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I. rn'TRODUCTIO . .I 

.1. knowl edge of the perfo ing ability of the bre ding herd is 

needed for & sound plan f swine i mprove ent. S lection is one of 

th breed r ' s · port nt t ol for improve ent. One of the factors 

that li its the progres which ay be a.de through sel ction is th 

xtent to which variations in a particul r oha cter re h ritabl , 

in the sense that th offspring will exhibit art of the superiority 

or inferiority which their parents exhibited i n the character. Per

fo:nnance characters are ff cted gre tly by environment. The response 

to selection,. th ref re , is r duced ccordin to environmental ffects . 

If breeders are to ake the best us of selection and various breeding 

systems~ it is important to know someth ing regarding the relative 

importa.noe of environment and inheritanc in respect to a certa i n 

character. 

Breeders realize the emphasis that must be pla ed upon selection 

of a. herd sire. Regardless of the breedin1:, system used, the herd sire. 

or ires, constitute one-half' of th breeding herd. 'I'he resulting 

progeny of the herd is , to certain extent, d ter:nined at fertiliza• 

tion by the inheritance received f'rom it sires through the ale g 

etes and the inheritance received fro its d ms through the fe l e 

gamet s . is judge. ent in selection of the herd sire may reverse the 

di ction in whioh i prove ent was intended. 

For nearly half century the sho ring has played n important 

role i n livestock progre s . Ith s don uch to help old and perfect 

1 



breed type ha be n invaluable s displ y window for pr · otion 

d publicity. It i que tionable how w 11 tbi fit the picture to

da:y-. The junior or grand ch pion boar may be clos to perf ction in 

t type appe a.nee, but the boar loo that 'ft1B.1' be se of expert 

fitting, exercise d a non-f ttening r tion. In that ease• ma7 

boar that will sire r-f'at pigs. It is doubt.t'ul if' ma.ny :t 

and ercial producers care much abo :t the show ribbons von by 

sire of th 1r next bou. It become important for those l eking the 

training or bllit7 to properly ppraise the live hog to have mo 

subjective asu ent of the perf'o i11g bility of the live a:n:irnal. 

The objective of the pres nt study were (l.) determine th 

various f. ctor that affect the average daily ga1.n, , feed economy 

2 

and probe back.fat thiclme sin a performance test1 (2) o\,tain estimates 

o£ pheno~ypic correlations betwe the v r1ous perf'ormanc traits, 

ed (3) d termin if there is d1f'f: rence 1n perfor.man of boar 

pigs tested on p ture or in dry lot. 



n. REV OF LITERATURE 

A. Perfo ance a Affected by Enviro ent. 

lush (l9J6) st died Danish progeny testin records and ob rved 

ch es 'Whieh had occured ~ th period f 19(11 to 1935 in feed 

econ , daU gain., bod.7 lo~, thickness or baektat and belly. 

The data showed decline in the feed unit.s used per uni-t of gain. 

This decllne was attrlbu t,b an increase 1n physiological efficiency 
, I , 

and also vas thought to represent changes in 8anitation, ventilation 

and other !Dall! nt practices.. Yearly difference ware noted in the 

da conce.rn1ng daily gain. J"ie rate of gain w 16 to 18 percent 

higher during th last aix yeair or th stud7 as ca pared to the aYer-

age before 1923. There were •also y, to year ditfenmc a noted in 

body length, ckfat and ~17 tbicknes . 

Baker t §!. (1943) ~rk1ng with six lines of Duroc swin t the 

orth Platte experiment a'itation in braska reported that a larg 

traction ot the variance of weights from 56 to 168 day's eould be t.tri

buted to dit.fer :ncee between fiOur spring or four f'all periods. Thia 

indicated that the re ponsible factors were pecullar to each se on, 

and hen to ch year. !he7 1oonclud that the responsible factor 

wer almost rtainl.y environmental in orig:1.Ji. 

In their investigation of th effects 0£ s lecting for r pid and 

slow growth in win ~ Krider .JU, .ll• (1946) found that in the later 
I 

generation their estimates of heritability were aJ.ler than tho e 



found 1n the initial generations . They partly attributed the decline 

to the fact that variations peculiar to each of the later years were 

pronounced. 

Johansson and Kor km.an (19,0) reported data on the Larg White and 

Swedish Landrace breeds of svine from the Swedish pig testing stations 

covering a 14-year intel"'f'al. Year]3 differences had a significant 

effect upon all the performance traits considered. The effects or 

year were found responsible for the following percentages of the 

total variation ot the various traits 1 body length, 9J backtat 

thickness ., 14; size and shape of ham., 12; daily gain, 10; age at 

slaughter, 9; and teed econo111,Y, 11. 

Craig et al. (1956) reported on a ten-year experiment involving --
ten generations of sel ection for heavy weights and eight generations 

of selection for l ight weights at 154 and 180 days of age in Hampshire 

swine. Extreme season- to-season and year-to-year environmental var-

iation in weight at 154 and 180 days of age was graphically illustra-

ted. 

Ellis and Zeller (1934) studied the effect of kind and quantity 

of feed on the body composition in hogs. They found that pigs re -

tricted in their intake of com and wheat, as compared with pigs on 

unrestricted diets ., contained a greater proportion of l ean meat, 

yiel ded a Jd.gher percentage of lean cu ts and showed a decrease in the 

entire fat content of the body. 

Cal.low (1935) observed an a!lsoeiation between rate of growth and 

firmness of fat . He suggested that .firm fat is built from carbohy

drates . The sl ow gaining pigs derive their fat fro the fat in feeds., 

resulting in soft fat. 

4 



eekan (1940a, 1940b, 1940c, 1941) and Mc ekan and Hammond (1940) 

studied the eff cts of different planes of nutrition on the form. and 

composition of hog carcasses. Eighty inbred pigs were divided into four 

lots . Lot I was full- fed from birth to 200 pounds (High-high); lot II 

was full- fed from birth to 16 weeks of age, thereafter the amount of 

feed was restricted until slaughter (high-low); lot III was fed a res

tricted diet to 16 weeks of age, thereaf'ter full- fed until slaughter 

(low-high); and lot IV was fed a restricted diet from birth to slaughter 

(low- low) . 

