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Abstract:

Individual records of feed consumption, egg production, egg weight, body weight, and age at first egg
were compiled on 115 Cornell Randombred Strain of White Leghorn pullets during non-restricted and
restricted feeding periods of 121 days each.

Analysis of fifteen multiple regression equations for estimating feed consumption, calculated with
different combinations of the observed independent variables, during non-restricted and restricted
feeding, indicated that egg production and body weight were the major factors influencing feed
consumption.

The significance of the mean differences between gross efficiency and adjusted efficiency coefficients,
calculated for each pullet during non-restricted and restricted feeding, indicated that gross efficiency
coefficients were more satisfactory measures of efficiency than adjusted efficiency coefficients.

A comparison of the mean gross efficiency coefficients, during non-restricted and restricted feeding,
indicated that restricting feed intake 25 percent of predicted feed consumption significantly reduced
efficiency. The gross observed reduction was 29 percent. Restricting feed intake 12 1/2 per cent or
feeding at the rate of predicted feed consumption did not significantly reduce efficiency of egg
production.
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ABSTRACT

Individual records of feed consumption, egg proeduction,
egg weight, body weight, and age at first egg were compiled
on 115 Cornell Randombred Strain of White Leghorn pullets
during non-restricted and restricteéed feeding periods of 121
days each,

Analysis of fifteen multiple regression equations for
estimating feed consumption, calculated with different com-
binations of the observed independent variables, during
non-restricted and restricted feeding, indicated that egg
production and bedy welght were the ma jor factors 1nf1uenc1ng
feed consumption.

The significance of the mean differences between gross
efficiency and adjusted efficiency coefficients, calculated
for each pullet during non-restricted and restricted feeding,
indicated that gross efficiency coefficients were more sat-
isfactory measures of efficiency than adjusted efficiency
coefficients.’

A comparison of the mean gross efficiency coefficients,
.during non-restricted and restricted feeding, indicated that
restricting feed intake 25 percent of predicted feed consump-
tion significantly reduced efficiency. The gross observed
reduction was 29 percent. Restricting feed intake 121 per
cent or feeding at the rate of predicted feed consumptlon did
not significantly reduce efficiency of egg production.
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INTRODUCTION

The data supporting this paper were taken from a .genetic
project in which hens were being sélected for efficiency in egg
production, Thig study wa# a preliminary investigation of cdmh
ponents and méasures of efficiency which were to be used as the_
basis for selection under ad 1ibitum énq restricted feédiﬁg pro=-
grams. |

The efficiency with whicﬁ feed is converted into eggs is
of utmost importanee to the poﬁltryman beca;se feed accounts
for 50 to 60 perceﬁt of the total cost of producing eggs
(Titus 1955), A reduction of 20 percent in feed cost will
therefore result in a 10 to 12 percent saving in total pro-

duction cost. Such a difference may determine whether or not

a profit or loss is sustained.

Restrictinglfeed intake is a device used in certain seg=-
ments of the industry_to reduce feed costs (Singsen et al.
19058). This technique appareﬁtly has benefit when applied to
broiler type breeding hens and in the growing of replaqementl
pullets. Only a limited amount of information is available |
concerning this application of:feed restricfion to egg-type

hens,
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The purpose‘of this study was to obtain information con~-
cerning factors which influence feed coansumption and effi-
ciency, to evaluate different measures of efficiency, and to
observe effects of feed restriction on efficiency of egg

production.
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REVIEW OF LITERATURE

Components of Hfficiency

According fo'Titds (1955), most of the feed a laying hen
consuhes is used for growth and maintenahce and a relatively
sﬁall portion is usedzfor egg-prodﬁction. He considers that
efficiency is primarily influenced by rate of production, body
. size, and duantity of feed consumed. He found that a Leghorn
puliet weighing 3.5 pounds required ,14 pounds feed for daily
maintenance and an additional 0888 pounds of feed to produce
a 2-ounce egg. He also reported that a Leghorn pullet will
consume 7,7 to 8.7 pounds of feed per dozen eggs when prq—v.
.ducing 100‘eggs per year, but only 5;4 to 4,9.pounds.of feed
- per dozeﬂ eggs when producing 200 eggs per year.

Brody gilgl..(l938) arrived at the following formule-for
feed consumption:

Feed = ,692(egg) + .300M°73 + 1,1 change in M
This formula indicates that ,692 grems feed are expended in
producing .1 gramlof egg; +300 grams feed are dsed-for nmaine
' tenance per gram body welght ralsed to the .73 powerg aﬁd 1.1
.grams feed are expended per gram change in body weight. This.
equation'incorporates the Brody et al. (1934) formula for es-
tlmatlng malntenance requlrements of anlmals as a functlon of
body welght

For comparative purposes, if the Brody formula is applied
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to a hen wedighing 1720 grams, producing 37 grams egg per day,
the hen would consume 94,9 grams of feed and have a gross
efficiency of ,3898. The Titus formula applied to alsimilar

hen would result in 95.4 grams feed consumption and a gross

effic;ciency of ,3877. When these coefficients are converted

to "pounds feed per dozen 2-ounce eggs®” the results become
3.85 and 3,86 respectively.

Card (1946) expressed the annual feed requirements of

‘hens weighing between 4 and 8 pounds by the following formula:

F = 25 + 8W + B/7
whe;g F represents the total feed, W the average body weight,
and E is the number of eggs produced in one year.

Kipg (1956) using randomisaMpleJtest data for iightf_
bregds develoﬁed the following ;egrgssion equation for pfe-
dictihgIfeed.ﬁonsumption:

Y = -10. 214 4 114X1 + 8,915X,5 + 1, 416X3
where Xl 1s the hen day egg productlon, X5 the body welght in
poupds, and X3 the egg weight in ounces per dozen.

Byerly (1941) found the annual feed requirement for main-=

tenance of a 3 -pound hen to be 46,8 pounds, and. each 100 eggs

'réquired an additional 14.2 ﬁounds of feed. Bhuwan Eﬁ.il-

(1949) reported that hens laying at a4 rate of 72 percent‘used
71 pefcénf‘of the feed for mainféﬁance, 27 percent for egg

production and 2 percent for increase in body weight. Glazener
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and Blow (1954) observed that body weight and rate of produc-
tion were the most important factors in efficiency of égg pro-
duction, Miller and Quisenberry (1959) considered body size,
rate of production and inherent differences in feed conversion

as the most important factors affecting efficiency.

Effects of Feed Restriction

Heywang (1940) found that restricting feea.intake of-hens
12% and 25 percent reduced egg production 31 and 54 pgrcent
respectiv.elira The daily feed allowances of the restricted |
groups were défermined by deducting therﬁpprﬁpriate amoﬁnt
from tpe”dai;y feed intake of.a égptroi group which was Being
fed ad libitum, |

_Singsen et gi; (1948) compared restricted and nbn—ref
stricted féeding of high and_iow energy rations to broiler
type.bfeed"ing‘hens° Egg produétioﬁ was unsatisfactofy whep:
Low ehefg?:diets were fed on a“fééfricted'basis, Egg pré-
dﬁction was'mgintained and a'édving‘of 22 to 29 percent in
‘ feéd;résulfed-wheﬂ high energy‘diets‘were‘restricted;l

In a trade journal article, Fisher (i958) remarked fhat
cééed"heﬂé on high energy diets ate 10 to 151percent'ih excess
of!tﬁéir caléhlated,requireménfs for maintenance and egg pro-
duétibn, and that hens on rations ?estricted 10 to 15 percent
may actually lay more eggs than non-restricted hens.

