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INTRODUCTION

The question as to which method of feeding replacement pullets
is most desirable has been debated for many years. Some poultrymen
have advocated rearing pullets on a full feeding program, while
others are enthusiastic about a restricted feeding program. The
results of current rgsearch in which these two systems are compared
are inconclusive and contradictory. The basic problem encountered
in these research studies has been to provide a suitable range of
qutrient intakes to pullets ddiing the growing period and to meas-
ur; the effect of range of nutrient intakes upon subsequent laying
house performance.

ILGleaves (1961), Gleaves et al. (1963a) and Gleaves (1965) re-
port?ﬂ data from a series of experiments in which gradations in the
dietary volume of rations fed ad libitum were uéed to control the
nutrient intake of laying hens. Non-nutritive polyethylene Iluff
was used as the volume control ingredient. In addition, washed ylow
sand was used to control dietary weight. Through the use of these
techniques, it was possible to obtain predetermined gradations in
the daily nutriént intake of protein and energy and to study their
effects upon laying house performance.

In the study reported in this thesis, the method used by Gleaves
et al. (1963a) and Gleaves (1965) was applied to the growing of

replacement pullets. In this way it was possible to regulate or



control the nutrient intake of growing pullets and to obtain graded
intake levels of protein, energyﬂand.feed volume. Pata were obtained
on the relationship of a number of intake levels of protein,Aenergy
and feed volume, botﬁ'individually and in combinations, to certain
aspects of the subsequéntlreproductive‘perférﬁéﬁce of pullet re-
placements. P

The goal “of puliézwgrowing is to obtain maxi@um laying house
perforﬁanqe'with the lowest practical rearing cnsts. This is espe-
cially important today Qith specialized pullet growing operations
and small profit maréipsﬁ

In view of the éurrent situation, the objectives .selected for
this study~weréato: (1)'sfqdy nufrient intake during the‘growing
period as it:iSnrelatedbto dietary ?rotein level,idietary energy
level and dietary voluﬁe 1evé1; and (2) determine the effects of
different nutrient intakes during the growing period upon subsequent
laying house performance,'including egg production, egg weight,

livability and body weight gain or loss.



REVIEW OF LITERATURE

Work was started as early as 1937 on a program of restricting
feed intake for growing replacement pullets. The following obser-
vations were made with pullets which were fed less than full feed
from 8 to 24 weeks of age: (1) sexual maturit& was delayed, as meas-
ured by the onset of egg production; (2) the number of small eggs
produced was reduced; (3) livability in the laying house was in-
creased; and (5) there was a 35 to 50 percent saving in the amount
of feed consumed. These early claims were widely publicized by the
popular press despite the fact thgt very little scientific research
had been done to validate them (Bruins, 1958; Ewing, 1963).

In an effort to determine the effects of feed restriction on
growing replacement pullets, three basic methods of restricting
feed or nutrient intake were developed and have been the subject
of extensive research studies. The first method is known as limit-
ed feeding or quantitative restriction. It can be divided into
three categories: (a) limiting the time during the day that feed
is available; (b) withholding the feed every 3rd, 5th or 7th day;
and (c) limiting the poundage of feed fed to a percentage of the
amount consumed by full-fed controls. The second method involves
the use of high levels of fiber in the ration. High fiber diets
are fed ad libitum, but due to the low nutrient density of these

diets, restriction of nutrient intake occurs. The third method



involves the restriction of protein intake and is accomplished by

widening the calorie-protein ratio.
Methods of Restriction

Limited Feeding or Quantitative Restriction

Limited Daily Feeding Time: Heuser et al. (1945) limited

feed intake by keeping the feeders closed until noon each day. The
birds soon adjusted to feed being available only in the afternoon;
consequently, this method resulted in only a 3 to 8 percent reduc-
tion in feed consumption. This rate of restriction was apparently
not severe enough to produce a significant difference when compared
to full-fed birds.

Ringrose (1558) used techniques involving quéntitative feed
restriction in.two experiments. In the first experiment, enough
mash was placed in the feeders so that at the end of a daily four-
hour morning feeding period the feeders were empty. In addition to
mash, the growing ration consisted of 25 percent of oats which was
fed at 4 p.m. This feeding regimen was followed during the growing
period from the 7th to the 20th week. In the second experiment, the
amount of mash placed in the feeders was increased so that at the
end of the four-hour feeding period mash was left in the feeders.
At this time the feeders were removed from the pens. This procedure
was adopted because it made the mechanics of handling the experi-
ment simpler and insured availability of feed for the four-hour
period. Ringrose (1958) found that feed restriction on a time

basis as studied in these two experiments resulted in only a mod-



erate restriction in feed intake, and after the birds were 16 weeks
of age very little restriction in feed intake was evident.

Tomhave (1958) reported two experiments in which feeding time
was restricted during the growing period from the 9th to the 23rd
week. In the first experiment, feed was placed in the feeders at
8 a.m. in amounts to last the birds to 12 o'clock noon. This re-
sulted in a feed consumption level of from 89 to 93 percent of that
consumed by full-fed bi;ds. In experiment 2, the feeders were closed'
from 10 a.m. to 4 p.m. daily in an effort to produce more drastic
feed restriction. However, the restricted-fed birds consumed 95
percent as much as the full-fed controls.

Heuser et al. (1945), Ringrose (1958) and Tpmﬁave (1958) con-
cluded independently that when growing pullets Pre restricted in
the time that feed is available to them, they soon adjust themselves
to the schedule of feeding. In so doing, they consume a sufficient
quantity of feed in a shorter period of time, thus meeting their
feed requirements for normal growth., Tomhave (1958) furthe; conc luded
that a slight saving in feed during the growing period is the only
consistent benefit denived from feed restriction when the birds
have access to the feed only during certain hours of the day. Thus,
it is doubtful if this method of feed restriction compensates for
the extra labor involved. On the other hand, Clark et al. (1962)
found that by restricting the feeding time to two hours a day during
a five to seven day period each week, feed consumption was reduced

about 24 percent during the growing period.

Withholding Feed on Alternate Days: Limited feeding as used




by Singsen et al. (1961) involves withholding all feed every 3rd,
5th or 7th day, depending upon the severity of r?striction desired.
In a review of restricted feeding, Patrick (1962) referred to this
method of feed restriction as the "stop and go" system. Kent (i?SS)
recommended a similar method of restricting feed intake in whiéh
five pounds of pellets were fed per 100 birds five mornings a week
plus all the oats they could eat in one or two hours. On two days

a week (1st and 4th days) the birds were fed nothing in the morning.
Every afternoon the birds were given all the oats they could égt
in 10 minutes. This system was reported to restrict birds to 70
percent of what full-fed growing birdg coﬁsumed. Bruins (1958)

reported that many commercial poultrymen wére unable to follow such

a program because of inexperienced labor or insufficient equipment.

Limiting Feed on a Percentage Basis: A third method of limit-

ing feed intake is to restrict growing pullets to a certain percent-
age of the feed consumed by full-fed control birds. This system
has been studied by many reéearchers. Any desired degree in severity
of restriction can be obtained with this sfgtem by lowering the
percentage of feed fed to the restricted birds. Most workers have
used and now recommend a 20 to 30 percent restriction in feed con-
sumption from approximately 8 or 10 weeks of age to approximately
20 to 23 weeks of age.

In following this method, Milby and Sherwood (1956) used a
15 percent restriction in feea;consumption on pullets grown in
confinement and a 30 percent restriction in feed consumption on

range-reared pullets. Ringrose (1958) found that restricting the



feed during the growing period to 20 percent or more oh a poundage
basis reduced body weight and delayed sexual maturity. Tomhave
(1958) reported that én actual restriction in the amount of feed
consumed by a pullet is a more effective way of restricting feed
intake than is limiting the time that feed is available to the birds
during the day. The former procedure results in more of the bene-
fits of feed restriction. Bruckner and Hill (1959) reported that
satisfactory pullets could be reared using a 20 to 30 percent re-~
striction of diet intake. Hollands and Gowe (1961) imposed a 37.5
percent level of feed restriction on White Leghorn pullet&“from the
3rd to the 8th week of age, and a 32.5 percent level of feed re-
striction from the 8th to the 21st week of age. Honegger Farms Co.,

Inc., as reported in Honegger Fax, (Anonymous, 1963), used a 27

percent restriction of feed from the 8th to the 21st week of age
as compared to full-fed controls. Bruins (1958) and Singsen (1955)
reported that limiting feed on a percentage basis is the most eco-

nomical method of growing replacement pullets.

Restricting Nutrient Iﬁtakef With Fiber

Restriction of nutrie&t intake may be achieved by fgeding ra-
tions which contain 5 to 20 percent of added fiber. High fiber
rations are fed to birds ad libitum; but due to the low nutrient
density of these rations, birds cannot eat enough feed to satisfy
their nutrient intake requirements.

Isaacks et al. (1960) reported that with meat-type pullets

a restriction in nutrient intake similar to that obtained by limit-

ing feed intake could be accomplished by varying the levels of fiber



in the diet. However, it was pointed out that by limiting the in-
take of a high efficiency diet on a percentage basis an approximate
savings of 25 percent in feed could be made during the growing pe-
riod; whereas, restricting nutrient intake by adding 15 to 20 per-
cent of fiber resulted in a 39 to 49 percent increase in total feed
consumption.

Quisenberry (1958) found that egg-type pullets gave approxi-
mately the same results as did meat-type birds when nutrient intake
was restricted through the use of high fiber diets. However, he
questioned the wisdom of going from a high efficiency rearing ra-
tion, whicﬁ grows a pullet to 21 weeks of age on approximately 16
pounds of feed, to a high fiber ration that requires 30 to_33
pounds of feed to grow a pullet to the same age.

Ringrose (1959) pointed out that restricting the nutrient in-
take of growing pullets by feeding high fiber rations can increase
feed costs. Deaton and Quisenberry (1963)';éported high fiser diets
to be more expensive than conventional diets when the totﬁl amount
of feed consumed by the birds was considered. In contrast, Bruins
(1958) reported that birds fed high fiber rations can be competi-
tive, price—ﬁise, with birds full-fed on conventional commercial

rations and also give the additional benefits of restricted fed birds.

Restriction of Protein Intake

Limiting protein intake was advanced by Harms (1962) as a
third method of feed restriction. The protein intake of growing
pullets is limited by feeding a diet having a wide calorie-protein

ratio. However, Harms (1962) believes that the best performing



commercial egg-type pullets can be produced by using high energy-
high protein diets. Clark et al. (1962) fed whole grain and a cal-
cium supplement as the only feed to growing pullets on grass or
clover range. As this type of diet would have a wide calorie-protein
ratio, it would appear to be a modification of limited protein
intake as reported by Harms (1962). Clark et El:'(1952) referred

to this grain-mineral diet for growing pullets on range as quali-
tative restriction and reported it to produce essentially the same
effects as quantitative restriction. Platt (1944), who fed only
grain and minerals to growing pullets on range, found that pullets

were retarded in a manner similar to those reared on a limited

feeding program.

Periods of Restriction

It appears that the severity of restriction is determined by:
(1) the length of the period during which feed or nutrient intake
restriction occurs; (2) the time during the growing period that
the feed or nutrient intake restriction ié imposed; and (3) the
percent or amounts of nutrients withheld from the birds during the
restriction period. These factorslappear to: play a vital role in
producing the effects brought about by the restriction of feed or
nutrient intake,

Watts (1955) observed that very good nutritional practices
should be followed during the initial four to eight weeks of the
chick's l1life, since this is a critical period. Hé reported that
the performance efficiency of pullets was reduced when the intake

of nutrients was limited during the first month of the chick's
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life, either by limiting the actual amount eaten or by changing the
composition of the ration.

In an effort tﬁ study time of restrictioﬁ, length of restric--
tion and severity of restriction, Gardger and MacIntyre (1962) lim-
ited feed intake for growing pullets to 50, 60 and 70 perceﬂf of
the amount consumed concurrently by full-fed controls. Length of
the restriction periods ranged from 3 weeks to, 17 weeks. This re-
striction was imposed at various intervals during the growing period.
Restriction periods startédlas early as the fifth week of the grow-
ing period and some lasted until the birds were 22 weeks of age.
They found a direct relationship between the duration and degreé
of restriction and the amount of body weight reduction. With restric-
tion periods of either four or eight weeks, there was a greater
reduction in body weight when the restriction was imposed at an
older age. They also found that the length of timg required to
attain sexual maturity, as measured by the number of'days to reach
50 percent production,; decreased as the length of the restriction
period decreased, regardless of the degree of restriction which
was imposed in ‘this study.

Pullets which were restricted during the growing period pro-
duced a greater percentage of medium and large size eggs during the
first few months of production. However, the magnitude qf the in-
creased size appeared to depend upon the length of the restriction
period. As the length of the restric?ion period decreased, the
fpercentag? of large and medium eggs also decreased. Restricted

feeding had no significant effect on egg weights. However, there
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was a trend toward increased egg weight with treatments which had
the longest delay in sexual maturity.

Fuller and Dunahoo (1952) ;éstricted the feed intake of White
Leghorn pullets for the following time intervals during thg growing
period: none, 6th through 12th week, 6th through 18tﬁ weék; 6th
thrbugh 24th Qeekg and 12th through 24th week. Feed was 1imitea

; . .
during all restriction peridds to the averaéé infake at six wéek§
of age (9 pounds per 100 birds per day). Economic charactefistiﬁs-
Qere observed fot threévyears of egg prodﬁsfion@

While all periods of feed reétriction significantly retarded
ébowth rate, reéovery was rapid after the birds were piaced on full
fleed. Growth curves during recovery périéds following feed restric-
tion were steeper in slope'than normal growth curfes of fuil;fed
birds at.any given time during the growing period. Wheré feed re-
striction was terminated by the 12th week of age, the grouplrecéver-
e¢d rapidly and outweighed the full-fed controls at 24 weeké o'f~age°
Where birds were on continuous feed restriction from the 6th to thé
24th week of age, _u}ature body weight, ngv‘ef ‘ve;;(ualled that of the
controls’ during the eﬁtife thfee years of egg production wgich
followéd° o v

Limiting'feed intake delayed sexual’maturity of pullets up
to as much as four weeks, depehding upon the duration éf the ré;v‘
stricti¢ne'When the egg préduction period was calgulhted beginning
at 20 weeks ;f-agg-fpr all treatments, restricting.theinutrient,
intake of pullets from 6 to 24 weeks oﬁ»a@e improved egg prqductiono

t

However, it was statisticélly significant only during the third
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year, On the other hand, when egg productionjwas calculated beginn-
ing with the date the first egg was la;d for each, treatment, the
pullets restricted in nutrient intake to the 24th week of age pro-
duced significantly more eggs duping the first_andufhird yéars of
production.

The effect of the restriction of nutriént intake on egg sjze
was evidenced only by larger initial eggs for pullets that were
restricted until they were 24 weeks of age. Fuller and Dunahoo |
(1962) also observed that the length of time of the restriction
period did not affect egg size on any givep calendar date aftef the
first few weeks of production, nor the amount of feed required for
pullets to reach sexual matﬁrity. Birds that were restricted for
periods of 12 or 18 weeks during the growing period required less
feed per dozen eggs produced during the laying period.

MacIntyre and Gardner (1964) subjepted White Leghorn ﬁullets
to 70 percent of the feed intake level consumed by fuli—fed con-
‘trol birds‘for the following intervals during the growing period:
vndneé 5th through 2ist week, 5th through 23rd week, 5th through
Qééth week, Sth through 27th week, and 5th through 29th week. They
found that sexual maturity, as measured by the number of days re-
gquired for pullets to reach a 50 percent'level of egg production or
peék production, was delayed progressively as the durationlof the
restriction period increased. Restricting feed intake until pullets
were 27 or 29 weeks of age appeared to be detrimental io eég prb-

duction, while feed restriction periods up to the 25th week of age

’ ’

gave a faﬁorable effect on egg production. Feed efficienéy during
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the growing and laying periods was higher, but not significantly
so, for the restricted-fed birds with the exception of those re-

stricted to the 29th week of age as compared to full-fed controls.
Effects of Feed or Nutrient Restriction

Other Species

In a review by McCay (1947), evidenqe was presented which in-
dicates that feed restriction duriqg the growing periocd may increase
longevity in rats, mice, dogs .and humans. A suggested explanation
for the increased longevity is that the restricted individuals shqw
greater resistance to the disea;es common at old age, particularly
those of a cancerous type. Lane and Dickie (1958) found thét severe
obesity resulting from overeating. in mice, whose gepetic constitu-
tions favor overeating, greatly shortens their life span. Iﬁglé
et al. (1937) studied the effects of feed restriction on the
Cladocera (water flea) species. He found that restricted-fed indi-
viduals lived significantly 1onger than those which were full—fed°
Reid (1960) reported that cows reared on é High plane of nufpition
eihibited a definite tendency to encounter breeding difficulties
during adulthood and consequently to have a shorter prodﬁctive
life than cows reared on a low intake of energy. Silberberg and
Silberberg (1955) concluded that somewhere between the extremes
of uhderno?rishment and dietary enrichments lie the regimens that
are optimal for iongevityo

Not only does restricted feeding appear to increase longevity,
but it is also reported to increase reproductive efficiency. Self

et al. (1953) studied the effect of full-feeding versus limited-
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feeding from weaning to slaughter on the reproductive performance

of gilts. He found that full-feeding of gilts after puberty resulted
in 25 percent fewer embryos than corresponding restricted-fed

gilts, regardless of the méthod of_prepubertal feeding., Ingle et al.
(1937) found that groups of watér fleas which were restricted in
feed consumption produced the same number Qf young, although later
in life, than did full—fed control groups.

