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1.

MEASURES OF PERFORMANCE IN SWINE
INTRODUCTION

The prime objective of swine breeders is to develop breeding stock
that will farrow large litters of pigs which will produce a better quali-
ty of pork on a minimum amount of feed.

It hes been demonstrated that efficiency of feed utilization in
the animal kingdom is an inheritable characteristic and that it may be
developed within a strain by breeding methods; however, its inheritance,
as well as the inheritance of other factors which determine the guality
of produets produced, is extremely complex., For this reeson it is dif-
ficult to establish relisble yardsticks for measuring production. Since
‘there is considerable variation, as will be pointed out in this thesis,
in the ability of swine to produce pork efficiently end in the quality
of pork produced, it mey be possible to develop a method of measuring
this performence.

One importent problem of the swine producer is to measure the
growth of his animals and therefrom determine their relative efficiency
in producing pork.

The purpose of this thesis is to determine some of the more reliable
and more economical methods of measuring the efficiency of swine in pro-

ducing pork.
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REVIEW OF LITERATURE

Culbertson, et al, (1930, 1931, 1932, 1933, 1934)! have carried on
an experiment with a record of performance for swine which was started
when a group of men representing the Iowa swine interests met at the
Jowa State Fair in 1923 to work out a plan. The Danish system of prog-
eny testing swine was taken as the basis of the plan.

The purpose of the project was to determine definite standards for
swine whereby the efficiency of breeding stock might be evaluated in
terms of number of pigs per litter, rate of galn, economy of gains, and
quality of carcass, and to work out a definite method of testing swine
breeding stock on a large scale so as to make it possible to select high
producing strains.

The method for determining these factors is to test representative
pige from nominated litters. The pigs were fed at the Iowa Experiment
Station under practically identical conditions and slaughtered at the

handy market weight of 225 pounds. Four pigs, two barrows and two

1
C. C. Culbertson and others, Swine Performance Record; Litter Compari-
sons, Iowa Agri. Expt. Sta. Bull. No. 277, 1930.

C. C. Culbertson and others, Swine Performance Records; Litter Compari-
sons, Iowa Agri. Expt. Sta. Leaflets No. 28, 1932, and No. 29, 1933.

C. C. Culbertson and others, Swine Performance Record, Report on Agri-
cultural Research, Agri. Expt., Sta., Ames, Iowa, 1931, pp. 26-27, and
1932, pp. 22-23.

C. C. Culbertson and others, Swine Performance Record, Report on Agri-
cultural Research, 1933, pp. 31-32, and 1934, pp. 52-53.
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sows, from nominated and accepted litters of Iowas herds were selected
by the owners and sent to the animal husbandry seetion of the Iowa Ex-
periment Station et weights averaging from 35 to 45 pounds when they
were not over 63 days of age. Later this rule was changed to 35 to 50
pounds at 65 days of age. They were started on the feeding test at 65
days of age., Later this age was changed to 72 days, end the pigs were
fed to a weight of 220 pounds. Only offspring of gilte or older sows
that met certain requirements were accepted. To be eligible a gilt
must have farrowed seven living pigs and an older sow eight living pigs.
The sire and dam of each litter were required to be purebreds although
not necessarily of the same breed.

Individual weights were teken, The initial weight was determined
by the average of three wieghts teken on three consecutive days. The
first of fshaae three weights was teken when the piges were 64 days of
age. Weights were taken at the end of every J0-day period umntil the
litter reached the final average weight of 225 pounds, determined by
individual weights on three consecutive days. The average of the weights
was considered as the final weight.

When the pigs reached the 225 pound weight, they were slaughtered
and the carcasses graded or evaluated. The daily gains, the pounds of
feed per 100 pounds of gain, and other valuable facts were determined
ebout each pig. These results were used in rating the sires and dams
of the respective pigs elthough no index number of one figure was cal-
culated for them,

All litters differed rather widely in the gaining sbility of the

pigs, the feed requirements per unit of gain, and in the proportion and
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gquality of the carcass.

Table 1 shows the number of litters, number of pigs, and the varia-
bility of the pigs used in this experiment in daily gains, pounds of
feed per 100 pounds of gain, and in carcass score.

Table 1.

.

:Num-: Num-:Age at : 3 : :

sber :iber::begin- : tRange in :Range in:Range in value
Year;of :of :ning of:Range in :pounds feed:carcass :of carcass per
5 :1it-:pigs:feeding:daily gains:per 100 tscore :100 pounds of

os 88 &

sters: :period 3 :liveweight
1827
to
19289 44 176 65 1.1 to 1.7 358 to 468 $10.72 to $12.46
1951 20 80 65 1.0 to 1.5 346 to 451 10,02 to 10.50
1832 17 68 65 1.1 to 1.6 344 to 413 8.65 to 9.31

1935 21 84 72 1.0 to 1.6 344 50 478 80 to M4

1954 19 76 72 1.1 to 1.9 546 to 394 85 to 94

From this table it will be seen that there was considerable varia-
bility in the ability of these pigs to make daily gains, in the pounds
of feed consumed per 100 pounds of gain, and in the grade or value of
the carcass.

The 44 litters tested in 1827 to 1928 made an average daily gain
of 1,381 pounds. The pigs in 18 of the 44 litters or approximately 41
percent made less than average daily gains. The average amount of feed
consumed per 100 pounds of gain was 3593 pounds. The pigs in 18 of the
litters required more feed than the average of all litters. Thirteen

of the 18 litters that required more feed than the average were those
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in which the pigs gained less pounds daily than the average of the 44
litters. This indicates thet daily gains and efficieney of feed utili-
zation may be highly correlated.

Lush® studied the Denish system of progeny-testing swine and re-
ported his findings in 1936. There are three phases to the system, which
may be classified as follows:

(1) Cooperative Bacon Factories., The farmers sell their swine co-
operatively through these factories. Between 80 and 90 percent of the
swine killed for export now are killed in these cooperative factories,
Their poliey is to pay for each individual pig a higher or lower price
according to whether it conforms well or poorly to the demends of the
market.

(2) State Approved Swine Breeding Centers. The breeding centers,
which are individual farms, are privately owned and operated but are
under a certain amount of supervision by a district committee represent-
ing the farmers' organizations and the cooperative bacon factories.

This committee visits each breeding center at least twice a year, scores
the sows and boars intended for breeding, inspects the identifying
marks of the individual animals, sees that pedigree records and sales
records are individually kept, advises the owner about his breeding
policy, and sees that the center is managed in en orderly and sanitary
way. Each breeding center is also given a veterinary imspection each
September and February and tuberculin tests of all animals over three

months of age are made in April. The owmer must discard all animals

2y, L. Lush, Genstic Aspects of the Danish System of Progeny Testing
Smﬁ, Iowa Agr. Expt. Sta. Res. Bull, No. m, 1936.
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found unworthy either by the scoring committee or in the veterinary
examination. Each center is obligated to send to the progeny testing
stations each year enough test litters (of four pigs each) to average
two pigs per scored sow in the herd. The scoring comnmittee can speci-
fy certain sows from which test litters must be sent at the earliest
possible opportunity. The government pays a small sum (about $20.00
per yeer in 1933-34) to each owner whose farm receives the designation
of state approved swine breeding center,

(3) Progeny Testing Stations, There are five progeny testing
stations which are largely financed by and partly supervised by the
cooperative bacon factories bui they are also supervised by the state
agricultural experiment station.

From litters to be tested, four piges are sent to the progeny tesi-
ing station when about seven to eight weeks old and are fed there under
standerd procedure until each reaches a live weight of eround 200 pounds
when it is slaughtered at a nearby bacon factory end the meat is weighed,
measured, and scored. The pigs are weighed individually every 14 days
until they near the slaughter weight, when they are weighed every seven
days.

As soon as the last pig of a litter has been slaughtered, the re-
sults are reported to the center owner and to the animal husbandry
konsulent in the district where that center is located. A printed list
showing the results for ell litters which finished the test in the pre-
eeding three months is sent guarterly to all owners of breeding centers
and to all enimal husbendry konsulents, Soon after the close of the
testing year (August 31) all information about litters which have com-

pleted the test during that year is assembled in a single report.
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The data published in these reports are given much weight ia
selecting breeding stock both by gemeral farmers and by the owners of
breeding centers.

Naturally the figures for as many as three or four litters all
sired by the same boar cannot often be available before the boar is
18 to 20 months old, and he will have been used rather extensively by
that time, Hence it seems a reasonable conjecture that these figures
are used most in determining whether or not the untested soms of a
tested boar shall themselves be used and tested, but other reasons will
largely decide which particular sons of the tested boars shall be
tested.

Since the progeny testing started in 1907, there had been, by 1935,
10,893 litters tested, 769 litters being tested during the testing year
of 1934-35, The following changes have occurred in the swine population
during the 28 years over which Lush mede this study:

The average daily gains changed from 1.2 pounds during the period
1910-15 to 1.4 pounds in the later years from 1930 to 1935.

The rate of gain at the testing stations for the last six years
has been about 16 to 18 percent higher thamn it averaged before
1923,3

A decrease of about 8 percent in the amount of feed required for
;sgg?ﬂd of gain occurred in the seven years between 1922 and

The results that Lush found with respect to feed utilizetion ere shown

in the following table.