The pigs producing carcasses with th.e least a.mount of :f'at were on 

the low- low diet. They showed high proportion of bone and were gen

erally undeveloped . The low- high pigs produced the poorest carcasses 

in that they showed an excessive amount of fat , an underdeveloped skel

eton and underdeveloped muscling . The best eareasse were from pigs of 

the high-l ow group. They had :maximum muscular and skeletal development 

with the least amount of fat. This is evidence that rapid rate of growth 

early in life when the skeleton and muscles are developing is conducive 

toward a carcass having a large proportion of lean, whil e rapid later 

growth. as in the low- high group, tends more toward fat deposition. 

Pomeroy (1941) agreed with MeMeekan that early growth primari'.cy 

involves the skel eton and muscles, while l ater growth is mostly the 

lqing on of fatty tissue. B.r .feeding a su.bmaintenance diet to pigs 

approaching sl aughter weight he observed that the amount of fatty 

tissue declined rapidly and that nuscle and bone were not affected as 

rapidly or as severely. The lat r developing fatty tissue was penalized. 

more on a submaintenance diet than earlier developing tissues . 

Winters~!!• (1949) and Cummings and Winters (1951) conducted 



an experiment somewhat similar to that of Mc 1eekan {1940) . Pigs from 

three b-re a wer started on experiment at approxirn ly 80 da: s of 

age. Lot I was full-fed throughout the entire expo ent; lot I I was 

s lf-f d t o 125 pounds, thereafter rec iving a daily feed allowanc of 

three percent of their body weight; lot III vas fed the three perc nt 

restricted diet to 125 pounds, thereafter it vae !'ull- fed; lot IV 

r eeived the restricted diet throughout the entire experllnent. Re

sult howed that lot I yielded the fatt st carcasse, whil lot I 

yiel.d d th leannest with the lea.st amount of fat. Lots II d III 

showed about the same degree of fatness intermediate between I and 

IV. o pparent breed differences were noted. 

,. 
0 

Dif.ferenc sin the r sults of th two experiments by Mcl!eekan 

(1940) and Winters a!~. (1949) a.7 be due to differences in experimen-

tal pro dure. In M eekan' vork, th pigs went on experiment at 

birth, whereas in Inters study, the pigs did not go on experiment 

until approxim tely 80 days of age. Hence, in 1cM ekan • s study the pigs 

wre on trial during the period of time when ms:d mum sk letal and 

scu.lar develo ent wer occur1ng. In Winters' study th four lots 

were fed on pastur until tho pastures aaon was over. The pigs receiv-

ing the restricted diets t this tim may hav compensated for the 

r tricted feeding bye ting more forag . 

Gregory and Dickerson {1952) observed that pigs fed on a restrict-

d diet yielded carcass shaving less fat and mor musclln as compared 

with pigs on. the unrestricted diet. 

Th aboTe citations illustrate th t there may bey a.rly d1.1"ference 

'Which h ve an important ff et on performance traits in m.n • It is 

also apparent that quantity of feed can have noticeable effect on 
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carcass composition. The effect, hov v r, is d pendent on the ev r

it:, of the r striction in the diet . Thes studi have be n ntioned 

not bees.us th present study investigated the ff cts of differ nt 

planes of nutrition o carcass composition, but r ther to ill tr te 

and pha 1z the need for standardized reeding conditions in conduct

ing performance t&sta . 

B. Intlu nee of Mating Systems on Performance 

Differences in the feed lot performance, as well as difference 

in caroe.ss com.position of pi s produ.eed by inbreds, crosslines and 

crossbred , are generally pronounced. Such differences ahould be con

sid red in any complete analysis of performance traits . 

H nd and Murray (1937) observed that crossbred pigs tended 

to produce ear sses vhich were intermedi t betw en the parental 

bre s for backfat and lly thiokne s, but th.9.t bod1 length was -light

ly above the mean of the parents . 

Eaton {1941), reported on growth rate in guinea pig and round 

that crossline hybrids tended toward the high r parent in growth rate . 

Heterosis wa more pronounced wh n three lines ver involv d in th 

cross than in oro se of only two . 

In an inve tig tion covering a. thre y ar period, Winters _! !!l,• 

(1943) round th erosslines had a 24 pound advantage ov r the parental 

stock for -wei ht at. 180 days 'While crossbreds displayed a 65 pound 

adv tage . he ~t ver limit d, especiall1 for the controls. These 

worker presented d t relative to th results of crosses bet en the 

Tam.worth and Land.race bre ds .. The croosbreds consumed an avera 308 

pound or feed per hundred pounds of gain and weighed 239 pound at 180 



da.y . ro valu were given for th pa.rental trains for comparison .. 

Dickerson~~- (1946) ade 28 intra-sir comparisons of the 

fir t crosses between inbred lines of Poland-Chinas with inbred by 

the e boar. T"n l in crosse xc eded th inbreds by 25 po nds at 

154 ds.ys of ag • Although th cross had a fa ter ra of a.in,. 

th required a.., uch feed as the inbreds for the period fr 84 day 

to 225 pounds., Limited slaughter data suggested that linecro~rn pigs 

yi 1 d le s fat than inbre • 

8 

Studying the effects or plane or nutrition on carcass compo ition, 

Winters n ~ . (1949} observed that four groups of crossbr d pigs 

required less feed a.n mad f ster gains than a group of outbred pigs 

ra.1.sed under similar conditions . The gre ter efficiency of the cross

bred pigs over the purebreds w s reflected in carcasses 'With higher 

content of lean cu s , and lower content of fat cuts . 

For rate and economy of gain, Gregory (llld Dickerson (1952) found 

crossline pigs markedly sup rior to inbr ds in rate and eeonomy of 

gain... Carcas es from. croaslln. pigs wer intermedi t to inbreds of 

the parental lin s . 

Whit !! !il• (1951) and Whatl y ~ al. (1953) r ported on the 

performance of inbred, crosslln d croa bred pigs . Cros br d pig 

yielded th ost desir ble carcasse 'With or body length an 1 an 

cuts. Significant differences bet.ween breeding groups were evident 

for average daily gain . 

ig fro erossbr d lts shoved a slightl.1 heavier eight t 154 

days of g than did pigs from purebred gilts, in the work r port d 

by dtord §l M• (195:3) . 

The hove revi v w, a not intended to compare the advantages 
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disadva.ntag of crosslines or crossbreds over their respective parental 

stock. It was presented to show that differences in performance do 

sometimes exist between groups of pigs produced by different kinds or 

mating systems. 

