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The Development and Testing 
Of High Energy Layer Rations 
For Use in Oklahoma 

By 
Rollin H. Thayer, Don L. Brooks 

William C. Lockhart & Robert M. Y ales 
Department of Poultry Husbandry 

and 
V. G. Heller and William R. Kirkman 
Department of Agricultural Chemistry 

INTRODUCTION 
.'\eed for increasing the levels of certain B-complex vitamins in 

high-energy layer-breeder rations was indicated in preliminary feeding 
tests completed at the Oklahoma ,\gricultural Experiment Station in 
195 I. These tests showed that the maximum rate of egg production 
was not maintained if the ration contained no more than recommended 
allowances for riboflaYin, pantothenic acid, niacin, and folic acid. In 
making a further investigation or this problem, t"·o lines of study were 
pursued as follows: (I) A series or experiments was conducted over a 
three-year period, 1952-1955, to check the need for increasing these vita­
min levels and for supplying protein, energy and minerals in amounts 
which would more adequately meet the hen's needs during periods of 
high egg production. Data obtained in these experiments were used 
in formulating improved high-energy layer-breeder rations which were 
then tested under practical feeding conditions in the Oklahoma Egg 
Laying Test. (2) Data accumulated in the Oklahoma Egg Laying Test 
from 1937 to 1955 were used in making a comparison of the low-energy 
layer-breeder rations fed prior to 1951 and the high-energy layer-breeder 
rations fed to the Oklahoma Egg Laying Test hens during the four-year 
period from 1951 through 1955. The results of these two studies' are 
reported in this bulletin. 
1 These two studies were supported lly a grant-in-aid from \fcnk and C:Jmpany, lnc., Rahway, 

1'\ew Jcro;;cy. 

Feeding Experiments 
Introduction 

A series of three feeding tests, designated as Experiments I, 11, 
and III, was conducted over a three-year period from 1952 through 
1955. 

General Procedure 

Eight pens, 10 feet wide and 20 feet long, were used to house 
the pullets in this series of feeding tests. The rations fed in each 
test were assigned at random to the eight experimental pens, with 
each ration fed in duplicate. In order to distribute the pullets so that 
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maximum uniformity of egg production among the eight pens would 
be achieved, trapnest egg production records on the individual pullets 
were kept for four weeks prior to the start of the feeding test. At 
the end of this four-week period, the individual pullets were divided 
into groups according to the number of eggs laid. The pullets within 
each egg production group were assigned at random into the eight 
experimental pens. 

The experimental rations fed were all-mash, layer-breeder rations. 
The formulas for each ration are given in the following discussion 
under each experiment. Trapnest records were kept on each pullet 
during the entire test period. The pullets were wighed individually at 
four-week intervals. Residual feed was weighed back at the same 
time and feed consumption calculated. Mortality was recorded daily. 

Procedure 

Experiment I 

1952-53 

New H ampshirc pullets hatched from the Oklahoma Agricultural 
Experiment Station £locks were housed on November l, 1952, under 
the experimental conditions described in "General Procedure." At 
the start of the experimental test period there were 31 pullets in each 
of the eight laying pens. The feeding test was terminated on September 
4, 1953, at the end of a 44-week laying period. 

The formulas of the four rations fed and the computed composition 
of each ration are shown in Tables la and lb. The low energy l NRC 
ration was a typical layer ration which had been recommended for 
use prior to 1952. The only vitamin supplement which it contained was 
:J60 I. C. U. of vitamin D-3 per pound of ration. The ration levels 
of riboflavin, niacin, choline, pantothenic acid, and folic acid were 
those provided by the feed ingredients. The three high-energy rations 
designated as high energy l NRC, high energy 2 NRC, and high 
energy 3 NRC contained feed ingredients similar to those used in the 
low-energy I NRC ration. However, productive energy in these three 
rations had been increased by approximately five percent by reducing 
the level of high-fiber, low-energy ingredients and by increasing the 
level of grouud yellow corn. Each of the three high-energy rations 
was supplemented with 2080 I. U. of vitamin A, 600 I. C. U. of vitamin 
D-3, and 341 mg. of choline per pound of feed. In addition, each of the 
high energy rations was supplemented with riboflavin, niacin, panto· 
thenic acid and folic acid as follows: 

Riboflavin mg.jlb. 
Niacin mg.jlb. 
Pantothenic Acid mg.flh. 
Folic .\cid mg.jlb. 

High Energy 
1 NRC 

0.33 
0.0 
1.31i 
O.fi7 

High Energy 
2 NRC 

1.6 
4.0 
6.8 
l.9(i 

High Energy 
3 NRC 

3.2 
8.0 

12.24 
3.09 



The ll'\'el of each vitamin in t:;<ch of the four LILiono ( t"able 1) 
repre~cn l'> the <~mount prov idcd bv the i ecd ingredients and vitamin 
;,upplement combined. The ribo!lavin and pantothenic acid levels in 
the three high-energy rations \':ere approximatelv one. two, :111d three 
times the 194() recommended allo11·ance' of the i'J a tiona! Research 
Council. Since no allowances for pullets for niacin and folic acid were 
available nm Yitamins were added to the high-energy rations in the 
amounts indicated in order to provide an excess r<ttion level of each. 

TABLE la.-Basal Rations (Percent) in Experiment J, 1952-53 

Ground yellow corn 
\'\'hFat shorts 
Wheat bran 
Pulverized oats 
Alfalfa meal ( 1 7%) 
Fish meal (60'i<) 
Soybean oil meal ( 44%) 
Meat and bone scrap (50%) 
Calcium carbonate 
Di-calcium phosphate 
Salt 
Manganese sulfate 
Vitamin supplement' 

l,o·w 
Energy 

Basal 

+8.2 
12 
6 

1'f 
6 
3 
6 
3 
1.2 

0.6 
3.6 mg. 

High 
Encrg,, 

Ba>al 

60.8 
12 
8 

3 
3 
7.5 
3 
1.2 
1.2 
0.3 
3.6 mg. 

1 A \·itamin supplement was added to each basal in order to provide the ,·itamin level<; as li~tcd 
for each ration in the c:llculated (Omposilion shown in Table 1-h. 

TABLE 1 b.-Computed Compositions of Rations in Experiment I, 
1952-53 

Low Energy High Energy High Energy High Energy 
I NRC I NRC 2 NRC ~ :'-/RC 

------------- --------~----~--- -------~-

Protein-percent 16.56 16.74 

Productive energy-
(Calories per lb.) 

Vitamin A-IU/lb. 

Vitamin D"-ICU/lb. 

Riboflavin-mg/lb. 

Niacin---mg/lb. 

Choline-mg/lb. 

Pzmlothcn ic acid---mg/lh. 

Folic acid-mg/lb. 

Results 
The egg 

~uJnm:trited in 
produt Lion 
Figure I. 

869 90:) 

mo6 6621 

360 600 

1.2 1.31 

19.6 1-1.7 

416 7+5 

1.79 :1.11 

.70 1.:'.1 

during 'll< cc·,-,nc 
The high-enCI'.f~' '1 

16.74- 16.74 

905 905 

6621 6621 

600 600 

:'..57 4.18 

18.7 n7 
715 7+:) 

11).6 15.99 

2.50 3.63 

I our-11 eek periods is 
:\'RC and the high-



~ 48~ 
"' a.. 

I 

"I 
2al 

Oklaholllll Agliculluui:' Ls.jJr'J illlcnt Stillion 

Low Energy 

High Energy NRC 

Htgh Energy 2 NRC 

//vxxxu High Energy 3 NRC 

L__j_ 

2 3 4 5 6 
Pr.riod~ 

Figure I. Percent egg pmduction by four-week periods, Experiment I, 1952-5~. 
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Figure 2. Pounds of each ration per dozen eggs by four-week periods, Experiment I, 
1952-53. 
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energy 3 ~RC rations supported the highest rate of egg production. 
In addition, these rations maintained egg production at a higher rate 
for a longer period of time than did the low-energy 1 NRC ration and 
the high-energy I NRC ration. Pullets fed the high-energy 1 NRC 
ration showed a gradual decline in egg production after the first 
16 weeks of the feeding test. Although egg production gradually de­
clined when the high-energy 2 NRC and the high-energy 3 NRC ra­
tions were fed, the decline did not begin until the pullets had been in 
production for approximately 24 weeks. The pullets feel the low­
energy 1 NRC ration showed a gradual over-all decline in egg produc­
tion, with sharp increases and decreases from four-week period to four­
week period. 

The pounds of each ration required to produce a dozen eggs are 
summarized in Figure 2. The pounds of feed per dozen eggs fluctuated 
over a wide range from four-week period to four-week period in those 
lots fed the low-energy 1 NRC and the high-energy 1 NRC rations. 
The pullets fed the high-energy 2 NRC and 3 NRC rations consumed 
less feed per dozen eggs produced, and the variation in egg production 
from period to period was less pronounced. This fluctuation in feed 
consumption suggests that the nutritive requirements of the pullets were 
not being adequately met with the low-energy 1 NRC and the high­
energy 1 NRC rations. 

Body weight changes during successive four-week periods are 
shown in Figure 3. Accumulative gain in body weight of pullets for 
the 44-week period was about equal, regardless of ration. 

~1ortality during successive four-week periods is shown in Table 2. 

Procedure 

Experiment II 
-1953-54 

N e\\' Hampshire pullets hatched from the Oklahoma Agricultural 
Experiment Station flocks were housed on November 5, 1953. The 
experimental conditions under which the pullets were held and the 
experimental procedure followed are described under "General Pro­
cedure." Each experimental pen consisted of 38 pullets. The 36-week 
test period "·as terminated on July 14, 1954. 

The four experimental rations and their computed compositiOns 
are shown in Tables 3a and 3b. These four high-energy, all-mash ra­
tions were similar in composition to the high-energy rations fed in 
Experiment I. They were designated as high energy I NRC, high 
energy 2 NRC, high energy 3 NRC, and high energy 2 NRC + XB. 
The symbol XB represents the vitamins thiamin, pyridoxine, vitamin 
K, biotin, vitamin E, inositol, and para-amino-benzoic acid, which were 
added to the high energy 2 ?\RC + XB ration at the levels indicated 
in Table 3. The National Research Council Allowances as recom­
mended in 1946 "·ere used as the basis for determining the levels of 
Yitamin .\, Yitamin D-3. riboflaYin. and pantothenic acid to be addecJ 
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TABLE 2.-Cumulative Mortality by Four-Week Periods, Experiment I, 1952-53 ;:i 
::::, 

Period 
2 3 4 5 6 

::t.. 
O'q 

8 9 10 II ... o;· 
.:: 

Low Energy--! NRC 4.84 6.45 8.06 8.06 12.75 14.36 15.92 19.05 20.61 23.79 28.53 
..._ ..... 
.:: 

High Energy-! NRC 1.56 1.56 4.74 9.53 11.14 15.82 15.92 20.56 23.74· 28.48 31.65 ~ ..._ 

High Energy-2 NRC 0 0 3.22 4.84 6.45 8.06 12.85 12.85 19.15 19.15 23.94 tll 
~ 

High Encrgy-3 NRC 1.61 3.23 4.84 4.84 8.06 9.67 9.67 11.29 16.1:3 16.13 17.74 ~ 
~ ... 

~otc: Percents reported are the average for 2 pens. i 
~ 
;;:3 ..... 
en 
~ ..... -· 0 
;;:3 
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to each ration. The high-energy l l\RC ration contained the above­
named vitamins at the levels recommended hv the National Research 
Council. The levels of these vitamins in the 'other three rations were 
increased, as indicated in Table 3, to two and three times those in 
the high energy l NRC ration. The high energy l NRC ration con­
tained more vitamin A than was recommended by the National Re­
search Council because the vitamin A provided by the feed ingredients 
exceeded the recommended allowance for the entire ration. Niacin 
was provided at a level of 8 milligrams per pound of ration as recom­
mended by the National Research Council for growing chicks. The 
high energy l NRC ration exceeded this amount. as was the case '\'ith 
vitamin A, because the feed ingredients in the ration contained an 

I 
6 3~-

1 
I 

Low Energy I NRC 

High Energy I NRC 

High Energy 2 NRC 

xxxxxx High Energy 3 NRC 

figure 3. Body weight changes dtning successive four.wcek periods, Expel"iment I, 
I 952-:"i3. 
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excess of maon. Niacin was added to the other three rations in 'iuf­
ficient quantities to supply niacin leYels of two and three times the 
recommended allowance of 8 milligrams per pound. 

Results 
AYerage egg production figures for the pullets fed Lhe four ex­

perimental rations are shown in Figure 1!. No real differences in egg 
production \\·ere noted at any time during the test period. However, 
the high energy 2 A"RC + XB raLio11 did ,tppear tu have a sligltL ad­
Yantage oYer the other three rations. 

The pounds of feed required to produce a dozen eggs \\·ith each 
ration are summarized in Figure 5. The amount of feed required per 
dozen eggs \\'as fairly uniform from four-week period to four-week 
period in those pens fed the high-energy 2 NRC and the high-energy 
2 NRC + XB rations. The pullets feel the high-energy l -:\'RC and the 
high-energy 3 NRC ratiom showed a 1ride variation in this respect 
from four-\\·eek period to four-week period. Four-week periods in \\'hich 
feed intake progressively increased \\'ere followed by four-week periods 
in 1rhich feed consumption progressiYely decreased. This abnormal 

TABLE 3a.-Rasal Rations m Experiment II, 1953-54 

Ground yellow corn 

Ground oats 

Wheat shorts 

Alfalfa meal ( 17%) 

Soybean oil meal ( 44%) 

Fish meal (60%) 

Meat and bone scrap (50%) 

Di-calcium phosphat<' 

Calcium carbonate 

Salt 

Manganese sulfate 

Vitamin supplement 

The XB vitamins and the amount of each added per pound 
of ration were: 

Thiamin 

Pyridoxine 

Vitamin K 

Biotin 

Vitamin E 

Inositol 

Para-amino-benzoic acid 

High E'HTgy Basal 
(Percent) 

58.2 

8 

12 

3 

8.1 

3 

3 

0.9 

1.5 

0.3 

0.0125 

~.0 

1.5 mg 

2.66 mg 

1.66 mg 

0.116 mg 

15 mg 

21.3 mg 

66.6 rng 



High Energy Layer Rations 11 

TABLE 3h.-Computed Composition of Rations in Experiment II, 
1953-54 

High Energy High Energy High Energy High Energy 
I NRC 2NRC 3NRC 2NRC+XB 

Protein-
Percent 16.3 16.3 16.3 16.3 

Productive 
energy- 905 905 905 905 
Calories/lb. 

