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EFFICIENCY VARIATIONS IN STEERS 
A PROPOSED RECORD OF PERFORMANCE 

LAURENCE M. WINTERS and HARRY McMAHON 

INTRODUCTION 

The fundamental purpose in livestock improvement is to develop 
strains of livestock that are more efficient in converting feedstuffs into 
products more useful to man. The earliest breeders had this in mind ; 
Robert Bakewell stressed economy of production as well a utility of 
form and quality of flesh. Amos Cruickshank considered a good middle, 
a broad full chest, wide back, and deep ribs as the best indicators of 
an animal's ability to gain economically, and he selected accordingly. 
Modern breeders, for the most part, have developed on this assumption, 
believing that the greatest efficiency in feed utilization is associated with 
what is called " improved body type." This view is well exemplified by 
the following from Vaughan ( 1931 ) : "A type is an ideal or standard 
of perfection combining all the characters which contribute to the ani
mal's value and efficiency for the purpose specified. Type provides the 
animal with the proper form and structure for the kind of work or 
production required." 

Stockmen have long recognized the existence of animals that re-
pond readily to feed and others that do not, and this has frequently 

been accounted for on the basis of type. Little, however, has been clone 
in a scientific way to measure the extent of these differences and to 
determine their economic importance. It must be kept in mind, how
ever, that mere ability to gain weight economically is not the only test 
of profit-making abilities in a meat animal; the quality and percentage 
of carcass produced are of importance, but, other things being equal, 
the animal that make the largest gains per unit of feed consumed will 
return the greatest profit to the producer. 

OBJECTS 

The objects of the experimental feeding trials presented in this paper 
were as follows : 

1. To determine whether variations in efficiency of feed utilization 
by steers of a given age and market grade are of sufficient magnitude 
to be of economic importance to the livestock producer. 

2. To develop methods of feeding and handling that would make 
accurate feed records possible and at the same time provide conditions 
as favorable as those of lot-feeding. 
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3. To discover characteristics that would indicat~ an efficient animal. 
4. On the basis of the information obtained, to formulate a record 

of performance program that would aid in the development of more 
economical strains of beef cattle. 

LITERATURE REVIEWED 

Wilson and Curtiss ( 1893) demonstrated that beef steers were no 
more efficient in making gains than dairy steers. Burns ( 1910) has 
hown that "razor-back" hogs gain as economically as good grade Polan<l 

Chinas . Dvorachek and Semple ( 1931) found that the cost of produc
tion at weaning time was slightly less for native Arkansas calves than 
for high-grade or purebred Aberdeen-Angus calves and that the former 
were as economical as the latter in the feed lot. Smith ( 1910) pointed 
out that type at best is only a relative measure of feeding performance; 
he found that it was not unusual for one steer to make a one-fifth larger 
gain than another on the same feed, even though both were of the same 
type and in the same condition at the outset of the trial. Crampton 
( 1928) reported on a pair of pigs of similar breeding and of the same 
weight at the outset of the trial, one of which made a 37 per cent greater 
gain than the other per unit of feed consumed. Later ( 1929) Crampton 
reported on two Yorkshire pigs from the same litter, which at the outset 
of a 121-day f eed.ing trial weighed 30 and 31 pounds, during the trial 
consumed 701 and 703 pounds of feed, but gained 186 and 213 pounds, 
respectively. 

Thompson ( 1926), in work with mice, recognized individual differ
ences in food utilization and capacity for growth, and Cowgill ( 1928) 
found that dogs varied considerably in the number of calories required 
to maintain a constant body weight. 

Palmer and Kennedy ( l 931) developed an efficiency index which 
when applied to rats revealed marked differences in the rats' individual 
efficiencies in food utilization. Morris, Palmer, and Kennedy (1933) 
developed two lines of rats, one of which was about 40 per cent less 
efficient in food utilization than the other. Their work shows clearly 
that efficiency in food utilization is an inherited character and that it is 
possible to develop superior strains with respect to economy of gains. 

EXPERIMENTAL 

Experiment 1 (1930-31) 

In December, 1930, 18 native-bred, yearling, grade Shorthorn 
steers were purchased on the South St. Paul market. They averaged 
about 750 pounds and were sufficiently uniform in type and condition 
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so that all were graded as "good" feeders. The experimental feeding 
period b~gan December 12 and lasted 189 days. The steers were divided 
in two lots of 8 and 10 each; the lots were as nearly balanced as pos ible 
in regard to quality, condition, weight, type, etc. The group of 10 was 
group-fed as a check against the 8 which were fed individually. 

Method of treatment and ration.-The 8 steers, fed individually, 
were run in a lot formerly used for 10 group-fed steers. The inside 
pen was 24 x 24 feet and opened to a lot 24 x 100 feet. Individual 
feeding stalls, 2% x 5 feet, were provided. At feeding time each steer 
was put in his stall and secured by means of a wooden bar behind him. 
Approximately 1% hours was allowed for each feeding, which was 
twice daily, after which the steers were released and the stalls closed. 
An attempt was made to offer each animal a.t each feeding all the feed 
he would consume. When feed was left, the following meal was reduced 
so the steer would consume all the feed. 

The grain ration during the first half of the feeding trial consisted 
of 85 per cent barley and 15 per cent ground oats; during the latter half 
of the trial, these grains were replaced by shelled corn. A mixture of 
equal parts of linseed meal, cottonseed meal, and corn gluten meal was 
used as a protein supplement. Alfalfa hay was used as the roughage 
and was fed up to the steers' individual abilities to consume roughage. 
Water, salt, and bone meal were in the pens at all times. 

Table 1 

Individual Differences of "Good" Yearling Steers in Response to Feed (BJ l) 
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lb. lb. lb. lb. lb. lb. 
707 1041 334 1.77 2.52 1247 $12.49 $41.71 $9.61 $6.25 -$34.98 
735 1148 413 2.19 2.37 1021 10.20 42.12 8.95 6.50 - 28.14 
777 1081 304 1.61 2.28 1316 13 .21 40.16 9.64 6.00 - 39.40 
787 1177 390 2.06 "2.34 1114 11.10 43.30 9.20 6.15 - 35.84 
753 1188 435 2.30 2.40 1011 10.06 43.78 8.91 6.50 - 28.68 
821 1235 414 2.19 2.32 1087 10.80 44.71 9.10 6.50 - 32.16 
757 1165 408 2.16 2.43 1082 10. 7 5 43.88 9.13 6.50 - 30.60 
775 1184 409 2.16 2.34 1059 $10.58 $43.28 $9.06 $6.50 -$30.26 

* Feed prices charged: Shelled corn, 53 cents per bu.; ground oats, 28 cents per bu.; 
ground barley, 42 cents per bu.; protein supplement, $38 .00 per ton; and alfalfa hay, $15 .00 
per ton. 

Individual differences.-Table 1 gives a comparison of the steers 
in regard to cost of gains . There is a difference of 131 pounds in total 
gains between the two extreme steers ( 3 and 5). This difference can
not be accounted for on the basis of differences in initial weights or 
condition, because the two steers were close to the average in these 
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respects. There is a marked difference in the feed cost per 100 pounds 
gain between the most profitable and the least profitable animals; it cost 
$13.21 to put 100 pounds gain on steer No. 3, whereas steer No. 5 cost 
only $10.06 per 100 pounds. It cost $3.15, 31 per cent, more to put 100 
pounds gain on steer No. 3 than on No. 5; in addition, No. 5 finished 
into a more desirable beef animal and sold for 50 cents more a hundred 
than No. 3. (All the steers sold at a loss ; this was due to the relatively 
high price of feeds and a declining livestock market.) 

As an animal increases in weight, the requirements for body main
tenance also increase. This means that although two steers show a 
difference in economy of gains, this difference may be due to differences 
in body weight. Table 2 is the re ult of an attempt to account for 
maintenance and to credit the steers with gains made on the basis of 
nutrients consumed above maintenance. The mean weights are averages 
of the initial and final weights. The figure used for digestible nutrients 
and the nutrients required for maintenance are based upon the Morrison 
Feeding Standard (Henry and Morrison, 1927 ) . It is recognized that 
for this particular purpose, these figures are only approximately correct; 
the former are averages of many feed tested, and the latter were de
veloped for teer on a moderate allowance of concentrates rather than 
on full feed. 