C. Influence or Lines and Breeds on Pert o anee 

Menzies-Kitchin (1937) observed that there were differences s 

great or gre ter in growth r te between strains within a breed than 

differences between breeds. 

Molln (1940) found significant differences between breeds in 

weight at 180 days,. but no noticeable differences between lines within 

breeds. The lines in this study were not highly inbred. 

Working with 601 pigs from eight breeds , Miranda !!:_ !!_. (1946) 

found highly significant breed ditferences in rate of gain per day. 

reed differences accounted tor 21 percent of the total variation in 

average daily gain . 

Dickerson (1947) reported that only in yield of lean cuts and in 

leg length war differences between lines of Poland-Chinas appreciably 

larger than those between sire progenies within lines. 

Blunn and Baker (1947) suggested that breed differences y h ve 

caused their correlations between fatness and rate of ain to ditfer 

from those of Dickerson (1947) . Dickerson ' s study was primarily with 

Poland-Chinas while their study was with Durocs . 

Fr their data on Large White and Swedish La.ndrace, Johansson 

and Kor.kman (1950) concluded th t breed differences were responsible 

for five percent of the total variation in body length, seven percent 

for ba.ckfat thickne.ss, three percent for circumference of h , six 
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percent tor daily gain and one percent for feed economy. 

In the light of the previous reports it seems reasonable that 

differences between breeds and between lines within breeds are of 

sufficient magnitude to justify considering the effects they might have 

in causing differences among pigs. 

D. Phenotypic Correlations 

Correlations between various economic traits in swine have been 

reported by numerous investigators. The workers are in good agreement 

as to the correlation between feed economy and rate of gain. Evvard 

et al. (1927) reported a correlation of -.54 between feed per 100 pounds 

of gain and rate of daily gain for 479 lots including 2833 pigs. Lush 

(1936) and Stothart (1938) gave the respective correlations for these 

traits of -.6g and -.44. Dickerson and Grimes (1947) found a value of 

-.73, Fredeen (1953) cited a value of -.51, and Anderson (1954) obtained 

a value of -.43 for the correlation between these traits. 

It is reasonable to expect the correlation between economy and 

rate of gain to be high. One reason for this is the fact that in 

many instances the gain which appears in the numerator in calculating 

rate of gain also appears in the denominator in calculating economy 

of gain. The statistical nature of such a relationship allows the 

correlation to be high. 

Correlations lnvolving either economy or rate of gain with certain 

carcass characteristics are not as consistent as between rate and economy 

of gain. Hazel (1943) decided that, for pigs on full-feed, changes in 

carcass conformation were little affected by variations in growth rate. 

Blunn and Baker (1947)noted a significant association between feed 



'l'ABIE l 

StJ'MMA.R.t OF REFERENCE DATA PERTAINING TO PHENOTIPIC CORRELA'i'IO.NS 

Trait J;cgnqn.y pt Gain i1Qkf1t Thigkpea; ieunt 

Rate of Gain .... 54 
. 29 

-.68 . 07 
1110 

- .4J 

.1.3 
-.44 

- ,. 73 

Back£at Thick
ness .09 

-.02 
.12 

- ,14 

The small letter• indicate the source: (a) Evvard ,G §1. (1927), 28:3:3 pigs, 
(b) Blunn and Baker (1947), 357 d.f., (c) lush (1936), 1285 litters, (d) 
Oickereon (1947} , 746 pigs, (e) Anderson (1954); 215 d . f ., (f} Anderson 
(1954), 420 d.t • .,. (g) Stothart (1938) , 57 d. f ., {b) Dickerson and Grimes 
(1947). 74 d.t., {i) Fredeen (1953), 1638 d.f' . 

(a) 
(b) 
(o) 
(d) 
(e) 

(f} 
(g) 

(b) 

(o) 
(i) 
(d) 
(e) 

f:! 



conomy and 

correlation 

· at thickness. F d en (l 953) fot'llld signifi t 

o gain and back.tat thickn s . 

The correl ti.one vhich have been tio d 

E. Heritability 

12 

The literature pertai tee of heritability con-

sidered to lengthy to be di cus din d tail . 

a pres ted in 'Ta J. II. 

erous es 

Rate or gain has r eeived much tt ntion, the h rltabil1t7 

estimates ranging from .oz to .61 . eh of' this vari t1on be 

tee 

attribu to diff rent ethods utilized in estimation. Craft (1953), 

in review.in resea.r in the Regional Swine Bredin Labo tory, point-

d out that discrepancies 1n hel"i bility e ti.mates mq ari e fr , 

(l} all sample of da , (2) correlation bet n variations caused 

by t.he en.vb t, (3) th ting sy tam differing f'rom rando 

or less than calculated, and (4) the animal as a unit performing dif.f-

erently than i expected fr the 

eff et of its total genes . 

F. Probe 

o,f the averag ot the eparate 

Carcass traits ar r th r highly h reditary and are of con c 

imports.no • Con equently, proper l e.t1on be ason hly ef.fec-

ti V$ 1n im.proving hog care s eri t . However, swin bre der y 

have difficulty in making rapid carcas provement cau direct 

carcass easur nts and value.ti-on can be obtain don the carca 

only after slaughter. o direct ear ss evaluation can be de of 

breeding atock . Tberef'ore, th bre der must base hi lection £or 



TABI.E II 

SUMMA.Rt OF HERITABILITY ESTIMATFS FOUND I N THE REFER.ENC 

Tfait Estim,ati, M§th,9(: Notes Wmtns• , , 
Backfat 
Thickness .44 P 122 d.t . Lush (1936) 

Feed Economy 

. 47 A 122,320 and 
230 d.:r . in 
average 

.12 p 40 d,t •. 
• 54 p 62 d.t • 
.37 ;ts 58 d.f. 
. 52 445 d.f . 
• .38 p 647 d. f . 

.os• A 1221320 and 
230 d. f . in 
ave rag, 

. .... 9 p 122 d. t . 

. 26 l\np 62 d.r. 

.2.3 Ros 62 d~. 
• 57 p 62 d,f • 
.. 23 p 391 d.r • 
_.12 p .391 d.f. 
. JO p 647 d.f . 

