678
S1

527L,
S:

log3"
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fei,¡er pounds of lDi'{ per pound of weight gained. than did s2.
sl significantly exceeded s4 in feedlot i.DG. Iüo significant
d.ifferences Tdere found among the other strain means for any
of the three traits, rt alread.y has been shown that s, has a

much slower rate of growth and. is ress effici-ent in feed,

atlrization than the other straj.:rs. Irowever, the adjusted,
strain means of poirnds of TDN consumed. per pound of vreight
gained probably Ì¡ere underestinated for s, and s, because

they passed through onry part of their fattening period..

There hras a significant regression of -L.6r3g poi:nds

of TDitI consumed per poünd of weight gainerl for eaeh inerease
of one pound in feedlot AÐG. The coruesponding correlation
coefficíent was -o"7L7L, i.:rd.lcating that the animals with
the highest rate of gain on test tended. to be the most

efficient i:e feed utilization.
The heterosis effect was 3.zt 3"?t and 8.2 per eent

for feed,lot aDG, pounds of TDIV consurned. per pouil.d. of ireight
gained, and. lreight per d.ay of age to the end, of the feedlot
tes'L, respectively.

Although there i^/as no signifieant difference bebr¡een

the recj.procal crosses in any of the growth characteristics,
s3 exceeded '54 in each of them. This may be attributed
partially to differences in the for¡ndation strains. ff the
Highland bulls or the Ilereford cohrsr ot both, I^rere genet-

ically superior to their coi.u:terparts in the other stralns,
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s3 could be expected. to have an ad.vantage in performanee

over S¡,.
..1.

llair .cherracËefisties.. There was no significant rê-
lationship between initial feedlot r^reight and any of the

hair characteristies.

52 significantly exceeded. each of S' 53, and S4r

while each of s3 ancì. s4 signiflcantly surpassed s, j-¡e hair
fibre lengüh and. hair sample weight. s, had. significantry
greater hair fibre thiekness than s4 ancl s1r while s, also
exceeded. s, significantly. No slgnificant strain nean dif-
ferences were forxrd among the other strain neans for any of
these three traits r or for the trait nr:mber of haj.r fibres
per square inch.

Each hair characteristi.c was related. to eaeh of the

others by regression and correlation coefficients. The îe-
gressi.on coefficients (coruelation coefficients 1n brackets)
which Ìûere signifieant were! regression of o.0)66 milligr.ams
of hair sampl s weight for eaeh j.ncrease of one hai.r fibre
per square inch (O.6057), regression of 5"5gZT n:illlgrams of
hair sample weight for eaeh inerease of one millimeter j¡r
hair fj.bre length (0.3998): regression of -11+3"ZBOO hair
fibres per square inch for each increase of one mìcron in
hair fibre thickness (-O"Z9B5¡, regression of O.LLZZ microns

of hair fibre thickness for each i.ncrease of one rnilLimeter
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in hair fibre length (O"298il. It is not surprising that
both the nunber of hair fibres and. hair fibre length direct-
Iy affected the weight of the hair sampler or thå,t hair
fibres tended to become thj.cker as they attained greater
length. The tendency of ani¡aals with f ewer hai r fj-bres to
have hair fibres of greater thicirrress presumably is an

attempt by nature to malntain a relatively dense protective
hair eoat. a sini.lar but non-significant relationship ex-

isted. betr+een the nwnber of hair fibres per square inch and

hair fibre length.

The heterosis effect was 1.1 ana O./ per cent for
each of hair fibre length aird hair fibre thichress, respec-
tively, whlre the average of the reciprocal crosses was

belorv the average of the parentar breeds by 3.0 and 5.5 per

cent for each of hair sample weight and. number of hair
fibres per square inch, respeetively.

The acljusted strain means of the reciprocal crosses

were intermed.iate between those of the parental breed.s for
hair sample weight, hair fibre length, and hair fibre thiclc-
ness, but they had. a lor'¡er average than the parentaL breeds

in nrunber of hair fibres per squ.are inch.

Each of the hair characteristics was related. to each of
feedLot ADG and poi.urd.s of TDiri consumed. per pouir.d of vreiglrt

betwe
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gained by means of regression and correlati.on coeffici.ents.
IiIo signif ieant relati.onships were found. This indicated that
no single hair trait had influeneed an increase in feedlot
aÐG or an inprovement in efficiency of feed. utlrizationo
Possible explanations for this result are (1) climatic con_

ditions during the test may not have been severe enough to
d.emonstrate the importance of superi.or hair characteristics,
(2) other lndividual traits or a conbination of tralts may

lnfluence hardiness more than do the hair characteristlcs
measured., (3) :.t may be that benefits of increased hard.iness
can be demonstrated only in an appraisal of overall perform-
a1LCe.