Vitamin A 5341 6600 9899 6600 
IU/lb. 

Yitamin D, 375 750 1125 750 
ICU/lb. 

Ribof!a\·in 1.5 2.6 3.9 2.6 
mg/lb. 

Niacin 13.8 16.0 24.0 16.0 
mg/lb. 

Cholin<· 500 500 500 500 
mg/lb. 

Pantothenic 5.0 10.0 15.0 10.0 
Acid 
mg/lb. 

Folic Acid 1.3 2.6 3.9 2.6 
mg/lb. 

Vitamin B-12 0.5 2.0 3.0 2.0 
added-meg/lb. 

. ... 
'• . ... 

'• 
'• 

xxxxxxxx 

P6r~nrl~ 

Figure 4. Percent egg pmduction by four-week periods, Experiment II, 1953-54. 



TABLE 4.-Cumulative Mortality by Four-Week Periods, Experiment II, 1953-54. 

Period 
2 3 4 5 6 

High Energy-! NRC 1.35 4.06 4.06 5.37 6.72 8.07 

High Energy-2 NRC 0 4.02 5.37 6.68 9.38 10.70 

High Energy-2 NRC-Plus 
Less Common Vitamins 0 0 0 0 1.32 3.94 

High Energy-3 NRC 0 2.63 2.63 2.63 9.21 10.52 

' Percents reported are the average for 2 pens. 

7 8 

9.43 10.78 

17.36 21.41 

3.94 5.26 

13.16 13.16 
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High Energy NRC 

----- High Energy 2 NRC 
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Periods 

Figure 5. Pounds of each ration per dozen eggs by four-week periods, Experiment II, 
1953-54. 

pattern in feed consumption persisted during the entire test period. 
The fluctuation in feed consumption observed with high-energy 3 
NRC ration covered a wider range than was observed with the high­
energy I NRC ration. An imbalance in vitamin supplementation may 
be responsible for this feed consumption pattern. 

Body weight changes are shown in Figure 6. Pullets fed the high­
energy 2 NRC, the high-energy 2 NRC + XB, and the high-energy 3 
NRC rations maintained approximately the same body weights. The 
high-energy I NRC ration was apparently the equal of the others for 
the first 20 weeks, but failed to maintain body weight effectively after 
that time. Mortality data are summarized in Table 4. The differences 
in mortality could not be attributed to the rations. 

Introduction 

Experiment III 

1954-55 

Experiment Ill, in which four rations were fed, consisted of two 
feeding tests which were conducted simultaneously. The feeding test 
described in Part I was carried out under floor conditions and was 
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similar to those outlined in Experiments I and II. The feeding test 
described in Part II was carried out in laying cages. Collection and 
analysis of fecal material and analysis of rations' permitted the cal­
culation of the relative efficiency with which different nutrients were 
utilized. 

<I> 
'0 
c:: 
= 
0 
~ 

6,6 

6.0 

"" =--;.e 
-"" o·-

- Cl) U'>;l: 

XX XXX)( 

High Energy I NRC 

High Energy 2 NRC 

High Energy 2 NRC+ XB Vitamin~ 

High Energy 3 NRC 

6 7 

\ 
\ 

Figure 6. Body weight changes during successive four-week periods, Experiment II, 
1953-54. 

Part I 

Procedure- -Single Comb White Leghorn pullets hatched from the Okla­
homa Agricultural Experiment Station flocks were housed on October 
23, 1954. The general experimental procedure was the same as out­
lined for the preceding two experiments. Thirty-three pullets were 
assigned to each of the eight pens at the beginning of the 't8-week 
test period. The test period was terminated on September 23, 1955. 

The ration formulas and the computed composition of each ration 
are listed in Tables Sa and 5b. The ration designated as low energy 

1 Technical assistance in making these chemical analYses wa·.; ]WO\'idcd by Le~tcr I.Judick and 
Harold Norlin, Department of Agricultural Cht'miStry. 



1 :\RC \\·as similar in conlpo-,ition Lu Lhc lo\1-encrg\ ration in Experi­
nJenL I ancl contained the -;ame vitamin fortification <b has been de,crihed 
in Experiment I. The ratiom designated as high energy I :\RC and 
high energy 2 1'\RC (I) 11·ere supplemented 'rith vitamins at levels equal 
to those listed in Experiment 11. The high energy 2 ;\JRC (2) 
ration provided niacin, riboflavin, pantothenic acid, and folic acid 
at approximately the same levels as were provided in the high-energy 
2 :\RC (1) ration. This ration was made more adequate from a nutri­
tional standpoint (I) by increa,ing· productive energy through the addi­
tion of fat, (2) by improving over-ali protein quality by using a variety of 
high-quality animal and ;-egetable concentrates, (3) by providing calcium, 
phosphorus and trace minerals ;lt levels in excess of recommended 
allm1·;mces, and (4) by incorporating materials which are sources of 
unknown grm1·th factors. 

TABLE 5a.-Basal Rations m Experiment III, 1954-55. 

Ground yellow corn 

Ground oats 

\A,'hca t shorts 

Wheat bran 

Alfalfa meal 

Fish meal 

Soylwan oil m~al 

Meat and bone scrap 

Dried brewers yeast 

DriFcl whey 

Dried fish solublcs 

Dried butyl solubks 

Di-calcium phosphate 

Calciurn carbonate 

Yitam;n supplcnwnt' 
Fr-eel grade fat 

~{anganese sulbtr· 

\"itamin D.(300ll I.C.C./gm) 

l.ow 
En<:>rgr 
I NRC 
l'crrcnt 

t'i 

14 

12 

(i 

6 

3 

(i 

,) 

l.i 

0.6 

~.-i ,2,111 

12 gm 

High 
Fncrg·,, 
I :'\RC 
Percent 

56 

8 

12 

" ,) 

3 

8.1 

:) 

O.J 

3.7 

(J.:l 

High 
:-<RC ([) 

Percent 
F.ncrgy 

56 

8 

12 

3 

3 

8.1 

3 

0.9 

'J.7 

o.:l 

8 gm 

High 
Energ-y 
:\ RC (2) 

56.6 

8 

6 

3 

6 

6 

1.2 

1.8 

1.8 

1.8 

O.O:l 

1.8 

1 he tr<H_t' mint'L~l lilix, ;upplic" pn pou:Hl ot rat ion:. lltd.llg,llll\e 27 ~1 mg , wdmc 0 88mg . 
cnlJa!{ O.:J~l mg., Iron l t\.3 mg., copper 1 .b.-J mg., and nne 1 ~J2 rng. 

:\ \ita min ~upp!cmcnt \\as added to cal h high cncrg) ration to ~Iippi) the ration Yitamin ]('yc]:..; 
li~ll'u rH'lm,· 111 the computed rnmpo-.,ition. 
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TABLE 5h.-The Computed Composition of Rations in Experiment III, 
1954-55. 

Low Energy High Energy High Energy High Energy 
I NRC I NRC 2 NRC(!) 2 NRC (2) 

Protein- 16.5 16.3 16.3 15.8 
Percent 

Productive Energy 869 906 905 940 
Calories/lb. 

Vitamin A 6206 5341 6600 4032 
IU/lb. 

Vitamin D" 360 375 750 450 
ICU/lb. 

Riboflavin 1.2 1.5 2.6 2.23 
mg/lb. 

Niacin mg/lb. 19.6 13.8 16.0 16.4 

Choline mg./lb. 416 500 500 419 

Pantothenic Acid 4.79 5.0 10.0 12.0 
mg/lb. 

Folic Acid mg/lb. 0.7 1.3 2.6 2.6 

Vitamin B-12 0.0 0.5 2.0 3.3 
Added meg/lb. 

Vitamin E 0.0 0.0 0.0 0.8 
Added mg/lb. 

Results.-Percent egg production during successive four-week periods 
is shown in Figure 7. The highest rate of egg production during the 
first 24 weeks of the test period was made by the pullets fed the high­
energy 2 NRC (I) and the high-energy 2 NRC (2) rations. A difference 
in egg production in favor of the high-energy 2 NRC ( 1) ration was evi­
dent at the end of the test period, even though a gradual decline was ob­
served with all rations. The high-energy I NRC ration, as was the 
case in Experiment I, supported egg production at a high level during 
the early part of the test period. Egg production by the pullets fed 
this ration, however, declined sharply during the last three months 
of the laying period. This decline in egg production seems to indicate 
that vitamin levels were not adequate to support high, sustained egg 
production over an extended laying period. Over-all egg production 
with the low-energy 1 NRC ration was never as high as with the 
high-energy rations. In addition, production fluctuations were more 
noticeable from four-week period to four-week period. 

The pounds of each ration utilized in the production of a dozen 
eggs are shown in Figure 8. The variation in the pounds of feed 
required per dozen eggs was again the greatest from four-week period 
to four-week period on the low-energy I NRC and the high-energy 
1 NRC rations. The pullets fed the high-energy 1 NRC ration fol­
lowed a feed consumption pattern similar to that observed in Experi­
ments I and II. Feed intake progressively increased up to the fifth 



c 
G> 
(.) .... ... 

Q... 

High Energy Layer Rations 

)(X)(X)()()()(l(XlC 

Low Energy NRC 

High Energy NRC 

High Energy 2 NRC II) 

High Energy 2 NRC (2) 

17 

.. 

30~~~~~--~~--~~~~-~--L__L __ i__l __ __ 

3 4 5 6 7 10 II 12 
Periods 

Figure 7. Percent egg production by four-week periods, Experiment III, 19!>4-55. 
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[our-week period. A gradual decline then took place, with a sharp 
increase becoming evident after the ninth four-week period. 

Body 11·eight fluctuations are summarized in Figure 9, and mort­
ality data in Table G. .\II rations 1rere effective in maintaining body 
weight at or near the initial level. Accumulative gain was the greatest 
for the high-energy 2 J\"RC (2). Since the average body \\·eight 
was about equal in all lots at the beginning of the test period, the 
high-energy 2 NRC (2) ration maintained average body weight at 
a much higher level than did the other rations. l\Iortality apparently 
11·as not affected by the rations. 
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Part II 

Procedure-Single Comb White Leghorn pullets from the same group 
tram which pullets were selected for use in Part I of this experi­
ment were distributed at random into laying cages. These pullets 
made up four experimental groups with 20 pullets in each group. As 
was the case in Experiments I and II and in Part I of this experiment, 
pullet distribution among the four groups was based upon the egg 
production of each pullet during the month preceeding the begin­
ning of the experiment. The duration of this cage-feeding test was 
from October 28, 1951 to August 15, 1955. 

The same four all-mash rations described in the procedure in 
Part I were fed to the four experimental groups. Additional amounts 
of calcium were added to these rations in order to provide an adequate 
amount of this mineral without having to feed supplemental calcium 
in the form of oyster shell. Each cage was equipped with an individual 
feeder, and a daily feed consumption record was kept for each pullet. 

At intervals during the test period, each pullet was moved to a 
metabolism cage where she was fed during a three-day fecal collection 
period. The time intervals between collection periods varied. The 
initial fecal collections were made in November 1954, with subsequent 
fecal collections being made in December 195'1, in the latter part of 
January 1955 and early February 1955, in March 1955, in April 1955, in 
June 1955, and in the latter part of July and early August 1955. During 
any given three-day collection period, only four pullets out of the 20 
in each group could be placed in metabolism cages. Thus each time 
fecal collections were made, 15 to 20 days elapsed between the time the 
first four samples in each group were collected and the time the final 
four samples were taken. 

The metabolism cages consisted o[ regular laying cages equipped 
with glass trays under the wire floor. The glass tray under each cage 
was so located that all of the droppings voided by the pullet were col­
lected. During the three-day collection period, each tray was kept 
moistened with ethyl alcohol in order to reduce bacterial growth. 
The assumption was made that the feed moved through the digestive 
tract of each pullet at about the same rate from day to day. Under 
this assumption, the fecal material voided on any given day would be 
equal in amount and composition to the fecal material actually produced 
by the amount of feed eaten on this same given day. Thus, the fecal 
material voided during each three-day collection period was taken 
as representative of the feed eaten during the same time interval. At 
the end of each three-day collection period, the feathers which had ac­
cumulated in the collection trays were removed and the fecal material 
was placed in polyethylene bags, the bags sealed, and the sample 
frozen and stored at 0° F. until analyzed. 
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Daily egg production records were made for each pullet during 
the entire feeding period. In addition, all of the eggs which were 
produced were weighed. Each pullet was weighed at the start of the 
experiment and at the same time intervals during the test period at 
which fecal samples were collected. Mortality was recorded as it 
occurred. 

A.t the termination of the feeding period on August 15, 1955, 
the total number of eggs and total weight of eggs produced by each 
pullet were computed. Seven pullets, each of which had produced 
an equal weight of eggs, were selected from each of the four groups. 
The fecal samples from these seven pullets constituted the samples 
used in determining the percentage utilization of total nitrogen, total 
energy, calcium and phosphorus for each experimental ration. 

