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ABSTRACT
CROUCH, ANDREW NEIL. The effects of physical feed restriction on body
composition and reproductive performance of commercial large white turkey breeder
hens and its subsequent economic impact. (Under the direction of Vern Christensen
and Jesse Grimes)

Large White turkey breeder hens were tested in a4 X 3 factorid design to evauate the
effect of three different leves of physicd feed redriction on subsequent reproductive
performance. The feed trestments comprised: Control Control (CC) - ad libitum fed
throughout the study, Control Restricted (CR) - feed restricted from 16-24 WOA, Restricted
Control (RC) - feed redtricted from 3-16 WOA and Restricted Redtricted (RR) - feed
resricted from 3-24 WOA. Feed redtriction was implemented so that restricted fed hens
achieved a 45% reduction in BW as compared to Control hens at 16 WOA. From 16-24
WOA redtriction was implemented to maintain adight increase in BW. At the completion of the
respective regtriction period, hens were gradualy released back to ad libitum feeding. At the
time of photostimulation (30 WOA) dl treatments were divided into sub-trestments by weight:
HEAVY, MEDIUM and LIGHT, resulting in four trestments with three sub-treatments within
each. All hens continued on ad libitum feeding throughout a 20 wk lay cycle. Body weight
(BW) for dl trestments differed sgnificantly (P<.05) at 16 and 30 WOA. At the end of lay
(53 WOA) treatment CR no longer sgnificantly differed in BW from trestment CC as did
trestment RR no longer significantly differ in BW from treatment RC. Treatment CC reached

maximum feed consumption at 12-15 WOA, wheress restricted trestments CR, RC and RR



did not reach maximum feed consumption until just prior to photostimulation (30 WOA). At the
end of the study, cumulative feed consumption was sgnificantly less for restricted trestments.

Previous research reported (Tria 1), concluded that restricting hens early in rearing
preceding a lay cycle in the Winter season resulted in numerica increases in egg production.
The time period for this sudy (Trid 2) was inverted from that of Trid 1, in that hens were
photostimulated for Summer season egg production. For Trid 2, RC and RR hens lad
ggnificantly more eggs than did CC and CR hens for the first 1-5 weeks of lay (wal).
However, within Trid 2, once house temperature increased to over 80-85 °F RC and RR egg
production suffered dramaticaly, cumulaing in a sgnificant decrease in production. Hens
redricted early in rearing (3-16 WOA) dso cumulatively lad more soft shelled eggs and
reported a decrease in hatch of fertile eggsfor Trid 2.

Determining why hens redtricted fed early in rearing decressed egg qudity and
production soon after pesk lay in the Summer season was afoca point of this sudy. Dueto the
fact that hens consdered “out-of-production” had circulating levels of prolactin up to 5 times
lessthan that of hens “in-production”, incubation behavior and broodiness were not considered
to be afactor. Therefore, body composition, carcass conformation and hormona and enzyme
activity were andyzed to determine the effect feed restriction had on each of these variables.
Early feed redtriction reduced the percent body fat of breeder candidates while increasing the
percentage of moisture and ash. Relative weights of organ and tissues samples reveded that
early feed redtriction resulted in a larger percentage of crop, liver and totd visera for restricted
fed hens. Early feed restriction also increased the percentage of bone Structure regarding femur

and kedl bone development. However, trestments which were restricted fed early exhibited a



ggnificant reduction in asolute and relative weight of breast and thigh muscles in comparison to
ad libitum fed hens at 15 WOA. Although these differences were not reported a 30 WOA
on a relaive bass, absolute weights remained significantly different with respect to breest
muscle. This same variation with regards to breast muscle was then noted throughout the 20 wk
lay cycle.

The sub-treatment “weight”, LIGHT, MEDIUM and HEAVY hens responded very
much in the same manner irrespective of ther initid trestment (CC, CR, RC and RR). This
andysis reaults in the conclusion that a LIGHT hen is destined to be a LIGHT hen irrespective
of her feed dlotment. This phenomena is more than likely attributed to the genetic materia
compiled by each hen. LIGHT hens within each trestment exhibited a grester tendency for
compensatory growth as compared to MEDIUM and HEAVY hens. However, egg
production suffered within LIGHT hens as these hens a times laid a dgnificantly smaler and
undesirable qudity of an egg. MEDIUM hens expressed a larger portion of BW through breast
muscle, therefore gppearing to make them the more reproductively oriented sub-treatment. In
fact, MEDIUM hensdid lay a anumericdly higher hen housed production percentage.