ÏT. COI{CLUSTONS

Hereford¡ Hlghland x Hereford.¡ and Hereford. x High-
land calves significantly exeeeded Highrand calves in feed-
1ot .A'DG and weight per d.ay of age to the end of the feedlot
test. rlereford and Highland. x Hereford calves consumed.

signiflcantly fewer porrnds of TDN per pound of welght gained,

fhan dld Highland caLves.

Highland. calves significantly su.rpassed calves of the
other stralns in hair fibre length and. hair sample weight"
ilereford eal-ves l¡ere exceeded significantly by Highland. x
Tlereford and Hereford x Highland cal-ves in these traits
also. the hair fibre thickness of Highland calves signifi-
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cantly exceeded that of the Hereford x Hishland. and Hereford
calves. There hrere no significant strain mean d.ifferences in
number of hair fibres per square inch.

The signifieant relationshfps among hair eharacter-
istics showed that (1) both the nr:mber of hair fibres and.

hair fibre length directly affected hair sample weight, (z)
there was a direct relationship between hair fibre thiclmess
and hair fibre length, (3) there rras an inverse relationship
between hair fibre thickiress and nr.mber of hair fibres per
square inch.

There was a direct relationship between j¡oitial feed.-
1ot weight and powrd.s of TDN consumed. per pound of weight
gained on the feedlot test.

There $¡as an inverse relationship between feed.lot ADG

and pourrds of TÐN consumed per pound of lueight gai.ned on the
feedlot test.

No slgnificant relationshi.ps were found between any
of the hair eharacteristics and ei.ther feedlot aÐG or pound.s

of TDN consumed per pound of weight gaiaed. rt is posslble
that the climatic conditi.ons experienced. d.uring this study
were not severe enough to j¡rdicate adequately the contri-
butlon whieh outstand.ing hair characteristics could, nake to
hardi:ress. rt' is posslble that other indivi.dr.ral traitsr or
conbination of traits, mlght be a better test of hard.iness
than were the traits recorded in this study.



5t
There r¡ras no signifieant di-fference between the

Hiehland x Hereford and }lereford x Highland strains j.n any
of the performance traits. The Highland. x I{ereford straln
had a slight, but consistent, advantage over the Hereford x
Highland i-n each of the growth eharacteristics, however. rf
the }Iighland bulls or the Hereford. cows r or both, f ro¡r the
foundation herd, trere genetically superior to their counter-
parts in the other strains, t:r,e liighland x Hereford calves
could. be expeeted to have an advanta.ge in performance over
Hereford X Highland. calves.

The averages of the ad.justed strain neans of the
reciprocar crosses were intermed.iate betr¡¡een those of the
parental strains in feedlot aÐG, haj.r sample iueight , lnair
fj.bre length, and hair fibre thiclmess; slightly lower in
pounds of TDN consumed, per pound of weight gained and. numlrer

of hair fibres per square inch; and slightry higher in
weight per day of age to the end of the feedlot test.

The greatest heterosis effect was found in the growth

traits, vrhere the average of the reciprocal erosses exeeeded_

that of the parentar strains by 3.2r 3.Tt and 8.2 per eent
for feedlot aDG, pound.s of TDN consumed. per pound of weight
gained., and weight per d.ay of age to the end. of the feedlot
test, respectively.

rhe recj.proca.l crosses exhibited. no real ad.vantage 1n

heterosls in the hair traitsl the percentage in their favor
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bei-ng only 1.5 and. o.l for hair fibre length and hair fibre
thickness, respectlvely, while the average of the reciprocaL
crosses was beloi'¡ that of the parentar strains by 3,0 and

5"5 per cent for hair sample weight and. number of hair fibres
per square i.:ach, respectively"
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EIßMPLE I. CALCUIATI0N 0F REGRESSION 0F (y) 0N 1X)r I^IITHIN STRAIN AND YEAR

TABLE )HI

covaRIANcE. REGRESSIoN 0F POIINDS 0F TDN CONSU¡4ED pER poIrND OF ?fErGr{T GATNED (y)