Fuller (1958) reported that restricted feeding of'Léghorn




-12 -

pullets during the growing perisd-reduced body size and del;yed
.sexual maturity. When feed restrictions were removed,.normal
body size was quickly attained, early egg size was increased,
and most of the saving in feed that occurred during restricF
tion was lost. An interesting gnd beneficial side effect was
observed, The pullets subjectéd-fo feed restriction during
the grOW1ng period suffered a smaller death loss in the laylng
pens, and thus produced more eggs than those grown on full - \;
dlets.

| In this revéew of literature a very limi£ed amount of y
information was found pertaining to restricted feeding of |
egg-type hens, In most of the literature, restricted feeding
was applied t§ special conditions involving the use of special
diets, heavy-type hens,.and growing pullets priof to egg

production,
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PROCEDURES AND METHODS

Definition of Efficiency

In the terminol&gy of the industry and much of the scien-
tific literature, gross efficiency is usually expressed as the
pounds of feed consumed per dozen eggs producedb Frequently
this expression is qualified by specifying that the eggs are
of standard weight, i.e,, 24 ounces per dozen. Expressing
efficiency in this manner has a serious disadvantage., When
the efficiency of individual hens is calculated by this
method, it is found that the efflclency of a hen produc1ng no
eggs approaches 1nf1n1ty, and cannot be given a numerical
value, In reality, the efficiency of such a hen is zéro, For
these reasons, gross efficiency will be expressed, in this
paper, as grams of egg produced per gram of feed consumed,

"Gross efficiency = obgerved output
observed input

When this expression is reduced to grams of egg per gram of
feed, the resultiné coefficient falls between 0 ahd 1., Thus
when a hen is not laying, the efficiency is-b;.the larger tﬁe
coefficient, the better the efficiency. The coefficient of
efficiency can readily be converted to the term "pounds of
feed per dozen 2=-ounce eggs" py dividing the constant 1.5 by

‘the efficiency coefficient.

H

Pounds feed per 1.5
dozen 2-ounce egg Efficiency coefficient
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The constant 1 5 is used because .a dozen 2-ounce eggs are equal
to 680,40 grams, and 680,40 divided by 453 59 (grams per pound)

"equals 1.5,

Bxperimental Maﬁerials

The Q@rpell Randombred Straia of_White Leghbrns was used
in this study., This strain was selected because it was devel-
oped specifically for experimental purposes, and is being
maintained as a random breedzng and genetically stable popula=
tion (Klng et al,, 1959), Thus the parent flock becomés a .
base against which selected populations can be measured for

change,’

Experimenfal'Procedures

. Bggs . obtained from the randembred flock at the North Central
States Reglonal Poultry Breeding Labora#ory were hatched Maxch
3b, 1958, The chicks were grown in one pen so ¢that all were
.subjecte&.%misimilar environmental cehditions,‘ At 14 weeks
of age,*iao pullets were divided at random into four groups
and placed 1n 1nd1v1dua1 cages equipped with indivzdual feederey
and egg travs,. Ambient temperatures in the laying house ranged
vfrom 40 to 88°F° during the trlal.‘ After productmon began the
'pulie?s_receiﬁed 14‘hours‘of iiéh%ldaily. - | ‘

'The individual record of eac¢h pullet began on the day she

P Lo oo e
1 O - L A o teeg Lo
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produced her first egs. .Inéividuhl records wefe kept on feed
consumption, body weight, number of eggs, and egg weiéht.

An ;11-mash, barley based laying rétion, shown im '
Appendix Table XIII, was fed throughout the trial. During the
first four months, the pullets\were.fed ad_libitum. 0? the day
"a pullet produced her first’egg, the initial body weight was
recorded and 400 grams of feed wéighed into the feeder. There-
aftqf feed ﬁas added in increments of 460 grams as needed,
During the following four-month production period, different
rates of feed restriction werelapplied to the four groups.

The following feeding rates applied:
Gféup a.' Predicted feed consumption minus 25%
Group b. Predicted feed consumption minus 121%

Group C.» Ad libitum
Gf@up d. Predicted feed consumptlon

Stati;tical Methods
- | The main statistical methods employed in this study were
those of ;orrelatioﬁ and tests for differences between means
set forth by’Snedepdr (1959)3 the analysis of va;iénce for
muitiple,regression,'and'the estimating equation given by
Ostle (1958): | |
§ = bo + b1X; P + brXy
The estimating equation would sérve.several ﬁseful pur~

poses. With the estimating equation, the predicted feed
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éonsumption could be calculated for each -hen, Upon this
basis, feed réstrictions could be calculgtéd which take iﬁto
consideration variables‘in the equation upon‘whiqh feed con-~
sumption are dependent. With information gained from the
estimating equation it would also be possib;e:to ad just feed
consumption.and the efficiency of the hens to a common rate of
egg production and body size. ' These ad justed measures.might
be useful in comparing hens differing in egg production and
boedy weight, |

Ihe adjusfed daily feed consumption indicates the amount
of feed a pullet would consﬁme if her daily egg ﬁroduction Weré_
37 grams and her body weight 1720 grams. All of the adjusted
values in this study were édjgsted to this constant rate of
égg production and body weight. The formula.given by Ostle
k1958) for'finding‘adjusted Y values is: \

adj Y = Y - b3(X1-X3) - by(Xy-X,)
In this case, 37 and 1720 were substituted for 21 and 22
respectively. ‘

_ Gross efficiency was calculated by dividiﬁg the daily egg
productioﬁ py the daily feed consumption. The adjusted effi-
ciency waénfound by dividing the constant 37, to which daily
egg production was adjusted, by the adjusted daily feed con-

sumption.
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SYMBOLS

The following symbels are used in the text and table

headings of this paper:

adj E --adjusted efficiency coefficient, adjusted

adj Y
%k
%

Bfficiency

to constant Xj = 37, X5 = 1720
gross efficiency coefficient

egg production in grams

body weight in ‘grams

_other variables, defined in text

observed .feed consumption
predicted'fééd consumption

ad justed féed cohsumption, adjusted to
constant X3 = 37, X, = 1720

highly significant (P< .01)
significant (P-<.05)

grams of egg produced per gram of
feed consumed '
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RESULTS AND DISCUSSION

Célm,ponég‘bs' of ﬁf‘ ficiéncy

Five expiégatarv equations for estimating feed éénsump—
tion were calculated, Thése equations are shown in Table I,
Equations 1, 2, and 5 wére derived from data taken after the
hens had been in production for an average of 86 days. Bqua-
ﬁions_B and 4 were calculated from data covering an average
production period of 121 days.

BEquations 1 and 2 differ §n1V in'the body weights used
for variable X;, The mid-body weight in equation 1 was an
average (a) the weight of the pullet on the day of the first
egg and (b) the weight af the end of the 86 day production
period, The final body weight in equation 2 is that observed
at the end of the 86 déy perioda'.The reméining varia51e§'in
these equations were the tetal‘féed consumption, the ﬁotéi‘
wéight of eggs produced,_and_thé anumber of days the ﬁﬁilgts
vWere in production, |

All of the partial regression coefficients of:equationé i
and 2 were statistically highly gsignificant, As shewﬁ in the
lowesx poftion of Table I, the use of the final body wéighﬁ of
the pullets improved the estimating equation. The standazd
deviation of équation 2 was reduced, and the RZ and F vaiues
improved, This improvement in the éﬁtiﬁating equatioﬁ was

probably due to the fact that the pullets were gaining weight,
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Table I, COMPARISON OF ESTIMATING EQUATIONS FOR FEED CONSUMP -
TION, USING DIFFERENT COMBINATIONS OF VARIABLES

Variables:

Feed, gr, Eggs, gr, Body wt., gr. Other Variables
Y X3 Xo __Xa X4
L., Total feed Total eggs Mid Days in Lay -
2., Total feed Total 'eggs Final Days -in Lay -
3., Feed/day Bgg/day . . Final Days in Lay -
4, Feed/day Bgg/day Final - -
5., Feed/day " Bgg/day Mid Gain/day Age 1lst
: egeg

Bstimating équations:

Bo . biXy ba X5 b3 X3 bg X4

. ¥ = -4824.27 + .0140%% + 2,6005%% + 81, 64%* -
2. $ = -4451.40 + ,0407%% 4+ 2,5025%% + 78,60%% -
3. €= 33.4226 + .7270%% +  ,0303%*% . ,0221 : -
4. €= 33,1867 '+ ,7270%% +  ,0303%% - -
5, €= +  ,8214%% 4 0281l%* + 1,4645% .+ ,0102

32.0100

Means, s, Rz, F values:

Y Xy X X3 - X4 s ___R2 _F
1. 9707.21 3207.42 1676,08 86.86 © 1006.4 .78 131,43%%
2, 9707.21 3207.42 1720.78 86,86 972.3 .79 143,50%%
3. 114.69 37.76 1728.99 121.51 6.9 .62 62,37%%
4. 114,69 . 37,76 1728,99 6.9 .62 94,37%*
5 8.1 .56 36,45%%

