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UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE 

AGRICULTURAL EXPERIMENT STATION 

Department of Animal Husbandry 

ANNUAL FALL LIVESTOCK DAY 

Friday, September 14, 1951 

Livestock Pavilion 

MORNING--9:30 o'clock 

Chairman .....•...•...... . . . . . . . . . . . . . . L. A. Weaver 

Reports on Current Missouri Swine Experiments 

BREEDING ..•..•.....•.....•... ...... G. E. Dickerson, 1. F. Lasley 

Results of Cooperative Regional Swine Breeding Project. 

FEEDING .......• 

Vitamins 
Trace Minerals 
Antibiotics 
Proteins 

MANAGEMENT. 

A. G. Hogan, 1. F. Lasley, L. F. Tribble 

1. F. Lasley, L. F. Tribble 

Sodium fluoride treatment for round worms in growing fattening pigs. 
Self and hand feeding of sows and litters. 

NOON--12:00 o'clock 

Luncheon •.. Served by Block & Bridle Club--Missouri College of Agriculture, Food Processing 
Laboratories, New Agricultural Building. 

AFTERNOON--1:00 o'clock 

Annual Meeting of Missouri Livestock Association 

Chairman ..•.•... 

LIVESTOCK OUTLOOK 

THE FARMER'S INTEREST IN MONETARY POLICY. 

. Don Pollock, President--Unionville, Missouri 

. . . . . . . . . . Herman M. Haag 

• ..... Delos C. Johns, President 
Federal Reserve Bank of St. Louis 

BREEDING FOR IMPROVEMENT IN PERFORMANCE OF BEEF CATTLE ... ......•. J. E. Comfort 

CARE & MANAGEMENT OF THE BREEDING FLOCK & PRODUCTION OF FAT LAMBS .... A.J. Dyer 
, C. M. Bradley 

A COMPARISON OF VARIOUS ROUGHAGES & PASTURES IN PRODUCING FAT 2-YEAR-OLD STEERS .. 
A. J. Dyer, P. Q. Guyer, R. K. Leavitt 

At the close of the program opportunity will be given to those who desire to secure information a
about other experimental projects and to see livestock in the College breeding herds and flocks. 

Adjournment: 3:30P.M. 
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SWINE 

PROGRESS IN SWINE BREEDING INVESTIGATIONS 

G. E. Dickerson and 1. F. Lasley 

General Conclusions from Swine Breeding Research. Swine breediJ1g research is working steadily 
toward both greater efficiency and better quality in the production of pork. Greater efficiency means low
er costs of production, but better quality means increased demand and higher prices for pork relative to 
other meats. 

Results are available from at least two decades of rather intensive research with selection, inbreed
ing, crossbreeding and linecrossing in swine. These results are similar in many respects to those which 
guided corn breeders in the development of hybrid corn. It has been found that in superior purebred strains, 
ordinary selection works slowly to produce further improvement in important performance factors such 
as litter size and rate of growth, although genetic variation in each factor between animals appears to be 
as great as ever. In these same superior strains, inbreeding greatly reduces litter size and growth rate, 
1and crossbreeding definitely improves performance of both sows and pigs compared with the parental 
purebred stocks. It is known that inbreeding reduces and that crossbreeding increases the total number 
.of different hereditary factors received by the individual from his parents. These facts indicate that there 
is a great opportunity for crossbreeding to increase performance far above the average, through deliberate 
development of complimentary strains and their use in particular cross-combinations for market hog pro ,
duction. 

At present, systematic crossbreeding, using purebred boars of superior production tested stock 
is the most efficient breeding method for the producer of market hogs. The simplest system of crossbreed
ing is a rotation of boars from 3 or 4 breeds. Crossbred sows are mated to a boar of the next breed in 
the rotation to obtain the advantage of crossbreeding in performance of both the sow and the pigs. Each 
boar can be used until gilts from his litters are kept for brood sows. Still higher levels of performance 
can be obtained by mating sows of a breed-cross that is especially good in prolificacy and milking ability 
to boars of a third breed known to transmit exceptional viability, growthiness and carcass desirability in 
crosses with the two breeds represented in the sows. Under this system, sow replacements must be pur
chased or obtained by producing some litters of the desired first-cross each year. 

As special strains of known c:ross-performance become available, they can be utilized by the pro
ducer through rotation of boars from the strains or through special crosses, just as in crossbreeding. 

The improved results from crossbreeding and from crossing special strains can be obtained on a 
wide scale only if breeders produce the necessary purebred stocks in sufficient quantity to supply the pro
ducers of market hogs. In corn, one acre of a crossing-field will supply enough seed to plant roughly 200 
acres of hybrid corn. In swine, one litter of seed stock produced by the breeder will supply only enough 
boars for 30 to 75 litters of market pigs, depending on the size of the producer's herd and the number of 
seasons the boar is used. Hence, it is clear that the continued development of systematic crossing in the 
production of market hogs offers the breeder an expanding market and an increased opportunity to serve 
the swine industry. · 

Progress in Selecting Missouri Strains for Maximum Performance or Crosses. The first step in 
the deliberate development of complimentary lines of swine is to select suitable foundation stocks. Pre
vious tests of Poland lines II and VI indicated that these lines were quite satisfactory in performance 
both as inbreds and in crosses within the Poland breed, with Hampshire line V and with non-inbred Durocs. 
Hence, these two Poland lines were used as testers in reciprocal crosses with each of nine other stocks 
of five breeds in the spring and fall of 1950. The nine stocks included two of Poland, two of Duroc, two of 
Hampshire, two of Landrace and one of Yorkshire breeding. On the basis of the litter size, rate and 
economy of gains and carcass desirability of these test-crosses, one Duroc, the two Landrace and one 
Hampshire have been retained as foundation stock for three strains within each of which continued selec
tion will be based on progeny performance of individual boars and gilts in test-cross matings. The II and 
VI Poland, the M. Duroc, the Landrace and the Hampshire stocks were reproduced in the 1951 spring 
litters. The tentative plan of selection for cross performance is in a chain of four lines, as follows: 
Duroc . ) Landrace-( ) Poland (II+VI) ~- Hampshire. Additional data from crosses 
of Landrace-Duroc, Landrace-Poland, Landrace-Hampshire and Duroc-Poland, in the fall of 1951 will 
aid in determining the final choice of plan. Selection for cross performance in a· chain of four "lines should 
create heterosis that can be exploited either by {a) using a rotation of boars from the four lines in the 
order shown, or {b) special3 or4line crosses: for example, Poland boar x Hampshire-Landrace sows. 
The 1952 spring litters will consist of Poland-Landrace testcrosses (to test 8 boars plus 18 gilts of the 
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Landrace and 8 boars plus 32 gilts of the Poland strain) and further development of theM. Duroc and Hamp
shire strains. 

Performance of Test-Crosse~:~ in 1950. In the summer ,of 1949, 5 or 6 gilts and a boar from each of 
9 sources were selected for trial as foundation stock for new lines. The S. Poland, M. Duroc and C. Hamp
shire were non-inbred samples of purebred herds recommended by the respective breed organizations. 
The Iowa Polands were ah inbred Grandee boar and 6 multiple linecross gilts representing the A, B, C, -D, 
and E lines. The T. Durocs were a rapidly inbred (two generations full-sibbing) line developed by the 
Oklahoma station. The line V Hampshires were froi:n the second generation of inbreeding within two sub
lines in the Missouri project. Only a boar represented the Beltsville Landrace, but 10 gilts and a boar 
were secured from the Iowa Landrace line. The C. Yorkshires were non-inbred stock from a breeder in 
Ontario, Canada, recommended by the staff of the Ontario Agricultural College. 

In general, two gilts of each stock were bred to linen and two to line VI boars, and the boar of each 
stock was mated to two linen and two line VI gilts. On the basis of the size and growthiness of the spring 
~itters, sqws of the Iowa and S. Poland and the T. Duroc stocks were discarded several months after wean~ 
ing their first litters. The C. Yorkshire sows failed to produce litters from the Poland boars, but were 
successfully rebred to th.e C. Yorkshire boar for summer litters. Sows of the remaining 5 stocks and 
:OOars of all lines except the B. Landrace were represented in the fall test-crosses. The B. Landrace be-
came a non-breeder due to an injury. 

Table 1--Perloi'DIUlce of Test Crou Litters to 154 DaJ• of Aae 
for Sprtnc ud :ran of 1850 

Inbr. Age No. Litters Litter Size Pig Weight Litter Wt. 
· strain Sea- Dam Dam (rom Dams of: at Age: (lbs.) (lbs.) 

son .,. Mo. 11 VI Other 0 56 0 56 154t 56 154:1: 

Alll1 s 31 12.2 17 0 18 7.3 6.2 3.2 29 153 1.79 870 

Poland F 31 18.0 13 0 8 8.3 6.9 3.3 34 184 234 (1270) 

All VI s 19 12.3 0 14 19 7.0 5 .8 3.0 32 154 185 861 

Poland F 19 18.1 0 14 10 8.3 6.4 3.2 37 199 238 (1270) 

Allla. s 12 11.7 :z 1 5 6.0 5.0 3.2 30 146 151 731 

Poland F 29 18.4 2 2 0 10. 2 7. 2 3.3 28 173 200 (1246) 

All S. s 11 12.0 I 2 4 6.9 6.3 2.6 25 136 166 755 

Poland F 34 18.4 2 1 0 8.3 6.3 3.3 36 166 225 (1045) 

All V s 32 11.9 I 0 4 6.2 5.4 3.0 31 170 168 888 
Hamp. F 30 18.2 2 2 2 8.7 7.2 3.3 33 183 237 (1312) 

All C. s 20 12.1 2 I 2 8.6 6. 2 3.1 32 !57 195 974 
Hamp. F 9 t8:s 1 2 5 8.2 6.1 2.8 33 178 205 (1083) 

All T. s 35 12.3 I I 6 6 .9 6.1 2.6 27 144 165 810 

Duroc F 25 17.9 I 2 0 8.7 8.0 3.8 41 210 327 (1685) 

All M. s 14 11.6 I 2 4 6.3 5.6 3.3 36 174 198 917 

Duroc F 15 17.3 I 2 3 7.5 6.3 3 .5 42 223 263 (1412) 

AUla. s 32 12.2 2 3 8 7.4 6.4 3.1 32 !54 200 917 

Landr. F 33 18.0 2 2 7 8.0 6.5 3 .4 38 208 248 (1339) 

All B. s 35 12.1 3 I 0 8.7 7.5 3.5 31 165 230 1070 

Landr. 

All C. s 31 12.3 2 I 0 8.7 7.3 3 ,7 31 !56 199 985 
York. F 25 18.0 2 I 1 7.8 6.2 3.1 32 186 200 (1160) 

ll+VI!l) s 30 17 14 0 7.9 6.8 3.4 30 !55 202 990 

x Otberof! F 29 13 14 0 8.3 6,6 3.5 36 193 237 (1267) 

Other$) S 20 0 0 33 6.7 5,3 2.8 31 152 162 .756 
X ll+vi., F 19 0 0 18 8.4 6.7 3.1 34 190 231 (1276) 

In sprin • all pi s were retained to marKet wei t. 1n rau. On.l'! a representa-i g g gh ;y 
tive sample ot pigs from each cross were retained and full-fed on concrete to 
market weight. Litter weights in parentheses are product of litter size weaned 
and mean !54-day weight of pigs retained. 

Table 2--Post-Weumc Oabul ud Peed RequlremeDb of Test-Crones 
Ill aamm.r ud Wiater of 1850~ 

Age Wt, Age Da!l;y Feed Consumed--lbs. 
No. on on Final Final Gain Per Per 

Strain Season Pigs Feed Feed Wt.-- Wt. 56d- Pig Cwt. 
Days• lbs.• lbs. ~ llltt.lbs.• I)~· Gain* 

Ia. s 40 80 42 202 184 1.36 5.15 330 
Pol. w 16 56 30 207 172 1.53 5,66 372 

s. s 39 78 38 203 196 1. 28 4.65 332 
Pol. w 12 56 36 204 172 1.45 5.71 394 

llxVI s 21 79 47 204 184 1.36 5.46 365 

v s 26 72 46 207 172 1.52 5.65 348 
Hamp. w 30 56 3. 207 169 1,55 5.76 373 

c. s 31 80 sa 202 180 1.38 5.60 368 
Hamp. w 32 56 34 206 171 1.50 5.61 375 

T. s 45 73 38 202 188 1.32 4,85 342 
Duroc w 16 56 40 206 !56 1.68 6.04 362 

M. s 37 76 55 206 172 1.49 5.60 356 
Duroc w 32 56 41 209 146 1.84 6.40 349 

B. s 28 82 54 202 182 1.47 5,70 348 
Lanclr. (no winter reeding) 

Ia. s 78 70 42 206 182 1.38 4,65 3!5 
Landr. w 32 56 38 208 155 1,70 5.89 348 

c. s 19 70 39 200 !80 1.40 5.10 347 
York. w 12 56 34 202 162 1.60 5.62 351 

Allll s 200 .. 76 42 204 183 1.38 5.09 336 
w 114 56 34 206 166 1.58 5.67 361 

All VI s 183•• 75 46 204 182 1.38 5.12 347 
w 88 56 38 206 !60 1.63 6.00 371 

All s 382 76 45 203 182 1.40 5.24 345 
w 182 56 36 206 163 1.61 5.84 366 

-iGivinr equal welrht to II and VI testcross meana, adjuatinr limited fed 
winter pf.Cs to full-red basis. 
•Summer dai!;y gains from 56 days to final weight, but feed records start
ed several weeks later. 
••Including the 21 (llxVI) pf.Cs under both 11 and VI crosses. 

(1) Prolificacy, viability and rate of growth to 154 days. (Table 1) The present tests provide a most 
thorough comparison of lines nand VI in crosses. · In sow performance, lines nand VI were similar in 
size of litters farrowed and weaned, but the VI sows suckled better as shown by their heavier pigs at wean
ing. However, in litters by n boars, viability was better and weaning weight nearly as good as in litters 
by VI boars. Although the VI crosses excelled the linen crosses in weight per pig at both 56 and 154 days, 
the two lines were equal in total weight per test-cross litter at 56 and 154 days in both seasons, due to the 
smaller line VI test-cross litters. 

The S. and Ia. Poland and T~ Duroc sows were discarded after their first litters because of the poor 
spring litter weights of their test-crosses at 56 and 154 days. The Ia. Poland gilts were poor in prolificacy 
and the T. Duroc gilts were only fairly prolific and very poor in weight per pig at birth and weaning. Weight 
per pig at 154 days was also lowest for crosses of these three stocks. 

The line n and VI Poland gilts produced spring litters averaging more than a pig larger at birth 
and weaning, with heavier birth weights, compared with the mean for gilts of the other 8 stocks. After 
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eliminating the sows from thelhree poorest stocks, there was little difference in second litter performance 
between the inbred II and VI sows and the non-inbred sows of the remaining five stocks. 

