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Genetic improvement of farm animals may be acCQIUplisbed by use of one or 

more or the f'ollowing methoda, {.1) seleotim. (2) inbreeding, and (3) Olltbreed

ing. A study- o.f the etfects ot these metho::ls meals that ea.ch produ.ces a 

S'OIIIIIJ\lbat dif'f'erent err.eat upm the popilation ccmoernecl. 'The ahoice of method 

to use will depend on the nltimate a1m of the breeding operation., In most 

instances a combination of two o-r the rn&tbods used simultaneouacy-, or all 

three thods used in proper sequence, should brlng aba.tt tho greatest improve

ment in a given pericd of time. 

Selection has boon a most etteotiw tool in the hands of' the breeder of 

~ and anim'lls. Its general e.tfec_t i to increase the :r.r&qwmoy of the 

desired . hereditary det.erminers by permitting the most desirable illdividuals 

to reproduoe at a faster rate than the leas desirabls individuals. Its ef.fec

ti'VSl.&ss is litnited to the extent that the differences, for hich sel.ectian is 

pracUoed• are hereditary dif:tarenaes. In ~ral, the traits o£ most con.amic, 

importance to the producer cf livestock products are not highly heritable. For 

this reastm pbauotypic selection tC11.' these traits ffJ8Qnot be ver:, effective 1n 

the improvement or the ge etic ccnstitution of the group. 'l'he us . ot such aid& 

to pbenotypic selectim u the pedigree, the lifetime perf'Ol"fflance of' the imivi• 

dual, and the ~ test great-13' increases the aoourac1 of selection. It the 

deairoo. characteristic is the result o~ the ext.rem& genotype, ael.Ntion tow.rd 

that ext<reme increases hcaoqgosis. On the other band., ir the .intermediate 

genotype prcx:tuoos the most desirable }ilenotype, selection is incapable o~ tix

ing that type. 

The practice or mating plants or an,mals which are related by descent is 

ref'erred to as inbreeding. Its eantinued use ultimately results in the torma

tion ot hcaozygous lines. The rapidity with which h~gosis is: approached 
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may th.en be eff'ectively practiced . For ·che production of market animals the 

crossing of distinct families,. breeds t or aped.ea may b& advanta.ge«.1a. Its 

general et.feet is to red.uae hamozygosity and~ therefore ,- prepoten • this 

limits its use if J)Z'Spoten~ and tmitormity ot progeny are illlportant raotora. 

History of the present breeds .of livestook shoYS' that several :forms or 
Olltbraoding r.ave boon u.sod in their develop!lent . Breeders• who have f'ixed some 

und&sirable -traits in hair held while following a system of' close ma.tin 

have ottan mada an out:eross to u.nrelated individuals within the same bread in 

an effort to correct the .faults. Crosses bet\.leell breeds and eros.s&s betvee 

species ha been used as fourrlat.ian stoek tor nw breeds . ~ of the pre

sent ln'ee:ls have been developed from au.ch crossbred foimdatians . ami liar e::,g... 

am.pl.es inolllde the Pa1s.nd China breed or swine., the. Corr:tedale breed ot sheep, 

the Santa Gertm:lis breed ot cattle and the American &lddle Horse.-

The inc:reased vigor mi growth wbieh aaecmpaJ:lT h;yln-idization have been 

8COgni~ed for centuries. !he po~ty ot' the mula is an excellent example 

The ocOUl"X'ellCe of 113-brid vigor vas reported a.n::I described ind tail by many 

of tho oarq plant breeders and biologists inol.wing l.al:reuter, KnigJ>.t, and 

Darvin. It was noted that great differences arlsted in the manner in whl..ch 

this increased vigor was «&b1h1t • In sqne crossee, there :\ila8 increased 

vegetative growth; 1n otbe,rs tbera was either a greater proouotion of fruit , 

an increased resistance to disease . earlier, l!Btu:rity• increased fert,111:ty or 

an inc1"ea.aed viability'. 'The var1-ous attempts to define am explam this 

"increased at,:1Jmv11a £'Mn O't'Oa:Jjng• ·were not sa-tisfaCWJ.'7. 

The rediscavery ,mi confirmation of the Mendelian principles ot heredity 

brought about renewed li1te1'est 1n eybridiMt"iao.. It was in 1914 that G. H. 

Shull proposed the term ''Bete.rosis" to describe "the develolDf;lntal stJlnuJ.ati(ll 
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resulting, by vha.tever neobani 1 .from the union of' different gametes•. Vartms 

th&ories pro-posecl to explain the reason:J £or the ooctll'TEmee of increased 

growth and 'Vigor . S<JDB or tbeae theories expla.m the rssu.lts obtained verr 
wll, tut as ~ thel.'9 :ts llttle direct proof> to aupport any- one ot them to the 

e-xclu:don <>£ others. 

~ the past fif\y years, ooo.sidero.bl-e resea.rch ha:1 been co neted. to 

study tho ar.rects of inbreeding on plant and animal m.~terial. It vas toutxI that 

the e of :eelected inbred lines or eorn in crossae inoreased field, abovG that 

of the open-poll tnatad varieties ham which tbay ariginaW. tber ~s!ve 

trials at duplicating this w (t'k on labora.to17 animals. indicated the poss1b1li-t,

of wdng this method in tbe 1mp.LV9Ql!len't of !'arm animals - . .apea.1.ally swine and 

Several state ~t stati®s began the inbreeding of swine, and fu 

l9T/ the eg:f.ana.l Swino Bre irt.,g labora ws established by the Bureau of 

.Ab:imal Industry o! the United States De rtrient of Agriculture eoopemt.ion 

with a ......... ....,.... i!ilont stnt.io s. In cooperation with t'b.e Beg1onal 

laboratory~ the t of inbred lines vi thin 

the Duroo breed or u ....... ..,., 1938. 

D.trlng sixteen or too twenty-two farrowing seasoos s·· the eprlng of 

1939 both 1nbred. and line crosa litters have n produced • . In a son~ 

autb:roi D1lroo and tbx e-lmo cross litters vere f rroved. 

The purpose of this study was to determine ~ thG crossing of mod&rately · 

inbred lines Yithin th& Duroc breed of mdne :resulted. in improve: " rfo~,. 

Ir such an expression of heterosis did exist, it vas tbotlght t at 1ts manner 

0£ e.."\.-pressioo and the time at 'Which it wa-s fir&t evident voo..ld be of oonsider

able interes-i- and vr..lutl . 



:REVIEW OF LITERATUBE 

'!'he Oceur.rence of 1f1'brid Vigor and Its Explanaticc. 

~ vigor, the manifest superiority of oertai.n hybrids over their 

parents :1:n size, yield,. end general vigor, has been recognued for at least 

t\ro 8lld a hB.lf centuries. The first art1f1cally produced plant hybrids 

studied, those originating f'ran orosaes made by Kolreuter durmg the middle 

or the 18th century• furnished some exoellent examples . During the latter 

part or the same century Knight noted that ~s were BUper!or to pure 

types in plants and concluded. that ttnature intended that a eext1a1 intercourse 

should take place between neighboring plants or the same species" . Memel•s 

famous paper even contained an account of by'b'rid peas which exceeded either 

parent 1n height. Collins (1910) :reported that the American Indians had 

regular~ planted mixtures of corn to increase the yield . 

The extenaiw studies wd.e by Danr1n during the 19th cent1217 ~1zed 

that cross- tertillzatioo resulted in grGater vigor. .However, he showed that 

this increased vigor resulted from the un1on or different germ:lnal complexes 

rather than tram the 1'e act or crossing .• 

G. B. Shull (1914} recognized that the decrease 1n· sue wbJ.ch aocc:mpanied. 

inbreeding end the increase which was obtained by crossing were reaJJ.y differ

ent aspects of the same ]ilecamenoo. Alcmg uith last (1912) t Shull f'elt that 

the increased. vigor and yield obtained by crossing two inbt"ed lines of-corn 

were direct results of' the heterozygoeity of the hybrid plants. In 1910 

Eeeble mi fellew reported that the added height of the F1 pea eybrids was 

simp4r the result of a oanbination of dominant factors far larger she. It 

was in 1914 that Shull proposed the term "heterosis" as a substitute for the 

awkward •stimJus of haterozygosit,-" and similar terms then in use. 

In 1917 I). F. Jones revised t he theory proposed by Keeble and Pellew to 
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take into account the f'acts then known about the llnkage of factors. He sh 

that it there were JDBn7 ditferent sets ot factors responsible for the expression 

ot gi'Wll trait, various Unkage groups vould exist. Desirable genes igb.t be 

lj,,keJ with sane undesirable CZles . This vaa ottered to oounteraot objechicn$ 

to the earlier theory on the grounds tha~ the distributions of succeeding 

generations frm mi r1 were not skewed and that SU1)9l"ior st.rains aantaining 

all the tavorable dtlllinant taotors had not been obtained 1n one line through 

1nbre$iing and selection. 

In 19.36 E&st proposed an explanation of ~id vigor llbich canbined the 

early idea or heteroqgosis am the theory proposed. b;r Jonea. lits idea was 

that si~e traits were controlled by a large nl.Ullber ot genes in dif'terent l:lnk

age groups, that dom1:nance was not pr sent, but th.at there were multiple 

llellc series. Eaob gene atteats a sllghtq diff'erent Ji>1siologic11l condi

tion, thus giving mm1111m vigor wen all gene pairs are heteroQgous. 

Sprague (1946) stated that heterosis 1s more like~ the result ot the 

aailon ot da.n~nant. favorabls genes than the result ot Jilyzdologioal stimnla

tiCll relJU.lting trom genetic di'V8l"sity.. Also in 1946 Ba;yes. stated that betero

sis res.ults 1"ram s ral cause& an:i he listed tour ot tbcu (l) parbial domill

anoe ot Unked growth f'aetors, ( 2) complhnentAry aeticm ot genes all o.r which 

e.re neo.essar:, w caaditian the d~1opnent or the character• (3) a reduction 

of the number ot deleterious reoesa1Ye tao-tora which are llke)s to be in a 

b~ caldition, and (4) tho increased stimw.1l8 tran the het&rosygQlS 

conditicm of multiple allele.s that ma.'?' haw different ~ologic ef'tects .. 

Richq (1946a) concluded that- the 1.nteractim o£ daninant favorable 

genes remains the l'.IIOSt probable explanaticn for hybrid vigor ani that highest 

yields teal to be obtained 11hen the best, products or seleotic:m are used in 

b3'br1d comb1nat1cm. 



Cansidel'8ble experimental vork has been eonduoted during the first half' 

ot the a>th century to study the effects of crossing various bt"eeds of all 

cla&ses ot f'8l111 anhals . lush (J.945) has estimated that the inereasei pex-

rormanc obtain by c.rossing breeds ot farm animals ta.r such traits as size, 

f'erUllty and growth rate is betwen two and eight percent . 

7 

WS1"'l"Bn (1927) report,ed that birds r esulting from crosses between Single 

Comb White leghorn and Jersey Black Giclt ehiekens ware more productiw than 

either parent. The crosses pr<Xluoed 21.3 eggs as camps.red to 162 and 174 egg 

pr<Xiuoed by th two parent br eds during the S8Jl»3 period of ti ·• Crossing 

increased the batebab.tllty of the ·eggs and reduced tho mortality of the chicks. 

lmture bcxly weight and shank length or the crosses vere intermediate to the two 

parent breeds. In 1928 be reported that crosses between the S1nglo Comb White 

Legbom an::1 Rhode Island Red breeds vere more viable a.ni grew at a. taster rate 

than purebred offspring fr the same hens. The crossbred chiclcs produced by 

mating the Legbom male to a Rhode Island Bed female grew faster than those 

prcxluced by the reciprooe.l cross. Age of' the crossbreds at semal maturity 

vu intermediate to the two parent breeds in this experiment, 

In 1941 Hes , Byer!T and Jull showed that crossbred broilers gained at 

a f'aster r te and were more et.fieient 1n the use of teed than the parebred 

parental breeds • 

Aannmdson (1942) Cl"OSse:i several breeds of turkeys and .found that some of 

the crosses exhibited. oons1derabq more htbrid 'Vigor than others. 