Prior to analysis, the fecal sample was thawed and thoroughly 
mixed in a \'\7 aring Blender. \Vater was added to bring the fecal mix­
ture to a final volume of one liter. The fecal mixture was again 
thoroughly mixed and a 300 mi. aliquot was taken with a modified 
transfer pipette. This aliquot was placed in an aluminum evaporating 
dish ami dried overnight on a steam hot plate. The drying procedure 
was completed in a forced draft oven at a temperature of I:wo F. The 
dry weight of each sample was then determined and the dried material 
"·as ground and thoroughly mixed. 

Chemical analyses were made on each sample for total nitrogen, 
calcium and phosphorus. Standard feed analysis methods as outlined 
by the A. 0. A. C. (1950) were used for nitrogen and calcium. The 
method of Koenig and .Johnson ( 1942) was used in determining the 
phosphorus content. A bomb calorimeter was used to measure the 
gross energy of samples. Representative samples of each of the four 
rations fed "·ere analyzed for the same constituents. 

These data were used in computing the percentage of nitrogen, 
energy, calcium and phosphorus which had been utilized by the in­
dividual pullets from each ration for growth and egg production. 
Covariance techniques as outlined by Snedecor ( 1946) were applied 
to the data in order to obtain ad jus ted means for each constituent 
based upon a uniform level of feed intake. 

Data on feed consumption, body weight, and egg ·weight for the 
20 pullets fed each of the four experimental rations were used in com­
puting the relative efficiency with which each ration was utilized. The 
relative efficiency was computed by comparing the observed rate of 
feed consumption with that predicted by the Byerly (1941) partition 
equation. using the method outlined by Hill (1956). 

Relattve Efficiency=lOO X Predicted Feed Consumption 

Observed Feed Consumption 
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The predicted rate of feed consumption was computed from the Byerly 
equation in the following form: 

0.653 
1<'=0.5:23\\~ = Ll2G.l W + l.l35E 

in which 

F==feed consumption in grams per hen per day 

.l \\'=average daily weight change m grams 

E=grams of egg produced per hen per day. 

Results--The adjusted percentage utilization values for energy, total 
nitrogen, calcium and phosphorus for four of the seven collection 
periods are shmm in Figure 10. The levels of significance of the F 
values for this data are listed in Table 7. 

TARLE 7.-Levcl of Significance ofF Values for Adjusted Energy, Total 
Nitrogen, Calcium and Phosphorus Values, Part II, Experiment III, 

1954-55. 

Periods 
:\ m ern her DncnJlhT April June 

-~----~--

Enf'rgy 99.8 98 99.5 50 

Total :\'itrogf'n 88 50 5·1 83.5 

Calcium 50 50 91 50 

Phosphorus 54 82 91 50 

There 1ras a statistically significant difference in the utilization of 
energy between the high~ ;md low~energy rations during the first three 
periods. Apparently an increase in the levels of riboflavin, pantothenic 
acid, niacin and folic acid in the high~energv rations had no effect on 
the efficiency with which the energyL was utilized. 

Except for the first and last period, no statistically significant dil­
ferences 11·ere obtained in nitrogen utilization. It should be pointed out, 
however, that the most efficient utilization "'as alwaYs obtained with 
the high-energy 2 NRC (:2) ration. Apparently 'the amino acid 
requiremenu, o[ the pullets for egg production 1\'ere more nearly met 
by the combination of proteins in this ration. 

No consistent pattern in calcium and phosphorw, utilization was 
observed from collection period to collection period. The data ob~ 
tained in this study give no indication that the utilization of calcium 
and phosphorus was influenced by the energy and Yitamin levels y,·hich 
'rere fed. 
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ENERGY (Calories) 

Dec. 

~¥ R.L\TION ORDER 

I. High Energy I NRC 

2. Hi Energy 2 NRC 

3. Hi h Eilergy 2 NRC+ NB 

4. Low Energy I NRC 

Apr. Jun. 
Figure 10. Effect of energy andvitamin cvels on the percentage utilization of energy, 

nitrogen, calcium and phosphorus. Part II, Experiment III, 1954-55. 

The relative efficiency values as calculated by the method of Hill 
(l95ti) arc shmm in Figure II. \\'ith two exceptions, the most efficient 
utili1ation i\·as obtained, for every period for 1\·hich measurements 1rere 
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made, with the high-energy 2 NRC ( l) and the high-energy 2 ~RC (2) 
rations. The low energy l 1\RC ration gave the poorest results for 
the first five periods, but seemed to improve during the summer months 
of June an~l July-August. The results obtained 1\'ith the high-energy 
l NRC ratiOn were approximately equal to those obtained with the 
high-energy 2 NRC (l) and the high-energy 2 1'\RC (2) rations during 
the first months of the test. During the last three or four months, 
hmrever, a difference in relative efficiency in favor of the 2 NRC ( 1) and 
the 2 NRC (2) rations became progressively gre<Jter. Thi, decline 
in efficiency of utilization obtained "·ith the high energy I l\RC ration 
during the latter part of the production period parallels the rapid drop 
in egg production which 1ras observed with this ration in Part I of 
this experiment. 

RELATIVE EFFICIENCY BY MONTHS 

115 

110 n 
If I 

OVER-ALL 

105 EFFICIENCY 

100 n i"\ 
95 

f., ! I , 
90 IL 
85 

! 

lr 
·I 

I 70 j_L_~ 

Nov. Dec. Jan.-Feb. Mar. Apr. J!.i :1. Ju!y-Aug. Nev.- Through 

M ornH s 
Aug. 