Reid (1960) reported that a reducéd intage ;f energy &uring
the growing period greatly deléys the onset of puberty in cattle9
has little effect on the age atlpubérty iﬂ swine, aﬁd hasténs the
breeding season in sheep. In both the pig and sheép, feeding a low
leﬁel of nutrition after conception is conducive to a high‘rate
of embryonic survival.

James and McCay (1944) studied restrictiéh of nutrient intake
in growing dogs and found that dogs which were retarded in grovwth
due to limited feed intake‘exhibited low heart and bfeéthing rates.
Ingle et al. (1937) found that limited-fed water,fléas exhibitgd
a lower metabolic rate than those receiviné ﬁnliwited food.” He also
found decreased heart rates in restricted:fed fleas. These heart
rateé did not. return to norﬁal when the fleas were placed 6n full

feed.

Growing Pullets

Since 1937 when early claims were made for restricted feeding
of growing pullets, several experiments have been conducted to de-
termine the effects of restricting feed or nutrient intake upon

‘subsequent laying house performance: EWing_(1963)‘madé the following
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statement: "Considering the amount of research that has been reported
on restricted feeding of replacement pullets, we ought to have all
the answers -- but this is far from the case. On the surface, con-
sistent results are the exception, rather than the rule......" De-
spite the inconsistent results, there are some points of general
agreement among research workers concerning the effects of restrict-

ing feed or nutrient intake to growing pullets.

Physiological Changes: It appears that restricting the feed

intake of pullets during the growing period produces certain physi-
ological effects. Fuller and Dunahoo (1962) reported that restricting
feed intake during the growing period resulted in a lower basal
metabolic rate as measured by O2 consumption. The lower basal met-
abolic rate appeared to persist for six months after feed restric-
tion was discontinued. Gowe et al. (1960) showed that when feed
restriction was imposed on growing pullets it caused a decrease

iﬁ the heart rate and the blood pressure at the end of the restric-
tion period. These workers also found that feed restriction caused
pullets to have relatively larger adrenals, pituitaries and gizzards
(per gram of body weight). It appears that additional research work
is needed to determine more fully the physiological effects pro-
duced by imposing a restriction of feed or nutrient intake on grow-

ing pullets.

Body Weight: It is generally agreed among research workers

that body weight or size at housing time is decreased by restrict-
ing the feed or nutrient intake of pullets during the growing pe-

riod. However, it appears that when restricted-fed birds are placed
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on full feed, they gain more rapidly than full-fed birds and usually
attain a body weight equal or nearly equal to full-fed controls.
after a few months of ad 1ibifﬁm feediﬁge Whethier or not resfricted-
fed birds attain body weight egual fo controls appears to depend
upon the severity 6f the restriction imposed.

Schneider gi al, (1955) found that restricted feeding was
effective in retarding growth throughout the period of restrict;,iono
However, after four weeks of full feeding, pulléts reared on a re-
stricted feedingmprogram had body weights equal to full-fed birdée’
Watts (1955) observed that pullets reared on limited feeding systems
weighed approximately one-half pound less than did pullets which
were fuli-fed uhtil they were placed in the laying house. There
was no signifiéant difference in the body Weight of the two groups
after they were full-fed for three months. Isaacks et al. (1960)
reported that restricted feeding retaréed growth during the rearing
period, but had no effect on body weight at 57 weeks of age. In
contrast, MacIntyre and Gardner (1964) uged a feeding method ﬁhich
severely restricted feed intake, and found that the decrease in
body size caused by restricting feed intake to grpwihg pullets
carried through to the final body weight at the eﬁd of 11 monfhs
of egg productiono At the Texas Experimenf Station, Deaton and
Juisenberry (1963) obtained déta in support of these findings.,

Harms (1962) observed that restricting thg nutrient in?éke
of growing pullets retarded body weight. Nevertheless, aftér
limited-fed birds were placed on full feed for féur weeks, their
body weight was éppréximately equal to that of the full-fed gfoups°

Harms (1962) also noted that an 18~gram difference in body weight
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at 20 or 21 weeks of age resulted in a one-day difference in the age

of the pullet when the first egg was laid.

Sexual Maturity: The decrease in body weight or size typical

of restricted-fed pullets is also closely coupled with delayed
sexual maturity. The degree to which body size is decreased and
sexual maturity is delayed is usually in direct proportion to the
length and severity of the restriction period. Watts (1955) found
that limiting feed intake during the growing period resulted in a
delay of approximately 17 days in the onset of egg production.

Hill (1962) observed that pullets which were restricted in feed
intake during the growing period reached 50 percent egg produc-

tion 11 to 28 days later than did full-fed birds. Milby and
Sherwood (1956) found tﬂat restricted-fed pullets attained sexual
maturity 10 to 15 days later than did full-fed control birds. That
time of sexual maturity was delayed approximately two weeks by
restricting the feed intake of growing pullets was found by Bruckner
and Hill (1959). Tomhave (1958) observed that restricting feed
intake“to 75 percent of the feed consumed by full-fed pullets re-
sulted in a delay of five to seven days in sexusl matufity. Hollands
and Gowe (1961) found that pullets reared on a limited feeding
system were delayed approximately two weeks in reaching sexual
maturity. MacIntyre and Gardner (1964) imposed a severe restric-
tion on feed intake and reported that sexual maturity was delayed

about 30 days, as measured by the age when the first egg was laid.

Mortality: Hollands and Gowe (1961) found that the mortality

of limited-fed pullets was higher than that of full-fed pullets
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during the growing period. Mortality was observed to be~1oﬁer with
the limited-fed pﬁllets throughout both the firsé and second égg
production years. Bruckner and Hill (1959) found that rearing mor-
tality tended to be hiéher and a&ult mortality teo be lo&er when
pullets are reared on a restricted level of feed intake. Fuller
and Dunahoo (1962) observed during the period of limited feeding
a higher than normal mortality rate in pullets which were sévepely
festricted in.nutrientintakeo Buring the early part of the 1aying
year the highest mortality was observed in the full-fed ana léss
severely restricfed groups. |

In contrast, Schneider et élo (1955) fouﬁd that mortality
during the growing period was not affected by the feeding syStém.
Adult mortalify éf slongfown pullets, on the other hand, was sig-
nificantly lower. Young et al. (1961) pointed oult the possibility
that limited-fed pullets might have a higher than average mortality
rate during the growing period9 particularly when a mild disease
outbreak occurs. Isaacks et al. (1960) reported that the morfaliéy‘
rate of growing pullet§ was ihcreased when tﬁe fiber level of the
diet was high;ehéﬁgh to reduce substantially the caloric intake.-

Miiby and'Shéfwaod (1956} found‘that restrictihg feed intake
of growing pullets had no effect on laying house mortalityo Inde-
pendent findings’of Singsen (1955), Ringrose (1958)* Quisepberry
(1958) and Hill (1962) are in agreement with the finding% of Milby
and Sherwood (19386). To the contrary, Tomhave (1958)'bbserved that
the ;iability of pullets full-fed during the gfo&ing perioll was

better during 311 days of egg production than that of pullets fed
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on a restricted basis. Research workers at Honegger Farms Co., Ine.
(Anonymous, 1963) found that full-fed pullets had lower mortality
rates in the laying house than did pullets reared on a restricted

feeding program.

Egg Production: The fact that the rate of egg production is
not increased by restricting the feed or nutrient intake to grow-
ing replacement pullets has been confirmed by a number of research
workers. Watts (1955) found that egg production for g nine-month
period ﬁas not significantly different for pullets reared on a
limited feeding system as compared to full-fed control pullets.
Harms (1962) observed that total egg production over a 336 day
production period Waé not affected by the diet the pullets received
during the growing period. Studies by Bruckner and Hill (1959) did
not show consistent advantages for any singlé feeding programn_'
They fouﬁd that differences in the rate of egg production due to
rearing nutrition were relatively small and highly variable.

Young et al. (196&) reported that poultrymen had no assur-
ance that total egg production of pullets grown on a restricted
feeding program would be increased. Milby and Sherwood (1956)
observed that restricting feed intake during the growing period
apparently had no real effect on subsequent egg production.
Quisenberry (1958) reported that the rate of egg production showed
no significant correlation with the rearing treatment of replace-
ment ‘pullets. Ringrose (1958), who studied restricted feeding of
growing pullets over a six-year period, found that limited feeding

did not result in a significant difference in subsequent egg
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production.

Tomhave (1958) observed no difference in egg production between
full-fed and restricted-fed pullets during the first year of egg
production. Berg and Bearse (1961) found that rate of lay was not
affected by restricting the feed intake of pullets during the grow-
‘ing period. Hill (1962) reported that the average egg production
per bird housed to 667 days of age was 253 for full-fed pullets as
compared to 232-241 eggs for the restricted-fed birds. No signifi-
cant difference was found by research workers at Honegger Farms,
Co., Inc. (Anonymous, 1963) in yearlf hen-day or hen-housed egg
production between limited-fed pullets ané full-fed controls. There-
fore, on this basis the full-fed pullets produced the most eggs.

Contrary to the results found by the above workers, restricted-
fed birds laid more eggs in the first production year than did full-
fed controls in the experimental work of Hollands and Gowe (1961).
Gardner and MacIntyre (1962) reported two experiments dealing with
the restriction of feed intake for growing pullets. In the first
experiment, they found a significant increase in egg production due
to restrictedeeeding, while in the second experiment restricted
feeding had no effect on egg production. Likewise, Isaacks et al.
(1960) found that restriction of nutrient intake had no effect on
egg production in the one experiment, but found egg production in
another experiment to be considerably higher fo?”restricted;fed
groups of pullets.

Schneider et al. (1955) did not find a significanf difference

due to growing treatments in the total number of eggs laid. However,
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they observed a significant shift in the egg prqduction pattern
caused by growing treatments° Full-fed, K groups of pullets laid at
a higher rate early in the laying period, while limited-fed puilets
laid at a higher rate later in the production year. MacInfyré and
Gardner (1964) found that the hen—day rate of egg production was
significantly higher for full-fed pullets when measured from the
date of sexual maturity, but was lower when measured on the basis
of an equal period of‘iaying time from the onset of sexual m;tﬁri-
bty of the retarded pullets.

Harms (1962) reported two experiments in which he observed
that pullets reared on conventional high energy Qieté.laid more
eggs during the first two months in the laying house than did pullets
grown on restrictive type dieﬁsﬁ However, by the thifd month,; the
restricted-~fed puilets had begﬁh to lay at a rate equal to pulléts
grown on a full—feeding program. During‘the 4th to the 9th months
of preoduction, pullets which were grown on a restrictive type of
grower ration laid at a slightly higher rate than did pullets grown
on a full-feeding program. The egg production of the two groups
equalized during the last three months of the‘producfidn year. The
difference in total egg production between the twofgroups for a
336=day laying period was not significanf° Howe"ver9 the trend>was
f&r pullets which laid at an earlier age to lay at a slightiy higher
rate for the entire period. Walter and Aitken (1961) also observed
a change in the egg prodﬁ;tion pattern of restricted-fed pullefs°
They found that slow-maturing, 1imitedeed pullets came into produc-

tion later, but sqbsequently laid at a higher rate thah did full-fed
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controls.

Egg Size: Young et al. (1961) reported that the moéi consis-
tent improvement ffbm restricted feeding of growing pullets is the
increase in the number of medium and 1grge siée égés laid during
the production year. Watts (1955) found that the initial ;gg size
of pullets»yeared on a;restricted feeding program was one ounée
larger per dozen than was the egg size produced by full-fedﬂcontrbi
pullets. However, no difference existed in egg size at ‘any given
age after the start of production. Sunde et al. (1954) observéd that
pullets wh}ch’were,delayed in sexual maturity by restrictiqg of feed
intake laid larger eggs initially. However, as the production year
progressed, the egg weights of the two groups tended gradually to
converge, |

Schneider gﬁ al. (1955) found a significant'differénce in the
number of hétching eggs produced by restricted-fed pullets aé com-
pared to full-fed control pullets. This could be partially accounted
for bylthe fact that more eggs were laid late in the production yéar9
after egg size had increased.

Fuller and Dunahoo (1962) found that restricting the feed intake
of growing pulliets resulted in larger initial eggs only if the pul-
lets were restricted to 24 weeks of age. There was no significant
difference in egg size on any given calendar date after the first
few weeks of production. Research workers at Honegger Farms, Co.,

“Inc. (Anonymous, 1963) found fhat restricted-fed pﬁllets laid slight-
ly larger eggs than did full-fed control pullets; however, the dif-

ference in egg size was not large enough to be significant.
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In contrast to the above workers, Bruckner and Hill (1959) ob-
served that when”egg size was measured at the same chronological
age, it was not affected by the previous rearing treatment. Harms
(1962) reported that the kind of growing ration did not significant-
ly affect egg weight at any given age. Ringroese (1958) found that
restricting the feed or nutrient intake of growing pullets produced
no significant effect on egg weight on any calendar date when com-
pared to full-fed control pullets. Quisenberry (1958) observed no
indication that caloric restriction imposed on pullets during the
growing veriod had any effect on egg size during the first three
months of egg production. Milby and Sherwood (19256) reported that
egg weight on any calendar date was not affected by restricting the
feed or nutrient intake of growing pullets.

Hollands and Gowe (1961) reported two experiments which per-
tained to the restriction of feed intéken In one experiment yearly
egg size of pullets reared 6n restricted diets was smaller than
that of pullets reared con full-fed diets. In the second experiment
no difference.in egg size occurred due to the rearing treatment.
Data presented by Isaacks et al. (1960) indicate that the effects
of res;riction upon egg size may be influenced by the season of

hatch.

Feed Efficiency: It was reported by Ringrose (1958) that the

primary advantage of a restricted feeding program lies in the feed
saved and the economy which results in the cost of growing pullets.
Hollands and Gowe (1961) found no difference in feed consumption

following the restriction period between limited and full-fed
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pullets., Berg and Bearse (1961) noted that the restriction of feed
intake during the growing period did not increase feed consumption
during the laying year.

Thevresearch work conducted by Honegger Farms Co., Inc,
(Anonymous, 1963) demonstrated that restricted-fed pullets could
be raised to 21 weeﬁs of age on 3.38 fewer pounds of feed than were
required by full-fed controls. Howe\}er9 the first three months these
restricted-fed pullets Wwere on full feed in the laying house, they
consﬁmed 1.3 pounds moré feed per bhird than did pullets raised on
a full-feeding program. After the first three months in the léying
house, feed consumption was approximately the same for the two groups.
These research workers concluded that restricting feed during the
growing period was economically sound for a started pullet grower,
but economically unsound for a started pullet buyer.

Young et al, (1961) reported that restricted-fed birds over-
consumed the laying ration during the first few wéeks aftep they
were transferred from the rearing program, consequently almost can-
celing any saving in feed which may have occurred during the period
of restriction. Milby and Shérwood (1956) concluded that restricting
the fesd intake of growing ﬁu]let@ did not result in any saving in
feed cost up to the time(the first egg was laid, because of the fact
that the limited~fed birds re@uifed a longer feeding period to
reach sexual maturity. Fuller and Dunahoo (1962)'found no statistical
difference in the amount of feed consumed by pullets to reach‘sexual
maturity whether they were reared on a restricted or ad libitum feed-

ing program. McSpadden (1956) reported that the total feed consumption
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of restricted and full-fed pullets was not greatly affected when
the feed consumed during the growing veriod plus one year of egg
preduction was considered.