Lush (1936) 
Blunn and Baker (1947) 
Dickerson (1947) 
Stothart (194 7) 
Johansson and Korkman (1950) 
Fredeen (1953) 

wsh (1936) 
Lush (1936) 
Dickerson and Grimes 
Dickerson and Grimes 
Dickerson (1947) 
Johansson and Korlartan 
Johansson and Korkman 
Fredeen (1953) 

(1947) 
(1947) 

(1950) 
(195.0) 

1 P refers to paternal hall'-sib correlation from an analysis of variance. 
prefers to regression of progeny on mean of parents, 

Rrs refers to regression of progeny on mean of parental full sib.:i , 
Ros refers to the regression ot offspring on sire. 
A refers to average of three methodsJ paternal, maternal and oorrelation 

between progeny averages 0£ sire and son. 
*Still to be multiplied by 1 plus 3r00, where r 00 is the unascertained 
correlation betveen litter mates. 

~ 



T. ro»~U6G) 

,Sl p 61 d-.t . DJ.mm G .11• {1953) 
t .35 I' 16 4.t . ntmm ,s &• (1953) 
. 2: 

• ..J.O p 40 d.t·. 
(l~l) 

Bluim atid Bake (l 

.... ~ ~ '+V d.f . · B1wm ewd 'Bakv (1947) 

lba:. ,31 Roe 133 d • .f. Cmstock u 11• ~1942~ 
.40 p 340 lltwra l1ordskoe a Al• · 1944 

··~ nos ~ Ud j JJ,&;GA-t;J-"'"'10 a.ml U.l".ldD!lf• r•~7) 
. 29 ~ 62 c1;,t ;, l>iok•l'IOft ud Grimes 1947) 

f?) 

""''"' 
p 44' d.f~ .loh&uulaon and KoYkaan (19'0) 

~24 A 122,320· and 
230 d~t . in 

(1936) 

41 d.t . Krider d 11• (1946) 
R lE.-6 litters Craig al Jl• (1956) 

•,r;.f p 312 d.t. ttol'dakog 11 Al, (l. 944) 
. 61 1w 23 boara, 

lSl aowe Wbatlq (1942) 
•AJ p 23 boars, 

151. .sows Whatley (1942.) 



1:Am: U (Oonttl1ued.) 

"... "£ii& - B~t ... i~1ui94 , \ HJ lle~m " .. " ,itfu11a , , -, . , ,., 
1?eight tor ag$ 
at lSO de:ys 

Age at 200 lb$., 

.J.4 
"}J ·~ ~u 

"''" .ss 

R 
:, 
led p 

p 

209 littf.lre• 
41 ttJ .. 
13;\ d.t .• 
62 4.f~· 

64? dJ,, 

1\)4 rete~s to the regresei• ot oftsprl.ag • aam. 

Craig ill &• (1956) 
Kr!de:r a1.-.. (l.946) . 
Comstock Dal, (1942) 
Dickerson. (l.947.) 

Fred-. (1963) 

~ 
•\,;tc 
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involving 73 pigs, reported a correlation of - . 67 between percentage 

primal cuts and the average of six live hog backfat measurements . The 

average of six probes correlated with carcass backfat was .69. 

From their study of the relationship between various carcass 

measurements and live hog back.fat measurements at di.f'ferent weights 

and locations, Hetzer .!1!!• (1956) suggest that measurements taken 

at weights between 175 and 225 pounds are generally as accurate as 

are carcass back.fat measurements . Also, live hog measurements have 

greater accuracy tor measuring fatness th.an for measuring percentage 

preferred cuts or percentage lean meat in hams. 

In 1955 an instrument called the Lean Meter became avail able for 

probing backfat thickness. Whatley (1956) reports comparable results 

with this instrument to results obtained with the knife-ruler probe. 

Thirty six pigs were probed with both the Lean Meter and the knif~ 

ruler probe. Correlation between the two was . 88. The knife-ruler 

probe and the Lean Meter gave the respective correlations of . 78 and 

. 81 with carcass back.fat. The correlations with percent lean cuts 

were - . 79 and - . 70 for the two methods. 



Ill. DESCRiiTIO D TA 
' 

The- boar pigs used in this · stuey v, re .farrowed in the Swine 

eeding roject conducted t th Oklahoma Experimelit Stat.ion in collab

oration with the Regional Swim, Breeding Laboratory. '!her were r -

cords for 77 boar at th ort no a tio and 3.3 boars at Stillwater. 

The Stillva r data wer collected only for the fall of 1956, wherea 

th ort Reno data ro coll ctad from both fall and spring farrowe 

bo rs in 1955 and 1956. 

The Stillwater data consist d of lO boars from o· Lm 9 (Bel ts

ville No . I breed) and 2J OK Line S (Duroc breed) boar.s. Tb data t 

th Fort Reno station included 4l O Lin l4 (Ham shire breed) an 

36 OK Line .3 (Duroe br ed) bo • 

General man gem.ent prao't.i.ees at both Fort .1 o and Stillwater 

were to ·produoe llttors both in the sprhg and in the :f'all . The litter 

were farrowed in a central rarroving house and the sow and litters 

were oved to small ouses on p stur after th e to seven days. 

pig d the sows w r f d tandard rations. Pigs wer 

~accinated for hog cholera befor aning. Boar pigs to b$ performance 

te ted ver se.lected b ±'ore aning and th other mal p_ig castrat d. 

All pigs re waned at approximately 56 day . 

The Fort Reno boar pi 

te tin which e ch boar w 

re pla don an individual performance 

lf'.,.fed individually f 50 to 170 pounds 

weight in small concrete floored p ns . At 170 pounds the back.fat 

thickness on each boar was easured "With a Lean Meter . Th average 

18 



daily gain and fee require per 1 pounds gain were .al<mla.ted f 

50 to 170 pound weight riod. In the ran of 1956 boars r con

tinued on te t to 210 pounds . 

Feed economy 1 

Stillwater stat! n. 

not maasured on individual boars at the 

y were tested in a group on pasture or s a 

l9 

pair in small coner te pen • Lit.tar te pair&, or pair of paternal 

half' brother , ere alloted to ten pens . he boar pigs ere placed in 

the pen or in the gro pas they attained the weight of 50 pound . 

The boars were probed a.t 170 and 210 pound for a sure o£ b ck.fat 

thickness . The average daily gain s calculated on each individual 

boar , but sine the feed reeorda re kept a a whole tor the group 

and s one record tor ea.ch pen there V&re no figure for :t, ed. eonomy 

on an .individual pig basis. Feed eeonomy vas calculated as an averag 

of th group or aoh pen. 