S1vid., p.135.

“Ivia., p. 139.



Table la.
Total feed units used
Period used per unit of gain
1911-14 3.75
1920-23 3.63
1928-32 3.36

During the period studied there has been a slight incresse in the
length of body snd thickness of belly, and a slight decrease in thick-
ness of back fat. Lush found that there had been considerable change
in general appearance and body conformation in the breeds. Other
changes were found, Some correlation coefficients which Lush worked

out are given in the tables below:

Table 2, Correlation between Litter Mates

Characters Correlation
Daily gains 34
Body length » 33
Thickness of back fat «20
Thickness of belly =19

Percentage of export bacon .16

Table 3. Correlation between Half-sib Litters

Characters Correlation
Rate of gain x24
Economy of gain «29
Body length 39
Thickness of back fat 44
Thickness of belly 40

Percentage of export bacon .27



Table 4. Correlation between Maternal Half-sib Litters

Characters Correlation
Rate of gain « 23
Economy of gain : .12
Body length 4l
Thickness of back fat oS4
Thickness of belly « 28
Percentage of export bacon «21

Table 5. Correlation between Progeny Averages of Sire and Son

Characters Correlation
Rate of gain 06
Economy of gain .06
Body length 013
Thickness of back fat «16
Thickness of belly 38
Percentage of export bacon .02

The following table shows values assembled from Tables 2, 3, and

4, above, for the portion of individual varianee which can be aseribed

to heredity.
Table 6
Rate of gein 24 percent
Eeonomy of gain
Body length 54 perecent
Thickness of back fat 47 percent
Thickness of belly 46 percent
Percentage of éxport bacon 20 percent

Ferrin® (1932) states that the record of performance work with
swine in the United Stetes has dealt with only a small percentage of the

hog population, as it hes not been employed in testing grade stock.

5. 7. Ferrin, Production Tests for the Selection of Breeding Hogs, Annual
Report, Amer. Soc. Animal Production, 1932, pp. 134- 137.
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Presumably the variation in the performence of grade swine is at
leest as great as in the selected group which has been the subject
of experiment. If s means can be provided which a fermer may use
for selecting stock in his own herd it will extend the possibili-
ties of improvement in economy of production to all pork raisers.
Such a plan hes been worked out and is recommended by the Natiomal
Swine Record of Performence Committee.®

The plan is as follows: To seleet brood sows from litters of
pigs of heaviest weight at 56 days of age. This rule will ensble a
breeder to cull his own herd and retein the most valuable sows.

The prolifiey and suckling ability of the dam are highly reflected
in the weening weight of her pigs. Weights at weaning time measure
the pork producing abil*ty of sows just as accurately as weights of
litters when marketed.

Cooperators in this project are required to follow the swine sani-
tation plan and to earmerk each litter during the first week of
age, reporting date of farrowing, breeding, and number of live
pigs of each sex. The owner of the farm follows his own choice

so far as the feeding plans are concerned but he is urged to full
feed the pigs upon legume pasture. The litters sre to be weaned
at an average age of 56 days but a varistion of 10 days in the
ages of several litters weaned at one time is zllowed, A difference
greater then 10 days makes it impossible to calculate the weights
accurately to the 56 day basis. It is recommended that each pig
be welghed separately at weaning time but litter weights will be
accepted if the total number and sex of the pigs of each litter
are rsportod.a

It is not desirasble to insist upon a large number of details but
supervision of weighing and encouragement of the cooperators is very
necessary., The county agents can help do this. It would be valuable
to have accurate litter weights at merketing time as a meens of check-
ing the reliability of the weening weights. It would also be valuable
to have slaughter teste of at least two pigs from each litter to be
made when the pigs weighed from 200 to 225 pounds easch. It is recom-

mended that market weights be taken and that slasughter tests be made.

61via., p. 136.
7Ib1d., P. 136,

81bid., p. 136.
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The efficiency of breeding stock varies greatly, and a workesble
plan for selqeting the superior animals and eliminating the inferior
producers will be of real velue to hog raisers.

Shearer and Culbertson® (1934) working with & cross-breeding ex-
periment with swine including four lots of four pigs each, studied the
three-way cross with Duroe Jerseys, Poland Chinas,and Yorkshires. All
lots were fed alike and according to the methods being used for record-
of-performance littargi. The results secured in this experiment are

summarized in Table 6.
a.

Table 6.

Number of pigs in lot 4 4 4 2
Days required to resch 225 lbs, 102 112 120 132
Average daily gains (pounds) 1,59 1.47 1.35 1.35

Feed per 100 lbs., gain (pounds 345,70 362.67 394,05 378.37

The range in days required for each lot to reach an average weight
of 225 pounds was from 102 to 132, The range in average daily gains
made by the four lots wes from 1.3l to 1.59 pounds. The ramge in the
average number of pounds of feed required by each lot to put on 100

pounds of gain was from 545.70 to 394.00.

9p. 5. Shearer and C. C. Culbertson, Outbreeding vs Crossbreeding with
Swine, Iowa Agr. Expt. Sta. Annual Report om Agricultural Research,
1934, p. 46.
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BEEF CATTLE

Beef cattle are similar to hogs in that the quantity and quality
of the products cannot easily be measured without slaughtering the ani-
mals. Several methods of measuring and evaluating performance in beef
cattle have been proposed. )

By some of these methods attempts are made to measure the guan-
tity and quality of products while the animal is on foot, while by
other methods production is measured and evaluated by slaughtering.

Following are several examples which will give some idea about
what has been done along this line.

Winters and McMahon (1933) proposed a record of performance for
beef cattle. To obtain data on which to base the record of performance,
32 steers were individually fed at the following time. Twelve were fed
in 1931-32 for 224 days and 18 were fed in 1932-33 for 196 days. In
evaluating the data the 1931-32 and 1932-33 steers were grouped together.
This was possible for both groups were very similar in breeding type,
weight, age, and market grade; however, the initial weight of the 1932~
33 steers averaged 75 pounds higher than the average of the 1931-32 steers.
Both groups of steers were fairly uniform and their rations were essen-
tially the same.

The 1931-32 steers were weighed at the beginning and at the end of
the feeding trial and in addition were weighed every month. The 1932~
33 steers were weighed at the beginning and at the end of the feeding
trial and every 28 days. The 28 day weight was an average of three
welghts taken on three consecutive days.

In the 1932-33 trial with the 18 steers three day weighings were
made every 28 days to determine how long it was necessary to feed cattle

to determine their relative efficiency. In general, the most efficient



13.

steers were at the top and the lsast efficient ones at the bottom at the
end of the first 28-day feeding period. The spread was much greater than
at the close of the experiﬁant. The number of steers used in this experi-
ment was too small to make a correlation worth while, but it is likely
that the rate of gains at the end of the first 28-day period and at the
end of the 196-day period on 100 individuals would show a rather high
correlation coefficient. Marked fluctuations in efficiency and in gains
occurred from month to month. In general, the entire group went down
or up as a unit. For these reasons alone a short feeding period would
not be satisfactory to determine the relative efficiency of an animal
with one another when fed at different times as will be necessary if a
record of performance for beef cattle is to be developed. It is likely
that 112 days represent the minimum duration of a feeding trial to
reveal individual efficiency in beef cattle.

Winters and McMshon calculated several correlation coefficients
in connection with this experiment. Three of the highest and most im-

portant ones are as follows:

Between daily gains and net profit was plus 0.7289
Between carcass grade and net profit was plus +8000
Between daily rate of gain and a factor for

efficiency of feed utilization was plus 7141

Since selling price and daily gains each gave a high correlation
coefficient with net profit, these two numbers were converted into an
efficiency index by dividing the group's mean daily gain by the mean
selling price and multiplying the result by the individual's sale value.
This reduces the selling price to the same level as the daily gains.

The fornula is given below:
1d
Ms

X S = 89 (Selling price reduced to the level of daily gains)l

1
Winters, Lawrence M. and McMahon, Harry, Efficiency Variations in Steers,
Minnesota Technical Bulletin No. 94 (1933)
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8 was calculated for esch animal. The reduced selling price "Si

multiplied by daily geins is taken as the new efficiency index. This new
efficiency index is called V which was calculeted for each animal,

The correlation coefficient between V and net profit was+0,9064.

This is the highest simple correlation coefficient obtained in this study.

The following recommendations were made by Winters and NcMshon for

2
a record of performance for beef animals:

1.

2.

8.

4.

5.

6.

7.

Purebred beef calves of either sex are eligible, and bull calves
may be castrated’ during the test period. Correcting factors will
be used to bring the values of heifers, bulls, end steers to a
comparable besis., These factors will be determined from the com-
perative results of the first 200 animels of each group, (heifers,
bulls, and steers) put through the test.

The birth weight is to be based on the aversge of three weights
taken on the day of birth and two days following.

The final weight will be the average of five consecutive weighings
taken on the 364th, 365th, 366th, 36Tth, and 3688th days after
birth.

Daily zains will be computed from:

It is recommended that each calf be given satisfactory feed and
care during the test period. Nurse cows or extra pail milk feed-
ing, however, are to be prohibited unless there is some legiti-
mate reason why the calf's dam is unable to murse her calf,

At the time of the final weighing a competent Individusl or com-
mittee will authorize the scoring of the calf according to beef
and breed conformation.