MacIntyre and Gardner (1964) found that feed efficiency over
both the growing and laying periods was better for pullets restrict-
ed in feed intake up to the 25th week of age. However, the differ-
ence was not significant. In contrast, Harms (1962) noted that
pullets grown on a restricted feeding program required a larger
amount of feed to produce a dozen eggs than pullets reared én a full-
feeding program. The reasons for this are the low rape of egg'pro;
duction during the first two months in the laying house and.the
unusually high consumption of feed by the restricted-fed puilets°
It appeared that the pﬁllets reared on a.restricted féeding‘regimen
formed the habit of over;éonsumingxfeed when first placed on ad
libitum feeding. This may have been an attempt to gain their normal
body weight, but they failed to readjust after reaching the body

weight of the controls.

Economic Returns: Whether there are any econcmic advantages

to be gained from raising pullets on a restricted feeding program
appears to be uncertain. Gowe et al. (1960) reported that the eco-
nomic returns of a limited feeding program were substantially larger
than those of full-fed c&htrol birds. This is not in agreement with
research workers at Honegger Farms Co., Inc. (Anonymous; 1963), how-
ever, who found that pullets reared on ad libitum feeding of a high

efficiency ration returned $1.50 income on a per pullet housed basis

compared to $1.46 for pullets reared on a restricted feeding program.
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Qggg}usions: Bruckner and Hill {(1959) made the following state-~
ment: "The effects of rearing treatment on adult productivity are
part of a complex set of interrelationships involving stﬁain charac-
teristicsy environment, disease and nutrition. It would seem unlikely
that one rearing system would be best for all or even most conditions.
In fact, the adaptability of the chicken to the wide range of rear-
ine treatments we have studied seems more remarkable than the dif-
ferences we have observed between them."

Creek (1958) concluded that in the rearing of Leghbrn;type pul-
lets, restriction of feed intake has little or no value. Young et al.
(1961) concluded that either limited feeding of a complete grower
ration or the restricting of energy alone to developing pullets might
be more detrimental than if a standard feeding practiée were used.
Research workers at Honegger Farms Co., Inc. (Anonymous, 1963) con-
cluded that they could not recommend restricted feeding during the
growing period when birds are limited to 70 percent of the amount
of a complete high-efficiency ration which they normally would eat.

In contrast to these conclusions, Clark et al. (1962) reported
that it might be advisable to use a restricted feeding program for
growing replacement pullets if the factor of prime importance is
to obtain a maximum number of large eggs. Ringrose (1958) concluded
that a restricted feeding program for growing pullets could be rec-
émmended to those who wish to use this rearing method. This recom-
mendation was made on the baéis of economy in the cost of growing

puliets.

Present Outlook: Any study of the nutrient requirements of
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poultry or livestock should involve total food intake and the factors
which control food intake. The individual physiological mechanisms
through which food intake is regulated and controlled have been de-
lineated by research workers in the field of physiology. A compre-
hensive review paper in which this research is summarized was written
by Anand (1961).

The basic findings from research of this type have not been
applied, either singly or in combination, to any great extent in
studying the nutrient requirements of growing pullets. Such an ap-
plication has been made by Gleaves et al. (1963a) and Gleaves (1965)
in studies with laying hens using dietary protein, dietary energy,
dietary volume and dietary weight as the experimental variables.

It is logical to conclude that a similar approach to the
problem of determining the nutritive requirements of growing pul-
vlets could be made using the same techniques. It is the opinion of
the autﬁor that this is the most promising research alternative now
availabIe9 in view of the current situation as it is summarized in
this literature review. For this reason, the basic experimental
design énd the experimental techniques applied so effectively by
Gleaves et al. (1963a) have been utilized in the experiment report-

s ——

ed in this thesis.



EXPERIMENTAL MAETHODS AND PROCEDURES
Housing and Equipment

The study which is reported in this thesis was conducted in
the Baftery Laboratory located on the Oklahoma State Universify'
Poultry Farm. The Battery Laboratory is a wood frame, one-story
building that contains a starting room, a service room and a fin-
ishiﬁg room. Each room.is equipped with aluminum awning-type, glass
windows,ané roof-top ventilators fitted with motorfdriven fans. The
dimensions of the starting room are 24 by 24 feet (576 square féet
of floor space)., It is equipped with thermostatically controllgd
natural gas heaters énd eight battery brooders. Each battery brood-
er has five decks, each of which contains a heating unit, feed and
water troughs and a wire mesh bottom.

The dimensions of the finishing room are 24 by 58 feet (1392
sqﬁére feet of floor space). The finishing room is eguipped with
manually operated nafural gas heaters and 240 individual, suspended,
wire laying cages. Each cage is 10 inches wide and 18 inchés from
front to back and furnished.with an automatic drinking cup, a feeder
and a feed storage container. During the daylight hours, the house
is lighted naturally. The house is eqqipped With incandéscent lights
which can be used when additional light is needed. These incandéééent
lights %n the finishing room are controlled by an automatic tige

clock.

28
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Experimental Design

The experiment herein reported consisted of three phasés9 each
having a completely randomized design. The first phase of the exﬁéri—
ment was initiated when the chicks were day-old and lasted until the
.chicks. were eight weeks of age. The treatments imposed during this
period of time consisted of two levels of dietary protein (see Table
I). Dietary energy; dietary vdlume and diétary weight levels were
the same in each of the two treatments in phase 1, although, as will
be noted, changes in dietary protein, dietary energy, dietary volume
and dietary weight were made at the end of the first two periods.
Each veriod had a duration of 14 days; The dietary nutriént levels
were changed every 28 days in order to meet the changing requirements
of the growing pullets. The dietary voluﬁe maintained during periods
1 and 2 was increased during periods 3 and 4 in order to condition
the pullets to the extreme dietary volume levels which were to be
iﬁposed by certain treatments during phase 2'6f thé e?pefiment°

| During the first six weeks of the experiment, each treatment
consisted of 15 battery decks in the electric batteryrbrooders° There
were 10 chicks in each deck. Thus, each treatment level wéﬁ applied
to 150.c}'1iéksc |

' A£ fhe beginning of the seventh week (period 4) 117 pullets

from each treatment were randomly selected and moved into indiyid-
ual wire 1ay%ng cages. Thus, during period 4 each treatment consisted
of 117 pullets, each pullet being an experimental unit.
" The second phase of the experiment was imposed dur&ng the grow-

ing period between the ninth week (period 5) and the 20th week



TABLE 1
SELECTED DAILY DIETARY LEVELS USED IN THE FORMULATION OF ALL RATIONS

‘/'-_. - - . - -

Period 1,2 3,4 5,6 7,8 9,10 11~ 20
Nuytrient Level Week 1-4 5-8 9-12 13-16 17-20 21-40
Phase 1 1 2 2 2 3
Dietary protein .~ N . L
. grams . 1 4.03 9.30 10.36 10.62 10.93 17.50
‘ 2 4.98 11.62 13.32 13.89 14.58
Dietary energy SR : ,
Calories of 1 ’ o 130,40 143.96 160.53 320.00
metabolizable 2 52.20 127.97 163.00 179.96 200,66 :
energy : 3 195.60 215.96 240.79
Dietary volume Co '
milliliters 1 35,18 B 103, 60 114,38 127.54 200.00
’ 2 122.01 155.40 171,57 191.31
3 207 .20 228.76 255,08
Dietary weight . . S
.grams . 23.70 58.10 87.70 100.Q0 110.00 119.47
Ration numbers 1,2 3,4 5-22 23-40 40-58 59

containing
these levels

og-
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(period 10). The pullets from each treatment level of dietary protein
were randomly distributed among 9 treatments which involved three
levels of dietary energy and three levels of dietary volume (see
Tables I and II1). Each series of experimental rations within each

of the 18 treatments was fed to 13 pullets in individual cages. This
sub-divigion created a 3x3x2 factorial arrangement of treatments.
After each pullet had been randomly assigned to a treatment, all
pullets were distributed randomly among the cages in the house.

‘The third phase of the experiment stgrted with the twenty-
first week (period 11) and extended until the pullets had exceeded
peak egg production at 40 weeks of age (period 20). During this time
the pullets were all fed the same laying ration. Effects from the
growing period treatments were measured during this egg production

period.

Management

The experiment was initiated on Septemper 12, 1963 with 300
day-old, Heisdorf & Nelson strain egg-type pullets which had been
decombed. The day-old chicks ;ere individually wing-banded and vacci-
nated with Newcastle-infectious bronchitis vaccine. They were then
randomly placed in 30 battery brooder pens in the starting room. All
pullets were given feed and water ad libitum during the entire ex-
periment. At the time the pullets were seven weeks of age, they were
moved into the individual laying cages in the finishing room where
they stayed throughout the remainder of the eiperiment.

The pullets were reared on continuous 24 hours of light per

~day for the first six weeks of their life. For the remainder of the



TABLE II

FACTORIAL ARRANGEMENT OF TREATMENTS BY RATIONS AND BY PERIODS

Energy level

1 2 3
Protein level Protein level Protein level
1 2 1 2 1 2
Ration Period Ration Period Ration Period Ration Period Ration Period Ration Period
number fed number fed number fed number fed number fed number fed
2 1,2 1 1,2 2 1.9 1 B 2 1,2 1 1,2
4 3,4 3 3,4 4 3,4 3 3,4 4 3,4 3 3,4
1| 22 5,6 13 5,6 19 5,6 10 5,6 16 5,6 7 5,6
40 7,8 31 7,8 37 7,8 28 7,8 34 7,8 25 7,8
58 9,10 49 9,10 55 9,10 46 9,10 52 9,10 43 9,10

Treatment 18

Treatment 9

Treatment 15

Treatment 6

Treatment 12

Treatment 3

Volume level
')

Ration Period
number fed

2 1,2
4 3,4
21 5,6
39 7,8
57 9,10

Treatment 17

Ration Period
number fed
1 1,2
3 3,4
12 5,6
30 7,8
48 9,10

Treatment 8

Ration Period

number fed

2 1,2

4 3,4

18 5,6

36 7,8
54 9,10

Treatment 14

Ration Period
number fed
| 1,2
3 3,4
9 5,6
27 7,8
45 9,10

Treatment 5

Ration Period
number fed

2 1,2
4 3,4
15 5,6
33 7,8
51 9,10

Treatment 11

Ration Period
number fed
: s 1,2
3 3,4
6 5,6
24 7,8
42 9,10

Treatment 2

Ration Period
number fed
2 1,2
4 3,4
20 5,6
38 7,8
56 9,10

Treatment 16

Ration Period
number fed
1 1,2
3 3,4
11 5,6
29 7,8
47 9,10

Treatment 7

Ration Period
number fed
2 1,2
Bl 3,4
17 5,6
35 7,8
53 9,10

Treatment 13

Ration Period
number fed

1 1,2
3 3,4

8 5,6
26 7,8
44 9,10

Treatment 4

Ration Period
number fed

2 1,2

4 3,4

14 5,6
32 7,8

50 9,10

Treatment 10

Ration Period
number fed

1 1,2
3 3,4
5 5,6
23 7,8
41 9,10

Treatment 1

ce
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experiment the pullets were given 14 hours of light and 10 hours of
continﬁoﬁs darkness during eaéh 24—ﬁour period.

At 12 weeks of age, all pullets were véccinatéd against chicken
pox by the wing-web method. At 18 weeks of age, all pullets were
vaccinated with a combination pf Newcastle and infectious-bronchitis

vaccine,

Rations

The rations used in this study were formulated by the daily
nutrient intake method of Gleaves et al. (1963b). In order to have
a factorial arrangemént of treatments, vafious levels of diétary
protein, dietary energy and dietary volume fof each ration wé;e
selected, along with dietary weight. These selected daily dietary
levels were used in placé,of the daily nutrient iptake standard for
pullets, as recommended by Gleaves et al. (19635)n The two digtary
levels of protein ranged from the upper to the lower practical ex-
tremifies reported by poultry research workers. The dietary ievelé
of énergy were selected in a similar way except that an intermediaté
level, equally spaced between the two extreme levels, was selected.
Three equélly spaced levels of dietary volume were also selected,
based upon data accumulated in work withllayipg hens. The dietary‘
weight levels used were selected from actual feed inféke figurés
reported by Gleaves g&dglo (1963b) and Taylof et glo ({1960). These
selected dietary levels are presented in Table I,

Dietary weight may be defined as a daily feed consumption
figure in grams selected as being within the range of possible‘

feed consumption at a particular tiﬁe during the growing or egg
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production period. Dietary protein is thelnumber'of grams of protein
in the dielary weight selected. Dietary energy is the number of
Calories of metabolizable energy‘in the dietary welight seléctea.;.
Dietary volume: is the number of-milliliters oécupied b& the die-
tary weight selected. |

The totalldietary volume of each éxperimental ration was cal-
culated by summing the number of milliliters of volume contributed
by each ingredient. The dietary volume figufes of the feed ingfedi—
énfs used in this éxperimént we%e taken from Gleaves et al. (1963b)
and Tarpey et aly (1965) and afe'presented in Table III.

Polyethylené fluff was used to vary the dietary volume of the
rations fed during the sécond phase of the experiment. Washed b1§w
sand wgé used to hold dietary Weight in each concurrently fea ra:_
tion constant durfﬁg ﬁhaseé 1 and 2 of the experiment.

The protein baSal and the two energy basals used in the for-
mulaiions of the éxperiﬁentél rations are sﬁbwn ip Tablés IV, V1
agd’V¥In The amino acid profile of the proteiﬁ béSal is shown in.
Table V.

The compositions of the rations as formulatedfare‘shownAih
Taﬁle VIII;-Dietaryvmutriént levels in thebrations were changed
every fdur weeks during fhe starting and growing period (20 weéks)
in order to meet the chéﬁéing requirements pf the growing”pullet?%

In Table IX, the éompositidn og vitamih;mineral concentraie‘
VMC-60 is given, The composition of the vitamin concentrate VC-60A
wvhich was added to rations 1 and 2 is listed ianable X. Diéalcidm

vhosphate and calcium carhbonate were added to all\experimental ra-
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TABLE III

VOLUME OF FEED INQREDIENTSi

‘Milliliters occupied

Feed ingredient per gram of ingredient
Corn, ground 1,508
Milo, ground - 1.462
Oat mill feed 2.331
Dehydrated alfalfa meal (17% protein) 1.872
Fish meal (70% protein) ‘ 1.710
‘Soybean o0il meal (50% proteln) 1,439
Blood meal (84% protein) 1.954
Gelatin (95% protein) 1.440
Dried whey (12% protein) 1.391
Dried condensed fermented corn extractives 1.800
(28% protein) -
dl-Methionine . 2.331
Tallow _ 1,087
Starch 1.340
Polyethylene fluff 4,510
Sand . 0.763
Dicalcium phosphate 0.536
Calcium carbonate 0.803 .
Salt 0.763
VMC-60 1.432

VC-60A 1.432

1’Iihese volume figures were calculated on a dry basis.

tions to meet the calcium and phosphorus»staﬂdardsfpublishéd b&
Gleaves et al. (1963b). |

Salt and VMC-60 were added to rations 5 through 58 (phase 2)
on a graded level in proportion to the energy level pf thelindivid—
ual ration. Recommended levels of salt and VMC-60 werevaddea_to
all rations containing energy ievel 2. The fecommended amounts of
these two ingredients were increased 20 percent in all rations
containing energy level 3, while the reéoﬁmendéd level of these

two ingredients was decreased 20 percent in all rations containing .
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COMPOSITION OF PROTEIN BASAL
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Ingredient , Grams
Yellow corn 5,00
Milo 5.00 -
Oat mill feed 4,77,
Dehydrated alfalfa meal (17%, proteln) 2.00 "
Fish meal (70% protein) 7.50
Soybean o0il meal (50% protein) 15.00
Blood meal (84% protein) 4.00
Gelatin (95% protein) 2.00
Dried whey (12% protein) 2.00
Dried condensed fermented corn 2.50
extractives (28% proteln)
dl-Methionine 0.23
Total . 50.00

1Used in all rations fed during.this experiment.

TABLE V

AMINO ACID PROFILE OF THE PROTEIN BASAL

Amino atid

g

Gram of amino
acid per gram
of protein

Amino acid-

Gram of ‘amino
acid per gram
of protein

Apginine
Histidine
Lysine
Tyrosine
Tryptophan
Phenylalanine
Cystine
Methionine
Serine

.064
.029
. 067
028
.010
.046
.013
028
.051

Threonine
Eeucine
Isoleucine
Valine
Glutamic Acid
Aspartic Acid
Glycine
Alanine
Prpline

Total

.039
.080
.040
.065
. 142
096
065
063
.064

1.000
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TABLE VI

COMPOSITION OF ENERGY BASAL NUMBER 11

Ingredient : Grams

Tallow 5.0

Starch : 5.0

Total . 10.0
1

This basal was used in rations 1-58 inclusive.