The ranking of the 9 stocks tested in litter performance to 154 days is most readily judged by pool
ing the II and VI test-crosses for both spring and fall litters. Differences in size of litters weaned were 
rather small. The within•breed test-crosses of Ia. and S. Poland were definitely poorest in 154 day weight 
per pig and per litter. The B. Landrace, M. Duroc, Ia. Landrace and V Hampshire were the best four 
strains in 154-day weight per pig and per litter. The largest change in ranking of strains between spring 
and falllitters;,was for the T. Durocs. The three fall litters by the T. Duroc boar ranked first in litter 
size and litte:(weight at 56 and 154 days, and third in weight per pig at 154 days. Their poor performance 
in the spring cannot be attributed to the inbreeding of the T. Duroc gilts, since the test-cross litters both 
by the boar and from the gilts ofT. Duroc were poor. The C. Yorkshire and C. Hampshires ranked only 
a little above the Ia. Polands in 154-day weight per pig and per litter. The C. Hampshires had ranked sec
ond in litter weight at 154 days among spring litters, but their fall litters dropped to nearly bottom in this 
respect. 

(2) Post-weaning gains and feed requirements. (Table 2) All spring test-cross pigs were full-fed 
on pasture from weaning to a final weight of 200-210 pounds. The feed record by crosses was not started 
until all pigs were weaned. Only a representative sample of each fall test-cross litter was retained tor 
the post-weaning gain and feed records started at 56 days of age. Pigs from each of the eight test-crosses 
of four strains (C. and V Hampshire, Ia. Landrace and M. Duroc) were divided into a full-fed and a limited
fed lot of 8 pigs each, balanced as to litters, sexes and weaning weights of the pigs. From 56 days to a 
final weight of 200-210 lbs. the limited-fed lot received 80 per cent as much feed per unit of live weight 
daily as the full-fed lot of the same cross received the preceding week. All pigs received a single mixed 
ration containing 2 mg. of procaine penicillin per pound. The line II and VI test-crosses for each strain 
are combined in Table 2. 

The spring line VI test-crosses were slightly heavier when the feed record was begun, but required 
a little more feed per 100 pounds gain than the II test-crosses. Under full-feeding (with penicillin, etc.) in 
dry lot, the fall pigs of VI test-crosses gained slightly faster, but consumed more feed daily and still re
quired more feed per cwt. gain than the II crosses. 

In rate of gain in both seasons the 9 stocks ranked from best to poorest: M. Duroc, B. and Ia. 
Landrace, V Hamp., C. York., T. Duroc, Ia. Poland, C. Ramp., and S. Poland. In feed per cwt. gain, the 
Ia. Landrace crosses were considerably better than other crosses, with the C. and V Hamp. and S. Poland 
crosses poorest and the remainder intermediate. Curiously, the Ia. and S. Poland linecrosses were next 
to the best in feed requirements per cwt. gain on pasture but poorest in dry lot. 

Table 3--Ylelda of Wholesale Cuts and of Loin Equln.lent for a Sample Table 4-- Scores fur Wholesale Cuts, Adjusted Equivalent Yield of Loin and from. Each Test-Cross Sum.m.er and Winter of 1950 Carcass Dlm.enslona, For Strains Tested In Sum.m.er and Winter of 1950t 

Yields as per cent or live weight on reed:l; Loin Back- Length of: No. Live Fat Equiv. Scores of Cuts Equiv. fat Muscle Strain Season Pigs Wt. Total Ham Loin Shol. Belly (F.B., Bone Lean Unadj. Strain Season Ham Loin Shol. Belly Wt'd, ~ Thick- Body Leg (WxD) 
on L.F., etc. Trim for Avg. Loin ness (!!;,) Sg. in, Feed F.Tr.l Qual. Adi. (ln.} 10 Ham Loin 

Ia . s 17 206 69.2 12.4 9.3 11.5 7.8 17.0 5.8 5.4 43.7 !a. s 6.13 5,64 5.48 6.38 5.88 45.3 1.41 284 215 11.2 5,2 Pol. w 8 207 72.0 14.0 11.2 12.4 7.4 15.8 6.0 5.2 47.0 Poland w 6.88 6.8 8.9 7.1 6.86 50.7 1.47 284 215 13.6 5.9 
s. s 17 208 70.2 12.3 8.9 11.2 8.1 18.2 5.4 8.1 43,9 s. s 6.01 5.44 5.36 5.99 5.70 45.2 1,60 276 210 11.6 5,0 Pol. w 9 204 71.7 13.4 10.7 12.0 7.6 16.8 6.0 5.1 48.1 Poland w 6.35 6,70 5.85 7.12 6.43 49.0 1.46 272 204 13.4 5.9 
v s 13 208 70.2 12.6 8.8 11.5 8.0 18.2 5.5 5.6 43.9 v s 8.01 5,84 5,20 6.38 5.82 45,4 1,58 278 214 10,4 5.8 Hamp. w 19 209 73,3 13.8 10.5 11.6 8.3 18,1 5.8 5. 1 46.6 Hamp. w 6.7 6,43 6.25 5.96 6.38 49.4 1,64 279 218 12.2 5.6 
c. s 17 202 70.3 12.6 9.2 11.4 8.2 18.4 5.4 6.3 44.7 c. s 5.80 5,42 5.29 6,64 5.74 46.0 1.52 279 21 0 10.7 5.4 Hamp. w 24 206 73.0 13.7 11.1 12.1 7.9 17.3 5.9 5.1 46.8 Hamp. w 6,4 6,59 6.03 6. 77 6,41 50.2 1.50 282 212 12.5 5.9 
T . ~ 16 207 70.8 11.2 9.2 11.0 8.4 20.2 5.4 5.6 43.2 T, s 4,42 4.58 4.54 5.25 4. 73 42.6 1.86 285 208 9.5 4.8 Duroc w 12 208 71.8 12.7 10.8 11.6 8.2 17.8 5.0 5. 8 45.7 Duroc w 5.56 .5.88 6,00 6.38 5,92 47.5 1.60 288 209 11.4 5.4 
M. s 18 210 71.0 12.4 8.6 11.4 8.2 19.2 5.3 5.8 44.0 M. s 5.29 4.28 4.84 5.45 4.98 43.8 1.74 282 214 10.6 4.9 Duroc w 28 210 73.2 .. 13.9 10.5 12.4 7.9 17.5 6,0 4.9 46.8 Duroc: w 6.9 6.66 6,70 7.23 6.84 50.5 1.58 287 217 12.4 5·.8 
B. s 13 212 70.4 12. 8 9.2 11.6 7.8 18.2 5.4 5.4 44.2 B. Landr.S 5.97 5.88 5. 72 6,40 5.95 46.0 1.58 298 217 11.4 6.2 Landr, 

Ia. s 6.98 6.04 6,14 6.97 6.53 46.4 1,58 290 210 12.3 5.3 !a. s 21 210 69.8 12.3 9.5 10.8 7.8 18.0 5.5 5.9 43.8 Landr. w 7.5 7.67 7.14 7.83 7.51 51.5 1.42 289 214 13.5 6.3 Landr. w 27 208 72.1 13.9 10.8 12.0 7.7 16.7 6. 0 5.0 46.5 c. s 6.03 5.25 5.27 6.64 5. 76 46.2 I. 72 287 208 10.6 4.9 c . s 10 206 72.5 11.8 9.7 11.4 8.4 19.8 5.4 6.2 44.9 York. w 5.75 6.22 6,00 7.50 6.25 49.2 1.51 294 208 11.4 5.4 York, w 10 202 72.9 13.4 10.6 12.0 8.1 17.6 6.2 5.0 46.4 All II* s 6.04 5.67 5.67 6.55 5.95 45.9 1.59 287 212 11.0 5.3 All II s• 77 207 70,6 12..l 9.3 11.3 8.1 18.3 5.5 5.7 44.2 w 6.51 6.59 6,56 7.06 6.64 50,2 1.51 288 210 12.5 5.8 w 66 207 72.9 13.5 II. I 12.1 8.0 17.3 5.9 ·5.1 46.8 All VI* s 5.65 5,08 4.96 5.92 5.40 44.5 1.65 282 212 10.9 5.3 All VI s• 65 208 70.6 12,3 9.0 11.3 8.1 18.8 5.4 5.8 43.9 w 6.50 6.62 6,1 5 6.92 6.50 49.2 1.53 281 210 12.6 5.8 w 71 207 72.1 13.7 10.5 11.9 7.8 17.1 5.9 5.2 46.2 All* s 5.85 5.37 5,32 6,23 5.67 45.2 1.62 284 212 10.9 5.3 All s• 142 208 70.6· 12.3 9.2 11.3 8. 1 18.6 5.5 5.8 44.0 w 6.52 6.59 6.35 6.98 6.58 49,8 1. 52 284 212 12.5 5.8 w 137 207 72.5 13.6 10.8 12.0 7.9 17.2 5.9 5. 1 46.5 

tG!v!ng equal weight to II and VI cross means, adjusting. limited-fed winter pigs l;G!ving equal weight to means for II and VI crosses, and adjusting limited-fed 
to full-ted basis. winter pigs to full-fed basis. 
*Omitting the llxVI crosses. *Omitting the, llxVI crosses. 
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The test-crosses consumed 10 per cent less feed per pig per day and 6 per cent less feed per cwt. 
gain in summer on pasture tha,n in winter dry lot. However, more of the summer gain was fill and fat, as 
will be shown next. 

(3) Carcass yields and composition. (Tables 3 and4, p. 5) Complete carcass data were obtained on a 
representative sample of barrows from each spring test-cross,- generally two per litter. Pigs from fall 
test-crosses were samples similarly, except that approximately equal numbers of barrows and gilts were 
slaughtered. Yields of wholesale cuts from spiing and fall test-crosses are given in Table 3. Scores of 
the cuts, the equivalent yields of loin of standard score, and carcass dimensions are given in Table 4. 

Carcasses from the same crosses were markedly and consistently better from the winter dry lot 
feeding1 than from the summer full-:feeding on pastu,re: yields from the winter carcasses were higher by 
nearly 2 per cent for total carcass, 1.3 per cent for ham, 1.6 per cent for loin, . 7 per cent for shoulder, 
but yields of fat were lower by 1.4 per cent. Winter scores of cuts were higher by nearly one unit and 
approximate area of the muscle cross section was larger by 1.6 square inches for ham and by .5 square 
inches for loin, while backfat thickness was .1 inch less and length of body and leg were unchanged. 
Equivalent yield of lpin for winter fed pigs was 2.5 per cent higher before adjusting for scores of cuts, 
and was 4.5 per cent higher after adjusting for the difference in scores of cuts. The summer fed pigs were 
fatter but actually dressed 2 per cent lower and yielded 4.5 per cent less in standard loin equivalent, which 
would more than cancel the saving of 20 pounds· of feed per cwt. gain from summer feeding on pasture. 

Line II test-crosses averaged slightly higher than line VI crosses in yields of loin, were slightly less 
fat, and their cuts scored a little higher; the advantage of II over VI crosses in loin equivalent was .3 and 
.6 per cent, ignoring scores, and 1.3 and 1.0 per cent after adjusting for scores, for summer and winter, 
respectively. The II crosses averaged about .6 inches longer than VI crosses in body, but were the same 
in leg length and in dimensions of ham and loin muscles. 

The ranking of the 9 strains from high to low for equivalent yield of loin, adjusted for scores of 
cuts and averagtng II and VI crosses for both spring and fall, was: Ia. and B. Landrace, C. Hampshire, Ia. 
Poland, C. Yorkshire, V Hampshire, S. Poland, M. Duroc and T. Duroc. The Ia. Landrace test-crosses 
averaged 46.4 and 51.5 per cent and the T. Duroc averaged 42.6 and 47.5 per cent in spring and fall, res
pectively, a range of about 4 _per cent in each season. In unadjusted loin equivalent yield there was little 
difference between C. Hampshire, B. and Ia. Landrace, C. Yorkshire, M. Duroc, Ia. Poland and V Hamp
shire, but T. Duroc was about 1 per cent below the better 7 strains with S. Poland intermediate. Scores 
for desirability of composition of cuts were best for Ia. and B. Landrace and Ia. Poland, with T. Duroc 
poorest and the others intermediate. In terms of the relative values used in adjusting the loin equivalent 
yields the average scores ranged from .99 and 1.05 for T. Duroc to 1.08 and 1.13 for Ia. Landrace, in 
spring and fall, respectively. Ranking in size of ham and loin muscle naturally corresponded closely to 
that in scores of cuts. In thickness of backfat (mean of 3 places) the Ia. Poland crosses averaged only 1.44 
inches, while T. Durocs averaged 1. 73, M. Durocs 1.66, with other strains between 1.5 and 1.6 inches. 
Body length ranged from 29.8 inches for B. Landrace and 29.0 inches for Ia. Landrace and C. York. to 
27.4 inches for S. Poland crosses, with the other strains ranging between 28.0 and 28.5 inches. In leg 
length, Ia. Poland, V Hampshire, M. Duroc and B. Landrace averaged about 21.5 inches, with there
mainder close to 21.0 inches. 

(4) Potential prolificacy and suckling ability of test-cross gilts. (Tables 5 and 6) An estimate of 
prolificacy was obtained for spring gilts from each cross by breeding a sample of 4 to 6 gilts at 6 to 7 
months of age and slaughtering them at 15 to 30 days after service. Number of ova produced and uterine 
mortality completely determine numbers of pigs farrowed per litter, and most of the uterine mortality 

Table 5--Number of Ova Shed IUid of Embryos Present In Early Pregnancy for Table 8--Numbers of Normal and Inverted Teats for 1950 
GUts of Test-Crosses from 1950 Spring. Spring Crosses. 