Each boar pig o test at Still ter reeeived a feet and 1 g score 

at 50, 170, and 210 pounds . The scoring wa based upon four factors 

for beth front and hind le : s-traightnesa, balance on toes, enlarge-

ment around th knees or hocks, and strengt of p stern • Ea.ch £actor 

waa given a score between 1 and 9 for both front, and ar le s, and th 

scores added together for a final score . Hence, the highest po sible 

core on any one boar for one scoring was 72. 

Baekf'at probe vere mad immedi tely behind 'the shoulder ( in th 

region of th S&"Venth rib} and over the eente of loin {in th 

1 Since e-oon of gain or feed economy is determined by th ratio 
or feed eaten per unit of gain, a high ratio indicates less conomical 
pig with high feed requirements and a low ratio indicates pig with 
low i'eed requirement.a . ceforth, whenever economy of gain or f'e d 
econOJX17 is used, consider it to mean i'eed required per 100 pounds 
gain. 
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region of the third or fourth lumbar) . Two probes were made at eaeh 

leca.tion, about 1i inches on either side o.f the nd.dline of the baek. 

Theo f'O'ttt' probes were then aver:ageti to gj.ve the pN>be ba.cktat measure,... 

mot for eaob boar. 

bobing was done as near the 170 Gd 210 pound wights as possible ... 

M~er ,, all boa.rs could not ~ . probed at the exact weight and th(;)7 

wen adjusted. to the stand!U"d weight by the use o£ regression ooeff

ieients.. 'these regression eoeffiolents were efttilnated from unpnblished 

data at the Stillwater atation and data reported by Hetzer ~t al . , ( 1956) • 

?he following probe bacld'a'\ con-ect1on £actors were usedt OK 8, 3 and 

14 boars tor 170 pound weight, .005; OK 9 'boara for 170 pound wight, 

.. 004; OX s~ 3 and 14 boare for .210 pound wigllt• . 006; and OK 9 boars 

for 210 pmmd weight, "'.005.. Each regressit1>n ooetfici(ant may 'be express

ed as the .average increase. or decreas• 1n probe ba.okfat .per· inereas 

or deer-ease of one powid 1n weight .. 

The boa.re at Stillwater and Fort Reno received basically the sam 

75 percent. corn, 25 percent protein suppl-emen:t ration. The Fort Reno 

boars received the ration in a p ll•ted !orm, whe?"Qas, the ration fed 

the Stillwater boar:s was grpund,. As the StilJ.water boars attained a 

weight ot .100 pounds, they wre cllanged to a SO percent. ·eorn; 20 per-

e nt prote1n ration. This ration was considered as being :representative 

ot a commercial tn>e ration d&signed to produee1narket pigs . 



I • US.IS OF DATA 

A. Fort no Indi v1dual ar Test 

the cbjectins of the stu<ly at Fort Reno 'W1 re to de-t&l'llin the 

variou.s ·factors that may atf ct av.rage daily gain, f'eed econ and 

probe backfat in conducting a performanc t st tor boa.rs . 

The analysis of 11ariance for unequal subelas numbers as outlin d 

by Snedeeor (1956-, p e 268-275) was used to anaJ.y,ae th data. An 

analysis of variance ws performed on aver ge daily gain, feed con 

and probe backf'at thickness. 

For the purpose or calculation. 

the sam s ason wer called a block. There were eight such blo s, 

having sev n degree . of fr ed ,. Th o ponents o£ the block ere 

line (l d.r.), se on (3 d.f . ) and line I eason interaction (3 d. f . ). 

'rhe sum of squares for the litters represented was calculated {45 d.f . ) . 

By subt cting the blo of square fro the litters SUit of squar a1 

of squares for betwe n litt rs within block (.38 d.r . } was o 

Wned. In this breakdown th o sq ares for s1 s 'Within lin 

and a on {13 d .t . ) was calculated .. Thie was then subtracted fr 

the between litt rs within blocks to obtain of squares tor litter 

sire (25 d .• r . ) . The sum of squares for vi thin li tt rs 

(31 d.r . ) wa obtained by' St1btractin the litters sum of squar s from 

th total sum or squares. 

Snedecors test was applied for testing significan 
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square for interaction was used to test season and line, and the inter

action mean square was tested by using the mean square .for within litters . 

Sires within line and season was tested against litters by the same 

sire . This in turn was tested by using the mean square for within 

litters. 

B. Stillwater Pasture and Pen Test 

The objectives were to determine if there is a difference between 

the testing of boar pigs on pasture as a group or on dry lot in pairs . 

An analysis of variance with unequal subclass numbers was made 

for leg score, probe back.fat and average daily gain for both 170 and 

210 pounds. Sources a."'ld degrees of freedom are given as: treatments 

(1 d. f.); litters (9 d. f .) , treatment X litters interaction (9 d. f . ) 

and between littermates on the same treatment (7 d. f .). 

Only boars that had at least one or more littennates on each 

treatment were included in the analysis, making a total of 27 boars 

from 10 litters. The treatments were boa.rs on pasture as one treatment 

and boars in pens as the other treatment. 

Treatments and litters mean squares were tested against the inter

action mean square by use of the F test. The interaction mean square 

w-as tested against the between littermates on the same treatment mean 

square. 

c. Fhenotypic Co?Telations 

The phenotypie correlations were calculated as between traits on 

the same boar. The data used in the calculation of the correlation 



coaf'f'ieienta w:e:re tal!e:;.·1 from ont_y the fall. data of' 1956 fr~ bot:.11. a·ta

tioua.. :l.'he.se sets of' data coi.itd:n Jrio,~surei11ents a:t l"IO t,nd 210 po'l:llida 

for thtti ·,affirte. trait. 



file anal.7.:t.:a ot ~co tm- the Fort &no ta is gi.ven ~ Table 

:tu. ldshl, sigdtie t <lii'f rence wa :f''OUnd tween ll s for P1'Q 

b akfat at 170 ~ds., file four seuon ;V~e tor probe badtfa.t bl 

'table lV indiea~ that th OK 14 boan ha -1' inch leas 'back!at than 

did the OK -' boan. Line ditferencaa in :verag daily gain Ct feed 

.conom.y were not. significant. in tbes data. 