TABLE VII

COMPOSITION OF ENERGY BASAL NUMBER 2

Ingredient Grams

Corn 12.0

Milo 29.0

Oat mill feed 34.0

Tallow 5.0

Total 87.0
1

This basal was used in ration 59 only.

energy level 1. This was done because research at the Oklahoma
Station indicated that the vitamin and minerai content of a ration
has little or no effect on feed consuhption while energy has a pro-
nounced éffect. Adding salt and VMC-60 at these graded levels makes
possible a more uniform intake of salt, vitamins and trace minerals.
The factorial arrangement. of treatments with individual ra-
tion numbers making up each treatment are shown in Table 1I. These
fations were formulated to contain the dietafy levels which are

shown iﬁ Table 1.



COMPOSITION OF RATIONS (IN GRAMNS)

TABLE VIII

Ration Protein Energy Polyethy- Dical- Calcium VMC- VC- Period
number basal basal lene Sand cium’ carbon- Salt 60 60A Total fed
fluff phos- ate S
phate

1 12.02 3.67 0.95 5.01 1.09 0.66 0.12 0.12 0.06 23.7 1,2
2 9073 4.80 1.36 5.70 1.15 0.66 0.12 0.12 0.06 23.7 1,2
3 28.05 9,70 13.11 1.79 3.07 1.80 0.29 0.29 - 58.1
4 22.45 12.45 14.11 3.30 3.21 1.80 0.29 0.29 - 58.1 3,4
5 32.16 20.08  27.52 0.79 3.86  2.23 0.55 0.53 -  87.7 5,6
6 32,16 20.08 14,11 14,20 3.86  2.23 0.53 0.53 - 87.7 ,
7. 32.16 20.08 0.70 27.61 3.86 2.23 0.53 C°53 - 87.7 5,6
8 32.16 14.11 28,23 6.23 3.86 2.23 0.44 0.44 = 87.7 5,6
9 32.16 14.11 14.82 19.64 3.86 2.23 0.44 0.44 - 87.7 5,6
10 32.16 14.11 1.41 33.05 3.86 2.23 6044 0.44 - 87.7 R
11 32.16 8.13 28.95 11.67 3.86 2.23 0.35 0.35 - 87.7 R
12 32.16 8.13 15.54 25.08 3.86 2.23 0.35 0.35 - B7.7 s
13 32016 8.13 2.13 38.49 3.86 2.23 0.35 0.35 - 87.7 )
14 25,01 25359 28.79 2.99 4.03 2.23 0.53 0.53 - 87.7 .
15 25,01 23.59 15.38 16.40 4.03 2.23 0.53 0.53 - 87.7 s
16 25.01 23.59 1.97 29.81 4.03 2;23 0.53 0.53 - 87.7 R
17 25.01 17.61 29.51 8.43 4.03 2.23 0.44 0.44 - 8},7

8¢



TABLE VIII (continued)

Ration Protein Energy Polyethy- Dical- Calcium ~ VMC- VvC- Period
number basal basal lene Sand cium’ carbon- Sa;t 60 60A° Total fed
fluff phos- ate’ :
phate
18 25,01 17.61  16.10 21.84  4.03 2.23 0.44 0.44 - 87.7 5,6
19 25.01 17.61 1.79 36.15  4.03 2.23 0.44 0.44 - 87.7 5,6
20 25.01 11.64  30.23 13.86  4.03 2.23 0.35 0.35 - 87.7 5,6
21 25.01 11.64 - 16.82 27.27  4.03 2,23 0.35 0.35 - 87.7 5,6
22" 25,01 11.64 3,41 40.68  4.03 2.23 0.35 0.35 - 87.7 5,6
23 33.53 23.14  30.15 5,01 4.44 2.53 0.60 0.60 - 100.6 7,8
24 33.53 23.14 15.34 19.82 4,44 2.53 0.60 0.60 - 100.0 7.8
25 33.53 23.14  0.49 34.67  4.44 2.53 0.60 0.60 -  100.0 7,8
26 33.53 16.54  30.94 11.02  4.44 2.53 0.50 0.50 - 100.0 7,8
27 33.53 16.54  16.14 25.82  4.44 2.53 0.50 0.50 - 100.0 7,8
28 33.53 16.54 1.33 40.63  4.44 2.53 0.50 0.50 -  100.0 7,8
29 33.53 9.94 31.74 17.02  4.44 2.53 0.40 0.40 - 106.0 7,8
30 33.53 9.94 16,93 31.83  4.44 2.53 0.40 0.40 - 100.0 7,8
31 33.53 9.94  2.13 46.63 4,44 2.53 0.40 0.40 - 100.0 7,8
32 25.64 27.01 31,56 7.43  4.63 2.53 0.60 0.60 - 100.0 7,8
33 25.64  27.01  16.75 22.24 4,63 2.53 0.60 0.60 - 100.0 7,8
34 25.64 27.01 1.95 37.04  4.63 2.53 0.60. 0.60 - 100.0 7,8
35 25,64 20.41 32:35 13.44°  4.63 2.53 0.50 0.50 -  100.0° 7,8

-

6¢



TABLE VIII (continued)

Energy - Polyethy-

Dical- Calcium

VC-

Ration” . Protein . VMC- . Period
number basal basal lene Sand cium carbon- Salt 60 60A Total fed
fluff phos-» ate
’ phate L . '

36 25.64  20.41  17.55  28.24 4.63 2.53 0.50 0.50 - 100.0 7,8
37 25.64  20.41 2,74  43.05 4.63  2.53  0.50 0.50 -  100.0 7,8
38 25,64  13.81  33.14  19.45 4.63  2.55  0.40 ©0.40 -  100.0 7,8
39 25.64  13.814  18.34  34.25 4.63  2.53  0.40 0.40 -  100.0 7,8
40 25.64  13.81 5.53 49,06 4.63  2.53  0.40 0.40 - 100.0 7,8
41 - 35.20  26.87 34,28 4.62 4,93 2.78  0.66 0.66 - 110.0 9,10
42 35.20  26.87  17.78 21,12 4.93  2.78  0.66 0.66 -  110.0 9,10
43 35.20  26.87 1,27 37.63  4.93  2.78  0.66 0.66 - 110.0 9,10
44 35.20  19.52  35.17  11.30 4.93  2.78  0.55 0.55 - 110.0 9,10
45 35.20  19.52  18.66  27.81 4,93  2.78  0.55 0.55 -  110.0 9,10
46 35.20  19.52 2.15  44.32 4.93  2.78  0.55 0.55 - 110.0 9,10
47 35.20  12.16  36.05  18.00 4.93  2.78  0.44 0.44 -  110.0 9,10
48 35,20 12,16  19.55  34.50 4.93  2.78  0.44 0.44 -  110.0 9,10
49 35.20  12.16 3.04 51,01 4.93  2.78  0.44 0.44 - 110.0 9,10
50 26.39  31.20 35.86 7.30  5.14 2.79 0.66 0.66 - 110.0 9,10
51 26.39  31.20  19.35  23.81 5.14  2.79  0.66 0.66 - 110.0 9,10
52 26.39  31.20 2.84  40.32 5.14  2.79  0.66 0.66 - 110.0 9,10
53 26.39  23.84  36.74 14,00 5.14  2.79  0.55 0.55 -  110.0 9,10

ov



TABLE VIII (continued)

Polyethy-

Ration  Protein Ehergy -Dical- Calcium VMC- VC- Period
‘pumber basal basal lene Sand cium carbon- Salt 60 60A Total fed
' “fluff *  phos- ate
. phate
54 26.39 23.84 20.23 30.51 5p14 2.79 0.55 Q,SS - 110.0 9,10
55 26.39 23.84 3.73 47.01 5.14 2.79 0.55 0.55 - 110.0 9,10
56 26.39 16.48 37.63 20.69 5.14 2.79 0.44 0.44 - 110.0 9,10
57 26.39 15,48 21.12 37.20 5.14 2.79 0.44 0.44 - 110.0 9,10
58 26,39 16. 48 4.61 53.71 5.14 2.79 0.44 0.44 - 110.0 9,10
59 27.83 82.34 - - 4,39 3.72 0.60 0.60 - 119.5 11-20

1%



TABLE 1x’

VITAMIN-MINERAL CONCENTRATE VMC-60

42

Adds per 1b. of

20,000

Vitamins Units contained
and Units in 10 1bs. of finished ration,
minerals concentrate when added at the
0.5 percent:level ..
Vitamin A U.S.P. 16,000,000 8,000
Vitamin Dy 1.C.U, 2,400,000 1,200
Vitamin E I.U. 12,000 6
Vitamin K Mg. 6,000 3
Vitamin B12' Mg. 16 0.008
Riboflavin Mg. 8,000 4
Niacin ' . Mg. 64,000 32
Pantothenic Acid Mg. 16,000 8
Choline Chloride Mg. 1,000,000 600 -
Manganese Mg. 55,400 27.7
Iodine Mg. 1,720 0.86
Cobalt Mg. 1,180 0.59
"Iron ‘Mg.. 43,600 21.8
Copper Mg. 3,300 1,65
Zinc Mg. 45,400 22.7
TABLE X
VITAMIN CONCENTRATE VC-60A

"Units contained Adds per 1b. of
Vitamins Units in 5 1b. of finished ration

cancentrate when added-at the

0.25 percent
. level
Pyridoxine Mg. 16,000 8
Biotin Mg. 600 - 0.3
Thiamin Mg, 24,000 12
Folic acid Mg. 4,000 -2
Inositol Mg. 100,000 50
Para amino benzoic Mg. 8,000 4
acid

Ascorbic acid Mg . 10




43

Data and Statistical Analysis

Individual feed“éonsumption and body weight data were recorded
at two-week intervals during the entire experiment. Egg production,
egg welight, and mortality were recorded daily. From these data,
the following values were computed for each period: daily intake
of protein, energy, feed volume, and feed weight; 5ody weight gain;
ege numbers; and egg weights.

Analyses, as they were applicable, were made fof each period
and overall for each phase on the following responses: feed weight
consumption, feed volume consumption, energy consumpfion, protein
consumption, body weight gain, egg productior and egg size. Since
the pullets were moved at the beginning of period 4, it was con-
sidered to be an adjustment period, and these data were not includ-
ed in the overall analyses of phase 1. Because egg production
started during period 10 these data were not included in the over-
all analyses of phase 2.

The anralyses for the first to the third periods were based
on weighted pen averages. The analyses for the other periods were
based on individual bird data., Missing data values for periods
f?ur through twenty were suppliied by using treatment averages.

All analyses of variance were calculated using the method
outlined by Snedecor (1956). Because of the large amount of data
collected from this experiment, electrenic computing equipment

was used.



RESULTS AND DISCUSSION

Phase 1

A three percent death loss occurred during phase 1 of the
experiment. The breakdown of this death loss revealed.that a five
percent mortality occur?ed on protein level 1 compared to one per-
cent on protein level 2. To determine‘if there were real differ-
ences in mortality due to treatment, én analysis of variance was
performed on the mortality data recorded for periods 1 through 3.
No statistically significant difference in mortality was found
due to treatment;

Mortality was low during period 4 with the loss of only two
pullets, both on protein level 1. Therefore, to make maximum use
of all data collected, treatment averages were supplied for dead
birds in all analyses and means computed for period 4.

Although the mortality differences among treatments were not
statistically significant, the trend should be noted that pullets
reared on the low-protein level had a higher death rate than pul-
lets reared on the high-protein level. Further evidence supporting

this trend may be seen in other phases of the experiment.

Feed Weight Consumed
The means and analyses of variance for each period and over-

all for periods 1 through 3, for average feed weight consumed per

44
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TABLE XI
MEANS AND ANALYSES OF VARIANCE OF FEED WEIGHT CONSUMED1
FOR EACH PERIOD AND OVERALLz, PHASE 1
Y MEANS
by o Periods : ,
e 1 P 3 Overall 1
level
1-3
i 15.6 31.9 46.2 31.5 59.9
2 157 33.6 48.2 32.8 62.5
ANALYSES OF VARIANCE
Source of
variation df M.S. M.S. M.S. M.S. df M.S.
Total 29 233
Protein 1 0.03 20.20t 30.41x 13.87tt 1 401.46
Error . 28 0.49 3.00 e i | 1.41 232 209.25
1

All means are expressed in average grams per bird per day.

[\

Overall based upon combined data for periods 1 through 3.

o

Significant at the five percent level of probability.

o4

Significant at the one percent level of probability.

bird per day are shown in Table XI. Inspection of the data in this
table shows that during period 1 there was no statistically signif-
icant difference in feed consumed. However, during periods 2 and

3 the analyses of variance performed on feed weight consumed show

a significant difference in feed consumption at the five percent
level of probability. Upon examination of the means for periods 2
and 3, it may be seen that pullets reared on protein level 2 con-
sumed 1.7 and 2.0 more grams of feed, respectively, than pullets

reared on protein level 1. The overall analysis of variance for

periods 1 through 3 shows a significant difference in feed consump-
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tion at the one percent level of probability. These significant dif-
ferences in feed consumption for periods 2 and 3, and overall for
periods 1 through 3, may be explaiped by thé facts that pullets
reared on protein level 2 gained more weight and deve19ped larger
bodies. This would in turn cause them to consume slightly larger

amounts of feed.

TABLE XII

MEANS AND ANALYSES CF VARIANCE OF FEED VCLUME CQNSUMED1
: 2
FOR EACH PERIOD AND OVERALL®, PHASE 1

MEANS
Protei Périods .
rotein 1 2 3 Overall 4
level "
¥ 1-3
21.8 44,7 97.1 55.0 125.8
2 21.9 47,0 101.3 + 375 131.3
N ANALYSES OF VARIANCE
Source of o
variation df M,S. M.So M.S. - Mosn af M. 5.
Total 29 | 233
‘Protein 1 0.08 38076k 135026x : 46..38mk 1 1,772, 93

Error 28 0,99 5,84 23.58  4.56 232 923,07

1All means are expressed in average milliliters per bird
per day.

2cvera11 based upon combined data for periods 1 through 3.
Significant at the five percent level of probability.

Significant at the one percent level of probability.

The analysis of variance for period 4 feed consumption shows

no significant difference due to treatment; although, the means
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for period 4 follow the same trend as the three previous periods.
As has been mentioned in the experimental methodé and procedures,
during period 4 the pullets in both ireatments were adjusting to
the added stress placed upon them as a result of having been moved-
to individual laying cages. This stress might account in part for
the lack of significance during this period. The stress effect

during this period is confounded with the treatment effect.

TABLE XIII

MEANS AND ANALYSES OF VARIANCE OF ENERGY CONSUMED1
FOR EACH PERIOD AND OVERALLBg PHASE 1

MEANS
Protein . Periods
1rvei_ : 1 3 . 3 Overall 4
*e . 1-3

1 34.3 - 70.3 101.8 69.5 132.0

2 34.5 73.7  106.3 72.3 137.7

- ANALYSES OF VARIANCE
Source of . ,
variation df M.S. M.S. M.S. M.S. ar M.S.
Total 29 ' . 233
Protein 1 0.13  86.71 149.64%  61.63® 1 1,929.85

Error 28 2,25 14.44 25,69 6.47 232 1,017006v

»

1All means are expressed in average Calories per bird per day.

2Overall based upon combined data for periods 1 through 3.
KSignificant at the five percent level of probability.

ﬁkSignificant at the one percent level of probability.

Feed Volume and Energy Consumed

The means and analyses of variance for each period and overall
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for periods 1 through 3, for feed volume and energy consumed are
shown in Table XII and Table X113, respectively. They follow the-
pattern of feed weight consume&fas shown in Table XI. This would
be expected because the dietary level of volume and energy were
held constant in both treatments during phase 1 of this experiment

(see Table I).

TABLE XIV

MEANS AND ANALYSES OF VARIANCE OF PROTEIN CUNSUMED1

FCR EACH PERICD AND OVERALLZ, PHASE 1

¢

MEANS
p ofein Periods |
r 1 2 3 Overall 2
level
: 1-3 ”
2,7 5.4 7.4 5.2 9.6

2 3.3 7.1 9.6 6.7 12.5

ANALYSES OF VARIANCE

Source of

variation df M.S. M.S. M.S. - M.S. af M:S.
Total 29 = ‘ 233
Protein 1 3.06 % 19.76%K 37 80%% 17, 663K 1 497.04%%

Error 28 0.02 0,12 0.20 0.05 232 8.05

1All means are expressed in average grams per bird per day.
2Ove'rall. based on combined data for periods 1 through 3.

KkSignificant at the one percent level of probability.