The final velue, V, of the individual will be arrived at by mul-
tiplying the dally rate of gain by the figure arrived at in the 8.
column for body score.

“Winters and McMahon, Ibid., pp. 24-26
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Table 7

A table for converting body score to & comparable level with daily gains.

Grade Score S 5 Grade Score S S1
100 2.6438 80 2.1150
a8 R.6178 79 2.0886
Fancy 98 2.5909 Good 78 R.0621
97 R.5644 77 2,0857
96 2.5381 76 2.,0098
25 2,5116 75 1,9828
94 2.4851 74 1,9564
93 2.4587 73 1.9288
9% R.4323 72 1.8035
Choice 21 2.4058 Medium 71 1.8771
20 R.3794 - 70 1.8506
89 - 2.5529 69 1.8242
88 243265 68 1.7978
87 2.5001 67 1.7713
36 2,2786 66 1,7448
85 2.2472 65 1,7184
84 2.2208 64 1.6920
Good 83 2.1843 Common 63 1.6656
82 2.1679 62 1.6381
81 2.1414 61 1.6127
60 1.536%

The average daily gain for the 32 steers used in this study was
2,115 pounds. This is taken as the reduced mean for body conformation.
The actuzl meen body score is placed at 80. The spread for body score
is from 100 down to 60, and the reduced score 8; is placed opposite the
actual body score., The value, V, is obtained by mltiplying S; x D,
(daily gain.)

For example, if & cz2lf's birth-weight ie 73 pounds and the final
weight 894,75 pounds, the total gain is 821,75 pounds and the daily gain
is 2.85 pounds., The calf has been given a score rating of 84: referring
to the table above we find that the S5, value corresponding to 84 is 2.2208
The calf's V index becones 2.2208 x 2.25 = 4.,9968, approximately 5.

8. The score card rating, daily rate of gain, and the V index would
be ircluded with the usual information given regarding an animal in its
official pedigree and in the herd books.

The following will illustrate how this would appear:
1413983 cow--Maybloom 16th (S,84; D.G., 2.25; V,5)
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Among the 32 steers there wag a considerzble amount of variation in

the pounds of gain.per 100 lbs. of totel digestible mutrients congumed
which ranged from 14.77 to 21.80 1lbs. and in daily gains which ranged
from 1.44 to 2.51 1bs.

Holbert (1352) working with Angus, Shorthorns, and Herefords; [T O-
posed a record of performance for heef cattle based on the rating of
sirves according to thelr ability to sire prize winners. He surveyed the
leading state and national shows from 1820 to 1832 for Aberdeen Angus,
1818 to 1982, for Herefords, and 191¢ to 1930, for Shorthorns. Any state
feir having five or mofe entries in a majority of individual clagses
gualified, A total of 304 Hereford, 209 Shorthorn and 188 Angus shows
met ths requirements; they included over 40,000 prize winners sired by
4,500 different bulls,

2
4 ; a . =)
The scoring zvstem he nused iz ze followszg
tH ]

1

The sire of a prize winner was credited with 5 points for a
firgt: for a second: 3 for & third: 2 for a fourth: and 1 for
a £ifth, All fairs were put on the same basis with the exception of
the International in the case of Angns and Shorthorns. The American
Royel and International were on the same busis, in the case of Here-
fords. Due to the gize of these chows 10 pointe were given for the
first prize winner and so on down to the tenth prize winner which
received & score of one.

)
]

i

Wb

e

The high ten gires of prize wimners from each breed as given by Holbert

are gs followss:

Shorthern?
_ Total
Rank Name v No, of entnies Score
1 Cudham Dreadnaught 318 128%
2 Ballylin Rodney _ ' 255 ' © 1083
3 Browndale Count . 258 _ 987

- BHolbert, J. C., Show Ring Winnings as a Means of Evaluating Sires,'Annﬁal
Report, The Americazn Soclety of Animel Production, 1832, p. 52-53
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Name
Rodney
Prentice
Revolution
Bapton Prince

Supreme Commander

- Lespedeza Sultan

Coliynie Cligper Crest
ABFRDEEN-ANGUS
Earl Marshall 183780
Blackcap Revelution 287268
Blackcap Bandolier II 363329
Black Bélmgre 556;65
Elcho of Harviestoun . 515295
Egton of Elmhill 254249

Ames Plantation Bean 219787

Prizemere $2nd 369132
Iremere 6th 566905
Eileenmare 4th 251504
HEREFORDS
Prince Domino 499611
Parfection Fairfax 179767
Repesater 288598
Bonnie Lad 20th 355369

Prince Domino &nd 1222880

Hazford-Tone 1083542

Ko. of Entries
198
248

173

101
10@

86

327
L%
280
221
164
170
113
107
131

93

559
272
290
286
261
251

17
Total
Score

876

711
5681

546

378

1444
1331
950
872
837
598
508
498
418
412

2170
1414
1208
1i8g
1082
L
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Total

Rank Name No. of entries Score

7 Braemore 866666 245 979

8 Hartland Mischief 1314000 203 971

9. Beau Blanchard 362904 207 902

10 Bocaldo 6th 464826 166 781

A great deal of publicity has been given to prize winners in breed
papers, at shows, and in class rooms, whereas, it might have been more
logical to have given the credit to the sires of the prize winners be-
cause the performance of the progeny of & sire is more valuable than the
sire's conformation or any other factor in determining his breeding value.

In this study the progeny of 1385 Shorthorn bulls won 1838 points,
or expressed in percentage over 64 percent of the Shorthorn bulls had
less than four percent of the total score. In the other extreme less
than three percent of the bulls had practically 55 percent of the total
gcore,

Eight percent of the Angus bulls had over 60 percent of the total
sSCore.

Holbgrt proposes a system of scoring for beef cattle based on prize
winners:¥ A large number of fairs should be included and the bulls
rated annually and publicity given to the leading sires. Possibly it
would be worthwhile to let each show be an individual unit and rec-
ognize the high scoring sire of that show as a Register of Merit Bull
placed in Class A. The next step, is ranking sires for the yeer and
letting the high scoring bull be a Register of Merit bull in the AA
class and any bull that can rank high over a five year period would

be considered a Register of Merit bull in the AAA class. The 3 AAA
bulls for the past five years are:

8 Holbert, Ibid., p. 55



Browndale Count for Shorthorns; Prince Domino for Herefords; and Pluackeap
Revolution for Angus,

Sheets (1932) proposed a plan for evaluating beef cattle for a
register of merit asg follows:

e

This plan is based upon efficlency of feed utilization and the cer-

cass grade. During the feeding period individual feed Tept
znd at the end of the feeding period the animals are slaughiered and the

carcasses greded for guality.
The enimalts efficiency is designated by the number of pounds of
cold dressed carcass it has produced for each 100 pounds of totsl di-
gesetible nutrients consumed, including motherts milk, grain, snd roughage.
The guality score is srrived at by grading the carcass an& Judging the

rib for itenderness, combining the two on the bezgls of 65 points for car-

cesg score and 55 pointe for tendernsss score.

These two seores, the one for elfficiency, the other for quality,
are multiplied together to arrive at a single value for performanc e,

multiplying also by a purely arbitrs:ry factor (p) which we have set
gt 085 in order tn&t cur final score msy fall somewhere between 60
and 100 which is the scale on which we are accustomed to judzls 6

N«

Bheets applied this formula to & number of caslves in the record of
performence work, Among bthe mogt interesting of the data obtainsed have
been those of three purebred Shorthorn calves, itwo steers and & helfer

out of half-sisters. One of the stesrs and heifer were sired by the same

bull, Table 8 summarizes the performsnce of these three animale.

8
Sheets, E., Eraluating Beef Cettle Performance for z Repister of Merit,
American Soclety of Animel Production, 1332, pp. 41-44
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Table 8
Efficiency Carcass Tenderness Carcass Grade Efficiency
gcore Grade & Tenderness of Performance
Combined Score
No. 57 (heifer) 14.5 78 8.2 85 78
No. 58 (steer) 14.3 8% 6.0 86 80
No. 59 (steer) 15,3 75 5.8 80 85

Thus steer No. 58, though his carcass was nearly half & grade in-
%ferior to the heifer's and more than two-thirds of s grade inferior to the
cher steer's, rated considerably higher in efficiency of performance
becszuse of his pronounced ability to produce beef from feed.

It may be that he is giving too much relative weight to the factor
of efficiency. Tt is found that this is the more difficult of the two
factors to fix in our animals, and therefore shall not be ziving it undue
importance. |

Wentworth (1932) stated thet apparently the traits which give value
to the meat animal are the most complex characteristics with which we
mist deal in livestock breeding. They are not dependent on individual
single units of heredity but on aggregates of suech factors, many of which
may be transmitted independently. We are involved with the phenomena of
guantitative inheritance. CGeneticists agree that quantitative inheritance
is just as sitrietly Mendelian as the inheritance of color, horns, and
other relatively simple characters-.-7

The consumer is interested only in gquality mea£ et relative low

prices, while the producer is primarily interested in animals which shall

7Eéntworth, E. N., Livestock Records of Performance and Their Value %o
the Meat Industry, American Society of Animal Production, 1932, p. 48
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be most efficient as transformers of feed stuff inte merket livestock.
The consumer's interest, quality meat, is too far-fetched te be &n in-
centive to the livestock breeder in getting him {0 seleet for that
characteristic. The commercial breeder uses as breeding stock animals
which some pure-bred breeder has produced. The pure-bred breeder in
turn got his breeding stoék from a type developed by another breeder, and
thus the man who selects and molds the type is too far removed from the
consumer to make it pogsible for the consumerfs interest to be considered
to a great sxtent.