Oro88b:reeding or sheep bas been practieed to a considerable extent 1n th 

westem rsnge area. The use of long· vool am muttm type rams on the fine wool 

ewes bas been f'our.d. pro.fitable for the sheep proiucers in this area .. 

Along the Gulf Coast, a comm.cm practice 1n beef' cattle proluctlm has been 
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t"O croas th various Brituh breeds ot cattle with the Brahman cattle f'rcu 

India. 

Blaalc., Semple and lush (1934) reported the results o£ an experiment con

ducted on the King Ranah in Texas in which Brahman bulls wre bred to Hereford 

SDi Shorthorn covs. Rhoad am Black (1943) g the l"esults obtained by' oross-

1ng Bre.Jmm cattle 1th the Beret'ord and Angus breeds of cattle in Loutaiantl., 

Hybrid Vigor w.s quite noticeable in such items as veaning weight of the calf', 

wight at maturity, and rate or gain in feeding trials. 

Hereford• Shorthorn am Angus breeds have been crossed at the u. s .. D. A. 

Experiment Station at Miles City, Mcmtana. J!lbUJ1ps and others (1942) reported. 

tbat the crossbred ealvea wre heavier at birt.h and at weaning time I JJ8de more 

rapid gains 1n the feed J.Qt and were leas susceptible to digestive disorders 

during the f'eeding period than pn"ebred calves. Bo ditterences 1n the etr-ioien

ey or teed. utiliaatian nor 1n the selling price or the two groups were f<K.md. 

Crossbreeding experiments vttb svine have been quite nuJ'Jlerous. Altb 

results ba'Ve wried somewhat. most ot the ~ illdioates that sane system 

~ crossing breeds or swine results in ine'..reaaed perfOfflaJloe •. 
'' 

Hanmcmd (1922) sttr:lled the 'Weights atd ages of the various breeds ot svine 

and their crosses vhich "1Gre exhibited at the Fat Stock Show held by the Smith

field Club frail 1901 to 1913. In eeveral cases he found that tho croesee were 

heavier tban the larger of the parent breeds. In other cases, the crossbred 

anjmaJ.s we heavier than tho average of the tvo parent breeds, but in ans 

cue h towxi that ooe erosabred grcap was smaJler than the average o£ the two 

breeds . 

Roberts and. laibl (1925) doubJ.e..«nated a Duroc Jersey sov first to a Poland 

China and then to a. Inroc Jersey boor. Six pm-ebrei Duroc pigs at birth weighed 

an average or 3. 23 pounds while the four crossbred pigs averaged 3.75 pounda 

at the same time . At l80 day-s ·anl.1' t"Wo of the purebred pigs were alive end 



they averaged lSS. ; pounds . '1'he four crossbred pigs which bad been tm.der 

similar conditions averaged 23;. 2 pcAlnds at the same age .. Shearer,. et al 

9 

(19~) made the reciprocal of the above cross lUXl foutrl that the purebred Poland 

China pigs 'Were heavier at birth• but the ·crossbred pigs gained weight more 

:rapidq atter birth. 

Winters and others (1935) mad · re(d.procal c:rosses between Pola:Dd Chins.s 

and ~cs and also betveen Du:roes and Chester Whites. The crossbreds exceeded 

the p.trebreds .in litter wight at birth t>, 13.4 peroent and at weaning by 2.4.s 

percent . They required 3.0 percent less feed and 8 .7 percent fewer days to 

res.ch 220 pounds 1n weight . When the crossbred gilts were 1:red to a boar or 
a third breed, the advantage ot the~ croes pigs owr the purebreds ws 

20.6 percent in -weight or the litter at birth and 60.8 percent in litter wight 

at veaning. The saving in feed. vas .3 .a percent and the time required to reach 

220 pounds was reduced by S .6 percent . Some of the crossbred gilts were bred 

to a boar of Cl.le of the parental breeds. These back-cross pigs vere also super

ior to the purebred. pig~ to aboat the same extent as were the f'irst arose litters . 

In a crossbreeding experiment including the Tamworth, Yorkshire~ Pola.nd 

China, Berkshire and Ill.roe Jen,e7 breeds or swine, Shaw and Me.cEwan (1936) 

founi no difference 1n the birth veights of the pigs . At veaning, however, 

the crossbred pigs we1gbecl 39.4 pound.a while the purebred pigs weighed 35 . 7 

pounds. The croasbredo gained . 09 ot a pound more per day and required ll 

pounds less feed per 100 pounds of gain than the purebreds .. 

A rather extensive study of the ei"i"ects of crossing the Poland Ob.1na and 

Duroc Jersey breeds or .swine ws reported 1n 1939 by' Roberts ard Carroll .. 

Purebred litters of' each breed were prooUC$i alcng with crossbred litters and 

litters which contained both pirebrEd. and orosabred. pigs. 'l'he Cl"OSSbred pigS 

on the average were heavier and more vigorous at birth as shOloJll by acores given 
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each p • More pigs ere !arrowed 1n those l itters vbich contained both cross

bred and pirebred pigs. Purebred litters on the other hand contained more pigs 

per litter an tewr stUlbom pigs than the oroesbred litters . Mortallt7 

among the purebred pigs \188 a bit higher before vaocinati.on than among the 

crossbreds. In tbe reed lot the crOS8bred pigs gained l .65 pounds per day 

and required 402 pounds .feed per 100 potlnds gain.. Th purebreds gained 

l . 59 pounds per clay and re<iuired 4!Yi pounde of feed. par 100 pounds or gain. 

Hutton and Russell (1939) made reciprocal crosses betveen the Chester 

White and Yorkshire breeds . The sows proiucing crossm-ed litters weaned more 

pigs per litter than did the s~s of the B8.l!le breed producing pirebred litters . 

The orossbred pigs \fel.'e· aignifioantl;r heavier at 70 days or age , made taster 

gains in the feed lot, and th gains were made somewhat more economically' than 

either of the pu.rebreda. 

lush Slnd ao,..wrkers ( 19.39) piblished the nsults o£ crossbreeding studle.s 

conducted at the Iowa Station betveen 192h attl 1937. There ware 108 11 tters and 

lOJ.5 pigs 1n the stUd;y. About half o£ these litters were prodUced by th& double,

mating of sows to a male of the same b:r$ed and one or a. different breed at the 

same heat P3riod .. A small er percentage of stJ.llborn pigs was found among the 

crossbred pigs tha,.'"l amcmg tl1e purebreds. Sum.val rate among the crossbreds 

until vea.nmg vas higher, and th y averaged three ar £our pounds beav.ier at 

weaning . time than the purebreds. Again the crossbred pigs gainsi tran .09 to 

. 12 of a pound more per day and reached 225 pounds .tinal weight cm 25 to 30 

pc>'lmis leas fetJd than was required by the purebreda. S001e of the crossbred 

sows were bred, and they proved to be efficient proctucers when mated either to 

a boar or me or the parent breeds ar to a boar or a third breed . 

,Starkef aJXl Godbey- ( 1940) bred Bel'kahire sows to both Berkshire and Du.roe 

boars . Both pxrebred and crossbred pigs were raised 1l'l each litter. '?he Cl'OSS

bred pigs were heavier than the pll"Sbreds by' . 58 of a pound at birth and 12.6 
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pounds at weaning. They gained .38 of a pound more per day 1n the teed lot and 

went to market ~ dqs before the pirebreds . They required 3'z:J pounds of feed 

per 100 pounds of gain lolhilo the purebreds required 335 pounds. 

Wea.-ver (1940) at the Miasouri Station d~ted six Duroo and six Polm'd 

sows to Iuroo and Pol.alXi boars. The erosslreds were slightq- heavier at birth. 

They were larger than the heavier ot the purebred groups at weaning by about 

tvo pouxxls . Twent7 representative pigs from each group were ted to an average 

weight of 225 pcnmds. 'nlc crossbreds reaohe'l. market weight two weeks ,earlier 

than either purel:tt-ed group, alld their gains were slightly more economioo1. 

Headley (1940) reported that crossbred Duroc X Pol.end pigs when fed on 

pasture gained more rapidly and used 22 pounds less eon.oentrate per lOO pou:r:ds 

gain than purebred Duroc pigs. 

In 1942 Carroll and Roberts made a &tudy or a large amount of published 

data on the effects ot crossbreeding in swine . They inclUded oncy- those experi

zoonts in which the performance of the Q1."'08Sbreds and the two pmmta.l breeds 

were reported se_parat~. For crossing to be considered benet'ioial. the per

tormanoe of the crossbreds had to exeell the perf'ormanee of' the better of the 

two parental breeds in all o.f the follC\,ting items: {l) number ot pigs farrowed, 

(2) birth veigbt , {3) survival o.b1lltT, (4) waning weight~ (5) awrage daily 

gain, and (6) eccc~ or gain. In their study they found that tho crossbracls 

'Were intermediate in all traits to the parental breeds except that they lolere 

equal to the better breed in surviw.J. ability and s.J.ightl7 better than the 

high per!'orming pirebred parent in average dai.J¥ gain. It the crosses had been 

can.pared to the averaee or ·the two parent breeds, th~y would have been auper1or 

in all respects except .1n number of pigs tarr®ed. However• they oonoluded 

that hybrid vigor cannot be expected in the majority of- crosses betwen breeds 

of SYine. Rather, the,- looked up::m it as a grading-up process , from the 

poorer t.o the better purebred parent . 



lush, et al (1948) stated that the analJ-sis used b1 t Illinois wor 

~as b1as:al systematioallj by two thmgs. Fimt.,. which was ... ho better 
of the to pure breads to be c~red to the crossbreds was not dac:td
ed until after the results vere known and was decided so~ 
each experiment. '!'his method J.ris.ds tot e tter" bread being either 
A or B or a mixturo of' them in the awr.ages 1hicll are oonpired to the 

l2 

11>'..1"'-.... ""'-'"'breds.. This systema.ti ll biases the evidence agajnst t.he cros -
ht-eds since there .are tvo ~bred lots to choose betwen in each ccmpari
scn wt on1y one <".rossbred lot. i'he average bias thus introduoed is 
a.bout halt of the experi.?nental error per lot. Also tho practical -~---
er ?llll.St d eide , hieh brood Yill actual.J.T use be:tore he oould know 
which is the "bot'ter ano by th s met.boo. The secttld source or bias 
v t t t charact- s ere eons!d-ered singly and separately. It 
on.en happens. that one breed a.-verages better in t or three obs.rac-
t and the -other in t, or three others. Tho ati l pro-
ducer must raise and sell the an.:lmal as a whole ra.thor than for 
cllaracter separately. The average erreets of heterosis are such a.s 
to mkn the su~ty o£ t-110 crossbred sanetlba.t higher \1. en the 'Whole 
animal is c :!d than when eh character is consid red separately.u 

pig produced at t Louisiana station 

vith a 

oc., Po.Jam end llampshire boors ach g e-ration tbe crosabrcd 

:vi ,r at birth, d :t ier 

crossb 

pigs per litter, .......... 11,._in5 a to l of 52 pounds at 56 days.. No particular 

superiority over the purebreds in rate eeon of gain oould be detected.. 

in Ohio. · In th expe imtmt eond oted at the Miami Station, firm; 

~, tbree4>reed cross, and f"~ · cross litters -vere compared with 

outbred Duroo herd. t 180 de.ye of age single cross litters V&r , larger lzy' 

bred ])J,rocs. l thr 

a pig am hea r by- 105 pomns at si.'l: onths 

- than tho inrebred ruroes at 180 daJ1'ii. 

In tho Paulding Cooney test purebred Hampm!re& w-ere eot,.pered -with oross

bred litters. The eroasbred litters were .7 0£ a p-ig J.arear :t 180 dqs am 



veighed. 200 poilllds moro thm1 tho ptu-ebred llamp1:Jhires . ., 

In the Msdiaon County test C1"ossbred litters eontained 1.4 mo:t>G ptgs and 

-weighed 292 pounds f,10...~ than the purebred Poland Chins. litters with 1~:hJ.dh th<>y 

were compared., 

At the r.aain station vb.en purebred Dttroos. were used as control.e, e:roaab~ . 