No. ova Produced No. Embryos at. 15-30 Days Line II Cros ses Line VI Crosses All Cros ses 

Line No. Gilts No. Gilts Line Tested No. No. Teats No. No . Teats No. No. Teats 

T ested Counted from: Avg./Gilt from: Counted from: Avg./Gilt from: Pi~ts Total Inv. Pigs Total Inv. Pi~ts Total lnv. 

n VI All II VI All II VI All II VI All 
a . Pola nd 15 12.9 .5 13 12 .6 2.5 28 12.7 1.5 

Ia. Poland 6 6 12 9.7 12.2 10.9 5 5 10 5 .4 8.6 7. 0 S. Poland 17 12.2 .9 14 11.9 1.7 31 12.0 1.3 

S. Poland 6 5 11 9.0 11.6 10.2 6 4 10 6.7 9.5 7.8 
II or VI Poland 2 2 4 10.8 10.8 10.8 1 1 2 8. 5 8.5 8.5 
V Hamp. 6 4 10 14.2 14,5 14.3 4 2 6 7.8 10.5 8.7 
C . Hamp. 3 6 9 11.3 14.2 13.2 2 5 7 7.0 8.0 7.7 
T. Duroc 5 5 10 9.8 10.7 10.3 5 5 10 8.6 9.4 9:o 
M. Duroc 5 6 11 11.4 11.5 11.5 3 6 9 7.3 8.7 8.2 
Ia. Landr. .6 5 11 11.3 12.8 12.0 5 3 8 7.8 7.3 7.6 
B . Landr. 5 2 7 12.2 13.5 12.6 4 2 6 9.5 11.5 10.2 
York. 4 2 6 10.8 11.5 11.0 2 2 4 6.0 9.0 7.5 

II or~ 11 12.6 .4 

V Hamp. 14 11.3 .6 7 13.0 .7 21 12.1 .6 

C. Hamp. 13 13.0 .5 15 12.3 . 9 .28 12.7 .7 

T. Duroc 13 13.2 .o 15 13.5 .2 28 13.4 .1 

M. Duroc 12 11.3 .1 16 12.0 0 28 11.7 .0 

a . Landr. 16 14. 1 .6 16 13.7 0 32 13. 9 .3 

B . Landr. 14 14.2 .1 9 13.8 0 23 14. 0 . 1 

!York. 11 13.9 0 6 13.0 0 17 13.5 0 

rrotal 136 12.9 .4 122 12.8 . 7 258 12.8 .5 

All 48 43 91 11.1 12.4 11.7 37 35 72 7.4 8.9 8.2 
:j:Omitting only definitely decomposed embryos. 

... 
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occurs in the first ·few weeks df pregnancy. Also, the number of normal and inverted nipples for the bar
rows used in carcass data and for gilts used in prolificacy tests was determined, as an indication of poten
tial suckling ability. 

The gilts from the breed crosses generally produced more ova and carried larger litters when 
sacrificed than did the gilts from linecrosses within the Poland breed (Table 5). Crosses from the two 
Hampshire lines (V and C.) and two Landrace lines (Ia. and B.) were superior in number of ova produced, 
with crosses by S. Poland and T. Duroc poorest. Line VI consistently transmitted better ovulation rate to 
its crosses than did line II (12.4 vs . 11.1). 

Although low in number of ova, T. Duroc crosses were high in number of embryos, ranking with 
B. Landrace and V Hampshire crosses. Line VI crosses consistently carried more embryos than line II 
creisses (8.9 vs. 7 .4). 

Total numbers of teats (Table 6) were highest for Ia. and B. Landrace crosses (14.0), followed by 
Yorkshire, T. Duroc, C. Hamp., Ia. Poland, V Hampshire, S. Poland and M. Duroc crosses, in that order. 
Crosse's from lines II and VI were identical in teat number. Numbers of inverted nipples were negligible 
for Yorkshire, B. Landrace, M. Duroo, T. Duroc and Ia. Landrace crosses, most prevalent among the Ia. 
and S. Poland crosses, and intermediate for C. and V. Hampshire crosses. 

Performance of Purebred Strains in Spring of 1951. (Table 7). The lines reproduced in spring 
litters of 1951 were those whose 1950 test crosses were superior in viability, growth, feed utilization and 
carcass desirability. In comparing performance of strains themselves, the level of inbreeding must be 
considered. The transmitted influence in test- crosses of Poland line II was a little better than line VI in 
viability and carcass desirability and only slightly below line VI in growth rate and prolificacy. However, 
line II is about twice as highly inbred as line VI, and hence line II inbreds are poorer than the line VI in
breds in prolificacy, viability and growth. Line II inbreds are superior to line VI inbreds in conformation. 
Because of their similarity in cross-performance, lines II and VI are to be combined into a single Poland 
line. 

Table 7--Performance of Lines in Spring of 1951. 

Age Pig Wt. (lbs.) 
Line of No. of Dam % Inbreeding Litter Size at (age in days) 
Breeding Litters Mo. Dam Pigs Born Weaned 0 56 154 
Poland II 11 22:!~ 41 45 7.6 4.0 3.4 33 161 
Poland VI 12 23.2 17 26 9.3 6.1 3.2 40 174 
Duroc M. 5 22.8 0 14 9.4 6.6 3.4 35 174 
Dur oc (MxC) 4 22.8 0 0 7.8 6.2 2.8 38 195 
Landrace (Ia.) 6 23 .9 34 40 8.7 7.2 2.9 33 153 
Landr. (Bxla.) 1 23.5 40 0 11.0 10.0 3.1 30 170 
Hamp. (CxV) 5(4):j: 24.8 30 0 10.0 7.2 2.5 37 175 
Hamp. (VxC) 7 19.3 5 0 7.1 4.6 2.8 42 179 
Average 51 (50)±22. 7 21 21 8.6 5.8 3.1 37 172 

Litter Wt. 
(lbs.) da. 

56 154 

131 644 
241 1055 
234 1146 
23 7 1217 
237 1096 
304 1695 
268 1270 
190 818 
212 988 

e 
The Landrace· 

st-crosses were par
cularly superior in 
arcass and in pro-. 
ificacy. The Iowa 

i 
c 

L andrace also are 
ather highly inbred r 

(4 0 per cent). They 
ere to have been 
rossed with the B. 

w 
c 

a 
Landrace boar to form 

single Landrace line, 
ut, due to an injury bl 
f the boar, only one pJ 

:j:One sow died immediately after farrowing 14 pigs. B . x Ia. litter was 
obtained. Note the 

marked improvement in litter size, viability and growth rate for the non-inbred Landrace litter. The 1951 
fall Landrace litters are all crosses of the B. and Ia. lines. 

TheM. Durocs test-crosses were exceptionally good in growth rate and viability. Only 5 sows of 
theM. Duroc strain were available for spring litters. To speed development of this line, 5 of the better 
College Duroc sows were mated to the M. Duroc boars. The (M x C) Duroc gilts will be backcrossed to 
M. Duroc boars. Viability and growth were depressed by the 14 per cent inbreeding of the pure M. Duroc 
litters. In conformation, the M. Duroc inbreds are very thick and rather short-bodied compared with the 
Poland lines, and especially with the Landrace. 

In test-cross performance, the line V Hampshires were superior in viability, and growthiness to 
the C. Hampshire, but the C. Hampshires were better in carcass. The two Hampshire lines were combined 
to form a single Hampshire line with reduced inbreeding. The 7 (V x C) litters included 3 very poor litters 
from inbred C. Hampshire gilts. 

The breeding boars and gilts have been selected from the 1951litters of each line on the basis of 
(1) the dam's productivity in her first three litters, (2) the average pig weights at 154 days for the dam's 
first two test-cross litters, (3) the average equivalent yield of loin for pigs from the dam's first two test-
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cross litters and (4) the pigs' own growth to 154 days of age, .after eliminating pigs with serious abnor
malities in conformation, hernias, cryptorchids and disqualifying color markings (Hampshires only). Feed 
requirements were not obtained for individual litters of test-crosses. 

Nature of Inbreeding and Crossing Effects on Performance. The major objective of the swine breed
ing project is based on the working hypothesis that systematic selection within strains based on perfor
mance of test-crosses betwe_en two strains offers opportunity to reach levels of over-all performance in 
the crosses not obtainable by the usual selection for performance of the strain itself. Hence, it is impor
tant that we learn as much as possible concerning the influence of crossing unrelated lines on the many 
physiological processes that govern over-all performance in swine (i.e. _including viability, growth, feed 
utilization, carcass composition, prolificacy and suckling ability). In 1949. and 1950 study of crossing 
effects on reproductive development and fUnction of boars indicated that crossing caused earlier sexual 
maturity, as well as more rapid growth. A parallel study of crossing effects on the female has shown that 
linecross gilts are sexually mature (1st estrus) about one month earlier, and produce about 1.2 more ova 
and 1.8 more embryos at the 25th day of pregnancy, compared with gilts of the parental inbred strains. So 
far, few comparisons of linecross with inbred sows for numbers farrowed and for suckling ability have been 
.made in the Missouri project. This we propose to do, using gilts born in the fall of 1951, in addition to ob
taining the data on age at sexual maturity, ovulation rate, embryonic mortality, and mammary development. 

In the winter of 1949, the post-weaning growth, feed utilization, efficiency of digestion and composi
tion of carcass for 7 crosses was compared with that for the four parental $rains under full-feeding and at 
.equal rates of feed intake per unit live weight. In rate and economy of gain, the line V Hampshires were 
inferior to lines ll and VI Polands as inbreds, and were only average in crosses; however, both the inbreds 
and crosses of line V were superior in yields and scores of preferred wholesale cuts. The outbred Durocs 
gave relatively good performance in rate and economy of gain; however, their carcasses were excessively 
fat with poor muscle development. The topcrosses on Durocs did not excel the outbred Durocs in rate and 
economy of gain; however, they approached the superior inbred lines in net carcass value. 

In the full-fed linecrosses and topcrosses (Table 8), hybrid vigor expressed itself in greater feed 
consumption (7 and 2 per cent, respectively) and in more rapid and more economical gains (23 and 11 per 
cent faster gain and 9 and 7 per cent less feed per unit gain, respectively); however, there were no im
portant differences in digestibility of the ration. Line crosses between breeds gave much more rapid and 
more economical gains than linecrosses within breeds. There was little difference between the full-fed 
linecrosses and the full-fed inbreds in net carcass value; however, the topcrosses yielded carcasses that 
were definitely superior to the mean of the parental groups. The full-fed linecrosses dressed slightly 
higher but their ca;rcasses contained less muscle and more fat, and were no higher in net value than the 
full-fed inbreds. The poor health and depressed appetite of the full-fed line V stock probably exaggerated 
the lack of fatness for the full-fed inbreds. The full-fed Poland and Hampshire topcrosses on Durocs 

Table a--Comparison of Crosses with Mean of Parent IJ.nes IUider Full Feedill&- Table t--Compartaon of Crosses Mean of Parent Llaes, with Feeclliltake 
Bqualilled. 

'l'• Live 'l'o Live 

Final Age Gain Feed Consump. 'l'o Care . Wt. Weight Final Age Gain Feed Consump. 'l'o Care. Wt. Weight· 

~reeding 'l'o No. Wt.f Final /Day /Pig /Cwt. Dress. Lean Fat St'd. ilreedine No. Wt./ Final /Day /Pia /Cwt. Dress. Lean Fat St'd. 

Groups lnbr. Pigs Pig Wt. /Pie /Day Gain " Cuts Cuts Loin Group Pies Pie Wt. /Pie fD-;y Gain " Cuto Cuts Loin 

(lbs.) (days)_ (lbs.l {lbs.) llbs.} Equiv. (lb•.J (JMys) ·(lb.:.) (lba.l (lba.) ~uiv. 

II+ Vl 38 13 205 215 1.01 4.31 402 70.4 50.2 34.2 48.2 11 and VI 13 205 215 1.01 4 .31 402 70.4 50.2 34.2 48.2 
II X VI 9 6 205 200 .97 4.20 408 71.4 49.5 33.8 47.8 11 X VI 8 207 230 .88 3.87 424 70.9 51.4 33.0 48.6 

11+V 42 11 198 234 .82 3.93 416 70.8 52.2 31.6 50.9 II and V II 198 234 .82 3.93 418 70.8 52.2 31.6 50.9 

IlxV 0 8 207 192 1.26 4.33 358 73.4 50.2 34.5 51.8 UxV 8 207 208 1.12 3.89 343 19.8 51.3 33.0 50.1 

V +VI 37 12 201 238 .89 4.27 439 70.6 50.9 32.7 49.9 V and VI 12 201 238 .89 4,27 439 70.8 50.9 32.7 49.9 

V X VI 0 8 209 186 1.32 4.92 374 71.1 48.5 37.2 46.2 V•VI 8 209 213 1.09 4.21 372 69.5 50;5 34.0 48.1 

Lines 39 18 201 229 .91 4.17 419 70.6 51.1 32.9 49.7 Lines 18 201, 229 .91 4.17 418 70.1 51.1 32.9 48.7 

Crosses 0 22 207 193 1.18* 4.48 380• 72. 0 49.4 35.2 48.6 Crosses 22 208 217 1.03* 3.99 380 70.1 51.1 33.3 48.9 

11+0 22 14 204 200 1.11 4.58 387 71.2 48.0 37.3 45.5 u 6 202 211 .94 3.98 380 70.5 51.5 33.2 49.2 

nxo 0 8 207 211 1.14 4. 69 405 71.3 50.2 34.3 48.4 IlxD 8 208 213 1.13 3.96 330 68.2 51.2 31 .7 48. 1 

VI +D 16· 15 206 204 1.18 4. 92 ra: 71. 1 46.6 38.4 44.5 VI 7 208 219 1.08 4 . 85 424 70.2 48.8 35.3 47.2 

VI X D 0 8 207 184 . 1.36 5.07 71.6 46.7 37.8 45.9 VI•D 8 212 195 1.29 4.51 344 68.7 49.2 35.2 45.8 

V+D 20 13 200 222 1.00 4.54 424 71.5 48.7 35.8 47.3 v 5 194 257 .70 3.89 453 71.0 53.0 30.1 52.7 

VxD 0 8 204 199 1.22 4.64 361 71.6 49.4 34.1 49.9 VxD 8 202 224 1.02 3.84 344 18.8 52.4 30.8 49.7 

Lines 19 26 203 209 1.10 4.68 407 71.3 47. 8 37.2 45.8 
II. VI. V 

18 201 229 .91 4 . 17 419 70.6 51.1 32.9 49.7 
(Pull) 

Topcrosses 0 24 206 198 1.24* 4.80 378• 71.5 48.8 35.4 48.1 
Duroc: (Ltd. )8 210 208 1.18 4.07 338 70,2 47.8 37.5 43.7 

~llxVI) 5 14 205 194 1.12 4 .69 401 71.7 47.0 37.6 44.8 
Topcroaaes 24 207 2ll 1.15*"'· 10 339** 68.6 .. 50.9 32.80*47.8 

Dx(llxVI) 0 8 208 192 1.28 5 .27 413 71.4 47.2 38.5 44.6 

All 
Parental . 

Parents 26 32 203 215 1.02 4.4'6 411 71. 0 49.1 35.4 47.3 Joleanfor:l 26 208 218 1.04 4, 12 378 70.4 49.4 35.2 46.7 

ToDCrosses 

All **Superiorltv over parent linea would occur by chance 1eaa than I in 100 times. 
Crosses I 54 207 195* 1.22• 4.73 384* 71.7 48.8 35.7 47.8 •s in 100 ttmes. 
•Superiority over parent lines would occur by chance leas than 1 in 100 t!mea. * Full-fed line 11, V and VIinb,..;d ·and limited-fed Duroca. 
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yielded carcasses with greater muscular development and less fat than the mean of the parental groups. 
These results indicate that cr0ssing i~creases true growth (i.e. of muscle and bone) through increased 
appetite and more efficient utilization of food energy. 