In conclusion, if turkey breeder hens are to lay in the Winter season, restricting feed
ealy in rearing can prove economicaly beneficid. However, if hens are to lay during the
Summer season, feed redriction early in rearing gppears to be detrimental to subsequent
reproduction in tha initid breast and fat loss is never fully recuperated for the lay cycle.
Therefore, feed redtriction should be limited to later in rearing if any economic benefits are to

be reported.
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INTRODUCTION

The progress made in improving the growth rate of turkeys during the past decade is
much like has been seen in the broiler breeder industry, dbet in negative corrdation to
reproductive efficiency. Consequently, restricted feeding has become an accepted management
practice for anumber of reasons within broiler breeders.

Over the past severd decades, broiler breeders have been genetically sdlected for mesat
yidd and rapid growth of their progeny dlowing them to easily exceed optimum reproductive
body weight (BW). With this increase in BW has come negative reproductive results.  Fattori
et al. (1991) reported a higher frequency of double-yolked eggs and a reduction in egg
production. According to Hocking et al. (1988 and 1989) the number of large fallicles in the
ovary of broiler breeders, the incidence of double hierarchies and the production of defective
€ggs, is increased with an increase in mature BW. Therefore, in order to obtain the best egg
production, BW gain must be controlled during both the rearing and laying periods (Robinson et
al. 1991a). Feed redtriction of broiler breeders to control BW has become an established
commercia practice Nestor et al. (1981).

For egg-type pullets, the practice of restricted feeding is mainly to control BW and
hence decrease the maintenance energy requirement. Waring et al. (1968) and Jackson et al.
(1969) indicated that for laying hens fed high-fat diets, approximatey 10 to 15 percent of
metabolizable energy (ME) intake was required to maintain excess BW. |n addition to limiting
the BW gain during rearing, redtricted feeding of egg layers has been shown to delay sexud

maturity and usudly resultsin higher pesk lay and less rgpid decline in egg production after pesk

lay.



Turkey breeder hens have not been feed-restricted in the past because primary
breeding companies emphasized selection of reproductive traits a a rate comparable to growth
traits in femae pedigree lines. In the mid 1980's, the primary turkey breeders increased their
emphadg's on growth rate in the femae lines as well as in the mde lines (Krueger 1982). With
this change in genetic sdection srategy has come many of the same results seen in the broiler
breeder industry severa decades ago. Increased BW in turkey breeder hens has resulted in a
reduced number of settable eggs. In order to maintain a high level of reproductive efficiency, the

turkey industry must attempt to control body weight of breeder hens.



REVIEW OF LITERATURE
The physologicd effects and economicd benefits of feed redriction have been
thoroughly studied in broiler breeders. The following is a brief review of the concept of feed

restriction and weight control programs used in broiler chicken breeders.

1. Broiler Breeder Feed Restriction
1.1 General Aspects

Heywang (1940) was one of the fird to ask the question; If a laying hen were not to
receive dl of the feed that she would normally consume, would such a feeding method result in a
decrease in the total number of eggs laid, a decrease in the average weight of the eggs
produced, a decrease in body weight, or in dl three?

The body weight of broiler breeder pullets has been reported to be a critica
physologicd parameter for an effective redricted feeding program (Luther et al. 1976).
Numerous studies have shown that undernutrition of femae vertebrates delays sexua maturity
until about the same weight is attained as that of a comparable group of well-fed animals at
sexud maturity (Soller et al. 1984). An extensve review of literature by Soller et al. (1984),
showed this phenomenon to be true for cattle, pigs, rats, mice, fish, and humans. These results
have led many to believe that a minimum body weight is required for the onset of sexud
maturity. A minimum weight for onset of sexua maturity has been proposed (Brody et al.,
1980) as an explanation for the observed direct relationship between the degree of feed
regriction of pullets during the rearing period and the subsequent delay in onset of sexud

maturity, while Leeson and Summers (1984) reported that severe feed redtriction retarded



skeletd growth and resulted in lowered BW a sexud maturity. The pullet-layer trangtion
period has dso been identified as a criticd stage in developing efficient breeder hens (McDanid
1983; Cave 1984; Brake et da., 1985). Eitan et al. (1984) showed that this delay could be
controlled by alowing body weight to increase sharply at the end of the rearing period. Feattori
et al. (1993) postulated that both a minimum BW and chronologica age are required for sexua
maturity, and noted that a minimum body fat content might be necessary as well. Therefore,
targeting sexud maturity appears to be a synchronization problem within broilers, in which
development of the skeleton, lean body tissue, fat deposts, sengtivity to photostimulation, and
chronologicd age idedly converge resulting in an efficient production cycle. According to Costa
(1981), controlling the growth rate of the developing broiler breeder is an important
management tool to ensure the best performance in the laying house. Costa (1981) consdered
the task of synchronizing growth and sexua maturity as one of the most important, and yet, one
of the mogt difficult areas of broiler breeder management. The need to counteract the
voraceous gppetite of the modern breeding stock caled for severe feed regtriction programs
during the rearing period which in turn were typicaly accompanied by a delay in sexud maturity
and egg production. Costa concluded that a feeding program must be designed to alow for
peak production while reducing feed dlocations as performance declines after pesk of lay.
1.2 Initiation and Duration of Broiler Breeder Feed Restriction