* RATION ORDER: !. High Er. Jrgy I ... ~ p r-
~~~d..:. 2 . High Energy 2 NRC 

"' llial1 tnGHlY 2 ~me+ 1\JB. 4. Low Ene;qy I NRC. 

Figure 11. Effect of energy and vitamin levels on relative efficiency. Part H, Experi­
ment III, 1954.55. 

Over-all elliciency for the entire test period indicates that the 
high-energy 1 l\RC ration is no better than the lmr-energy l t\ KC: 
ration. The addition of riboLlavin, pantothenic acid, niacin and folic 
acid made a marked improvement in the efficiency ·with which the 
high energy 1 NRC ration was utilized. A further improvement in 
efficiency of utilization was made by improving protein quality and by 
increasing the levels of available calcium and phosphorus, as was done 
in the high-energy 2 l\'RC (2) ration. 
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Analysis of Data From the Oklahoma Egg Laying Test 

Introduction 

ln this study the reproductive performance of the low-energy layer 
rations feel in the Oklahoma Egg Laying Test prior to 1951 was compared 
to the reproductive performance obtained by feeding the high-energy 
layer rations developed after 1951. The three best years when low­
energy rations were fed ( 1939-·Hl, 19·10-"11, 19<:18-"19) and the three years 
when high-energy rations were fed (1951-52, 1952-53, 1953-54) formed 
the basis upon which the comparison was made. Data for the year 
1954-55 were not included in computing the average performance 
figures for the high-energy rations. They are presented, however, to 
show the improvement made through the use of improved high-energy 
rations during the 195..J-55 test year. 

The Oklahoma Egg Laying Test is a standard egg laying test. 
Since it was organized in 1923, production data have been accumulated 
by months and by years on egg production; pounds of feed per dozen 
eggs produced; pounds of mash, grain, and grit required per hen per 
year by breeds; changes in body \\"eight during the laying year; mortality; 
and cost of production. 

General Procedure 

Housing 

The Oklahoma Egg Laying Test entries \\·ere housed in two build­
ings, each of which was 20 feet wide and 162 feet long. Each house 
contained 25 individual pens 6 feet by 16 feet in size. The pens were 
arranged along the south side of each house and a 4-foot service aisle 
ran the length of the north side of each building. The pens were 
separated by poultry wire and board partitions and there was free ex­
change of air between the pens in each house. One man took care 
of all entries in both houses, doing the feeding and trapnesting. 

Entries 

Poultry breeders and flock owners from Oklahoma and from 
other states in the United States entered pullets in the Oklahoma Egg 
Laying Test during the test years included in this study. Thirteen 
pullets of the same breed and variety constituted an entry and were 
housed in one pen. The pullets were placed in the laying house on 
October I of each year and remained there until the termination of 
the laying test the following September. The number of pullets of each 
breed and variety entered in each of the three highest production 
years of low-energy rations and the three years of high-energy rations. 
which were compared in this study, are listed in Table 8. 
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TABLE 8.-Number of Each Breed Entered in the Oklahoma Egg 
Laying Test During Test Years Reported 

I 9~39- 1940- 19-!8- 3-vr. 19'il- 1952- 1953- 3-yr. 1954· 
Breed l!J.IO 1941 1949 To;al 1952 1953 1954 Total 1955 

-·---~-----------------

White Leghorn 325 299 286 910 260 312 351 923 429 

White Plymouth Rock 91 10't 10~ 299 143 91 104 338 78 

Rhode Island Red 117 130 26 273 26 26 52 104 52 

New Hampshire 0 13 117 130 78 91 78 247 52 

Australorp 13 0 13 26 52 52 52 156 26 

Brown Leghorn 0 0 13 13 26 26 13 65 13 

Whit(' Wyandotte 52 39 26 117 13 13 0 26 0 

Barred Plymouth Rock :19 52 13 104 0 0 0 0 0 

Black Minorca 0 0 13 13 13 13 0 26 0 

Buff Orpington () 0 13 13 13 0 0 13 0 

.Jersey White Giant () 0 26 26 13 0 0 13 0 

California Gray () 0 0 0 () 13 0 13 0 

Buff L<·~horn l" .) 13 () 26 0 0 0 0 0 

w. L. Red Cornish 0 0 0 0 13 13 0 26 0 

Total 650 1)50 650 L950 650 650 650 1,950 650 

Numlwr of total pullets 
entr·rccl by Okla. poultry-
1nen 195 195 llfi 806 :-190 299 247 936 

Rations 

The rations fed are listed and explained in Table 9. The low­
energy ration consisted primarily of mash and oats fed ad libitum, and a 
hand-fed grain mixture of yellow corn, wheat, and kafir or milo. Oats 
were restricted slightly after the first year to control consumption to 
less than one-third of the total ration. The high-energy mash was also 
feel ad libitum; and the grain mixture of corn, oats, and kafir or milo 
was hand feel. Supplements were added to both the high-energy and 
the low-energy rations at different times of the year and under specific 
feeding schedules. 

Test Year 

1939-40 

One pint of liquid buttermilk or skimmilk was fed per 15 hens per day. 
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TABLE 9.-Rations Fed Oklahoma Laying Test Entries During Test 
Years Reported (percent) 

1939-40 1940-41 I 048-4!! 1951-52 1932-'i~l 19.;3-54 1954-1J5 

Ground vellow corn 
Kafir · 
Wheat bran 
vVhre1t shorts 
Pulverivcd barley 
Alfalfa meal ( 17 'lo) 
Meat and bone scrap ( 45%) 
Dri<:d butyl solubles 
Distilkrs dri<'cl solubles 

or dried buttermilk 
Dried Whey 
Hidrolex 
Fish meal ( 60%) 
Dried fish solublcs 
Soybean oil mral (H%) 
Cottonseed meal 
Dried brewers vcast 
Fat 
s~lt 
Calcium carbonate 
Steamed bone meal 
Mono-calcium phosphate 
Di-calcium phosphate 
Trace mineral mix 
Vitamin A and D feeding 

Laying Mash 
Low energy laying mashes 

17 18 28 

28 
15 
15 

7 
10 

3 
3 

1.0 
1.() 

18 
18 
18 

6 
10 

5 
5 

1.0 
1.0 

10 
~0 
10 
10 
5 

5 

5 

5 

1.0 
1.0 

oil (2000:\-~00D) 0.1 0.5 
Dry vitamin D, ( 1500 AOACU/gm) 
Carotene-riboflavin 

.025 

Mn SO, concentrate 
Vitamin concentrate No. 4* 
Vitamin concentrate No. 12* 
Vitamin concentrate VC-54* 
Special vitamin mix** 

Yellow corn 
Barley 
Kafir 
Wheat 
Oats 

0.2 

Scratch Grain 
35 cJO 40 
35 10 20 
15 30 40 
15 20 

Free Free 
choice choice 

Free 
choice 

High 

18 
20 
10 
20 

5 
5 

5 

12.5 

0.5 
2.0 
2.0 

1.0 

22 

64 

14 

* Vitamin concentrates add per pound of mash the follo·wing amounts: 

Vitamin A 
Vitamin D-3 
Riboflavin 
Pantothenic Acid 
Niacin 
Choline 
Vitamin B-12 
Procaine Penicillin 
Manganese 
Menadione 

No.4 
4222 I.U. 

750 A.O.A.C.U. 
1.8 mg. 
3 mg. 
8 mg. 

200 mg. 
3 micrograms 
2 mg. 

35 ppm 

No. 12 
4358 LU. 
1280 I.C.U. 

2.07 mg. 
8.9 mg. 

11.4 mg. 
340 mg. 

3 micrograms 
2 mg. 

35 ppm 

energy 

43 

5 
5 

2 

12.5 

2 

0.5 
3.0 

2.0 

1.0 

80 

20 

laying mashes 

38 44 

20 10 

5 5 
5 

3 

3 
6 
5 10 

3 
12.5 10 

2 2 
3 

0.5 0.5 
3.0 3.0 

2.0 3.0 

1.0 

80 

20 

0.05 

0.5 
0.1 

80 

20 

VC-54 
3000 USP Units 

750 I.C.U. 
2 mg. 

13 mg. 
200 mg. 

2 micrograms 
2 mg. 

3 mg. 

~'*The spcdal vitamin mix adds per pound of mash 0.7 mg. of vitamin E and 0.8 mg. of folic acid. 
Nate-Supplements were added to each ration as indicated in text. 
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1940-41 

Five percent of dried buttermilk replaced part of the cottonseed meal 
and soybean meal during the test period from October I to .\pril L 

1948-49 

Ration-Ayd, manufactured by the Borden Company, ·was used at a 
level of 15 percent to replace the dried buttermilk or Distillers 
dried solubles. 

1951-52 

Sulfaquinoxaline was fed at a level of 0.0125 percent in the total ration 
during the months of October and November. 

1952-53 

The vitamin concentrate was used at a two percent level until :\larch L 
The mono-calcium phosphate was increased from one to two percent 
on March I. 

Booster pellets were fed starting :\lay l. 

E-emulsion was fed in block form during October and 1\ oYember. 

Sulfaquinoxaline was fed at a level of 0.0125 percent in the total ration 
during the months of October and November. 

1953-54 

E-emulsion was fed in block form during October and NoYember. 

Regular mash in pellet form was fed as a noon lunch during the 
entire test year. Pellets were fortified with extra vitamins and pro­
tein starting in April. 

Aureomycin at a level of 200 milligrams per pound of total ration 
was fed according to the following schedule: October--continuous, No­
vember--2 days per week: December-! day per week; January and Feb­
ruary-! day every 2 weeks; Remainder of test year-as needed to stimu­
late egg production. 

1954-55 

E-emulsion was fed in block form during October, November, December 
and March. 

Regular mash in pellet form was fed as a noon lunch during the entire 
test year. Pellets were fortified with extra vitamins and protein starting 
in April. 

Aureomycin at a level of 200 milligrams per pound of total ration was 
fed according to the following schedule: October continuous, November 
-2 days per week; December-! day per ·week; January and February 
-1 day every 2 weeks; Remainder of test year-as needed to stimulate 
egg production. 

~FZ was fed as recommended for the first month of the test Year. 
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Data Accumulated 
The records kept in the operation of the laying test in­

cluded the amount of mash, grain, grit and shell consumed by pens 
by months; mortality by days; and egg production for the individual 
hens. The body "·eight of the pullets was recorded in October at the 
beginning of the test year and in September at the close of the year. 
A.t the end of each month and at the end of each year, these record~ 
were summarized and a monthly or annual report 11·as compiled. 

The cost of each type of feed for each pen for each month 11·as cal­
culated, using the retail price of ingredients from the local mill in 
Stilh\'ater, Oklahoma. No charge 11·as made for mixing. \\'here feed 
costs and egg sales of the low-energy and high-energy ratiom were com­
pared, the 1951-52, 1952-53, and 1953-54 egg prices and feed prices 
"·ere used for both types of rations. 

The feed comumption per hen and the hen-day egg production 
11·ere figured on the actual number of living hens each month. The 
hen-housed egg production was calculated by dividing the total produc­
tion at any given time by the ()50 original pullets entered each year 
on October l. The pounds of feed and the cost of feed per dozen eggs 
each month and for the year "·ere determined for each pen ;mel for 
the entire test by dividing the total pounds of feed consumed and the 
total cost of the feed by the number of dozens ol eggs produced. The 
,·alue of the eggs produced from each pen 11·as determined each month, 
using the farm cash price of cunent receipts at Stillwater. The dif­
ference between egg sales and the cost of feed 11·as calculated and re­
ported as margin over feed cost. 

In addition to the data listed above, the number, duration, and 
percent of 11·eeks paused were calculated. In making these calculations, 
a period of seven continuous davs or more 11·ithout laving 11·as termed 
as a pause. The percent of 1ree1ks pall';ed 11·as calculated "hy using the 
lollm1·ing formula: 

Percent 1\'eeks paused 

Number of weeks paused 

Number of living hens ~< 1\ mnher of ll'eek.<; in month or year 

X 100. 

Only the five most popular breeds ,,·ere used in making the pause 
;malysis. The records of those pens in which egg production ceased 
during a respiratory outbreak 1rere not included in the pause analysis. 

Production Standards Used 

Data from the national standard egg-laying tests and from the 
R. 0. P. entries throughout the United States ·were used as a standard 
of comparison in this study. From 1937 through l94G, the annua 1 
summary of egg production and mortality of all the national egg­
laying tests was prepared each year under the auspices of the Ameri­
can Poultry Journal and published under the title of, "\Vho's \Vho in 
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L .. '1. i-12.·[.\ Ltving · lc-,t-,." 
pulJii-,h~l·l rel~llll'i o! the 
.\nwrican Official Poultry 

Thi, in forma tinn i"::h IJ:csed on the actu:tl 
Yarious te-,ts. Siilce 1~)1/. the Council of 
Tests h:ts pui>li·,l]('d the '>l!lllllLll\. 

J'he R. 0. P. d:tta were ohtainecl from the Annual R. 0. P. Sum­
m:Jrit:o. publi,hcd IJ\ the United SLates Department of .\griculture. 
BUJctu ol .\nim:!l lndw,try. The R. 0. P. pullets were trapncsted 
~)I);) d:l\ 'i, while the egg-l:nill~·LCSt birds "·ere trapnested ;l;')7 da\s i'or 
the \ c:tt' 1 ~l~l/ to l 1l:Jo' ~1mr' ;r:,'o d:l\" !rom I l):)O to date. · . . 

Results and Discussion 

Egg Pmdunion 

Ld>le 10 .-,!w\\'s the average annual heJdtomed egg production 
by H'dl' lor the >CYCilteen \'C:tr> (1:!17-clR through l~l53·Sl) or the Okb­
hom:: Lgg LaYing Tc,t, of all entries in all ol the nation's standard 
egr_!,'-1:1\ i;:g- tc-;b (including the Okl:ihoma Tc.,t). and of all U.S. R.O.P. 