Berkshiro X Duroos showed no increased 'Vig~ itt rate and. econ~ of gain up to 

220 pounds. Polm.ld. X Durocs exaeaded pt.treb:'ed. DlU"Oos by .r:n of' a pound per· de.,,r 

and. ma.do 100 pounds of gain on lO pGUllds ~ teed tha.11 did the iarebred lliiroca~ 

Three~b~ crosses exceeded tho Du.roes by .OS of a pound par cley :in. gai11 fran 

birth and requim approximately 6 poun1s lesa fe~ f)E3r 100 pounds 6-ained ~ 

lnbreed1ng and Crossing of 1.nbred Linea -of Animals. 

The general affects o:r inbreeding hi eom and other plants wero de:terminai 

by plant breeders durir."'lg the · eai-)3 part ot t!w our.rent oentury. The uso or in

bred. lines for the commaroial prcdu.ot.1(1A o'! corn bad already been suggested be

fore mucl1 data could be a~eumulated on the .atf'eet,s of inbreeding on enimalo .. 

Differences in the nature of tbe two alasses 0£ material make this readll1' 

understmld.able. Dif.'f-erences in rates Qf repraluation and the pos$1ble types-

of ma.tings permit. a mucli mor0 rapid rato ot inbreeding ldtb plants than with 

animals. 

In 1918 and 1919 a series of papers were published b.v King .reporting the 

etreats cC inbreedii'lg in the albhlo :rat. She (1918a) reported that inbred 

lines were superior to control out'l;>red stock for g~1th rate and ma.t.u:re aha. 

The inbreds were not as hea:~J between. the 16th ruld 25th generations (1919) as 

they had been. up to tha;b tme, birt they we.re still ~uperior to &took rats 

oarried oonau..1"Tel1tly as ou.tbred oootrols. 

Sha (l91Sb) also 1"Gported. that the inbred lines averaged 7.S young pe:r 

litter aa compared to 6. 7 per litter far the outbred~.. length of lif'e of t,he 
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rats increased with the inbreeding. Differences in disposition between the in

bred lines were noted. She (1918c) .al.so reported that. by seleetion and in

breeding,. the ratio of males to f"emales had. been altered. 

Sewall Wright (19224, l-922b) ana~ the data on the · effects at inbreed

ing and orossing of inbred lines of guinea pigs which had been e.ooum.ulated ht 

uorkers in the Bureau of Animal .Industry of the United States Department or 

Agriculture . This study inclUded 23' 1nbrei families descended fran 23 tex:ialss 

e.td nine me.lea b.r brobher-sister mtings f'Er" m..ora than- tYelw generations. When 

these inbred linas .iere compared Yith a group of" noo- inbred controls ti1hich 'Were 

maintained under identioal conditions,. it was found that the inbl'eds had suttm

ed a gene-tic deallne in Vigor in all obaracterlstios studied. 1he decline in 

tertU!ty was greater than the loss of vigor 1n other respects. Altho1J8h moat 

ot the ra.rn:tl:les came- .f'ran the same atoek,, a striking di.fferentiatian 'With re

spect to traits connected vith rtgo.r vas f'Olmd. among t2lem. There did not appear 

to be heredity- ot general vigor. The average v1gor ot a f'ami.Jc7 in one reaps-ct 

was f'ormd to be in the main independent of its vigor in other respects. The 

study demonstrated in animal material that one of" the most illlportant results o£ 

inbre&ding was the bringing to l1Ght and fixing or- hereditary obaraeters in a 

f'am1q. Crosses between inbred fmrd lj es resulted in a marked improvement ovet

both parental inbred line.s 1n all respects. A certain portion of the increase in 

vigor of the first cross between inbred f'ami.lios 1i1as maints..inad on resuming ran-

dam mating.. He suggested 

"That the results here pomt the way to an important, application of 
inbreeding in the improvement of livestock ~ oE the 10ll herit
ability ot traits vh!ch are of most eccnCXllic 1.mpartance.. B.1 start,. 
ing a ~ number of inbred lines• important hereditary- ditteroncu 
1n t.heae respects are brought clear 1T to light and fixed . Crosses 
amcmg these lines ought to give f'tlll recovery of vbateve~ vigor haa 
been lost by' inbreeding and particular crosses may a&re,q be expeet.ed 
to show a canbinati.on of desired characters dist1no:t~ superlO?' to 
the original stock. fhus a croa&bred stock can be developed which 
can be maintained at a higher lewl than the original stock• a lewl 
wbieh could not have been reached by seleeti.m alone . .Further 1m-



provament is to be sought in a repetition ot the process - the 
isolation of ne\4 inbred strains from the improved crossbred. stocks 
tallowed ultimate]3 by crossing and selection of the best crosses 
tor the foundation. or the new stock.• 
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In 1941 (a ) Eaton reported that scxne crosses between inbred lines of mice 

exceeded both pa.rental lines, while aame crosses sho'W9d no increased vigor. 

'lbree-llne crosses exhibited more vigor than single crosses - especially as 

expressed by tertillty and viability.. He (194lb) el.so reported the ei"f'ects 

of <JrOssing inbred. lines or guinea pigs. The greatest 1mprowment in fertility 

was obtained when t'Wo stre.ins, whioh were neither extremel.3 h1gb nor low 1n 

.fertility-, wre crossed. When crosses vere made betveen lines of high aDd low 

fertility, the eyt,rid was usueJ.ly somewhat, intermediate . The same situatici:i 

was true for growth rate, but viability was mcreased 1n nearly all of the 

crosses . Greater fertility end viability resulted ~l'Olll combining three 

tamilles than from a. cross between~ two or them. 

lilv (1941) reported that crosses betveen related inbred lines of cbickens 

shOWEd blt little improwment over the parental lines 1n :(n'oduotiv1ty, growth 

and viability. Progeny resulting trcl!l the crossing of unrelated inbred lines 

were superior to the parental inbred lines and t.o random bred controls . In 

1942 he showed' that the us of inbred mles an outbred females gaw prQg8ll1' 

which vere more prcductive than crosses between related inbred lines. However, 

crosses between unrelated inbred lines were superior to the topc:roas prog 

am random bred leghorns both in egg producticm and viability. 

K:Pbee (1930) reported that in general there had bean a decline in vig~ 

1n the inbred lines or Chaster White , Poland Chir..a, am. 'l'amvorth swine at 

Belt-sville.. The reduction 1n weight of the pigs at birth was slight 8l1d in

consistent . A rather definite decrease 1n weight o£ inbred pigs at weaning 

1i1as observed, and mortality- was especial~ high in the Poland China line .. 

Segregation for color factors and swirls was observed. He reported (19.3l)tba.t 
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th attempt to lltabllsh a lJ.n9 of Poland China sw-ine b.r ma tag or tul.l....aiba 

bad failed , due to a <16areased. f'e:rtUitr am n high mortalit,' 3!' • 

Godbe7 and stark8J' (l9J2). su:nma:rized the resul.ta of 63 litte or rk

sbire atd.ne \lhich wre mtensive.J¥ inbred .. 1hare was no col"l"8.lat1m. betweeti 

the or the litter bil'th igbt at the pigs. • the 

more h~sbl1 J.nbnd ~ RT& detinl~ ·SIJBller t woning • 

a,n (1935) toum tha\ a ct~ ot bc»t, 2 pigs' per litter t farrow

ing bad resuJ.ta1 ~ inbreeding Polar:d Gbina Slline. In the tinh and a1xth 

genoratioo.s tul.J...e1b M.ngs, one inbred line t'l!daed 13 rcent of' t pigs 

arn,wed lmile another :ralae:l on.:cy, 3S peroent. figures wre cmpe.red to 

Tl percent ra1sei in an outbrod herd,. ~ line e-ros pi reeohed 200 

poims weight four veek earlier tban l6 t-bl"ed pigs and . earlier· 

than the inbred pig • 

Willbrun am Craft (1939) found that inbred Duroc litters after rut 

eight generations ot balf'-td.b matings-had~ tr<l118.9 pigs to 5 .. 3 

tar.rowed. e .ba4 been JU> d80'!'8IU18 ia en outl:>red maintain as a con• 

trol. 1'b inbred Wl'e . 34 ct a pound than outbreds at birth, 

2. 9 pc,L1tds li~ter at vean1ng t . • The oat pj,ga gained more rap!dq 

tbOfle hto the inbred at all ages.. lnbred pigs required: appr~ 

2l po-m~1s 

l.oases tl 

re fl than the outbred · to · t: on lOO poundS or gain. ath 

hout the gr«,t1ng and t'attmlng period vere in the 1nh . 

than :bl the outbracl group. 

Baker .8.JX{ :tnm.ilJor (1942) .wiled he etf 

e t.Taits in #Wine ~ bra.ska. Baaed U: f#'GSACll of per.f'orman® 

upon SE38.30l1,- \: COl'1"e: fo.r age of ,, tb.o data. did not incti ta ezv 

def"inite the nine SGaSCllS in the n 1" of . s f'ar.rowed, tho D r 

ot J the number of pigs WSlled, the WAAtlil'lg weight litter, 
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marked deterioration in the four lines ot inbred swine due to inbreeding. Actue.l-

4'" the regress1:cr>. of ~ay wight on season ws positive am~ significant. 

Wiµtera ,, ot al (1944). found that the inbreeding or the dam was a more iJ.il

portant fa.otor in determining number or pigs farrowed than the inbreeding o£ the 

litter. 

Canstock and Winters (1944) reported that the selecti on pract1otd at the 

Minnesota StatiOl'.I. bad bean etteet1ve 1n raising the average da~ gains 1n the 

inbred lines at that station. However, inbre«ling bad depreosed litter ·size 

in spite of selection for this trait . 

J.n 1943 Winters , Coms+vOC.k and Daiq reported that; a cross betweoo.· the 

Iandra.ce ani Tamworth breeds o£ swine had been us~ as a foundation for the 

Minnesota 1/1 breed whioh at that t had inbreeding coefiicients of 24 percent . 

'the wide segregatiai and general deterioration in performnce generall.1' believed. 

to accompany tho subsequent inbre.ed.ing of a crossbred pop..tlat-ion did not. occur. 

In 1948 Winters, et al reportai that inbred lines had been developed 

without a seriou.s decline in vigor . !Jibrid vigor was. obtained when the lines 

were crossed,. The crosses of lines from ditterent breeds exhibited re vi.gar-

than those between lines ot the same breed. 

Willham (1944) found that crosses bet-ween inbrea lines vithin the Duroe 

breed gained t"astor than either outbr or crossbred pigs . 

Winters~ et al (1944) reported that line cross pigs \lere superior to the 

inbred parent lines in fertility,. survi:val, rate of gain,, eoon0l!J1' of gain, and 

score for body oon.formation. They were also superior to selaoted n.Gll-inbred 

pigs used in f'eeding experiments in the mid-'.Jest. These 1-1orkers pn.lnt.ed out 

that superior lines appeared to produce the superior crosses. 

Dickerson, .wah and Culbertson (1946) , using a procedure f"or obtaining 

weighted mean differences 'b$tween inbred alXl line cross litters, found that 

' b1'br1d vigor in the pigs was greawr in -viability than in rate of growth. Th.-
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crosses coeeded the inbreds in total litter weight at 15,4 da:13 by 72 pe.raent. 

!,hey grew :more rapid:J.v f:rrom 84 days or age to 225 pounds, wt they" required as 

much feed per unit of gain as did the il1bred pigs .• -.. Tbe pertonnanee or these 

single cross Polmld China litters*' out ot 4ams whose inbreeding .e-oef'fioients 

vere .28, averaged abo".l.t the aame a.s publlshed data on outbred Polalld Chinas 

in Experiment Station hards~ 

In l947 Diokeraor .. ·and co,...,,1orker.s from f'our of the cooperating £1ta.t1ons of 

the RGg1onal Swine Breeding LaboratQrf obtained 1nt-ra-&eaSQ1l dli'fere.nces between 

inbNd and single oros.s litters vtthin line ot dam. There. were 240 inbred and 

158 llne e:ross littelfs at the :Polm:l China breed and 298 inbred a.td 176 line 

cross litters of the Duroe blreed.. .Por $1$h 10 perocmt rise. in lltte~ !nbree.d

ing, indepen<ient ~ Bg·e an:l inbreeding or· the damsi the decl.ine averaged 1n 

litter size 0. 2 of' a pig a~ birth,. 0.4 or a p;lg· at 2l days, 0.5 of a pig at, 

% and 154 4ays,. In pig weight there waa no t\eelJ.rle: to 56 d.aya,: but a decline 

of 3 .6 pounds vas f'ound at. lS4 dqs.. fhe rate et decline was stm.uar for the 

SalllEl breed a~ clllierent ,sts:tions,, but was taster tor- Dlu-oos than Poland China.a, 

aspeciaJ.ly- in lit~r size. 