Feed redtriction is essentiad for optima reproductive performance in modern broiler
pullets. Quantitative feed redriction is commonly used to control growth by feeding a
predetermined amount of a balanced diet (Leeson and Summers 1984). One of the biggest

problems involved in implementing a quantitative feed redtriction program is distributing small



amounts of feed rgpidly s0 that uniform feed consumption among birds is achieved. According
to Brown (1988), the development of equipment that alows more precise ddivery of feed over
shorter periods has solved this problem, thereby prompting a return to restricted feeding on a
daly baeds. An dterndive to physicd feed redriction is quditative redriction via a sdf-

redricting diet. Although not currently used in conventiond rearing programs, this method has
been thoroughly investigated. It is based on the addition of drugs or chemicals to a baanced
diet, or on feeding a diet deficient in one or severd essentid nutrients, such that the birds will

voluntarily restrict themsdalves when provided ad libitum access to the diet. Pinchasov et al.

(1993) studied various ways to limit feed intake of broiler breeders to control body weight such
as physicd feed redtriction, ad libitum low-energy diet, ad libitum low-energy diet plus
propionic acid and ad libitum diet utilizing barley as man source of amino acids. It was
concluded that physical feed redtricting and ad libitum low-energy diets were the two methods
that agnificantly improved flock uniformity.

When consdering the use of feed rediriction to reduce or maintain BW the implications
of withholding feed and its effect on nutrient uptake must aso be consdered. It has been
hypothesized that a dower feed passage rate (FPR) through the digestive system could increase
the utilization of feed in three ways 1) increedng the time nutrients are in contact with
enterocytes, which should increase nutrient absorption, 2) atering the microbia population that
could affect the assmilaion of nutrients and, 3) influencing feed intake. Washburn (1991)
reported that feed restriction did not affect feed passage rate (FPR). Comparing feed-restricted
broilers with full-fed broilers, it was observed that for the week of full feeding after remova

from the restricted feeding program, consumption was grester, but the gain less than for birds on



a continuous full feeding program. This results in a decreased efficiency of feed utilization. A
possible explanation for this decreased efficiency is that feed redriction affected FPR
immediatdy after returning to full feeding. Washburn (1991), utilized 54 mdes and 54 femaes
from each of four commercia broiler srains divided into two experimenta groups, full-fed and
redtricted. The full-fed group was alowed full access to feed from 4 to 8 wk of age. The
restricted group was allowed full access to feed on weeks 4 to 5 and 6 to 7, and access to feed
was redtricted on dternate days during weeks 5 to 6 and 7 to 8. Feed passage rate was
determined at 6 and 8 weeks of age. The results indicated a lack of association between FPR
through the digestive system and efficiency of feed utilization. Consequently, changesin FPR of
the digestive system do not gppear to be the reason for the differences sometimes observed in
efficiency of restricted or full-fed groups.

Numerous studies have looked at the effects of timing and duration of feed redtriction in
broiler breeders. Pym and Dillion (1974) suggested that relatively severe feed restriction during
rearing followed by feeding ad libitum during lay may be the best regime for broiler breeders.
It was stated that if broiler breeders are fed ad libitum too early, much of the food will be
directed to increasing the weight of body components not associated with egg production.  If
restricted too long the delay in maturity may be s0 great as to make it virtudly impossible for
them to compensate during production. These authors proposed the for limiting feed intake by
amply limiting feeding time. Lee et al. (1971) however, suggested that feed redtriction by
limiting feeding time produced inconsstent results because birds quickly learn to eat norma

quantities of food in avery short time.



A re-evduation of the effects of feed restriction on growth, body composition, and egg
production was conducted by Robbins et al. (1986). Rapidly growing femde broiler breeder
chicks were divided into four trestments following 3 days of unlimited accessto feed: (AA), ad
libitum through 68 WOA; (RR), restricted to 50% of the feed consumption by the control
through 68 WOA,; (AR) ad libitum first 24 WOA and restricted to 50% of ad libitum from
24t0 68 WOA; (RA), restricted to 50% of ad libitum until 24 WOA and full-fed from 24 to
68 WOA. Raobbins et al. (1986) concluded that feed restriction during rearing delayed the
onset of sexud maturity by 17 days and that the BW at first egg was sgnificantly higher in the
full-fed birds. The RA hirds dso produced an average 50% more eggs than the birds fed ad
libitum.