Lrcedn ,· Cllll ies. 

T.'\l~LE 10.---Ammal Hen-Housed Egg Production for the Oklahoma 
Egg Lavin;; Test, all Standard Egg Laying· Tests in the Nation 

and all U. S. R. 0. P. Candidate' 

l0~i7-38 
I 9:lB<'9 
1 ~):19- -! {) 

l'l:ll-11 
l ~) l1-·L.2 
19+~- ii 
19 !:;.:! 
l q 1-l--1.-1 
1 1)! ~)-Hi 

191 ri-17 
l9; 'j .. (i3 

19·1-G- ;sJ 
19+9- 0>1) 

19.jD-1 1 
! 95 }-.-)~ 
1 9j~-J:l 
195:1-:l+ 

Okl:ilt nn;! 

I,'-.,! 

175.7 
171.7 
199.0 
195.+ 
181.6 
170.1 
178.1 
175.2 
Hi 7.8 
179.7 
187.7 
~01.3 
196.7 
190.5 
2 I 8.2 
230.0 
23+.± 

AI! U. '· Atl R. 0. P. 
Jc-.'s I·.J<trics 

186.8 
17G.O 
19:U ]lit'" 
197.2 171* 
198.0 176* 
197.7 171* 
201.2 173* 
196.8 179* 
:208.5 179'< 
209.:) 175 
208.0 185 
211.6 187 
211.8 189 
211.6 198 
216.5 198 
22+.1 189 
22+.8 197 

*The averages for the R. 0. P. entries for the years 1939-40 through 19-!5-46 are not com­
parable with the aYerages for the years 1946-47 through 1953-54, because the former period does 
not include all R. 0. P. breeder<:.. 

Yearly production for the Oklahonu Test in 19!37 -:)8 "·as J i S.i 
eggs per hen and by 1953-S± it had increased to ~34A egg•;. The 
11 tdnber of eggs per hen in the Oklahoma Tc-;t ranged from a lm1· of 
i /U.l eggs in 1942·~1:3 to a high of 2cHA egg> in 1953·.14. The vcarlv 
",'erage._ lor all national tests "·as 186.8 egg~ ._per hen in 19;)7 -:l8. ~~·hicl1 
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increased to an average of 2~1.8 eggs per hen by EJ:J3-5t The all­
national egg-laying test average ranged from a lm1· of 176 eggs per 
hen in l ~J:JS-39 to a high ol :!21.8 eggs in 1953-5'1. The all-national 
egg-laying tests production includes the Oklahoma Test production. 

'There ,1·as a gradu;tl incrc;1~c in egg production "·ith fluctuations 
in Loth the Oklahoma Test and all tests from 19:l7-38 until 1951-52. 
Egg production incre«sed from l7 5.7 eggs per hen in l Tl7 -:l8 to 190.5 
eggs in 1900-51 in the Oklahoma Test, "·hich i;, a total increa'e or 
ll.~l egg' per hen ior the l '1-year period. The ll-Year ;n erage annual 
egg production per hen in the Oklahoma Test ,1·as lWUi eggs. For 
the same period, the nation's tests increased from J 8fi.8 eggs to 2ll.IJ 
eggs per hen, "hich is an increase of 2':!.8 eggs per hen. The all­
tests aYerage was ~00.5 egg' per hen for the period lr(Jlll l ~l~\H through 
19:) I. 

.-\Yerage egg production lor all of the pullets in the Oklahoma 
Test in 1951-52, the first year that high-energy rations 11·ere fed, in­
creased 27.7 eggs per l1en over that olJL1ined the pre1 ious year. This 
was Hi.~) eggs per hen over the a 1 erage lor the I ~J,IS--1 ~) Test year. \1-h ich 
had heen the highe:-t hen-housed production average for all of the 
years prior to 1951-52. The 13 .,tandanl tests' average Jor 1951-02 in­
creased ·1.9 eggs per hen over 1%0-51, which included the 27.7 egg'> 
per hen increase of the Oklahoma Test. 

During the three years follm1·ing 1950-51, 11·hen high-eilergv rations 
1rere used in the Oklahoma Test, the production ner hen in the Okla­
homa Test increased from 190.5 eggs p-er hen to 2:i4.4 egg-.. This is an 
increase of 4:l.9 eggs per hen during the three-year period. The three­
year, hen-housed average during the 1 ~):) l-5':! period "~h 227 .:)~l eggs 
per hen. 

The average of the three highest years on record (19:\~l--10, 1910--11, 
and 1948-19) when lm1·-energy rations were fed 11·as EJ8.57 eggs per 
hen. The hen-housed average of the three years immediately prior to 
1951-52 was 196.17 eggs, which is 31.3G eggs less per hen "·hen com pared 
with the record three-year average for high-energy ratiom. 

The entries in the standard tests in the nation averaged 211.7 eggs 
per hen during the three-year period of 1949-51 and 22UJ eggs during 
the three-year period of 1951-54. This is an increase of I 0.2 eggs per 
hen as compared to an increase of 31.% eggs per hen for the Okla­
homa Test. 

The R.O.P. entries, for the same t"·o three-year periods, averaged 
191.3:l eggs and 194.70 eggs per hen, respectiYely. This is an increase of 
only 3.:l7 eggs per hen as compared to the :ll.:Hi eggs per hen increase 
lor the Oklahoma Test. The R.O.l'. aYerage number o! eggs per hen 
of all entries for 1950-51 and 1951-52 1ras 198 eggs each \Car. The 
Oklahoma Test hens increased '2.7.7 eggs per hen to an aYerage of 
218.2 eggs in 1951-52. The R.O.P. production decrccc,etl one egg per 
hen dming the period of 1~):)1-52 through 1953-54 as comp;1recl to the 
increa'e of 43.9 eggs in the Oklahoma Egg Laying Test for the '>ame 
rhree-year period. 



TABLE 11.--Egg Production, Pounds of Feed per Dozen Eggs, and Body Weight per Hen of Most Popular 
Breeds Participating in the Oklahoma Egg Laying Test by Three-Year Averages of the Best Years of 

Low-Energy Rations and the Three Years of High-Energy Rations 

White Leghorn 

Rhode Island Red 

White Ply. Rock 

New Hampshir<: 

Australorp 

All Breeds 

I OW-F;-.JERCY RATION 19~9-40, 1940-41, I'IIR-49 
Egg Prml uct wn 
3~Ycar AnTagc 

Hen 
Day 

224.57 

226.05 

201.72 

184.25 

223.10 

217.42 

Hen 
Housed 

206.57 

205.67 

187.40 

175.1'1 

199.79 

201.87 

Pounds 
of Feed 

Body \Veights 
3-Ycar Average 

Per Doz. Oct. Sept. 
Eggs (Start) (End) Gain 

5.00 4.07 4.62 .55 

5.67 

6.00 

6.41 

5.42 

5.41 

5.33 

5.55 

5.02 

5.01 

4.64 

6.11 

6.29 

6.00 

5.88 

5.30 

.78 

.74 

.98 

.87 

.64 

H'CH-ENERGY RATIO:\ 1951-5~. 1952-:J:l, 1!15~-:)·l 

Egg Production Pounds Body \\'eights 
~~-Year Average of feed ___ _;~~~0ycra~!::_ __ 

Hen 
Day 

259.25 

257.77 

222.76 

212.80 

230.26 

:242.77 

Hen Per Doz. Oct. 
Housed Eggs (Start) 

247.57 4.39 4.52 

249.60 

212.61 

205.85 

215.15 

231.82 

4.50 

5.30 

5.51 

5.04 

4.79 

5.19 

6.30 

5.37 

6.11 

5.18 

Sept. 
(End) 

5.11 

5.62 

5.58 

6.03 

5.46 

5.39 

G;tin 

.59 

.43 

.72 

.66 

.65 

.62 

I.JJ 

'" 

a 
""" ~ ;:, 
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The White Leghorns and Rhode Island Reds had the highest egg 
production of all the breeds participating in the Oklahoma Test 
(Table II). The three-year-average hen-housed egg production for 
White Leghorns when the high-energy rations were used (1951-54) was 
247.57 eggs and for Rhode Island Reds was 249.6 eggs per hen. This 
is an increase of 41.16 eggs per hen for Leghorns over the three highest 
years prior to 1951-52 and an increase of 43.93 eggs per hen for the 
Rhode Island Reds. The difference is even greater when the 1951-54 
average is compared with the 1948-51 three-year-average production. 
The increase in egg production for these two breeds when high-energy 
rations were fed was proportionately greater than the all-heeds aver:.;ge. 

T'hus the high-energy rations were of more benefit to the higher 
producing breeds and strains of layers. This indicates that a com­
mercial egg-producing enterprise could profit more from using the 
high-energy rations than could the general-purpose type of poultry enter­
prise, but that the lower-producing flocks could expect some benefit. 

It is recognized that these comparisons have no experimental con­
trols; but research workers Gerry et al. (1952), Singsen et al. (1952), 
Skinner ct al. (1951 ), and Lillie et al. ( 1951 ), among others, have ob­
tained significant increases in egg production by altering rations to in­
crease energy and protein, to decrease fiber, to improve nutritive balance, 
and to increase vitamins. Similar results were obtained in the feed­
ing tests reported earlier in this bulletin. From the comparisons made, 
it can be concluded that the changes in breeders and breeds which 
participated from year to year in the Oklahoma Egg Laying Test, and 
the improvement in egg production which can be expected from year 
to year as shown by R.O.P. records, could not account for all of the 
increase in egg production when the high-energy rations were adopted. 

Mortality 

Table 12 shows the percent mortality by years for the seventeen 
years, 1937-38 through 1953-54, for the Oklahoma Test and for the 
average of all entries in all the nation's egg laying tests. Yearly mortality 
in the Oklahoma Test ranged from a high of 28.5 percent in 1938-39, 
to a low of I 0.3 percent in 1954-55. The mortality in all the standard 
egg laying tests r:mged from a high of 23.3 percent in 1937-38 to a low 
of 11.3 percent in 1954-55. 

When the high-energy rations were used in the Oklahoma Test 
for the years of 1951-52, 1952-53, and 1953-54, the mortality was 13.1, 
12.6, and 14.2 percent, respectively, with an average of 13.3 percent. All 
the standard tests averaged 13.5 percent for the same three years. 
Mortality for all the years prior to 1951-52 in the Oklahoma Test was 
higher than the standard test averages each year, with the exception of 
the year 1939-40 when the Oklahoma average was 20.3 and the all­
tests average was 20.4 percent. 

The nature of the egg-laying test operation made it necessary to 
transport the pullets to the test and to house pullets from different 
farms in adjacent pens in the same building. In many instances the 
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pullet!> "·ere not in good physical condition "·hen they arrived at the 
Test and had previously been expm.ed to respiratory infections. As a 
result, respiratory disorders "·ere a serious problem thoughout the 
majority of pens in each year of this study prior to 1951-5~. 

For this reason high-energy rations with additional quantities of 
vitamins were adopted by the Oklahoma test in 1951-5~. In addition, 
sulfaquinozaline was added to the test mash during the months of 
October, ?\ovember, and December in 1951-52 and 195~-:)3. In the 
195:\-51 Oklahoma test, sulhquinoxaline "·as not fed in the ration. In­
stead, aureomycin was used continuously at the rate of ·100 gm. per 
ton or ration during the fir,t month, one day per 'reek during the 
second month, one day each two "·eeks during the third month, and 
once per month in January and February. 

\\'hen high energy rations supplemented with high levels of vitamins, 
sulfa drugs, and antibiotics were fed there was an immediate increase 
both in egg production and in October through January feed consump­
tion. Health and viability of the layers were also impro\'ed. The 
severe respiratory symptoms, "·hich became evident during the month 
or October, were confined to six or eight pens. 

Production Summary by Breeds 

The three years of highest production in the Oklahoma Egg Lay­
ing Test prior to the use of high-energy rations (1939-40, 1940-41 and 
1948-49) and the four years of 1951-52, 1952-53, 1953-54, and 1954-55, 
when high-energy rations were used, are summarized in Tables 13, 
and 14. 

TABLE 12.-Annua1 Mortality for the Oklahoma Egg Laying Test 
and all Standard Egg Laying Tests in the Nation 

PE!iCJ<:.\"T ,1/01/T.J/JTF 
Oklahoma ,\II lJ. S. 

1937-38 
1938-39 
1939-40 
19-10-41 
1941-42 
1942-43 
1943-4+ 
194+-45 
1945-46 
1946-47 
1947-48 
1948-l-9 
1949-50 
1950-51 
1951-5~ 
1952-53 
1953-54 
1954-55 

.\lortalitY clue to heat prostration ·was innt·a~vd h~ 
during (9.:H. 

TeMs Tes·~ 

24.7 
28.5 
20.3 
20.8 
19.7 
27.7 
22.3 
18.9 
26.0 
23.4 
16.8 
14.8 
I 5.7 
16.8 
13.1 
12.6 
14.2* 
10.3 

th" t'\.ll'l'Jllch 

23.3 
2L+ 
20.4 
19.4 
17.6 
19.1 
17.7 
17.1 
14.5 
H.9 
13.9 
14.6 
H.2 
1+.5 
14.8 
13.1 
12.7 
11.3 

hi,!2;h 'illlllllHT lt'IllpcratUIC-i 



TABLE 13.-Feed Consumed, Egg Production, Pounds of Feed per Dozen Eggs and Body Weight per Hen by Breeds 
Oklahoma Egg Laying Test 

Low-Enero-v Ration 

Egg Pr'Jr1ur~ion Lbs. Feed Body Weight (Lbs.) 

Pounds_ of Feed ConsunH_'~i _ Hen Hen 1f~:. Beginning .t..naing 
Oa s -~Iash--(;ri"-~J?I ___ Gr~--1~taf- 11;L~' H·ltlscrl Eggs'* Gaitl 

--------------- 193 )-40 

Rhode Island Red 
White Ply. Rock 
Whitt' Wyandotte 
Barred Ply. Rock 
Australorp 
Buff Leghorn 
\V"l'tr Lc·P:horn 
All Breeds 

Rhode Island Red 
White Ply. Rock 
WhitP Wvandotte 
Barred Ply. Rock 
Buff Leghorn 
N cw Hampshire 
White Leghorn 
All Breeds 

Rhode Island Red 
White Ply. Rock 
White Wyandotte 
Barred Ply. Rock 
New Hampshire 
Buff Orpington 
Black Minorca 
Jersey W. Giant 
Australorp 
Brown Leghorn 
White Leghorn 
AJJ Rr,,cls 

36.85 
36.70 
3'.1.90 
38.90 
33.27 
32.10 
29.50 
32.60 

31.80 
27.70 
21.99 
34.92 
23.29 
24.20 
19.22 
24.46 

25.9 
26.4 
27.1 
25.8 
25.9 
24.4 
27.6 
25.4 
30.9 
22.1 
26.4 
26.0 

35.00 
35.24 
29.90 
32.13 
28.56 
18.44 
31.90 
32.40 

40.74 
31.50 
31.82 
27.41 
20.61 
34.00 
32.94 
33.46 

41.2 
36.5 
42.6 
38.3 
37.5 
33.4 
37.1 
31.1 
41.3 
31.9 
36.3 
37.4 

1.78 
1.85 
1.59 
1.76 
1.52 
1.06 
1.43 
1.58 

1.70 
1.80 
1.39 
2.61 
1.06 
1.02 
1.14 
1.47 

2.+ 
2.7 
2.5 
1.8 
1.9 
2.2 
2.3 
3.0 
2.2 
2.1 
2.6 
2.4 

3.28 
3.24 
3.20 
3.57 
3.66 
2.46 
3.75 
3.52 

3.75 
3.00 
2.96 
3.67 
2.83 
2. 71 
3.56 
3.44 

3.2 
3.6 
3.7 
3.9 
3.3 
3.7 
4.1 
3.6 
5.2 
3.3 
4.1 
3.8 

30.90 108.10 
31.10 108.20 
30.21 98.00 
34.50 110.60 