Sierk ·(1948} repol'tecl that cl"(')$se:s: ot inbred .lines within the Poland China 

b1'Nd 1"9$ulted. in inereaaecl vigor. Crosaas between. lines at diffarent bneds 

showed a greater increase in performance than those between lines of the same 

breed. 

· Warwick and Wiley (1949) found. that crosses bet~ an inbred Che$t,er 

thite line and a Iimilroc line wre heavier at 154 &qs or agt than ou.tbm am 

crossbred ,tl'Wine at. the lildiena Station. 

Squiers., et al (1949) reported. that both inbred and line cross gilts. 

pr6dueeci about ll.O om at the first es:tru.s -wh'ieh o~ about one ·lllOl'ltb 

earlier for tha line or®s gilts tba:l tor tbe inbred.a. 
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During the ~ eleven years the Oklahoma Agricultural Experiment Station 

in cooperation with the Reg1Cll8.1 Swine Breeding laboratory has been develop

~ inbred lines vithin the Duroc breed of sw:tne. Il1 sixteen of the twent7-

tw te.rrawing seasons froo the spring ot 1939 through th fall of 1949, both 

inbred and lino cross litters vere produced. some seasans outbred ruroo 

and three-line o:ros 11 ttera vero farrowed . The pigs were individ~ id ti

f'ied by ear natches at birth, and weights were -recorded on each p1g at birth, 

2l dqs, 56 dsya,. am l80 dqs ·of age. 

In anal,yz r1 the data £or the p~sent invest-igation the following intra

season oomparls(Jis vere me.des 

I'. Inbreds versus single crosses within the same line of dam. 

II. Average or the two parental inbl'ed lines ~sus single crosses. 

m. Single crosses versus three-line orosae-s . 

IV. '.Olrt>e-lllla crosses versus outbred Duroos {c~t1~ bred Du.roes 

produced by the mating of non-related noo-inbred fnliv.ldtlals} . 

V. Single Cl'O:!sas versus ·outbFed Du.roes., 

'.l'he number of litters in each of the oompirisans am. their distl:'ibution 

by season are given 1n Tables l and 2. 

Birth and 56 day records were inolu:led far 444 litters, but 21 and J.SQ, 

·&q records were available £ar only 711 litters . In 1949, 21 am lSO day re

cords were not awUable m 73 litters. The recording ot 21 day -weights -was 

disccmtinued this year. am callplete- llt+...ers we:re not fed from weaning to 180 

days . 

Dams of both inbred am line cross littel"S were t:ruu se:ven dif'terent in

bnd lines. Line 3 was the ~ line regula.rl,y :reiresented tbrau.ghc:n~ the 

riod covered b7 this attdy. Th:1s line vaa started 1n 1938. The foundaticai 



~ sit.'4~ 
Sea8a, t1ne of Q2111n:1D2n 1 Tut W.ttm 

,arr<Nfd . t l ~s 2r9IAA! inbrais . Cro;mv 

~ 3 9 4 J 2 

39F l 5 1 
3 6 7 3 ,2 

400 2 2 l 

40F 3 2 3 2 
l 2 l 

3 lO 2 6 2 
2 l l 

t.ir l 5 1 l 5 

' 10 4 .· 4 3 
4 3 2 

4:8 l 3 s 
3 9 s l 4 

l. 4 .3 
3 ll. l 2 4 

431 3 7 7 

448 3 2 

4/il 3 s 7 

45S l 3 s 
3- 6 ll 

3 10 4 4 2 
6 4 s 

'6S 3 9 7 

1(1'1: 3 s 4 2 l. 
5 6 'l 2 3 
7 4 3 2 z 
3 3 6 2 3 

' 3 6 2 4 
7 ~ _J ...6 ..J. 

total l.45 l2t) 52 49 
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fable 2. 

l!*t gt ~J.a;ai . 
Siann1ArJ.;Sll 11 Osmm:tm JU Cc.av1dm l! g~r~I 

Sea.soo Inbred Single Single .3-l.Sne 3-Idne Cutbred s1ngritbred 
!qrowed Litters Qmss oroes Q,;:ops, Cross 

' 
Duroc Cross Duroc 

~ 16 4 

39F ll 7 

40F 10 2 

4l3 l5 2 

4lF 15 4 

421 l2 5 10 6 6 7 10 7 

43S 15 6 6 6 

43F 20 :3 3 5 20 ' w lO 10 

458 9 16 l6 ' 
lt:B 17 3 

47$ 15 l4 

1,87 9 16 17 2 

498* 12 J 

49F 25 3 

49F* - - - - ...lt. -& -£ -l 
Total 1Z{ 76 74 24 23 l4 95 Jl 

•I4ttors raised 1n dry lot en cone:rete f'loors. 



stock consisted of ten rema.las pn-ohased from tho Cameron hem located at 

Berman, Nebraska and one bred gilt selectod from the Joe l\ldenz herd at 

Carroll, Iowa. The three foundation boars -were the sires of f-our litters 

purchased in dam .fra:n these two herds . Sino 1939, this lino bas been br 

as a closed line . During th :()e'riod .f:rom 191~0 to 1942, t he line ws split 

into two sub-lines,- but they were later combined again into one line. The 

average inbreeding far the line has risen from almost zero 1n the first ar 

of this study to approximatelT 25 JX)rcent in 1949. The average inbreeding of 

tho boars end sows '" veighted by the number of litters they produced .h1 this 

study, w s 16 ~ percent. The growth rate or the- pigs and the productivity or 
the sows have been above average . The type of his line -would be eons:1dercd: . 
intermediate. 

Line l -was used considerabJT during the first six years, blt this line 

-was discarded in 1911:, because or its poor perf'armanoe as an inbred l:ina . In. 

192.3 , throe sows and one boar f'ram the Olrla.hom A. and M. College herd ,mre 

p1a.ced on an inbreeding experiment . Their desoondonts were bred b1' halt

brother X half-si.ster matings until 19.38. At thio tillle, several SUtit3 of tha 

line were bred to an unrelated outbred boal". Several. individuals from this 

outcross we intrOOllCOO into the line. It was then bred as a closed line 

· until 1946. The verago inbreeding or this line during the ti it vas UB 

in this study llas 37 .,2 PQrcent. In contrast to :other lines in this study', 

the average inbreeding of this llie did not vary greatl;r from season to season. 

Mortall rate -was quite high, and the g.rwt;h J:!ate f the inbred :was 

def'initel;r l in this line .. That the sows vere good mothers 

by the rformanee o£ their nM- inbred litt re. 

indicat~ 

Line 2 contributed anly a f'aw litters to this study. The average :inbreed-

ing or tho line e.t the ti.ma it was cull.6:1 in 1941 or poor per.t.9Ql"JDa1'lce. waa 

about 17 pareent. 
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'l'he general praetiee in the experiment Wa:J to produee U:tters both m 

tho spring and b the .fall.. The litters ·were fa7!roi,red in a ce-..1tl"al ~g 

barn 1J.l'ld the sows and litters were ttiO'Ved to small houses rm paature af\e~ 

'three t.o fOtir days. The pigs wmte . creep-f'ed end the sows vtere f'ed standard 

ntiona. The pigs were wlghed at 2l dqat• vaeeinet'Sd f<J1!' cbol-era and <m.stra.ted 

before weatting •. The¥ llera ~ for the lnOst part at $6 l~"* ThQ waighta 

or the ll :number of l 1tte:.r.s uhicb were no~ wee;ned on. the 56th day w;re 

corrected to 56 d~ weight. u.ai:o.g ~et:Lon f~ repo:rted by Whati.y and 

Quaife {l937}. 

Jtte:r ueanine, the piga 1-1ali'e .M in ~ps sorted aeeording to age and. sex 

of' the pigs. vieights were taken every two ,,eeks after ~ pi~ wre fiw 

mcnths old. f'Ald the wei@lts nearest lSO days -weN adjitsted to that age . i'be 

n\tions Bl.id s:rstema of mamg~nt haw changed slightly .from .saason to seas:0n 

but the various lines and crosses reoeim c.onparable- t-:rea:t-mant ldt'h:tn the 

RotE.rtioll o.r pnstul.-wea f:or etmt:rol or internal. parasites was practiced;;; mt 

the rotation -was inadequate resnlting ill conaide:r.abl.e dif!1eulty with NJUndi

U:0l"mS, espec~ in tha :ta.st five~ . Within recent years l'Qlt1ne ~t

m.ent tor ~ 1n the ~ir',i.g p:t,gs Yas practioed . This t:r.»Gatment was 

benefieial 'btlt- did .not give eomplete control. '!he .he:rd ha.a ~ el.ear or 
infeetiQU$ abortion au1 no serlous out~ of '1isease ~®-~ed during alllf 

or the ooo.sons ioolud~ ill th1s s~ud7. 1$ola:ted C8$e$ -of' vatriwa. s.ldn d!a

o:J'd~. have~. the cause ot Wh1ah has not- been ~e~. 
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NStm.BS OF PERFORMANCE 

A ffl'ieY of' the literature reveal.a that the increased vigor obtained by' 

crossing inbred es laborato:cy and ram animals miBbt be expressed by on& 

or more or tho :follO{;Jing: (1) larger size of the lltte:r at birth, (2) in~ 

viab:tUty. (.3) 1nQ1"ea.$8d growth re.ta. and (4) more efficient use of feed. The 

items o vigor Yero not f>UQ\.1ll to highq aorrel.a-ted 1 although rat and eff'i-

ciency of gain have so?n:?timea shown a very close association. Inbred lines 

Yere ormed ich -were oharacterizsd by '1T:ll"ious combin tiona of traits . 

During the formation o the :bl.bred lines of swine, a roo.wstion in the 

n r of live pigs farrowed per litter was generalJ.T noted . A higher percent

age of thooo inbred pigs die-d beforo reaching a Jilarkete.bla yeight. The pigs 1n 

many or the lines g1"fl\1 at a slower rate'" and in ao of .the lines. they reqUired 

more feed per unit or gain. 

Crosses between the various breeds of st ine were reported to be superior, 

on the wole.- to the a race of the par{'nt.al breeds. In most instonee$, the 

cross°bl'Ed es re vigorous as shown by la.rgar number of" pigs per litter 

and by a more rapid te of gain. 'l'he:r reached market weight from one to three 

weeks oar Cl" t.'1.an tho pure-breds. some ca.ses this resulted in a considerable 

saving in. r 61 cost. In cros~ s betueen in'b'red lines 'Within the same l.lreed, 

Dickerson f'ou.nd t ia.t most of tho vizor expressed. 'Was in the f'orm of increased 

viability• although there woz general tendency f (f.r a greater proportion of the 

taster groi.rl.ng pigs to survive. 

The num"bGl" of pigs raised psr sow and · the grovt;h rate of the pigs to a 

marketaole veight are t\ o important considerations in swin product! • · Sine · 

heteroois may be e:icpressed i;n e1 ther or both of these f'actqrs, total 1i tter 

weight ws selectGd as the one best over-all measure .of per£ormanoo ror this 

:Investigation.. It is comparable to "yieJd per acre Yhl.ch has be · llide:13 



used :in var.1.ety eats by the pl.ant breeder .. 