Table 2 

Individual Differences (based on T.D.N.*) in Nutrients Provided and Avail
able Nutrients in Comparison to Gains (1931) 

Gain per 100 Gain per 
Steer Mean Maintenance Total Nutrients lb. T.D.N. 100 lb. 

No. weight require- nutrients above above T.D.N. 
men ts fed maintenance maintenance con umed 

lb . lb . lb. lb. lb. lb. 
1 ....... . ... 874 1309.10 3300.26 1991.16 16.77 10.12 
2 ........... 942 1410.20 3333.48 1923.28 21.48 12.39 
3 ........... 929 1391.48 3159.04 1767.56 17.20 9.62 
4 . ... .... ... 982 1470.86 3434.81 1963.95 19.86 11.35 
5 ........... 971 1453.64 3478.55 2024.91 21.48 12.5 1 
6 ··········· 1028 1539.76 3560.73 2020.96 20.49 11.63 
7 .. ...... . .. 961 1439.41 3486.02 2046.61 19.94 11.70 
8 .. . .. . .. .. . 980 1467.12 3442.73 1975.61 20.70 11.88 

Average ...... 958 1435.20 3399.45 1964.26 19.74 11.40 

* T.D.N. = Total digestible nutrients. 

This method of treatment (Table 2) causes only minor hifts in the 
arrangement of the steers, as regards efficiency. This is to be expected, 
since the variation in weights is not great. It is of interest that the 
large t gains were not necessarily made by the steers that consumed the 
largest amounts of nutrients above maintenance; e.g., steer No. 1 had 
only 3.4 per cent more nutrients above maintenance than No. 2, yet he 
made 28 per cent more gain per 100 pounds of nutrients above mainte
nance requirements. The difference in initial weights of these two steers 
was negligible. 
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Carcass comparisons.-All the carcasses graded the same (Table 3), 
with the exception of No. 4, which was one grade higher. In thi lot of 
steers, there was no relationship between the carcass grades and the 
market evaluation of the live animals. The carcass grades show that 
the steers were reasonably uniform and that the differences in feeding 
efficiency are due to actual individual differences rather than to varia
tions in condition. 

Table 3 

Shipping and Slaughtering Data on "Good" Yearling Steers Fed Individually 
(1931) 

Dressing 
Dressing Market price per cent Cost to 

Steer University per cent Carcass per 100 lb. at produce 1 lb. 
No. Farm So. St. Paul grade* University dressed meat 

weights weights Fa1·m 

per cent per cent cents 
1 ...................... 57 SS 14 $6.25 16.39 
2 ...................... 60 60 14 6.50 15.02 
3 ............ .......... 58 59 14 6.00 16.52 
4 ...................... 62 63 13 6.15 14.87 
5 ............... ······· 60 59 14 6.50 15.24 
6 ............... .. ..... 61 62 14 6.50 14.72 
7 . . .................... 61 62 14 6.50 14.78 
8 ...................... 59 59 14 $6.50 15.32 

*Graded by Swift & Company. 

The number of animal in thi group is too small to warrant drawing 
conclu ions as to what characteristics of type or of feeding behavior are 
correlated with high efficiency. The trial did show, however, that the 
variations within a group of animals that are very much alike in con
formation, age, and weight are of distinct economic importance and 
would bear further study. If there are indications by which the live
stock producer can select animals like Nos. 2 and 5 in preference to 
Nos. 1 and 3, the informat·ion would be of advantage to the livestock 
industry. 

Individually-fed vs. group-fed steers.-The question has often 
been raised whether steers fed individually do as well as those fed in 
a group. This leads to a more pertinent question, for if individual feed
ing interferes with the resnlts obtained, the question may be raised as 
to whether all the animals have betn interfered with to the same extent. 
In this trial, the steers feel individually failed to consume as much feed 
or to show as satisfactory gains as the group-fed steers. The steers fed 
individually gained 2.06 pounds per day as contrasted with 2.32 pounds 
for the group-fed steers, and the cost of 100 pounds gain was $11.15 
for the individually-fed ~teers, as contrasted with $10.03 for the group
£ ed steers. The most plausible explanation for the difference appeared 
to be that the herdsman was unable to follow the steers' individual ap
petites as closely as in group feeding. 
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Experiment 2 (1931-32) 

Twenty-six high-grade Hereford steer calves, which were very uni
form in type and condition and graded as "good" feeder , were obtained 
for this trial. They were South Dakota range-bred calve ; hence no 
accurate record of their ancestry was available. But they were from 
one ranch and pf nearly the same age, so their previou environment 
mu t have been similar. · 

Method of treatment and ration.-The calve were giYen about 
two weeks at University Farm in which to adjust themselves to their 
new environment. The experimental feeding started November 6 and 
continued 224 days. 

Fourteen of the calves were fed individually, and 12 as a group. 
Eight of the fourtee·n were fed in ~he same stalls a were used in the 
previous trial. Six were given larger stalls, 3% x 6 feet, in an adjoining 
lot. The reason for this difference was to determine whether the size 
of individual stalls was a factor affecting the animals. The other lot 
arrangements were the same as in the previous trial. It so happened 
that the most economical and the least economical steers were in the 
larger stalls and standing side by side. The largei- stalls proved to have 
no advantage over .the smaller ones. 

Prairie hay and a mixture of equal parts of shelled corn and oats. 
were used to start the steers on feed. They were changed gradually to 
a ra~ion of shelled corn, alfalfa hay, and 1.5 pounds of lin eed meal per 
head daily. As in the previous trial, the objective was to feed the grain 
and hay up to the steers' individual appetites or abilities to handle the 
feed. Con iderable scouring and some severe cases of bloat were en
countered as the steers came on full feed. The substitution of good 
grade prairie hay for one-half of the alfalfa relieved this trouble; hence 
the hay ration became one feed each of alfalfa and prairie hay per day. 
At the end of the first five months, coarsely-ground shelled corn ,..,·as 
sub tituted for the whole . helled corn. Salt, bone meal, ground lime
stone, and water were available at all times, when the steers were loose 
in the lots. 

In an attempt to overcome the difficulty of following the animal ' 
appetites, an effort was made to over-feed slightly. The feed left was 
gathered following each feeding, placed in separate bags for each teer, 
and weighed at the end of each week. Calculations were then made as 
to the proportionate parts of linseed meal, corn, and hay, and they were 
deducted from the amounts charged to each steer. 

Individual differences.--The individual steers re vealed differ
ences (Table 4), similar to those of the previous trial, in abilities to 
turn feeds into gains. Daily feed consumption varied from 9.42 to 12 
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pounds of corn per day. In general, the steers taking the most feed 
per day made the largest daily gains, but there were variations in this 
respect. It is natural that the largest steers should consume the largest 
amounts of feed; but when feed consumption is reduced to the average 
daily feed per 100 pounds live-weight, there is no significant correlation 
between feed consumption and net profit. 