ON INIT]AI FEEDLOT I/,JETGHT (X)

L2
Year Straln

Y1

Y2

Y3

Y4

34
nSX

S"
Sä
S:
sd
Sr
Ð2
Sr
ãJÞIr

PiÞ2
S:
Sd
ù1
Þ2
S:
st

11
6
6
5
6
2I
l+

7
6
3
3I
7

11
B

t+r3oB l, Zl8, BBo 61.6621222 -g\h,roA 
36"57

î:ã88 ''iî8:2\8 åå:ã8

';ur38 77t:?tÊ '3.àZ
I:b9'î '"'¿gtii| \i:\i
7:1.'18',3iîi?å3 33:fÍ11166 -\74, Zoe 14. 87tr+62 7t5;636 L7.í+3ri3t2' 

"riÈ:81r3 33:äå

\;323 i:32i.71â l8:1i

,
sx2

Total

6

SY

7

sv2

l-01_ 391960 t6rz59rl+) 5ù.25 21767"rt7r 2Ogrzw"L6 trrg37r1z3.l+o

396 "8996zz4.\67t
lg]-.\rr8
16o.3l+lo
1l+2" 71lL
tr6. o8oo

2t1.77r3
113.3il+3
t6z. ù9o
186. *73
7).íBBt

1O3 .3 5gB
r71.9628
t59.1328
e3t.t+9d+
L82" 7227

I
SXY

2r,952.f+
13; 58o.18
t\,\BZ .26
ro, 6 89. l8
t1.6d*" oe
3,5\e.t+o

f8. fâ+.66
gí883.6tr

11,911.74
13.7h0.5\

5 ,9o9.ù
8i5zB.lo

It;13o.1+
roi 9o5. eB
]-9,57L.80
tíiTzz.6\

9

ßx)2/n

l_,

1,

687,L69.t+5
Bzzi88o.6T
1o9.1+o0" oo
rn.go8.80
928;266.67
272.322,.OO
5Ll;540.50
859,3 29. oo
a+¡, ll7 "t\OO5,3ZZ.6T
\r3;185"33
71zr\8r.33
292,832. O0
733;536.17
6b¡ 

' lgt.z?
3l+\; Boo" oo

I,

1,

1,

l_,
I,

\r(
-.1
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(sv)2/n

391.93O'
222.89\2
19o.18!+
rl9"9rr7
ilr2. OOgl+
h6. o8oo

2t5,L77,
rlz.Bgú
160.8962
186. o3 80

73.7056
102.55o'
L7l.\ú5
t56 "3266
23 0.3 2+1
182.1186

l_1

(si{) (sY),/n

TABLE XXI (contlnued)

2,,7]\.&
13;5l+3 

" 
09

L4i5Zr.\O
Lo;678"13
tt.l+Bt.l+o
3,5he.ho

L8; o58.12
9, E+9.38

11" 650.lL
t3;675.83
5,779.\7
8,fu7.91

r5,org.g2
Lo:Z08.\'7
19 "458.7orl;6\9.7o

L2

sx2

$-e)

3Lr7J"O.5'
2L'2.27.33
11.2rO. O0
3iT8T "zozli565.ll

2l+2.0O
29¡935 "5o+.121. OO
6z.itto.86
26 r?37 .33
2L:522.67
3;l-14.67

19.000,00
z5i31t.\3
4,92O.73
16i¡28.O0

2r7\8.531t+ 20?1922.59

13

sxy
(B-11 )

47.7o
37.O9
38.I+
11.05

r2z.6z
o.00

66. tI+
3\.26

26t.63
6\.7r

L29.77
19.33
7I.22

Lg6.8t
113.l-o
72.9\

1l+

# st = st3/sre

sy2

(7-10)

t+

1
I
.969t
.lTz9
"27w.3933
"72L7.0000
.5938
.\237
.3528
" 
g0g3

.882,

.9093

.5563

.8ú2

.1163

.6d+L

bss
(I3/:-z) 1r+-(13x15)

L,

3 21rl+zo.6o

o.oo7,
.0017

- ' 0031+
.oo29
. od+8
.0000
.oo32
.0083
.0039
" oo2,
. 060
. 0061
.0037
.0078
.0d+7
. od!5