. 112,37 37.05 1676,31 .78 166.14

*% Significant beyond .01 probability level
* Significant beyond .05 probability level
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and thus the final weight was a better basis for the estima-
tion of feed consumption,

Bquatiéns»s and 4.differ from i and 2 in thaf daily feed
Eongumptionvand dailyiweighf of eggs produced were used as
variables Y and Xl, and the observation period covered 121
days of productién° By converting variaﬁles Y and X1 to a
rate per day basis, variablé X3, days in production, might be
omitted without seriously affecting the estimating equation.
The fesulting equations show that there were no changes in the
partial regression coefficients associated with egg production
and body wéight° These coefficients were highly significant,'
The partial regression coefficient for days in productién, in
equation 3, was non~-significant, In the.lowei portion of
Table I, it wili be seen that the s and R2 values for equétions
3 and 4 were the same, The F values, however, changed because
of the differéence in degrees of freedom resulting from the °
ldeletion of one variable, Omitting day$\in preduction did not
significantly affect the estimating qualities of the equation,
In comparing equations 1 and 2 with 3 and 4, it was found that
the R? values were reduced frém .78 to .62,| Appérently extend -
ing the observation period from 86‘to 121 days adversely
affected the.estimation, |

The improvemenf of estimating equation 2 over equation 1,
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by increasing the body weight, suggested that phanée in body
weight was a factor which'affected feed consumption, Theré~
fore avérage daily change in body weight was introdiuced as a
variable in equation 5. The other variaﬁles were daily feed
consumption, daily Weight of egg produced, mid body weight,
and age at first'egg; The‘partial regression. coefficients
‘associated with egg production and body weight égai@ were
highlylsignificant.. The partial regression coefficiént for
_the average daily gain in weigb; was signiﬁieant.‘"The partial
regression coeffiéient for age at fifst eég was not significant.’
Comparing equations 3 and 4 with equé%ion 5, it was found that
the standard ‘deviation in equatign 5 was greater, and the R2
and F values obtained were lower than in equations 3 aﬁd 4, The
means of the yariables are éh&wn-in Table I. Analysis of vari- -
ance tables of multiple regression eéuations 1 through S'are
shown in Table Ii,

The individual records of the pullets from which equations
1, 2, and 5 were calculated are shoﬁn in Appendix Tables I,
I1, III, and IV, In addition to the daily feed ‘consumption,
’Yg the daily egg producﬁion,'Xi; and body weighé,-ngiwhich
were used in calculating the estiméting equationsy the pre-
dicted feed consumption, 9; the adjusted feed consumption,
adj Y; the gross efficiency, Gr ﬁ; and the adjusted efficiency,

Y

adj.E; are shown on a daily basis for each pullet. The records




Table II, ANALYSIS OF VARIANCE OF MULTIPLE REGRESSION
EQUATIONS 1, 2, 3, 4, and 5

Source d.f. SS MS s . RZ E

1. Regression 3 .399407508 1333135836.0 1006,.4. .78 131,43%%
" Deviation 114. 115471770 1012910,3 )
Total 117 514879278

2., Regression’ 3 407087180 135695726,6 972.3 .79 143,50%*
Deviation 114 107792098 945552.4 '
Total 117 514879278

3, Regression 3  9056,25 3018.75 6.9 .62 62,37%*
Deviation 111 5371.65 48,39
Total 114 14427.90

4. Regression 2 ° 9055,27 4527.63 6.9 .62 94,37%*
Deviation 112  5373,07 47.,97
Total 114 14428.34

‘5. Regression 4 9580.06 2395.02 8.1 ,56 36,45%%
Deviation 113 7423,11 65,69
Total- 117 17003.37 .

*% Significant beyond .01 probability level
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from which equations 3 and 4 were calculated are shown in

- Appendix Tables V, VI, VII, and VIII,

At the end of the non-restricted feeding period, a set
of feed consumption estimating equatioﬁs was calculated cover-
ing 121"days of produétion. The set of equations include an
over-all equation.which was based on the total observations .
and foﬁr individual equations, one for eacp group of hens. At
the end of the restricted feedihg‘periqd, a similaf ;et of
equations was calculated on the data accumulated during that
period. Both sets oé equatéons:are shown in Table TII, It
will be noticed that.équation 6 is the same as equatioﬁ 4 in
Table I and servés as the over-all éqqation §£ the four groups
6, a, b, c, and d during the non-restricted feeding period of
121 ‘'days. The data from which équations 6, a, b, ¢, and d
were calculated are shown in Appendix Tébles vV, VI, VII, and
VIII, Thé hea@ihgs of these tables show the estimating equa-

tion used.in Calcﬁlating the predicted feed consumption of

each hen, The predicted feed consumption of each hen was then

used as a basis for calculating the daily feed allowaﬁce for

the hen during‘the réstricted feeding period. Equations 7,:a,
b, ¢, and d were calculated from Appendix Tables IX, X, XI,
and XII. Tﬁe daily feed consuﬁption, Y, in these tables in-
dicates the amount of feed éllowed each hen during the re-

stricted féeding period.
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Table III., ESTIMATING EQUATIONS, OVER-ALL AND BY GROUPS 121
DAY PRODUCTION PERIODS NON-RESTRICTED AND RE-
STRICTED EEEDING ‘
Bstimating'eduations; pon—restricted feeding
bo b1X1. b2Xa
6, ¥ = 33,1867 +  .7270%% 4+  _0303%*%
"~ a, g = 38,9816 +  .9216%% 4+  _0220%%
b = 35,1551 + .3164%% 4+, 0387%%
c: € = 21,7647 + 1.0807%% +  _0285%%*
d. %5 25,3619 ¢ ,7782%% 4+ 0325%*
Bstimating equatlons, restricted feeding. Feed1ng rates:
' a., $-25%, b, ¥-12%%, c. ad libitum, d. ¥
bg. b1X1 baXo
7.  §.=12,4204 _+  .8876%% 4  _0368%%
a. = 34,5142 + LA465%% 4 . 0242%%
b. = 23,6048  + L5754%% & .0333%%
c. ¥ = 38.8166 .+ .8442%% 4 . 027 6%*
d, ¥ = 23,3975 «+ LT154%% & .0338%%
Means, s, R=, F values
? ;(1 ig Rz F-
6. 114.69 37.76 1728,99 6.9 .62 94 ,37%%
a. 112.48 37.31 1704 .55 7.3 - .57 17 ,25%*
b. 117.53 38,15 1814,06 7.8 .53 15,54%%
c. 116.42 39,31 1818,21 5,8 .65 23,46%%
d. 112,21 36,38 1795.71 5,5 .82 57,69%%
7. 99,46 24,85 1761.53 7.4 .83  281.04%%
a.. 79.41 13.79 1599 ,24 3,0 .89  106,60%*
b. 96,60 25.06 1755.56 4.1 W77 45,50%%
c. 117.85 32.36 1895.25 7.8 .71 31, 11%*
d. 104.92 28.57 1802.32 5,1 .89 111,63%%

** Significant beyond

.01 probability 1level




-25-

In Table III, it és seen that the constant, b, 'of thé
over-all equation 6 falls within the range of the constants of
its groups a, b,’c; and d, Similarly ‘the partial regression
coefficients for egg production, bi, and body wéight, by, fall
within the range of the corresponding group coefficients. 1In
contrast, the bo.of over-all equation 7 falls below the range
of the constants in its,corfesponding‘grqup equations, and the
partial regression coefficients by and by are greater than |
correspbﬁding coefficients in the group equations. 1In thé
non~restricted feeding period, equafion 6 appeared to be an.
"avérage" of the'group equations, but during the restricted
feeding peried, when some of the variables were ;ontrolled,
this diq not seem-fo.pertain,