Lilburn and Myers-Miller (1990) tested the theory that an increase in feed consumption
by broiler breeder hens leading into a production period would postively affect subsequent
performance. Lilburn divided broiler breeder pullets 16 weeks of age into two body weight
groups, low body weight (LBW) and high body weight (HBW). From 16 wk of age until a
maximum feed alotment of 159 g per bird per day, weekly feed dlowances were increased at
three rates, in a (LOW), medium (MED), or high (HIGH) manner. The HIGH treatment was
alowed to reach 159 g feed consumption per day much faster than the LOW, or dow,
treetment. Lilburn concluded that within each pullet treatment, hen-day production was
sgnificantly improved (P<.05) by accderating feed dlowances and BW gain during the prelay
period and early stages of production. Percent hen-day production for HBW and LBW HIGH
(accelerated consumption) vs. HBW and LBW LOW (dower increase in feed dlotment)

equaled 79.5 and 73.5% vs. 75.5 and 60.5%, respectively. Yu et al. (1992b) reported that



feed intake and growth during the rearing period, rather than feed intake and changes in body
composition during the prebreeding period, were more important in determining age a sexud
maturity in femae broiler breeders. These authors results indicated that feed intake during the
prebreeding period , BW, amount of body fat, and amount of body protein were not the
primary reasons for a delay in age a sexud maturity. Pym and Dillion (1974) and Robbins et
al. (1986) provided evidence that feeding ad libitum during part or dl of the laying period
improved egg production. However, McDanid et al. (1981) and Robinson et al. (1991)
reported that ad libitum feeding during egg production resulted in reduced performance. Yu et
al. (1992a) conducted a sudy to further evaluate the need for feed restriction during rearing and
laying. In their sudy, commercia broiler breeder chicks were reared following commercia
standard practice until 4 WOA. From 4 to 18 WOA, half of the birds were either assgned to
ad libitum or regtricted fed treatments. Following 18 WOA, the two rearing treatments were
each further subdivided and again assgned to be ether fed ad libitum or restricted. Hence,
four treatments had been created: (FF) full-fed during both rearing and breeding, (FR) full-fed
during rearing and restricted during breeding, (RF) restricted during rearing and full-fed during
breeding, (RR) restricted during both rearing and breeding. Yu et al. (1992b) reported that the
age a sexud maturity was sgnificantly affected by rearing trestment and a stlepwise regression
indicated that BW was the most important factor in determining the number of large (>10 mm)
ydlow follicles. Compared with feeding ad libitum, controlled feeding during breeding

sgnificantly improved both settable and total egg production.



1.3 Effectsof Body Weight on Broiler Breeder Production

According to Miles and Leeson (1990), the failure to control the body weight of broiler
breeders during the brooding and rearing period is the mgor reason for poor reproductive
performance in broiler breeders. Pym and Dillion (1974) suggested that the optima degree of
restriction during rearing may be strain related, i.e. heavier broiler breeder strains require grester
body weight restriction. They aso reported that birds which had been feed-restricted during
rearing and then alowed to feed ad libitum during lay, displayed increased feed consumption
and compensatory growth. This compensation was proportiond to the degree of restriction and
there was an associated increase in body weight. Hence, “compensatory growth” is defined as
the rate of growth exceeding that normaly observed in the same breed of gpecies a the same
age. The mechanisms responsible for compensatory growth and the conditions influencing this
phenomenon have not been fully established (Yu et al. 1990). Various reports suggest that
severdy redricting feed intake for a short time early in life results in compensatory growth and a
reduction in tota feed intake and body fat without compromising find BW in broiler chickens.
Yu et al. (19929) reported during early egg production (23 to 33 wk), BW gain for RF, RR,
and FF birds averaged 337, 306, and 199 g, respectively, in which RF (restricted fed through
rearing and full-fed through breeding) performed sgnificantly better than al other treatments.
To explain the phenomenon of compensatory growth, it has been hypothesized that the body
has a set-point for body size appropriate for age (Yu et al., 1990). However, Brody et al.
(1980) and Eitan et al. (1984) suggested that in poultry, severe feed redtriction during the
rearing period results in permanent stunting of growth, while body composition is affected by

nutrient dengty of the diet. Brody et al. (1980) suggested that low BW because of feed
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redriction prevents the sart of lay, and that a minimum BW is required for the onset of egg
production. However, birdsfed ad libitum generaly exceed this weight by 14 to 15 weeks of
age in broiler breeders, indicating the posshility of a minimum age requirement. Brody et al.
(1984) proposed that a minimum BW for the onsat of sexud maturity is controlled energeticaly,
that is, by the absolute rate of energy intake relaive to body weight, while lean body mass and
body composition requirements are dso evident. Brody et al. (1984) then concluded by
reporting a definite lower limit for BW, below which broiler strain hens fal to enter sexud
maturity. This minimum may dso set alower limit to feed redtriction programs used in poultry
production.