The present methods of measuring performsnce of livestock, judging
in the ghow ring amd on the market, doeag not compare with the grade of
the carcass after slaughtering. More direct and accurate standards of
values for carcasses and cuts, for efficiency of feed transformetion and
for reproductive valus musgt be worksd out.

The past methods of improvement heve depended on the gelection of
sires and dams unduly apprecisted beeause of their standing in the prizav
ring or their approsch to arbitrary breed standards, both of which are
records of expression of individual opinien, rather than definite measures
of meat values.

The system of Judging or grading livestock in the Furopeasn fairs
are superior to ours. Over there, for an example, & sow in the prize ring
is thrown into one 6f four grades om her conformation, on her pedigree,
and on her performance or her ébility to produce pigs whieh have met the
export standards at the testing stations., This does not give 2 perfect
parent of fspring test from the viewpoint of the geneticist, but it cer-
tainly approaches the transmitting power of his breeding stock more closely

than under cur present method of bresding.



In meaguring performance of deoiry cattle, a differeni problem from

that

)

ownd in swine or heef cetile is presented. In the first place, the

products asre tangible and can definitely be nmeagured wi
foot. In the second place, the performance of the sirs can only be mesgured
by the performance of his offspring.

Seversl attempts to establish reliable methods of measuring and
evaluating performance in dairy cattle have been made by verious worxzers
in this fislds, Severzl examples are given to shoﬁ gome of the work that
has bsen done,

Wsrwick and Copelsnd (1834) proposed s progeny test for Cairy sires
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Six or seven daughters of ¢ sire is noct 2 sulfficlent mumber on which

to base & progeny test., Warwick znd Copelzand drew conclusions from a
theoreticel case evolving five multiple fac no",, that if & bull is mated

to dems heterozyrous {geod vroducing dams) ‘ov thege five factors it

‘

e 1084 offsorings 1o get gll possible combinstions

ta

esch having a different genotype of the five factors), wherea
is mated to damg homogsneous {low produecing daums) for recessive factors
32 offsprings will ba”required to secure all possible combinstions (zeno=
types) of the five factors.

Based upon this theoretical example they suggest that 20 to 25
offsprings from low producing (boarder) cows be used aslthe begis for a
progeny tesgt of well bred bulls, All bulls tested by this plan would be
congidered excellent if their devghters included none below sverage and if

thelr daughters avers hovered close to the mid-point between their Jams




It chould bLe possible to maintsin a test herd at relatively low cost.

Low producing, (boarder) cows from herds of the sgame bresd mi
As moon =g the low producing ecspacity of & cow under good nutritive cone
ditions hug once been establiched, it will be unneceggary to go to further

”ecorda of her production. Such eows may be run ag
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xpense
"beef herd® mostly on pasture, with a minimum of expense. When & group

of guch tester cows are brought together, they may be pasture bred to the
young bulls if conditions are favorable, When the calves are dropped, the
bull calves may be disposed of either when dropped or ag voung veal at

the earliest feasible zge., The dame of these bull calves mey then he

dried uyp und re-bred., The heifer calves may be allowed to nurse their
mothers while on pasture. When the heifers come into their first lacha-

tions they should be well fed and milked for the first lactation., The ine

}.h

tisl record will show rather definitely whether the heifer hes the abile
ity to respond. If she does nol meke & credible showing in this time, ib
may be considered that it will ususlly be impossible for her to make even

a fair record in succeeding lactations., Individuels which respond fairly

0

well ghould be profiteble producers. The poorest producers mey be either
sold for beef after the first lactstion or thrown into the group of

ocrting o thp above gcheme of management, it chould be
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possible to place the teating of bulls on a relative low cost basgis. It
was advocabed thet this test showld bDe used only azg¢ a tool to be used
ingtitutions end privsts breeders who may be in a position to make a real

8

.

contribution to the dairy breed.

Warwiclk,
of Heredity,

Be Le and Copgl“nd 0. C.y A Dauiry Sire Progeny Test, Journal
t Volo («t’, M«.—»S’ 1 A, ppn l{?“‘lul
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Rice (1%82%4) states thet since type and pedigree are inadecuste for
[l L

o &

>

for duiry cattle

®
i

selection, atlention has recently been focused on indic

:d on the proved-sire idea. & proved bull is one with a certaln num—

ber of duunghtcrs with production records out of dome with or without pro-
duction records {according to the idea of various investigators.)

The amount and cuality of milk which a cow

her exact genetic mzXe-upj; nevertheless, her production record is tungible
evidence of & sort and can be dezslt with directly. There is no such

tzngible evidence indicoting = bulll's production capacity since he yields

€4

no milk, The production capaciiy which he may fronemit to his daughters
s determined indirectly by considering the records of his daughters or
the records of his daughtersg compared to that of thelr dams.

Various atbemybs hove been made in the nast decade to formulate a
bull index which will represent the bull's transmitiing =

of milk snd percent of fat., Twoe methods of indeming bulls which have been

uzgested are as follows:

)]

Goodale {1987) made a gtudy of the tranemitting ability of 68 Jersey

gires, in one group, having more dsughter-dam pairs, snd &3 sires

w“w
o
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in another group. From this study he made the supposgition that milk pro-
dguction of the duughter is sboul seven~tenthe of the distance above the
level of the lower psrent, while butter-fat percent is about four-tenths
of the distance above the level of the lower pﬁrent. Dr. Gooduls propoged
the following bull index 2g given by Rices

Mount Hope Index-Hilk

T Y

Gompute the average mabture eguivalent of the milk production
of &ll daughters of the bull; also the average mature equtvalent
of the milk producticn of the dams of these daughters and take the
daif'ference between theze averages.
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If the daughters' average exceeds the dams' average to get the
bull's milk index number add three-sevenths (or .4286) of the diff-

erence to the daughters' average.

If the daughters' average is less than the dams! average, subtract
seven-thirds or 2.333 of the differegce from the daughters® average
to get the bull's milk index figure.

Mount Hope Index--Butter-Fat Percent

"The index for percentage of butter-fat is obtained by similar
operations, but with different fractions.

If the daughters' butterfat average percentage exceeds the

dams' butterfat average percentage, add three-halves (or 1.5) of the
difference to the daughters! average to get the bull's butterfat

index.

If the daughters' average is less than the dams' average, sub-
tract two-thirds (or .667) of the difference from the daughters!

average to get the bull's index.®

Another bull index formula reported by Rice was proposed by Wright.
It iz based on intermediate or blending inheritanm It takes inte
account the number of daughter-dam comparisons giving increased weight to
them as the number of such compsrisons increases. It gives added weight

to the breed average while the number of daughter-dam comparisons is small.

The formula is given as reported by Rices

-, = .
N+2A+ﬁ_!1+_2_ (2D - Dam)

Where N = the number of danghter-dam comparisons, A = the breed average
in produetion, D = the deughters' average production, Dam = the dams?

average production, and S = the bull's index.

9Rice, V. A., Breeding and Improvement of Farm Animals, McGraw-Hill Book
Co., (1954) 307-313 '

lOIbid.



Dahlher® (1954) stotos that records kept on 181 cows of the Geneva,
New York, Expsrimental 3totion Jersey herd shows that no production im-

provement was made from the tive the herd was esteblished in 1800 throush

1821, 1In 1806 to 1508, inclusive, the herd sverages 340 pounds of butter—
fut per cow per lactation period while, inm 1918 to 1881 inclugive, it

averaged 344 pounds.

In pertislly proving the dams, individuel production records were

¥l

kept and cowpared with one another. If the production of & cow and her
daughters was low and unusually varisble compare d to the preduction of the
rest of the herd, the straein was eliminsted from the herd., On the other

Fd

hand, those strains whose production was uniformly high were retained in

Proving fthe Sires
The first method of proving sires used at this stetion wes that of
comparing the damts records W7Lh that of her dsughterse In 1821, the
recordg of all deughters which had been used in the herd up to that bime
were cowpared with the records of their dams. Of all the bulls used in
the herd, from 1800 to 1921, there were only two whose proiénv ghowed ine-

9

this kTind were mede

>

creased productidn over thelr dams,. Comparisons of
between the daughters of the two bulls¢‘then in the herd, and their dams.
The daughters of one bull were better milkerg than their dams. The pro-
duc ion of the dawghters of the other bull was a little below that of their

2

ely variable. The first bull was retained as a

and the other was slaushbered.

After peveral years of gelecting by daughter-dam compsrizong, Dahlberg
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suggested the following index formuls as a method of calculating an exact
mumerical value for the total weight of butter-fat which would indicate
the breeding value of the sire.

Inheritance of mw+m..§»_§m_

Sire index - Daughter +(daughter-inheritance of dam.)