Earlier studies ha empbasiz the cxtre ~ important role or the sou in 

providing the pt'Oper environmntal condition.'! for the litter during a r lati 

~ long i od of t1l!le . The first 114 dayu of the pig' s life is spent in the 

uterus of its dam 'Where it is eompleto-47' d pandent up<:11 the sow for its naarish

ment. Fratn farrowing until about 21 days of age. the litter d pends almost 

exclusively upon the milk of the aow £or 1 ts growth. Milk remains an ilttportant 

constituent in the diet of the pig until it is weaned, bUt it begins to eat 

supplemental feed at. about three eeks ot age. It, thorefore, beoomos leCJs 

depondent upon the direct mothering ability of its do.m as 1t gr<)\,IB older. 'Whe

ther a litter is bea:v,- or light at -wean.in" time is certainq influenced to a 

great extent by- the f'ertillty,. temperament , and milking eapa<:ity of it dam. 

The previous treatment of' the 1i tter by ite dam undoubtoo.ly in:fluemces its 

post-waning perfol.'!lla1lCe. However, all litters dcpem. upon the same source of' 

feed betwen wea.11ing and :1x _ tbs of a&,e . Gel.'l$tic dif'.ferencen among groups 

of s are more likely t o detected between ueaning and six months or a 

because en:nronmental conditions are more .nearly' f'or all groups at this 

t • However, litter wights at birth• 21,_ 56, am 180 deys "Were studied in 

order to ete · o the tine at \lhich aey expression or heterosis ·ht first 

become ev1d t-. 

Alono tdth the litter w ights a..t th four erent ages ,. :lt •as decided 

that the er .or liw pigs would give an indicat10!.'l of the re tive il!J:portanae 

of fertility- and/or viability an littar we:ight. 

Rate of gain of the 1nfil.v1du.al pigs f'rom about t1ea:nin , t to market "1 ight 

of about 225 paUnda, a.long with the amount of feed c pe~ ooo hundred 

pounds or gain, ~ho mea.stll"es used for checking tho dif'f'e ces .in ~rl' 

an.ea in one of pigs . ill.is p of tost litters were smnples dra'W!l from 

the larger group af litters .tarrm eel in thess seasons. They permi.tted a. mare 
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METHOD OF ANALYS I.s 

Other than the breeding of the 11 tter sane of the sot..troes of variation 

uh1ch vere considered important in detem:hung total lltte"X" loleight and number 

o.f." piga per litter were r (1) seasc:nal tluatuations in envlrOl'llllant and changes 

in management from season to see.son, (2) age differences among the dams,, (.;) 

differences in .matemal abilities which may be charaaterisiiic of d.itfe'1"mlt. !.mes, 

and (4) dif'ferenees in the ooefficients of :inbreeding among sows of' the same 

line. 

For this study all litters farrowai by sows were corrected to a gilt 

equifllent using correction f'acxtors obtained from the data and presented in 

Tabl.£ 5. 'The ~is \I.ls restriottd to comparisons within the aame season so 

that changes in .uanageIOOnt and unavoidable differences due to season would be 

minim, zed. 'fbis restriction autanatical.l3 reduced the mean ditterences :in the 

coefficients of inbreeding among the sows of the same line. 

In Compa.rison I, the .mean differences were restricted to those between in

bred &xi line cross litters predWJ&d by the same line of dam. Obviousq this 

restriction could not made in the other compa.risans which include the foUCN-

inga n , 1n which the single erosses were collXpEU'ed to the average perf'Ol'mmlce 

ot the two pa.rental inbred lines; III, in which the single crosses were compared 

to· three-line crosses; 'IV, 1n which outbred Duroo and three-line aross llt·ters 

weTB compared; 8.l'd V, in which single crosses vere ccnpared to outbred Du.roes. 

There were unequal numbers of litters in the various lines a:nd seasons . 

Yates (1934) suggested a procedure for weighting the nea.n difference :in pro

portion to the re~pt'Ocal of its variance. The t'ormw.a for this and set of 

data to ~trate the procedure used ar~ given in Table J . Thia .~ tar 

weighting the mean differences places most empho.sia upon those eompn-iscna which. 

are most relle.ble .t'rca the standpoint or numbor and distribution of litters. 



Dickerean (1946) used this method for weighting mean differences m aimi

lar data 8lld: suggested its use in the present- investigation. A sample ana~e 

of varisnce ot the data used .in Table .3 is g1 ven 1n Table 4. It illustrates 

tbs prooedure used far testing the sigJlitioan~ 0£ the weighted. mean ditterences 

obtained for the various items. 

r· 
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COBRECTICN FACTORS FOR AGE 01 DAM 

A preliminary ana]¥sis ot the ata revealed that the dams or tho inbred 

litters were appradmate4i" ano-thiro. year older than the dams at the line 

aross litters . Since very few sows in this study' ·were re than tno years 

old , this dif eronoe vaa a very important source or bis.a in favor or the per--

f onaa.nce ot tho in litters . It is knoun that the reprodueti w oa~oi ey ot 

the sow increases rather sba.r,p:4r f'roJn 'b,1eJ.ve to eighteen maitbs of age. In 

addition to this source or bias, the sows which tarrot;od more thn:n one litter 

wre selected on the basis of their provious litters. These tl.to items in 

favor o£ the 1nbred litters wero suf"f'icient to mask or reduce the e:x:pressi :JS 

o ~id vigor when the line cross litters uere compared to inbreds ~ithin 

the same llne or dam. The greatest er. ct or these raetors on lltte-r perl'-ormanee 

occurred at birth and at 21 dsys or age , but the same etteot was evident at 

weaning and to a lesser extent at l.80 days of age . 

It the comparisons 'Were 1-1mited to those Utters which vere .fran sows or 

the same age , the number of litters which could be used far ~is was re... 

duoed to abaixi one-third the tot.al number available when age of dam \la.a ignored . 

Although ·lihe number of litters was greatq reduced, it was found that wen there 

was no difference 1n the ages or the dams the line cross litt rs were auperiat" 

to the inbred litters 1n perf:ormane at all ages . 

order to nake maximum use o£ all available. informatian in this study, 

a set of correction .f'actora was eomputed f'ran the data so that the e.f'f eets due 

to di:rferenooa in the age of sows might be minbrlzed. 

The procedure was to obtain the wighted. mean differences betwoen the gill 

litters aild those f'rom the aaws of tho various age groups. Canparisons were 

con.tined to those -which occurred within the ee.me season. A separat.e set for 

1nbroo am ncm-inbred ll tters was obta:lned . Although the i.rference Y$re, 
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somewhat larger betwe.n the age gl!'Oups when tbey vare pr-oducing inbred litters, 

the two gr-ou.ps vere pooled to obtain the £aotors used in this stua;r. It 

their use m this study was a source ot error, tbe bias was relatively small 

am in favor of the inb:t'Ed litters .. 

l-t should also be l'ealizGd that there is S001Q earrect1an for the ae.lac

tion or the tl€MS in this, age o~otion.. 'i'beretore, the, uae ot these .tao-tors 

may not be of yalua .in another hel!i whe:re aalection or aws may· ha.1'.e been of' 

dif'feren~ intensity. 

'lhe taotors given in 'liable .!> 'Were WJed to correct all sow lit.ters to a 

gilt equi-valent age . Althougp. pUblished. eor.caction faetora at all ages were 

not available rw e~pa:ris:an v11lh theso, those obtained fr«n this s.tu.dy are 

larger than these repcrted rar numbers o£ pigs at birth Olld. weaning. Cm:e 

possible e:s;planati.on was that this ~,u;lation of older sows ~ have be®· snore. 

hjgb,q- sel&eted ~ t.hOBQ in the other atl.'ldles.. 1n ad.di tian the mbreeding ot 

the sows within this study- lllight have caused a greater spread between their 

perfo~a as gilts and a11 older sows if the inbreeding has eauaad. a delay i:A 

aexual maturi·~y or the gUta. There is aome a;icperimental evidanoo that this., 

d.el.Eqad ~x®l deVQ!opoont has oecurred in som.ei inbred lines. 
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CORRBettm rm USED GXU' BAS 

1 .. 0 l ,000 1.ocn l ~OOO .l . (X)O 1.000 L«x> 1.000 1.000 1.000 
1.s l05 l83 .szi ;S03 :I;; . -~8'19 .su .ag1 .716 .ass • 
2.0 66 U2 • 760 ..,1(:J, .?a=> .m .m !ti7'9 .S71 .796 2., Tl 93 ,'10, .153 .649 ~862 ,,712 .m .74h ,847 .774 

.s, 1.39 l?.SS 6.09 ,14 S,90 14,S.6 ,.17 7i 
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The st.Udy bas been divided into five different compariso11a. Eaclt one ot 

them waf3. ~ad to gain inf'ormati01, of a. ditferent natu:r>e. &!nee many of the 

litters haw been used in ore than one eomparisoo., it must, be pointed out 

that some at the studies are not eomplstal;r independent. However, this does 

not inval:tdate the eonclusims drawn.. Tha results ~ each comparison, vill be 

presented sepa;rat&.47'. 

OomJ*riSOll 1 

Tho weighted mean dif"ferenoes between :lnb:red litters and 1:ine cross litters 

,dth the aame line o£ dmn were obtained eaoording to the· procedure outlined 

earlier. Th1& compxr1san inolnd.ed J45 inbred litters and. la:> line cross 

litters 1n 14 seuons. !he distribution of tbeae Jitters ~ seaacm and llne-

of dam is presented in Table 1. 1.rh& results are presented in i'able 6. There 

vas no dif'£e,.~anae in the inbl-eedin-g coet&ients or the dam;s ot the two groups 

0£ pigs. 'The· :inbred pigs had aoof'f'ieients ot inbreeding whioh avera.gecl . 22 

whila the llntt cross litters wre not inbred. 1'be sires or the inbred litters 

uare not quite so hi~ inbred. as those of the line ex"GGS lltte.rs, bttt. line 

and inl:lreeding ol the siite were ignored 1n this eompariaan... flw l:ine cross 

litters were heavier than the inbreds at birth;1, 211 '6, and 180 days by l .. ~, 

1 .l(Z,, 2:}. 5, end 180 .. -.; p.~ i-espe¢tiveJq., At the aama ages the line cross 

Utters contained 0.43, o. 76, 0 .. 85;; and 1 .08 mo,:i.,a live pigs than the inbred 

litters .. 111 total number farrowed the a.wraee dif:ferenc.e in f'av<>r of the llne 

aoss litt.ers uas o.,a of a pig. 

!'be differences in number of' pigs per litter at 21 and 56 days and. the 

ditte:re:nce m litter veights at 56 d\S,ys uere signil'icant at the 5 percent, 

level or p..."""Obabillty as shown in Table 1. The: difta-renoes in both numbe,r of 
-

pigs per 11tt.e:r and litter 'Weight at 180 <lays vere signif'1eant at the l parcent. 
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Ccqnrisa:ls 

FJt llt'iiem - 22$ - 21>. 0 0 0 
F.r o.t si + + si + 13$ -+- ~ 
h of' 0 - 5$ - 24% 0 + 25% 

r 0.58 -t- 0. .. 14 -t- l .64 + 0.93 - 0 . 7] 
-t- 0 1.3 +- 0.48 t- 1.36* t- l 7* - 0. 92 

lbs) t-1.22 ..,. l . + 2.9. * + 2.75• - 2. 0l 

+ o • * -t- .14 +1 .1.S -t- 1.60 - 0 . '.39 
... . (lbs) + 7 .. ,42 +8.?6 + 9.S5* -,..13.01 - S.31 

-t- 0.85• + 0.88 + l -t- 1.49 - o • 
• (loo) + 23.50* + 3().21 1-29. 68* -t- 24. 73 - 13.34 

-t- l .08** -t- l -t- l .66 -t-2 . 19 - 0.35 
(lbs) +- J.80 .. 4) H +235.0 -f- 21'/ • -t 328.8 -13.5 

• a or ithin 

tho interactio of lleteros 

Thi4 com.parisell gives an estima.t of the etteot of the heterozygosit7 

the pigs cm litter performance mien 1Jn and inbreeding of the dams a.re the 
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same._ The weighted an differences in litter i_ghts for a.ch of the compari

sons at birth, 2l, 56, and 180 days are presented graphically in Figures 1, 2, 

3, and 4. 