The F values, shown in the lower portioﬁ of Table III,
obtained for.the over-all equations 6 and 7 are greater than
. the corresponding values in .their respective groups, indicéfing
as may be éxpected, that the gréater number of observations
- tend to reduce erfor, Examination of the R2 values, however,
.indicated that the over-all equations were not always the best
estimating equations when compared with the-R2 values.of thedir

own gtroups. This would indicate, that although the over-all

equations contain less erxror, the equations, for the individual

groups may be more realistic. The énaiysis of variance for the
. {

multiple regression equations 6, a, b, ¢, d, and 7, a, b, c,

~
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and d appear in Table IV,

The estimating equations in Table I and IV show: that all
the partial rggiessioﬁ coefficients assaciated with the vari-
ables egg proéuction and body weight were highly sigpificant,.
This applied whether the hens were being fed ad 1libitum or
restricted:rations. This w0u1d indicate tHat, of the inde—.
pendent var?ables considered in thié study, egg prbduction and
body weight are the major faqtors affecting feed consumption,
This agrees with the findings repoited in the reviéw}of-liter—

-ature,

Measures of Efficiency

Thé adjuéted'efficiency coefficients might be ugeful
"measures for comparing the efficiencies of hens which differed
in rate of production and'body.gize° A comparison of éross
efficiency coefficients and ad justed efficiency coeffiéients
is shown in Table V., Part 1 showé a comparison of the
average éross efficiency versus the average adjusted effi- -
ciency of four groups of hens during the non-restricted feed-
ing period. It was found that.-the mean differences between
these meaéure; were ndn—significant.'.Correlafiqns betweéﬁ

the means of gross efficiency and adjusted efficiency all were
positive and rahged from ;zi to 053. It would appear that,
because of the non-sighificant méan‘differences, gfdss effi-

ciency and adjusted efficiency estimated the same measure.
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ANALYSIS OF VARIANCE OF ESTIMATING EQUATIONS, 6,

Table IV,
. a, b, ¢, d, AND 7, a, b, ¢, d

Non-restricting feeding -

Source daf SS MS s R2 B
6. Regression 2 9055.27  4527.63 6.9 - .78  131,43%%
Deviation 112 5373,07 47 .97 \
Total 114  14428,34
a. Regressiop 2 1881.59 940.79 7.3 .57 17 .25%%
Deviation 26 1417 .65 54.52 r
Total - 28 3299 ,24
b. Regression 2 1920,28 960.14 7.8 .53 15.54%%
Deviation' 27 1667.18 ‘61,74 : o
Total 29 3587 .46 '
c. Regression 2 1608,16 - 804,07 5.8 .65 - 23,46%%
Deviation 25 856.69 34,26
Total 27 2464 ,85
d, Régression 2 3646.60 ~ 1823.30 5.5 .82 = 57.69%%
Deviation 25 790,10 31,60
Total 27 4436.70
Restéic%éd,fééding !
7. Regression 2  31012.04 15956.02 7.4 .83  281.04%*
Deviation. 112 6358,59 .. 96,77 U
. Total 114 38270.63
a. Regression 2 1947.72  973.86 3.0 .89  106.60%%
Deviation 26 237.31 09.12 :
" fotal 28 2185.03
b. Regression 2 1595.93 797,96 4.1. .77  45,52%%
Deviation 27 473,26 17 .52
Total 29 2069 .19 |
¢c. Regression 2 3842,13  1021.06 7.8 .71  31,11%%
Deviation 25 1543,29 61.73
Total 27 5385,42
d. Regressiom 2 5767.26  2883,62 5.1 .89  111,63%%
Peviation 25 645,77 25,83
Total 27 6413.03
W

Sﬂgn1f1cant beyond .0l probability levél
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Table V, COMPARISON OF GROSS EFFICIENCY AND ADJUSTED EFFICIENCY
- COEFFICIENTS AS MEASURES OF EFFICIENCY DURING NON-
RESTRICTED AND RESTRICTED FEEDING PERIODS.

Part 1. Non-restricted Non—restrlcted Meah

Group mean Gr E vs, mean adj E difference r
a. : » 3315 - .3259 .0056 .53
b, 3264 .3275 .0011 »38
C. .3382 .3338 .0044_k .48
d. -~ " .3242 .3365 0123 T .21

Feeding rates: a. ¥-25%, b, ¥-124%, c. ad 1ib, d, ¥

Part 2. Restricted Restricted Mean

Group mean Gr B vs, wmean adj E difference r
a. 9$-25% .1706 .3979 : .2273%% .08
b. ¥-121% .2584 ..3631 .1047%% 07
Ce. ad‘lib. 12686 " .U3164 .0478% - .19

d,_ ¥ 2658 re3432°- JO7T4*% 05

*k Slgnlflcant beyond .01 probablllty level

* Significant” beyond .05 probablllty level

A comparlson of these measures during restrlcted feed1ng,

in. part 2 of Table V, shows the mean dlfferences of groups a,
b, and d were highly 51gn1f1capt,.and_the correlat1on”cogff1-
cients ranged from .05 to ,Oé. The mean difference betﬁéen
the;e_measurés‘of group c w;s'éigpificant and thé cofréigfion
coeffi@ient wa$ .19, Relativély‘émg}} adjustments were méde
in éaicﬁ}gtiﬁg'the ad justed eff;qiencg coefficients in ?he;
non~resfri¢ted:feeding'period, while large adjustments were
made in the restricted feediné.befiod, The highly sighificaht
meéﬁ differences and the low correlations in the restricféd
feeding peiioq indicated that the adjusted efficiency‘coéffi-'

cients lost much of their value when extreme adjustments are
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made, This éuggests thatfgrosq efficiency coefficients, cal-
culated directly from observed measures, may bé more satié-
factoryfthan”adjusted.efficiené& coefficients‘as méasurés gf

efficiency.

1
i

Feeé Restriction'and Efficiency

"The‘gumméry in Table VI shows that feed restfiqtion
appéargd,éo affect every méasuré,that wds observed, Egg pro-
ductioﬁ in group a was reduced from 37.2 érams per day in the
noﬂére5£ricted feeding period‘to 13.8 grams per day in the
restricfed period, This was a gross reduction of 63 percent,
It is also seen that group c, féd ad libitum in both‘pefiods;
declined from 39,3 grams to 32.4:grams of egg per dav; 6f a’
a;éline of-17‘percent, in the éamg per';L'od° This decliné'i§
Aquite possibly due to a seasonal effect normally seen in
laying flocks, in which-productiontdeéiines as the flock
approaches the end of the production cycle., If it is assumed
.that group ‘a also declined 17 percent because of season#l'
effect, the true reduction attributable to feed restriction
may be near 46 percent. A similar deduction made about group
b,irest;icted iz% percent, would result in a decline of egg
production amounting to 17 percent beéduée of restriction.
Group d, which received the p;gdicteﬁ feédﬂconsumption during
the restricted feed;ng éeriod;%under the same assumptions would

have declined 7 percent.
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Table-VI. GROUP MEANS AND OVER-ALL MEANS OF ACTUAL AND ADJUSTED
VALUES OF FOUR GROUPS OF PULLETS DURING 121 DAYS
NON-RESTRICTED AND 121 DAYS RESTRICTED FEEDING

Non—restricted'

. . .

Group No. Y Y ' adj ¥ X1 X5 Gr E adj E
a. 29 112.5 111.6 113.9 37.2 1705 .3315 .3259
b. 30 117 .5 117.5 113.4 38,2 1814 .3264 .3275
c. 28 116.4 © 116,3 1l1l1.,1 39,3 1818 .3382 .3338
d, 28 " 112.2 112.0 110.2 36,4 1796 .3242 . ,3365

Over- - o

all - 11§ 114,.7 114.4 112.2 37.8 17829 .3300 ° .3308

Restricted Feeding rates:

A A A
a. Y-25%, b. ¥-121%, c. ad libitum, d. Y

A
Group No. Y .Y adj Y X1 Xq ..Gr E adj B
a. 29  '79.4 79,4 93,1 13.8 1500  ,1706  .3979
b, 30 26 .6 96.6 102.1 25.1 - 1755 .2584 - .3631
c. 28 117.8  117.5 -117.3 32.4: 1895  ,2686  .3164
d. 28 104.9 104.8 108,Q,.28.6 1802  .2658 , ,3432
Over- . ) S s A
all 115 99.5 99.3 -105.0 24.8 17615 ,2406 ,3557