29.67 96.62 
29.18 74.05 
34.10 100.70 
32.63 102.78 

194)-4/ 
39.14 117.13 
3 7.52 101.52 
37.93 96.09 
40.18 108.79 
31.0:2 78.81 
36.47 98.40 
35.09 91.95 
36.72 99.55 

194 >49 
38.1 110.8 
39.6 108.8 
41.6 117.5 
38.3 108.1 
38.3 106.9 
34.6 98.3 
38.4 109.5 
38.8 101.9 
38.7 118.3 
36.1 95.5 
35.9 105.3 
37.1 1 Ofi.8 

!!< Docs not -inciudc grit and shell, and hen-day egg production is used. 

217.00 
201.20 
200.10 
225.70 
211.40 
158.40 
226.40 
217.78 

244.45 
191.88 
199.48 
218.48 
176.30 
170.41 
217.41 
216.64 

216.70 
212.12 
190.21 
235. 7G 
198.10 
195.53 
202.25 
169.91 
234.81 
172.75 
229.90 
213.90 

208.0 5.70 
181.7 6.15 
189.8 5.59 
203.7 5.60 
200.9 5.19 
151.3 5.34 
203.2 5.06 
199.0 5.39 

208.72 5.48 
182.66 6.04 
189.25 5.51 
172.26 5.63 
176.30 5.10 
157.30 6.66 
201.41 4.81 
195.43 5.27 

200.03 5.82 
197.84 5.80 
182.29 7.04 
235.76 5.21 
193.02 6.16 
195.53 5.67 
186.69 6.11 
156.84 6.73 
198.69 5.66 
159.46 6.26 
214.63 5.14 
201.36 5.64 

5.15 
5.38 
5.06 
5.48 
4.91 
3.01 
4.00 
4.57 

5.45 
5.59 
4.97 
5.39 
3.40 
4.98 
:3.83 
4.64 

5.38 
5.69 
5.84 
5.31 
5.07 
5.01 
4.48 
5.92 
5.09 
4.27 
'L37 
·L91 

6.03 .88 
6.32 .94 
5.83 .77 
6.79 1.31 
5.83 .92 
3.66 .65 
4.49 .49 
5.27 .70 

6.05 .60 
6.23 .64 
6.03 1.06 
6.52 1.13 
4.02 .62 
6.03 1.05 
4.40 .57 
5.32 .68 

6.25 .87 
6.31 .62 
6.62 .78 
6.01 .70 
5.96 .89 
5.95 .94 
4.89 .41 
5.30 .62 
5.93 .84 
4.81 .54 
4.97 .60 
5.55 .64 
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TAHLE 14.-Feed Consumed, Egg Production, Pounds of. Feed per Dozen Eggs and Body Weight per Hen by 
Breeds-Oklahoma Egg Laying Test 

High-Energy Ration 

Egg Product ion Lbs. Feed Body \\'eight (Lbs.) 
Per Bcgim1i~End~--- a 

Pounds of Feed Consumed Hen Hen Doz. ;.,.. 
--
~!ash Gril Shell Gra:n Total Da,· H~mscd Egg;., if< Gain 1::> 

--------- - -----~-- ---------- ;:::;-
1951-52 0 

Rhode Island Rt•d ~5.60 .87 2.96 46.48 96.01 :2:!~1.~8 :n:t92 +.97 5.21 5.57 .:16 ;::! 
I;) 

White Ply. Rock 53.17 2.31 3.35 49.46 108.32 :215.08 202.65 5.72 5.41 6.22 .81 
~ White Wyandotte +5.60 .87 2.96 46.58 96.01 ~ 11.8:l 195.5-1 5.22 5.21 5.57 .% r:Jq 

Buff Orpington !9.-J.O 3.25 5.00 47.62 105.27 ~"0.9U ~20.:)3 5.27 5.36 6.07 .71 .., 
Australorp 5U:~ 1.91 3.61 50.03 109.28 :'lfi.19 ~:>.7.25 5.09 5.:n 6.(J3 .69 ~· 

.::: 
Jersey W. Giant 52.82 ±.16 +.00 +8.25 109.26 19+.90 19-L07 6.22 5.-15 6.10 .65 -W. L. Red Cornish 3+.67 3.10 3.91 +5.16 86.8-l 1 0--L() 1 10L61 9.15 5.02 6.07 1.05 :2 
Black Minorca 61.27 2.64 4.69 44.95 113.55 184-.1)!) 183.92 6.92 1-.80 5.69 .89 

.., 
I;) 

New Hampshire 51.09 1.92 3.56 46.91 103.+8 ~03.71 203.25 5.63 5.20 6.0J .80 -
Brown Lcghorn 44.83 2.57 4.07 43.23 94-.70 189. !:! 181.85 5.59 -1-.0 I -U6 .75 t:r:l 
White Lt·ghorn 54.58 2.59 4.73 44.88 106.78 ~!5-!.75 2+2.99 +.50 +.44 5.18 .H ~ 

'"t:} 
All Brceds 52.93 2.4-4 -4.06 46.88 106.31 22fo.96 218.15 5.28 +.91 5.67 . 76 "" ::J. 

1.95?-53 ;:: 
Rhode Island Red 56.58 2.51 :1.3+ +1.29 ]0:).75 ~79.08 268.:H +.21 5.10 5.87 .77 "" ;::: 
White Ply. Rock 55.06 2.57 :H:i 12.37 Hrl.B ~~9.:.~ ! 2:!-J.S! 'i 09 'iS~ 6.t)0 1.! 17 .... 
White Wyandott•· 5~.1 0 1.18 :us :l8.50 95.1:) : J : ~ ] • ~ j ( I 22UO +.91 !_9~ 5.78 .flti (/) 

:\cw Ilampshin· .'i5.+6 '!...'27 :l.'!..9 ru:; 103.45 ~~ 1 {}. :) :2 ~()L()<I :u:; ~).:):'") G.l l .79 
..,. 
::::, 

:\ustralorp 5:~.80 1.6~ t. lfl ll.'!..:> 100.77 :l.~ !. :-~~~ ~~ Lti:1 5.118 '>.Hi li.~:; .77 
.... 

W. L. Red Cornish '!..8.90 l.l'i '!...15 +0.90 7:uo ~: ~). ( ): l 81.~:; 7.'!..7 LGO 5.11 .81 
c;· 

California Gray Li.60 '!...Hi LSI :i9.10 9U7 .!:11.1)() '!.. :i 1.00 1.10 'i.l:l fi.1:l 1.0!; 
Bla"k Minorca 57.10 '!...17 :>.95 39.10 !O'!...:i~ ~~~~!. 71) ~02.7() 5.69 :-}.~:~ :J.98 .'II> 
Brown Leghorn 'iO.:!O l.l:l :uo :19.80 9+.·l:l 181U9 159.58 5.99 1.21 4.98 .77 
Whit" Leghorn 56.6+ '!...23 5.11 :n.+ 1 101.39 :>tiiJ.90 ~!52. 77 -L:i:l +.5'!.. 5.21 .li9 
:\11 Bn·t·ds 5+.91 21.17 4.28 39.51 100.87 '!..:l9.19 '!..30.05 U+ 1.90 5.68 .78 



TABLE 14.-(Continued) 

Pounds of Feed Consumed 

Mash Grit Shell Grain Total 

195.1-54 
Rhode Island Red 62.51 .96 3.57 35.42 102.47 
Australorp 56.68 1.12 2.84 34.12 94.76 
New Hampshire 61.24 1.21 2.74 35.42 100.61 
White Ply. Rock 57.92 1.33 2.64 36.92 98.81 
Brown Leghorn 56.53 1.08 3.35 30.97 91.93 
White Leghorn 63.50 1.54 4.52 31.58 101.14 
All Breeds 61.57 1.38 3.77 33.39 100.11 

1951-55 
White Leghorn 59.54 1.66 4.16 31.41 96.78 
Bn. Leghorn 57.33 1.50 3.96 31.16 93.96 
S.C.R.I. Red 59.07 1.57 3.44 34.98 99.07 
Australorp 57.41 1.33 2.92 33.66 95.33 
New Hampshire 61.03 1.51 2.91 34.84 100.30 
White Ply. Rock 57.75 1.26 3.09 34.97 97.09 
All Breeds 53.88 1.50 3.82 32.48 97.17 

• Does not include grit and shell, and hen-day egg production is used. 

Egg Production Lbs. Feed 
- Per 

Hen Hen Doz. 
Day Eggs• 

271.76 266.54 4.32 
220.10 206.56 4.95 
212.38 209.60 5.46 
223.56 210.66 5.09 
215.85 215.85 4.86 
262.09 246.96 4.35 
244.55 234.38 4.66 

255.11 243.72 4.28 
205.38 205.38 5.17 
269.10 253.57 4.19 
228.00 219.23 4.79 
184.74 177.65 6.29 
220.00 211.60 5.05 
242.83 233.68 4.56 

Body Weight (Lbs.) 
Beginning Ending Grain 

5.26 5.42 .16 
5.60 6.07 .47 
5.57 5.96 .39 
5.81 6.09 .28 
4.18 4.00 .18 
4.60 4.95 .35 
5.03 5.36 .33 

4.27 4.91 .64 
4.00 4.73 .73 
5.01 5.73 .72 
5.15 5.91 .76 
5.48 6.28 .80 
5.58 6.56 .98 
4.61 5.31 .71 
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The feed consumption lor the lmr-energy rations i-; giYen 111 

Table 13, for the oats, mash, grit, and shell, each of "·hich "·as led 
ad libitum, and for the grain mixture "·hich was hand-led in the late 
afternoon. During the first year, no restriction was made on the oats 
consumption; and the amount of oats, mash, and grain consumed per 
hen was 32.!i0, 32.40, and 32.63 pounds, respectiwly, for the year. 
During the other two years during which the low-energy rations were 
fed, the oats were slightly restricted to 24.46 and 26.0 pounds ami the 
mash and grain consumption increased. 

There was practically no difference between the low-energy and 
the high-energy rations in the three-year-average amount of total feed 
consumed per hen, as shown in Tables 13 and 14. Table U shows, 
however, that the mash consumption increased and total grain con­
sumption decreased when high-energy rations were used. .\lash con­
sumption increased and grain consumption decreased progressively 
each year from 1951-52 to 1953-54. This was clue to both the improve­
ments which were made in the high-energy rations and the yearly in­
crease in egg production. However, the large increase in egg produc­
tion resulted in a decrease in pounds of feed per dozen eggs lor the 
high-energy feed. 

The pounds of feed per dozen eggs for the low-energy rations in 
1938-39, 1939-40, and 1948-49 were 5.39, 5.27 and 5.64, respectively, for 
the average of all breeds. By comparison, the pounds of feed per 
dozen eggs for the high-energy years were 5.28 in 1951-52, '1.74 in 1952-
53, and 4.66 in 1953-54, as shown in Table 14. 

The three-year average reduction in pounds of feed per dozen 
eggs was 0.62 for the five most popular breeds represented as shown in 
Table ll. The five popular breeds averaged 5.41 pounds of feed per 
dozen eggs for the three highest years prior to 1951-52 and 4.79 pounds 
for the years 1951-54. White Leghorns fed the low-energy feeds con­
sumed 5.00 pounds of feed per dozen eggs, compared to 4.!)9 pounds 
on high-energy feeds. When high-energy rations were used, the Rhode 
Island Reds, \Vhite Plymouth Rocks, and New Ham pshires had a 
slightly larger reduction than did the White Leghorns in pounds of 
feed per dozen eggs produced. However, the three heayy breeds re­
quired 5.10 pounds of feed per dozen eggs on the high-energy ration, 
as compared to 4.39 pounds per dozen eggs for the ·white Leghorns. 

The average body weights of all breeds as listed in Table-; J;) and 
14 reveal little difference in gain during the year on the tml types of 
rations, with the exception of 1953-54. The 1953-5·1 test year included 
a record-breaking summer from the standpoint of high temperatures, 
which decreased feed consumption. This partially accounts for the 
poorer "·eight gains during this year. The pullets in the 195g.54 test 
were also the heaviest in October as compared to other years. "·hich 
gave them less opportunity to gain weight after they arriwd at the 
laying test. The average yearly gain in body weight for all breeds 
ranged from a low of O.G'l pounds in 19..J:8-49 to a high o[ 0. 7R pounds 
in 19.52-5;). 
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The high-energy rations cost 64 cents more per 100 pounds than 
did the low-energy rations, when the same ingredient prices were used. 
Cost of feed per dozen eggs was higher for the years when high-energy 
rations were used. The feed cost for each dozen eggs produced was 
1.51 cents more for the high-energy rations than for the low-energy 
rations. This points out the fact that the cost of feed per dozen eggs 
is not necessarily a criterion for measuring the profitableness of two 
different rations. This study shows that the amount of margin between 
the total sales and the total feed cost for the year determines the profit­
ableness. When the high-energy rations were used in 1951-54-, egg 
production increased and the additional number of dozens of eggs sold 
resulted in additional returns over the feed costs. 

The number of eggs produced during the months of October, 
November, and December, when egg prices are usually highest, was 
another important factor influencing net income in this study. The 
greatest difference in egg production, between the years when low­
energy and high-energy rations were fed, occurred during the period 
hom October through January. The greater production secured from 
the high-energy rations in October, N ovemher and December resulted 
in larger returns from more eggs and higher egg prices. 

The feed cost and egg sale> comparisons made in this study for the 
low-energy rations consisted of the three best production years prior to 
1951-52. If the egg production of the three years just prior to 1951-52 
had been used, the differences in favor of the high-energy rations would 
have been still greater. 

Production Summary of Five Popular Breeds 

Table II shows the three-year average egg production, pounds 
of feed per dozen eggs, and the body weights of the five most popular 
breeds for the three best years with low-energy rations and for the 
three years with high-energy rations. 

As a breed, the Rhode Island Reds and the White Leghorns had 
the highest three-year-average hen-housed egg production on both 
types of rations. The Rhode Island Reds produced 249.60 eggs and 
the vVhite Leghorns 247.57 on the high-energy rations and 205.67 eggs 
and 20G.4l eggs per hen, respectively, for the three highest production 
years on the low-energy rations. This is a difference of 44.93 eggs 
per hen for Rhode Island Reds and 41.16 eggs per hen for White 
Leghorns in favor of the high-energy rations. 

The hen-housed egg production of all five breeds averaged 29.95 
more eggs per hen during the three years when high-energy rations 
were fed than the average for the three best years when low-energy ra­
tions were fed. 

The three-year average, 1951-52 through I95zl-54, for pounds of 
high-energy feed per dmen eggs for all five popular breeds was -1.79 
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pounds as compared to an average of 5.41 pounds for the three best 
years 'vhen low-energy rations were fed. 

The ·white Leghorns averaged 4.39 pounds and the Rhode Island 
Reds averaged 4.50 pounds of feed per dozen eggs during the years 
from 1951 to 1954. The average pounds of feed per dozen eggs was 
5.00 pounds for White Leghorns and 5.67 for the Rhode Island Reds 
during the three best years with low-energy rations. This indicates 
that the Rhode Island Reds consumed proportionately more feed per 
dozen eggs on the low-energy formulas than did the White Leghorns, 
even though there was little difference in the egg production of the 
two breeds. 

Total Feed Costs and Egg Sales by Months for Each Year 

Pounds of feed consumed, total cost of the feed per dozen eggs, 
receipts from sale of eggs, eggs produced, egg prices, and the difference 

TABLE 15.-Highe~t Hen-Day Record Year 

Feed Flock Feed Cost 
Consumed Cost !\largin Egg Egg Per Eggs 

Month (Pounds) of feed Over Feed Sales Prices Dozen Produced 

Low-Energy Rations 
1939-40 

650 Pullets Housed 
Oct. 5,618.90 $ 191.23 $ 243.32 $ 434.55 $.4620 $.2033 11,287 
Nov. 5,405.00 195.59 237.01 432.60 .4500 .2035 11,536 
Dec. 5,776.10 210.43 242.93 453.36 .4561 .2117 11,928 
Jan. 5,587.30 200.79 202.34 403.13 .4300 .2142 11,250 
Feb. 5,615.40 212.95 175.03 387.98 .3950 .2175 11,757 
Mar. 5,295.70 201.13 155.29 356.42 .3312 .1835 12,914 
Apr. 5,336.50 207.73 66.41 273.14 .2716 .2062 12,090 