In Table 8 tho an performance of tho 145 inbred litters is presented 

um.er Canparison I. The increased perfotmance of" th 120 line cross litters 

1n this comparisoo (expressed in rcentage advantage} is also given . '1.hese 

advantages are graphi ll;r presented in Figure 5. It is interesting that a 

6 .0 per t increase :in number o l i pigs per litter at birth was associated 

with a 7 . l percent inorease in live eight of the litter at th same time. At 

2l days the line oross advantage in number of pigs was 13. 5 par-cent Yhile the 

advantage in 2l dq litter weight 'Was ]4. l percent . Corresponding incroosea 

in numoor of pigs r litter and litter 'Weight at 56 days re 15.8 peroent 

and 17. 9 percent o.nd at 180 days were Z).6 percent and Zl.O roent. 

These figures clearly reveal that the dif'fereneos :tn the number of' live 

pigs and in littor weight increased as the pigs grew older. At the smne time 

they suggest that the di£farenees in 1:1.tter wights -were due large4' to the 

increased viability of the line cross pigs. The increased number o.f live pigs 

per litter 'Was sufficient to account for about 85 percent or the dif'ference 1n 

litter ueight at birth, 96 percent of the advantage at 21 days , 88 percent of 

the increase at 56 days, an:1 87 percent of he difference at 180 days . 

Effioienoy o£ Gain 

During wolve of the seasons line cross mxl inbra:i pigs with tho same line 

of dam wero placed on record of perforr..ance test short~ after woan:1.ng. Usu.a~ 

tour pigs from each litter tested \Jere fed a standard ration in dry lot from 

we inc to approximate~ 225 pounds 1-10igbt. The distribution o£ the 49 line 

crosa end 52 inbred litters by sea.son and line of dan is given in le ble 1. 

1'bere -was no dif'f'erenoe in the average initiru. weights of the ·bwo groups of 

• 



table ''I 
4BA!Sla OF VMtl.GQI fOR ~a?S<lf l 

{SlNG!B Qrul!,S§ MINUS ~ WITltIN LINE OF DAM) 

a. Number ot Pi.gs. ptiit Ui>t~ 
~,~ ·~ .. ' .. J.~~~ ' . ' 
XfflAiimlr T ";;:; ·•c:( ''' ; · ~· ' ' !] ' '1,tf, ti •f •• Jij;, l;n:;.1-, . J.4."tl"'atr.., ) ! &\ ·•e-11, ti • ·etll i :Jf·• ill wt d. Mee.n • _ . .. is - ~.os ,04 .34, . 1i3. ·. ~. 3** 

ltet~s X aeaaQ:rl l:J 2.s1 1.10 a.;;4 1-02 2.4, 

ltet~si, x Mlle or ~ 
itbh $&aac;m; 10 ,~1, .5,29. 4.S? 6;,JS 6,'J? 

...., 4' ~ . .t - ir, -li, ,,.: - 1~1 ztfif1u 11 · n , ttri _ • r ·y · ,t ·· ~ff;UQ . rt 111. c ,, elfT ·1bft wo ;r .~ ty ·· r:rlJ l!JlJ.l! .-- ' 'zsi . u·.· »1r1"i1f'fut tl . •t ·1,rn··· .tt -- -Jruct , 

l'ft~tal~B- u t,16 w. l,290 98,341 
~ ··.· ~ , I I4.n.e of Dim J."O&::L~ •' ' : ' ' ' 
w:ttbln S.sOJl 10 .37.06 ?03 3,305 l.52,7,11 

•· tf· -·,,- : ,· rwr -dfKft .:tiiOw&. ;:111~11. ·1t J!ltt - ·, ~- ·-, .. •- r · rr ·w · ,i:xrn ,, ··at '1 .t•o · rw · _z <r:'11. ti'anl· s, - pg J,t '· ~·Jrn - cw~, to•:! .~ ) ,,: · c:. ~_·a rttf_ ·wn•o 

('+ EftlcltJne, or Oai:11 
~or -M~-li '·. a rt r illiH I 'i ' IT 1 · • ff '!') -1~- tlsffl&E W"' , . 11'1 ·· . .... rM !il'tli!< ' 1$1il,§Qll¥I"tl: IT'ii n · X ...... , .' 1d.. , $), riet.erois: SI tj , ) . . .. . 5 ' , .,. 4 , , , , . I ' • . s= I 

lltteJ!OIJia X Sea.son ll 1,10, 
lototo$1Ei I Line of Mt 
within Sf.$$tri a S)l 

,f _t · l!(•fit· t;; ittc -#litf5J i.• ·,t1r · fw · 1•~: ·o• ..,a.,,1 -,u • -.,: , · • - #it!!( t ··a11. ~H _ N1 ·-, ."i , . rrt1:1·· J ( _(r· :u . .G iltM m rti~ _ tifOt.'t 'tij!I _h, 3i._rlitrr1c ·.rm xJ:iiwil1 
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rable a. 
Mi.AU mRFOOMANCS AND I-'EROENTAOE ADV ANT.AGE m LITTER WEIGHTS AND NUMBER 

- - OF '.PlGS Pm LITTER AT FOOR DIFFER.ENT AGES. 

- , 9aaWiam , -~- -- 29nw!iw-il ~~ -- ~ --- -- · -ogpipgissm ··u, 
Pe~ Percentage Mean of Percentage 

or Adwntaee Mean of Advantage Single Advantage at 
, · , . .. • _ .. , . - IPJ:A»d«t •. l ot S.;cgaaQQ · )J . ~a: at: ~~ °'9ue1 . · 3-Uno orwo• 

Ai Birth 
Total number farrowed 7. 54 7.7 "1.47 9.9 7.l:i, 21.4 
Live pigs .farrowed 7.ll 6.0 7.06 6.8 7.Z, 18.7 
Live littar uetght, 17.l.4 7.l J.6 .83 10.0 17.61 lh.7 

At ~nan 
5.55 lumbar d pigs 5.62 13. 5 lJ .3 6.39 ]8.() 

Litter 1.1e1ght 52.78 14.1 Sl..06 17.2 61 • .31 15.6 

J\~ Am lt r of pigs $.37 15.8 5.2, 16.8 6. ~ l9.0 
ld.tte:r we5.ght 131.3 17.9 123.9 24.4 159,.4 lS.6 

elo l4m ~ or of pigs 4. ;s 2,3.6 4.35 .;0.1 5.66 29.3 
µtter weight 669.4 :tt.o 606.9 38.7 889.; 33., 

~ 
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pigs nor the average inbreeding or their dams. The line cross piga gained 

.03 of' a pou:rxi per day more rapidly tlla:n did their inbred counterparts . They 

requiroo. six pounds less feed per 100 pounds of gain than did the inbreds. 

These dif'.f'erences were not significant at the oonw1aicy- accepted level of 

probabiU.ty. However, the inoreased rate of gain found here checlr.ed closely 

'With tho increased. litter performance 1m Comparison I ,. after increased. nunioor 

of pigs per litter had been considered.,. Tho small difference in favor ot the 

line eros pigs 1:n efficiency of .gain is not great,4r different from other re

ports in this Tespect-.. 



Ccmparison II 

'l'Jle performance of line or breei crosses bas often been compared to the 

average ptrformance of the t'Wo parental lines or breeds in other studies o£ the 

etf'ects of crossing. There were ten 8eaSdD:s in this study 1n \b.ich line cross 

litters a.n.d inbred litters of both the parental lines were prodUoed. fable 2 

gives the distribution or lZl inbred and 76 line cross litters by seasons. The 

wighted. mean differences uithin season for the numbel'" of pigs per litter am 

for total litter weights are given in Table 6. The ditferenees in favor o£ the 

line cross litters are somewhat greater in this comparison than those 1n Compari

s<n 1. The differences in litter weights in favor of the crosses in Ccmparison 

ll ware 1.68 pounds at birth, S.76 pounds at 21 deya, 30. 21 pounds at 56 days, 

and 235. 0 pounds at 180 days. Correspmding 1n~s in number or live pigs 

per litter vere 0.48, 0.74, o.881 am. 1 • .31. The mean performance or the 127 

!nbNd litters in this comparison (Table 8) was somewhat lower than the inbreds 

of Comparison. I , thus accoi.mting for some of the increased. advantages of the 

line cross litters 1n this oompe.risan. An exa.mination of Fi ire 6 reveal.a that 

between 70 .and 80 percent or the inoreased litter weight at the diff'e:rent ages 

may be attributed to an increased number or live pigs per litter. 

All o£ the line- cross litters and mo.st of the inbnd litters in t-his comperi

son had been used in Comparison I . For this reason no test for statistical 

significance of the differences ws made. 
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Comparison lll 

S0100 of the line oross gilts were bred to an inbred boar or another line 

aDd produced litters designated as nthreo-Une -cross" litters. 

sona they occurred alo 'With single cross lit.ters. direct com.patison of the 

two groups gava a measur of the effect of the heteror,ygosi ty o.r the drua in e 

bina'tion id th that of their litrters. Table 2 shows the distribution. of the 74 

ainglo er cllld 24 three-line cross litters by Se.a$OOS. Neither of the groups 

of pigs wre inbred.~ but tho siuglo cross ll tters vere farrowed and nursed by 

s •s whic had inbreeding coef'ticients of . 24. 'l'be voighted nean differences 

in number o.t' pigs per litter and in litter weight at all agea (~c.:.ble 6) -were 

quite large and ver:, consistent f'roo. season to season in favor of the t...1-):ro · line 

cross litters. In litter ght the three-line cro ea exceoo. ·he "lzlgla 

crosses by 2..94 pounds at birth, 9. 55 pounds at 21 3 a;ys. ~ .. 68 poandtl at 56 

da.ys, ani m .8 pounds at :WO dqs. Their advsntaee in llU!liber of llw pigs 

per litter at the sa1110 ages were l • .36, 1.15, 1 ~20~ and 1. 66. When these ~ighted 

mean differences were converted to percentage increases overt.he mean.. oe 

of the single cross littere (Table 8), a atr1king difference ootwen this compa.ri-

8«l and the two preeed.1ng ones became apparent. JJ'his is shown 1n Figure 7 •. t 

birth, 21 days, and 56 days the three-line cross litters shOl!led a greater ad · 

tage in number of live pigs than .in lit.tar \Jeight. At lSO ays the 29.J percent 

increase in number ot live pigs per litter was ass.ociated with 3.3. 5 paToant. in-

crease in litte~ ~ight. ·wnrentl3' bcf"oro waning, the !ncrea.se :tn iber of 

live b,s in t tbroo-lln13. cross litters hrui been large enough to reduce the 

the individual ;pig below that 0£ pigs 1n tha single cross Utters 

ilhich Ye~ smaller in number of pigs. Tho fact that they gained more rapidl;r 

T:'fl<: .... n 'Weaning ti:me and l80 ays of 3.g0 ind.i.Mtes the three-line cross pi 

hoo the ability t,:, &a.in ap rapidly as single crosses. but that their ;i:roweaning 
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~ was net optimum for maxhm:un growth •. 

Al.though the were only five seas-QnS in this oomparison and a 1a:rge valne 

of' 1fFV was required for statistical signifieanoe, it will be noted in 1'able 9 

that all ~ the wighted mean d:ifferenees .for both number of pigs and litter 

weights 'Were si~ioant except number or pige at l.80 days . In Cccpariaon III, 

IV, and , the mean square tor Het.erosio X Seasm had to be used as the error 

t.8l'tll for testing the ai.gnif'ioance of the Weighted Mean Beterosis. 

41flJ,1SI.S OF VARIANCE FOR CCRP.A.RIS<II Ill 
(THIIIZ-LINE CR~ MINUS SING!& OOSSS) 

Sc.urce of Masn SQVAm, 
!anat!an ,-i1 -t. 1&1 FAIX,, Y.11 tux, ~ D!m ~DID J4Q !!ml 
t ' d. Haan 

Bste1'08.ts l ,42. 2** 29. 0* 20.S* 22.6• 43.3 

Beterosis 
X Season 4 a.as "''"41 1.84 1.86 5.Sl 

Soax,,e .of IIID Smana ' • 
~!Y.f:11 . i 1 l1 • ~ 22, P!D 5R R§p J.80 Dan 
Vt•d. Haan 
aetarosia 1 135.7* ~ l.3,!2S• 1,,391, 706• 

Beterosis 
X Season 4 l.0.89 l,239 74,,'ZfJ 
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l'llring three seasons, three-line cross litters occurred along '41th outbred 

uroc litters. Since Oiicy' 2) three- line cross 11tten and 14 outbn!d Duroc 

litters ve involved , conclusians dram trom this ocm i&on llllSt be tentative. 