A~lS Of VARI ·:g FOR PROBE ·CKfA! 'fl!IC!NESS, 1BD r..ccmoo, 
lID AVERAGE DAILI GUN {lnaau. sq11area) 

FORt REIO iOAftS nm1noo· ?EST 

Soun,, . 
t 

Ym&:fi&Qn., 

Season 

S1res within 
line and season 

t1"9rs b7 the 
· ame sire 

I .Wt .·· 

' 
l 

' 
13 

2S 

ll 

:verage 
dd.ly -
Ida 

.098 

.185 

.048 

.043 

.Q4J.* 

*029 

• Sign1ficant at t.be 5' level 
•• S1pifioarrt. at the U level 

feed ,,.. ,, 

1517S.06 

287>,.34 

. 2 

Probe 
back!' 

W@lmffl 

.on 

.023 

.m.2 



TABLE IV 

SEASONAL MEANS FOR LINES, 
FORT RENO BOARS 

Us• OK U Line QK J 
Average Probe Average Probe 

daily Feed baoktat daily Feed backtat 
No. gain. eco- thickness No . gain eco- thickness 

Xear s,am uv, Cpounda} nODLV Cinches> boars (pqunda l am <1ngh11) 

1955 Spring 7 1. 88 318 1. 27 9 1.ss 3)2 1.40 

1955 Fall 11 1 .79 .371 1.29 6 1 .. 98 .330 1.41 

1956 Spring 12 l .64 .344 1.26 ll l .81 317 1.35 

1956 Fell 11 1. 82 280 1. 22 10 l .S7 296 1. 39 

Anrage 10.2 l.78 328. 2 1.2, 9. 0 l,88 319.2 1 .39 

~ 
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There were significant di:fferances 1n litters by th eam sire for 

averag daily gain and r d conamy. Thi would indicate that there 

as prob bly som.e ternal or nviro ental influence cau ng ~e litter 

by the same sire to be difforent for fed lot performance . 

A sig;nif'icant differ nee was found in line X se son interaetio 

for feed economy; whe s. no significant difference was foun in 

this source for av rag dilly gain end probe backf."at . 

o component analysis s run on the data for lack or sufficient 

numbers . Vi th the ccumulation of more data it me:y be possibl in th 

future to perform a c ponent analysis in order to obtain the percen~

age var1 tion in each source of vari tion for each performanc rait. 

Also estimates of h ritabillty- could be obtained for each performance 

trait from this component anal7sia . 

B. Stillwater Pa.stur and en est 

There wa no signii'icant difference in the treatment ariation 

for the performance traits as hown in 'r bl v. Ho er, by studyin 

th means in Tables VI , VII, and VIII it ay seen that the boar on 

t st in the pen averaged .1 pound more gain per da7 than tho boa.rs on 

p sture. Tb pa ture bo r had an :verage final 1 g score or 3 mor 

point than did the pen boars on concrete. 

There was a significant trea ent X litter interaction for le 

score at 210 pounds . Thi may be due in part to difference in lines. 

Line 9 bo rs seem to hava a greater t ndeno7 to :ve better scores on 

p ture than on concr t . Line 8 boar averaged better scor sin both 

treatments than the lln 9 boars . Thi line diff erenc may account for 

the signifiea.nt v riation in th inter ction. 



TABLE V 

ANALYSIS OF VARWJCE FOR LEG SCORES , PROBE BACKFAT THICKNESS 
AND AVERAGE DAILY GAIN {mean squares) I N T 

PASTURE ill) PEU TF.sT 

Probe Probe Ave~age Average 
_ Leg Back- Back- daily daily 

Sol"llce score score fat fat gain gain 
or 170 210 l 70 210 50-l 70 50-210 

variation d.t, ll;>a, lbs. lbs. J.u, lbs. lbs. 

Treatments 1 42. 5009 62.6832 

Litter& 9 51. 7952 ')7. 2037 

Treatments X Litters 9 17.9721 27.0722* 

tween llttermates 
on the same treatment 7 1;.s571 7. 2857 . 

• Significant at the 5J level 
** Significant at the 1% l•vel 

.oo:n . 0040 11·0466 .0496 

. 0810* . l.410** . 0388 .• O''J07 

.0174 .0174 . 0254 . 0199 

. 0178 . 0119 .. Oll7 .0065 

.~ 



.Ut,w I-in 

0 s 
10 OK 8 
20 OK g 
70 OK 8 
80 OK 8 
90 OK 8 

2) 0 8 

210 OK 9 
400 0 9 
490 OK 9 

Lf,tte~ 1AM 
0 OK 8 

10 Ol 8 
2 OKS 
70 OK 8 
80 OKS 
90 0 

230 OK 8 

210 OK 9 
400 OK 9 
490 OK 9 

LITTER? 
T 

Mo , ig; 
Pen Py:t,yn, 

l 2 
2 2 
l l 
1 l 
l 2 
2 l 
l l 

2 l 
l 1 
i 1 

14 13 
Average -

TAB · I 

ILY GAUT 
TEST 

:ver daily gain 1n lbs. £ 
~0-110 J29Wl~ 20-~o oo!:!,llg§ 
Pey. PJ!stur, . ftB Pagtw;:e 

2 • .34 1.96 2. 27 1. 94 
1.94 1.so 1. 92 1.s2 
l.87 1.66 l .74 1. 70 
1.96 1.75 1.94 1.77 
1. 1.79 l..92 1 . 9. 
1.79 1.77 1 .80 1. 90 
2.13 l .74 2.10 1.69 

1.74 1.74 1.so 1 . 6.3 
1. 55 1.79 1 .69 1. 65 
1.75 1.68 1.84 1 .• 72 

1 .• 87 1.79 1.88 1.79 

II 

LI S OR ROBE GKF I 
ASTURE AND PE: TES1' 

robe backfat in inch s 
~ 17.0 J?5!Y!ld@ ~Q P9Wld 
0 l'astur, ~ Pasjyre 

' 
Pen Pasture 

1 2 1.60 1 .43 .89 1.67 
2 2 l . S4 l .66 l .?6 1 .e2 
1 l 1. 50 1 .26 l.55 1 .. 20 
l l 1.60 1.56 1.63 1. 5 
l 2 l .?l 1..48 99 l . 92 
2 l l.:38 1 . 20 1. 52 1 .52 
l l 1.46 l .60 1.71 1 •. 90 