Borngein et al. (1984) reported negative correations ranging from sgnificant to
negligible between BW and age at first egg for broiler breeder hens. Hocking et al. (1989)
reported finding a reduced number of ydlow follicles at sexuad maturity with lighter, leaner birds
with lower maintenance costs but increased age a first egg. At the same time, they reported
leaner birds were associated with higher numbers of follicles and fatter birds with fewer follicles.
Hocking et al. (1989) aso suggested a positive rdationship exists between ovulation rate and
lean tissue mass.

Fattori et al. (1991) found that the BW of broiler breeder pullets which had been feed
restricted 24% less feed than full-fed hens was dill sgnificantly different through 62 wk of age;
the -24% trestment maintained a mature BW 255 g less than the control trestment. This result
was dmilar to findings by Brody et al. (1980) who showed that after severe feed redtriction,

BW remained about 255 g less than the mature BW of a control group.
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1.4 Effects of Ageon Broiler Breeder Production

Egg formation depends on hepatic synthes's of yolk precursors, which in turn, depends
on circulaing estrogens.  The source of estrogens is the ovary, in paticular, the theca cdls of
the samdl ovarian follicles. The synthesis of estrogens by theca cells depends on the maturation
of the hypothaamic-adenohypophysed-ovarian axis  Current underganding is tha the
hypothdamus produces luteinizing hormone-rdlessng hormone, which acts upon the
adenohypophyds, caudng it to rdease uteinizing hormone into the generd circulation. Theca
cdls respond to the rigng leves of luteinizing hormone with the production of androgens and
estrogens. It is then that a preovulatory surge of progesterone stimulates the release of
luteinizing hormone (LH) which in turn causes ovulaion of the largest fallicle.  Etches (1990),
suggests that feed redtriction delays maturation of the hypothdamic-adenohypopysed axis and
therefore possibly delays age at sexual maturity in feed- restricted femae broiler breeders. Pym
and Dillion (1974) were one of the firgt to postulate that feed restriction and chronologicd age
were directly related when condgdering broiler breeder reproductive performance. Pym and
Dillion (1974) concluded that age at sexua maturity increased with incressing severity of
restriction during rearing of broiler breeders (80% vs. 40% of ad libitum) and was further
increased when birds reared on restriction were restricted during the laying period. Leeson and
Summers (1982) were dso interested in the consequences of increased feed dlowance during
rearing as a means to simulate early sexua maturity. The issue was addressed experimentdly
by usng a conventiona mature BW as a target weight (2.1 kg a 21 WOA) and feeding
increasingly greater increments of feed (+5, +10, +20%) so that different treatments would

attain the same mature BW at different ages.  Upon reaching that target BW, birds were



subjected to a laying period. As a consequence of the increases in feed dlotment, the growth
curves became increasingly divergent and the +5%, +10%, and +20% treatment reached the
2.1 kg live weight at 20, 18, and 16 WOA, respectively. The birds that reached the stated
mature BW early commenced egg production first but they lacked persstency after pesk
production, and displayed a 10% decline within 4 wk. Control reared birds started production
at 23 WOA and exhibited a more conventiona and persistent peak egg production. Leeson
and Summers (1982) dso concluded that early maturity adversdy affected egg Sze in broiler
breeders. Soller et al. (1984) dated that amilarly to norma obese girls under 8 years of age,
12-week-old broiler femde chicks do not enter sexud maturity, dthough their body
compostion is wdl within the range compatible with onset of menarche and lay. Concluding
that in both ingtances it is possble that the onset of sexud maturity was prevented by an age
requirement, as was reported by Brody et al. (1980) and Leeson and Summers (1982).
Borngtein et al. (1984) dated that modern broiler strains have the ability to grow
quickly and can attain mature body weight a a young age. The greater adult BW, due to its
genetic corrdation with early growth, increases the feed requirements for maintenance, and the
ealy sat of egg production is initidly associated with amdl eggs unsuitable for incubation.
Wilson et al. (1989) tested the theory that chronologica age should be considered when
applying feed redtriction in broiler breeders. In their research, Wilson et al. (1989), concluded
that skip-a-day feeding programs beginning at 2 wk of age in broiler breeders produced more
advantageous results than beginning restriction at 6 or 8 wk of age. Hens that began restriction
a 2 wk of age achieved 50% production significantly earlier than hens beginning redtriction at 8

wk of age (204 days vs. 215 days, respectively). Percent hen-day egg production was aso
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ggnificantly improved when birds started restriction earlier (57.3% vs. 50.3% for 2 wk and 8
wk treatments respectively). Fattori et al. (1991) dso tested the hypothesis that a reduction in
BW (caused by feed redriction) will deay flock maturity, Fettori et al. (1991) used BW as a
dependent variable and regressed on the independent variable age at 50% production and
concluded that for every 13.7 g decrease in BW with broiler breeders there was a
corresponding delay in flock maturity by 1 day. The research of Robinson et al. (1991b) agrees
with these results. Robinson et al. (1991b) concluded that ad libitum feeding hastens sexud
meaturity, due to the fact that such birds attain the prerequisite body mass and body composition
sooner than feed-restricted hens.
1.5 Effects of Feed Restriction on Body Composition of Broiler Breeders