Even when restricted to the same level of feed int:lke as the inbreds of the Poland or Hampshire 
parent lines, the linecross and topcross pigs gained faster (by 12 and 21 per cent, r espectively) and more 
economically (by 9 and 19 per cent, respectively) with no difference in digestibility, of the ration. and very 
small differences in carcass composition. Compared to the mean of the two parent lines at the same le
vel of feed intake, the topcross pigs gained 10 per cent more rapidly and 10 per cent more economically and 
showed a marked superiority in net carcass value per unit of live weight. Their carcasses contained less 
fat and more muscular tissue than the mean of the parental groups. 

It is clear that the hybrid vigor from crossing lines stimulates growth of muscle and bone and 
that a tnore efficient metabolic system permits the expression of this stimulus even when feed consump
tion is limited to that of the parental groups. Since heterosis had little effect on digestibility, it appears 
that this greater efficiency of crosses may consist of reduced losses of food energy as heat after eating, 
in basal metabolism, or in synthesis of body tissues. 

In this 1949 trial, some nutritional factors were marginal, as evidenced by rates of gain lower than 
normal by .3 to .4 lbs. per day and by certain vitamin deficiency symptoms. This experiment will be rep
licated with 1951 fall litters under more optimum nutrition. The increasing general use of antibiotics as 
effective growth stimulants in swine feeding makes it advisable to determine whether antibiotics alter the 
nature or magnitude of the growth advantage from crossing. The 1950 fall pigs fed 2mg. penicillin per 
·pound of ration gained 15 per cent faster and their loin equivalent yields adjusted for scores of cuts were 
10 per cent higher than for pasture fed spring pigs of the same crosses. Strains of four breeds will he 
compared with four crosses under full-feeding and at equal rates of feed intake, as before, but with and 
without antibiotic supplement. 

Influence of Nutritional Level on Expression of Hereditary Differences in Rate, Efficiency and 
Composition of Gains in Weight. Incidental to comparing linecrosses with parent lines at equal rates of 
feed intake for 1949 fall pigs, information was obtained concerning the general effect of limited feeding 
throughout the post-weaning period on growth, feed utilization and carcass composition. 

Within breeding groups, limiting feed intake per unit live weight to an average of 87 per cent of that 
under full- feeding caused no detectable change in digestibility of dry matter, reduced daily gain by 8 per 
cent, decreased feed required per unit of gain by 7 per cent and produced carcasses containing 2 per cent 
more lean and correspondingly less fat, and with 6 per cent higher scores for composition of cuts. How-

'hl>le lOa--meet of Lbnlted FeecliDI on Poat- WeiUllng Performance of Different Table lOii--mect of Lbnlted FeecliDI on Poat-Weulng PerforDW>ce of Different 
Lines and Crosses. A. Fall of 1949. Lines ud Cro88ea. B. Fall of 1950. 

'f, Live '7o. Live 
F inal Ace Gain Feed Consump. r. Care. WI. Weight Fina l Age Gain Feed Consump. We ight r. Care. WI. 

Breed!nfl 
"" 

No. Wt./ Final /Day /Pig /Cwt. Dress_ Lean· F at St "d. Breeding '· No. WI./ F inal /Pig /Pig /Cwt . Dress. St "d. Lean Fat 
Group Inbr. Pigs Pic Wt. /Pig /Day Gain 

"" 
Cuts Cuts Loin Group lnbr. Pigs Pig WI. /Day /Day Gain 

"" 
Loin Cuts Cuts 

(lbs.) (days) (lbs. ) (lbs.) (lbs .) Equiv. pbs.) jda~s ) (lbs ) pbs) (lbs) Equiv. 

F*43 8 202 211 .94 3.98 380 70.5 51.5 33.2 49. 2 F • o 7 209 162 1.68 6.06 363 74.2 50. 1 49.6 36.3 

UPol. L*43 8 205 224 1.06 3.72 336 68.9 51.1 33. 1 48.4 Vxll L• O 7 212 193 1. 31 4.44 342 71.1 50.1 50.2 34.6 

F 32 7 207. 219 1. 08 4.65 424 70.2 48.8 35. 3 47.2 F 0 6 202 171 1.48 5.60 388 72.8 47.8 48.4 36.8 

VI Pol. L 36 6 206 224 1.03 4.32 394 69. 2 50.9 33.2 46.3 V X VI L 0 8 204 205 1.16 4.29 378 70.5 49.1 50.4 32.8 

F 41 5 194 257 • 70 3.89 453 71.0 53. 0 30.i 52.7 F 0 8 203 177 1.40 5.48 388 73.3 50.6 50.8 35.2 

VHamp.L 42 6 !54 257 .56 3.64 452 70.8 51.4 33.3 50.2 CHx II L 0 8 208 192 1.29 4.52 349 71.3 50.4 50.9 33. 8 

F 0 8 205 188 1.27 5.18 394 72.0 44.4 41 .4 4 1.9 F 0 8 206 165 1.58 5.58 356 72.2 50.0 49.8 34.2 

Duroc L 0 8 2 10 208 1.18 4.07 336 70.2 47.8 37. 5 43. 7 CH X VI L 0 8 208 206 1.16 4.22 366 70.6 48.8 52.0 31.4 

F 9 6 205 200 . 98 4. 20 408 71.4 49.5 33.8 47.8 F 0 8 206 149 1.80 6.09 343 73.2 49.9 50.3 34.7 
nxVI L 9 6 207 230 .88 3. 87 424 70.9 51.4 33.0 48.6 MDxll L 0 8 210 167 1.52 4.84 320 71.4 50.4 51.7 33.3 

F 0 8 209 186 1.32 4. 92 374 71.1 48.5 37.2 46.2 F 0 8 210 !49 1.82 6.71 369 73.1 50.2 49.5 35.3 
V X VI L 0 8 209 213 1.09 4.21 372 69. 5 50.5 34.0 48.1 MDxVI L 0 8 211 167 1.54 4.98 325 70.6 50.8 52.4 31.5 

F 0 8 207 192 1.26 4. 33 358 73.4 50.2 34.5 51.8 F 0 8 205 157 1.69 5.79 344 71 .9 52.8 52.0 32.1 
IlxV L 0 8 207 208 1.12 3.89 343 69.8 51.3 33.0 50.1 IL x II L o 8 208 178 1.43 4.47 31 5 70.2 51.1 52.6 31.9 

F 0 8 207 2 11 1.14 4.69 405 71 .3 50.2 34.3 48.4 F 0 8 208 152 1.73 6.02 348 72. 3 51.8 50.1 34. 0 
IlxD L 0· 8 208 213 1. 13 3.96 330 68.2 51.2 31.7 48.1 IL X VI L 0 8 210 183 1.34 4 .56 345 69.5 49.5 51.3 33.3 

F 0 8 207 184 r.36 5.07 369 71.6 46.7 37.8 45.9 F o 31 206 161 1.64 5.86 360 73.2 50.8 so. 7 34.4 
VI xD L 0 8 2i 2 195 1.30 4.51 344 68. 7 49.2 35.2 45.6 All .x II L 0 31 210 182 1. 39 4.57 332 71 .0 50.5 51.2 33.5 

F 0 8 204 199 1.22 4.64 381 71.8 49.4 34.1 49. 9 F 0 32 208 !59 1.65 5.98 365 72,6 50.0 49.8 35.1 
VxD L 0 8 202 224 1. 02 3.84 344 88.8 52.4 30.8 49.7 All x VI L 0 32 208 190 1.31 4.51 354 70.3 49.6 51.0 32.2 

D X (II x F 0 8 208 192 1.28 5.27 413 71 .4 47.2 38.5 44. 6 F 0 63 206 160 1. 65 5 .92 362 72.9 50.4 50.2 34.8 

•VI) L 0 8 210 208 1. 17 4.23 351 ,69.9 49.2 35. 6 46.7 Alll950 L 0 63 209 . 186 1. 34 4 .54 342 70.7 50.0 51. 3 32.2 

All F 35.5 47.8 
*F. e quals rull f eeding and L . equals llmlted feeding. 

80 205 204 1.14 4 . 62 394 71.4 49.0 
1949 F L 82 203 218 1.05 4 . 02 368 8 9. 5 50. 6 33.7 47.8 
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ever; limited feeding reduced dressing percentage enough to cancel the superiority of carcass quality so 
that no advantage in net carcass value per unit of live weight could be credited to limited feeding. Limited 
feeding did result in a marked improyement in net carcass value in those breeding groups that tended to 
yield the fattest carcasses, indicating that this fatness was due largely to their inherently larger ap
petites. The greater muscular development by the limited-fed pigs was explained by the increase of two 
weeks in their age at slaughter. The limited ration apparently did not retard growth of muscle and bone. 

In the 1950 fall litters, one lot of each of 8 crosses was limited to between 75 and 80 per cent of 
the feed-intake for the full-fed lot of the same cross. Reducing daily feed intake by an average of 23 per 
cent reduced rate of gain by only 18 per cent, resulting in 6 per cent less feed per cwt. gain. Again, limit
ed feeding reduced yields of carcass, particularly of fat and the fatter cuts, enough to offset the some
what superior composition of the cuts. Also, the saving of 20 pounds of feed per cwt. gain may be offset 
by the additional 26 days required to reach market weight. Limited feeding during only the last portion of 
the feeding period or on good pasture may be more advantageous than the limited feeding throughout the 
post-weaning period. 

SWINE NUTRITION 

A. G. Hogan, J. F. Lasley and L. F. Tribble 

Recent research in swine nutrition at the Missouri Agricultural Experiment Station has beeri di
rected toward a study of the vitamin, mineral and protein requirements of swine during growth, gestation 
and lactation. Some experiments have also been conducted to determine the value of certain antibiotics 
for swine. Much of the data gathered from feeding trials with weanling pigs have been published in recent 
progress reports with new information from later repeat trials being included as the data becomes avail
able. Results of feeding trials with brood sows and their litters have not been reported recently although 
work of this nature has been conducted at the same time as feeding trials with weanling pigs. Brood sow 
experiments require a long period of time for completion and results are influenced by numerous factors 
so that data cannot be gathered as quickly as is possible with growing-fattening pigs. 

For the sake of brevity and clearness all feeding trials testing a single nutrient will be averaged 
together in this report. Some of these tests have been repeated several times since 4 separate feeding 
trials involving a total of 540 weanling pigs have been conducted during the past year. In some instances 
feeding trials with brood sows will also represent several trials since the data reported will cover results 
obtained over a 3-year period. Results obtained with several repeat trials testing one nutrient should be 
considerably more reliable than a single trial involving a smaller number of animals. 

In all of the feeding trials, the pigs and sows have been sorted into lots as nearly as possible ac
cording to weight, breed and age. All brood sow experiments have been conducted with gilts producing 
their first litters. Experiments involving growing-fattening pigs were begun as soon as possible after 
weaning. The same basal rations have been used in each of the different feeding trials and all products 
have been kept as nearly alike as possible. In testing each nutrient, antibiotics, for instance, two rations 
exactly alike have always been used except that only one contained the antibiotic. Thus, any difference in 
performance of the pigs in the two lots should be due to the action of the substance being tested and to 
chance variation. No data has been reported unless a control ration was also included in the tabular re
sults. 

The rations used in these experiments have always been mixed before being offered to the animals, 
and in no instance has the grain and protein supplement been fed separately. The percentage of protein 
has always been adjusted to the same level in all rations within the same feeding trial regardless of its 
source in order to prevent this from becoming a complicating factor. 

Vitamin Supplements for Swine. The results summarized in Table 11, show the effects of adding 
small amounts of the B-complex vitamins, riboflavin, ca-pantothenate and nicotinic acid, to rations for 
growing-fattening pigs in dry lot. In 4 different experiments when these crystalline vitamins were added to 
a corn-soybean meal basal ration, the rate of gain was increased by an average of 8 per cent .and 3 per 
cent less feed was required per unit of gain. The results also reported in this table show that these vita
mins had slightly more value when added to a corn-tankage basal ration. The average daily gain of the 
pigs receiving this ration was increased by 11.0 per cent when the vitamins were added and 9.0 per cent 
less feed was required per unit of gain. However, the pigs fed the corn-tankage ration were 18 pounds 
lighter on the average when the experiments were begun than were pigs fed the corn-soybean meal ration. 
It may be that these vitamins have more value for younger pigs which might partially explain the increased 
benefits obtained by adding the vitamins to the corn-tankage ration. 
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Table 11--The Value of Cry~talline B-Complex Vitamins for Growing-fattening 
Pigs in Dry Lot. 

The addition of 
these same B-complex 
vitamins to a corn-soy
bean meal basal ration 
for brood sows in dry 

Corn-soybean meal* 
Basal Basal + 

Corn -tankage** 
Basal Basal + 

Ration B-vitamins~q"* Ration B-vitamins*~'* 
· Number of feeding trials 4 4 2 2 lot during gestation and 

lactation was of no bene
fit as shown in Table 12. 
Sows which received the 
vitamins farrowed an 
average of 1.4 more 

Number of pigs 40 40 19 18 
Avg. number of days on experiment 82 82 84 77 
Avg. initial weight of pigs 58.0 58.4 44.2 44,0 
Avg.finalweightofpigs 177.7 181.9 139.0 148.1 
Avg. daily gain per pig 1.40 1.51 1.20 1.34 
Feed per 100 pounds gain 384 374 378 343 pigs than those which 

received the control 
ration, but the death loss 
was. greater and there 
was no increase in 
weaning weight of the 
pigs in this group. 

* Corn, soybean meal, complex mineral mixture and cod liver oil. 
** Corn, tankage and cod liver oil. 
*""*Riboflavin 3. 7 mg., ca-pantothenate 12.5 mg. and nicotinic acid 18. 5 mg. per 

pound of ration. 

Table 12--'lbe Value of Crystalline B-Complex Vitamins for Brood Table 13--'lbe Value of Vitamin B-12 for Growing-fattening Pigs in Dry Lot. 
Sows in Dry Lot. 

Corn-so~bean meal Corn-soxbean meal* Corn-tankas:e* 
Basal Ration* Basal: Ration* Basal Basal Basal Basal 

+ B-Vitamins B·Vitamins B·Vitamins + B·Vitamins B-Vitam!ns + 
Number of sows 5 5 Vitamin B·l2 Vitamin B-12 

. Avg. number of pigs !arrowed per sow 8.2 9.6 Number of feeding trials 4 4 2 2 
Avg. number of pigs weaned per sow 7.2 6. 8 Number of pigs 40 39 18 19 
Avg. weight per pig at birth 2.8 2.8 Avg. number of days on experiment 82 86 77 77 
Avg. weight per pig at 56 days 25.7 25.2 Avg. Initial weight or pigs 58.4 55.3 40.0 43.6 
Total litter weight at 56 days 185.0 171.4 Avg. final weight or pigs 181.9 179.9 148.1 153.6 
Percentas:e o! figs born still alive 56 da,rs 88.0 71.0 Avg. daily gain per pig· 1.51 1.44 1.34 1.41 
•Corn 70, soybean meal 25, alfalfa meal 2.5. cod liver oil 0.6 and Feed eer I 00 pounds gain 374 379 343 359 

complex minerals 2.0. B·vltamins same as in Table 11. *These rations are the same as shown in Table 11. The vitamin B-12 concentrate 
was added to supply 6.3 mcJl. or B-12 per pound of ration . .. 