2 l .2a l . (fl 1.46 l .22 
l l 1.18 1.18 1.32 1.33 
6 J: 1. 22 l . ll 1.32 1.36 

l4 l) 
:veraga - 1.42 l . J9 1.58 1 .6l 

2 



Litter Line 

0 OK 8 
10 OK 8 
20 OK 8 
70 OK 8 
80 OK 8 
90 OK 8 

230 OK 8 

210 0Ki 9 
400 OK 9 
490 OK 9 

TABLE VIII 

LITTER ME. NS FOR LEG SCORES IN 
THE PASTURE AND PEN TEST 

Leg Scores at 
No. Pigs 1:zo :e2unds 210 :eounds 

Pen Pasture Pen Pasture Pen Pasture 

1 2 62.0 63.5 61.0 60.5 
2 2 60.5 6.3.0 60.0 59.0 
1 l 5.3.0 60.0 49.0 62.0 
1 1 57.0 59.0 58.0 55.0 
1 2 40.0 54.0 39.0 54.0 
2 l 59.0 64.0 58.5 63.0 
l 1 58.0 58.0 58.0 51.0 

2 1 59.0 62.0 52.0 55.0 
1 1 54.0 54.0 46.0 52.0 
2 l 56.0 51.0 49.5 52.0 

14 13 
Average - 56.6 59.2 5.3.6 56.7 

There was a highly significant difference between litters for 
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probe backfat at 210 pounds . There was also a significant difference 

for probe at 170 pounds. This litter variation is probably due mostly 

to the difference in the probes between lines . However, there is con-

siderable variation observed even between litters within the same line. 

This variation should help selection for this trait by making the sel-

ection differential larger. 

Since there are apparently no re 1 differences in testing boars 

on pasture or pens, it may be more economical for the f anner to test 

his boars as a group on pasture. Most commercial producers do not have 

the facilities for individual boar testing pens or even for feeding 

several boars together. They may be able to get the performance picture 

of the individual fed with a group. It must be remembered that there is 

no way to obtain individual feed records when boars are fed as a group 
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nd consequently the feed conom;r can not be figured except as aver-

ge for the group. 'I'his would be one advant e that th individual 

feeding would have over the group focdin • 

c. Phenotypie CorNlat1on 

Th phanotypic correlations swmnarized in Tabl IX and '?able X were 

comput d on th . fell date. of 1956. Th corrolaUons re oompu 

fra all boars on test at both Still ter and Fort Reno. ThG phen 

typic correlations mea~ the relationship bew en two traits u x-

pressed in the same indi:vidual ., As such they ar composed of both 

genetic and environmental influences 'Which tr.ay or may not be -working 

in the direction . 

ra.it 
vei-age daiq 

gain 50-170 lbs. 

v rage daily 
g 5o-210 lb . 

F Eco omy-
50-170 lbs . 

F d Econ 
50-210 lbs . 

TABIE IX 

PHENOTYPIC CO, ...... ....., ..... 

Average 
'ly 

gain 
5 210 

lb, 

.74** 

FORT RE 

Fe 
econo 

50-170 
lbs. 

-.JO 

F 
conomy 
50-210 
1:gs, 

. 90** 

Probe Itek.fat 170 lbs. 

* Signif'icant at th 5 .level 
** Sig;nifieant at the lp level 
1 B ed on 20 d gri or fr·eec;wm 

Prob Probe 
ck-

ft fat 
170 210 
lba, lbs, 
.,2 

- .17 

,.36 

.47• 

• 7** 



Initial 

TAB!& X 

PBENOffPIC CORBEtlTIONS ON 
STILLWATER BQARSl. 

Z.g Leg Leg Average Average Average Probe Probe 
scor. score score daily daily dai~ Baok- kck-
50 170 210 gain gain gain tat tat 
lbs. lbs, lbs, S0-170lbs. S0..210lbs. 170-210lbs. l70lb1, 21.0lba, 

age .30 ..... 06 .... 02 .04 -.16 -.32 .16 -.12 

Leg score 
50 lba. .32 .14 -.29 -.28 -.10 -.20 -.39• 

.Leg score 
170 lbe. .72** .]J .l.5 .01 ....06 -.12 

Leg score 
210 lbs. .21 +35* .09 .u ·" 
Average daily 
gain S0.170 lbs, .76•• -.28 .Sl** .49•• 

Average daily 
gain SQ...210 J.ba. .35* .43• .54•• 
Average daily 
gain l7o-210 lbs. -.18 .02. 

Probe B&ckf'at ,§:7** 
,170 lbs, 

• S1gnit1cant at the SJ level 
** Significant at the 1% level 
1 based on 30 degrees of freedom 

~ 
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The correlations from the Fort Reno station: .~ based on measur .

ments ma.de en 23 b$ars., The correlations from the Stillwater data we~ 

based on measurements made on 33 boars .. To obt41.n tatisti.ctl signi

fieance at the 5j and 1% llll'Vels, c.ol'T(Uations must be higher than .~ 

and .53'1 tor the Fort R1;tno data .and higher than . 349 and .449 for the 

Stillnter· data. . 

The eorrelatiOJI of ..... 48 between. aver~e daily gain and eeouomy 

of gain corresponds to prev-J.0>us estimate.a by Eward (1927), wsh (l9'6),. 

Dickerson and Grimes (1947),. Frede.en (1953) and Andfl'SDn (1954}.; 'fhe 

eorrelat1on suggests: that the .faster gaining pig are on feed a shorter 

time, and hence consume less feed .. It is also possible that !'aster gain

ing pigs require lGss teed fQr maintemmee, or that they have th 

ability to digest faed mor eff'ieie.ntly than slov gaining p-igs . In ell 

pn>bab:1.li't}r all three possibiliti&G could be effective in cauui:ng .a 

relation between economy and sverage daily gain-. 

'l'he eerrelation blitween average dU~ gain b-om 50 to 170 pounds 

and probe baekf'a.t. thie'knes-s at 170 po'U!lds vas highly sigm.fie_ant in the 

Stillwater d-ata. tine differencea may account for thi$ high cor:relation .. 

tine 8 boars vere fatter and ma.de mare rapid gains than tbe Line 9 boars . 

1'his correlation in the FQrl Reno data was po 1t:l.ve bu:t not significant. 

!her& were less diffel"eneea b-etwe.en Lime .3 boars and Line 14 boars for 

gain .and 'backfat thiolmG-ss.. Th . Gignif1,cant correlation of' .,,54 between 

average daily gain from 50 to 210 po1mds VJ. t h probe .at .210 paunds in 

the Stillwater data is net in agreement with the - .. 17 eo:trralation e,b,.. 

tained in the Fort Reno data, No explana:tion can be given .for this being 

negative Qther than sampling varl.ation. Th other positive oor:relationa 

between gain Sl'ld prob$ baekfat shows that fast gaining pigs tend to ha: · 



a greater probe ba.ckfat thickne • Ins (1936} also noted a positiv 

correlation between fatness and rate or gain as did Ji'redeen (1953) , 

Anderson (1954), and Blunn and Baker (1947) . 