Protein Consumed

The means and analyses of variance, for each period and over-
all for periods 1 through 3, for protein consumed are shown in

Table X1V, Theée means show that pullets reared on dietary protein
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level 2 consumed more protein during every period of phase 1 than
did pullets reared on dietary protein level 1. The analyses of vari-
ance performed on the original.data from which these means were
computed show a significant difference in protein consumption at

the one percent level of probability for all periods during vhase

1. Differences of this magnitude are expected; first, because of

the two levels of protein imposed as treatments during this phase
and; second, because the pullets reared on dietary protein level

2 had larger body sizes than those pulletgs rearedvon dietary pro-

tein level 1.

Body Weight Gain

The means and analyses of variance for body weight gain are
shown for each period and overall for periods 1 through 3 in
Table XV. The analyses of variance performed for periods 1 and 2
and overall for periods 1 through 3 show a difference in body
weight gain significant at the one percent level of procbability.
The means for periods 1 and 2 and overall for periods 1 through
3 show that pullets reared on protein level 2 gained 8.0, 19.4,
and 40.8 more grams, respectively, than did pullets reared on
protein level 1. This significant difference might be expected
as a result of the increased protein intake previously reported
for birds reared on protein level 2, In contrast, there was no
significant difference in body weight gain during periods 3 or
4, However, during period 3 the difference due to treatment ap-
proached significance at the five percent level. This can be seen

in Table XV by comparing the prectein mean square to the error term.
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TABLE XV

MEANS AND ANALYSES OF VARIANCE OF BODY WEIGHT GAIN'
FOR EACH PERIOD AND OVERALng PHASE 1
MEANS
Protein - Periods »
level 1 2 3 “ Overall 4
. 1-3
94,8 154.0 165.2 413 .8 196.4
2 102.6 173.4 178.2 454.2 191.4
ANALYSES OF VARIANCE
Source of
variation df M.S. M.S. . M.S. M.S.,  df M.S.
Total 29 - 233 } o
Protein 1 480000ﬁx 2,822,70*K 1,267.50 12,689.63kx 1 1,472,522

Error 28 24,33 41.63 305.74 464.99 232 1,357.80

1A11 means are expressed in grams. _ B -
2Overall based upon combined data for periods 1 through 3.

&kSignificant at the one.percent level of probability.

The trend in the body weight gain established during periods
1 and 2 continued during period 3. However, during period 4, this
trend was changed as the pullets fed dietary protein level 1 out-
gained pullefs fed dietary protein level 2 by five grams. A reason
for this change in body weight gain trend during period 4 could
have been the added stress placed upon the pullets in both treat-
ments when they were moved at the beginning of this period.

A further study of the data concerning this change in trend
for body weight gain indigates that at the selected dietary levels

used in this experiment (see Table I),, protein needs are more
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critical during the first four weeks of the pullet's life than dur-
ing the second four weeks. Other apparent critical periods for pro-
tein intake will be discussed in phases 2 and 3.

It should also be pointed out that the change in trend of body
weight gain during period 4 may have resulted from the lack of com-
plete randomized selection which occurred when the pullets were
moved and regrouped at the seventh week of age. It was assumed by
the author that if light-weight pullets, whose capabilities to
produce eggs were questionable, were selected to continue the ex-
periment, the coliection of future data would be jeopardized.
Consequently, the light-weight and unthrifty pullets were culled.
More light-weight pullets were found on protein level 1 than on
protein level 2., As a result, 21 pullets were culled from the orig-
inal 117 randomly selected pullets on protein level 1 and replaced
with larger, extra pullets from the same treatment. In contrast,
only eight light-weight pullets were culled from the original 117
randomly selected pullets on protein level 2.

It is possible that this method of selection could have e-
liminated the treatment differences. As a check to see if this
had occurred, an analysis of variance was performed for body weight
gain during period 4. Data from the 96 pullets which had been
originally selected at random from dietary protein level 1 and
the first 96 pullets which had been originally selected at ran-
dom from dietary protein level 2 were used in this analysis.

The results of this analysis of variance showed the same re-

sults as reported in the period 4 body weight gain analysis. There
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was no significant difference due to dietary protein level and the
means were similar to those reported in Table XV for period 4. This
infers that fhe tpeatment differences as reflectéd by body weight
probably were not selected out of thg experiment by this lack of
completé rahdomizationv althqugh it is recqognized that bias may

have entered the experiment at this poinf°

Phase 2

Only one bird died during the ehtirg 12-week growing period
covered by phaseAao'This bird was reared on dietar& protein level
1. An analysis of vériance was computed on the mortality data re-
corded during phases 2 and 3. This anal&sis of variance showed
that death loss could not be attributed to any particular treat-
ment, Therefore, in order to make full use of all data collected,

'treatment;averaggs were supplied for all dead birds during phases
2 and 3 of the expériment.

As has beén mentioned earlier in experimental methods and
procedures, period 10 was not included with pe;ibds 5 through 9.
in the overall analysis qf phase 2. It was originally planned to
include period 10 in the summary analyses, but because egg produc-
tion started du;iﬁg tﬁié pefiod9 it was not included. It‘is well
recognized from other research work that egg producfion would have
a - pronounced effect on such responses as feed consumption and body
weight gain,

Analyses were performed for each period during phase 2 in

order to observe periodic trends or éhange_so These are reported

in the folldwing discussion.
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Feed Weight Consumed

Thé @éan squares for feed weight consumed, for each period
and overall for geriods 5 through 9; are shown in‘Table XVI. Exam-
ination of this table reveals that no signifiéant interactions
occurred during phaée 2.

There was no significant difference in‘oYeFall feed consump-
tion dhe to dietary protein for periods 5 through 9. However, a
difference in.feed consumption due to dietary. protein was signifi-
cant at the one percgnt level of prohability during period 9 and
significant at the five percent level of probability during periods
6 andAiO. ) |

The datavin Table XViI show that'during perioas 5 and 6, fhe
pullets fed dietary pféf;in_lével 1 consumed mére grams of feed
than did those fed level 2. Thé trend éhanges during periods 7 and
8, w;th pullets on both levels of dietary protein cénsuming approx-
imafeiy the same'amount of feed. The con§ump£ion trend as observed
for periods 9 and 1bg;ip‘which pullets fed dietary pro%ein level
2 consumed more feed than those fed dietary pFotein level 1, was _
the reverse of that observed Auring periods 5 and 6. It will be
shown later that body weight gain follows a patterp similar to feed
éonsumption, regardless of the dietary protein level. This appears
to indicate that the dietary protein level 1 is as adequéte for
growfh as dietary protéin level 2 during periods 5, 6, 7, and 8.
This observation was made previously concerning the dietérylproteih
level fed during‘péfiod 4 of phase 1.

The significant difference in feed consumption due to protein



TABLE XVI

ANALYSES COF VARIANCE OF FEED WEIGHT CONSUMED FOR EACH PERIOCD AND OVERALLl, PHASE 2

P

Source of- R

Mean squares for the following periods

10

overall

variation af 5 -6 7 8 9
! 5-9
Total (corrected) 233
Treatment 17
Protein (P) 1 448 341% 11 40 2,834 ¥ 4 770X 23
Energy (E) (2) o L
ELy ‘ 1 35,754:x 6$$665:i 83955321 94,32411 124,485zi 124,33912 789414i:
E Q) 1 932" = 1,238" 3,286 1,509 2,339 3,008 1,788
Volume (V) (2) v -
]V(L) 1 1,342%% 94 955% 1,465%% 540 440 721%%
V(Q) 1 281 56 4 541 180 72 56
Interactions (12)
PxE 2 114 41 74 30 272 179 16
PxV 2 153 52 88 158 113 283 30
ExV 4 159 87 62 81 259 751 91
PxExV 4 100 49 35 288 375 419 84
Error 216 184 59 166 156 323 322 88

T . . ~
Overall based upon combined data fer periods 5 through 9.

X,. ... .
Significant at the five percent level of probability.

Significant at the one percent level of probability.

1Y



TABLE XVIiI

1

2 ‘ .
MAIN EFFECT MEANS OF FEED WEIGHT CONSUMED FOR EACH PERIOCD AND OVERALL™, PHASE 2

-7 Periods
5 6 7 -8 ' 9 10 - overall
: 5-9
Dietary
protein level t," k& b 4
1 95.7 108.1 118.4 120.9 125.2 133.0 113.6
2 93.0 105.7 118.8 121.7 132, 1 138.5 114.2
Bietary (L}mz ' (L)%4 (L) %# (L) &k (L) & (L) %% (L)&k
energy level (Q)x (Q)xxk - {(Q)kk (Q)xx (Qyixk (Q) &k (Q)4xa
1 iJODQ 129.5 144.4 147.7 159.1 166.5 138.3
2 91.5 103.6 113.3 117.7 124.2 130.7 110.0
3 80.6 87.3 98.1 98. 5 102.6 110.0 33.5
Dietary ) .
volume level (L)&x (L)% (L) Ax (L) A&
1 98.0 108.0 1z21.2 125.5 129.9 137 .8 116.5
2 92.8 106.2 118.4 118.2 129.9 134.9 113.2
3 92.2 106 .4 116.2 118.3 126.2 134.4 112.1
1All means are expressed in average grams per bird ﬁer &ayg
2Gvera11 based on combined data for periods 5 through 9.
3. . - o s o : . o wd o :
- "Linear significance - iiignlfgqant at the five percent level of probability.
4

Quadratic significance Significant at the one percent level of probability.



during periods 9 and 10 appears to result from the*p;eparation of
pullets on dietary protein level 2 to start laying earlier and to
lay more eggs early in the production year. It will be seen through-
out this phase that nutrients, especially protein, are critical
when rapid sexual developm?nt occufé just prior to the onset of

egg production.

The linear effect of graded levels of dietary energy on feed
consumption (Table XVI) shows a difference which is significant at
the one percent level of probability for every period during phase
2 and overall fér periods 5 through 9. The mean squépgs for these
effects are extremely large. This linear effect is expected, for
it is generally agreed among resea;éﬁ.workefS'that as aietafy
energy level increases, actual feed consumption decr"eésesu

There was also a gquadratic effect of dietary!énergy on feed
consumption which was significant at the one percen£ level of prob-
abil&ty during periods 6, 7, 8, 9, and 10, and overall; and at the
five percent level during period 5. However, the energy quadratic
mean squares are small compared to the ;inear mean quaresq'TLis
would denote that the effects of energy on feed consumption are
mainly lineafo4A possiﬁle explanation for this small gquadratic
éffect of energy on feed consumption may be that the pulleﬁs on
dietary energy level 3 censumed more feed than would be expected
in an effort to take in more prbteina It will be shown later that .
during periods 5 through 9, pulléts‘on energy level 1 consumed 5.6
graﬁs more protein per bird per &af than pullets on dietary energy

Jevel 3 (see page 70).



The effects of diefary volume levels upon feed weight consump-
tion showed a negative linear‘response which was statistically sig--
nificant at the one percent level of probability during periods 5,
& and overall, and significant at the fiVe percent level for period
7. This pattern of sigﬁificant differences (Table XVIL) indicates
that dietary volﬁme was restricting fée& weight éonsgmption during
the early and middle periods of phase 2} with the-;xéeption of pe-
riod 6. |

The lack of significant differences in feed consumption for
the dietary volume leveis dufing periods 9 and 10 infer that any
restriction of feed weight consumptiﬁn due to volﬁme has disap-
p?éred. This may have resulted from the pullets outgrowing the
fixed dietéry Qolﬁme levels used in this experiment., It could also
indicate that the digestive systems of pullets on dietary volume
levels 2 and 3 stretched apd adjusted to the increased volume lev-
els.

The oQérall mean difference of 4.4 grams in feed weight con-
sumption between diétary volume levels 1 and 3, as sh?wn in Table

XVII, denotes that as dietary volume increases there is a corre-

sponding decrease in feed weight consumption. This was reported

by Gleaves (1965) to be true with laying hens.

Feed Volume Consumed

The mean squares for feed volume consumed for each period of
phase 2 and overall for periods 5 through 9 are shown in Table

XVIII. An energy X volume interaction occurred which was signifi-

cant during all periods and ‘overall. The overall means for the



TABLE XVIII

1

ANALYSES OF VALKIANCE OF FEED VOLUME CONSUMED FOR EACH PERIOD AND OVERALL ™, PHASE 2

Source of

Mean squares for the following periods

variation df 5 6 7 8 ’ [ i0 Overall 5-9
Total (corrected) 233
Treatment 17
Protein (P) 1 942 910* 123 324 7,664%% 8,111%% 129
Energy (E) (2)
E, 1 111,866%5% 215,114%% 247 856%%  277,403%%  377,827%%  371,054%% 237, 6355%
E, 1 1,941 3,114%% 8, 689%% 3,906%% 4,797% 5,436% 4,276%%
Volume (V) (2) .
v, 1 405,844%% 509,200%%  631,007%*  654,242%%  735,000"%  g06,137%*  6os,761%%
Va 1 297 100 52 746 943 105 15
Interactions (12)
PxE 2 291 62 140 2 523 1,136 21
PxV 2 434 97 378 403 241 2,499 4]
ExV 4 2,506% 4,303%% 5,256%% 5,634%% 7,498%% 8, 582%% 4,751%K
PxExV 4 262 166 94 704 809 1,004 195
Error 216 729 200 550 517 964 1,096 301

10verall based on combined data for periods 5 through 9.

kSignificant at the five percent level of probability.

ik

Significant at the one percent level of probability.

86
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ehergy; volume levels are shown in Tablg XIX. These means are shown
graphically in Figure 1. Exémination 0f~thesebinteraction means
indicates that as the dietary energy level rises, volume consumnp-
tion is depressed. iﬁ contrast, as feed volume is increased, feed
volume consumption is increasedobThus? it is apparent that with
dietary volume levels and dietary energy levels exerting préssures

4

in opposite directions, an interaction will occur,

TABLE XIX

OVERALLl MEANS FOR THE EFFECT OF ENERGY AND VOLUME
UPON FEED VOLUME CONSUMEDz

Dietary Dietary energy 1evé13
volume level 1 2 ) -3
i 165,15 128,39 112,12
2 237,70 190.66 163. 17

315-.86 255,36 . 209.24

10Vera11 based upon periods 5 through 9 combined.

2 : D1k e .
A1l means are expressed as average milliliters per bird per
day. ’ ‘

“See Table I for the dietary equivalents of levels 1, 2,
and 3 for volume and energy.

The energy x volume interaction limits tlie confidence that
can be placed on the energy and Jolume main effects for feed vol-
ume consumed. However, it should be pointed 6ut that the energy
(iinear) and volume (1inear)lméan squares afg extremely large com-
‘pared to ' the sizé‘of the interaééiop mean square. This difference
in‘size of the mean square indicates that altﬂdugh the energy x

¥

volume interaction is highly significant statistically, it is
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relatively unimportant when compared to the energy and volume lin-
eaf mean squares, Conééquently$ the energy‘and volume main effects
will be discussed“ihdividuallya The size of the energy quadratic
mean sgquare ié smaller than the interaction mean sguare; therefore
it will not be discussed.

Dietary protein lével'produced a significant difference in
feed volume consumed during periods 6; 9, and 10 oniy° This differ-
ence was significant atmfhe one percent level of probability dur-
ing periods 9 and 10 and at the five percent’level during period
6 (Table XVIII). From the protein main effect means shown in Table
XX, it may be seen that during periods 9 and 10, pullets on dietary
protein 1evei 2 consumed more volume than did pullets on dietary
protein level 1. A reverse trend was sighificgnt during period 6.
Feed volume consumed due to protein level is related ta and follow§
the same pattern as feed weight consumed, which has been discussed'
in the previous section.

The dietary energy leyels used in this expe;iment produced a
diffefence in feed volume_ponsumed such that the linear trend was
significant at the one percent level of probability during every
period and ovérall for phase 2. The guadratic effects of emnergy
were significant at the one percenﬁ level of probability during
periodé 6; 7, 8, and overall and at the five percent level during
periods 9 and 10. The means in Table XX show that as the dietary
energy level increases, volume consumption decreases. Thi& is con-~

sistent with the accepted fact that chickens eat primarily to meet

their energy requirements.



‘MAIN EFFECT MEANS OF FEED VOLUME CORNSUMED

i1
*

TABLE XX

o d

1

FOR ZACH PERICD AND OVERALLZ7 PHASE 2.