Table 4 

Individual Differences of "Good'' Steer Calves in Response to Feed (1932) 
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lb. lb. lb. lb. lb. lb. 
1 ... . ........ 457 1019 562 2. 51 2.37 695 $5.10 $28.99 $6.10 $6.40 $3.07 
2 ............ 519 979 460 2.05 2.08 757 5.67 26.07 6. 51 6.40 -1.02 
3 ············ 421 977 556 2.48 2.58 726 5.38 29.90 6.18 6.40 2.09 
4 ............ 368 840 472 2.10 2.40 687 5.18 24.43 6.08 6.00 -0.71 
5 ............ 403 927 524 2.33 2.53 717 5.35 28.01 6.17 6.15 -0.24 
6 ............ 422 879 457 2.04 2.34 746 5.60 25.57 6.39 6.40 0.11 
7 ............ 435 889 454 2.03 2.37 774 5.87 26.67 6.55 6.15 -3.52 
8 ............ 409 930 521 2.32 2.36 679 5.07 26.42 6.0·3 6.40 3.45 
9 ······ · ····· 399 849 450 2.00 2.54 792 5.92 26.66 6.55 6.15 -3.36 

10 ............ 371 8+1 470 2.10 2.44 706 5.30 24.91 6.16 6.00 -1.33 
11 ............ 423 955 532 2.37 2.27 673 5.20 27 .69 6.11 6.40 3.63 
12 ............ 359 849 490 2.18 2.64 729 5.43 26.63 6.20 6.40 1.70 
13 ············ 431 921 490 2.1 9 2.57 795 5.92 28.99 6.54 6.40 -1.27 
14 · ·· · ········ 3 59 7 53 394 1. 76 2.73 861 $6.37 $25.10 $6.79 $6.00 -$5.97 

*Feed prices charged: ~h.elled corn, 40 cents per bu.; linseed meal, $30.00 per ton; alfalfa 
hay, $14.00 per ton; and p1·ame hay, $9.00 per ton. 

The rate of gain varied from 1.76 to 2.51 pounds per day. The rate 
of gain was not in ratio to the initial weight; a!:> an illustration, steers 
Nos. 12 and 14 weighed exactly the same at the outset of the trial and 
were very much alike in general appearance, yet No. 12 gained 2.18 
pounds per day, while No. 14 gained only 1.76. Careful study of Table 4 
reveals that difference in initial weight was not an important complicating 
factor. The feed cost per 100 pounds gain varied from $5.07 (No. 8) 
to $6.37 ( o. 14); this is an advantage of 25 per cent in favor of the 
former. . o. 14 may be regarded as something of an extreme, but No. 
8 also had approximately a 17 per cent advantage over both Nos. 9 
and 13. 

The steers' efficiency ratings were corrected, as in the previous trial, 
for maintenance requirements (Table 5). This method of rating, for 
relative efficiency, causes a number of shifts from their ratings in 
Table 4. The differences in relative efficiency are even greater than those 
of the previous trial; the most efficient steer, No. 11, made SO per cent 
more gains per 100 pounds total digestible nutrients above maintenance 
than the least efficient steer, No. 25. The remainder of the steers were 
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distributed rather evenly between the two extremes, indicating that the 
group was a reasonably random one. 

Table 5 

Individual Differences (based on T.D.N.) in Nutrients Provided and Available 
Nutrients in Comparison to Gains (1932) 

Gain per 100 Gain per 
Steer Mean Maintenance Total Nutrients lb.T.D.N. 100 lb. 

"o. weight require- nutri nt above above T.D.N. 
men ts feel maintenance maintenance consumed 

lb. lb. lb. lb. lb. lb. 
1 ··········· 738 1310.10 2951.55 1641.45 34.24 19.04 
2 ··········· 749 1329.62 2614.79 1285.17 35.79 17 .59 
3 .. . ........ 6991 1240.86 3050.71 1809.85 30.72 18.23 
4 ····· ·· ···· 604 1072.22 2425.06 1352.84 34.89 19.46 
5 ··········· 665 1180.51 2851.37 1670.86 31.36 18.38 
6 ........... 651 1155.66 2560.14 1404.48 32.54 17 .85 
7 ........... 662 1175.18 2633.99 1458.81 31.12 17.24 
8 ........... 670 1189.38 2645.79 1456.41 35.77 19.69 
9 ........... 624 1107.72 2672.31 1564. 59 28.76 16.84 

10 ........... 606 1075.77 2483.15 1407.38 33.40 18.93 
11 ........... 689 1223.11 2608.3 .+ 1385.23 38.41 20.40 
12 ··········· 604 1072.22 2680.77 1608.55 30.46 18.28 
13 ........... 676 1200.04 2953 .3 5 1753.3) 27.95 16.59 
14 ........... 556 987.01 2546.11 1559.10 25.27 15.47 

Average ······ 657 1165.67 2691. 25 1525.57 32.19 18.14 

Whether rated according to the co t of 100 pound of gain, the 
pounds gain per 100 pounds total digestible nutrients, or the pounds of 
gain per 100 pounds total digestible nutrients above maintenance, the 
steers showed sufficient differences in efficiency to indicate that the prob
lem was of practical importance to cattle producers. 

Carcass comparisons.-As in the ·p.revious trial, the carcasses 
were graded by the packing plant to which they were assigned. This 
was a more uniform group of cattle, on hoof, than those of the previous 
trial, but the carcass grades were more variable. There was a reasonable 
relationship between carcass grade and the market evaluation on foot, 
but there was no significant relationship between carcass grade and net 
profit to the producer. The shipping and slaughter data are presented 
in Table 6. The variation in co t to produce a pound of dressed meat 
is interesting, for it varies from 9.59 to 12.50 cents. As in the previous 
trial, there is a close relationship between high dressing percentage and 
low meat cost and between economy of gains and low cost of production 
per 100 pounds of carcass. -

Individually-fed vs. group-fed steers.-In thi trial, the average 
daily gain for the 14 individually-fed steers was essentially the same as 
that for the 12 group-fed steers, but the former made the gain at a 7.6 
per cent lower feed cost than the latter. 

These result.s, as contrasted with those of the previous year, in which 
the group-fed steers exhibited an advantage, might be ta:ken to indicate 
that the method of feeding-individually or as a group-had little bear-
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ing on the final results. It will be remembered, however, that in this 
year's work an attempt was made to follow more closely each animal's 
appetite. The authors are satisfied that this was an important factor 
contributing to the better showing made by the stall-fed steers during 
the second trial; but they al o became convinced, as the trial progressed, 
that the average individual abilities of the group-fed steers were slightly 
lower than those of steers fed individually. A careful attempt was made 
at the outset to divide the steers evenly, but this is a point over which 
we have as yet little control. 

Table 6 

Shipping and Slaughtering Data on " Good" Steer Calves Fed Individually 
(1932) 

Dressing 
per cent Dressing Market price Cost to 

Steer University per cent Carcass per 100 lb. at produce 1 lb. 
No. Farm So. St. Paul grade* University dressed meat 

weights weights Farm 

per cent per cent cents 
1 ...................... 61 62 303 $6.40 9.76 
2 ······················ 59 62 303 6.40 12.50 
3 ······················ 59 60 303 6.40 10.27 
4 ...................... 60 61 304 6.00 10.02 
5 ... . .................. 63 64 303 6.15 9.59 
6 ...................... 61 62 302 6.40 10.29 
7 ······················ 61 62 303 6.15 10.34 
8 ...................... 59 61 303 6.40 10.05 
9 ...................... 57 59 303 6.15 11.06 

10 ...................... 59 61 304 6.00 10.28 
11 ...................... 61 63 303 6.40 9.64 
12 ...................... 60 61 303 6.40 10.09 
13 ...................... 63 64 302 6.40 10.25 
1-1 ...................... 60 61 303 $6.00 11.13 

*Graded by Armour & Company. 

Even with the favorable showing made by the stall-fed steers, the 
authors feel that the present method of stall feeding is something of 
a handicap. It is believed that if each animal were given a box stall 
where he could eat and drink over a longer period each day, the handi
cap of individual feeding would be removed. It is also believed, how
ever, that the method used was sufficiently satisfactory for the purpose 
of this experiment. 

Experiment 3 (1932-33) 

Eighteen high-grade Hereford steer calves of range breeding were 
purcha ed for this trial. They all graded "good," and were quite 
similar in type and condition to those fed in the previous trial, but 
their average initial weight was about 75 pounds higher. As in the 
previous trials, it was impossible to obtain birth dates, but they were 
uniform enough to indicate that the range was small. The feeding 
trial revealed later that neither the large nor the small animals were 
grouped according to efficiency; hence difference in age was not a 
seriously disturbing factor. 
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Method 10£ treatment and ration.-The calves were given two 
weeks at University Farm to adjust themselves to their new environ
ment. They were placed on experimental feed November 18, 1932, 
and continued for 196 days. No group-fed steers were carried as a 
check lot, the authors having satisfied themselves, from the previous 
trials, that the results obtained by individual feeding were satisfactory 
for the purpose of this ' study. 