This formulas was worked out to apply perticularly to this herd a»
the herd's sversge butter-fat production is eround 500 pounds.

This sire index gave values for the experiment station herd which
were in aggrement with changes in herd production, that is, the herd pro-
duction was increased by the bulls with the best sire index and vice-versa.
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POULTRY

#ith poultry ail or praectically all of the record of performance and
progeny testing work has been 1n connectiorn with egg production since this
is more important, economically, than mesat produetion.

48 in dairy cattle the quality and quantity of products can be measured
without slaughtering the individuale concerned. Since inheritance of egg
production is very complex, it is difficult Ho establish reliable methods,
which are ecomomicsl, for measuring their transmitting ability.

Soms of the work in this field is given below:

Jull {1933} carried on a progeny testing experiment with poultry at
the United States Animal Fughandry Bxperimental farm, Belitsville, Maryland.

The results are based on the first year egg recerds of daughters dur-
ing the laying years 1%38-2¢, 1929-30, and 1930-31.

The breeding etock sach year consisted of males from dams that laid
285 eggs or more each and females that laid 225 eggs or more each in thelr
first ysar of 1aying. A11 of the daughters, with few exeeptlons, that
each dam éroducad each year, wore placed in the laying house. During the
three years there were 356 daughters that completéd the first year of 355
days laying record.

The envirommental conditiocns under which the daughters were kspt ﬂgring
the three years were as nearly identical as it was possible to maintain.

In_one study 19 differeat sires were mated to 19 different groups
of dams. There wers 135 dams in all 19 groups and théy producsd 735
daughtsrs, Six sires produged daughters vwhose average ogeg praducticn was
over 200 eggs. Four sires produced daughters whose average egg produc-
tion was between 190 and 200 sggs. Three sire's daughters were between 180
and 180 egegs. Five sire's daughters were between 170 and 180 eggs, and one A

sire produced daughters whose average egg production was less than 170 eggs.



The average egg production of sach of these 19 different groups of daugh-

ters ranged from 168 to 889 egge per daughter which shows that there is

much variability of produetion of the davehters of different sires.

Another study was made to determine the difference in the dam's

sgg produetion when mated to differsnt sires. The results of mating three

dams with different sires

e glven in

le S,

Tam Sire Daughter's average Hgg Production
3ire 1 159

Dam 1 Sire 2 217
Sire 3 228
Sire 4 212

Dam 3
Sire 5 210
Sire § 172

Dam 3
8ire 7 212

The results of this experiment iandicatse that the kind of progeny

oroduced determines the relative value of a given mating rather than the

breeding votentiality of either a glven sire or dam.

Other meitings were made to study the production of full sisters when

mated to the same sire.

Table 10,

The results of five such matings are given in
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Table 10
Sire Dam Dauchterts average egg production
Dam 1 175
Sire 1 full sisters
Dam 2 214
Dam 3 258
Sire 2 Dam 4 full sisters 235
Dam 5 245

sire

This study indicated that when full sisters sre mated to the same
diverse results are frequently produced.
Other conclusions drawn from this project ares

"The dam's record of egg production could not be used as a
criterion of the dam's breeding potentiality., The record of egg
production of the sirefs dsm could not be used as a criterion of
the sire's breeding potentiality., The average egg production of
a group of full sisters could not be used as a criterion of the
breeding potentiality of any of the full sisterss The significance
of progeny testing in breeding for egg production is determined by
the results gecured from a given meting."l

The Buresu of Animal Industry, poultry section (1934) has developed

a national poultry improvement plan based on a record of performance.

Each state supervises its own work in eooperation with the national

plan, The work in Oklahoma is carried on by the Oklahora R.O.P. Assoc-

iation which is superviged by the Extension Department of the Oklzhome

Agricultural and Mechanfical College.

A record of performance is secured by trapnesting the birds during

the entire period of the official year. During the hatching season each

egg is marked with the number of the hen that produced it. The flock

owner keeps all records of trapnesting, breeding, pedigreeing, end

disposal of stock.

1Jull, M. A., Progeny Testing in Breeding for Egg Production, Poultry
Science 13, Jamary 1954, 44-51
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211 flocks in the associstion sre placed under unannounced ingpections
and other ingpections zre made ot regular intervals. The ingpector has
»
sole charge of the trapnests and eggs during all inspections.

To be certified, the birds must lay 200 eggs or more during the itrap-

est yesrs The eggs must welsh two ounces or mere,

Bt

The worl has been carried on for three years
egults summarized in Table 11.

Table 11

Ko. of birds TWo. Approved (Those Average egs pro- Range of sroduction
entering test laving R0O0 egge or duction of those (ﬂbn leying hig
more) approved and lowest nuwbe“

OJ. ea u'.-)

1884 811 224 200 to 280

1885 2650 876 REZ5 200 to 281
13 2845 209 &25 200 to 343

The range of produection, {number of egzs lzid in one year) for all
856 birds completing the test in the three years i from 200 to 543

eggse It will be noted that this is & highly selected group of birds

2

since all the hens producing less than 200 eggs armually were sliminated

Knox {1932} proposed & plsn for keeping & record of performance for

poultry in which there would be two phesest First, a random sample of
eggs from esch owner's flock would be gathered and sent to a central
breeding station for hatching, and regulsr ingpections of sach floeck wonld

o

be medej second, a flock of pullets would be raised at the central breed-

ing ptation for experimentel work. The inspector would be a public of-

53

ficial and at all times the central breeding station would be under his

official mensgement and supervigion.
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The inspector would meke two visits to the breeder’s flecck during the
year. One visit would be in the fall to band the birds and the other
one prior to or esrly in the breeding season to obtain the random sample
of eggs. These eggs must be procured in a definite and wniform method
for each flock entered. This would be accomplished by the inspector who,
upon hig arrival, would remove all eggs from the nests, following which
the first 100 eggs laid would be collected without selection. This would
constitute the random sample of eggs. They would be placed in a con-
tainer, properly sealed and delivered to the central breeding station.
There the eggs wéuld be incubated, the chicks hatched and raised, and the
pullets kept for 12 months for production records.

The fellowing records, which are given as Knox gave them in Poultry
Science, would be gathered at the central breeding ztation and summarized
for each flock,

1. BSize of the eggs of the sample selected

2. Average fertility

3. Average hatchability

4. Viability of the chicks up to 10 weeks of age

5, Rate of body growth up to 10 weeks of age

6, Rate of body growth for the pullets up to 20 weeks of age

7. Average number of days to sexual maturity

8. Body slze of pullels raised

%, Incidence of broodiness

10. Mortality in the laying stock
1l. DBody weight at 8 months of age
12. Average egg production.
This plan constitutes & proper random sampling of the flock and

therefore is a truer indication of the actual breeding worth of a breeder's



flock then sny

&

sbled to purcl

gimilar results to those
the centrsl breeding station.
Migcellansous

Morris, Pulmrr and Kennedy (1%3Z) carried on & breeding and feeding
experiment with rats to determine the variation in efficiency of food
utilization, Animals which showed either a high or a low efficiency were
selected from an Tp populzation which descended from the same stock, Those
with high efficiency were meted together in an sttempt to produce off-

cliency were

p.

springs of high efficiency and similerity; these with low eff
nated togzether in an attemot to produce offsprings of low efficiency.

In guccesding generations inbreeding and selectlon was practiced
in the nops of developing strains that would breed true for the ¥wo gen-
eral levels of efficiency.

By such procedure, they developed two lines of retg, one of which
w2z about 40% less efficient in food utilization than the other. Their

zation iz an inherited

(‘:;

orit shows clearly that efficiency of food util

with

ff‘\

characteristic, and that it is possible to develop superior strains

pect to economy of gains.

;..1
U)

Kleiber (1826) studied verious factors effecting efficiency of food
utilization., His study is based on what he found in o review of litera-~
ture, on hig knowledge of digesticn and metabolism, and on dats obtzined

» A ) ¥
from feeding trisls.

He states that genetics of fo vod utilization is by no means simple,
that it devends upon many fachtors which ere interw<related,

B § S

From hig study he comes to the following COHCJQ?TOﬂS°€b“Ht,tﬁO)J
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various factors which effect sfficiency:

1. Appetite (relative food intake): There is a lot of variability
in the ability of animals to take in food among different animals of the
same group. Because of this varlability relative food intake is an im-
portant factor in food utilization,

In determining relative food intake, body size must be taken into
congideration. To use this in selscting animals the total efficiency is
deﬁermined by the food intake ver unit of 3/4 power of body weight. The
body 1n€ake is determined by the total number of pounds of feed consunmed,
but for comparisons the ration mugt be standardized,

2. Power of digestion: The power or rate of digestian does not sesen
to be very different among different animals of the same group for the
reason it is not very important.

3. The stimulus’for growth: There seems to bs some chemical sub-
gtances found in various tlssues of the body, the amount of which in-
dicates the rate or amount of growth. It would certainly mean a step
aliead for breeding ggod utilizers of food if a single determination of a
chemicai sybstance in the blood, or better still, in the urine of young
animals could he found thus permitting ths estimation of their stimulus
for growth and with it their stormge capacity,

This is probably ome of the most powerful determinants for food
utilization.