These redugtioné in egg production ére not directly com-
parable to those égpor%éd §V<Heywang (1940) WHén he, found that
123 and 25 percent.fgedzrestriction regpited in 31 and 54 per
cent reduction, bec;ﬁse of tﬁe diféereﬁ;es in the'mﬁnner in
which ?hése tests were conducted,

Body weight, as a major component of feed consumption,

also affects efficiency of egg production, Normally hens gain
. f

slowly in body'weight throughout the production cycle. The
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average initial weight of the heﬂs in group ¢, fed ad 1ibitﬁm,
was 1818 grams, and the average final weight wés 1895 gréms.
All of the other grqups lost weight during the restri;ted feed-
ing perio@g tﬁe'decréase in wéight cbrrésponding with the
severity of feec restriction. The effect that loss of body
weight had upon egg production can only be conjectured. Two
alternatives are'suggested, either (a) part of the loss in
bodylweighy may ﬁave been used;to:support egg production, or
(b) the};é@ueed body weight, rqu%riﬁg less maintengnce, may
have ;gft more nutrients availgﬁle'fon egg production,

When the mean gross efficiency coefficients df-the.fqur
groups of pulletélduping thé restricted qu non-restricted
. fegding peri&ds.were compared, ?able VII, it was found thaf
all groups &éclined in efficiéncquQrﬁng the restrictedvfeéd—
ing'period, Thé mean diffe¢eﬁce§,fgr all gfoups'weQe highly
signifigag%,_éﬁggesting the péssiple effects of a segsonal
defline. Duriﬁg the nonnrestgicteq feeding period the mean
efficéencies of the four groups ranged from .3264 to -3382
wifh no:signif;caﬁt differenc%§ among groups. Duriqg,thngq
restripyed feeging period the mean efficiency coeff;gieptsi
raﬁged from .1706 to .2686, the rank of efficiehcy corres-
ponding to the rate of feeding. Howeéer, only the mean of
groups a, restricted 25 percent, differed significantly from

\

the means of the other groups} This suggests that while 25




-3~

percent restriction of feed intake -significantly reduces

efficiency,
restrictions

group a was

the hens may be able to adjust to less severe

. The observed gross reduction in efficiency in

29 percent,.-

COMPARISON OF MEAN GROSS EFFICIENCY COEFFICIENTS

A\

Table VII, ,

' | OF“EQUR GROUPS OF PULLETS DURING 121 DAYS RE-

STRICTED AND 121 DAYS NON~RESTRICTED FEEDING
ﬁestricted Non-restricted Mean
Group’ mean Gr E vs, mean Gr E difference. r
r 1 - ) R

a. ¥-25% .1706% ' 3315 2 1600%* .63
b. ¥Y-121% '.2584 .3264 . .0680%% .43
c,'ad ‘lib, .2686 .3382 . 0696%% .52
d, Y~ .2638 .3284 ,0584%% .63

** Significa

nt beyond ,01 probability level , '

.* Significant beyond .05 probability level
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SUMMARY

Individual records of feed consumption, egg production,
egg wéightD énd body weight were accumulated on 115 Cormell
-Randombred Straim of White Leghorn puliets, The records
covered a total production period of 242 days. During the
first 121 dayg of the production périod; the pulleté.were fed
ad libitﬁ;; in the remaining period, the pullets were divided -
"into four groups and different rates of feed restriction were‘
applied to each‘éroup. |

Fifteen multiple regression equations fo? esfimating”fegd
cbnsumption were calculated, Five'equaﬁiaﬁs, uéing different
combinations of variaﬁles, were based on data taken from.an
86 d;y proeduction péfiod during non-~restricted feeding., Fivé
equations were calculated from data taken during a 121 day
production period of non-restricted feeding. Five equations
were based on data taken frowm a 121;day prg@uction period of
"restricted feeding. Analysis of these equaﬁions indicated
that eég production and body weight were the wmajor facters
which inf luenced feed consumption.

Gross efficiency coefficients aﬁd ad justed efficiency
coefficients were calculated fér each pullet in this study.
The adjusted efficiency coefficients for each pullet were cal-.
culated by adjusting the rate of egg produétion to 37 grams per

day and the body weight to 1720 grams.. A comparison of the
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Qroés efficiency coefficients.and the adjﬁsted efficiency
coéﬁficiénts'indicated.that tﬁe gross efficienc& coefficients
were the more satisfactory méasures of efficiency in egg pro-
duction, ' |

Feed regtrictions were based on the predicted feed con-
suaptien calculated for each pullet. Restricting feed con-
sumption 25 percent significantly reduced efficienc§.in egg
pro@uctipp, \The observed reduction was 29 percent. Restrict-—
ing feed'cunsuﬁption 12% percent or feeding at the rate of

predicted feed consumption did not significantly reduce effi-

ciency in egg production,
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Table I. Group a. INDIVIDUAL RECORDS OF 29 PULLETS, 86 DAY
PRODUCTION PERIOD, NON-RESTRICTED FEEDING
¢ = -4451.40 + .9407X; + 2.5025X, + 78.69X,

Hen Co . : :
No. v ¢ adj Y Xq X . X, Gr E  adj E
8 115 111 146 31.9 1842 86 22274 _ .3190
16 135 140 . 107 44,5 2401 79 .3296  .3458
17 117 118 111 40,1 1836 103  .3427  ,3333
18 116 115 113 37.2 1856 107 3207 .3274
23 {88 90 110 25.2 1423 74,2864 ~ .3364
40 120 116 116 38,8 1803 99 .3233  .3190
41 111 107 116 38,3 1483 94  ,3450 - ,3190
45 113 112 111 38,5 1676 . 106 .3468 - .3333
55 128 128 112 36.5 2308 87 .2852  .3304
56 108 108 112 36.2 1528 120 .3352 3304
60 91 90 113 28.6 1336 73 .3143  .3274
62 122 116 118 39.5 1795 86 .3238  .313b
64 116 108 120 37.6 1608 74 .3241  ,3083
67 110 115 107 40,4 1721 67  ,3673  ,3458
70 99 108 103 38,8 1563 77  ,3919  ,3592
74 117 97 122 36.4 1250 84 .3111  ,3033
76 105 . 104 113 34,5 1547 81 .3286 .3274
81 106 103 115 33.6 1465 112 .3170  .3217
89 96 94 114 21.0 1663 . 60 .2187  .3246
93 109 109 112 37. 8 1568 99 .3468  .3304
94 34 97 99 32.0 1368 87  ,3809  .3558
95 103 103 112 35.0 1401 108 .3398  .3304
96 119 111 120 35.0 1758 108 .2941  ,3083
97 102 109 105 38.7 1611 70 .379% .3524
101 112 132 92 33,7 1850 100 .3009 .3814
103 110 119 103 47,6 1635 83 .4327  .3592
115 113 105 120 390.5 1432 79 .3496  ,3083
116 136 104 144 37.8 1429 82 2779  .2569
120 103 99 116 34,0 1414 80 .3301  .319%90
Means 110.4 109.2 11i1.1 36,2 1640 88,4 ,.3283 ,3208

Over-all 112.3 -112,0 112.0 36.9 1720 86.8 .3325 .3316
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Table II, Group b. INDIVIDUAL RECORDS OF 30 PULLETS, 86 DAY
. PRODUCTION PERIOD, NON-RESTRICTED FEEDING