Several feeding trials have also been conducted to test the value of vitamin B-12 in rations of wean
ling pigs 'fed in dry lot. The results of these trials which are summarized in Table 13, show that the additicn 
of this v:l~min to a corn-soybean meal basal ration has not increased the rate and economy of gains. Simi
lar results have also been obtained with a corn-tankage basal ration although the rate of gain of pigs in two 
feeding trials was slightly greater when they received B-12 in their ration. It is doubtful if this dif-
ference was great enough to be significant, however. 

Experiments have also been conducted during the past 3 years to test the value of vitamin B-12 
when added to a corn-soybean meal ration for brood sows in dry lot. The results of these experiments 
which are summarized in Table 14, indicate that vitamin B-12 has been of considerable value for brood 

sows. Sows which received vitamin B-12 
Table 14--The Value of Vitamin B-12 when Added to a . Corn

Soybean Meal Ration for Brood Sows in Dry Lot. 
Corn-soybean meal 

Basal Ration* Basal Ration'~ 
+Vitamin B-12 

Number of trials 
Number of sows 
Avg. number of pigs farrowed 
Avg. number of pigs weaned 
Avg. birth weight per pig 
Avg. weight per pig at 56 days 
Total litter weight at 56 days 
Percentage of pigs farrowed still 

3 
21 

8.9 
7.0 
2.7 

28.1 
196.7 

3 
18 
8.9 
8.0 
2.7 

30.6 
244.8 

alive at 56 days 78.7 89.9 
*Corn 70, soybean meal 25, alfalfa meal 2.5, cod liver oil 0.5, 

complex mineral mixture 2.0 and B-vitamins as in Table 11. 
Vitamin B-12 supplied to furnish 10 meg. per pound of ration. 

in their ration farrowed the same num
ber of pigs as those on the control ration, 
but they weaned an average of 1 more pig 
per Utter and the pigs averaged 2.5 pounds 
heavier at 56 days of age. On the basis 
of total litter weight at 56 days of age, 
sows fed B-12 have weaned an average 
of 48.1 pounds more pigs than sows not 
receiving this vitamin. The sows in 
this group have also weaned approxi
mately 90 per cent of the pigs they far
rowed, considerably above average. 
In the United States as a whole, sows 
usually wean only 60 to 70 per cent of 
the pigs they farrow although this great 
loss is due to many factors including 
nutrition. In each of the three years the 
experiments were conducted, the sows 

which received vitamin B-12 weaned more and heavier pigs than those on the control ration. 

High quality pasture has long been recognized as a good source of many of the vitamins. In the 
present studies, several lots of pigs have been grazed on pasture on the same basal ration that was fed in 
dry lot. Data showing the value of pasture as compared to dry lot rations are summarized in Table 15, 
p. 12. Pigs on pasture have made 10 to 11 per cent faster gains than pigs in dry lot even when the three 
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Tablel5--The Value of Pasture in Rations for Growing-
Fattening Pigs. 

Corn-solbean meal 
Basal* Basal* + 
Ration B-Vitamins Basal*+ 

+ B-12 Pasture** 
Number of feeding trials 2 2 2 
Number of pigs 20 19 20 
Avg. number of days on experiment 84 88 81 
Avg. initial w~ight 44.0 42.7 43.2 
Avg. final weight 147.2 153.0 154.0 
Avg. daily gain 1.23 1.21 1.36 
Feed per 100 pounds gain 370 366 381 
*.Same as in Table 11. 
**One trial with rye pastureand one with Dwarf Essex rape. 

B-vitamins and B-12 were added to 
the dry lot rations. However, in one 
of the two experiments in which the 
dry lot ration contained the 3 B-vita
mins and B-12, the pigs suffered from 
some type of skin infection, and their 
rate of gain was considerably below 
normal. 

Gains made by the pigs on 
pasture were no more efficient than 
those made by. pigs in dry lot in these 
experiments. However, all pigs were 
on full feed so that possibly those on 
pasture did not consume enough forage 
to reduce the amount of concentrates 

needed per unit of gain. Pasture is used most efficiently when pigs are fed limited grain rations which 
.forces them to consume large amounts of forage that replaces the concentrates. 

The data summarized in Table 16, clearly demonstrate the value of rye pasture in rations for 
brood sows during pregnancy and lactation. In this exp"eriment, 5 sows were fed a corn-soybean meal ra
tion containing vitamin B-12_,_ riboflavin_._ ca-oantothenate and nicotinic acid. A second group of 5 sows was 

Table 16--The Value of Pasture in Rations for Brood 
Sows 

Corn-soybean meal 
Basal* + Basal* + 
B-Vitamins Rye pasture 
+ B-12 

Number of .sows 
Avg. number of pigs farrowed 
Avg. number of pigs weaned 
Avg. birth weight per pig 
Avg. weight per pig at 56 days 
Total litter weight at 56 days 
Percentage of pigs born still 

alive 56 days 

5 
8.0 
7.8 
3.2 

37.7 
294.1 

97.5 

5 
9.4 
9.4 
2.8 

37.7 
354.4 

100.0 
*Same rations as in Table 14. Rye was cut and fed 
to sows in dry lot. 

fed the same basal ration but green, cut rye 
replaced the vitamin supplements. All sows 
were kept in dry lot on concrete floors through
out gestation and lactation. Both lots of sows 
did exceptionally well in this experiment. 
Those which received the green rye farrowed 
9.4 pigs on the average and weaned 100 per 
cent of them, whereas the sows receiving the 
vitamin supplements farrowed an average of 
8.0 pigs and weaned 97.5 per cent of those 
they farrowed. The pigs in both lots averaged 
37.7 pounds per pig at 56 days, and the average 
litter weight in either group exceeded by a 
considerable amount the qualifications for 
production registry litters. 

Trace Minerals for Swine. The value of trace minerals in rations for livestock and poultry has 
received an increasing amount of attention during recent years. Definite soil deficiencies in some of the 
trace elements are known to exist in certain areas of the United States. The deficiency of these elements 
often results in a deficiency m the plant and finally in poor growth and reproduction in animals fed the 
crops grown on these soils. It has become increasingly evident that these borderline deficiencies are 
not readily recognized in some sections and thus reduce the efficiency of livestock production. Failure to 
recognize these deficiencies and to adopt methods of prevention· may be the greatest cause of loss to the 
livestock industry. 

As the soils continue to be cropped year after year, it is possible that borderline trace mineral de
ficiencies may develop where they have not previously existed. Recent work at several of the experiment 
stations in the United States gives. some indication of this since it has been found that the addition .of cer
tain trace minerals to swine rations has often resulted in increased rate and economy of gain and more 
efficient reproduction. In some of these areas trace mineral deficiencies have· not been previously demon
strated. 

The increasing interest in trace minerals has led to a study of the value of these elements in swine 
rations at this station. Several feeding trials have been conducted to test the value of trace minerals in 
rations for growing-fattening pigs (Table 17). The addition of a trace mineral mixture to a corn-soybean 

Table 17--Tbe Value of Trace Minerals for Growing-Fattelling Pigs in Dry Lot. Table 18--Tbe Value of Trace Minerals for Brood 

Corn-soybean meal* Corn-tankage* 
Basal + Basal + Basal + Basal + 
B-Vitamins B-Vitamins B-Vitamins B-Vitamins 

+ Tr. Min.** + Tr. Min.* 
Number of feeding trials 2 2 2 2 
Number of pigs 20 20 18 19 
Avg. number of days on experinlent 91 85 84 77 
IJ.vg. initial weight of pigs 43.8 43.7 44.4 42.0 
IJ.vg. final weight of pigs 144.0 146.3 146.8 149.1 
IJ.vg. daily gain per pig 1.25 1.27 1.19 1.35 
!Feed per 100 pounds gain 359 362 366 350 
*These ratiC)ns are the same as shown in Table 11. 
**Trace minerals added were iron sulfate, copper sulfate, cobalt chloride, magannese 

sulfate and potassium iodide •. 

Sows in Dry Lot. 

Number of sows 
Avg. number of pigs farrowed 
Avg. number of .pigs weaned 
Avg. birth weight per pig 
Avg. weight per pig at 56 days 
Total litter weight at 56 days 
percentage of pigs born still 

alive 56 days 
*Same as in Table 17. 

Corn-soybean meal 
Basal + Basal + 
B-Vitamins B-Vitamins 

9 
9.4 
7.6 
2.6 

26.2 
199.1 

80.0 

+ Tr. Min.* 
10 

9.5 
7.6 
2.7 

25.1 
190.5 

80.0 



meal ration has not resulted in an increase in the rate and economy of gain. However, in two feeding trials 
in which trace minerals were ~ded to a corn-tankage basal ration, the rate of gain wa,s increased by 12 
per cent and 4 per cent less feed was required per unit of gain. 

Feeding trials in which a trace mineral mixture was added to a corn-soybean meal ration for brood 
sows during lactation and gestation have failed to show any beneficial effects (see Table 18, p. 12). 

Antibiotics for Swine. Numerous experiments have been conducted during the past year to determine 
the value of certain antibiotics in rations for growing-fattening pigs. Some of these trials have been con
ducted in dry lot and some on pasture. 

The results summarized in .Table 19, show the valu.e of aureomycin for growing-fattening pigs. 
Aureomycin has been the most effective when added to a corn-soybean meal ration for weanling pigs in 
dry lot. In three such feeding trials this antibiotic increased the rate of gain by 29 per cent with 7 per cent 

Table 19--The Value of Aureomycin in Rations for Growing-Fattening Pigs. 

Corn-so;z:bean meal Corn -tankaB:e Corn-soybean meal 
Ba,sal + Basal+ Basal+ Basal+ Basal+ Basal+ 
B-Vitamins B-Vitamins B-Vitamins B-Vitamins Pasture Pasture+ 
+ B-12 + B-12 + + B-12 + B-12 + Aureomycin 

Aureom;z:cin* Aureomycin 
Number of feeding trials 3 3 2 2 2 2 
Number of pigs 29 29 20 20 20 20 
Avg. number of days on experiment 86 75 77 77 81 77 
Avg. initial weight of pigs 48.7 49.4 43.6 43.7 43.2 43.1 
Avg. final weight of pigs 168.7 182.1 153.6 158.5 154.1 150.0 
Avg. daily gain per pig 1.37 1.77 1.41 1.48 1.36 1.37 
Feed per 100 pounds ~a in 377 352 359 353 381 336 
*Aureomycin supplied to furnish 4.5 to 8.3 of the antibiotic per P<?Und of ration. 

less feed required per unit of gain. Aureomycin was not so effective when added to a corn-tankage ration 
for weanling pigs in dry lot. In two experiments the rate and economy of gain was increased only slightly 
and was not considered significant. Aureomycin did not increase the rate of gain of pigs in two experiments 
when added to a corn-soybean meal ration on pasture although the amount of feed required per unit of gain 
was reduced by an average of 12 per cent. 

Five different experiments in which procaine penicillin was added to a corn-soybean meal ration 
for pigs in dry lot resulted in a 9 per cent increase in the rate of gain and a saving of 4 per cent of the feed 
required per unit of gain (see Table 20). These results were not as good as those obtained with aureomycin, 
but in 2 of these trials a level of penicillin was fed which proved too low to be effective. The higher level 
of penicillin (5 mg. per pound of ration) has given results comparable to those obtained with aureomycin. 

The addition of procaine penicillin to a corn-tankage ration for weanling pigs in dry lot in 2 feeding 
trials increased growth. rate by 8 per cent and saved 7 per cent of the feed required per unit of gain. Thus, 
penicillin was just as effective when added to such a ration as it was when added to one which consisted of 
corn and soybean meal. 

Table 20--The Value of Procaine Penicillin in Rations for Growing-Fattening Pigs. 

Corn-Soybean meal 
Basal + Basal + 

Corn-Tankage Corn-Soybean meal 
B=-a-sa~l~+~--:B-a~s~al~+--- Basal+ Basal+ 

B-Vitamins B-Vitamins B- Vitamins B-Vitamins Pasture Pasture + 
+ B-12 + B-12 + + B-12 + B-12 + P. Penic. 

P. Penic.* P. Penic. 
Number of feeding trials 5 5 2 2 2 2 
Number of pigs 49 49 20 20 20 19 
Avg. number of days on experiment 85 83 84 77 81 84 
Avg. initial weight of pigs 59.2 60.1 43.8 44.0 43.2 40.9 
Avg. final weight of pigs 186.6 193.7 156.4 153.2 154.1 155.9 
Avg. daily gain per pig 1.49 1.63 1.33 1.44 1.36 1.34 
Feed per 100 pounds gain 380 366 371 347 381 350 
*Procaine Penicillin supplied at the rate of 1 to 7.5 mg. per pound of ration in various experiments. 
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Results obtained by feeding-penicillin to pigs on pasture were very similar to those obtained with 
aureomycin. The rate of gain was not increased although the amount of feed required to produce a unit of 
gain was reduced by 8 per cent in two feeding trials. 

ln. one experiment with brood sows in dry lot fed a basal ration of corn and soybean meal, the ad
dition of procaine penicillin to the ration during gestation and lactation did not increase the survival or 
growth rate of the pigs. In fact, the results of this experiment that are summarized in Table 21, show 
that there was practically no difference in the performance of sows and pigs on the control ration and on 
the one containing the antibiotic. 

Four experiments in which streptomycin was added to a corn-soybean meal basal ration for wean
ling pigs in dry lot resulted in an average increase of 6 per cent in rate of gain and saving of 7 per cent of 
the feed required per unit of gain (Table 22). The results summarized in this table also show that when 
chloromycetin was fed under similar conditions there was only a slight increase in the rate of gain but 
there was a saving of 7 per cent of the feed required to make a unit of gain. Later experiments with chloro
mycetin have been more favorable, however. In feeding trials conducted during the summer of 1951 when 
this antibiotic was fed at a level of 4.5 mg. per pound of ration, the rate of gain was increased by 50 per 
cent and 14 per cent less feed was required per unit of gain. These results were comparable to those ob
tained by feeding aureomycin and other antibiotics in this same feeding trial. 

Table 21--The Value of Procaine PenicUlln in Rations Table 22--The Value of Streptomycin and Chloromycetin in Dry Lot Rations for 
for Brood Sows. Growing-Fattening Pigs. 