However, the differences are given in Table 6 , and along with t.he· other oomp1ri

son~, this cal& adds information.wbioh is needed in e.mving at methods f'or the 

use ot inbred lines f swine. 

In Canparison IV neither the li ttars nor their dams were inbred. 1be sires 

or t.he thre line crosses had 1nb8ed.ing ooe!ficientB which a rag$d .1.3, anl 

the ou.tbred. litters were sired by non-!lnbl"Qd boars-. The diff"erences were ar=rain 

favor or the t.llree-llne CJ."08 litter&. The magnitude of the ditf'erenees vere 

~ the same a& their advanta.ge over single cross litters in Cm.pariscm III. 

!heir advan s in l.itter veights litere 2.75 poulXls at birth, l3.0l ponttl at 

2l days, 24. 7J pounds at weaning t · , al'Jd .348 .8 pounds at 180 days. In number 

of live pigs per lit.ter the corresponding inoreas&s were Ll7, l .60~ l 9, and 

2.19 pigs. 8 rewals that the increased number of live pigs over-

o sated for the increased litter -1ght at birth, 21, am 56 dqs or age. 

At l80 days not anq were there more live pigs per littv, 1:nt the 1td1vidttals 

vere gaming at a taster rate, therefore, giving a tota.l litter weight advan

tage ot nearly 3 50 poutdn at six months of age . 

Analysis of variance (Table 10) shows that the dir.tarenees 1n number of 

live pigs per litter at birth as well as the dil'fe:rc-noe 1n birth weight were 

mgnif':tcant t the 5 percent level. or probability. ta were available ~ar 

(lll],y t-wo s sans at 2l and 180 day-s ao no annlysia at ao dates va ma.de . 

Al.though e number of lltte?s and aeasons is not as, largo as -would 

like for this particular c 1parison. the results be indicative of t can 

be expected froo the use ot inbred lines. The line aroas- gilts evidently 



qiite eff1eient as producers of pigs. Theil' increased proiue;ti~t," over th 

mean per. orm:ance of the outbrred Duroos is given in Table ll. 

'IIJAQ'.SIS a, V.AIWNCE F COMPARIS<Jl 1.'f 

Wt •d. Mean Hete%-oais 
Jletnoosis I Seas'<Xl 

(THREE-LINE t. MnlUS ~) ' 

P, la 
l 
2 0 .. 71 

52 
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Table U. 

lSi'ORMANCE AND PERCENTAGE ADVA?rl'AOE IN LI1'TD WEIGHTS AUD NUMBIR 
OF :PIGS PER LIT'.IIR A't FOUR DIFFERENT AOBS 

Cfsnartem lY . , · ti · . · · , CcqlJlidAcm I - :~--
Peroentage Peroenta.ge 

Ac.mmtage 0£ .Ad.wntage 
- - . i . .. , , HMm ot Oqi;htm• .ts 1»e eraa,o Mrlrm 2' SNtbtld• ot sm,a, Q:oft!u ··~ ' Total nmaber turowed 8.'17 10.s· S.79 .. u .o 

Live p1'3S ta~ed ·1.rn 14,7 S.38 -ll"O 
Live litte:v velght .19.04 14.4 2f!J. 'Y/ .9.9 

A1c ~ RID 
lumber .ot pigs 6.36 25 11 2 6.64 - 5.9 
Litter veigbt 56.S6 2.3.0 63 .92 .... 8.3 

MPrm r of pigs 6.39 23.3 6.74 .. 4.2 
Litter weight lS.3 .0 l.6.2 lh9.3 - 7.9 

~ l,QQ Pm 
B1llllber or pip , . 67 38.6 ,.~ - 6.2 
I..1.tter t.ieight 794.9 43 .9 ·754.0 .. 1.8 

Vl 
~ 



Hfnoty-five line cross and 31 out'bred 01.roe litter& wro prcduaed dur:l;ng 

seven of the seasons included 1n this stw:tr. bat of tho outb Duroc litters 

vero p1:o;:beed l.7J sows which had been purc.1hasa:l a.:. fOl.Dldation atook for new 

lines. !h line cross litters includ all those which \!'el'. o prod ced 1n th 

sarre ses.s.ons in vh!eh the o t'breds curred 'F ·~ inalliied in a or 

more or the other CQlll~sons but zot:tG 1ad not been used bef'o.re. Fourteen ot 

the outbred litten had been melud 1n Comparl.$ct1 IV. 

The dam.~ an:1 sit-es of the line cros litters were inbred 25 and 29 percQ?lt, 

respectively. 'the weighted mean ditf'er\,neos., altb-oueh Y' m onsist.ent tran. 

season to season,, 'WEa'e slightly !n favor ot the outbred Du.toe ll.tters {Table 

6) . (ntbred llt-ters w:tgh 2.01 rtmds moro e.t birth• 5.31 pounds mare at 

2l dqa ~ 13 .34 poums e at vee.ning am ~ :o. 5 :pounds more· at 180 days. 

The outbl'ed litters contained 0.92 more live pigs nt birth, 0.39 more at 21 d~, 

n. 28 more at 56 daYst and 0. 35 more pigs at 180 days. In ma.king this c isan 

tho mean ormanoe. o the outbrad litters :-t:a Sil~ from that of the 

single Ol"OSS llttera. 'lmt resulted ill wighted mean dif.Terences which are 

ru,gati~. lJheit these tigo;res. i;.~re eonverb,ed to centages ( ~b.1e ll) alJd 

pl ttad :in Figu;ro 9, t:wo in resting obsel,"'!lai.1.ons 'Were e . the increased 

mnnbar ~ pigs per litter at 21 and 56 ya of age vas not large enough to 

account. for tbe inereaaed 'W81.gbt of the outbred litt.ers. this ind1cat&s that 

the na:i.- inbred tbers ere providing a t+.er anvironment far tJleir · a than 

th~ inbred dams of' th single cross litters. 

At 180 days, tho m3an diff"eren in the· number of pigs per litter 1n favor 

or the outbrois oo.s large enou.gb to account tor three and one-ba1t times a 

mch dil'f'erenae m total litter weight as a<$uiilly existed at that. tim. This 

illdicated a faster te of gain for the 11.ne cross.. pigs after vean:lng. 
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Statistical anal'1Sis or t data ro:su.lted m np values irdi ting no 

·<1WJ:.M...u..ll:{; varlati s bet een the two 'lfl'S at all ages, both .ror mmu:ier or 
pil!s per litter and £'or tot.al litter (Table 12) . pt at irth, the 

veighted mean diff~ronoes ere small, and a or the data by seasons ~ 

that tho dif e noes were not cceisistantl7 in favor or the 0t.ltbl"eds .. 

e rosults from Oompa.r.:tsQla lll and .If el.so mdioated that no diff~JJ 

to bo ted bet lins cross aDd outbnd Duri litters lil this 6ttut,. 

'When tl data wero eked, it ffll.s noticed that 10 ~.11.ar two 

of e lines had be largely rosparudb.l,., tor the · differences in 

this phase or th.... stud.T. These parli r litters bad !!'er perf'o:rmanoe 

records than the a . ot their pl1"& al lmea within the sea.son. 



Table 12. 
ANAL!SIS OF VARJ'.AN(E rm CCMPARISON V 

(snmIE CROSSES MINUS OUTBREilS) 

a . NU!nbor of Pigs and Litter Weight at Dirth and at 56 Dqs 

'},b s l ' 
j I I , ,IDT ens ' 1·- . f _ . ! j . _ . t I 1 

... ~ Bkfw • ... , c ~ ~a source 2l Yw:tat~on n,, E, . , . %<at, le, &1.JJ Uo.t. , : we1sht Bwu~r . ,1elit; 
Wt*d. Mean Hetoros:1.s l 

1!$terosis X Season 6 

20.24 

.$6 

18 .20 

4. 58 

86!'89 

22.6 

b . ltumber of' Pigo and Litter W&ight at 2l and 180 Days 

s 

Wt' d . Mean Heterosio 

Heteros.ia X Season 

J. 

3 

2.Zl 

2,,JO 

421 

241 

l .81 

).61 

l .69 

l .82 

'J,S'27 

;?,536 

2,12; 

84,786 

~ 
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DISCUSSIO 

In gen& 1 the results of this inyestigation were in line with the results 

obtained by other i vestigators on the effect ot inbre ding, or 1ta converse, 

t e eff ct ot ero-asing. 

Dickerson, Lu•h, an Culbertson (1946) cross.ed inbred Poland China lines 

1n 1942 and 1943 at the Ion Station. They calculated the intra-season 

aighted ee.n d.1!ferencea between the line croea and inbred progeny of the 

.same boar. The differenaes ere adJuated to zero mean difference for ag and 

inbreeding of the dams by multiple regNs ion. They found that the line cross 

litters exceeded the inbred litters in nu ber ot pigs at birth, 21, 56, and 

154 days by 0. 9, 1. 3, 1. 3, and 1. 4 pigs respectively. ln litter flights 

correepondi ng differences in favor ot the liDe croases at the 

3. 1, 16-.0, 55.0, and 290.0 pounds per litter. 

e agea weN 

Th _se differences are soawhat larger than weighted an differenee 

found in C par1 on I, in which the inbrede were o pared to line crosaee with 

the sa.ae line of dam. However, the ean performance of the inbred litters in 

t.be Iowa experiaent as wch inferior to the pertormanoe of the inb!'ecls in 

Comparison I, both for number o! pigs per litter and ror litter weights. The 

inbred Poland China litters were ore highly inbred than the Duroc litters 

in this investigation. Th an differencos betwe n the inbreeding of the 

inbred litters (42. 4 percent) and th lin aross litters (5.8 p&rcent) waa 

.36.4 percent in th Iowa experiment . The differences obtained for each ot 

the it.e s of perfor were then expree-aed by the Iowa worker as ttdeclin1' 

per 10 percent. in rea ng of the litter' . In their experi.Jlent this decline 

&11ounted to.26, . )5, .31, and . J<) of a pig per litter at birt.b., 21, 56, and 

154 days. When comparable figures were obtained. for Comparison I of the 

present investigation, in hich the inbred litt rs had inbreeding coefficients 



59 

of . 22, the decline amounted to . 27, .J5, .J9, and . 49 or pig per litter at 

birth, 21, 56, nd 180 days for each 10 perc•nt inbreeding of the litter. 

Th differences in litter eig tat the Iowa station were also larger than 

those obtain d for litter wight in Comparison I . Ho ever, when bv.th are 

expressed as decline per 10 percent inbreeding of the litter, the result• 

at the two stations are in close agreement. 

In t Rll1 stud7 the Io work.era :f'ed a sample of the line cross and in

bred pigs from 84 days of age to a final weight of about 225 pounds. Tb 

line cross pigs were 6.3 pounds heavier than the inbreda when placed on test 

at 84 days of age . hey gained . 14 of a pound mo-re ~r day and required 9 

pound_s lea• feed per 100 pounds of gain than the: inbreds. hen these mean 

differences were adjueted to sero difference in initial eight and total gain 

of the pigs, the advantage or the line cross pigs w s only . 03 or a pound per 

day in rate of gain, and no diff rence s found in efficiency of gain. Thie 

is exactly the sa dif.f' rence in rat of gain from we ning to 225 pounds ob

tained int present investigation in whieh there s no di~ference in the 

average initial eights of the 11:n cros_,, arid inbred pigs . Bo v-er, in the 

present ex.periaent six pounds less fee.cl were required per 100 pound gain bJ 

the line cross pigs . This difference •s not .statistically significant. 

int rs, et al (1944) reported that line eros litters , which ere 28 

percent lees inbred than the parent inbred litters with hicll they were e 

pared, contained .52 of a pig more per .litter at birth and 1 . 28 aor pigs per 

litter at weani~g than the i bred litters. These figure are also in line 

with those found in Compariso I of this investigation. 

rom the reoords at four of the stations -0ooperating with the Be.gional 

Swine Bre~ng Laboratory, Dick rson, et al (1947) studied the effect of in• 

breeding or the litter using differences. between inbred and line crosses, 

within season and line of dam, as the primary observation. For each 10 percent 



rise in litter inbreeding, independent or age and inbreeding of the dam, the 

decline avera d in litter size . 2 of a pig at birth, . 4 of a pig at 21 days, 

and . 5 of a pig at 56 and 154 days. In pig weight no decline wa=i observed p 

to 56 days, but it amounted to J . 6 pounds per pig at 154 day . These figure 

were averages for lines from both the Poland China and Duroc bre ds and are 

again not greatly different from the results obtained in Co psrison I . he 

fact that no differences in individual pig weights were found up to eaning 
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time supports the finding in this study that about 90 percent of the differenc&a 

found in litter weight could be accounted for by an increased number of pig~ 

per litter. 