4 Body}size: The idea is expressed that efficlency is essentially
independent of body size.

5. Relative gain: Instead of comparing the absolute rate of gain
in weight in selecting good food utilizers.as did Winters and MNclMahon

{1933} in connection with a steer feeding trial, one should compare the
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relative rate of gain, namely, the rate of gain per unit of 3/4 power of
body weight.

Baton (1932) studied the relation to one another of various factors
affecting growth in guinea pigs. Working with 946 offsprings of inbred
and 113 offsprings of outbred families, he calculated the correlation
coefficients between several factors, principally those between weights
and gains,

One set of correla£10n coefficients which he calculated was that of
the dam's ages and the following factors.

Litter size Gains to 33 33-day 355-day

days weight weight
Inbre-d olg .26 ! el «18
Outbred «31 29 28 «40

Another set is that between the weights of dams and the following

factors:
Litter size Gains to 33 33~day 855-day
days weight weight
Inbred «R6 «30 «35 <26
Outbred o34 <31 «37 «35

The weight or age of dam at farrowing time has but very little ef-
fect on the four factors mentioned above; however, the correlations be-
tween the dam's weight and the four factors is higher than that between
the dam's age and the four factors in both the inbred and control stock.

Another group of correlation coefficients which he caleulated was
that between weights of the offspring at different agea.‘ These coeffic-

ients are given in tables 12 and 13 as published by Eaton.



Table 12
Correlations between weights of young at ages indicated for the in-
bred stock of guinea pigs.

Sge in _Age in days
days S 15 25 35 55 83 175 265 3555 445 585 625

Birth 0.94 0.82 0.77 0.71 0.60 0.4% 0.44 0.41 0.35

3 88 .82 .76 .64 .58 .45 .40 .55
15 4 .87 76 .64 .54 .48 .41
R3 <85 .85 .71 .58 .50 .43
53 89 .76 .60 .50 .47 0,44 0.40 0.43
58 «80 .69 .55 .50 .47 .41 .37

Correlations between weights of young at ages indicated for the
control stock of guinea pigs

Age in Age in deys
days 8 15 25 385 55 85 175 265 555 445 535 628
Birth 0.96 0.87 0.79 0.72 0.70 0.54 0.50 0.48 0,47
5 Bl 485 T8 BT 85 851 49 <52
13 OB 89 JTT .64 56 58 .53
23 B 85 VO B2 55 .56
33 81 .78 B85 .68 £8 0,61 0.62 0,68
58 oT8 467 B8 B2 57 56 .58

The correlation coefficient between birth and § days of age is+0.%4
and+0.96 for the inbred and control stock respectively. The correlation
continues to decrease as the length of time from birth increases.

The correlation coefficients between birth weights and weaning
(33 days of age) weights was+0.71 and+0.72 for the inbred and control
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stock respectively. Both of these coefficients are highly significant.

The group in which weights between birth and 33-days of age were
not recorded weaning weights gave a correlation coefficient with the weights
at 175 days of+0.61 in both groups and with the weights at the end of
355 days of+0.46 and+0.61 for the inbred and control stock respectively.
These correlations with weaning weights are significant and weaning weight
may be used as a fairly good criterion for determining later weights up
to 3553 days of age in guinea pigs.

In the United States Department of Agriculture Yearbook (1936) it
is stated that animals are more complex organisms than plants; the rate -
of reproduction is much slower and the effects of environment are more
difficult to separate from the effects of heredity.

In animals, it states:

"A few characters have been pimmed to definite factors but they are
almost inclusively charac¢ters that have no practical significance
from the standpoint of performance, coat color in horses and cattle,
for example, and plummage color in poultry. Even though there is
little experimental evidence comnecting any definite genetic factors
with productiveness fertility, rate and economy of gain, or physical
vigor, it has been demonstrated that these characters are affected
by inheritance and subject to manipulation by breeding methods."?

The statement was made that we do not have accurate standards for
judging the quality of meats, though progress is being made in that direc-
tion. We cammot tell with any degree of accuracy whether an animal is
an efficient producer of high quality meat except by the slow and ex-
pensive method of individual feeding tests. Otherwise, about all we can
do is to make a rough guess based on conformetion. Judging livestock by

conformation is not very accurate. The degree of accuracy may be judged

United States Department of Agriculture, Yearbook, Livestock Breeding
at the Crossroads, 1956, 840-844
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nother field, . Gowen of the Maine Azriculibural

G
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by a agingle examole in o

.8 about twice as accurate

Experirent Station found thet a geven-day test
»

an indication of & cow's productive capacity for the year =g scoring by

the most expert judges, drawing on the garnered wisdom of the ages to
tell from the cow's hoofs what she will produce.
!
. -
It ic obvioug that the lzck of practical yardsticks is 2 handicep
in breeding

The processz of getting dowm o essentials can be only partiel,
qowevev, until we nevelop aett >y criteria Lor measuring aﬁd evalus t ing
animals from the standpoint of efficlency of feed utilization and apply

2

them on & wuch wider scale than zt prcsenti

Testing for advanced registry in the co i 3
example of the wuse of prectical criter deing enimels, Aﬁother
example 1s the use of speed records in breeding horses., In both cas
the uss of these practical yardsticks has apparently brought results.® §

“jfﬁ

S

Vallace {1%54) gtuted that: in livestock resesrch recoprd-of-per-
Tormance gtudies with cattle snd swine contimued %o demonstrete the wide

LAl

veristion which exists in breeding efficiency snd production efficlency

'_l-
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of animals of similar ancestry. For an example, there was a difference

of nearly five months in the time it took beel steers of the sume breed

to reach Tinished weights of 200 pounds; also calves thal were hesvies

at birth made the most rsepid growth, required less feed per 100 pounds
of gein up to weaning age, and reached inzl slaughter weighte Iin the
ghortest time. However, no rslationship was found between the weights

P the czlves at birth and the carcazs grade they &ttained.4

5
Ibid ]

4o ,
Wallece, Henry A,, Animel Tadustry Problems, Animsl Report of the Secre-

tery of Agriculture, 1834, $4-96



EXPERIMENTAL PROCEDURE

Data used in thip study were secured from an expsriment conducted
by the Oklahoma Experiment Station %o compare limited inbreeding snd out-—
breeding as gystems of matings for swine. Thig experiment was initiated
in 1825. The two strains of Duroc Jersey hogs, one inbred and the other
outbred, were started from the same foundatbion stock. The inbred strain
was mainteined by half-brother x half-sister matinge, and the outbred
strain was meintained by the use of & non-related boar each generation.
The environmental factors were made the game for both sgtrains in so far
as this wes possible. The pigs were weighed at birth. They had access

to a creep during the suclding period. They were vaccinated for cholera

H

at four weeks of age and the bozrs, not saved for breeders, were cagtr -
ated at six weeks of sge. The piss were weighed and weaned at 60 days
of age. From weaning to merket weight (225 pounds) the pigs were fed
free choice on yellow corn, wheat shorts, and tankage which were in three
separete compsrtmentz of a self-feeder. The pigs had access to & miner-
al mixture at all times. Pagture was used when available and 21falfa
meal wag uged at the rate of five pounds per 100 pounds of feed when pag-
ture was not available. No record was made of the alfalfa mezl used,

In order to compare the inbreeds and outbreeds as to the amount of
feed they reguired to put on 100 pounds of gain, 25 representative in-
bred and 26 representative outbred pigs were fed individually for a per—
iod of 30 days. Twenty-eight of these were fed in 1834, seven in 180425,
eight in 1935-36, and eight in 1835, An effort was made to select the
representatives from each group so that they would compare as closely as
possgible in cge, weight and condition., The pigs selected for the individual
feeding tests varied from 56 to 147 pounds in weight according to the age

at which they were selected. After the 30 day feeding test was completed
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the Digs were placed with their respective groups and fed out to market
weight. They werz Tad the ssmc rations as they wers fed in the groups.

The date fron thess individual feeding tests were used to study
the duestion of how much variatinn there 1s in the amount of feed required
to put on 100 pounds galz and to discover some practical method of measur-
ing efficiency of fe=d utilization in swine.

The daily rats of gain fyom birth %o weaning and from birth to a
weight o 225 pounds waz calculatsd on 499 of the inbred and outhred plgs.

digestion trials with 3% pigs from each group (inbfed an@ outbred)
were conducied to determine if differences in ths ability of the pigs to

-]

digest the fead concumed wmizhi be one of the factors effecting cconomy
of gain., The pigs were paired for each digestion trial.
Results

With the 51 inbred and outbred pigs the amount of feed required to
put on 100 pounds of sain during the 30-day individual feeding period and
the pericd from weaning o market was calculated as was the daily rate
of gain during these two pericds. Since these pigs were fed in groups
during the periocd from weaning to market only a rough calculation of theirv
Teed consumption during these two periods could bs made.

Teble L pives the dailly gains for the two periods and table 2 gives
the amount of feed required for 100 pounds of gain for the two periods.

itk this group of pigs the range in daily rate of gain during the

period the range ia amount of feed per 100 pounds of gain was from
219 %0 616, The range in daily gains made during the 30=-day individual»
feeding period was from 0.3 to 2.4 pounds. For the same period the range

in amount of teed per 100 pounds of gain was from 245 %0 1040 pounds.