- Periods : )
5 5 7 8 9 10 Overall 5-9
Dietary _
protein level X A% . e.8
1 168.0 191.0 201.8 205.9 217.3 229,7 196.8
2: 164.0 187, 1 203.3 208.2 228.7 241.5 198.3
pietary (L& (Lxk,  (Lxk  (LAx  (xx (Lax (Ly&k
energy level (Q) &k (Q)Aax (Q)x%k (Q)x (Qx (Q) &k
1 194.8 228.8 246.7 252.1 275. 4 287.8 239.6
2 161.9 183.9 193.9 201.2 216.6& 228.8 191.5
3 141.3 154.5 167.0 167.8 177.0 120.2 161.5
Dietary
volume level (L)% (L) &k (L) &k (L) &% (L) &k (L) &k (L)&&
1 115,8 127,5 138.6 143.5 150.7 159.9 135.2
2 164.4 188.1 203.1 204.5 225.9 234.7 - 197.2
3 217.8 251.5 265.9 273.1 292.5 312.3 260.2
1All~means are -expressed in average milliliters per bird per day.
20vera11 based on combined data for periods 5 through 9.
3Linear significance xSignificant at the five percent level of probability.
4

Quadratic significance

mtSignificant at the one percent

level of probability.

c9
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The three levels of dietary volume sfudied showed a linear
response in volume consumed which was significant at the one percent
level of probability during every period and overéll for phase 2.
This was éxpected because as dietary volume increases,; volume con-
sumption must increase in'o;Aer for?the.pullets to approach their
nutriépt requirements, In other words, as dietary volume increases,

nutrient density decreases.

Energy Conspmed

The mean squares for energy consumed are shown in Table XXI.
Inspection of this table reveals that no sigﬂificadt interactions
occﬁrred during this phase.

A:differeﬁéé‘in energy consumption due to dietary protein
level was significant at the five percent level of probability
during periqd 6 and at the one percent level duf@ng periods 9 and
10. The statistical differences and the protein main effect means
(Table XXII) follow the same pattern as feed weight consumption
on these two dietary protein levels. It appears that with isocca-
loric rations, the dietary protein level which resulted in the
greatest feed weight consumption during any period would propor-.
tionately result in the greatest epergy consumption. Therefore,
the, résults obtained on each dietary proteiﬁ level were expected
because of the feed weight congumption data repbrted in a previous
section, ’

The effect of dietary energy level upon energy consumption
produced a difference which was significant only during period 5.

This significant difference apparently occurred before the puylets



TABLE XX1

ANALYSES OF VARIANCE OF ENERGY CONSUMED FOR EACH PERIOD AND QVERALng PHASE 2

Seurce of - 7 . " - Mean squares for the following periods S ,
variation daf 5 - 6 : 7 - 8 : 9 10 Overall 5-9
Total (corrected) 233
Treatmént,/ 17
Protein (P) 1 1,228 1,255% 5 83 9,939 7 zoz¥k 72
Energy (E) (2) B .
E, | 1 8,554 % 258 624 <1 2,205 49 299
EQ 1 240 73 1,864 35 194 777 325
Volume (V) {2) .
v, 1 4,634 306 3,138%  4,779"% 1 851 1,353 2,635%%
VQ 1 717 122 8 1,373 479 186 113
Interactions (12)
PxE 2 265 165 262 60 1,531 851 63
PxV 2 423 147 368 729 276 1,648 141
ExV 4 537 297 252 177 914 2,457 331
PxExV 4 269 132 151 916 1,017 1ﬁ371 244

Error 216 533 198 528 458 965 1,024 271

= e

10verall based on combined data for. periods 5 througﬁ.g.

KSignificant.at the five percent level of probability.
xkSignificant at the one percent level of probability.
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- TABLE XXII

MAIN EFFECT MEANS OF ENERGY CONSUMED1 FOR EACH PERIOD AND OVERALLZ9 PHASE 2

Periods-_
5 6 7 -8 9 10 Overall 5-9
-pietary
protein level X .o O . %9
1 173.9 195.8 207.7 211.9 221 2 235.3 202.1
2 169.3 191.2 208.0 213.1 254.3 246.5 203.2
' Dietary 3'
energy level (L) x&
1 164.9 192.6 207.9 212.8 232.1 242.,7 202.1
2 170. 1 192.7 203.9 212.0 26.5 238.3 201.0
3 179.7 195.2 211.9 212.8 224.6 241.6 204.8
Bietary
volume level (L)% (1% (L) &% (L) Ak
1 178.3 195.4 212°5‘ 219,8 230.2 244.4 207.2
2 169.1 192.5 207.7 209.1 229.8 239.6 201.6
3 167.4 182.6 203.5 208.7 223.3 238.6 195.0
1A11 means are expressed in average Calories of>enepgyvconsuméd per bird per day.
j2G\rerall based on combined data for periods 3 through §.
3

Linear significance.

»

Significant at the five percent level of probability.

mkSignificant at the one percent level of probability.

G9



adjusted to the graded energy levels which were imposed on them
at the béginning of period 5.

The lack of significant diffegences in energy’cbn§umption’
during all periods excépt 5 shqw rather conclusively that eﬂérg§
is the most important factor in regulating féed consumptiono.The
pullets in this experiment consumed approximately egual Calories
of energy,‘rggardléss ofﬁtheir dietary energy level. In other words,
they ate until their energy requirément had been satisfié&?

PDietary volume level produced a difference in energy consump-
tion which was significant during periods 5, 8 and»dverall at the
one percent level of pfobability and during periocd 7 ét the five
percent level. This pattern of significant differences, as well
as the main effect means (Table XXII? follow the pattern of feed
;weight consumption {(see Tables XVI and XVII) for the same reason

as dietary protein discussed earlier in this section.

Prote%n Consumed

From the mean sguares for protein consumed (Table XXIII), it
may be se;n that a significant protéin X energy interaction od&g
curred overall and dﬁring periods 6, 7, 8 and 9. The overall Meén
effects for the dietary protein and diétary energy levels are
.shown in Table XXIV. Examination of the gfaphic presentation of
these means shown in Figure 2 revéals fhat pfotein consumption
plotted against dietary energy #dpproaches a linear effect at die-
vtary'prwtein level 1 compared‘td é more_quadratic effect for pfo—
téih levei 2.

In view of the overall protein x energy interaction, it is



TABLE XXIII1

ANALYSES OF VAREANCE OF PROTEIN CONSUMED FOR EACH PERIOD AND OVE.RALLIs PHASE 2.

Source of

lowing periods -

Mean -squares for the fol

Qvérall,SmQ

variation df 5 6 7 8 10
Total (corrected) 233 ‘ 7
Treatment : 17 - - o o
Protein (P) 1 464*% 3% goz*k 967*% 1, 508*% 1 57ok% g60™*
Energy (E) (25 _ _ ) : o
B, 1 639## 1,257 1 o8®® 1 425%% | ge3®E 4 26k 1, 223%%
E,. 1 17% 24*& aghk o3EX 36Xk 3o*k 2g*X
Vo?ume (V) (2)
v, 1 ook 5 13% 20" 3 11%%
Vg 1 6 1 1 7 3 1 1
Interactions (12) B
P xE 2 1 14*% 192K 18%% 17% 12%%
PxV 2 2 1 1 1 <1
E xV 4 3 2 1 1 11 2
P—x ExV 4 2 i <1 5 6 i
| 3 1 2 2 4 1

Error 216

3

10Vgra11 based on combined data for;periods.s .fhrough‘g°
xSignificant at the five percent level of probability.

Significant at the onevpercent level of probability.

29
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TABLE XXIV

GVERALL1 MEANS FOR THE FFFECT OF PROTEIN AND  ENERGY
f)
UPCN PROTEIN CONSUMED®, PHASE 2

Dietary

protein— Dietary energyllevel
level 1 2 » 3
t | 15.00 © 12.03 10, 13

2 19,70 15..59 13,36

1Overall based on combined'data for periods 5 through 9.
2A11 means are expressed as grams. per bird pef day.

3See Table I for the dietary equivalents of levels 1, 2 and
3 for protein and energy.
recognized that care must be exercised in discussing the energy

and protein main effects. lowever, it should be noted that both

i
! t

mean squares for protein and ehergy linear are extfeqely large
when compared to the interaction mean squares. Tﬁereforé, it is
‘felt that the significant protein and linear énergy effééts méy
be discussed with a reasonable amount of cbnfidenéen;ln c;ﬁtrast,
the quadratic energy mean square is relatively small compared to
the interaction mean square. Nevertheless, it appeérs that there
is definitely a Quadratic effect preéento

Pietary protein Yevel resulted in a differgnce iﬁ protein con-
sumpiionvwhich was highly significant for the overall énalysis as
well as every period of phase 2 (Table XXIII). From the protein
main effect means (Table XXV}, it may be seen that as dietary pro-
tein was increased, protein intake was increased. These results
were expected and are in agreement with £he work of Gleéves (19865)

and other workers.
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TABLE XXV

MAIN BFFECT MEANS OF PROTEIN CQNSUMED1 FOR EACH PERICD AND OVERALL29 PHASE 2
- Peribdé’ : -
5 5 7 8 . -9 10 Overail 5-9
Dietary o -
protein level . - kX b v 4 . @ 4 3.3 XX - . §
1 11.3 12.8 12.6 12.8 12.4 13.2 12.4
2 14.1 16.0 16.5 16.9 17.5 18.4 16.2
Dietary REe AT (L) (L) kA (L)&x (L) &k (L) & (L)&A
energy level (Q% (Q)xx (Q)kx (Q)4k (Q)xx (Q) ks (Q)kx
1 14.9 17.5 17.7 18.1 18.5 19.3 17.3
2 12,3 14.0 13.9 14. 4 14. 4 15.2 15.8
3 10.9 11.8 12.0 121 12.0 12.9 11.7
Pietary :
volume level (L) &% (L)% (L) &xx _ . (L)k&
1 13.2 14,5 14.8 15,4 15,1 16.0 14.6
2 12.5 14.3 14.5 . 14.6 15:1 15.7 14.2
3 12.4 14.3 14.3 14.6 14.7 15.7 A 14. 1
1A11 means are expfeSSed in average grams of protein consumed per bird pér day.
2Overall based on combined data for pefiods 5 through 9.
13Linear signifiéanée . xSignificant at the five percent level of probability.
4Quadratic'significance‘ 'KkSignificant at the one percénf level of probability. ,

0L
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As either dietary energy or dietary volume was increased, pro-
tein coqsumption was signifiééntiy decreased. Similar findings were
reported in work with layihg hens by Gleaves (1965)., Howe\}erg it
may be seen by observing the energy and volume‘main effect means
that with the dietary levels used in this experiment, dietary ener-
gy was more effective in spreading the range of protein intake than
was dietary volume or dietary protein (see Table XXV). The difference
in pretein intake produced by dietary energy &ay be responsible
for the significant difference due to energy which will be reported
during phase 3.

As was repcrted in a previous section, dietaryvvolume lost
_its effect during periods 9 and 10. This peints out again that the
pullets fed dietary volume levels 2 and 3 appear to have outgrown
the constant or fixed dietary volume levels used in this experiment,
It was surmised that during periods 9 and 10 some puliets were able
tovcensumg large enough volumes of feed to offset any significant

differences in protein consumption.

Body Weight Gain

The mean squares for body weight gain, for each period and
overall for phase 2 are shown in Taﬁle XXVI. Inspection of these
mean squares reveals that two different interactions were each sig-
nificant during an isolated period. However, thesé will not be
discussed because there were no significant overali interactions.

The effect of diétary’protein upcn body weight gain produced

a significant difference during periods 5, 9 and 10, Pullets on

dietary protein level 1 gained mocre weight during periods 5, 6,



TABLE" XXVI

ANALYSES OF VARIANCE OF BODY WEIGHT GAIN FOR EACH PERIOD AND QVERA’LLl9 PHASE 2

Source of , - -- Mean squares. for the following periods
variation daf 5 6 - 7 8 9 10 - ~Overall 5-9

Total (corrected) 233

Treatment 17 _ , o
Protein (P) 1 7,674% 4 806 438 124 18,828 22 gge™* 25
Energy (E) (2) ,
B 1 3,138 578 467 2,005 7,339% 2,706 3,700
E, 1 2,589 68 1,693 .5 <1 1,882 12,434
Volume (V) (2) : - :«*.
v, 1 18,517*% 3,600  10,337"% 5,910  13,667*% 4,524  241,677%%
v, 1 94 45 3 6,482 11 3,349 10,632
Interactions (12) . ,
P x E 2 1,745 381 147 805 3,969 = 1,221 11,997
P xV 2 4,6317%°% 106 1,341 1,279 1,600 2,834 19,877
Ex V 4 761 1,358 288 598 2,797 951 9,073
PxExV 4 1,415 1,350 4,554%% 1 192 1,196 1,547 10,918
Error . 216 979 783 ;069 1,462 1,911 2,056 7,734

10Vera11,Bésed on combined data for periods 5 through 9.
xSignificant at the five percent level of probability.

jmSignificant at the one percent level of probability.

¢l
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and 7 than did pullets on dietary protein level 2 (Table XXVII).
waeveri the body weight gain differences during periods 6 and 7
were not significant; nevertheless, fhe trend was present. This
trend was Teversed during periods 8, 9 and 10. The overall mean
sguares infer that there was no signifipant difference in body
weight gain., From observationuof the 6vepa11 protein main effect
means, this is apparent, because pullets on both levels of protein
gained approximately equal amounts of Body weight.

Buring all pericds of phase 2, exéept period 7, the pullets
fed the dietary proiein level where the most feed, energy and
volume were consuméd gained the most WeightoyThe questions may be
raised here, did the pullets which gained the most weight do so
becanse of increased feed consumption, or was the genetic potential
for a certain growth rate; or some other factor causing the pullets
to make faster gains, which necessitated the consum@tion of more
feed? It appeafs that these quegtions,canﬁot be answered from the
data reported herein.

The éigmificantly larger gains ﬁade by pullets fed protein
level 1 during period 5 wmay have Been an effort to cancel their
body weight deficit which exisied at the end of phase 1. The fact
that the greatest body weight gain was not made b& the pullets con-
suming the most protein indicates that, protein level 1 was as
adequate for body weight'gaims during period 5, and possibly during
pgriods.éy 7 and 8 as was protein level 2. The‘laéter‘three were
periods in which there was no significant diffefences in body

weight gains. Similar findings were reported for period 4 of phase



TABLE XXVII

MAIN. EFFECT MEANS OF BODY WECLGHT,.GAIN,1 FOR EACH PERIOD AND OVERALL

2

, PHASE 2.

.Periods

5 6 7 g 9 10 Overa1175=9
Dietary T |
protein level XX - k& kX
1 210.7 183.7 124.0 126.1 95.6 124-.0 739.0
2 199.2 178.1 121.3 127 .5 113.5 143.7 739.7
Dietary =
energy level (L)%
1 202.8 179.4 122.8 123.2 111.4 131.7 738.6
2 200.3 180.1 118.9 126.8 104.5 129.8 729.0
3 2141.8 183.2 126.3 130.4 97,7 140.0 748.4
Dietary ‘
volume level (L)Ax (L)X (L)kk A (L) 4% (L&A
1 216.3 186,0 13b¢8 136.7 113.7 136.5 783.5
2 204.1 180.3 122.7 119.4 104cé 139.2 729.8
j3 194.5 176.4 114.5 124 .4 - 85.0 1258 04,7
1 s

All means are expressed in grams.

o

Overall based on combined data for periods 5 through 9.

[*\]

Linear significance

xSignificant at the five percent level of probability.
*ﬁSignificant at the one percent level of probability.

YL
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1. The reversé body weight gain picture during periocds 9 and 10
appear to resﬁlt frbm the earlier maturity and higher early egg
production of,fhe pullets reared on protein level 2. This indicates
an increased protein requirement at this age.

The effect of dietary energy'iével upon body weight gain pro-
duced a statistically signifi;ant differenpe only during period
9 (Table XXVI). The lack of significant differences, excepting
,périod 3, probably resulted from tﬁe pullets on all dietary energy
levels consqming abproximately the sam# overall amounté of energy
(Table XXII), It is interesting to note tha} the wide range in the
levels of profein consumed by the pullets on the three dietéry
energy levels did not appear to affe¢t body weight gain. Pullets
fed dietary energy level & consumed the smalles£ amount of pfotein
but gained the most body wéight during phase 2. This would imply
that protein was adequate at level 1 and tﬁq extra energy produéed
the extra body weight gains. The body weight gains‘made by pullets
fed the three diétary energy levels are shown graphically in
‘Figure 3. Ne explanation is offered for the weighf:géin reversal
that occﬁrred during period 9,

Dietary volume showed a Signifﬁcant linear response in body
weight gain during periods 5, 6, 7 and 9, and overall. Examin%%‘
tion of the dietary volume main effect means {(Table XXVII) shows,

in generaly that as dietary volume level increased, body weight

during the first half of this phase and period 9. This pattern of

weight gain is not surprising when congideration is given the fact
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that as dietary volume level increases, actual energy consumptionv
decreases and actual protein cdnsumbtion decreases slightly in most
cases or is equal. It is‘not known whéthqr phe slight increasevin
actual protéiﬁ_cbnsumption affected”ﬁody weight gain. The body

weight gain for the three dietary levels of volume are shown graph~

ically in Figure 4.