3.3 

o simple explanation of the relation between fatness and rate ot 

gain is possible . There may be s physiologic xpl ation involv-

ing the neural and hormonal~ tem-.T 

Th correlation betw en f'eed eoono and backfat thiokness was 

positive and was significant 'When computed t 210 pounds(£ ed economy 

and probe) .. This indicates that pigs making the mo.,t ine£ficie t gains 

(that is, consuming more feed per hundred pounds of gain) tend to have 

thicker backfat . Lush (1936) and Dicker on (1947) also found that pigs 

with high fe d requir ents had th thick st backi'at. Because of the 

much higher energy content of fa.t tissue , it may be that animals whose 

gains are more largely fat would require larger amounts of fe per 

unit of weight gain. 

There are several part-whole correlations in the data involving 

measurements of the same trait taken at different times. It i ex

pected that these correlations would be high since the latter asure

mant contains a. large portion of what was in the first measurement. 

These part-whol correlations for the two stations ar quite similar. 

Average daily- gain b tveen 50 and l?O pounds correlated with gain be

tween 50 and 210 pounds wa .74 and . 76 t Fort Reno and Still ter 

respectively. Correl tion batw en probe at 170 and 210 pounds wa 

.• 87 for both stations... At Fort no the correlation between f'eed con-

omy from 50 to 170 pounds and aeon rro . 50 to 210 pounds was • 90 .. 

Lag score at 170 pound correlated wit leg soores at 210 pounds va 

. 72 for the Stillwater data. 



fl1eae; h:tghly i;iigi.1ii'ieant ;part-whole correl~tlens .indica:ba thiit it 

tl trait mea$11I'es high at 1~10 pounds then it will probably :meas-u:re· higl:. 

at 210 pounds. 

There are <,tha:r ·CGt'J'$lations i:a tho Stillwater data that hs.v'e' no 

signitioanee:.. They do in some cases indioe:te tendencies for one trait 

to ··bEJ a.ffeeted by ®othel!. !£ these COl'""l~ala.Uon,s arg real, they may 

Qbta.in sigiu.i'ica.nee with an inerease i..'tl sample siga .• 



• Al 

Th C to ex:pee d t upon t 

bWLI.IJ...i.-:t £or haritability e imata h itabill' 

a fOU?li 1n th 

SU 

1s 

t 

litere 

to 

individual 

t • 

in bl II. ri bill 

of ~ v · 1 t1on in a trait bat 

• 1 i an er e 1gure an 

The liter sts that a aharaat rl 

highly her tary than the oth r con oally impor trait . 

ck.fat thic 

el ctio f or ba t thi ss ll sin prai 

the 

under, the b \Jill 

e SB by of t.1te an Mn. 1~ ........ or 

rul r probe. Sin - b8.! -:£ t ckness ~,WI~ to ha: a high h rite.bility 

of bout 50 it be :ffectJ.velj prov d ,y

liva g. 

the 11 ht 

wor. rs in the field , le t1 r re rapid 

fat rr pi • 

sitlv cormlat:ion bet te r n and 

it ii;) 

other 

WV~bl.M :t:'1., t in 

validity of 

at :d 



'Without con tant inc:r:e sin fatness would be desire.bl . 

port by Baker ~ Al• (l 94J), Haz 1 !ii. f!l. (194.3) and Blunn A:t. 

~ . (1953) have indioa the feasibility of selecting for rte or 

growth for the period fro 56 to 112 day • M ieekan (l 940) observ. d 

that skeletal and muscle growth "Was ore pronounc:ed co par&d to hat ot 

fat at 112 day • Thu selection at about 112 days lld-ght provide a 

means of improving growth rte without excessive increase in fatness . 

Selection at this earlier age would be more nearly for rapid grovth of 

muscle and bone than for fat . 

Blmm f!:t ~ .• (195.3) found that 112 d weight could bo used sat

isfactorily in selecting boars. I.f preliminary selection of boar 

was made at 112 days of age and double the number of boars finally 

desired re saved, the remaining boars could be c stratad without 

fear of discarding good individuals. 

The high corrol.ations for the s e trait Iileasured at different 

times, suggest that s much selection could be practic d at 170 pounds 

as 210 pounds. Thi y actually become more economical for boar 

testing program., because boars could be taken oft: test at 170 pounds 

before rantin could occur with ore maturity. 

thods of sel ction directed solely towards one trait are not as 

eff ctive as one based on properly balanced combination of all 

sir d traits (Hazel, 1943) . Hence., a sel ction index utilizing some 

of th in.formation obtained in a perfonrJmco test might be d sire.ble .. 



VII . StOO 

The objeoti s of this study were (1) to determine the vario s 

factors that may eff'eet the a. erage daily gain , feed economy and probe 

backfat thickness in the performance test; (2) to obtd.n stimates of 

phenotypie correlations between the various performanc traits; and 

(J) determine if there is a difference b tveen the testing of boar pig 

on pasture in a group or on dry lot in pair .. 

The dat were based on records of 71 bo rs on individual perfor

mance t st at the Fort Reno .. tation and 3.3 boar on a pasture and pen 

test t the Stil:lwater station., The Stillwater dat wre collected 

only for the fall of 1956., where s, the p·ort Reno data repr sent th 

fall and spring season or 1955 and 1956. 0 Une 9 (Beltsville No. I) 

and OK Line 8 (Duroc) were the br eds rep:ra~nted at Stillwter, and 

OK Line 14 (Hampshire) and OK Line 3 (Du.roe) vere rep nted at 

Fort Reno. 

he bo r pig :ware elf-fed in sltlB.11 individual concrete floor d 

pens at Fort Reno and self-f d as pairs in concrete floored p ns or 

a group on pasture for the Still ter boal"s. Each boar was probed d 

adju ted to 170 pounds and in the fa.11 1956 probed and adjusted to 170 

pounds and 210 pounds. 

A highly ig:nificant difference was found betwean lines for prob 

baclr..f'at thickness . Ther was a significant differ: nee in litters by 

th same sire for f·ed lot porl"ormano$, indicating that there ay be 
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