In previous trials, the initial and final weights were taken from an 
average of three days' weighings, but only one monthly weight was 
taken. In this trial, the steers were weighed on three consecutive clays 
at each 28-day interval. The reason for the change wa to determine 
the necessary duration of a feeding trial to reveal the individual clif
f erences in efficient feed utilization. 

For the first four months, the ration consisted of ground ear-corn 
(coarsely ground), 7 parts; alfalfa hay (chopped), 2 parts; and linseed 
meal (pea size), 1 part. The feeds were mixed thoroughly, a ton at 
a time, and fed as a mixture up to each animal's appetite . . Refused 
feed was collected and weighed back as in the previous trial. The 
reason for mixing the feeds was to reduce the likely error of in
dividual weighings. 

As the feeding pro gr es ed, the teers tired of the mixed ration. 
A go·od grade of prairie hay was substituted for one-third of the 
alfalfa hay; both hays were fed whole and separate from the grain. 
Cracked corn was substituted for the ground car-corn. The linseed 
meal and corn were mixed in the proportion of one to nine . The 
proportion of concentrates to roughage remained the same, namely, 4 
parts of concentrates to 1 part roughage. This ration was continued 
to the encl of the experiment. Salt, bone meal, ground limestone, and 
water were av::i.ilable ~t all times in the lot. 

The individual stalls were all of the same type as were used in the 
first trial and for eight of the steers during the second trial. In all 
respects other than those mentioned, the method of treatment was 
similar to that in Experiment 2. 

Steer No. 11 developed a case of pneumonia during the la t month 
of the trial and had to be 'i\'eighed out of the experiment at the end of 
168 clays. Up to this time he had been a very economical feeder; but 
he showed up rather badly in the final analysis, largely because he was 
m poor condition at the time of appraisal. 

No slaughter data were obtained on this group of calves. 
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2 ·········· · 615 
3 ··········· 609 
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13 ····· ······ 705 
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17 ··········· 785 
18 ··········· 631 

Average ······ 686 
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Table 7 

Individual Differences of "Good" Steer Calves in Response to Feed (1933) 
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lb. lb. lb . lb. lb. lb. 
1 ............ 447 867 420 2.14 2.19 671 $3.31 $13.89 $5.21 $6.25 $9.01 
2 ············ 401 829 428 2.18 2.22 624 3.08 13.17 4.97 5.75 6.43 
3 ............ 410 808 399 2.03 2.20 658 3.25 12.92 5.15 6.25 8.88 
4 .. . .... .. ... 479 903 424 2.16 2.42 774 3.80 16.13 5.50 5.7 5 2.26 
5 ...... ...... 582 939 357 1.82 2. 16 901 4.42 15.79 6.02 6.25 2.16 
6 ... . . ... .... 564 977 413 2.11 2.29 837 4. 11 16.97 5.77 6.25 4.61 
7 ............ 431 868 437 2.23 2.38 692 3.41 14.88 5.19 6.25 9.20 
8 ....... ..... 563 953 390 1.99 2.10 801 3.94 15.37 5.7 5 6.25 4.78 
9 .... . ....... 453 902 449 2.29 2.35 697 3.42 15.36 5.22 6.00 7.05 

10 ......... ... 445 795 350 1.79 1.97 683 3.37 .l l.78 5.40 5.50 1.19 
11 ........ . . .. 427 776 349 2.08 2.11 692 3.41 10.53 5.49 5.50 .06 
12 ............ 388 669 281 1.44 2.00 735 3.63 10.19 5.58 5.50 -.56 
13 ....... . .. .. 491 920 429 2.19 2.2 1 713 3.50 15.00 5.37 5.90 4.91 
14 ....... ... .. 499 934 435 2.22 2.32 750 3.68 16.0 1 5.98 5.90 -.83 
15 ............ 550 973 423 2.16 2.14 756 3. 71 15 .69 5.57 6.25 6.62 
16 ············ 595 1021 426 2.17 2.00 744 3.65 15.56 5.60 6.25 6.60 
17 ..... ....... 54 7 1022 475 2.42 2.15 694 3.40 16.20 6.33 6.25 9.45 
18 ............ 455 808 353 1.80 2.07 726 $3.58 $12.63 $5.50 $5.50 -$0.04 

* Feed prices charged: Shelled corn, 25 cents per bu.; corn-and-cob meal, 28 cents per bu.; 
oats, 15 cents per bu.; linseed meal, $23.50 per ton; alfalfa hay, $8.00 per ton; and prairie hay. 
$6.00 per ton. 

Individual differences.-A study of Tables 7 and 8 reveals that 
the third year's work brought out differences in economy of gains 
similar to those in the previous trials. The feed cost per 100 pounds 
of gain varied from $3.08 to $4.42; the pound gain per 100 pounds 

Table 8 

Individual Differences (based on T.D.N.) in Nutrients Provided and Available 
Nutrients in Comparison to Gains (1933) 

Steer Mean Maintenance Total Nutrients 
Gain per 100 Gain per 

lb. T.D. J. 100 lb. 
No. weight require- nutrients above above T.D.N. 

men ts fed maintenance maintenance consumed 

lb. lb. lb . lb . lb. lb. 
1 ······ · ···· 657 1020.52 2 122.60 1102.08 38.11 19.79 
2 ··········· 615 955.28 2010.35 1055.07 40.57 21.27 
3 ··········· 609 945.96 1977.98 1032.0~ 38.66 20.12 
4 · ······ ···· 691 1073.33 2469 .65 1396.n 30.37 17.17 
5 ··········· 761 1182.06 24 19.21 123 7.15 28.86 14.77 
6 ··········· 770 1197.59 2602.59 1405.0U 29.40 15.87 
7 ··········· 649 1009.65 2280.50 1270.85 34.39 19 .18 
8 ··········· 758 1177.40 2353.95 1176.55 33 .15 16 .54 
9 ··········· 678 1026.73 2355 .22 1328.49 33.80 19.89· 

10 ··· ······ · · 620 963.05 1795.56 832. 5 l 42.04 19.49 
11 .. ......... 602 801.50 1599.50 798.0U 43.73 21.80 
12 ........... 529 821.70 1556.50 734.80 38.24 18.07 
13 ····· ······ 705 1096.63 2304.13 1207.50 35.53 18.63 
14 ········ ·· · 717 1113.72 2455.50 1341.78 32.42 17.70· 
15 ········· · · 761 1183 .6 1 2409.23 1225.62 34.51 17 .54-
16 ··········· 808 1255.07 239 1.39 1136.32 37.49 17 .81 
17 ········ ··· 785 1219.34 2482.11 1262.77 37.62 19.18 
18 ··········· 631 981.69 1928.97 947.28 37.26 18.32 

Average ... ... 686 1056.94 2195 .27 1138.34 35.90 18.5 1 
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nutrients consumed ranged from 14.77 to 21.80_; and the pounds of 
gain per 100 pounds of total digestible nutrients above maintenance 
ranged from 28.86 to 43.73. Differences of this magnitude are of dis
tinct economic importance, and the fact that they were obtained in 
three separate trials indicates that differences in this respect are very 
common. 

Duration of feeding necessary to reveal significant individual 
differences.-In this trial, three day weighings were made every 
28 days to determine how long it was necessary to feed cattle to deter
mine their relative efficiencies. In general, the most efficient steers 
were at the top and the least efficient ones at the bottom at the end 
of the first 28-day feeding period; the spread was much greater than 
near the close of the experiment. The number of steers used in this 
experiment is too small to make a correlation worth while, but it is 
likely that the rates of gains at the encl of the first 28-day period and 
at the end of the 196-day period on 100 individuals would show a 
rather high correlation coefficient. Marked fluctuations in gains oc
curred from month to month. In general, the entire group went down 
or up as a unit; thi likely was due to environmental influences affecting 
all alike. For this reason alone, a short feeding period would not be 
satisfactory to determine the relative efficiency of one animal with 
another, when fed at different times, as will be necessary if we are to 
develop a record of performance for beef cattle. 