May 5A41.90 211.56 58.43 269.99 .2692 .2111 12,031 
Jun. 5.874.60 165.15 41.04 206.19 .2350 .1844 10,520 
Jul. +,907.30 185.46 95.62 281.08 .3390 .2253 9,932 
Aug. +,357.80 179.90 83.36 263.26 .3564 .2435 8,864 
SPpt.*. 1,913.20 71.99 30.41 102.40 .3500 .2463 3,507 
Total 60,129.70 $2,233.91 $1,631.19 $3,864.10 .3601 .2101 127,616 

The average cost of the low-energy ration (in<.:!uding grit and shell) per 100 lbs. was $3.71. Com-
ponents were made with the 1%3-54 egg and feed prices. 

High-Energy Rations 
1953-54 

650 Pullets Housed 
Oct. 6,281.80 $ 356.43 $ 214.71 $ 571.14 $.4620 $.2886 14,828 
Nov. 6,480.00 267.80 294.73 562.53 .4500 .2183 15,216 
Dec. 6,370.50 272.88 317.71 590.59 .4561 .2107 15,542 
Jan. 6,127.:W 258.75 274.47 533.23 .4300 .2085 14,893 
Feb. 5,443.80 232.78 216.25 449.03 .3950 .2058 13,571 
Mar. 5,908.90 243.54 157.85 401.39 .3312 .2009 14,544 
Apr. 5,348.60 230.21 87.88 317.09 .2716 .1962 14,081 
May 5,587.30 260.55 41.38 301.93 .2692 .2319 13,479 
Jun. 5,035.30 212.54 29.94 241.94 .2350 .2161 12,371 
Jul. 3,817.80 184.99 107.17 292.17 .3390 .2145 10,322 
Aug. 3,987.14 201.21 82.98 284.20 .3564 .2540 9,511 
Sep.* 1,933.80 97.28 19.08 116.36 .3500 .2920 4,000 
Total 62.321.10 $2,818.96 $1,844.15 $4,663.12 .3601 .2281 152 347 

The a\Tragc cost of high-energy ration (including grit and shell) per 
'*Only the first half of September ,.,;as included in the test year. 

100 pounds was $4.52. 
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between the cost of feed and egg sales, which is called the "flock margin 
over feed cost," are recorded in Tables 15, 16, and 17. 

The egg production and feed consumption figures are the actual rec­
ords for each of the three highest production years on the low-energy 
rations and the three years with high-energy rations. The egg and 
feed prices used in Table 15 for both types of rations are for the 
year 1953-54. The feed consumption and the cost of feed per dozen 
eggs were higher for the high-energy ration as shown in Table 20. 
However, the increased egg production when high-energy rations were 
fed resulted in a greater flock margin over feed cost for the months 
of November through April, for July, and for the entire year. Returns 
from egg sales for both years were higher during the fall and winter 
months because of higher egg prices. The flock margin over feed 
cost for the year 1953-54 was $1,814.15 as compared to $1,631.19 in 1939-
10 for the low-energy feed. 

TABLE 16.-Second Highest Hen-Day Record Year 

Feed Flock Feed Cost 
Cnusumcd Cost j\{argin Egg Egg Per Eggs 

:\fonth (Pounds) of feed Over Feed Sales Prices Dozen Produced 

Low-Energy Ration 
1940-41 

650 Pullets Hat!S(•d 
Oct. 5,281.9 $ 185.42 $ 211.14 $ 396.56 $.4560 .$.2132 10,436 
Nov. 4,304.4 188.01 196.62 384.63 .5006 .2447 9.220 
Dec. 5,264.8 184.76 241.77 426.53 .5100 .2209 10;036 
Jan. 5,634.6 197.95 244.67 442.62 .4280 .1914 12,410 
Feb. 5,172.1 182.44 183.51 365.95 .3720 .1854 11,805 
Mar. 5,525.9 195.89 219.90 415.79 .3819 .1799 13,065 
Apr. 5.256.9 180.49 218.26 398.75 .3840 .1738 12,461 
May 5,309.5 182.90 238.85 421.75 .+115 .1784 12,299 
Jun. 5,032.4 171.17 162.29 333.46 .3620 .1858 11,054 
Jul. 3,912.4 13 7.28 230.96 368.24 .4320 .1610 10,229 
Aug. 4,167.6 145.96 184.23 330.19 .4450 .1967 8,904 
Scp.* 2.049.9 70.34 57.38 127.72 .4500 .2478 3,406 
Total 57,912.4 $2,022.61 $2,389.58 $4,412.19 .4277 .1937 125,325 

High-Energy Ration 
1952-53 

650 Pullets Hous('d 
Oct. 5,830.9 $ 314.62 $ 184.65 $ 499.27 $.4560 $.2870 13,155 
Nov. 6,367.4 266.78 315.39 582.17 .5006 .2293 13,963 
Dec. 6,144.1 258.63 355.86 614.49 .5100 .2146 14,460 
Jan. 6,260.4 257.41 261.91 519.32 .4280 .2110 14,543 
Feb. 5,447.1 225.58 174.50 400.08 .3720 .2097 12,906 
Mar. 5,823.5 217.28 242.39 459.67 .3819 .1804 14,455 
Apr. 5,496.8 212.56 222.28 434.84 .3840 .1877 13,589 
May 5,574.5 230.80 231.99 462.79 .4115 .2052 13,494 
Jun. 4,338.1 184.81 175.85 360.66 .3620 .1857 11,983 
Jul. 4,858.2 210.24 204.96 415.20 .4320 .2187 11,534 
Aug. 4,666.1 198.14 198.90 397.04 .4450 .2216 10,731 
Sep.* 2,071.1 88.34 86.70 175.04 .4500 .2265 4,680 
Total 62,878.2 $2,665.19 $2,655.38 $5,320.57 $.4277 $.2139 149,493 

The average cost of the low-energy ration (including grit and shell) per 100 pounds was $3.49. 
Computations were made with 1952-53 egg and feed prices. 
The average C'ost of the high-energy ration (including grit and shell) per 100 pounds was $4.23. 
•Only the first half of September was included in the test year. 
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ln Table 16, egg and feed prices for 1952-53 '"ere used in calculat­
ing costs ~mel returns for both 1940-41 and 195~-53. Results 11·ere 
-;imilar to thme reported in Table 15, except that higher egg prices net­
ted considerablv more margin over feed cost. The lm\·-energy feed 
returned a flock margin over feed cost of $2,389.58 for the year, and 
the high-energy feed returned $2,655.38 ah(we the feed cost. This indi­
cates that the high-energy rations return a proportionately greater 
net income than the low-energy rations when normal or above normal 
egg prices exist. 

Table 17 sh(nv.s the cost and return records for the 1m\·-energy 
ration in 19-18-·19 and [or the high-energy ration in EJ51-52, using the 
1951-5~ egg and feed prices. Low egg prices prevailed 11·hich re­
o,ultecl in less margin over feed cost, but the difference again favored the 
high-energy, higher-cost ration. Superior production on the high-energy 
ration 11·as respomible for this advantage each year. 

TAHLE 17.-Third Highe~t Hen-Day Record Year 

Fl'l'd 
C"ll~l!ll~crl Cost 

~r~!~~!_l ____ (_~-~~-~~~i~) ___ o_l feed 

Flock 
\1argin 

(her Feed 
Fgg 
Sale~ 

Low-Energy Ration 
19-±8-49 

650 Pullets Housed 
Oct. 5.7-±6.7 $ 208.75 $ 309.37 $ 518.12 
:\ov. 6,397.2 238.51 221.89 460.40 
Dc·c. (),~)~5.~ 23:>.66 210.45 444.11 
Jan. 6,.l:J8.) 2:19.45 75.45 314.90 
Feb. fi.O 10.6 ~22. 11 50.03 272.44 
Mar. 5,988.1 227.13 85.75 313.18 
Apr. 5,518.8 208.59 87.33 295.92 
May 5.897.3 218.98 71.08 290.06 
Jun. 'J,LlO.l 189.96 88.16 278.12 
Jul. 4,689.6 184.83 1~1.54 306.39 
Aug. J5'l6 5 180.21 173.56 353.77 
§l'E:_':_ ______ _iosi3 ____ 84.o2 ___ 7_o.o2 ___ 15J~~1 
"1'otal ti1,n l.fi $Lot36.82 $1 56+.63 $+.001.45 

High-Energy Ration 
1951-52 

650 Pulkts Housed 
Oct. c>,816.5 $ 29-1.55 $ 245.-15 $ 540.00 
~ov. 6,9~3.1 280.58 293.9:) 574.51 
Dec. '>,940.1 240.06 268.76 508.82 
Jan. 7,159.8 287.09 78.19 365.28 
Feb. () 070.9 215.7+ 69.65 315.39 
Mar. 6.505.8 267.39 67.35 334.74 
Apr. h.OGU 239.16 80.38 :n 9.84 
May 'i.9(B.9 230.61 77.2~ :l07.8:> 
Jun. 5 WJ3.1l 19'i. 75 l 09.1'0 :>06.55 
Jul. 4,6:n8 195.19 131.58 326.77 
Aug. !,467.9 192.75 1 'i 1.85 344.60 

?~~]l_·~ -- ~) J'll :~.f) 92.6 i 64 09 156.70 
Total [j(j,5fl+.7 $2)62fs---:$-1.6:>-f 2 'f-$T. w 1 :o:'f--

Fgg 
Pril l''i 

Feed Cost 
Per Fggs 

Dozen Produced 

$.5213 $.2100 11.927 
.5330 .2761 10,366 
.-!630 .2436 11,511 
.32+1 .2464 11.659 
.2851 .2327 11.-162 
.2858 .2075 13,150 
.2900 .20-H 12.245 
.2809 .2121 12.392 
.31:13 .2140 10,653 
.3576 .2157 10.282 
.4 150 .2267 9.540 

_._+85_D_ ____ .26+5 ____ ___.'3,_812 
$.3820 $.2267 128.999 

$.5213 $.2837 12,45-f 
.s:no .2603 12.9:17 
.+6:10 .2176 13,20() 
.:>241 .25Hi 13.530 
.2851 .2216 13,309 
.2858 .2268 14,152 
.2900 .2171 1 :),2-fO 
.2809 .2102 1:),179 
.31:):) .2010 ll.H6 
.3576 .2153 10.966 
.H:iO .2-181 9,298 
.+850 .2937 :),783 

$.:l820 $.2:>:18 141,821 

The 11\Tragc cn..,t of lhC' low-energy ration (including grit and shell) per 100 pounds 'vas $3.78. 
Computations were made with 19~)1-52 .::·gg and feed price~. 
-l ht' ;1\'.·LJ._.;,· ~· -..t (lt lw hit1,li-('lllT~~ JalJuJl (.ncluding gri· and ..;Jwlli pn 100 pound-; wa5 S-t-.14. 
""On!~ the li1-..r half of '-,cptunhcr \\a..; iiH !tided in the !c'>t ~Tar. 
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Three-Year Averages of Feed Costs and Egg Sales with Low-Energy and 
High-Energy Rations, by Months and by Years 

Table 18 shows the three-year averages of the combined data of 
Tables 15, 16, and 17 for the feed consumption and cost, egg sales. 
prices, egg production, and flock margin over feed cost by month~. These 
include the two years of unfavorable egg-feed price ratios and the 
one favorable year, as were shmm in Tables 15, 16, and 17. 

Month 

Oct. 
!\"ov. 
D~c. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Sep.* 

Total 

Oct. 
Nov. 
Dec. 
.Jan. 
Feb. 
Mar. 
Apr. 
May 
Jun. 
.Jul. 
Aug. 
Scp.* 

Total 

TABLE 18.-Averauc ,., of 3 Best Years on Low-Energy Ration 
and 3 Years on High-Energv Ration 

Feed Fluck 
Consumed Co:~t \Iargin F)!;~ 
(Pounds) of fc~·d (her feed :-:ales 

Low-energy ration 1939-40. 19t0-41, 1948-49 
(650 pullets housed each yFar) 

5,549.2 $ 195. Li $ 254.61 $ 449.71 $.4 798 
5,702.2 207.3 7 218.51 425.88 .4945 
5. 702.2 209.62 231.72 Hl.33 .4761 
5.860.1 212.73 174.15 386.88 .3940 
5,609.-l 205.93 136.19 342.12 .3507 
5.603.2 204.82 153.fi5 :358.4 7 .3330 
5,3 70.7 198.91 123.66 322.60 .3152 
5,5-19.5 204.-18 122.55 327.03 .321YJ 
5,345.8 175.43 97.16 272.59 .3034 
4,503.1 169.20 149.37 318.5 7 .3762 
4.350.6 168.69 147.05 315.74 . .J.155 
2,005.1 75.45 52.60 128.05 .+283 

-----~------

60.817.9 $2,227.79 $1,861.22 $4.089.00 $.3899 

High-enFrgy ration 1951-52, 1952-53, 1953-54 

5,976.4 
6,590.2 
6,151.6 
6,515.8 
5,653.9 
6,079.4 
5,635.6 
5,688.6 
4,823.8 
-l 433 6 
4)73:7 
2,005.8 

63,928.4 

( 650 pullets housed each year) 
$ 321.87 $ 214.94 $ 536.80 $.4 798 

271.72 301.35 573.07 .4945 
257.19 314.11 571.30 .4764 
267.75 204.86 472.61 .3940 
234.56 153.47 388.03 .3507 
242.74 155.86 398.60 .3330 
227.08 130.18 357.26 .3152 
240.65 116.86 357.52 .3205 
198.03 105.20 303.23 .3034 
196.81 147.90 344.71 .3762 
197.37 144.58 341.95 .4155 
92.74 5G.62 149.37 .4283 

$2,748.51 $2,045.93 $4,794.44 $.3899 

Feed Cost 
Pc1 Lgc;, 

Do1cn ProdtHcd 

$.2088 11.217 
.241+ 10:37+ 
.2251 11,158 
.2173 11,773 
.2119 11,675 
.1903 13,04:0 
.191-8 12.265 
.200.) 12.241 
.19+7 10.712 
.2007 10,148 
.2223 9,10'\ 
.2529 3,575 

$.2102 12 7,311 

$.2864 13,4 79 
.2359 14.039 
.2143 14.403 
.2247 14 3?') 
.2124 13:262 
.2027 14.384 
.2003 13,637 
.2158 13.384 
.2009 12,033 
.2162 10,941 
.2412 9,847 
.2707 4,154 

$.2 253--14 7,-885 

The averag-e cost of all lo'i\'-crwrgy rations (including grit and shell) per 100 pounds l\'as $3.66. 
The average cost of all high-crH.:rgy ration-; (including grit and shcll) per I 00 pounds was $4.30. 
'*Only the first half of Scptcmlwr was included in the test year. 

The three-year average for 1951-54 in the Oklahoma Egg Laying 
Test, 1vhen high-energy rations were used, shows a greater return in 
egg sales for each month of the year. The cost of feed and egg produc­
tion 1\·ere also higher for I ~)51-54. The average flock margin over 
feed cost was higher 11·hen high-energy rations were used for all months 
in the year 1vith the exception of October, May, and July. 



Feed 
Consumed 

Ration (Pounds) 

High Energy1 63,928.4 

Low En!"rgy" 60,817.9 

Difference 3,110.5 

TABLE 19.-Three-Year Averages of Yearly Totals 
Low-Energy and High-Energy Rations 

650 Pullets Housed Each Year October 1 
Cost Flock 

of ~largin Egg Egg 
Feed Over Feed Sales Prices 

$2,748.51 $2,045.93 $4,794.44 38.99¢ 

2,227.79 1,861.22 4,089.00 38.99¢ 

$ 520.72 $ 184.71 $ 705.44 0.0 

lligh-cncrgy rations were fed during 1951 ·52, 1952-53, and 1953-54. 

Feed Cost 
Per Percent Eggs 

Do1cn Production Produced 

22.53¢ 65.00% 1+7,885 

21.02¢ 55.96% 127,314 

1.51¢ 9.04% 20,571 

Low-energy rations were fed during 1939-40, 1940-41, and 1948-49, which were the three years of highest egg production prior to the usc of high­
energy rations. 
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Table 19 gives the grand average for the years 1939-40, 1940-41, 
and 1948-49 when low-energy rations were used, as compared to the 
three-year average of 1951-54 when high-energy rations were fed. 

The entire flock of 650 pullets consumed an average of 3,110.5 
pounds more of feed per year on the high-energy rations than when 
the flock was fed the low-energy ration. The feed cost for the high­
energy-fed flock averaged $520.72 more per year than for the low-energy 
fed flock. Cost of feed per dozen eggs also averaged 1.51 cents per dozen 
more for the high-energy ration during 1951-54. 

The Oklahoma test flock during the 1951-54 period averaged lay­
ing 20,571 more eggs per year than during the low-energy years, which 
resulted in $705.44 more per year in egg sales. The yearly average 
flock margin over feed cost from the high-energy rations was $2,045.93. 
This amounted to $184.71 more per year for the high-energy ration 
years than for the average of the three best years of the Oklahoma Test 
when low-energy rations were used. 

Number of Pauses and Duration of Pauses in Laying, for Leghorns and 
Heavy Breeds, by Years and Months 

Geneticists have found in recent years that fall or winter pauses 