In Coa:parison I heterosis was more pronounced in number or pigs r litter 

than in the inereaued growth rate of the individual pig. The increased number 

of pigs at birth was probably due to a lower prenatal mortality rate among the 

l ine cross pigs. The inb dams were fro the same line, era inbred to the 

s.a e degree, and ,rere all age corrected to one year. The ref ore, it see s un

like 1." tb.at the dams or th line eroas lit~rs shed no.re ova at the time ot 

breeding than those which ere bred to a boar of the sa e line. Tho differenoo 

in favor of the line cross litters became largor with age because death losses 

were greater among the inbreds . About 64 percent or the live inbred pigs 

farrowed were alive at 180 d~ys while about 75 percent of the lin cross pizs 

surYi vcd. 

The literature on the effects of inbreeding on swine indicates that in,.. 

breeding, at a rapid rate at least, has resulted in a sharper decline in si~ . 

or litter than i n the growth rate of those inc ividuals '1hich survived. Relat.ive

ly more lines have been culled ~or low fertility and/or low viability of the 

pigs than ~or a slow rate of gain. Comstock nnd inters (1944) showed that 

more emphasis on selection for litter siae than for crowth rat ould be re• 
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quired if both ware to be a1ntained at a high level in the torution of in

bred lines. I is not surprising, therefore, that croasing of inbred linee 

resulted in a more marked increase in litter size t all ages thsn 1n indivi-

dual pig ights at those same a ~. 

In Coapariaon II, line cross litters •ere co pared with the average of the 

two parental lines. Like Co parleon I, this one gives e. eaaure of the effect 

o.£ the heterozy-gosity of tile pig on litter performance . Unlike the first 

compariaon, it gives equal consideration to the perf'ormance of the lines of the 

sire and dam. Insofar as the heredity of the pig is responsible for the per

fo.raumce of the litter, this is justifiable. However, it is !mow that the 

ternal abilities of lines diffe.i-·; and that litter performance is controlled 

to a large extent by its dam's capacity as a mother • especially t birth, 

21, and 56 days. Reciprocal c.roases between two lines may give different 

results b cause of the differences in aternal abilities. 

The differences obtained in Comperison II were larger than those obtained 

in Comparison I. Since all of the line cross Utters in Compariso II are 

included in Comparison I, the differences are a bit isleading until it is 

noted that a large part of th line cros• litters were sired by boars troa 

line 1, which was m.ore highly inbred than other lines in thi comparison and 

· which, as an inbred line, was very poor in perfor11&11Ce. T e majority o the 

line cross litters were produced b;y dams from line .3, which was not highly 

inbred atd which was quite satisfactory in perf'ormanee. The average perroriaance 

of th parental 11n a was, there tore, lower- in every item than the average per

formance of' the 1nl1red litters in CO!llparison I . This lower av: rage of the in

bred litters, therefore, aceounts for at least part of th apparent increased 

Yigor in this comparison. 

Crossbred gilts, when mated to a boa.r of a third bre d or to a boar or one 

of the parent breed~, were found in experiments by several worker to _produce 



exeelle.nt litter. In most cases the performance of three-breed cross litters 

were superior to single cross litters. This ha.a been. aredited to n expression 

ot hetero is in the proouctivity of the sew. 

In the p1"(9sent 1nvestig tion it was found that hree.-line oro slitters 

were much superior to single cross litters when they were produc d 1n the 

same season. Part of this increased pertor nee is undoubted:Ly due to the 

heterosls being expressed by the increased fertility and productivity of the 

hybrid Part of th increased litter rformanee ay be the result of 

addition l des1rabl ge ee which, ay hav been transmitted by the boar from 

the third unrelated inb d line. The interaction between the hoterosis ex

pressed in produ ti ity ite of the li cross sows and that expressed by 

increased viability and gl"Owth rt of their litters mu t not be ignored. The 

increase perfor anee o th thre -line cross litter i mor . likely the product 

of the two effects than si ply the additio of th hoterosi& of the litter plua 

tho e feet of bet rosis on the produ~tivity of the dam. 

Th diff. rences i Comparison III ay ba rger than ould h_v.e been ob- . 

tained if all the pos ible thr -line cros e had en ade. Thelin cros 

gilts, hich proauc d three-line cross itt rs, y baTe been more highly 

selected than the inbreds which produced the single cross 11tt rs. Hol't'9ver, 

all three-line cros and single oro slitter~ whieh re arroced int same 

season were inc ud di the study. 

The cor,parisons 1n hich the three-line cross and sine e cross litters 

re cope d ith outbred uroc litters indicate that inbred lines mD.Y be u ed 

in a system o. crossino h1ch y rais th evel of perfo anoe in certain 

eoonoaically i!!lpor~ant t its aho that o tained by convention 1 methods of 

breed ng. 

The fact that the three-lin eross itters excelled the outbreds to about 

the same extent th t the exceeded the s ngle crosses wae interesting and 
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served as a. cheek of the comparison in '11hieh single cr.rosses and outbred.s were· 

c .. pcu cd dir-eet13'. In C parison nr, neither the dams or the 11 tters Yero 

inbred . The f'nct that the litters ., Yhicll were the result of arosaing three 

inbred lines , superior to the out bred litters may be an indication that 

the process of' inbreeding bas resul.ted 1n th rem.oval or certain ume_sirable 

or deleterious reees91 cane Yhich normally e;det i.."l a no.u-inb.red popuJ.a:tion. 

4l'he croosing of :mch 1-urgod lines would be upectad t-0 result :in a higher 

average level of' .. rfo nee than · hat of -the random mating popilation from 

which they wore £"01"!llcd. The faet thot inbreeding usuall,y reBults in a lowered 

level of ph-enotypic m.orit is also an indication th t sue. genes do exist :ln 

hetffOZYbol.lS ~ondition in ran{ oo. breodinrs po tions as recescivo or inca:nplete-

13' d.omin,r1t genes wi leti:ull or ss dmstic 9fJ.ects . The inbreeding process 

brings tb.ese cenos · to a ouo.zygOIUl condition. This ,.,.., •. -ts solection ag..i.inst 

In Comparison or this investigation thero \.ms a slig t advantage of th1J 

mtbred Du.roe litter-a over the single. cross litters. difference s not 

cattsistent fr0i-u ~eason to season. In the fall of 1942 one W.cul.ar group of 

line crons litters were nferior in pe...-:f'ormauae to either of the pa.rental lines. 

The large number of litters ine u.dei in this particular se.8.s we :tad hi_s 

season dif':ference rather hcenvil;r in a.om.p:rl.ing the ·Heighted mean differences, 

anc:l thus ac.coi:nt.., 'Jr hho small vantage o£ th outbred.s over he lino crossee 

Since t single c:t'OSS ·S are the result or crossing all _es 'Which ~ 

developed in the project and since the litters were handicapped by- having an 

inbred dam~ it ia not. surpris:illg that the single crosa litters \Jere not 8Uperior 

to ou.:tbred ccctrols . Rather it is encouraging that the performance of' the single 

cross littera was not ~ d~feren.t. fr that of' outbred litters... 'there 

vas a definite indieatio.n that the line cross pigs made ~ rapid gains than 



the outbreds from weaning to 180 days of age. 

illham {1944) reported that line cro•s pigs gnined faster than either out

bred or crossbred pigs at the Oklahoma Station. inters, et al (1944) fou.J¥l 

that line cross litt rs at the nnasota Ststion were superior to a selected 

group 0£ outbred nd crossbred piee which were raised at m:idweatern xp&rifflent 

station. Dickerson (1946) pointed out that the line cross litters in the 

Ion study re about equal in perf'ormance to outbred Polan Chine.a in 

Experiment Station h rda. The lack of an adequate eontrol gr<mp of outbreds 

in the experiment along with the lne crosses, however, pi-.clud•a an:, definite 

conclusions in the nnesota and Iowa experillents. 



The littu wights and mtmbw ot pigs per llt-tm- tor' J?l lltte:rs of ~ 

;$Wint) at birth• 21.'1 56:# and 180 da.p Qr' age were ~ .. The .same items VS1."$ 

s'budied ell 'TJ additional litter& at birth and ;6. days. All litters w.-a f.an®ed 

a~ the Oklahoma Agricultural ~iment Station dtll"!ng the period t<r<n 1939 to 

1949· mcl~ive .. In~ JJ.ttanJ; frQm. .~n dil'fereJtt l.inQs .a,s 1i1&ll atJ $1.ngle 

Ol'GS$,. ~...a.1na cross and outbrod Dttroe litter• wre iool.med 1n the stu4y. 

lntra..aeaso.n wighted mean di:a"er,en(Jfls- were obtained for n~ of pigs per 

lltter ~ litter wights at bit'Ull' 21, '°" atld 180 daya tar t-lve 41ti"erent. 

eanparl.S(ll;S.• 

The· 11anpal.dJDm made we~ t J:.. Single oross Jitt&m with hbreti lltterJ)

withtn line 1ot· d'airl:J JI., Single Cl"OSS lit.tars vltb the a~ o£ the WO 

parental inbred lines; III. ~lille eross litters with siilgle erooa. litters; 

IV. ~ee""'tllne. cross: l1ttws with ou.tbred ~oo lit:ters; V ... Single croseea 

with oa.tbreds. 1'be data on llttal.':s J)llrOduced ~ a-atJS over one· yea'!!' .of age we:re 

eorra.cted to a gilt. equivalent age.-

~ -~ •• S9ideat in bOth n't111'1.ber· of 1!• per litter and litter: 

we!gJl.ts at btrth 81Jd inema:Joo ht degree of axp:re~ as the J.Ltt.ere beca.J11e, 

l4ss depentbtat upon the d-!reet -~ eldlity of the dau. 

·This \d.gQr we expressed. to a ~ ~t in the ~s<!d "riAbilit, 

ot the: pigs am productirlty- 0£ ~id g:llta than in the ~ growth tete 

of' tlle indiv.idool pa.gs. 

Thor-e was no difference ill the pert~~ or .lil'l& ~ - litters ~ 

by ~ sows .and the :rer:r~ of outbred ~ lltcwra which. vwe pr.odu~ 

in the same. season. 

1.'bree ..... llna er-oss 11-tters misei:l 1)7 lL'le <trO$.S <la.mn ,alilil . ~ bJ" 1nbred 

boars ·of a thhd line wre ~.1-ar- to both single e:,ross a'tld. o~ ~ 



littera with which t y w re compared • 

. Increased nullber of pigs per litter in ost ca.p,s was sutticient to 

account for a large pe,rcentage or the increase in total litter weight. 

lhen number of pig and initial weights were controlled, advantages of 

line cross pigs over inbreds with the same line of dam 1n poat-weaning rate 

of gain and efficiency of gain were relati ely all and inconsistent. 

cause heterosie has b en expressed in both nuaber of pigs which sur

vived and the growth rate of' the individual, total w ight of the Utter is 
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th on ~st over all measure of perto.rmance for comparison of line or 

crosses in hich hetex-osia is to be studied. The UN of either nuab$r of piga 

per litter or average weight of the pigs at a given time may be misleading. 
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