16

1

2
1

r136r.rT t8"98rT

3,1863
L"lo9B
1.1¡rl+Z

.3613

.1331

.0000
"3822.1393
.33 ztl
.7\75
.1039
.6914
.2928

l.27lr
"58J4.7
"2719

o.od+f 11,1564

\JT
CO
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EXAMPLE II. ANATYSIS OF COVARIANCE A}ID TEST OF STGNIF]CANCE

OF ADJUSTED LOT MEANS

cx= (sqx¡2= ¡tqro6o¡2= t5r8ogr9L6.B3
Sn ^ 1O1

CY= (gSY)t= (qà+.2q)¿= ZrTZI.l6Bg
Sn 101

CKf= (SSx) (SSy)= G9 ¡eÇa)152+.,25)= 2oT rlc;;6.L\Sn 1O1

Total 9*þ SSx!-cX= 16 r2l8rl4\-L, ,8Og rgt6. Bl= l+l+8, 627 .ITsy'= ssY¿-cy= 21767.5171-2,72L.1689= r+6.3492
Sxy= SSXY-CXT= ZO9 rzW,16-20T rhl6"l+= I, 868. Oe

Lots Sx|= 59-CX= 15.g37.I27"I+O-15. 809. qt6" 8l= 1,27 -2Osy.= s 1 õ:å;= 
1 

7 :?ll:lÍii1! ;i Zt??Zui!' ;}1;uLîT, 
26 

" i 7

Sxy= S1L-CXY= 2O7 1922.59-ZO7 r\.16.I+= rú.\5

TABTE XXII

ANATYSIS OF COVARIANCE AND TEST OF SIGN]FICANCE OF ADJTISTED

tOT I{E.åNS (ADJUSTED FOR DTFFENENCES IN INTTIAI

FEEDI0T I¡JEIGHT ) SNEDECOR (t946), PAGE 3 20

D. f" sx2 sxy sy2 ss D" f" I\,Is

f L00 4l+8, 627.17 1r 868. 02 \6.3t+BZ 38.5TOO gg

L r5 L27 r2ú "17 5ú "t+5 27.362'
E 85 3 zlrheo"6o tr36L.5T t8.9857 13. zlSO 8t+ .LrTb

_ ,t"35ro 1r @
rss= mrt-(fiË#¡2= \6":uae-{$fffi 2= 3l"tloo

ESS= ESv2-(psx")2= LB.}BST -(+1##:E¿2= 13. 21Bo
ESx¿

F= -&!lS= 1"6901= 10.ft**
EMS .T571+
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EJIAMPLE IIT. CATCUTATION OF

Correlatlon coeffícient rxy=

= JÅþJL= o.55t2
2¡\7O'3O27

SIMPÛE CORREI,ATTON

____ËII___=
COEFFICIENT

l.76r.q?
\resïzfrc:m @

EXAMPI,E IV. TEST OF SIGNIFICANCE OF RXGRESSION

TABLE ru(ITI

ANALYSIS OF ERROR VAB]ANCE FOR TEST OF SIGÌ{IFTCANCE OF

REGRESSToN. SNEDECoR (1946), PAGE 323

Source of variation îlÁ^^tlolc ùÞ

W/Ln lots, unad.justed TDN, Sy2

Reduetlon d.ue to regression

8, L8"98rZ

1 5.7677 5 "76?? 36.61+**

Error for adJusted. TDN 8ti 13 " 2180 .]-57)

EXAMPI,E V. TEST OF SIGN]FICANCE OF HETEROGENEITY OF REGRESSION

ÎABTE ]QilV

ANATYS]S OF ENAORS OF ESTTMATE FROM AVERAGE REGBESSION

I^TITHIN Lors. SNEDECOR (1gt+6), PAGE 327

Source of variatlon D"f. ss

Dev. fron âvêo (emor) reg. t¡l/ín lots
Devn from fnd.. lot reg.

Bh t3.2r8o

69 11.1561+ "r6t7
Ðifferences anong lot regressions L, 2"ú16 .13È "95
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EXAMPLE VI. INCORPORATION OF X2 AS SECONÐ INDEPEIfÐENT