Research has attempted to ascertain which limiting factor is most important for sexud
meaturity and egg production in various poultry species. As previoudy mentioned, many believe
these factors to include reaching an optimum BW and/or chronologicad age a a certain time or
possibly controlling feed consumption as the hen enters and persist through the breeding cycle.

The idea of body compostion of hens affecting reproductive efficiency was the subject
of a study by Chaney and Fuller (1975). It was reported from two sudies that excessve
carcass fat did not adversdy affect egg production. Carcass samples taken at sexua maturity,
peak production, and after 24, 26 and 36 weeks of lay for broiler breeders indicated that the
level of carcass fat did not affect egg production. Therefore, it was concluded that carcass fat
had no sgnificant effect on egg production and egg production and amounts of carcass fat were
roughly related to energy intake depending upon the season of the year. Leeson and Summers

(1982) investigated the consequences on body composition of when a hen reached a
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predetermined BW a an earlier age than recommended. Broiler breeders were given excessve
amounts of feed during the rearing period o that they achieved a BW of 2.1 kg earlier than a
recommended control group. No sgnificant differences in carcass compostion between
treatments (Control = 2.1 kg at 20 weeks with 41.3 % fat and 42.7 % protein vs. +20% feed
during rearing = 2.1 kg at 16 weeks with 43.0 % fat and 42.5 % protein) were reported. While
Leeson and Summers(1982) reported on body composition as affected by means of forced
feading, Soller et al. (1984) studied the relationship between body compostion and feed
restriction. Broiler breeder candidates were subjected to three different severity levels of feed
resriction up to 19 wks of age; moderate, severe, and very severe. This was an attempt to
achieve target weights of 1900, 1300, 700 g respectively. It was concluded that in these birds
fat content done was not sufficient to initiate sexud maturity, but there may have been alean
body mass requirement for the onset of sexud maturity. Lean body mass being cdculated as
cacassweight * (1.0- % fat * .01). It was aso reported that severdly restricting birds resulted
in greater shank length which may be due to a true difference in linear growth. Soller et al.
(1984) hypothesized this may represent a longer exposure to low leve estrogen-dependent
skeletd growth simulation.

Borngtein et al. (1984) dated that fears of excess body fat a the initiation of egg
production may be unjustified. He reported a high degree of fatness to be associated with the
dart of ovulation. He concluded that an accelerated rate of fat accumulation possibly shortens
the trangition period from pullet to layer and thus promoting better synchronization & the start of

egg production.
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Although Leeson and Summers (1982) concluded that excess feeding during rearing did
not sgnificantly increase fat among hens achieving aset BW a an earlier age, Miles and Leeson
(1990) showed that quantitative feed restriction reduced carcass dry matter and fat percentages
accompanied with an increase in crude protein content. Therefore, it was concluded that
quantitative feed restriction may be the only method to reduce successfully breeder obesity.

The short term consequences of placing hens onto full feed after being redtricted fed
during rearing was studied by Yu et al. (1990). In this study it was concluded that broiler
breeders which had undergone a period of feed restriction gained mainly body fat during the 1%
wk of redimentation. These findings supported the results of Rossbrough et al. (1986), who
found that the activities of the lipogenic enzymes were depressed during the period of feed
redriction , climaxed the T wk of redimentation, and declined gradualy to below those of
control birds on subsequent weeks. Robinson et al.(1991b) reported the long term sgnificant
differences in totd body composition between feed redtricted hens and ad libitum hens; in
which, water = 54% vs. 49 %; fat 27% vs. 34%; protein 15% vs. 14%, for feed restricted hens
vs. ad libitum hens respectively. No differences were noted in percent ash between
treatments.

1.6 Effects of Feed Restriction on Broiler Breeder Reproduction

Pym and Dillion (1974) reported that production of hatchable eggs per hen day to 67
WOA in broiler breeders was highest in birds restricted (40% of ad libitum) during rearing and
fed ad libitum during the laying period. Pym and Dillion (1974) dso concluded that the
greatest production of large eggs was associated with the severest redtriction during rearing.