Corn-Sozbean meal Corn-SoJ::bean meal Corn-Sozbean meal 
Basal+ Basal+ Basal+ Basal+ Basal+ Basal+ 
B-Vitamins B-Vitamins B-Vitamins B-Vitamins B- Vitamins B- Vitamins 
+ B-12 + B-12 + + B-12 + B-12 + + B-12 + B-12 + 

Penicillin* Streptomycin Chloromycetin 
Number of sows 5 4 Number of feeding trials 4 4 4 4 
Avg. number of pigs farrowed 8.8 9.0 Number of pigs 40 40 39 40 
Avg. number of pigs weaned 7.2 7.0 Avg. number of days on experiment 83 81 86 80 
Avg. birth weight per pig 2.7 2.8 Avg. initial weight of pigs 67.8 68.4 58.7 58.9 
Avg. weight per pig at 56 days 26.1 26.7 Avg. final weight of pigs 206.8 211.0 184.0 178.3 
Total Jitter weight · at 56 days 187.9 186.9 Avg. daily gain per pig 1.67 1. 77 1.44 1.48 
Percentage of pigs born still FeedJ:>er 100 pounds gain 392 364 385 360 

alive 56 days 82 78 
*7.5 mg. of Procaine penicillin per-pound of ration 
during gestation and lactation. 

Protein Supplements for Swine. The experiments previously reported have demonstrated that a 
simple ration of either corn and tankage or corn and soybean meal can be improved considerably for grow
ing-fattening pigs by the addition of certain vitamins, minerals and antibiotics. It was also demonstrated 
that either ration when properly fortified with these products gave excellent results which indicates that 
either soybean meal or tankage supply good quality protein. 

The data in Table 23, p. 15, has been arranged to summarize the previous results and to show in a 
brief manner how each ration can be improved for growing-fattening pigs. These data are from 2 separate 
feeding trials involving 240 pigs, and each figure for the average daily gains and feed per 100 pounds of gain 
represents averages for 20 different pigs. Figures for each ration can be compared with those of the other 
11 because the eXperiments were designed for this purpose. 

The outstanding ration in these experiments from the standpoint of rate and economy of gains was 
the corn-soybean meal ration containing the 3 B-vitamins (riboflavin, ca-pantothenate and nicotinic acid), 
vitamin B-12, trace minerals and aureomycin. The second best ration in this respect was probably the 
corn-tankage basal containing the same products although it was considerably below the first ranking one 
in the results it· produced. 

These experiments again demonstrate rather clearly the part pasture plays in improving a simple 
ration containing either soybean meal or tankage. Good pasture goes a long way in balancing such rations 
because it supplies many of the nutrients which must be added to obtain comparable results in dry lot. 
However, good pasture was not able to replace the antibiotic effect obtained _when aureomycin was added to 
the corn-soybean meal ration in dry lot. The reason for this is not fully understood at the present time. 

The results of experiments which are summarized in Table 24, p.15, compare the value of a corn
tankage and a corn-soybean meal ration fortified with certain B-vitamins and trace minerals for brood sows 
fed in dry lot during gestation and lactation. The number of pigs farrowed by sows on either ration was 
exactly the .same although those which received corn and soybean meal weaned an average of 1.4 more pigs 
per litter than those which received corn and tankage. However, the pigs from sows which received tank
age averaged 1.6 pounds .heavier at 56 days of age. Perhaps a combination of soybean meal and tankage 
would have given better results .than either alone· although such a comparison was not made in this experiment. 
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Table 23--Improving the Value of Two Common Protein Supplements for Growing-Fattening Pigs in Dry 
Lot. (Averages of 2 trials) 

Corn-Soybean ration** Corn-tankage ration** 
Average Daily Feed per Average Daily Feed per 

RATION gain/pig* 100 pounds gain/ pig 100 pounds 
gain gain 

Basal 1.22 370 1.19 369 
Basal + 3 B-Vitamins 1.25 359 1.29 364 
Basal + 3 B-Vitamins + Trace minerals 1.27 362 1.40 350 
Basal+ 3 B-Vitamins +Trace minerals + B-12 1.21 366 1.41 359 
Basal + 3 B-Vitamins + Trace minerals + B-12 + Aureo, 1.65 327 1.48 353 
Basal + pasture 1.47 377 1.47 361 
* Each figure represents averages for 20 pigs . 
**Corn 68, soybean meal 29.5, mineral mix 2, and cod liver ol.l 0,5; Corn 79.3, tankage 20.2, and cod liver oil 

0.5. 

Table 24--A Comparison of Soybean Meal and Tankage as Protein Supplements 
for Brood Sows in Dry Lot. 

Corn-soybean meal* Corn-tankage*t.• 
+ 3 B- Vitamins + 3 B-Vitamins 
+ Trace minerals + Trace minerals 
+ Vitamin B-12 +Vitamin B-12 

Number of sows 10 10 
Avg. number of pigs farrowed 9.7 9.7 
Avg. number of pigs weaned 8.1 6.7 
Avg. birth weight per pig 2.6 2.5 
Avg. weight per pig at 56 days 25.6 27.2 
Total litter weight at 56 days 207.4 182.2 
Percentage of pigs born still alive 56 days 83.5 69 . 1 
* Corn 70, soybean meal 25, alfalfa meal 2.5 , minerals 2.0, and cod liver oil 0.5. 
**Corn 77.8, tankage 17.2, alfalfa meal 2. 5, mineral 2.0, and cod liver oil 0.5. 

SUMMARY OF RESULTS OF NUTRITION EXPERIMENTS 

1. The addition of the three B-complex vitamins, riboflavin, calcium pantothenate and nicotinic 
acid to a corn-soybean meal ration for growing-fattening pigs in dry lot resulted in an average increase 
of 8 per cent in rate of gain and saved 3 per cent ·of the feed required per unit of gain. 

2. The addition of these same B-complex vitamins to a corn tankage basal ration for similar pigs 
in dry lot gave even better results. The rate of gain of the pigs on this ration was increased by 11 per cent 
and 9 per cent less feed was required per unit of gain. 

3. In a single feeding trial with brood sows in dry lot, the addition of these B-complex vitamins to 
an all vegetable protein ration proved to be of no benefit. 

4. Vitamin B-12 did not incr~ase the rate and economy of gains of pigs in dry lot which received 
a corn-soybean meal ration, but it did improve the rate of gain slightly in two experiments when added to 
a corn-tankage ration. However, it did not improve the economy of gains in these experiments. 

5. Vitamin B-12 was of considerable value, however, when included in an all vegetable protein ra
tion for brood sows in dry lot in 3 different experiments involving 39 brood sows and their litters. Sows 
which received B...:12 weaned an average of one more pig per litter, and the pigs from sows in this group 
averaged 2.5 pounds more at weaning than pigs from sows fed the control ration. 

6. Good pa~tur_e again proved to be of considerable value in rations for growing-fattening pigs. The 
data obtained indicated that pasture-fed pigs grew as rapidly on a simple basal ration of corn and soybean 
meal as those pigs in dry lot which received this same ration fortified with the B-vitamins, trace minerals 
and vitamin B-12. · 

7. Green, cut rye added to an all vegetable protein ration for brood sows in dry lot was of more 
benefit than the 3 B:.vitamins and vitamin B-12. In one experiment 5 gilts fed a corn-soybean meal ration 
supplemented with rye pasture weaned 100 per cent of the pigs they farrowed with an average total litter 
weight at 56 days of 354.4 pounds. This exceeded the total litter weight of pigs from sows fed the control 
ration by 60.3 pounds. 
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8. Trace minerals did not incr.ease the rate and economy of gains of growing-fattening pigs in dry 
lot when added to a corn-soybean meal ration. Neither were they of any significant benefit when added to a . 
similar ration for brood sows in dry lot. However, the rate and economy of gains of pigs in dry lot which 
received a corn-tankage basal ration were increased by 12 per cent and 4 per cent respectively when trace 
minerals were added. 

9. In 8 different feeding trials involving 156 growing-fattening pigs which were fed a corn-soybean 
meal ration in dry lot, the addition of the antibiotics, procaine penicillin or aureomycin, increased the rate 
of gain by 20 per cent with a saving of 5 per cent of the feed required per unit of gain. 

10. These same antibiotics were less effective when added to a corn-tankage ration for growing
fattening pigs in dry lot. In 4 experiments involving 80 pigs, the rate of gain was increased by only 6.6 
per cent and 4.1 per cent less feed was required per unit of gain. · 

11. The addition of either aureomycin or procaine penicillin to a corn-soybean meal ration for 
growing-fattening pigs on pasture in 4 different experiments failed to increase the rate of gain. However, 
10 per cent less feed was required per unit of gain in these experiments. 

12. In 4 experiments in which -streptomycin was added to a corn;.. soybean meal ration for growing
fattening pigs in dry lot, the rate of gain was increased by an average of 6 per cent and 7 per cent less feed 
was required per unit of gain. Similar re.sults were obtained with chloromycetin in 4 experiments on the 
same type of ration. This antibiotic increased the rate of gain by only 3 per cent but saved 7 per cent of 
the feed per unit of gain. However, in a later experiment with the pure crystalline material fed at the re
commended level of 4.5 mg. per pound of ration, results were considerably better than this and were com
parable to those obtained with the higher levels of penicillin and aureomycin. 

13. The antibiotic, procaine penicillin, proved to be of no value in one experiment when it was added 
to a corn-soybean meal ration for brood sows in dry lot. 

14. Either soybean meal or tankage when properly fortified with vitamins, minerals, or good 
quality pasture proved to be excellent protein supplements to corn for growing -fattening pigs. However, 
the most efficient ration observed in this study consisted of corn and soybean meal fortified with trace 
minerals, riboflavin, ca-pantothenate, nicotinic acid, vitamin B-12, and aureomycin. 

15. When adjusted to the same percentage of protein in the ration, tankage was superior to soybean 
meal for weanling pigs although this advantage was very slight in most cases. The one exception to this was 
when aureomycin was added, and in this case soybean meal gave the most rapid and economical gains. 

16. Sows receiving a corn-soybean meal ration fortified with B-vitamins, vitamin B-12 and trace 
minerals weaned an average of 1.4 more pigs per litter than an equal number of sows which received a 
corn-tankage ration fortified with these same products. However, pigs from sows fed corn and tankage 
were 1.2 pounds heavier on the average· at 56 days of age. Possibly a combination of these proteins would 
give best results in brood sow rations. 

Acknowledgement--The 3 crystalline B.;.vitamins, streptomycin, penicillin and the vitamin B-12 con
centrate were generously supplied by Merck and Co., Inc., Rahway, New Jersey; the aureomycin supple
ment by Lederle Laboratories, Pearl River, New York and the chloromycetin by Parke-Davis and Company, 
Detroit, Michigan. 

THE INFLUE!NCE OF THE SODIUM FLUORIDE TREATMENT FOR ROUNDWORMS ON SUBSEQUENT 
RATE AND ECONOMY OF GAINS IN SWINE 

John F. Lasley 

Infestations with large roundworms (ascarids) and other parasites cause enormous losses' to the 
swine industry each year. Such losses have long been recognized and because of this the McLean County 
System of swine sanitation was developed over 32 years ago for the purpose of preventing such parasitic 
infestations. This system has been practiced with remarkable success, but nevertheless there are still 
many farms today that either do not follOw any sanitation program at all or follow one only partially. Hogs 
produced under such conditions almost invariably suffer from moderate to heavy infestations with round
worms and other parasites. As a result, their gains during the growing, fattening period are much slower 
and less economical than whe11 sanitation is-practiced. 

When infestations occur, treatment usually consists of removing the roundworms from the intestinal 
tract of the pigs by means of expellers ·(anti-helminthics). Various compounds have been used for this 
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purpose, such as lye, oil of Chenopodium (worm seed oil) and phenothiazine. U.S.D.A. reports indicate that 
even milk and milk products may be effective in flushing the mature roundworms from the intestinal tract 
of swine although this apparently does not prevent the small worms from passing through the liver, lungs 
and other organs during the early part of their life cycle. 

In recent years, sodium fluoride has been used. This compound is said to be about 95 per cent ef
fective and is cheap and easily administered. It has found widespread use on farms throughout the corn 
belt states .. 

Although the value of prevention of roundworm infestations has been demonstrated many times under 
practical conditions on the farm, less information is available on the value of treatment with certain worm 
expellers. It is generally recognized that considerable permanent damage may be done to the liver, lungs 
and other organs of young pigs when the small roundworms pass through the body during the early stages of 
their life cycle. Removal of the mature worms after this damage is done may not be beneficial to the pigs 
although such a practice may prevent heavy infestations of the premises with roundworm eggs. 

Because further information is needed on the value of the treatment of hogs with an efficient worm 
expeller such as sodium fluoride as related to later rate and economy of gains, a series of experiments 
was begun at the Missouri Agricultural Experiment Station to study this problem. At the present time 4 
experiments involving 186 pigs, 93 of which are treated and 93 served as controls, have been completed. 
The results of these eXperiments are reported in the following pages. 

Results. The first experiments in which a study was made of the influence of sodium fluoride on 
subsequent rate and economy of gains of growing-fattening pigs were conducted during the summer of 1948. 
Eighty purebred Duroc pigs including 40 barrows and 40 gilts were used in this study. The barrows were 
divided into 4 different groups of 10 pigs each and were fed in dry lot. The gilts were similarly divided 
but fed on timothy pasture. All pigs were fed the same well balanced ration throughout the experimental 
period. The pigs which were treated with sodium fluoride received 1 pound of this compound in 50 pounds 
of dry, ground wheat the day the experiment was begun. This level is approximately 2 per cent sodium 
fluoride which is about double the present recommended dosage. 

The results of these experiments are summarized in Table 25 and 26. In all of the treated lots of 
pigs the rate of gain after treatment was slightly below that of the non-treated pigs. Furthermore, 3 of 
the 4 treated lots of pigs also required slrghtly more feed per unit of gain. Thus, under the conditions of 

Table 25-- The Influence of Treatment with Sodium Fluoride on Table 26--The Influence of Treatment with Sodium Fluoride on 
Subsequent gains of Purebred Duroc Barrows in Dry Lot. Subsequent Gains of Purebred Duroc Gilts on Timothy Pasture. 

(Summer, 1948) (Summer, 1948) 

GROUP I GROUP II GROUP Ill GROUP IV 
Treated Not Treated Treated Not Treated Treated Not Treated Treated Not Treated 

Lot number I 2 3 4 Lot number 5 6 7 8 
No. of days on experiment 84 84 70 70 No. of days on experiment 28 28 70 70 
No. of pigs per lot 10 10 10 10 No. of pigs per lot 10 10 10 10 
Avg. initial weight 61.5 62.2 93.0 94.2 Avg. initial weight 83.3 83.8 60.3 60.0 
Avg. final weight 193.2 207.2 215.2 214.6 Avg. final weight 115 .3 120.1 154.2 161.2 
Avg~ daily gains 1.59 I. 70 1. 72 I. 73 Avg. daily gains 1.14 1.30 1.34 1.44 
Fee per I 00 pounds gain 372 375 407 385 Feed per 100 pounds gain 423 401 389 354 

these experiments treatment with sodium fluoride was not beneficial but actually seemed to be slightly 
detrimental. Counts of worms expelled at the time of treatment were not made in the various lots so the 
degree of infestation could not actually be determined. Nevertheless, a considerable number of worms 
were noticed in the droppings of the treated pigs, indicating at least some degree of infestation. Pigs in 
Groups 1 and 4 in these experiments were lighter, less thrifty and possibly more heavily infested with 
worms than pigs in Groups 2 and 3, but they were benefitted no more from the worming treatment than 
the larger, thriftier pigs. 