Phése 3

Tpe egs production period from the béginning of the twenty-
first week of age to the end of the fortieth week~(beriods 11
threough 20) was included in phase 3. Four pulletszdied during thif
phase, three of which were reared on dietgry~prbtein level 1 and
oﬁe on dietary protein level 2. As has been mentioned at the be-
gihhing.of the discussion of pha§e 29 missing data were supplied
for all dead birds during phase 3. Da£a on egg numbérs and egg
weight for period 10 have been included with -similar data from
phasg 3.

The reader should keep in mind that the results observed

during phase 3 are the effects of the previous grdﬁing treatments

1
¥

Amposed. during phaseé‘i and 2, Dufing phase 3, the pullets in all

treatments were fed the same laying ration.

Sexual Maturity

The age of the pullet when hgr first egg was laid was used
as the measure of sexual maturify; T@ese data were used to com-
pﬁte the analysis of variance which-is shown in Tablq XXVIII. Fgom

examination of the F values in this table, it can be seen readily



TABLE XXVIII

ANALYSIS OF VARIANCE OF DBAYS TO FIRST EGG

Source of variation  df Ss NS F
Total (correcfed) 233 26;294°62
Treatmeht 17
Protein (P) 1 535,54 535.54 4,99
Energy (E) (2)
B 1 998.54 998.54 9. 18%*
B, 1 3,18 3.18 0.03
Volume (V) (2)
' 1 77.54 77.54 0.71
Yy 1 56. 10 56. 10 0.52
Interactions (12)
P x E 2 669.00 334.50 35.07%
PxV 2 /33,95 16.98 0.16
Ex V 4 104.64 26.16 0.24
PxBExV 4 . 317.82 79.46 0.73
Error ' 216 23,498.31 108.79

/

kSigﬂificant at the five

ﬁﬁSignificant at the one

percenf level of probability.
percent level of probability.
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that a protein x energy interaction was significant at the five
percent level .of probability. The means for days to first egg as

determined by levels of dietary energy and die%afy protein are

shown numerically in Table XXIX and graphically in Figure 5.

TABLE XXIX

MEANS FOR THE EFFECTS OF PROTEIN AND ENERGY
' UPON DAYS TO FIRST EGG

Dietary Dietary energy level

protein level 1 ‘ 2 < 3
1 151, 6 157.7 160.4
2 153.4 152.6 154,7

A study of these meéns points out that pullets fe& dietéryw
protein level 1 show a greater difference betWeén‘dietary energy
levels, in the number of days to the first egg, than do pullets
reared on dietary protein level 2. It is interesting toc note that
pullets on the combination of dietary protein level 1 and . dietary
energy level 1 matured moré quickl& than did any othér group of
pullets. The next pullets to maturg were éhose fed the combination
of dietary proteih 1eye1 2 and dietary enérgy level 2. The average
amounts of proteih and enérg& consumeag overal_l9 during the grow-
ing period, phase 2; at vari;us levels of dietary'ehergy and die-
tary protein; are‘shpwn in Téble XXX, to aid in ihterpreting these
results.

A1l pullets consumed ap?roximately the same number of Calories

in contrast to. the consumption of variocus intakes of proﬁein° Note
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TABLE XXX

0VERALL1 PROTEIN2 AND ENERGY3 CONSUMED FOR VARICUS DIETARY
LEVELS OF PROTEIN AND ENERGY AND DAYS TO FIRST EGG, PHASE 2

D;?tary ... . Dietary protein: leéyel .
eHeTgLY _ 4 . Ty TS
level Protein Enefgy Days to "Protein Energy Days to
1st egg 1st egg
1 15.0 201.3  151.6 197 201.4  153.4
'g,; 12.0 203.5 157.7 15.6 202.9 152,6

3 10. 1 200.5 160.4 13.4 206, 2 154.7

_10véra11 based upon combined data forspériods 5 through 9.
2Exjpressed in grams per bird per day.

Expressed in Calories per bird per day.

that neither the pullets which consumed the highest nor the lowest
 leve1 of protein matured earliest. The eariiest date of méturity
occurred with pullets on either level of dietary Protein whose ac~
fual protein intake was 15.0 or 1506 gramsa.Thesé-protein intakes
were accompanied by earlier maturity ﬁnder these conditions where
energy intakes rgnged befweén 201 and 206 Calories9 as reported
in Table XXX. This would lead to the conclusion that neither pro-
tein nor eneréy consumption independently affects the date of sex-

. ) L T
ﬁai maturity. It also illustrates vividly the importance of having
the proper aaloriesprotein ratio, With this in mind, the f;ct that
there was a significant protein x energy iﬁteraction-oh days to
firstfegg is nof surprising.

From the overall daté in Table XXX it may be seen that, with»

in the range of 201 to 206 Calories on energy intake, growing

pullets whose actual protein intake was 12.0 and 10.1 grams, .
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respectively, matured more slowly than did pullets which consumed
larger amounts of protein. This confirms the report by Harms (1962)
that 1ow~protein.diets will delay the sexual maturity of growing
pullets.

As may be seen in Table KXVIii, dietary protein and dietary
énergy levels produced significant differences in date of sexual
maturity., The main effect éeans for days to first egg are shown
in Table XXXI. The total difference in days to first egg between
the pullets fed dietary energy level 1 and dietary energy level'3
is greater than the difference between the two dgetary protein
levels. However, as has been previously shown, dﬁring phase 2,
dietapy energy 1evels.produced a greater difference in aétqal
protein consumption than did-the dietgry prote;n levels. during
the same perioas there waé no significant difference in energy
consumption (Tables XXII and XXV). This appears to infer that thé
differences among dates of sexual maturity brought about by dietary
energy level are really the result of differences in protein con-
sumption on the various levels of dietary energy impbsed duying

phase 2.

F'eed Weight Tonsumed

From the individual period and oYerall mean squares for feed
weight consumed (Table XXX1I), the only overall significant dif-
ference which may be seen is the energy‘linea? ﬁain effects. In
addition, energy linear was significant during periods 11, 13¢,
15; and 18, It méy be seen in the overall main effect means, shown

in Table XXXIII, that pulilets reared on dietary energy level 1
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TABLE XXXI

MAIN EFFECT MEANS OF DAYS TO FIRST EGG

Averége number of days
to first egg

i

bBietary protein 1evei x
1 156.6
2 153.6
Dietary energy level (L)xx
1 152.5
2 155.2
3 157.6

Dietary volume level

1 154,7
2 154, 4

3 156.1

consumed approximately 4 grams more feed per bird per day than did
pullets reared on dietary energy levels 2 or 3, Were the pullets
fed dietary energy level 1 overconsuming the laying ration because
of low energy intakes during the growing period9 as has been sug-
geéiéd by research wofk repofted in the literature feview? It is
ocbvious from,@hé data reported in this study_that tﬁe explanétioﬁ
given by other research workers is not true, By referring to Téble
XXIX, it may be seen that there was no signifiéant difference in
energy coensumption due to dietary energy levei9'overa11 or during
pericd 10 of phass 2, e

A more likely explanation for the increased energy consump-

tion of pullets reared on dietary energy level 1 is the fact that



TABLE XXXII

ANALYSES OfF VARIANCE OF FEED WEIGHT CONSUMED FOR EACH PERIOD AND OVERALLI, PHASE 3

Source of Mean squares for the following periods
variation af 11 12 13 14 15 16 17 18 19 20

Overall 11-20

Total (corrected) 233

Treatment 17
Protein (P) 1 25 242 148 9 459 358 281 267 215 155 61
Energy (E) (2)
EL 1 4’092tt 640 1,275t 359 913x 117 402 935k 340 72 837
EQ 1 163 79 153 129 209 <1 69 5 477 219 142
Volume (V) (2)
VL 1 3,4-22"t 97 365 57 25 3 2 137 66 685t 107
VQ 1 8 <1 £1 29 1 210 2 425 1 400 32
Interactions (12)
PxE 2 273 94 87 191 201 159‘ 34 86 236 202 3
PxV 2 33 212 38 142 14 183 50 611 109 40 28
ExV 4 73 167 99 61 96 270 184 17 366 96 30
PxExYVY 4 116 274 181 153 252 113 146 207 357 10 55
Error 2156 176 241 214 146 ) 154 203 118 211 221 143

82

1Overall based on combined data for periods 11 through 20,

*Significant at the five percent level of probability.

kaignificant at the one percent level of probability.



TABLE XXXIII
1

2

MAIN EFFECT MEANS FOR FEED WELGHT CONSUMED™ FOR EACH PERIOD AND OVERALL ™, PHASE 3

. Periods
11 12 13 14 15 16 17 18 19 20 Cverall 11-20
Dietary
protein level
1 97.1 88.0 97.4 102.5 108.6 105.8 107.0 109.4 106.7 100,.7 102, 4
2 96,5 90.1 99.0 102.9 105.8 108.3 109.2 111.5 108.6 102.3 103.4
Dietary 3
energy level (L) &x (LYx (L)x (L)% (L)xk
1 102.5 91.5 i01.7 104.7 110.3 107.9 110.1 112.8 110.1 102.9 105.4
2 95,6 88,2 97.1 101.6 105.9 107.1 107.3 110.7 105.6 100.2 101.8
3 92.3 87.4 95.9 101.7 105.5 106.2 106, 9 107.9 107.2 101.5 101.4
Dietary
volume level (L)xx (L)x
1 92.0 88,3 96,7 102.3 107.6 107.6 108.0 112.4 108.3 100.4 102.3
2 97.1 89.1 98.2 102,.2 107.1 105.7 108.5 108.6 107.5 99,7 102.4
3 101.4 89.8 99.8 103.5 106.9 107.9 107.7 110.5 107.0 104.6 104.0

1
2

A

Linear significance

All means are expressed in grams consumed per bird per day.

Overall based on combined data for periods 11 through 20.

tSignificant at the five percent level of probability.

kkSignificant at the one percent level of probability.
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they matured earlier, produced more eggsg and gained more body
weight than did pullets fed dietary energy levels 2 or 3. BEgg pro-
duction and body weight gain ﬁill be Aiscussed in more detaii later.
The differences in feed weight consumption due to the dietary energy
ievels fed during the rearing perdod were greatef when the pullets
were first placed on the laying rétion at 20 weeks of age. However,
these differences did persist to a lesser degree throughout the
entire 20-week egg production period (Table XXXIII).

Levels of dietar& volume produced a significant difference in
feed weight consumed during periods 11 and 20, Preqeding period 11,
pullets fed dietary volume levels 2 and 3 were aécustomed to con-
suming significantly larger volumes of feed than those pullets fed
dietary volume level 1 (Table XX). Within two weeks after»the ra-
tion change was made, the pullets on dietary volume léYéié 2 and
3 were consuming less feed volume. No explanation, other than
chance, is apparent for the significant'différence in the feed
welight conéumption which occurred due to dietary volume during

period 20,

Feed Volume, HEnergy. and Protein,Cunsqmed

The overall mean;squaresKand overall main effect means for
.hthe feed volume, energy and protein consumption are shown ih
Téble X¥XIV and Table XXXV, respectiyeiyu it is obvious that since
all birds were fed th? same ration during phase 3, grpups of pui»
lets whiéh consumed the most feed weight would by the same token
consume the most feed volume, energy and protein. Therefore, this

is the reason why the energy linear is significant for each of
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TABLE XXXIV

ANALYSES OF VARIANCE OF FEED VOLUME, ENERGY, AND
PROTEIN CONSUMED, OVERALL', PHASE 3

Source of _ Mean squares for:
variation af Feed volume Energy Protein

Total (corrected) 233

Treatment 17
Protein (P) 1 170 435 1
Energy (E) (2)
N 1 1,782%% 4,490™% 14%%
£, 1 400 1,033 3
Volume (V) 2y .
Vﬁ 1 307 786 2
VQ 1 9 226 i
Interactions (123
P x E 2 10 (3] 1
PXV 2 g 198 1
ExV 4 8 216 1
Px BExV 4 153 396 1
Error 216 228 586 2

.10vera11 based on combined data for periocds 11 through 20.

Ko . ... )
Significant at the one percent level of probability.
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TABLE XXXV

OVERALLl MAIN EFFECT MEANS FCR FEED VOLUME,

ENERGY, AND PROTEIN CONSUMED, PHASE 3

2 : 3 . 4
Volume Energy - Protein
Dietary protein level
' 1 171. 4 274,3 15.0
2 173.1 277.0 i5.1
Dietary energy level (L)ﬁtﬁc5 (L)Ax (L)xx
1 176.5 282.5 15.4
2 170.4 272,6 14.9
3 169.8 271.7 14.9
Dietary volume level
1 171.3 274.1 15.90
2 171.3 274.2 15,0
3 174.0 278.6 15.2

Overall based on combined data for periods 11 through 20.

Expressed in milliliters of feed per bird per day.

(S I B

Expressed in Calories of energy per bird per day.

W

Expressed in grams of protein per bird per day.
5 . s e p
Linear significance

kKSignificant at the one percent level of probability.
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these factors and why the main effect means follow the same pattern

as the main effect means for feed weight consumed.

Egg Production

The individual period and overall mean squareé for egg produc-
tion are shown in Table XXXVI. The overall mean squares from this
table reveal that the effects of dietary protein produced a differ-
ence in egg production which was significént at the five percent
~level of probability. Examination of the dietary protein main

oy

effect means for egg production, sh§wn in Table XXXVII, indicates
that the overall difference was brought about largely by the in-
creased egg production during periocds 11 and 12, This seems to
denote that protein consumption during the growing period is a
critical facter for pullets which have been fed a below—ave?;ge
protein diet during the growing perio&o Low-protein diets fed dur-
ing the growing period reduced egg production early in the layihg?;
year, but when pullets were placed on a high quality laying ration,
they soon overcame this handicap, providedvit was not overly severe,
It is assumed that dietary protein jevel 1 ﬁsed in this experiment
did not result in a severe protein déficiencyo

The overall egg production means for the dietary prbtein main
effects (Table AXXVII) reveal that pulléts reared on dietary pro-
tein level 2 proéuced an average of 3.3 more eggs than did pullets
reared on dietary protein Jevel 1. It is believed that this signif-
icant difference in egg groduction was brought about by the\fact

that the pullets on dietary protein level 2 consumed significantly

more protein, during every period of phases 1 and 2, than did



TABLi& XXXVI

ANALYSES OF VARIANCEZ OF #GG PRODUCTION FOR EACH PERIOD AND OVE.RALL1° PHASE 3

Source of Mean squares for the following periods

variation af - 10 11 12 - 13 14 15 16 17 18 19 20 Overall 10-20

Total (corrected) 233

Treatment 17
Protein (P) 1 <01 52.00% 154.76%% 15.23 1.22 1.42 1.74 0.06 1.68 0.80 2:18 636.74%
Energy (E) (2) '
KX Ak xk

E, 1 1.31  82.22%% 230.67 6.65 2.30 0.05 2.10 0.23 6.30 2.34 1.62 1,289, 44
Eq 1 0.40 1.76  13.24 0.22 5.02 1.92 0.10 0.48 0.02 0.81 2.46 33.24
Volume (V) (2)

vy 1 0.21  6.33  20.61 2.17 1.41 2.82 0.00 2.70 2.66 5.63 0.37 0.32
vy 1 0.04 12.41 9.11  46.93% 2.27 0.95 1.74 0.03 0.51 3.14 9.82 68.46
Interactions (12) :

PxE 2 2.22% 14.06  27.70 7.70 0.54 2.76 0.94 3.42 3.19 2.18  13.98% 23.75
P xV 2 0.01  9.37 5.93  10.76 7.71% 1.05 0.39 0.32 2.5¢ 11.39" 5.39 191.62
ExV 4  0.02 11.96 8.05 0.18 2.74 0.54 1.43 0.82 0.22 0.85 8.95 44,39
PxExV 4 0.05 10.21  14.49 8.91 -1.76 5.97% 2.68 2.95 1.57 3.43 3.95 263.13

Error 216  0.56 10.86  20.59 8.74 2.31 1.85 2.12 2.16 2.47 2.31 4.20 149.32

1Overall based on combined data for periods 10 through 20.
tSignificant at the five percent level of probability.

Significant at the one percent level of probability.