Io chart was made of the gains per unit of feed by periods, but 
a study of the data shows that the monthly fluctuations in efficiency 
are as marked as those of monthly gains. It is likely that 112 days 
represents the minimum duration of a feeding trial to reveal individual 
efficiency in beef cattle. 

METHODS OF EVALUATING THE DATA 

In critical experimental work with animals, it is usually highly de
sirable to use a maximum number. Unfortunately farm animals are 
too expensive to expand experiments as much as would frequently be 
desirable. The numbers in each of the experiments reported herein 
are too small to be entirely satisfactory for certain types of analyses. 
It was therefore desirable to group the last two experiments on a 
common basis. This was possible, for the 1931-32 and 1932-33 calves 
were very similar in breeding, type, weight, age, and market grade; 
furthermore, their rations were essentially the same. Re-grouping 
was accomplished by re-calculating the cost of feeds for the two groups 
at the same prices and rearranging the selling values so that steers of 
a comparable market grade in either group would sell at the same price 
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µer pound. In this new arrangement, all of the calves were considered 
to have been purchased at a price equal to the mean selling price. This 
reduced "margin" to a minimum; "margin" is always a complicating 
factor in an experiment of this type. From these new values, the 
margin of profit over total cost was calculated for each steer and this 
quantity de ignated by the symbol A, which was used as a basis for 
comparing other data. 

Steer 
No. 

33-1 
33-2 
33.3 
33.4 
33-5 
33-6 
33 .7 
33-8 
33.9 
33-10 
33-11 
33-12 
33-13 
33-14 
33-15 
33-16 
33-17 
33-18 
32-1 
32-2 
32-3 
32-4 
32-5 
32-6 
32-7 
32-8 
32-9 
32-10 
32-11 
32-12 
32-13 
32-14 

Mean 

Table 9 

Individual Differences Observed from the Feeding T rial 

Average daily 
Market Selling price Mean live Daily rate feed per 
grade per 100 weight of gain 100 lb. 

pounds live weight 

s w D F 

lb. lb. lb. 
Good $7.30 657 2.14 2.19 
Low-Med. 6.70 615 2.18 2.22 
Good 7.30 609 2.03 2.20 
Low-Med. 6.70 691 2.16 2.42 
Good 7.30 761 1.82 2.16 
Good 7.30 770 2.11 2.29 
Good 7.30 649 2.23 2.38 
Good 7.30 758 1.99 2.10 
Top-Med. 7.00 678 2.29 2.35 
Common 6.45 620 1.79 1.97 
Common 6.45 602 2.08 2.11 
Common 6.45 529 1.44 2.00 
Medium 6.85 705 2.19 2.21 
Medium 6.85 717 2.22 2.32 
Good 7.30 761 2.16 2.14 
Good 7.30 808 2.17 2.00 
Good 7.30 785 2.42 2.15 
Common 6.45 631 1.80 2.07 
Good 7.30 738 2.51 2.37 
Good 7.30 749 2.05 2.08 
Good 7.30 699 2.48 2.58 
Medium 6.85 604 2. 10 2.40 
Top-Med. 7.00 665 2.33 2.53 
Good 7.30 651 2.04 2.34 
Top-Med. 7.00 662 2.03 2.37 
Good 7.30 670 2.32 2.36 
Top-Med. 7.00 624 2.00 2.54 
Medium 6.85 606 2.10 2.44 
Good 7 .30 689 2.37 2.27 
Good 7.30 604 2.18 2.64 
Good 7.30 676 2.19 2.57 
Medium $6.85 556 1.76 2.73 

$7.05 673 .09 2.115 2.30 

This procedure resulted in the 1933 steers showing an average pro
fit of only $13.70, whereas that for the 1932 steers was $18.34. This 
is a rather large difference, but the greater portion of it can be attributed 
to the average difference between the two groups of steers; i.e., the 
1933 steers were on the average a less efficient group even though they 
looked somewhat more promising than the 1932 group when put on 
feed. In the 1933 group there were several steers which were very 
inefficient. 

The 1933 steers did not finish as well as the 1932 group; the aver
age selling prices, under this arrangement, were $6.98 and $7J4, re
spectively. This accounts for $1.43 of the difference. 
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For each 100 pounds of total digestible nutrients consumed, the 
1932 steers made 18.51 pounds of gain to only 18.14 for the 1933 
steers. This, when allowed for on the basis of the . average total 
digestible nutrients consumed and the average selling price, accounts 
for $0.71 of the remaining difference. 

The balance of the difference is clue to differences in actual cost 
of total digestible nutrients consumed. The various feeds were cal
culated for the entire group at the same price, but the 1932 steers con
sumed enough more carbonaceous f eecls (corn) to cheapen their ration 
per 100 pounds total digestible nutrients consumed. A portion of this 
higher cost for the 1933 group is clue to average difference in appetites, 
and a portion of it must be con iclered as clue to experimental error, i.e., 
the arbitrary grouping of two separately conducted studies. 

Table 10 
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In order to express feed consumption a a single quantity instea(l 
of in pounds of each ingredient, all feeds were calculated to "total 
digestible nutrients," using data from Henry and Morrison ( 1927). 
The authors are cognizant of the fact that these figures are but averages, 
and that a true analysis of the feeds used might have revealed ome
what different values; but it is believed that this treatment is more 
reliable than reporting the total pounds of feed. 'The necessary chem
ical tests and digestion trials needed to establi. h the exact values for 
the feeds used was out of the question because of expense. It is not 
likely that the figures used interfered seriously with the final results 
obtained, for each animal would be affected in similar proportion by 
an error in thi respect. 

Gains per 100 pounds T.D.N. consumed.-A steer's efficiency in 
converting feeds into body-weight was arrived at by dividing his total 
gain in pounds by the pounds of total dige tible nutrien~ , as estimated 
from his total feed con umption, and the result multiplied by 100. This 
figure was de ignated by the letter T and will be referred to as such in 
future discussions. Among the 32 calve constituting this study, the 
extreme in the T column ranged from 14.77 to 21.80 pounds of gain 
per 100 pounds of total digestible nutrients consumed. This i a dif
ference of 7.03 pounds or approximately SO per cent. 

The correlation of T with net profit, A, proved a disappointment,. 
for the correlation .coefficient wa only .15, which is not significant in 
this experiment. A' study of Table 10 reveals that all the steers return
ing a high net profit showed a high T. On the other hand, some of the 
calves that howed the least profit also bave high T's. It is apparent 
that there are at least two undesirable types of animals that show a 
high gain per unit of feed con:::.umed. One is the inefficient feeding 
calf, which neither eat much feed nor fattens, but continues to grow 
and as a result , hows a a tis factory weight increase per unit of feed 
consumed. o. 33-10 was a steer of this type. The other type is the 
steer that eats well, makes satisfactory gains, and gives a good account 
of the feed consun1ed, but is so lacking in desired body conformation 
that his sale value is low. No. 33-4 is typical of this type. 

Gains per 100 pounds T.D.N. above maintenance requirements. 
-The Morrison Feeding Standard (Henry and Morrison, 1927) was 
used to determine maintt:nance requirements. These amount were 
used to correct T for maintenance, and the new figure is designated as 
T1 . The range in efficiency was from 25.27 to 43.73 pounds gain per 
100 pounds total digestible nutrients above maintenance requirements. 
This corrected figure, when correlated with A, proved no more signifi
cant than the correlation of T with A (Table 11 ). 
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Since both T and 1'1 failed to show significant correlations with A, 
it appeared that the method used was not making suitable adjustment 
for maintenance, or that some other factor was overshadowing economy 
of gains as a factor determining profit. 

Table 11 

Table of Correlation Coefficients* 

Simple Partial 

'af .3485 ras.x .8021 
rat .1534 rad.x .7320 
rati = -.1492 rad.s .6516 
ra(e.q.) = -.5041 rax.s .4340 
rax .5155 rax.d = -.1473 
rad . 8072 rsd.x :4201 
'as .8231 rsx.d = -.0467 
rav .9064 rdx.s .6668 
rds .5226 ras.dx = .8000 
rdx .7141 rad.sx = .7289 
l'dt .3404 rax.ds = -.1827 
rdf .3312 
''st = -.2394 
rsx .3453 
rtx .5109 

Multiple 

ra.sdx = .9366 
ra.sd = .9343 

*Calculations according to methods suggested by Wallace and Snedecor, 1931. 