TABLE I
Deily gains made by 51 pigs during s S50-day imdividusl feeding period
ndthl period from weaning to market.
Pig !O; my period Weaning to Pig No. 30-day period Weaning to

market daily daily gains  market daily

: gains gains
375 1.3 0.8 569X l.4 1.2
576 1.6 T & 364 2.4 1.3
BYS i 1.3 : g.a SSB : 1.7 1.2
398 0.9 0.7 487 lel p % §
402 0.6 0.8 454 1.0 046
388 1.2 1.5 424 1.2 1.0
3% 0.8 1.5 422 0.8 1.0
385 1.0 I 1.6 442 0.7 1.2
344 1.0 0.9 421 0.8 1.0
345 0.6 0.8 817 1.7 1.2
261 17 A8 B2 1.9 1.3
252 1.1 0.9 324 0.9 0.7
338 1.3 1.0 119 1.4 1.0
253 _ 1.7 1.0 328 1.4 1.0
251 1.9 , 0.8 294 1.4 1.0
205 1,4 1.0 898 1.2 1.0
804 1.5 1.0 886 1.2 1.0
878 1.5 1.1 899X 1.5 1.1
715 1.1 0.9 776 1.8 1.6
701 0.8 0.9 771 1.8 1.5
731 1.0 0b9 m 1'4 1'2

3

1.5 1.6



TABLE II

Pounds of feed required to put on 100 pounds of gain for 51 pigs during
a 50-day individual feeding period and the period from weaning to market.

INBREDS

Hg No. m-d!y p.riﬂd. Mim to m- No.
1b, of feed per market 1b. of

100# gain feed per 100#
gain

375 430,85 591.3 569Xy
376 . 4R6.6 54,9 364
372 454.3 218.6 568Xy
378 447.5 386.1 568
396 471.5 522.5 487
402 748.8 428.9 454
588 408 .4 568.2 424
584 58646 56842 422
395 489,85 546.5 442
344 . B41.3 289.8 421
545 552.2 308.6 517
261 351.5 - 283.8 312
252 373.1 322.6 524
256 243.1 518.5 329Xy
333 466.3 518.2 519
253 460.9 381.3 329
251 350,1 548.9 294
861 411.4 371.1 323
905 452.7 3559.7 898
904 453.8 57542 886
876 402.2 352.1 899X)
T02 381.7 285.5 894
715 381.1 549.2 776
701 574.4 527.9 771
751 448.5 334.5 775

OUTEREDS

50-day peried
1b., of feed
per 100# gain

555.8
408,2
452.8
512.7
887.5
468.9
454.0
610.5
613.6
1040.0
298.0
350.0
568.5
378.0
418.2
404.8
8574.4
487.7
505.4
414.5
456.2
497.6
400.0
282.9
588.2
430.6

Weaning to
of feed per
100# of gain

422.8
R78.9
294.7
502.6
524.7
616.1
562.4
388.7
308.9
570.0
277.0
285.0
435.7
544.6 |
285.9
513.6
276.4
505.2
434.0
408.9
375.6
415.6
510.5
317.1
385.5
296.9
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An analysis of variance showed that there were no significant dif-
ferences between the two lots (inbred ané outbred) in the amount of feed
required to put on 100 pounds of gain. According to the analysis of
variance, there would have to be a difference of 45 pounds in the average
smount of feed consumed by each lot per 100 younds of gain for the dif-
ference to be significant, In the casge of the 51 plgs there was a dif-
ference of only 0.06 pounds between the inbred and outbred lots.

Correlation coefficients between the following factors were calcu-
lated for the 51 inbred and outbred and for the 499 inbred and outbred
pigs. The correlation coefficients for the group of 5L plge are given as.
follows:

1. Betwaeﬁ the daily rate of gain during the 30-day individual feed-
ing period and the period from weaning to market wasg plus 0,36

2. Between the amount of feed required for 100 pounds of gain during
the 30-day Tfeeding period and the peried from weaning to market was plus
0.56

3. Between the daily rate of gain and the amount of feed per 100

N
9]

pounds of gain during the 30-~day feeding period was —0.54

Lo

4. Between weaning weight and daily rate of gain during the period

from weaning to market was plus 0,21
The correlation coefficients for the group of 432 pigs are given
asg follows:
1, Between the daily rate of gain during the perioi from birth to
weaning and the period from birth to a 225 pound weight was plus 0.4l
2, Between birth weight and the daily rate of gain during the peried
from birth to market was plus 0.23

by
f

nbred and outbred pigs the aversage

-

Digestion trials: For the 78
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digestive coefficients ranged ag follows:

1. TFor protein it wes from 60.44 to-@%.??pércent

2 VF@r ash it was from §.87 to 66.3% percent

3. For fat it was from  26.94 to 78.6€ percent

4. For fiber it was from 8,04 to 5@.76 percent

For the group of 499 pigs the range in daily rate of gein during
‘the peried from birth to market was from 0.47 to 1.18 pounds and during

the period from birth to weaning was from 0.17 to 0.86 pounds.



DISCUSSION

It is realized thet the date uged in this study could have been im~
proved by heving the 80-day individual feeding tests conducted with pigs
all of the same age and weight aund all fed during the seme period of time.
This was imposaible however, since it did not fit in with the breeding
program at the experiment station. Since the envirommental factors were
made as constant as possible for the groups of pigs fed from time to time
it should minimize any discrepancies. Since data on individual feed
consumption of plgs are scarce it seemed worthwhile to make an analysis
of this data in the face of the above criticism.

It also appeared that the inbreds end outbreds could be treated as
one group since an analysis of variance did not disclose any significant
difference in the efficlemcy of feed utilization in the twe groups. |

There is a great amount of varisbility emong swine in the rate of
growth, in tho efficiency of feed utilization and in the carcass grade.

With the group of 51 iﬁbred,and outbred pigs the range in daily rate
of gain during the period from weaning to market was from 0.6 te 1.6
pounds and during the 30-day individual feeding period it was from 0.3
*c 2.4 pounds. The range in daily rate of gain for the group of 498
plgs during the period from birth to market was from 0.47 to 1.1B pounds,
and during the peried from birth to weaning it was from 0.17 tov0¢86
pounds. With 121 litters of pigs Culbertson et al (1930-31-32-3%3-34)
obtained & range in daily rate of gain of from 1.0 to 1.9 pounds; while
Chearer and Culbertson obtained & range of from 1.5 to 1.8 pounds.

With the group of 51 pigs used in this study the renge in amount
of feed per 100 pounds of gain was from 2i% to 816 pounds duringftﬁe period

from weaning tc market and from 243 to 1040 pounds durigg'thevﬁaédgy in-
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dividual feeding period. With the 121 litters Culbertson et al obtained
a range of from 344 to 478 pounds of feed per 100 pounds of gain, and
Shearer and Culbertson obtained a range of from 346 to 494 pounds of
feed.

The carcasses of the pigs used in this experiment were not scored.
Culbertson et al obtained a range in carcass score of from 80 to %4
points. The carcasses were scored on the basis of 100 for ideal,

There was a considerable range in the digestive coefficients of
the group of 78 pigs used in this study which ranged as follows:

1. TFor protein it was from 60.44 to 82.77 percent

2. TFor ash it was from 5.97 to 66,33 percent

3., For fat it was from 26.94 to 79.66 percent

4, TFor fiber it was from 8.04 to 59.76 percent

S8ince there 1s a great amount of variation in the various factors
in the swine population it should be possible to select individuals and
through breeding methods develop strains which will breed true for the
desirable quality. The Danish swine growers have made some progress
toward selecting breeding animals which will breed true for efficiency
of feed utilization. In his study of the Danish system of swine breeding
Lush (1936) found that the amount of feed required for a pound of gain
decreased about eight percent in the seven years from 1922 to 1328,
Morris Palmer and Kenedy 1933 developed two strains of rats, one of which
was about 40 percent less efficient in food utilization than the other.

One of the greatest problems of the swine grower at the present
time is to find a practical method of measuring the efficiency of feed
utilization which ig reliable. The most reliable method of accomplishing

this would be to keep individual feed records throughout the growing
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and fattening period, and in keeping individual pig weights, but this

is obviously impractical. It might be that the daily rate of gain during
a certain period could be used as a method of measuring efficiency of
feed utilization. To obtain the daily rate of gain would be simple and
relatively inexpensive. The animals would be weighed at the beginning
and at the end of the period and from those weights the daily rate of
gain would be calculéted. The reliability of using daily rate of gain
as a criteria for determining the efficiency of feed utilization may be
judged from a few examples. The correlation coefficient, for the 51
pigs used in this study, between daily rate of gain and amount of feed
per 100 pounds of gain was - 0.54. This is statistically significant

but is not great enough to be highly dependable for prediction purposes.
Culbertson et al (1930-31-32-33-34) found that pigs meking the greatest
daily gain consumed less feed per 100 pounds of gain; with steers Winters
and Hcmﬁhon (1933) found a correlation coefficient of plus 0.7l between
daily rate of gain and a factor representing efficiency of feed utiliza-
tion. This correlation is large enough to be highly significant. In
studying various factors affecting feed utilization, Kleiber (1936) con-
cluded that the rate of gain per unit of 3/4 power of body weight could
be used as a factor in determining effioiancy of feed utilization.