16



MAIN EFFRECT MEANS FOR GG PRCBUCTION FOR EACH PERIOD AND OVERALL,

TABLE XXXVII

1

PHASE 3

Periods
10 11 12 13 14 15 16 17 18 19 20 Overall 10-20
Dietary :
protein level k ki X
1 0.1 1.7 6.7 10.8 11.9 12.0 12,2 11.8 11.4 11.2 10.8 100.8
2 0.1 2.7 8.3 11.3 12.0 11.8 12,0 11.9 11.6 11.3 11.0 104.1
Dietary 2
energy level (L)xx  (L)xx (L) xx
1 0.2 2.9 8,9 11.3 12.2 12.0 12,2 11.9 11.7 11.4 11.0 105.6
2 0.2 2.3 7.2 11.1 11.8 11.8 12.1 11.8 11.5 11.2 11.1 101.9
3 0.0 1.4 6.5 10.8 11.9 11.9 12.0 11,8 11.3 11.2 10.8 99.9
Dietary 3
volume level Q) x
1 0.2 . . 10.6 12.0 12.0 12.1 11.7 11.7 11.5 11.0 102.1
2 0.1 . . 11.7 12.1 12.0 12.0 11.9 11.5 11.1 10.6 103.2
3 0.1 1.9 . 10.9 11.8° 11.7 12.1 12.0 11.4 11.1 11.1 102.1

[

2

Linear significance

%

Quadratic significance

Overall based on combined data for periods 10 through 20.

tSignificant at the five percent level of probability.

tkSignificant at the one percent level of probability.
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pullets fed diefary protein level 1.

It may be seen from the overall mean squares in Table XXXVI
that due to the linear energy effects there wefe differénces in
egg production which were significant at tﬁe one percent level of
pmb}ability° In Table XXXVII, the enmergy main effect means indicate
that the difference in egg production was due largely to the early
egg production in peridds i1 and\‘1>2u This is similar to the effeéts
of dietary protein shown in the same table.

As a check to see whether energy is responsible for this dif-
ference in egg production, an inspectiion of gutrient consumption
during phase 2 should be helpful. From Table XXII, it may be seen
that there‘was ne significant difference in energy consumption dur-
ing phase 2, while at>the same time there was a significant differ-
ence 1n protein consumption. It apbears that different protein con-
sumptions during phase Z, brought ab@qt by the dietary energy level,
isffhe reason for the significant difference in egg productibn on
the three dietary energy levels. In other words, energyris acting
indirectly through protein to preoduce a difference in egg produc-
‘tion. The energy main effect means show approximately a two to three
egg difference between each dietary energy level.

It appears that a iarge part of the difference in egg produc-
tion for the levels of dietary protein or dietafy energy result’
from egg production starting earliier. In other words, as the age éf

sexual maturity decréases,; egg productien increases.

fgg Weight

- The mean squares for egg weight are shown for each period and
.
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cverall in Table XXXVIII. Differences in egg size were not signifi-
cant overall, but proteih and energy treatments §h@w a significant
difference during periods 11 and 12, From the maiﬁ effeét neans,
shown in Table XXXIX, it may be seen that the pullets fed dietary
protein level 1 laid slightly heavier egg$ than did pullets fed
dietary protein level 2. The reverse was true for pullets fed dif-
ferent levels of dietary energy. The pullets fed dietary energy
level 1 consumed more protein during phase 2, and laid heavier eggs
than did pullets fed dietary energy levels 2 or 3 where protein con-
sumption was significantly lower.

The pullets fed dietary energy or dietary pfotein levels that
resulted in the lowest egg weight produced the greatest number of
| eggs (Tables XXXVII and XXXIX). Level of dietary volume produced
a statistically significant difference in egg size during periods

15, 17, 18, and 19. During these periods the means show that as

dietary volume increidsed, egg size decreased.

Body Weight Gain

The analyses of variance for body wgight gain are shown in
Table XLo‘By examining the mean sqguares in ﬁhis table, it may’bé
seen that a significant protein x energy interactiqn occurred over-
all and during period 20. The overéll interacfion means are shown
numerically in Table XLI and graphically in Figure 6. These means
show that the body weight of pullets Féared on protein level 2 de-
creased as energy level increased. In contra§t$ the effects, of
energy on pullets reared on dietary profein level 1 gave a pro-

nounced guadratic result., No logical explanation is available to



TABLE XXXVIII

1

ANALYSES OF VARIANCE OF EGG WEIGHT FOR LEACiI PERIOD AND OVERALL®, PHASE 3

Source of

Mean squares for the following periods

variation af i0 11 12 13 14 15 16 17 18 19 20 Overall 10-20
Total (corrected) 233
Treatment 17
Protein (P) 1 10 1,709% 023% 141 4 23 14 3 1 1 1 17
Energy (E) (2)
- Xk x '
B 1 104 4,469 1,233 119 <1 6 10 1 12 6 7. 1
EQ 1 96 74 63 25 23 31 20 19 23 9 14 <1
Volume (V) (2)
x k k ik
VL 1 45 69 1 138 90 176 126 158 151 151 48 10
VQ 1 8 962 370 94 10 33 25 27 46 21 20 1
Interactions (12)
PxE 2 132 196 226 31 S 12 14 8 13 10
PxV 2 33 568 194 32 3 3 1 8
ExV 4 10 386 171 123 19 19 10 18 17 10 17 8
PxExYV 4 34 125 88 50 7 23 33 40 24 34 26 12
Error 216 64 420 250 57 31 33 34 35 36 37 23 7

1Overall based on combined data for periods 10 through 20.

kSignificant at the five percent level of probability.

x

xSignificant at the one percent level of probability,

€6



MAIN EFFECT MEZANS FOR EGG WEIGHT FOR EACH PERIOD AND OVERALL?, PHASE 3

TABLE XXXIX

Periods
10 11 12 13 14 15 16 17 18 19 20 Overall 10-20
Dietary
protein level x x
1 42,3 41.7 46.0 48.7 50.8 52.7 54.0 54.4 55.2 55.5 55.8 53.1
2 35.5 41.2 45.8 48.8 50.5 52.1 53.5 54.2 55.1 55.4 55.9 52.6
Dietary P
energy level (L)"%xx (L)%
1 39.3 42.3 46.3 49.0 50.5 52.4 53.8 54.2 55.2 55.5 55.4 53.0
2 40.0 42.1 46,2 48.8 51.1 52.9 54.1 54.7 55.6 55.8 56.2 52.8
3 29.8 39.8 45.3 48.4 50.4 52.0 53.3 54.0 54.7 55.2 55.9 52.8
Diletary
volume )evel (L)x (Lx (L& (L)
1 39.8 40.9 45.9 48.8 51.3 53.2 54.4 55.1 55.9 56.3 56.2 53.2
2 36.8 42.0 46,0 48.6 50.9 52.9 54.2 54.8 55.8 55.9 56.2 52.8
3 38.3 41.4 45.8 48.9 49.7 51.1 52,6 53.1 53.9 54.3 55.1 52.7

N =

Linear significance

E »

Overall based on combined data for periods 10 through 20.

Significant at the five percent level of probability.

Significant at the one percent level of probability.



TABLE XL

ANALYSiS OF VARIANCE OF BODY WEIGHT GAIN FOR EACH PERICGD AND OVERALLi, PHASE 3

— — ——

Source of Mean saquares for the following periods

variation af 11 12 13 14 15 16 17 18 19 20 Overall 11-20

Total (corrected) 233

Treatment 17
Protein (P) s 3,833 89, 174%%  4:029 99 1,982 1,568 1,595 598 1,182 115 75,744
Energy (E) (2)
E 1 7,139 16,008 11,618 446 1,232 1,699 2,622 6,104 2,409 4,234 4,989
Eq 1 2,557 533 3,093 1,538 458 10¢ 1,317 45 1,613 15,1555 26,720"
Voluwe (V) (2)
VL 1 17:5,923‘t 16,743 230 6,084 609 92t 17?7 8,336 1,504 3,103 288,712
Y4 1 5,934 4,378 20,061 5,758 3,149 2,132 4,630 3,854 3,024 2,673 9,566
Interactions (12)
PxE 2 189 22,800 1,226 1,414 37 188 1,144 726 4,972 20,5548 1244415
PxV 2 2,454 8,302 581 9,640%X 1,376 502 1,436 8 5,867 5,681 6,732
ExV 4 4,541 2,767 5,088 1,164 3,990 3,236 3,347 5,214 2,984 2,704 14,957
PxExV a 5,032 2,459 1,940 1,288 1,737 1,090 5.088% 2,737 1,852 838 2,990
Error 216 5,644 8,216 5,571 2,629 2,519 2,986 2,120 2,414 2,233 2,638 25,029

1Overall based on combined data for periods 11 through 20.

Xsignificant at the five percent level of probability.

ttSignificant at the one percent level of probability.
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TABLE XLI
0VERALL1 MEANS FOR THE EFFECT OF PROTEIN AND ENERGY

UPOﬁ'BGDY WEIGHT’GAIIiT&9 PHASE 3

Dietary e Dietary énergy,leVel
protein level . 1 ' 2 . 3
402.4 342.4 454.0
2 400.8 363.3 326,6

1

loverall based qnscombined‘dgta'fe¥ periods 11 through 20.

2 .
All means are expressed in grams.

explain this interaction.

From the main effect means, shown in Table XLII, it may be seen
that dietary energy level produced a quadratic effect which was
significant overall and during period 20, In light of the protein x
energy interaction just discussed, it is épparent fhat energy and
protein are not operating independently of one another and cannot
be discﬁssed individuallyo

The carryover effects of dietary volume level produced a linear
difference in body weight gain which was significant. at thé one per-
cent level of probability. The main effect meansg_Table XLIT, iliusm
trate the fact that as dietary volume increased, body weight gain
incuneased, Pullets on dietary volume level 3 gained 86 grams more
of body weight during phase 3 than did pullets reared on dietary
volume level 1. It should be noted that body wqight gains for dietaéy
volume levels during phase 2 were the reverse of gains observed in

phase 3 (Tables XXVII and XLII).



TABLE XLII

1

2

HASE 3

MAIN EFFECT MEANS FOR BODY WEIGHT GAIN™ FOR EACH PERIOD AND OVERALL™, P
Periods
11 i2 13 14 15 16 17 18 19 20 Overall 11-20
Dietary
protein level kK
' 1 156.1 85.2 -11.3 20.8 54.4 22,0 25,7 27.9 4.5 10.8 399.6
2 148.0 46.1 3.0 19.5 48.6 27.2 30.9 24.7 9.0 12,2 363.7
Dietary 3
energy level (Q) 'k (Q)x
1 161.1 54.5 4.1 23.6 55.3 28.4 34.1 19.8 8.9 12.0 401.6
2 147.3 67.8 -12.3 16.5 49.5 23.7 24.9 26.9 10.5 0.1 352.8
3 147.6 74.7 -13.2 20.3 49.6 21,8 25.9 32.3 1.0 22.4 390.3
Dietary 4
volume level (L) "kx (L)&x%
1 122,2 73.0 -1.8 10.4 56.0 20.1 24.1 21.9 7.4 9.5 343.1
2 144.9 71.8 -20.2 27.2 46.3 28.9. 34.6 20.6 11.9 6.7 372.5
3 189.0 52.2 0.6 22.9 52.1 24.9 26.2 36.5 1.1 18.4 429.1

LI

Quadratic significance

>

Linear significance

; g

All means are expressed in grams of gain per bird.

Significant at the five percent level of probability.

Significant at the one percent level of probability.

Overall based on combined data for periods 11 through 20.

001



SUMMARY AND CONCLUSIONS

A completely randomized experiment with a faqto;ial arrangement
of treatments ﬁas designed to study the effect of feeding two lévels
of dietary“protein,-three levels of dietary ehergy and three levels
of dietary volume to commercial egg-iype,pullets; The two dietary
protein levels were fed from the first week to the twentieth week
of dge, while the dietary energy and dietary volume levels were fed
from the ninth to the twentieth week of age}‘Dietary weight was held
constant in all concurrently fed rations. The effects of the treat-
meﬁts,imposed during the growing period Wéfe étudied‘throughout the
subsequent 20-week egg production period. The factors measured dur-
ing the egg productioﬁ period were sexual maturity, feed consump-

tion, egg production, egg weight and Body weight gain.

Growing Period (Dd&-old to 20 weeks of age)

The dietary protein levels studied in this experiment resulted
in a difference in actual protein consumption whiéh was‘statistically‘
sighificant during the entire growing period. In contrast, dietary
protein resulted in no significant overall difference in feed weight
conéuMed. Protein requirements appear to be most crit;caleor:pul-
1§fs during the first féur weeks of life and iust preceding the
onset. of egg production (17520 weeks of age).

Dietary energy level resulted in no overall Significant differ-

101
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ence in energy ceonsumption. This verifies the findings of most re-
search workers thai pullets eat primarily to satisfy their energy
requirement, In contrast, differences in energy level resulted in
significant differences in feed weight consumption. This difference
was predominantly linear; but exhibited a small ﬁuadfatic efifect.
This indicates that as dietaryhenergy level inereases9 feed weight'
consumptien decreases., Along with this difference in feedvWeight
consumption, there was a significant difference in-pfetein intake
for each of the three dietary energy levels; Different ﬁrotein in-
takes would be expected because each of the various dietagy energy
levels contained equal amounts of protein per unit of feed.

A positive linear reeponse in feed volume consumptioh was pro-
duced by differences in dietary volume level. These differsnces
were statistically significant during every period that the treat-
ments were imposed. Pietary volume levels produced no difference
in feed weight consumption during the 17th to the 20th week of age.
This infers that by the time the pullets had reached this age, they
had adgusted to the increased dletary volume levels by 1ncreas1ng
the folume of their intestines or by outgrowing the vqlﬁme levels
useé in-this experiment. Dietary volume level produced a signifi-
cant difference in body weight gain when the pullets were 9 to 18-
weeks of age. As the dietary volume level increased, body weight

gain decreased,

. Bgg Production Period (21 to 40 weeks of age)
A dietary protein x dietary energy interaction significantly

affected the date of sexual maturity. This interaction resulted
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primarily from the various protein intakes which occurred during
the growing periocd. Pullets that consumed 15.0 grams of protein
per day from 9 tc 18 weeks of age reached sexual méturity in 151.6
daysu When protein intake was increased to 19.7 grams, there was a
delay of 1.8 days in the date of sexual ma;_turify9 while decreases
in protein intake to 13.4, 12,0 and 10.1 grams were associated with
delays in the date oimseXUal,maturity“of.Svl,uﬁai and 8.8 da&s,
respectively, above the sexualymaturity date of the pullets which
consumed 15 g;ams'of protein. All pullets éonsumgd approximately
an equal number of Calories during the 9 to 18-week growing period.
This illustrates the importance of having the proper calorie-protein
?atio in growing pullet diets as rejated to the date of sexual ma-
turity; These protein intakes are averages over a ten-week growing
period. The actual protein needs of growing pullets is certain to
‘vary during this time. This points out the need for intensive
studies in this area to determine more precisely the proper intakes
and. ratios needed by grbwing'pulletso

Tﬁe dietary energy levels fed during the growing period pro-
duced a difference in feed weight consumption during.the egg éro=
ductiog pericd. Pullets reared on dietary energy lével 1 comnsumed
four more grams of feed per bird ﬁer day during the 20-week egg
preduction period than did pullets reared on energy levels 2 and
3. It is believed that the fouragram differenée in feed consumption
cccurred because the pullets reared on dietary energy level 1 laid
more eggs and gained more body weight during the egg production

period,
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Pullets which consumed protein at average daily intakes of
12.4 and 1602 gréms during the 9 to 1B~week growing period, pro-
duced 100.8 and 104.1 eggs, respectivélxﬁ during the egg production
period. It appears that energy is acting indirectly in affecting
egg numbers, since all pullets consumed isocaloric guantities of
feed during the growing period. Pullets fed the three dietary en-
ergy levels consumed 17.3, 13.8 and 11.7 grams of pfotein per“day
and produced 105.6, 101.9 and 99.9 eggs, respectively. This indi-
cates that protein consumed during the growing period was the prime
factor determining number of eggs producéd'during the egg producf
tion period.

Pullets which-matured earliest laid significantly more eggs
than did slow-maturing pullets. No significant differences in egg
weight Were recorded from the levels of dietafy protein, energy
or volume used in this experiment.,

As dietary volume level, impqsedvduring‘the growing pefiods
increased, body weight gain increased during the egg production,
period. This -is the reverse of the trgnd due fo the dietary volume
levels reported for the growing period., In other wor;is9 body
weight gains tended to equalize with time gnd availability of nu-
trients. Carcass analysis would be helpful in future experiments
of this kind te determine whethef muscle, skeletal o% fatty tissue
is formed when egg-type pullets gain at different rateé and at

different timeﬁ during the life c¢ycle,
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