A = et profit over all cost. 
D = Daily rate of gain in pounds. 
S = Selling price per 100 pounds. 
F = Average daily feed per 100 pounds live weight. 
T = Gain per 100 pounds of total digestible nutrients consumed. 
T 1 = T corrected for maintenance (Morrison feeding standard). 
X = T X (W -7- 100). 

Feed 
E.Q. =Palmer-Kennedy efficiency quotient: Gain -7- (Mean Lv. \Vt.) 100. 

V = c-:: X S) D. 
(Note: M = mean or average) . 

The Palmer and Kennedy efficiency quotient and profi.t.-An 
"efficiency quotient," E.Q., proposed by Palmer and Kennedy ( 1931) 
and modified by Morris, Palmer, and Kennedy ( 1933) was used. The 
formula for E.Q. is: 

Total dry matter consumed 
Gain in live weight 

(Mean live weight) 100 

The correlation coefficient between E.Q. and A == -.51. The odds 
are in excess of . 99 :1 that this is not due to chance; hence it is much 
more satisfactory than the preceding indices,. 

The principal objection to E.Q. is that it arranges the indices of 
the animals from the less efficient to the more efficient in a descending 
order and gives a negative correlation coefficient; i.e., the most efficient 
steer is the one with the smallest index number. An index that will 
arrange the animals according to their efficiency on an ascending cale 
is to be preferred, for it is more readily understood. The Palmer
Kennedy formula was modified as follows : 

Lb. gain 
T.D.N. 

(Mean live weight) == Efficiency index or X 
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With animals as heavy as steer , it is more convenient to modify 
the above by dividing both the total digestible nutrients and the mean 
live weight by 100; hence the working formula becomes : 

Lb. gain 
(T.D. . ) + 100 

x 
Mean live weight == X 

100 

It is apparent that X == ( -
1
- ) ( --

1
- ) E.Q. 10,000 

1 
or X ==-----

10,000 E.Q. 

It is possible, therefore, to derive X directly from the original data, or it 
may be derived from E.Q. by obtaining the reciprocal of E.Q. from 
Barlow's Tables and multiplying this by 10,000. 

The correlation coefficient of X with is .5155. The correlation 
coefficient of E.Q. and A is -.5041. It is therefore evident that X 
is as reliable an index of efficiency as E.Q. and in addition has the 
advantage of giving the most efficient animal the highest index number. 

Daily gains and selling price as indices.-Daily gains, D, and sell
ing price, S, correlated with A gave coefficients of .8072 and .8231, 
respectively. These in addition to X 'vere the most signficant correla-
tions observed with A . · 

A multiple correlation embodying the three factors, S, D, and X, 
in their relation to A resulted in a coefficient of r 2 ==.8773, from whic~ 
it may be said that 87.73 per cent of the variability of A is accounted 
for by X, S, and D. The remaining 12.27 per cent of the variation 
must be due partly to other factors listed in Table 9 and partly to fac
tors not under our observation or control. It is doubtful if any large 
proportion of the remaining 12.27 per cent could be accounted for in 
this experiment. 

For all practical purposes, it is safe to assume that the important 
indicator of efficient animals are: 

1. Market grade of finished animal (as reflected in market price). 
2. Rate of gain. 
3. Gain per unit of feed consumed (efficiency index). 
The problem then i to determine the relative importance of each of 

these factors in predicting net profit. For this purpose, three partial 
correlations were calculated as follows : 

1. Correlation of A with S when D and X are held constant: 
ras.dx == .8000. 

2. Correlation of A with D when S and X are held constant: 
rad .sx == .7289. 

3. Correlation of A with X when D and S are held constant : 
rax.ds == - .1827. 
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It will be seen from the above partial correlations that selling price, 
S, and daily rate of gain, D, are significant indications of a steer's pro
fit-making ability and that the efficiency index, X, is rather unfavorablP 
in contrast with the other two. 

A multiple correlation of S and D with A shows that 87 .30 per cent 
of the variation in A can be predicted from S and D alone, without X. 
This is only .43 per cent less than that obtained when X was included. 

It can be concluded that a satisfactory estimation of a steer's profit
making abilities can be arrived at from the animal's market grade, when 
finished, and rate of gain, provided that the age of the steers so estimated 
is the same and the practices of feeding and management are similar. 

The relationships of S and D with A are, in this study, o nearly 
equal that in future practical treatment they will be taken as of equal 
importance. It i recognized that in a new trial, their relative value 
might be changed; but it is believed that they would remain the two 
most important variables and that their respective effects on A would 
not vary greatly. 

Relationship of one variable to another.-Many correlations were 
calculatecl (Table 11), but only those showing the greatest relationship, 
or seemingly of mo t interest, were discussed in the foregoing. Some 
interesting relationships were revealed, however, between the different 
variables studied. · 

The correlation of D and S, the two most significant variables, gave 
rds == .5226. pparently the chief reason for this is that fast-gaining 
steers are inclined to take on a high degree of finish, which affects 
market price. 

The correlation of D and X was rdx == .7141. It is evident that 
the variable D is caring for X (the efficiency quotient) in a satisfactory 
manner. This is in keeping with the ob ervations of livestock feeders, 
namely, that fast-gaining animal are the economical and profitable 
ones. Nevertheless, these old view , formed from observation, require 
critical analysis; daily feed consumption per 100 poun ls mean live
weight, F, when correlated with A gave raf == .3485. This is barely 
significant, yet it i as well accepted among practical feeders as an 
indication of feeding efficiency as is rate of gain. 

APPLICATIONS TO LIVESTOCK BREEDING 

Livestock fairs were established to improve the efficiency of live
stock by offering premiums for animals that possess certain character
istics of body conformation, on the as m~ption that the most efficient 
animal is the one that conforms closest to the ideal type set by leading 
livestock judges. It is true that the shows have done much to improve 

EFFJC 

the quality of our far 
individual animal is n 
in converting feedstuf 
careful measuring an 
size of the feeder ste1 
at the end of the f e1 
animals in the show 
periment where actw 
on a large number o 
livestock men that sor: 
placing of a few anim 
desirable beef cattle. 

If, through the se 
the stockman can i. o 
a reasonable purity fc 
stock improvement. 
that efficiency of foo< 
by adequate tests am 

differ markedly in th( 
nedy, 1933). 

Although in the ; 
failed to show as hi~ 

feed consumed) as w 
that efficient use of f 
that D and X show1 
treatment of data tei 
eliminates the except 
that the animal and 
strains or new variet 

The low-set, smo( 
em blance to the fotr 

by selecting inclividu 
and mating them witl
in morphology was a< 
improvement and a li 
efficiency; for what h 
be duplicated in our f 
ever, is more compli 
The stockrnan mu t c 
by our markets. Ar 
along the lines of me 
the most importaut 
organism. 



~ BULLETIN 94 

correlations that selling price, 
.nt indications of a steer's pro
ndex, X, is rather unfavorablf' 

th A shows that 87.30 per cent 
om S and D alone, without X. 
btained when X was included. 

estimation of a steer's profit
te animal's market grade, when 
1e age of the steers o estimated 

and management are similar. 
are, in this study, so nearly 

they will be taken as of equal 
new trial, their relative values 
it they would remain the two 
respective effects on A would 

ther.-Many correlations were 
wing the greatest relationship, 

ussed in the foregoing. Some 
10wever, between the different 

most significant variables, gave 
:m for this is that fast-gaining 
egree of finish, which affects 

T = .7141. It is evident that 
:ncy quotient ) in a atisfactory 
;ervations of livestock feeders, 
the economical and profitable 
med from observation, require 
n per 100 pounds mean live-

raf = .3485. This is barely 
mong practical feeders as an 

of gain. 