Tota eggs above 57 grams where 71.1%, 72.3%, 81.3%, and 80.4% for treatments ad libitum,
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80%, 60%, and 40% of ad libitum, respectively. Soon thereafter, Chaney and Fuller (1975)
addressed the issue of seasond effect on feed redtriction throughout the breeding period and its
subsequent  effect on reproductive performance. Chaney and Fuller (1975) reported an
goparent seasonal-energy relationship with respect to feed redtriction and egg production.
Chaney and Fuller (1975) alowed broiler breeders to come into production in the spring (April
14) and reach peak production late in July. The subsequent period of energy restriction that
was placed upon these hirds lasted well into the colder months of November and December.
During this cold wegther the hens gpparently utilized more of their energy intake for maintenance
of body temperature leaving fewer calories for egg production because it was during this period
that production dropped sharply in the restricted groups. In a subsequent tria hens came into
production during the winter (January 25) and the subsequent period of energy restriction was
imposed upon hens during spring and lasted through the hot summer months. The trid ended
before the onset of cold westher. The energy restriction imposed on birds during the summer
months did not affect egg production and the restricted birds were adle to utilize their dietary
energy more efficiently than the full fed birds

Bartov et al. (1988) reported the laying of first egg was dgnificantly (P<.05) ddayed in
broiler breeder hens previoudy kept on a skip-a-day feeding regimen. Rate of egg production
and egg weights up to 35 wk of age were not affected by the method of feed redtriction.
Hocking et al. (1989) took these results one step further and suggested a decrease in the
number of fallicles beginning the phase of rgpid growth a sexud maturity with incressing length
of time spent on a redtricted feeding regime. It was observed that the number of large ovarian

falliclesin broiler breeders at sexud maturity declined linearly with the time of rediricted feeding
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after the age of 14 weeks. Also noted was the fact the number of large follicles in the ovary a
sexud maturity was postively correated with the incidence of multiple hierarchies and reduced
egg production. Hocking et al. (1989) concluded by sating that low egg production during
early lay in broiler breedersfed ad libitum is associated with multiple ovulations caused by the
presence of a least two hierarcchies of ovarian ydlow fallicles. In the domestic fowl,
ovipositions occur in sequences of one or more eggs, Separated by one or more pauses or
nonlaying days (Etches 1984). Robinson et al. (1991a) hypothesized that fertility and early
embryonic loss may be impaired in firs-of-sequence eggs compared with al subsequent eggs
within a laying sequence. The basis for Robinson’s hypothesis was as follows.  An ovarian
follicle destined to become a firgt-of-sequence egg resides as the largest follicle on the ovary for
about 16 hr longer than would afollicle destined to ovulate as a mid-sequence or termind egg of
sequence. It was hypothesized that this increased period of aging may result in a change in the
oocyte' s ability to undergo fertilization. Alternatively, such an “aged” oocyte may be fertilized
normaly, but the embryo may be of suboptima quality and die prior to ovipostion or fal to
resume development after egg storage induced embryonic digpause.  Yu et al. (1992b)
supported this theory by dating thet the high rate of egg production in laying hensis an outward
manifestation of the high degree of synchronization of the ovarian cycle, which governs the
orderly maturation of fallicles, and the circadian control, which limits the open period for the
release of luteinizing hormone (LH) from the adenohypophyss. Robinson et al. (1991a)
expanded further upon these results by reporting that ad libitum feeding reduced reproductive
performance of broiler breeders by increesng the number of long intersequence pauses.

Robinson et al. (1991a) reported that the average feed restricted hen had a total of 58.4 days
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worth of pauses in a 40 weeks lay period for an average sequence length of 4.4 days, as
compared to an average of 74.8 days worth of pausesin ad libitum fed hens for an average
sequence length of 3.8 days. Feed restricted hens on average laid atota of 176.6 eggs per hen
for the 40 week cycle, while ad libitum fed hens laid 136.2, sgnificantly fewer eggs through 40
weeks of lay.

The idea that restricted fed hens have alonger sequence length and fewer pausesin ther
production cycle perhaps dlows fertility to be improved in feed restricted hens, as Bacon and
Nestor (1979) observed that fertility was sgnificantly lower in first-of-sequence eggs by 2.6%.
The difference as reported by Robinson et al. (1991a) was 2.54%, which approached
datidicd dgnificance.  While early embryo viability up to 7 days of incubation was not
sgnificantly influenced by sequence position. However, Bacon and Nestor (1979) reported
that in turkeys, by day 7, up to 3.2% more embryos are dead in first-of-sequence eggs than in
subsequent eggs. Robinson et al. (1991a) dtated that it may be possible to improve chick
production late in lay in broiler breeders by increasing selection pressure for sequence length.
Robinson et al. (1991a) dso suggested that egg weight was sgnificantly greater in firg-of-
sequence compared with subsequent eggs, possibly resulting in less uniformity and poorer
hatching results of eggs from full-fed hens. Robinson et al. (1991a) additionally stated that in
domestic poultry both fertility and hatchability decline at the time when egg production declines.
Previous reports have shown a podtive correation between current egg production and
hatchability (Robinson et al. 1991a,b).