Over-all 112.3 112,0 112.0 36.9 1720 86,8 .3325

% = -4451,40 + .9407X1 + 2,5025%5 + 78.69%X3

"Hen . . :
No, Y ¢ adj Y X1 X2 X3 Gr B adj E
2 119 122 109 45,0 1806 80  /.3781L ,3394
5 111 118 105 40,9 1818 .106 .3685 ,3524
11 115 - 118 109 40.7 1818 77  .3539 ,3394
L3 113 112 113~ 36,2 1762 87  .3204  ,3274
20 103 . 108 107 39.2 1513 89  ,.3806  .3458
21 110 106 116 36.2 1556 78  ,3291  ,3190
24 119 93 138 12.2 1845 72  .1025 ,2681
30 108 103 117 - 32,6 1543 94  ,3018 ,3162
35 ,96 104 104 36.5 1459 88  ,3802 ,.3558
36 107 116 103 42.1 1694 109 -,3935  ,.3592
37 153 130 135 42.7 2073 65  .2790 ,2741
42 108 96 124 40,0 1307 57 .3740  .2984
46 118 110 120 34,7 1747 79  .2941  ,3083
54 124 127 109 45.8 1939 72  .3694  .3394
58 198 105 105 38,2 1394 96  .3898  .3524
65 103 102 113 32.0 1539 95  ,3107 .3274
69 114 116 110 38.0 1827 65  .3333 ,3363
78 121 120 113 39.3 1925 85  .3248  ,3274
79 129 118 123 32,8 2182 115 .2542 . ,3008
82 129 - 121 120 44,0 1814 120 .3411 ,3083
83 133 110 135 38.4 1599 88 .2887 2741
84 120 124 108 40.2 2032 85  ,3350 ,3426
87 100 111 101 37.00 1695 84  ,3700 .3663
91 112 112 112 32,3 1897 111  .2884  .3304
92 i05° 108 109 33.0 1701 103  ,.3143  ,3394
100 119 119 112 41.1 1850 84  ,3453  ,3304
106 114 119 107 . 40.8 1838 85  ,3579  ,3458
113 109 107 114 34.6 1593 101 ,3174  .3245
114 123 125 110 50,2 1766 - 68  ,4081  .3363
117 111 111 112 35.3 1725 101  .3180 .3304
- Means 114.4 113,0 113,7 37,7 1741 87,9 .3306 ,3305
.3316
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INDIVIDUAL RECORDS OF 28 PWULLETS, 86 DAY ,
PRODUCTION PERIOD, NON-RESTRICTED FEEDING

¥ = -4451.40 + .0407X; + 2.5025X, + 78.60Xs

Hen AL
No. Y Y adj Y Xq Xo X2 Gr E adj E
1 135 - 126 121 41,1 2067 80 .3044 . 3062
3 120 120 112 42.5 1833 81  .3542  ,3304
4 110 114 - 108 35.6 1819 71 .3236  .3426
6 106 110 108 40.4 1543 86 .3811 - ,3426
10 110 112 i10 37.8 1723 83 .3436  .3364
14 123 126 109 40,6 . 2061 80 .3301  ,3394
22 95 92 115 30.0 1346 75 .3158  ,3217
25 107 116 103 37.0 1844 71 .3458 .3592
27 128 123 117 45.8 1813 79 .3578  ,3162
29 110 109 113 28.7 1931 100 .2609 .3274
31 115 116 111 46.3 1587 83 .4026 .3333
32 128 116 124 42,0 1706 88 .3281  .2984
38 116 116 112 41,0. 1753 76 .3534 . 3304
43 117 110 119 36,1 1685 79 .3085 . ,3109
48 128 117 123 39.0 1855 99 . 3047 .3008
49 111 115 ‘108 41.4 1695 69 .3730  .3426
51 94 96 110 34,9 1376 66 .3713  .3364
59 123 137 98 43,8 2168 58 '.3561  ,3775
61 110 111 111 40,7 1585 83  ,3700  .3333 -
63 126 124 114 48,1 1778 75 . 3817 .3245
86 106 114 104 34.2 1930 111 3226 .3558
88 102 110 104 40,0 1524 99 . 3922 .3558
20 110 114 - 108 36,7 1808 110 .3336 . 3426
98 103 108 107 31.9 1741 110, .3097 . 3458
111 121 117 116 41.0 ~ 1787 108  .3388 .3190
112 108 111 109 35.6 1716 95 . .3296 .3394
118 120 111 121 38,9 1598 99 3242 .3062
119 130 122 120 35.3 2026 63 .2715  .3083 ,
Means 114.4 114,7 111.6 38.8 1761 - 84.8 ,3389 .3315
Over-all 112.3 112,0 112.0 39.6 1720 .331%

86.8 .3325
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‘Groﬁp d. iNDIVIDUAL RECORDS OF 28 PULLETS, 86 DAY

Table IV,
\ PRODUCTION. PERIOD, NON-RESTRICTED FEEDING
¥ = -4451,40 + .9407X; + 2.5025%, + 78.69%5
Hen
No, Y ¢ adj Y Xq X, X- Gr E adj E
7 113 113 112 42.8 1622 66  ,3788  ,3304
9 112 117 107 40.8 1779 85. ,3643  ,3457
12 117 107 122 37.7 1571 76 .3222 ' ,3033
15 114 119 107 44.0 1728 90  ,.3860  ,3457
19 112 114 110 42,5 1604 84  .3794  ,3364
26 108 113 107 41,0 1600 111 .3796 . 3457
28 108 107 113 346 1603 85 . 3204 .3274
33 111 i11 112 42.0 1516 94 .3784 .3304
34 105 112 105 41,2 1631 66 .3924 .3524
44 120 120 112 44,5 1759 79  ,3708  .3304
47 121 120 113 41.4 1863 87 ..3421 ' .3274
50 96 100 108 36,1 1370 79 3760 . 3426
52 107 112 107 30.3 2016 115  .2832 ,3457
. 53 95 98 109 25.6 1626 81  .2695  .3394
57 112 118 106 38,0 1904 97  .3393  ,3490 -
66 96 94 114 36,1 1266 69 .3760  .3246
71 119 116 115 38.3 1832 84 .3218  .3217
72 108 95 125 16.8 1788 ; 89  .1555  ,2960
73 125 131 106 40,4 2271 87 .3232  .3490
77 66 71 107 13.8 1207 69  .,2090 .3457
80 84 95 101 34,6 1257 81 4119 .3663
85 131 128 115 40,7 2162 85  ,3107 .3217
104 125 115 122 34,7 1882 82 .,2776  .3033
105 116 - 112 116 37.7 1712 74  ,3250  ,3190
107 99 109 102 35.5 1668 84  ,3586  .3627
108 128 124 116 35.4 2260 100 . .,2766 ,3190
109 111 118 105 34,5 2016- 86  ,3108 .3524
110 123 125 110 45,2 1894 83  ,3675  ,3364
Means 110.0 '111.2 110.8 36,6 1729 84,5 ,3323  ,3346
Over-alil 112.0 112.0 36.9 1720 86.8 .3325 .3316

112.3




Table: V. Group a, INDIVID,UAL'RECORDS OF 29 PULLETS, 121 DAY
: . PRODUCTION PERIOD,  NON-RESTRICTED FEEDING

¥ = 38.9816 + ,9216X; + ,0229X,

Hen

. “No.- Y , ¢ adj ¥ Xy X Gr E adj E
8 115 110 118 30.4 1904 . ,2643 .3136
16 135 136 112 45,6 2404 ' .3377 .3304 .
17 - 121 121 113 42,1 1887 .3479 - .3274
18 118 120 111 © 39.0 1968 .3305 .3333
23 192 99 106 28.0 1521 . 3043 .3491
40 124 120 117 40.1 1934 .3233 .3162
41 114~ 110 117 39,0 1523 .3421 .3162
45 116 - 117 112 49.0 . 1826 .3448 . 3304
55 121 118 - 116 29.0 2306 .2396 «3190
56 113 112 114 39,1 1605 +3460 .3246
60 .88 08 103 29.1 1405 .3306 .3592
62 124 120 117 41.% 1886 .3314 . 3162
64 118 113 118 39.4 - 1655 .3338 .3136
67 ig3 - 111 115 - 42.0 1792 .3716 »3217
70 161 113, 101 30,1 --1662 .3871 .3663
74 115 105 123 38.1. 1356 »3313 .3008
76 109 110 112 37.0 . 1605 .3394 .3304
81 110 105 118 = 34.1 . 1534 . .3100 .3136
89 110 106 117 29.5 1767 .2681 .3162
93 113 114 112 ' 40.1 1672 .3548 . 3304
04 : 89 56 106 33.0 1428 . 3707 .3401
95 . 108 106 115 36.3 1492 .3361 . .3217
96 122 116 119 36,0 1910 .2950 »3109
97 106 113 106 40.0 1649 .3773 .3491
101 . 113 113 113 35.1 .1843 .3106  ,3274
103 110 119 104 48,0 1588 .4363  .3558
115 . 114 110 117 41.0 1460 .3596 .3162
116 129 107, 135 39.0 1420 43023 .2741
120 101 98 116 29.0 1430 . .2871 .3190
Means = 112.5 111.6 113.9 37.2 1704 . 3315 +3259