A second series of experiments was conducted during the summer of 1949 in which 38 purebred 
Duroc barrows were fed in dry lot on concrete floors. These pigs were again divided into 4 lots, two of 
which were treated with sodium fluoride and two served as control or check lots. Two parts of sodium 
fluoride to 100 parts of dry ground feed was again used for treatment. 

The results of these experiments, summarized in Table 27, p. 18, were almost identical to those 
obtained with pigs in the previous trials in that there was no increase in rate and economy of gains . when 
the pigs were treated with sodium fluoride. Worm counts after treatment in this experiment showed that 
Group 1 shed an average of 35.6 worms per pig, while an average of 56.7 worms per pig was found in 
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Table 27--The Influence of Treatment with Sodium Fluoride as a 
Worm Expeller on Subsequent Rate and Economy of Gains of Duroc 

Barrows in Dry Lot. (Summer, 1949) 

Group 2. These counts indicate 
that the pigs were infested with con
siderable numbers of roundworms, 
but their removal did not result GROUP I GROUP II 

Lot number 
No. of days on experiment 
No. of .pigs per".lot 
Avg. initial weight 
Avg. final weight 
Avg. daily gain 
Feed per 100 pounds gain 
No , of worms expelled 

per pig 

Treated 
1 

70 
10 
93 .3 

206.5 
1.62 

402 

35.6 

Not Treated 
2 

70 
10 
93.0 

210.9 
1.69 

382 

Treated Not Treated 
3 4 

98 98 
9 9 

o2.3 62.8 
204.'9 206.2 

1.45 1.48 
387 399 

56.7 

in an increase in rate and economy 
of gains. 

A third experiment was con
ducted in the winter of 1950-51 with 
20 purebred Yorkshire pigs which 
had been subjected to worm infesta
tions previous to the beginning of the 
experiment. These pigs were di
vided into 2 lots of 10 pigs each 
according to sex, age and weight 
and were fed the same ration. They 

were fed for a period of two weeks after which one lot was treated with sodium fluoride (1 per cent) and the 
other was left as a control or check lot. Apparently these pigs were not heavily infested with roundworms 
since only a few worms were observed in the feces of the treated pigs following treatment. 

The results of this experiment are summarized in Table 28. During the 2-week period before treat
ment the pigs in the two lots gained at approximately the same rate. After the pigs in the one lot were 
Table 28--The Influence of Treatment with Sodiurr. wormed, how~ver, they made slightly faster ~ins 
Fl ·d w E 11 Subsequent Rate than those which .were not wormed although this dif-uon e as a orm xpe er on f t t t· t' 11 . nif' t E h 1 t dE f Ga. f y k h' Pi erence was no sa IS 1ca y -sig 1can. ac o an conomy o ms o or s 1re gs. . . 

(Winter, 1950) · of !11gs required 333 pounds of feed per 100 pounds of 
gam. 

No. of pigs per lot 
No. of days on experiment 
Avg. initial weight 
Avg. final weight 
Avg. daily gain 
Feed per 100 pounds gain 

Treated 
10 
82 
66.6 

156.3 
1.09 

333.2 

Not Treated 
10 
82 
66.4 

150.4 
1.02 

333.0 

A fourth experiment was conducted during the 
spring and summer of 1951 with 48 Chester White and 
Duroc x Hampshire crossbred pigs that were divided 
equally into lots according to breed, weight, sex, and 
age. They were fed the same ration throughout the 
experimental period. The fourth week after the be- · 
ginning of the experiment one lot was wormed with 

Table 29--The Influence of Treatment with Sodium Fluoride on Subsequent 
sodium fluoride (1 per cent) 
and the other was left as a 
control. The results of this 
experiment which are sum
marized in Table 29 show 

Rate and Economy of Gains of Pigs in Dry Lot.* (Summer, 1951) 

Before Treatment After Treatment 
Lot number Lot 1 Lot 2 Lot 1 Lot 2 

Not wormed Wormed 
No. of pigs per lot 24 24 24 24 
No. of days on feed 27 27 42 42 
Avg. weight when treated ---- ---- ---- 69.3 
Avg. daily gain 1.12 1.14 1.37 1.30 
Feed per 100 pounds gain 323 310 356 368 
No. of worms per pig in treated lot ---- ---- ---- 3.3 
*The ration used in this experiment contained 9 mg. of aureomycin per 
Table 30--Summary of all Experiments in which 

Sodium Fluoride use used for Worming Pigs. 
in the first two series 

Treated Not Treated pigs in this trial were 

that the pigs in the two lots 
made almost identical gains 
during the four-week period 
before one group was wormed. 
For a period of 42 days fol
lowing worming, however, 
the rate and efficiency of 
gain was slightly in favor 
of the pigs which were not 
wormed, which is in agree
ment with the results obtained 

Number of Pigs 93 93 

of experiments. However, the 
probably not heavily infested 
y counts given in Table 30. with worms as shown b 

Avg. daily gain 1.42• 1.47 
Feed per 100 pounds gain 381 373 

Summary. Results obtained .in this study showed that worming growing-fattening pigs with sodium 
fluoride did not result in increased rate and economy of gains following treatment. (Table 30) On the con
trary, the pigs in the control or check lots which were not wormed actually made 3. 5 per cent more rapid 
gains and required 2.1 per cent less feed per unit of gain. It should be pointed out, however, that there are 
many pigs on Missouri farms which are more heavily infested with roundworms than those used in these 
experiments, and it is possible that such pigs may derive some benefit from the worming treatment. 
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These data do indicate very strongly that treatment, or removal of the roundworms after they are 
mature, is a poor substitute fot preventive sanitation practices. Probably the reason for this is that much 
of the damage is done when the small worms pass through the liver, lungs and other organs during the early 
part of their life cycle. Removing the worms after they are mature will not repair or prevent this damage. 

Practical Application of Experimental Results. These results should have considerable practical 
value for the swine producer. It seems evident that the old adage "An ounce of prevention is worth a pound 
of cure" holds true in this case also. In other words, it is unwise for the hog raiser to pay no attention to 
sanitation whatever and to expect worm expellers completely to repair the damage that is done. It is also 
important to remember that the practice of sanitation in swine raising does more than prevent roundworm 
infestations for it also prevents the small pigs from -becoming infested with certain other parasites and 
diseases which may not be controlled by worming the pigs. It is possible that some of the antibiotics may 
be of considerable value in controlling certain types of disease organisms encountered when sanitation is 
not practiced but here also prevention should be preferred to treatment . 

. ·The results of these experiments should not discourage the use of worm expellers. On the contrary 
their use should be just as important as in the past because these compounds have a very important part 
to play in a sanitation and worm prevention program. Removal of mature female roundworms from the 
intestinal tract of the pigs will help break the life cycle by preventing the spreading of worm eggs around 
the premises. Fewer eggs produced mean less chance of pigs becoming wormy, for one female roundworm 
is capable of producing millions of eggs during her lifetime. 

A COMPARISON OF HAND FEEDING AND SELF FEEDING BROOD SOWS AND LITTERS 

L. F. Tribble and E. 1. Penrod 

Two methods of feeding sows and their litters are used extensively by pork producers at the present 
time. One method consists of feeding the sow by hand and the pigs in a creep where they can eat when they 
desire without being molested by the sow. The second method which seems to be gaining in popularity is 
one in which both the sows and pigs have access to feed in a self feeder. Little or no data is available as 
to which method of feeding is the most efficient and economical. Because of this fact an experiment was 
conducted during the spring of 1951 to study the value of these two methods. 

Twenty-five first litter sows and their pigs were used in this study and were divided equally be
tween lots according to the kind of ration they received. All of the sows were hand fed until their pigs were 
21 days of age, and the pigs were th~n suppliEM with the same ration the sow received either in a creep or 
in a self feeder. Each sow and her litter was fed individually in small pens with concrete floors throughout 
the experimental period. The pigs were all weaned when they were 56 days of age, and the experiment was 
ended for each sow and litter at that time. The sows that were hand fed were given all of the feed they 
would consume twice daily while feed was kept in the creep for the pigs at all times. 

Results. The results of this experiment summarized in Table 31 show that there was no difference 
in the rate of gains of pigs fed by either method. The pigs which had access to feed in a creep made an 

Table 31--A Comparison of Hand Feeding and Self Feeding Brood Sows and 
Litters. 

Method of Feeding 
Hand Fed* Self Fed* 

Number of sows 14 11 
Avg. number of pigs per litter at 21 days 7.2 7.5 
Avg. number of pigs per litter at 56 days (weaning) 6.9 7.3 
Avg. weight per pig at 21 days 9.3 10.2 
Avg. weight per pig at 56 days (weaning) 26.3 27.1 
Avg. gain per pig from 21 to 56 days 17.0 16.9 
Total feed consumed per sow and litter during lactation 796.3 698.9 
Gain or loss in weight per sow during lactation -1.6 -28.0 
Cost of feed per sow and litter during lactation $29.85 $26.21 
*Both sows and pigs received the same ration with the only variable being the 

method of feeding. 

average gain of 17 pounds 
per pig between 21 and 56 
days of age. The pigs 
which had access to a self 
feeder along with their 
mothers made an average 
of 16.9 pounds during the 
same period. However, 
the hand-creep fed group 
consumed approximately 
100 pounds more feed 
per sow and litter than the 
one that was self fed which 
represents an added cost 
based on current feed 
prices of $3.64. This 
higher cost was compen

sated for by the fact that the hand fed sows lost only 1.6 pounds on the average during the lactation period 
as compared to an average loss of 28 pounds per sow for those which. were self fed. If all sows had been 
marketed shortly after the pigs were weaned this additional weight would have been worth more than the 
extra feed consumed. "' 
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Summary and Conclusions. 1. Almost identical gains were made by 14 litters of pigs that were 
creep fed the same ration their mother received and 11 litters of pigs that had access to a ration in a self 
feeder along with their mothers during the period between 21 and 56 days of age. 

2. Each sow and litter which were self fed consumed about 100 pounds less feed on the average 
than sows and their litters which were hand-creep fed. However, these sows in the latter group lost 26.4 
pounds less weight on the average and this added weight would have more than paid for the extra feed con
sumed had the sows been marketed soon after the pigs were weaned. 

3. In this experiment both methods of feeding were satisfactory although less labor was required 
where both sows and litters were self fed. However, creep feeding might be preferred in those cases where 
the pigs are fed highly specialized and expensive rations. 

CATTLE 

FACTORS INFLUENCING EFFICIENCY OF BEEF PRODUCTION--METHODS OF BREEDING FOR 
IMPROVEMENT OF PERFORMANCE IN.BEEF CATTLE 

J; E. Comfort and G. E. Dickerson 

Nature of the Work. The Missouri project is concerned primarily with development and demonstra
tion of more effective breeding methods for improving performance in beef cattle, which will be useful to 
breeders and other experiment stations. 

Emphasis will be placed on (1) developing improved measures of performance in reproduction, 
growth, feed utilization, conformation, carcass desirability, and lactation (2) determining heritability of 
-and nature and degree of genetic-physiological association between the characteristics enumerated, (3) 
finding how much attention should be given each character and when culling should be done to produce max
imum genetic improvement in over-all performance, (4) exploring possibilities in recurrent cycles of selec
tion between small families and intercrossing between the selected families, within a single large herd, (5) 
testing systems of selecting directly for maximum performance in cross combinations between different 
strains. 

The general procedure to be· followed: 1. Obtain 12 or more sets of half-sibs consisting of 6-8 
heifers and a bull at weaning age from as many different promising sources as possible. 

2. Measure growth and feed utilization by family groups from weaning to 15 months of age. 

3. Breed heifers in each group to their 1/ 2 brother and obtain performance records on progeny of 
each family. 

4. Discard poorer families, and intercross the better ones as foundation stock for a 4-6 sire herd, 
with emphasis on intra-herd selection on individual and family performance, with minimum inbreeding. 

5. Maintain a small control herd, starting with females of the foundation families tested, by using 
each year a new set of 2 or more carefully selected bulls from representative breeders' herds. 

6. As soon as the merit of the stock warrants form a small inbred strain within the larger herd to 
be used as a "tester" strain, and selection will be directed towards developing another strain that will give 
maximum performance in crosses with the "tester". Selection will be based primarily on progeny perfor
mance in matings with animals of the "tester" strain. 

7. Obtain sets of identical twins in beef cattle as weanling calves or earlier . Use them to determine 
what genetic-physiological and environmental correlations exist between the different important performance 
characters of beef cattle. 

Detailed Report of Progress of Work with Experimental Breeding Herd. Individual feeding on the 
7 yearling Hereford bulls selected ~rom 7 different herds in the spring, 1949, was completed in March and 
April, 1950. After 300 days of feeding the bulls were all in about the same good condition although at the 
beginning of the test they varied in condition from very thin to well finished. These bulls were 1!:} to 25 
months of age at the end of the test. Except for two bulls that had considerable grain feeding before being 
placed on this test, the daily gains ranged from 2.04 lbs. to 2.25 lbs. per head daily and required a range 
of 629 to 644 pounds of concentrate and 301 to 324 pounds of legume hay to produce 100 pounds of gain. 
(See Table 1, p. 21) 
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Table !--Individual Feeding and Growth Record on Bulls Used 
in Experiment 

Bulls A B c D E F 
No. of days on feed 332 339 339 305 300 303 
Initial condition Fat Thin Very Me d. Med. Thin 

Thin Thin Thin 
Avg. Starting age 

(months) 14 11 10 9 10 14 
Avg. Initial wt. 

(lbs.) 1085 634 587 698 665 749 
Avg. Final wt. (lbs.) 1540 13 70 1350 1320 1334 1415 
Avg. Daily gain (lbs.) 1.37 2.17 2.25 2.04 2.24 2.20 
Avg. Final type score 85 80 77 70 78 72 
Feed per cwt. gain 

Concentrates (lbs.) 1085 644 63 2 629 633 638 
Roughages (lbs.) 533 316 314 324 301 306 

Chart 1--Rate of Growth on Hereford .Heifers from 6 Herds 

Lbs. 
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The 33 yearling heifers se
lected from 6 different herds grazed 
on lespedeza and mixed grass pas
ture during summer andfall of 1949 
and were wintered on corn silage 
and legume hay in 1949-50. The 5 
heifers lightest in weight and thin 
when purchased made a gain of 
272 pounds from May 19, 1949 to 
April 20, 1950, and the heaviest 
group of 5 heifers in fleshy condition 
at the beginning gained only 160 
pounds during the same period. 
However, the heavier group weighed 
100 pounds more than the lighter 
weight group at 24 months of age, 
even though all groups of heifers 
were in about the same condition 
at that age. (See Chart 1.) 