TOCK BREEDING 

mprove the efficiency of live
that posse s certain character
tmption that the inost efficient 
o the ideal type set by leading 
vs have done much to improve 

EFFICIENCY 'VARIATIONS IN STEERS 21 

the quality of our farm animal , but it is also true that the shape of the 
individual animal is not an accurate indicator of that animal's efficiency 
in converting feedstuffs into meat. Lush ( 1932) states that "Even with 
careful mea uring and weighings of the animals . . . . the shape and 
size of the feeder steer indicated to only a slight extent its desirability 
at the encl of the feeding period." Surely the method of evaluating 
animals in the how ring is les accurate than that of a controlled ex
periment where actual weights and measurements are taken cq.refully 
on a large number of animals. It is the opinion of many prominent 
live tock men that some more dependable criterion than that of a judge's 
placing of a few animals in the show ring should be devised for selecting 
desirable beef cattle. 

If, through the selection and intermating of 11ighly efficient animals, 
the stockman can isolate and develop strains of livestock that posses 
a reasonable purity for high efficiency, it will mean a great deal in live
stock improvement. Recent work with laboratory animals has shown 
that efficiency of food utilization is a hereditary characteristic and that 
by adequate tests and careful breeding, strains can be produced that 
differ markedly in their relative efficiencies ( Morri , Palmer, and Ken
nedy, 1933). 

lthough in the analysis of the data in this experiment net profit 
failed to show as high a correlation with efficiency (gain per unit of 
feed consumed) as with daily gains and sale value, it is not concluded 
that efficient u e of feed i · of no importance. It will be remembered 
that D and X showed a high correlation; rdx == .7141. Stati tical 
treatment of data tends to bring out the most likely relationship; it 
eliminates the exceptions. Yet it is with the exceptional individuals 
that the animal and plant breeder must work to establish improved 
strains or new varieties. 

The low-set, smooth, early-maturing beeves of today bear little re
semblance to the foundation tock used by the early breeders. It was 
by electing individuals that differed from the average of their kind 
and mating them with others, which differed likewise, that improvement 
in morphology wa accomplished. It is logical to assume that a similar 
improvement and a like amount of purification can be made in feeding 
efficiency; for what has been accomplished with laboratory animals can 
be duplicated in our farm animals. The problem of the stockman, how
ever, is more complicated than that of the breeder of small animal . 
The tockman must continue to produce animals of the type demanded 
by our markets. Any successful program for livestock improvement 
along the lines of more efficient production must include all or at least 
the most important factors that go to make an animal an efficient 
organism. 
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Opportunity for the livestock fancier.-There is an opportunity 
for the wealthy livestock fancier to develop highly efficient strains of 
meat animals through the adequate testing of individual for efficiency 
in feed utilization. This, if coupled with selection for satisfactory 
morphology and if carried on for several generations, should result in 
the development of more efficient lines. 

The reason this method is suggested as suited to the wealthy live
stock breeder is that the detailed testing of individual animals is an 
expensive process, and, to be effective, it must be continued over a long 
period of time. Many persons have engaged in livestock breeding for 
the mere pleasure of the enterprise. In the past, they have, in the main, 
bred for the show-ring standard only. They could derive even more 
pleasure and contribute more to society were they to attempt to develop 
relatively pure lines for both improved form and high efficiency m 
feed utilization. 

The application to a record of performance.-The record of 
performance method of evaluation has proved very successful with some 
types of livestock, and several suggestions have been advanced for a 
similar program applicable to beef cattle (Winters, 1920 and 1930; 
Winters and Peters, 1931; Holbert, 1932 and 1933; and Sheets, 1932.) 
The problem of discovering a really useful measure of efficiency that 
will be simple and practical in its adoption is the principal obstacle in 
the way of the adoption of such a program. 

Holbert (1932) proposed a record of performance for sires based 
on their show-ring winnings and on the winnings of their offspring. 
Such a program would serve to single out those lines of breeding which 
have been most consistent in winning premiums; but this would only 
intensify the breeder's interest in body type, and the shows have already 
carried the fine points of this improvement to an extreme. Type is 
important, and the progress that has been made in that direction must 
be preserved, but in order to i_mprove further our meat ,arumals for 
efficient production, the breeder's attention must be focused on. all the 
important factors that contribute to efficiency. 

Sheets ( 1932) has proposed a record of performance based on the 
following: 

1. An accurate record of the weight increase from birth. 
2. A complete record of feed consumption to the encl of the fatten

ing period. 
3. A slaughter score-card rating ba eel on dressing per cent and the 

physical and chemical analysis of the cooked meat. 
A breeding animal's performance rating would be based upon the 

score obtained from the tests of several of the animal's offspring. 
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This proposed program is thoro, including most points having a bear
ing upon beef animals' usefulness. There are, however, several rather 
serious objections to this program, which are listed below: 

1. It would be complicated and expensive . 
2. It calls for the slaughter of so many prospective breeding animals 

that breeders would not take kindly to the program, and, furthermore, 
by this slaughter too many useful breeding animals would be lost to 
the industry. 

3. It would be extremely difficult, if not impossible, to make the 
proper adjustment for variations in milk supply during the nursing 
period. The milk could be weighed and tested at various intervals, but 
there is no satisfactory means of making adjustments for the biological 
effects of differences in milk supply. 

4. The producer is paid for his animals on the basis of their ap
pearance when alive. The producer's job is to produce the types of 
animals desired by the livestock trade. In other words, his problem 
ceases when the live animal is turned over to the packer. From that 
point on, the problem of differences in efficiency becomes a meat prob
lem. It is the business of the buyers to specify what type of animal is 
desired. For these reasons it would be better, for the time being at 
least, to keep the two problems separate; i.e., the meat investigators 
should determine the type of live animal most desired, and the breeders 
hould produce that type of animal. 

One of the objects of this study was to discover the factors most 
indicative of efficiency in a beef animal. It has been shown that the two 
most reliable indices of net profit are ( 1) rate of gain and (2) market 
grade. For practical purposes, they are of equal importance in deter
mining an animal's value. Both are easily obtained, for both can be 
had without resorting to individual feeding or to unu ual management 
of any kind. This study has demonstrated that rate of gain accounts 
in a large measure for economy in the use of feed. Daily gain, while 
not an accurate indication of efficiency, is at present the only practical 
workable measure for use in developing efficient strains. It is likely 
that rate of gain accounts for economy of gains in young cattle nearly 
as accurately as feed records themselves ; for it must be recognized that 
the variations in nursing capacity of the dams introduces a very com
plicating factor in any system of rating economy of gains. If the test 
feeding period is to begin after weaning, the calf from the heavy milk
ing mother is handicapped, and this is not desirable. If the test period 
is to begin at birth, the biological effect of variations in milk consump
tion is a factor unaccounted for. By allowing rate of daily gains to 
account for economy of gains, we eliminate the above-mentioned errors 
and place a premium on good nur ing dams, as should be done. 
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An efficiency index based on daily gains and body score.
Obviously one index figure is more convenient than two, when con
sidering the comparative value of two or more animals. Selling price 
and daily gains are the two variables being considered, and they are 
taken as of equal value. To develop a common figure from the two, 
it is necessary to reduce them to a common level. In this instance, the 
mean selling price is 7.05 and the mean daily gain is 2.115. If the 
mean daily gain is divided by the mean selling price and the result 
multiplied by the individual's S value, S becomes reduced to the same 
level as D. 

The formula is given below : 

MMd x S = S1 (Selling price reduced to the level of daily gains) 
s ' 

S1 was calculated for each animal (Table 12). The reduced selling 
price .. S11 multiplied by daily gains is taken as the new efficiency index, 
V, which was calculated for each animal (Table 12). 

Testing the efficiency index, V.-Calculation of the correlaton 
between V and A gave rav = .9064. This is the highest simple corre
lation obtained in this study, and it is highly significant. In Table 12, 
V has been used to forecast the individual profit of each animal and this 
is compared with the actual profit. The column giving the error of 
estimate is interesting. Steer No. 33-11 shows a considerably larger 
error of estimate than any other. This animal developed a mild case 
of pneumonia during the last month of the trial; for this reason his 
feeding trial was concluded 28 days earlier than for the other steers fed 
during 1933. His final evaluation, however, was not taken until the 
close of the trial ; hence he was showing up rather badly and received 
a low market rating. It is likely that V comes closer to giving a true 
comparative valuation of the inherent qualities of thi animal than the 
actual net profit. In this study, A 1 (Table 12) is calculated from V 
and compared with A merely to test the accuracy of V, and not that V 
in itself would have value in forecasting actual net profit in cattle pro
duction. 