Over-all 114.7 114.4 112.2 37.8 1728  .3300  .3308




Table Vi, Group b,
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INDIVIDUAL RECORDS OF 30 PULLETS, 121 DAY

PRODUCTION PERIOD, NON=-RESTRICTED FEED ING

T = 35.1551 + ,3164X; +..3087X,
Hen | . N _ - ,
No ., Y ¥ adj Y Xq X, Gr E adj B
2 125 125 . 113 44,6 1963 .3568 .3274
5 113 119, 107 44,1 1807 .3903 .3458
11 117 119 111 41.0 1828 . ,3504 .3333
13 120 115 118 36.5 1766 . ,3042 .3136 .
20 106 109 110 40.5 1570 . 3821 .3364
21 107 110 110 32:2 1663 . 3009 .3364
24 123 115 121 13.5 1947 .1097 .3057
30 110 107, 116 33.1 1592 »3009 .3190
35 ~9'6 105 104 36.1 1510 »3760 .3558
38, 108 116 105 41,0 1754  ,3796 .3524-
37 149 132 130 43,0 2148 .2886 .2846
42 111 107 117 40.4 1523 .3640 - ,3162.
46 121 115 119 37.5 1760 3099 3109
54 127 120 120 37.1 1890 . .2921 .3083
58 i02 105 110 39.1 1496 - ,3833 .3364
65 109 108 114 34.3 1590 .3147 3246
69 122 123 112 39,0 1946 »3197 .3304
78 121 126 ., 108 38,2 2039 .3157 - ,3426
79 132 136 109 35.2 2312 .3667 .3394
82 133 119 127 43,1 1808 :3241 .2913
83 130 116 127 39.5 1758 .3038  ,2913
84 123 135 101 42,0 2226 .3415 .3663
87 103 116 110 . -36.5 1790 . 3544 .3364
91 114 119 108  33.5 1895 .2938 .3426
92 107 116 . - 104 36,0 1792 .3364 .3558
100 122 120 ° 115 41,2 1868 . 3377 .3217
106. 117 123 1107 . 41.4 1938 .3538 .3458
113 114 110 117 36,5 1642 .3202  ,3162
114 129 122 120. 51,5 1826 .3992 .3083
117 115 - 116 112 - 37,0 1775 .3217 .3304
Means 117.5 117.5 113,4 38.2 1814 .3264 .3275
Over-all 114,7 114.4 112,2 37.8 1782 .3300 3308
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Table VII, Group c¢. INDIVIDUAL RECORDS OF 28 PULLETS, 121 DAY
PRODUCTION PERIOD, NON=RESTRICTED FEED ING

¥ = 21.7647 + 1.0897X5 + .0285X,

No. 4 ¢ adj ¥ X3 X, Gr B adj E
1 137 129 119 44,3 2076 .3234 .3109
'3 122 123 110 42.7 1924 .3500 .3364
4 110 111 © 110 - 35,1 1807 23191 .3364
6 108 114 105 43,5 1590 .4028 .3524
10 114 115 110 37,0 1843 .3246 = ,3364
14 ‘123 127 107 42,0 2088 .3415 .3458
22 i03 98 116 33.1 .. 1420 .3213 .3190
25 109 117 103 - 38.0 - 1890 .3486 .3592
27 124 122 113 44,4 - 1808 .3581 .3274
29 114 113 112 33,1:..7.1953 .2903 .3304
31 116 120 107 46,0 1700 .3965 .3458
32 139 118 123, 41,0 . 1827 .3154 .3008
38 118 118 109 41.1 . 1798 .3543 .3394
43 118 - 1i2 117 37.2 1747 .3152 .3162

48 132 iz22 121 42,1 - 1912 .3189 .3057
49 . 115 115 111 40.1 + 1754 .3487 .3333
51 197 101 107 36.0 1418 .3711 .3627
59 125 . 134 102 43,1 2275 .3448 .3426
61 109 112 108 41.4 1569 .3798 .3333
63 126 126 111 47.0 1861 .3730 .3627
86 108 117 102 34,5 2034 .3194 .3458
88 106 110 107 40,2 1550 .3792 .3274
20 . 112 110 113 33.3 1806 22973 . ,3458
08 105 109 107 32.0 . 1842 .3048 23217

111 124 120 115 43,1 1803 .3476 .3394

112 111~ 113 109 37 .1 1798 .3342 .3136

118 120 113 118 . 40.1 1673 .3342 .3109

119 126 118 119 32.3 2144 .2563 . .3109

Means 116.4 116.3 111.1 39.3 1818 .3382 .3338

Over-all 114.7 114.4 112.2  37.8 1782 .3300 .3308
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Table yIII, Group d. INDIVIDUAL RECORDS OF 28 PULLETS, 121 DAY
: PRODUCTION PERIOD, NON-RESTRICTED FEEDING

? = 25.3610 + ,7782%; + .0325%,

Hen

No , Y ¢ adj Y Xy X Gr B adj B
7 109 111 108 32,2 1872 .2954 .3426
‘9 115 118 107 38,2 1934 .3322 .3458
12 119 111 118 39,2 1696 .3294 .3136
15 117 119 108 45,0 1800 .3846 .3426
19 114 109 115 43,0 1544 .3772 - ,3217
26 110 109 111 42,1 1561 3827 .3333
28 - 112 106 . 116 36,4 1618 .3250 ©  ,3190
33 113 109 - 114 - 42.0 1577 = .3717 .3246
34 107 110 107 38.0 © 1688 .3551 .3458
44 124 . 123 111 45,1 - 1936 3637 ' .3333
47 123 122 111 42,0 - ‘1981 .3415 .3333
56 101 102 109 38.3 . 1436 .3792 .3394
52 107 114 © 103+ 30.2 2017 .2822 .3592
" 5% 104 102 112 30.2 . 1650 .2904 . ,3304
57 - 116 120 106 40.1 - 1950 .3457 .3491
66 " 96 96 ' 110 34.3- . 1339 .3573 . ,3364
71 - 120 110 111 30.1 ;. 2158 .2508 .3333
72 114 103 121 16:0 - 1994 .1404 .3057
73 127 =~ 133" 104 43,1 2266 .3394 .3558
77 72 80 102 16,2 1292 22250 .3627
80 90 08 102 37.1 1354 <4122 .3627
85 128 124 114 35,0 2206 .2734 .3246
104 125 113 122 36,0 1830 .2880 .3033
105 118 113 115 39.1 ‘1764 .3313 43217
107 97 98 109 34.5° 1398 - .3557 _ .3394
108 130 130 110 36.1 2370 2777 .3364
109 . 109 118 101 32.1 2070 .2945 .3663
110 | 125 126 1109 47,1 1979 .3768 .3394
Means 112,2 - 112,86 110.2 36.4 1795 .3242 .3365

Over-all 114,7 114.,4 112,2 37.8 1782 .3300 .3308




wd 5 e

© Over-all

99,3

Table IX. Group a. INDIVIDUAL RECORDS OF 29 PULLETS, 121
DAY PRODUCTION PERIOD, RESTRICTED 25%
? = 34,51421 + .4465%; + .0242X,
Hen ~ . o
No., Y Y adj Y X4 Xq Gr. R ‘adj E
8 82 81 24 9.0 1737 .1097 .3936
16 104 . 104 93" 25.6 2389 .2462 .3978
17 88 87 94 27.8 1653 . 3159 .3936
18 85 84 94 19.7 1696 .2318 .3936
23 67 73 87 4.9 1480 .0731 <4253
40 86 84 95 22.8 1616 .2651 .3895
4 79 76 96 . 21:7 1302 2746 .3854
45 83 84 92 8.8 1894 - .1060 .4022
55 89 91 91 0.0 2328 .0000 .4065
56 80 77 96 12.2 1530 .1525 .3854
60 64 66 . o1 "3.1 7 124% .0328 4065 .
62 86 86 93 14.2°  .1854 .1651 .3978
64 860 78 95 1i.8 1570 . 1475 .3895
67 ' 85 86 94 24.9 1680 .2929 .3936
70 80 84 89 24 .2 1593 .3025 .4157
74 72 71 24 13.6 1244 .1888 .3936
76 77 80 90 19.6° 1514 .2545 <4111
g1 76 76 93 10.3 1515 .1355 .2978
89 70 71 92 3.1 1437 .0442 .4022
93 81 82 92 .8.3 1817 .1024 .4022
04 72 77 88 15.0 - 1480 .2083 .4205
95 76 75 94 . 5.0 1589 .0657 .3936
96 82 81 24 17,0 1617 .2073 .3936
97 81 85 20 22,1 1670 .2728 4111
101 92 86 99 14,8 1857 .1608 .3737
103 60 64 89 14,9 932 .2483 4157
115 78 73 98 13.8 1314 ' .1769 .3775
116 77 76 94 12.8 1468 .1662 .3936
120 71 67 98 0.0 1355 .0000 .3775
Means '79.4 79.4 93,1 13.8 1599 . 1706 .3979
99.5 105.0 24,8 1761 .2406