These heifers were bred 
during the winter 1949-50 (half sib 
matings) so as to calve during the 
the winter 1950- 51 when about 30 
months old. These heifers and one 
bull on the beef cattle breeding pro
ject were taken to the Weldon Springs 
Station in April, 1950. An abundance 
of improved pasture was available 
and they developed very well until 
July, 1950, when an outbreak of 
anaplasmosis in this herd started 
started playing havoc. This out
break occurred about six weeks 
after a scourge of horse flies in 
the Weldon Springs area. Eight of 
the heifers and one bull died. 
Twelve other heifers were very 
sick but recovered. The 13 other 
heifers were not noticeably ill. 
Four of the heifers aborted during 
the sickness. The heifers started 
calving in late October, 1950, and 
completed calving in early 1951. 
Four of the full term calves were 
dead at birth. A majority of the 

300......._-------------------------- calves were carried 6 to 10 days 
12 13 14 15 16 11 18 19 20 21 22 23 24 25 longer than the average 283-day-

Months of A e gestation period. 

Table 2--Weights on 6 Groups of Yearling Hereford Heifers--1950-51 

14 14 12 11 
744 631 571 472 
858 805 755 662 
790 870 810 725 
897 867 800 702 

25 25 23 23 
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Chart 2--Rate of Growth on 6 Groups of Yearling Hereford Heifers 
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Thirty-six grade Hereford 
yearling heifers are available for 
sire testing in 1951-52. 

At the Weldon Springs Sta
tion 10 miles of outside and cross 
fences have been built; scale, scale 
house and corral have been complet
ed. Six hundred acres of this area 
have been fertilized and seeded to 
one of the following legume and pas
ture grass combinations: brome
grass, alfalfa and ladino clover; 
wheat, timothy, birdsfoot trefoil 
and Kentucky bluegrass; tall fescue 
and ladino clover; orchard grass 
and lespedeza; wheat and lespedeza; 
rye and lespedeza. At Columbia a 
100' x 24' cattle feeding shed and 
two modern cottages for help are 
under construction. 

40o~ Progress with Identical Twins. 
9 mo . 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 24 Three pairs of identical twin heifers 

were purchased at weaning time in the spring of 1950 to start some exploratory work on the use of identical 
and fraternal beef cattle twin heifers to investigate the nature and importance of (1) genetic and environ
mental variation in economic characters; (2) genetic environmental interactions; and (3) genetic physio-

Table 3--Individual Feeding and Growth Record on Identical 
Twin Heifers. 

logical associations between different 
characters. These heifers were individ
ually fed until 16 months of age. All three 

::::--:-::---=--------==""---:::::~--=~--=7"""---;:::=----;-;;-;::--tsets of identical twins have completed the 
Heifer No. U1 U2 U3 U4 U5 U6 feeding test and each pair are being bred 
No. Days on feed 245 245 318 318 191 191 to the same sire. 
Avg. Starting age (Mo.) 8 8 6 6 10 10 
Avg. initial wt. (lbs.) 408 384 263 235 410 400 One set of twins made daily gains 
Avg. final wt. (lbs.) 930 885 895 845 730 718 of 2.13 and 2.04 lbs. and required 599 
Avg. daily gain (lbs.) 2.13 2.04 1.99 1.92 1.68 1.66 and 619 lbs. of concentrate and 251 and 
Avg. final type score 69 70 71 69 64 64 309 lbs. of legume hay per 100 lbs. gain. 
Feed per cwt. gain Another pair made a daily gain of 1.68 

Concentrate (lbs.) 599 619 542 538 637 614 and 1.66 lbs. and required 637 and 614 
--'R:.__ou'-"g,._h.::..:a=>g~e:.....l.:(l:.;:b...:.s..:...)'-----25.:...1 __ 3.:...0_9:.___2_0_0 __ 1_8:....4 __ 2....:5....:3 __ 2_1_9-lpounds of concentrate and 253 and 219 

~----~-------------------~-------------Jpoundsofhayper 100lbs. of gain, and 
the other pair a daily gain of 1.99 and 1.92 with 542 and 538 pounds of concentrate and 200 and 184 pounds 
of hay per 100 pounds of gain. At 16 months of age the pair of grade polled Shorthorns weighed 930 lbs. 
and 885 lbs. respectively and the grade Herefords 730 and 718 pounds each and grade Shorthorns 895 and 
845 pounds. With the exception of the variation in size the individuals of each pair are remarkably alike 
in color, markings, type and conformation. The pair of polled Shorthorns both proved to be sterile due to 
infantile development of the genital tract. They were bred 7 or 8 times. (See Table 3) 

Expansion of this phase of the project will depend on securing additional financial support . . 

SHEEP 

PRODUCTION OF LATE (APRIL) LAMBS--(PRELIMINARY REPORT) 

A. J. Dyer and C. M. Bradley 

Sixty-four head of range crossbred ewes, commonly referred to as Northwestern ewes were secured 
in late July, 1950, for the test. Half of the group were bred beginning August 1, for early lambs. The re
mainder were bred beginning November 1, for April lambs. The preliminary results for the early lambs 
were submitted in Progress Report 13, dated April 13, 1951. The preliminary results for the late lambs 
are presented herein. 

During pregnancy, the 32 ewes in the late-lamb project grazed bluegrass and some wheat pasture 
and were fed Korean lespedeza hay when bad weather prevented grazing. During the last six weeks of 
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Table 1--Late Lamb (April) Production. The Effect of Feeding 
Concentrate Mixture to Ewes During the Last Six Weeks of 

Pregnancy (Preliminary Data) 

pregnancy one-half of the 
group (1p head) was fed a 
concentrn.te mixture, con
sisting of shelled corn, bran 

----------------~~----------~----~ andsoybeanmeru. But 
Lot No. 2A 2B none of the ewes and none of 

*Concentrate Mixture No Concentrates 
Ration Fed 

the lambs were fed grain 
Bluegrass Pasture Bluegrass Pasture after lambing, except dur-
Korean Lespedeza Korean Lespedeza Hay 

-=A-. -:cN;-u-m-;b:-e-r~in~lo--:t:------------.1-;;6,...-:'----__:;.:;,;;,.;::....:...:;=;-1:;:;6 .:..:-c...:...cc....;;.._:;.::.;....:=y ing the first few days when 
B. Age of ewes (years) 2 2 they were confined to the 
c. Avg. Lambing date April 11 April 12 barn with the young lambs. 
D. Wt. August 1, 1950 (lbs.) 91.1 90.5 bTlhe lambs land ewes grazed 
E. Wt. when settled (lbs.) 119.4 118.8 uegrass- espedeza and 
F. Wt. 6 weeks before full term (lbs . ) 120.7 119.6 wheat pasture during the 
G. Full term pregnancy wt. (lbs.) 129.6 119.8 1951 grazing season. At 
H. Gain during last 6 wks. the present time, they are 

of pregnancy (lbs.) 8.9 .2 grazing a mixture of Red 
1 . wt. after lambing (lbs.) 111.2 104.6 clover, Alsike clover, Kor-
J. "/o Lamb crop dropped 106 112 ean lespedeza and Timothy. 
K. % Lamb crop saved 94 94 On July 20, half of the lambs 
L. Birth wt. of lambs (lbs.) were shorn to compare 

Single 10.3 8_6 their gains in hot weather 
Twins 6.8 6 . 1 with lambs in full fleece. 

M. Avg. wt. of lamb on August 24, 1951 Data shown in Tables 1 
Single (lbs.) 82 .2 72 . 1 and 2 were obtained. 
Twins (lbs.) 57.0 59.8 

N. Avg. wool yield of ewes (lbs.) 
0. Wt. of ewes August 3, 1951 (lbs.) 113.4 109.6 
*By weight, shelled corn 6, bran 3, soybean meal 1. 

Observations . 1. 
Young, immature range 
ewes gained about 30 lbs. 
(average per head) on wheat

r----------------------------, bluegrass pasture between the time of purchase, 
Table 2--A Comparison of Gains Made by Shorn Lambs 

and Lambs in Full Fleece on Pasture.. 

late July, and 6 weeks before full term preg
nancy. 

2. Ewes fed a fed a ~oncentrate mixture 
Shorn Full Fleece during the last 6 weeks of pregnancy dropped 

Avg. wt. July 20 before shearing (lbs.) 59.1 58.7 lambs that grew faster. At 19 weeks of age, 
Avg. wt. August 24 (lbs.) 74.5 73.2 single lambs from ewes fed concentrate in late 
Avg. total gain (lbs.) 15.4 14.5 ·pregnancy, are 10 pounds heavier, average, 

.:.;A:..:.v..2..:..g .. -'-w:..:.o:..:.o:..::l:..:.c:.:1~ip~(l=b:..::s:..::·~....> _________ 1::..:·:.:::5_---=.n:.:o:.::n=e---1 than from ewes that were not fed grain in late 
'------------------------__J pregnancy. In this test, feeding grain to im-

mature ewes has given good returns. In preceding tests, with mature ewes, grain feeding gave no advantage. 

3. The .amount of concentrates fed, 1 pound per heac;l daily, was not sufficient to maintain the flesh 
and the weight of the ewes in late pregnancy. The ewes fed grain were 9.5 pounds lighter after parturition 
than 6 weeks prior to full term; those not fed grain were 15.0 pounds lighter. 

4. There seemed to be only slight advantage to the shearing of lambs in mid-July. 

PRODUCING FAT 2-YEAR-OLD STEERS FROM LIGHT WEIGHT YEARLING FEEDERS 
(PRELIMINARY REPORT) 

A. J. Dyer, R. K. Leavitt, Paul Guyer 

In preceding tests conducted by the Missouri Station fat 2-year-old cattle have been produced from 
cruves largely through the use of roughage and pasture. According to this plan, the feeders are fleshy by 
the end of the first grazing season and weigh about 750 pounds. Most of the men who want to buy yearling 
feeders to rough through the winter, and then graze and fatten would prefer thinner, lighter weight cattle 
than these. 

In the fall of 1950, 40 head of short yearlings in medium condition of good to choice feeder grade 
and 600 pounds average weight were secured for test purposes; 30 were fed corn silage and Red clover hay 
in dry lot and 10 were fed a limited amount of lted clover hay on bluegrass pasture. For a short time this 
past spring all grazed together on bluegrass pasture and then one lot of 10 head grazed wheat-lespedeza 
pasture and 3 lots of 10 head each grazed Alta fescue-Ladino clover. The results obtained are contained in 
Table 1, p. 24. 
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Table !--Producing Fat 2-Year-Old Steers with Roughage and Pasture and Minimum Amounts 
of Grain (Preliminary Results} 

Lot 1 Lot 2 Lot 3 Lot 4 
Winter Phase--Dec. 6 to April 20 (Average per head) 
1. Feed Fed 

Corn Silage 1.4 Ton 1.4 Tori 1.4 Ton None 
Red Clover Hay .4 Ton .4 Ton .4 Ton .4 Ton 
Bluegrass Pasture None None None All winter 

2. Beginning wt. (lbs.) 605 606 605 606 
3. Wt., April 20 (lbs.) 812 811 801 622 
4. Total winter gain (lbs.) 207 205 196 16 
5 . Avg. daily gain (lbs.) 1.5 1.5 1.5 .1 

Grazing Phase, April 20 to August 29 
1. April 20 to 30, Bluegrass Pasture Lost 42lbs. Lost 41 lbs. Lost 40 lbs. Gained 14 lbs. 
2. April 30 to August 29 

*Alta Fescue - Ladino (lbs. gain) 145.0 169.0 213 . 0 
Wheat-LE;!spedeza (lbs. gain) 230 

3. Net gain from pasture (lbs.) 188 104 129 227 
4. Avg. daily gain (lbs.) 1.4 .8 1.0 1.7 

Winter and Pasture 
Gains combined (lbs;) 395 309 -(317 avg. )-325 243 

Avg. Wt. of cattle (lbs.) August 29 1000 922 849 

Gains made by months (Approx.) 
May 1 to June 1 (lbs.) 60 36 50 59 
June 1 to July 1 (lbs.) 25 25 30 41 
July 1 to August 1 (lbs.) 65 44 47 58 
August 1 to Septembe·r 1 (lbs.) 80 40 42 55 

*Access to Bluegrass in addition after July 12. 

Observations. 1. Excellent quality corn silage and Red clover hay produced an average daily gain 
inwinter of 1.5 pounds and the cattle were fleshy when turned to pasture. 

2. Bluegrass pasture supplemented with a limited amount of Red clover hay produced a very small 
gain but the cattle were thin and thrifty when the spring grazing became available. 

3. Fleshy cattle lost 40 pounds during the first 10 days on pasture and required 30 days grazing to 
gain back their weight when turned on pasture. 

4. Thin steers gained consistently during the grazing season. 
5. Whe.at-lespedeza combination has produced more gain and finish than Alta fescue-Ladino clover, 

e.g., 230 pounds average gain per head compared to 157 pounds per head or 46 per cent faster daily gains. 
6. Two steers per acre were allocated to the Alta fescue-Ladino clover mixture and one steer to 

1 1/4 acres of the wheat-lespedeza combination. This season, the .former mixture would have carried from 
3 to 4 steers but the wheat-lespedeza was grazed out completely. Therefore much more total beef was 
produced per acre from the Alta fescue-Ladino clover; to August 29; under the conditions of the test, about 
350 pounds gain to the acre from the former and 180 from the wheat-lespedeza. 

7. To reach the same market finish, cattle which grazed Alta fescue-Ladino would require con
siderable grain to attain finish comparable to that of cattle that grazed wheat-Korean lespedeza. 

8. The cattle (Lot 4) that gained only .1 pound per head daily in winter have made the greatest gain 
from pasture but are still 73 pounds lighter than the cattle with which they can be compared, e.g., Lots 2 
and 3. (All 3 grazed together on Alta fescue-Ladino clover) The lighter cattle will require considerable 
more grain to finish. The more liberal winter feeding should prove more remunerative under the conditions 
of this test. 

9. Numerous cases of bloat occured in cattle that grazed Alta fescue-Ladino clover but no deaths. 
The bloat,occured most frequently ·in the afternoon of bright days. Making bluegrass available in addition 
to the Alta! fescue-Ladino clover seemed to reduce the incidence of bloat. Mowing strips in the field and 
providing dry hay proved to be less effective. Most of the bloat could be relieved if cattle were exercised 
and if they ate dry hay that was offered to them. 
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