YARIATE

TABLE XXV

rNCoRpoRATroN on x2 es sEcoND TNDEpENDENT vARTATE. EXTENSToN

0F DATA FROM TABLE ffiI, pAGg í7. SNEDECoR (1gt+6), PAGE 379

Year straln ¡r s(x2)2 s¡cr2 sxfu

Y1

v2

s.' 11
^J- /ùr b
S;6sÈ5
Sr6
S;2
Se- Ist4
Sr7
a*/Þ2os1- 3s[3
s.'8s;7
s; 11s48

Y3

Y4

1Or4\6rl+3tr.8t+
5,L73,29' .56
6;273i855"8o
t+;06i.;19t"48

289, 133,1+6r, 8â+

ï#iu,HilÅt:iât,

6.198" 068"6o
liztt;68ì+ "3 e

Z:i*t:i,3:iâ

::65,036, d+\, 06Il
37iz77i37o,\ge

?83;S3; *i:ïïs
153, 6L2,3d+ 

"176r.e3 ; e%: z6ti4\o
86. qer.\ 68:688

rß;8);oo5íoos
2z6 r9otr6z5 ,32þ
93,2t7 ,373:2&

fr7:fr'r:i1rb:W3

698,6)T,68o
3zZ,63t+; 9ch
)92; d+8i62 z
zzlþBiBoo

393r634r016
100, 75+,7L2
68r:194.5Sh
4ch;oz6io56

36t1, 291, Boo
4h3,oBz;656.
2OOr+Lzr 296
351r 7B8rg5g

142"292. ild+
z6zizíri5gz
66t"682i66\
lZoig'+l, oo8

4 rTzT rrar. "6011308,3 07 "20
B" oer.9lB" 8l+
h,orai o9r"lz
l+, 54 2,683.L6
5,zaa'7rL,32
z;\rL; o32"7 2
r+;L6t+;186"36

Total 21877 ßÈr316, 8oO 6r7?Zrt\g 1552 g',75Or7Bì+" OO



EI(AMPIE VII. t¡,tCUlATIoN 0F SUMS 0F SQUARES AND PR0DUCTS, AND CORnEIATI0N COEFFICIENTS,

FOtb0lrrING THE INCORPORATION OF X2

TABLE XXVI

0ALCUIATT0N 0F SüMS 0F SQUARE$ AND PRoDUCTS, AND CoRREIATÏ0N CoEFF]CTENTS,

FottolìIING TIiE: INCORPoRATION 0F x2, sNEDEcoR (19h6), PAGE 329

N= 1O1

Sun
ivlea¡r

xn sx2, str2, sxy
^añl¿I^ 

^Sx¿. Srcxt, Stcy

fül.r|FEE¡FF]
rx:(t, 

"tay
x2.s (xz)z, sx2y

CT
S(x2t2, S_&

/sc4zt2,V E(*
"*-y

YO SY2

39 '960.'39r"6h¡6

]':6.zl9.l+4.oo

'5;fgBi zL?:ii
669 "7964

cT^
sy'

L6,258'-54h.'t6oi975.6æz

2:ß3:,*t3: 74â:î?-339; 
56t;212"59

3r+1, 6zt z onr:Tuuo

zrQ77 737\ r3t6, 8oo. oo

''¿àZiîf,8; ïâi:',ä:bZ
SLotci+3" 2227

x2

lù"25
5"L9ú

2o9. 2E+" 16
eo7,l+r6. rl+

rr 868. oz
tt, t6o.oo

.+og7

8l 
"75o"z8+" oo

&,: gr. 5or. 90
t;319;282. Lo
3 ,tF721 3l+ 9.387o

,.3911

2'767.rL7L
zrTzl,L6Sg' 46.34Ba

Ct
N)
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EXAMPIE VIII. TEST OF SIGNIFICÂNCE OF DEPJ.RTT]BE FROM TINEAR

REGNTSSION

n2v(:or2)= ( "4og7)2+( "391Ð2-z(,\og1) (.3915) (" 9*o) /L-(.gg\o)2
= "321I-.3].BB/.0120= "oory/.0120= .L7IT
Rernaind.er after Linear b= (L-.1+Og72) (+0"3\Be)= 38, 568,
Remaind.er after eurved. b= (L-"L9I7)0+6"348e)= 32.h633

TABIE )HVII
TEST OF SIGNIFICANCE OF DEPARTI]AE FROM LINEAR REGRESSION

Source of variatlon Dnf. SS

Devlation from
Deviation from

linear
eurved.