« 3557
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Table X. '. Group b. INDIVIDUAL RECORDS OF 30 PULLETS, 121
DAY PRODUCTION PERIOD, RESTRICTED 121%

¥ = 23,6048 + +5754X; + .0333X,

Hen o . , _
No ., Y ¢ adj v X4 X+ Gr E adj E
2 106 - 105 103 41.5 1730 .3915 . 3592
5 102 - 102 102 41.2 1654 ° .4039 $3627
11 © .99 96 105 20.8 1800 .2101 .3524
13 97 94 105 13.7 1882  ,1412 .3524
29 .94 93 . 103 . 34.7 1479 .3691 .3592
21 92 94 100 27.3 163r . ,2967 3700
24 80 89 93 16.8 1680 ° .2100 .3978
30 89 87 104 26.9 . 1440 .3022 " .3558
35 88 90 100 27.5 1522 »3125 .3700
36 101 102 101 38.0: ~ 1688 .3762 .3663
37 113 107 108 33.0 "°° 1937 : ,2920 .3426
42 °83 84 101 32.9 ° 1248 .3963 .3663
46 95 95 102 27.2- ° 1671 .2863 «3627
54 108 106 104 15.0 ~ <2208 .1388 .3558
58 792 95 99 36.4 1511 '.3956 .3737
65 88 85 105 14,67 1592 .1659 .3524
69 101 99 104 10.5 2072 .1039 .3558
78 .97 . 98 101 10.6 2047 .1092 .3663
79 - 102 107 . . 97 23.9 2100 <2343 .3814
82 105 93 114 - 14.6 1820 . .,139Q .3246
83 . 95 97 100 31.8 1670 .3347 . 3700
- 84 106 108 100 2.5 2495 .0235 .3700
87 96 99 99 27,1 1805 .2822 . 3737
91 79 = 84 97 3.1 1760 .0392 .3814
92 94 99 97 31.6 1709 = .3361 .3814
100 103 99 106 37.2 1633 .3611 .3491
106, - 103 105 100 30.5 1924 .2961 . 3700
113 93 89 106 25.7 1521 .2763 .3491
" 114 " 108 108 102 46.2 1676 4277 - .3627
117 89: 88 . 103 = 9,0 - 1762 .1011 23592
Means 96,6 96.6 102.0 25,0 1755 .2584 .3631

Over-all '99.5 99,3 105.0 24,8 1761  .2406 .3557
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Table XI. Group c., INDIVIDUAL RECORDS OF 28 PULLETS, 121 DAY
. PRODUCTION PERIOD, AD LIBITUM FEBEDING

? = 38.1664 + .8442%; + ,0276X,

Hen . o '
No, - Y . ¥ adj Y ' X, . . X, Gr B adj E
1 134 128 123 35.3 2173 .2634 .3008
3 125 124 118, - 33.4 2100 .2672 .3136
4 - 112 115 114 24.5 2042 .2187 .3246
6 125 123 119 44.0 1725.. .3520 .3109
10 - 117 122 113 39.0 1843 .3333 .3274
14 132 135 - 114 39.8 2290 .3015 . 3246
22 117 106 126 34,5 1416 -  .2948" .2926
25 109 112 114 38.3 | 1869  -,3513 .3246
27 128 ‘124 121 37.5 1975 . ,2929 . 3058
29 133 136 114 49,8 2022 - ,3744 . 3246
31 123 - 130 110 48,8 1820.. .3967 .3364
32 131 120 128 32.1 1997 .2450 ,2891
38 108 116 109 28.1° 1970 - ,2601 . ,.3394
43 193 20 120 - 8.7 1602 .0935 .3083
48 136 129 124 45,1 1910 . .3316 .2983.
49 127 124 120° 43.0 1824 .3307 - ,3083
51 92 102 107 --27.7 1474 -3010 - .3458
59 103 105 -115 .7.5 2175 .0728 53217
61 108 115 110 36.5 . 1650 3379 . 3364
63 123 124 116 37.3 1955 .3032 '»3190
86 110 115 112 20,8 2137 . 1890 .3304
88 101 105 113 23.4 1705 .2316 .3274
90 113 103 127 9.7 2050 ".0838 .2913
98 97 106 108 23.1 1736 .2381 .3426" -
111 136 131 122 46,5 1924 .3419 .3033°
112 117 126 108 39.5 1957 .3376 .3426
118 145 127 135 49,8 1686 . 3434 L2741
119 105 97 125 3.4 2040 <0323 .2960
Means 117,.8 117.5 - 117.3 32,3 1895 .2686 . 3165

Oveér-all 09.5 99,3 - 105.0 24,8 1761 .2406 .3557
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Table XI1, Group d. INDIVIDUAL RECORDS OF 28 PULLETS, "'121
. ) DAY PRODUCTION PERIOD, 100% OF

A ‘.
Y = 23,3975 + . 7154X; + ,0338X,

Hen . ‘ .
No Y ¢ adj ¥ Xy X Gr E . adj E
7 87 88 107 © 0.5 ig92 .0057 . 3458
9 115 115 108 31.4 2029 .2730 . 3426
12 106 106 108 37.0 * 1657 <3490 .3426
15 . 115 116 . 107 41,56 1857 .3617 .3458
19 97 105 100 33,9 1693 . .3494 .3700
26 112 107 113 42,7 1575 .3812 .3274
28 . 106 103 111 35.2 1594 .3320 .3333
33 110 106 112 43.5 1532 .3954  ,3304
34 107 93 122 11.7 1802 .1093 . 3033
44 119 118 109  39.8 1960 .3344 ' ,3394
4% 119 114 113 34.8 1940 .2924 .3274
50 ‘g9 99 108 39,9 1377 ,4030 . 3426
52 108 114 102 25,3 2132 .2342 .3627
53 97 100 105 32.1 1595 ., 3309 .3524
57 113 110 111 27,9 771973 «2469 .3333
66 ‘79 83 " 104 25.4 1224 . 3215 .3558.
71 113 109 112 27.7 ‘1947 .2451 .3304
72 71 68 111 0.5 1316 .0070 .3333
73 130 133 105 48,0 2231 3692 .3524
77 ‘70 77 101 15.9 1247 .2271 .3663
8o - ‘94 296 106 36,9 1373 .3925 . 3491
85 127 120 115 30.5 2194 22401 . ,3217
104 113 . 112 - 109 . 32.4 1935 . ,2867 .3394
105 . 93 © 92 109 6.9 1868 0741 .3394
107 96 98 106 . 18.0 1830 . 1875 .3491
108 123 127 104 25.5 2506 22073 .3558
109 100 109 99 14,9 2206 - 1490 .3814
110 119 117 1i0 40.2 1908 »3373 .3364
Means 104,9 104.8 108.0 28.5 1802 23658 .3432

Over-all 99.5 99,3 105.0 24,8 1761 .2406 3557
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Table XIII, COMPOSITION OF LAYING RATION

Ingredients Per cent
Ground bérley 76
32% protein supplement* ’ 20
Limestone flour** : -4

%

A commercial proteln concentrate balanced to meet optlmal

v1tam1n and m1neral requirements for egg productlon,

k% leestone flour brought total calcium to 21%,,

calc1um was fed,

No additional
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