Recommendations for a record of performance.-On the basis 
of the above calculations, the following recommendations are made for 
a record of performance for beef anin1als: 

1. Purebred beef calves of either sex are eligible, and bull calves 
may be castrated during the test j)eriod. Correcting factors will be used 
to bring the values of heifers, bulls, and steers to a comparable basis. 
These factors will be determined from the comparative results of the 
first 200 animals of each group (heifers, bulls, and steers) put through 
the test. 
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EFFICIENCY 'V ARIATJONS IN STEERS 

Table 12 

Valuation on Basis of "V'' Index 
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33·1 ·············· $7 .30 2.19 2.14 4.69 $17.26 
33·2 ........ ... ... 6.70 2.0 1 2.18 4.38 15.01 
33.3 .............. 7.30 2.19 2.03 4.45 15.52 
33.4 ........ ... ... 6.70 2.01 2.16 4.34 14.71 
33.5 .............. 7.30 2.19 1.82 3.99 12.17 
33·6 .............. 7.30 2.19 2.11 4.62 16.7 5 
33.7 ·············· 7.30 2.19 2.23 4.88 18.64 
33·8 .............. 7.30 2.19 1.99 4.36 14.86 
33.9 ·············· 7.00 2.10 2.29 4.81 18.12 
33-10 .............. 6.45 1.94 1.79 3.47 8.39 
33-11 ·············· 6.45 1.94 2.08 4.04 12.53 
33-12 ·············· 6.45 1.94 1.44 2.79 .3.45 
33-13 .............. 6.85 2.06 2.19 4.51 15.95 
33-14 .............. 6.85 2.06 2.22 4.57 16.39 
33-15 ...... .... .. ~ . 7.30 2.19 2.16 4.73 17.55 
33·16 .............. 7.30 2.19 2.17 4.75 17.70 
33-17 ....... . ...... 7.30 2.19 2.42 5.30 21. 70 
33-18 .............. 6.45 1.94 1.80 3.49 8.54 
32·1 .............. 7.30 2.19 2.51 5.50 23.15 
32-2 ....... ....... 7.30 2.19 2.05 4.49 15.81 
32-3 . . ............ 7.30 2.19 2.48 5.43 22.64 
32-4 .............. 6.85 2.06 2.10 4.33 14.64 
32-5 .............. 7.00 2.10 2.33 4.89 18.71 
32·6 ·············· 7.30 2. 19 2.04 4.47 15.66 
32-7 ·············· 7.00 2.10 2.03 4.26 14.13 
32·8 ·············· 7.30 2.19 2.32 5.08 20.10 
32-9 ·············· 7.00 2.10 2.00 4.20 13.70 
32-10 .............. 6.85 2.06 2.10 4.12 13 .12 
32-11 .............. 7.30 ·2.19 2.37 5.19 20.90 
32.12 .............. 7.30 2.19 2.18 4.77 17.84 
32-13 ·············· 7.30 2.19 2.19 4.80 18.06 
32-14 .............. $6.85 2.06 1.76 3.63 $19.55 

Mean ....... ..... .. $7.05 2.115 2.11 5 4.48 $15.73 
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18.19 
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-$0.85 
+0.71 
-1.84 
+3.87 
+0.15 
+1.88 
+o.33 
+0.07 
+2.05 
+0.04 
+5.48 
-2.35 
+2.30 
+3.35 
+0.71 
+0.38 
+i.51 
+0.90 
-0.66 
-2.59 
-0.06 
-1.42 
+0.03 
-2.53 
-0.75 
-2.19 
-0.75 
-2.51 
-2.43 
-1.89 
-0.42 

-$0.52 

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

3. The . final weight will be the average of five consecutive daily 
weighings taken on the 364th, 365th, 366th, 367th, and 368th days after 
birth. 

4. Daily gains will be computed from : 

Average Final Weight-Average Birth Weight 
365 

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

6. At the time of the final weighing, a competent individual or 
committee will be authorized to score the calf according to beef and 
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breed conformation. This score will be converted to the figure listed in 
the S1 column of Table 13, corresponding to the score number in the 
S column. (Explanation of Table 13 is given with the table.) 

7. The final value, V, of the individual will be arrived at by multi
plying the daily rate of gain by the figure ar rived at m the S1 column 
for body score. 

Table 13 

A Table for Converting Body Score t o a Comparable Level with Daily Gains* 

Grade Score S S1 Grade Score S S1 

100 2.6438 80 2.1150 
99 2.6173 79 2.0886 

Fancy 98 2.5909 Good 78 2.0621 
97 2.5644 77 2.0357 
96 2.5380 76 2.0093 

95 2.5116 75 1.9828 
94 2.4851 74 1.9564 
93 2.4587 73 1.9299 
92 2.4323 72 1.9035 

Choice 91 2.4058 Medium 71 1.8771 
90 2.3794 70 1.8506 
89 2.3529 69 1.8242 
88 2.3265 68 1.7978 
87 2.3001 67 1.7713 
86 2.2736 66 1.7449 

85 2.2472 65 1. 7184 
84 2.2208 64 1.6920 

Good 83 2.1943 Common 63 1.6656 
82 2.1679 62 1.6391 
81 2.1414 61 1.6127 

60 1. 5863 

* This is a preliminary table to illustrate how body score can be readily converted to the 
level of daily gains. It likely would be necessary to make certain modifications in 1the actual 
figures used after considerable data were gathered. 

The average daily gain for the 32 steers used in this study was 2.115 pounds. This is 
taken as the reduced mean for body conformation. The actual mean body score is placed at 80. 
The spread for body score is from 100 clown to 60, and the reduced score, S1, is placed opposite 
the actual body score. The value, V, is obtained by multiplying S1 X D. 

For example, if a calf s birth-weight is 73 'p,ounds and the final 
weight, 894.75 pounds, the total gain is 821.75 pounds and the daily 
gain is. 2.25 pounds. The calf has been given a score-card rating of 
84; referring to Table 13, we find that the S1 value corresponding to 
84 is 2.2208. The calf's V index becomes 2.2208 X 2.25 = 4.9968, 
approximately 5. 

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

The following will illustrate how this would appear : 

1419831 Cow - Maybloom 16th - (S, 84; D.G., 2.25; V, 5) 1 

1 S indicates score; D .G., daily gains; V, final value. 
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CONCLUSIONS 

1. Steers of essentially the same breeding, age, weight, market 
grade, and condition exh ibit differences in their abilities to make eco
nomical gains. These differences are of sufficient magnitude to be of 
importance to the livestock producer. 

2. A four-month test feeding-period is as short as can be recom
mended to obtain each animal's relative efficiency. 

3. Feed consumption on the basis of the average body-weight is 
not a satisfactory indication of an animal's efficiency in feed utilization 
or of his net profit. 

4. The most satisfactory indicator of efficient feed utilization was 
a modification of the Morris, Palmer, Kennedy E.Q., our X. This 
factor showed a significant correlation with net profit, rax == .5155. 

5. The most significant indicators of net profit were daily rate of 
gain and final market evaluation; they showed correlation coefficients of 
rad == .8072 and ras == .8231. Together, they account for 87.3 per cent 
of the variations in the net profits of the 32 steers. 

6. Daily rate of gain and the efficiency factor X are so closely cor- ... 
related (rdx == .7141) that apparently the relationship of X with net 
profit, A, is being cared for by daily rate of gain. 

7. A tentative record of performance program is presented, using 
the rate of gain and body score as indices from which to calculate the 
value of the animals tested. 

8. Factor V, derived from daily rate of gain and market evaluation, 
gave a correlation coefficient of .9064 with net profit. 
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