and neck molting are greatly influenced by environment. Lernor and 
Taylor (1947) reported that the heritability of winter pause appeared to 
be low. Hays (1949) found that pause duration is highest in birds 
starting the pause before January. Hays (1951) again reported that sea­
son was the only environmental factor studied that did have a signifi­
cant effect on incidence of winter pause, and further stated that the 
very low degree of heritability of winter pause incidence simply em­
phasized that inheritance of a complex physiological character may be 
almost completely obscured by environmental factors. 

Prior to 1951-52, the largest number of weeks paused or pauses 
started for any month in the Oklahoma Tests was always in November. 
The three-year average for November, in percent of weeks paused, on 
a hen-week basis, was 27.68 percent for the White Leghorns and 19.21 
percent for the heavy breeds, for the highest production years during 
the period of low-energy rations. The high-energy rations apparently 
reduced the weeks paused in November to 6.54 percent for Leghorns 
and 7.64 percent for heavy breeds during 1951-54. This fact caused the 
year's peak of egg production from high-energy rations to occur in 
November. March was the peak of production during the years of 
low-energy rations. 

As Table 18 shows, the 650 pullets on the high-energy rations in 
1951-54 produced an average of 14,039 eggs in November, whereas the 
pullets during the three highest years when low-energy rations were 
being used, produced an average of 10,374 eggs. This reduction in 
fall and winter pauses which resulted in higher egg production had a 
greater influence on returns over feed cost than any other single 
factor. 
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_-\s shown in Tables 20 and 21 there was a reduction in the num­
b~r oi weeks paused during the 1951-55 period as compared to the three 
!ugh years pnor to 1951-52. The three-year-average percent of weeks 
paused lor the heavy breeds when the low-energy rations were used 
was 11.30 percent. The percent of v1·eeks paused by the heavy breeds 
decreased to 7.96 percent in 1953-54. The percent of weeks paused in 
egg yrod~~0on for the same years in \1\'hite Leghorns decreased from 
l OAt to ;J.i 1 percent. 

TABLE 20.-Percent of Weeks Paused and Average Length of Pauses 
for the Three-Year Average of the Best Years of Low-Energy Rations 

and for Each of the Years of High-Energy Rations 

P·Tc"n· of \VccksPauscrl"' Average Lengrh of Pauses (Weeks) 
Year Hcayy Bret'!ls I.eg·horn~ Hean· Breeds Leghorno; 

Low-Energy Ration 

1939-194-1 
(Awrage) 11.30 10.4 7 3.94 3.70 

1948-1949 

High-Energy Ration 

1951-1952 9.59 6.43 3.44 3.43 

1952-1953 7.53 5.32 3.11 3.50 

1953-1954- 7.96 5.77 2.85 2.86 

1954-1955 6.67 4.73 2.97 2.70 

~umber of Weeks Paused 
it Percent of weeks paused _____ X 100 

Number ot Hen \Necks 

A comparison of the totals for all breeds showed that the three­
year-average percent of weeks paused for the low-energy years, which 
was 10.7·1 percent, decreased to 7.10 percent when high-energy rations 
were used. Table 22 shows that the range by months, when low-energy 
rations were used, was from a high of 2:~.45 percent for November to a 
low of 3.69 percent for February. Percent of weeks paused with the 
high-energy rations ranged by months from 1:).83 percent in July to 
a low of 3.88 percent in January and March. V\'hen a pause continued 
into the following month, the entire pause was charged to the month in 
which it started. 

The average length of each pause also decreased in the 1951-54 
period 11·hen compared with the best years prior to 1951-52. The 
length of pause per hen 11·as reduced in 1953-54 by slightly more than 
one week for heavy breeds and by 0.9 of a week for the Leghorns. The 
average length of each pause for all breeds 11·as 3.84 weeks for the low­
energy rations and 3.18 weeks for the high-energy rations. In Table 
22, the slight difference in pauses for .July in favor of the low-energy 
rations can be explained on the basis of the unusually high temperatures 
in June ancl July of 1952 and 1954. 



TABLE 21.-Percent of Weeks Paus~d and Average Length of Pauses 
·------·---

Oct. Nov. Dec. Jan. Feb. h1ar. Apr. May Jun. July. Aug. Sept. 
LEGHORNS 
Number Pauses 12 16 20 17 17 I+ 3+ 30 31 24 36 31 
Percent Number 3.55 4.73 5.91 5.07 5.13 4.29 10.55 9.37 9.78 7.86 11.84 10.33 
Pauses ::r:: Av. Length 1.58 3.00 3.25 2.88 2.70 2.28 2.58 3.26 3.19 2.58 3.00 1.54 r]q• 
Percent Weeks 1.27 3.31 4.34 3.30 3.47 2.21 6.37 6.91 7.29 4.59 8.02 3.73 ;::-
Paused tl::i 
HEAVIES :::l 

Number Pauses 6 15 12 6 14 10 16 23 27 14 28 25 ~ 
Percent Number 3.29 8.28 6.66 3.35 7.90 5. 71 9.1+ 13.29 15.78 8.38 16.96 15.24 ~ 
Pauses t"-< 
Av. Length 1.66 1.80 3.26 3.16 2.28 3.30 2.68 3.56 3.92 2.21 4.21 1.76 :;:, 
Percent Weeks 1.24 3.48 4.93 2.39 4.51 4.25 5.73 10.70 14.48 4.19 16.16 6.26 '"""" 
Paused ~ 

ALL BREEDS ~ 
:;:, 

Number Pauses 18 31 32 23 31 24 50 53 58 38 64 56 ..... 
Percent Number 3.42 6.51 6.29 4.21 6.52 5.00 9.85 11.33 12.78 8.12 14.40 12.79 c:;· 

:::l 
Pauses "' Av. Length 1.62 2.40 3.25 3.02 2.49 2.79 2.64 3.41 3.56 2.39 3.61 1.65 
Percent Weeks 1.26 3.40 4.69 2.85 3.99 3.97 6.50 8.81 10.89 4.39 12.14 4.50 
Paused 

PERCENT NO. PAUSES AV. LENGTH PERCENT WEEKS PAUSED 
YEARLY AVERAGE 8.43 2.73 5.61 

"""" '~ 
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TABLE 22.--Percent Number of Pauses, Percent of Weeks Paused, and 
Average Length of Pauses for Low-Energy and High-Energy Rations 

By Months in the Oklahoma Egg Laying Test 

Percent Percent A vcrage Length 
Number of Weeks Per Pause 

of Pauses Paused in Weeks 

October 
Low-Energy 13.20 12.84 1.29 
High-Energy 10.12 5.83 :2.84 

November 
Low-Energy 18.15 23.45 5.61 
High-Energy 8.34 7.09 3.62 

December 
Low-Energy 7.81 6.75 4.04 
High-Energy 6.67 5.27 3.54 

January 
Low-Energy 16.34 12.60 3.41 
High-Energy 5.73 3.88 2.98 

February 
Low-Energy 6.37 3.69 2.26 
High-Energy 5.33 4.81 3.24 

March 
Low-Energy 8.20 6.12 3.30 
High-Energy 5.56 3.88 3.25 

April 
Low-Energy 9.65 8.83 4.07 
High-Energy 7.04 5.06 3.03 

May 
Low-Energy 8.04 10.41 5.69 
High-Energy 8.67 6.67 3.36 

June 
Low-Energy 13.20 12.01 4.23 
High-Energy 11.19 8.94 3.42 

July 
Low-Energy 13.88 10.40 3.30 
High-Energy 16.65 13.83 3.87 

August 
Low-Energy 18.14 13.02 3.09 
High-Energy 18.17 12.50 3.03 

Seotember 
Low-Energy 9.16 3.32 1.55 
High-Energy 8.98 3.71 1.95 

Yearly Average 
Low-Energy 10.18 10.74 3.84 
High-Energy 9.70 7.10 3.18 

"" Low-Energy years were highest production years prior to 1951-52. 
High-Energy years were the last three years, 1951 to 1954. 
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Conclusions from Feeding Experiments 
Vitamin levels in excess of the X ational Research Council allow­
ances as recommended in I 946 were required in high-energy layer 
rations to maintain maximum egg production under Oklahoma 
feeding conditions. The vitamins for which increased levels 11·ere 
indicated in this -;tudy included niacin. riboflavin, pantothenic acid 
and folic acid. 

In general, less feed was required per dozen eggs when the high 
energv rations contained these vitamins at levels in excess of the 
Nati'o~al Research Council allowances. Feed consumption and the 
amount of feed required per dozen eggs fluctuated over a wide 
range during 'uccessive four-week periods when the low-energy and 
the high-energy layer rations contained no more than the National 
Research Council allowances for these vitamins. 

In general, body \\·eight was maintained at about the same level 
regardless of the type of ration fed. 

In these feeding tests, the level of vitamin fortification did not ap­
pear to have any effect on mortality. 

Summary of Laying Test Comparisons 
l. Average annual egg production when low-energy rations were 

heiHg used iucre<t,ed from 17!1.7 eggs per hen in 1937-38 to 190.5 
eggs in 1950-51. This was an increase of 14.8 eggs for the 14-
year period, or an average yearly increase of 1.06 eggs per hen. 
The 14-year average production was 183.6 eggs per hen. 

2. Average annual egg production when high-energy rations were 
used increased from 190.5 eggs per hen in 1950-51 to 234.4 eggs 
in 1953-5"1. This is an increase of 43.9 eggs per hen during the 
three-year period, or an average yearly increase of 14.6 eggs per 
hen. The three-vear average production was 227 .. 53 eggs per 
hen housed. 

3. The three-} ear average annual egg production for the years 
1951-19M. \l·hen high-energy rations ,1·ere used, was 31.36 eggs 
more per hen than the average production for 1948-49, 1949-50, 
and 1950-51 11·hen low-energy rations were used. The average 
for the three years from 1951 to 1954 was 227.53 eggs per hen and 
the average for the three years from 1948 to 1951 was 196.17 eggs 
per hen. 

4. The three-year average annual egg production was 198.57 eggs 
per hen for the three highest production years (1939-40, 1940-41, 
and 1918-19) "·hen lm1·-energy rations were used, as compared 
Lo :.>:.>7.5:1 eggs per hen for the three years of high-energy rations. 
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5. The three-year average annual egg production of the five popular 
breeds was 201.87 eggs per hen 11·hen low-energy rations were 
used. The average egg production was 231.82 eggs per hen 
for the years when high-energy rations were used. By the same 
comparison, the Rhode Island Reds averaged 205.67 and 249.60 
eggs, and the White Leghorns averaged 206.41 and 247.57 eggs, 
respectively, for the two types of rations. • 

6. Mortality averaged 21.2 percent for the years 1937 through 1951 
and 13.3 percent during 1951 through 1954. ~ 

7. The three-year average annual margin over feed crhL lor the G50 
pullets housed each year 11·as $IS4.7l more for the years when 
high-energy rations were led than when low-energy rations were 
feel. Feed consumption and feed cost were higher for the high­
energy rations. The same feed and egg prices 'rere used in 
comparing both types of rations. 

8. The cost of feed per dozen eggs was not a mea~ure of the eco­
nomical value of the two types of rations. The margin oYer feed 
cost for the year depended upon total egg production and number 
of eggs produced during the period of highest egg prices. 

9. The pounds of feed per dozen eggs averaged 5.41 pounds for 
the best three low-energy-ration years and 4.79 pounds for the 
three years of high-energy rations. The average cost of feed per 
dozen eggs for the best three low-energy-ration years was 21.02 
cents, with a cost of 22.53 cents per dozen for the three years 
of high-energy rations. 

10. The average body weight gain for all of the six years compared 
was 0.63 of a pound per hen. Although the White Leghorns 
gained slightly more on the high-energy rations, there was no 
significant difference in the all-breed, three-year averages for each 
type of ration. 

11. The peak production for each year when the low-energy rations 
were fed occurred in March. November was the month of highest 
production during the years when high-energy rations 11·ere used. 
The large increase in egg production for the months of October, 
November, and December during the 1951-54 period had the 
greatest influence on the increase in margin over feed cost when 
high-energy rations were used. 

12. The hen-week percent of weeks paused and the duration of each 
pause were less during the years when high-energy rations were 
used. The percent of weeks paused during the three highest 
egg production years of the low-energy rations aYeraged l 0.88 
percent each year for all breeds as compared to 7.10 percent for 
the three years when high-energy rations were used. The heavy 
breeds averaged 11.30 percent and 8.36 percent, and the White 
Leghorns averaged 10.47 percent and 5.84 percent, respectively, 
for the two periods. The average duration of each pause was 
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3.84 weeks when the low-energy rations were used and 3.18 weeks 
when the high-energy rations were used. 

13. Hen-housed average egg production in the Oklahoma Egg Laying 
Test was compared with the average of all the official standard 
egg laying tests and the average of all R. 0. P. entries in the 
United States. The results were as follows: 

A. The annual egg production of the Oklahoma Test increased 
43.9 eggs per hen during the three years of 1951-54 when 
high-energy rations were used. The production of all 
standard tests increased 13.2 eggs per hen during the same 
years. The average of all the standard tests included the 
Oklahoma Test production. 

B. The average number of eggs produced by all R. 0. P. en­
tries in the United States decreased one egg per hen dur­
ing the period of 1951-54. During the same period, egg 
production in the Oklahoma Test increased 43.9 eggs per 
hen. 
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