99
98

b
b

38.1685
37.h633 .3823

CurvlLinearity l.lo52 l"lor2 2.89

ÐGMptE rx. NEW SX, SX2, (SX) r/o, Sx2 V¿,i,tm$ CAICULAÎED

FOILO!'IING SIGNIFITANT LINE¡.R P.EGRESSION

TABTE )OffTII
sx, sx2, (sx)z/n, sxz v¿l,uss (BASED oN TDN vALImË ADJïISTED

(sx¡z¡'.Year Straln sx2

FOR DIFFERENCES IN INITIAL FEEDLOT ''ITEIGHT )

Y1

y,2

Y3

Y4

Pr
l2Þr
^JlIllrÞ2

3i
si
Pzù2
ùL
Q191

lz

6' "8837.22
32.92
28.67
29.26
g" 83

l+O" 17
20.12
3)+.99
33.07
14-96
16"39
37 .26
35 "zL,o.zT
37 "69

398,1054
232"r276
182.1+234
16\.71+g
1+2.83o8
l+8.3t85

2O2.LL27
l-01.1+l-10
t7l "2309183. OgSg
fu "769ogo"1733

L73.829\
L7B "7or723r+.9167
L77 "E+89

39tF.56L3
23O" 8881
180"6211
164.3938
I+2"6913
t+8.3r4f

2ot.7036
101, 2036
r74 "9ooo182.2To8

T) "6ooj89.51+ho
L73.538'
177.L063
n4.3266
t77 "5670

3.54trf
L.639l
1" 8023

.3611
"t3gl.ocho
.tro91
.20fu
.3309
" 8291
.L68'

1.0293
.2909

L.591+
"590L
"28]?

Total

s;
aJ

5ù.\L 2r76L.\53L 2?748" 2310 L3 "222L
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EXAMPLE X. TEST FOR TNTERACITON, IISING AN¿.LYSIS OF VARIANCE

OF YE]ARIY STAAIIq YIEANS

TABLE XXIX

YEARTY STBAIN MF:ANS (BASED ON TDN VATUES ADJUSTED FOA

DIFFEBENCES IN INITIAL FEEDL0T iÂÍEIGHT )

SNEDECOR (1gtn6), pAeE Z?\
.'"

5 -22 6 . ?9 1.\9 I .73 23 .r+l

Ï:BB \,:?î l:33 7:Ê¿ xig|+.66 5. 03 L+.62 \.TL lg . oz#
Total 2o"53 2L"66 20.12 2o"93 83" e!+

Total SS= SX2-CF= l+36.r+320+33 
"o56t= 3.3719

s tr ain ss= ( zo. 53 )2+ ( zL 
" 
66 )2+ ( 20. rz)2+ ( 20 

" 93 )2 t\ -cg=
Years SS= ( e3.l+t )2+ (L9.Bl)2* (zo"96¡ 2+ (19. oÐ2 A -æ-
Wlthln subclasses l{s= SSx2,/D.f.= ]3.ZZZL/gl= 0.1516

Harnonic mean of subclass nurnbers= 
ï6t(f+t+...J+l)=

E¡4s for comparisons with MS ealeulated. frorn means

= (0"1116 ) (o.1g5l )= o" o3dt

COMPLETED ANALYSTS OF VARIÁ.NCE

o"3229

2"727r

o"rgf4

Source of variation Ð"fo SS

Stralns
Years
Interactlon
Error

3
98'

.3229
2"727L
"3219

3.54*
2) ")g**1,19

.1076

.9090
" 0362
" 03d+

4.P < 0.05
**P < 0" 01
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EXA,IVÍPLE XI. INTEBACTION NEGLIGIBLE IN AN R X 2 TABTE T/T]TH