In evaluating a period over which dally rates of gain can be used
in determining efficiency the following cases are discussed. The corre-
lation coefficient between the daily rate of gain during the 30-day
individual feeding period and the period from weaning to market was plus
0.36. This is large enocugh to be statistically significant but it is too
small to be of much value for prediction purposes. It seems that

the 30-day individual feeding period was not important in being a
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method of determining efficiency of feed utilization, The correlation
coefficient calculated between daily rate of gain during the suckling
period and the period from birth to market weight for the 499 pigs used
in thisz study was plus 0.41. This is high enough to be important, and
it is likely that the rate of gain during the suckling period may be
 used as a factor in selecting pigs for hreeding purposes.

Tc uge body weights at varicus asgeg 4id not prove to be a relisble
factor in judging efficiemcy of feed utilization. With the group of
492 pigs a.correlation between birth weight and the daily rate of gain

hroughout the growing and fattening period gave a coefficient of plus
0.28, This ig high enough to be statistically significant, but is too
gmall te be of any value in selecting of breeding animsls. With the groun
of 51 nigs e correlation coefficient between weaning weight and the daily
rate of gain during the period from weaning to market gave plus 0,21.

This is not statistically significant.

Baged on the results obtained from a study of this problem and from
the review of literature, the following plan for selecting breeding
animals ig proposed:

Under this plan there would be a National Swine Progeny Testing
Agsociation which would formulabte uvniform rules for all states. The work
in each state would be under the control and supervision of a state or-
ganization operating under the rulesg and regulations of the National
Agsociation,

The farm of sach swine breeder accepbed in the association would
be desiznated as a Wgtate approved swine breeding center."™ Each swine
breeding center would be regularly inspected each year by an authorized

asgociation inspector and announced inspections would be made.



The main poiants in the plap are as follows:

1. Pigs would be weaned at 60 days of age.

2. TFrom the first four litters of each sow to be tested two pigs
{one boar and one sow) would be selected at random for a feeding test.

&. After the first four litters, two pigs per year {one sow and one
boar) from each sow would be selected at random for a feeding trial. This
would be required for three years after which it could be contimnued at
‘the breeders? will.

4. The pigs would be fed on the breeding center by the owner. Pigs
from g1l litters would be fed in a group. They would be fed & standard
rations one as near ag possible recommended by the progeny testing &ssoc+:.
iation, and would be fed until they reached a weight of around 225 pounds.

Other pigs could be fed with the test pigs so long as standard con-
ditions set up by the association were complied with.

5. Two pastures for the pigs on the feeding test would be provided
for by the owner. The size of each pasture would be a2 minimum of one-
elghth acre per snimal for each hog to be fed at one time. The owner
would be encoursged to provide green pasture during the feeding period,

6., AlL pigs iﬁ sach litter would be weighed at birth and at wean-
ing time. They would be weighed 90 days after the mean of their weaning
dates and every thirty days thereafter until the average weight of the
group nesred the 285 pound weight after which they would be weighed every
15 days. The final weight would be taken in the presence of the authorized
livestock judge on the day he scored the animsls.

7. When the group mean weight was in the range of from 210 to 220
pounds, the agsociation would be notified after which the livestock Judge

would be sent at the earliest possible date to score the pigs.
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3. Carsful preﬁaration would be made for the livestock judge to
score the pigs as follows:

2. Fach litter would be placed in s separate pen

be ALl pigs (the two being fed, those saved for breeding
purposes and those culled) of each litter on the farm at
that time would be placed in the pen.

@, The judge would score each pig in the litter and from thst score
compute the litter average sgcore. Only the litter average score would
be recorded. The scoring would be on the basis of 100 for idesl.

10. Daily gains of each animal would be caicul&ted from the two
weights, the meaning weight and the weight taken on the day the pigs were
scored by the livestock judge.

11, &ince one number is befter than two as a basls for Judging the
value of an animal, the average daily gains and the average carcags score

of the two pigs would be converted into one index number as follows:

Index No. = 75 {ave. daily sain . )+ave, litter score
2

The average daily gain during the period from weaning to a welight
of 225 pounds of the 51 pigs fed in this experiment was 1,1 pounds;
75 multiplied by 1.1 gives 82.5. This puts the score for daily gzains
up in the range of the carcass score. This formuls is‘simple and will
place the index number around 100 for idesl.
12. After the second and each succeeding index number has been com—
pleted a grand index number can be computed from them as follows:
Note: Each index number computed from each litter of pigs tested
will be called merely an index number. When all index numbers, which
s sow has, are combined to obtain a score for her this score will

be called a grand index. N - the number of index numbers which a sow
has.,
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Grand index = Sum of index Nos. plus N(Sum of index Nos.) - the
‘ 100 (N)

square root of the Standard Devistion of index Nos.

13, The owner would be required to cull and castrate one-eighth of
all boar pizs raised to weaning age and would be required to cull and
gsell for commercial purposes one-eighth of 21l sow pigs raised to wean-
ing age not including those selected for the fesding trial. He would be
required to furnish an affidavit testifying thet this has been done.

The pigs would be culled (1) for health and vigor, (Z) for body
conformation, quality, and general appearance, (3) on the basis of the
deily gains made during the nursing period, and (4) on thé basis of the
sow's production record (index number). It might be that all or almost
all pizs from same sows would be culled while all those out of sgome sows
would be kept on the basis of the sow's vroduction record.

This type of progeny testing would be for the nurebred swine breeders.
who are in a pogition to contribute toward the imm rovement of the swine
industry.

The smeller breeders including the commercial breeders could use
thege principles for selecting breeding animels in an unofficisl way.
Any breeder could ingtall & palr of secales, weigh his pigs at birth, at
weaning end again at or near the market weight. He could use the daily
rate of gain made by the pigs during the nursing period and during the
total growing and fatbtening period as criteria for culling sows. These
would be valuable Tactors to supplement the method of culling on general
a?pearance of sow and offgpring, number of pigs farrowed, ete., which is

the only method used by most swine breeders at the present time..



SUMMARY AND CONCLUSIONS

1. The data used in this study were secured from one phase of an
experiment designed to compare limited inbreeding with outbreeding in
swine.

2. In this project the pigs were weighed at birth, 60 days of age
and every 30 days thereafter until they reached a.markét weight of 285
pounds.

&« The pigs were fed in groups and records of the feed consumed
during the period from weaning to market were made.

4. A special study of a group of 51 pigs which were fed individually
for & period of 80 days was made., This study was made in an attempt to
discover a practical method of measuring individual va:iation in the
amount of feed fequired for 100 pounds of gain.

5« The range in daily rete of gain for the group of 51 pigs was
from 0.3 to 2.4 pounds during the 30 day individual feeding period and
from 0.6 to 1.6 pounds during the period from weaning to market.

6. The range in the amount of feed required for 100 pounds of gain
for the group of 51 pigs wag from 243 to 1040 pounds during the 30
day individual feeding period and from 21% to 616 pounds during the
period from weanirg to marketd.

7, The correlation ceéffiéient between the daily rate of gain during
the 30 day individual feeding period and the peried from weaning to market
for the group of 51 pigs, was plus 0.36. This is statistically signifi-

~cent but is too small for prediction purposes.

8. The correlation coefficient between the amount of feed reguired
for 100 pounds of gain during the 30 day individual feeding period and
the period from weaning to market for the 51 pigs was plus 0.56. This

coefficient is statistically significent and may be high enough for pre-~
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diction purposes.s
9. The correlation coefficlent between the daily rate of gein and
the amount of feed for 100 pounds of gain during the 30 day individual

feeding period was ~0.54. This coefficient is statistically significant .

~end is high enough to be of value for prediction purposes.
10, The correlation between weaning weight and deily rate of gain
dﬁring the period from weaning to market was plus 0;21 for the group of
| 51 pigs. This coefficient is not large enough to be statistically sig-
nificant.
11. The range in the«average digestive coefficients obiained from
digestive trials on a group of 78 pigs was as follows:
a. Yor protein it was from 60.44 to 82.77 percent
be For ash it was from 5.87 to 86,33 percenﬁ
c. For fat it was from 26.34 to 79.66 percent
d. For fiber it was from 3.04 to 5%.76 percent
12. The range in daily rate of gain for a group of 48% pigs was from
0,17 to 0.86 during the suckling peried and from 0.47 to 1.18 during the
period from birth to a weight of 225 pounds.
1%, & correlation coefficient between daily rate of gain during the
period from birth to weaning and the peried from birth to a weight of
- 225 poundsg was plus C.41l. This coefficient is statistieally significant
and high enough to be important for prediction purposes.

. 14, The resuits secured from the 30 day individual feeding period
were not too reliable for the purpese of predicting efficiency of feed
utilization over a growing and Teltening period.

15. Aeccording to the present study it is iikely that the daily rate
of gain during & feeding period is the most reliable index, which is

practical for efficiency of feed utilization.



54,
18, The great variation among swine in their ability to utilize
feed effieiently indicates that it may be posgsible to develop strains by
selection and breeding methods which are highly efficient in feed utiliza-

tion similarly to what has been done with rats.
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