DISPROPORTIONATE SUBCLASS NT]MBBRS

TABLE XXX

iVUÏ'IBER AND YEARLY i'fEANS OF POUNDS OF TDN CONSI]MEÐ PER POUND

OF ì¡üEIGHT GAINED OF TWO STRAINS OF CAL\TES (INTERACTION

N:i¡cLrcrBLE). SNEDECoR (19h6), PAGE 2Bg

krke
k1+k2

-w

s2
k1 11

s1
k2 E2

1r-lz
-D

Y1

v2

Y3

Yh

6. zo

).92

5"5r

5. o3

5.gg
l+" 88

5.oo

\ "66

6

2

6

7

1t

6

7

I

3. BB2+

1' 5ooo

3"23o8

3.7333

.8153

" 06oo

r.6)77

1.3813

"21
. cù+

.rL

"37

Total lz.3)65 3.9d+3

Total SS= gg¡2-(SSX) Z/sr* I53z"6tr¡ -t zBz.TÐ2/53

= 1532"6t¡:-rtog.12Ir= ù.519
subclasses ss- s [tsx)2/o_1 -{ssx)z/sn

= L522"27L-Lro8.12\= 1¡+.ï+7

f'Iithin subelasses SS= à+.5t9-1tr.lh7- ]-.O"3T2

D"f.= \5 MS= 10.3 7 2/+5= , 23 O

Interactlon SS= SWD2- (SWp )2/SW= I.5Zr-(3.9d+ )2/t2.3\6
= I"r25-I"41= "29O
D,f.= 3 i'fs- "2go/3=.o97 F- .og7/"23o-.42
Adjusted strain SS= MS- I"235 F= 1,235/"23O= ,.37*
Estinated strain nean d.ifference=sldD/S1,ü= J. 9o¡+3 /12.3\65= .316
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EXAMPTE XIT. TdEIGHTED SQIiARES OF MEANS IdITH INTERACTTON

PRESENI

TABLE ]OffiI

NUMBEB ^A.ND YTARLY MEANS OF HAIR FIBRE LENGTH (MIIIIMETERS )

OF TilTO SÎAAINS OF CALT':ES (INTERACTION PRESENT)

SNEDECOR (1gl+6), PAGE zgt

^ ktkeÞ1 EîTË2 lr--*z
k1 11 k Z î.2 =þl =D !üD

Y1 , 51+,tl 11 37 "t 3 "4371 12.3 19.\688
yz t+ l+L"l 6 34" 2 2.¡+ooo 6.9 ]:6.1600

Y3 3 58.8 7 35.8 2.tooo 23.0 hg.3ooo

Yl+ I l+9"3 B 42"2 l+" oooo T.r 28.t+ooo

lotal LL"g37l L52"7299

Total ss= ssx2-(ssx) 2/sr* gg ruoz"tl--( z2og"Zü2/lz

= 99 t102.l-1-93, 8t\ .53= 
' 

?287 "r8
subclasses sS= s [sxlzZd -tssx)z/Sn

= 96 tfu7 .\z-93, 81tt "53= 21932"89

Wlthin subcLasses SS= 51287"58-2¡932"89= Zr3fu .69

D " f " = l+h IfS= Zr3fu "69 A\= 53 .íflz
Int er act ion SS=Sun 

2- 
( swo )2 /sW= z 14, I " 6t\ Z- (t5 2 

" T 288 )2 /ll " 93 T 5

= 2*51,6r)2-rrgfu "otZT= 5oL"r96,

D"fu= 3 i{S= 50I"5965/3= 16T"198B

F= t67 "1988/53 "5157= 3 "!2*

s4
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TAtsLE XXXII

ANALYSTS OF VARIANCE IN R X 2 Tå.BLE" INTERACTIOII PRESENT

51 S2 Sum of Wei_ghts f b/i
reciprocals W unweighted

Y]k11''r r/k 
" 0gogl ..2oooo " 2gogr 3 .437,r 37 "L 14 "\ 45 . ?' rr7 , z65e

Y.ck64
Vk "L6667 .251oo *t667 2,1+o0O1 3l+. 2 l+1.1 

3 T "65 9o,36oo
Yqk73¿ Vk " the86 - "33333 "4T6Lg 2. toooE 3' "8 58"8

Yl,k88' I/k "L25oO "L}loo " Zloao 4 " oooor 42,2 hg.3

l+7"30 99"33o0

45 "2, 183 
" oooo

rr.g37, lz9"9156

F l"çiprocals "52fu\ + .9o833- I.\3327
Weights Irü 1,90316 + L"1OO92= 3"OõEOB
Tlnweighted I 37 "325.0 + 50. 9000 = \4.tlZli^JT 7I"O3l+ + 56"O368 = LZT.OZZî

ïrfeighted surns of squarqs
s r r ains= 16 þ,rtrx2 - ( sr¡r-x ) = / swJ= r6V 5 $ " 

6 6 g\ -r3 T 5 .13 z q

= re þze" i¡re] = 2016.5056

years= h þi,62-(sr¡lî)2/sil= A þ5 rAe7 "fl\z-4 r f;z6.g41il

= + þr+o .566il= 162.z66o

CO¡IPËETED ANALYSIS OF VAR]ANCE

Source of vari.ation D" f . SS l,1S F

Strains 1 2o16"5q16 2056,5056 39.h3**Years 3 ,62"?6ç0 rq7 Az?e 3 " ló*Interaction . 3 lol.ígAí 16T "1988 i "iánIndividuals \\ 13"rLrT