Yu et al. (1992b) dso reported that increased recruitment of yelow ovarian follicles

into the rapid phase of development gppears to sSgnify some changes of the mechanisms that
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regulate the orderly maturation of these follicles. Hence, most poultry species are characterized
by excessve ovulations, and increased incidence of erratic ovipodtions and production of
defective eggs. The erratic pattern of ovipodtion in full-fed broiler hens would appear to be
related to abnorma maturation of steroidogeness, paticularly in the F1 and F2 fallicles. In
many cases it would seem tha the F2 follice has the endocrine profile of an F1 follicle,
producing very little androstenedione and large amounts of progesterone. In these hens, it is
probable that the preovulatory LH surge would trigger ovulation of both the F1 and F2 fallicles.
Yu et al. (1992ab) reported it is not clear how an increased intake of nutrients in ad libitum
fed birds causes these endocrine dterations, but agrees with previous studies in concluding that
perhaps excess BW dlows for the entire hypothadamic activity to mature at a faster rate than is
optimum. Yu et al. (1992b) reported the average number of large ovarian follicles in hens full-
fed (FF), hens full-fed during rearing and restricted during breeding (FR), hens restricted during
rearing and full-fed during breeding (RF), and hens redtricted throughout rearing and breeding
(RR) at sexud maturity was 12.2, 11.1, 10.7, and 7.8, respectively. They determined that BW
was the mogt important variable among 11 in determining the number of large ovarian follicles a
sexud maturity in broiler breeders. Yu et al. (1992b) continued by concluding that broiler
breeder hens that were full-fed either during rearing or lay had a Sgnificantly higher incidence of
eratic ovipodtions and defective eggs (soft-shdlled, shdll-less, or multiple-yolked) compared
with birds that were feed restricted during the corresponding periods. They reasoned that the
increased incidence of erratic ovipodtions and defective eggs is the result of amultaneous
development of follicles. Excessve ovulaions may lead to two or more follicles being ovulated

amultaneous or sequentidly, resulting in multiple-yolked eggs or more than one egg being laid



per day. From the continuing study Yu et al. (1992b) identified at least two mechanisms that
contribute to the low production of settable eggs in full-fed birds. Initidly, when ad libitum fed
female broiler breeders have an increased incidence of multiple hierarchies of follicles, it leadsto
multiple ovulaions and production of defective eggs. Secondly, when fed ad libitum, femde
broiler breeders have an increased incidence of ovarian regression, which results in cessation of
egg production.

More specificaly, Yu et al. (1992b) reported that oviducts and ovaries of full-fed (FF)
hens began maturing at 18 weeks of age when on only 8 hours light. At 18 wk of age, the
oviducts of FF birds were sgnificantly heavier than those of restricted hens, and numerous FF
hens contained yelow fallicles in the early stages of rgpid development. Feed redtricting birds
only during the rearing period (RF) had a sgnificant impact on ovarian development during the
breeding period. Although age at sexua maturity was not different, the weight of the ovary was
ggnificantly heavier in RF birds than in RR (restricted during rearing and breeding) birds
throughout 40 WOA. Physca feed redriction throughout rearing and breeding sgnificantly
decreased the number of yelow follicles in broiler breeders as compared to full fed hens, 7.22
and 9.14, respectively. Continuous feed redtriction aso reduced significantly the percentage of
soft shdled and multiple yolk eggs. Soft shelled eggs within ad libitum fed hens represented
32.6% of dl eggs as compared to only representing 4.5% of dl eggs within redtricted
trestments. Eighteen percent of al eggs from hens fed ad libitum were multiple-yolked eggs,
whereas only 2.3% of redtricted hens eggs were multiple-yolked eggs. Yu et al. (1992b)
reported in conclusion that during a 40 wk lay period, RR birds lad 176.6 totd eggs as

compared to 122.2, 1629 and 1325 for treatments FF, FR, and RF, respectively and
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reported a greater incresse in ovarian regresson among birds that had been full-fed as
compared to restricted birds, 33.3% at 40 wks of lay as compared to only 6.3% of restricted
hens.

To summarize the ideas of broiler breeder feed redriction to improve reproductive
performance, Fattori et al. (1993) dated that the pullet-to-layer trandtion period is a critical
dage in deveoping efficient breeder hens. Protein, energy, and minerd requirements are
changing rapidly as body development and sexud maturity are synchronized with age and
Season. Targeting sexua maturity is therefore a synchronization problem, in which development
of the skeleton, lean body tissue, fat deposts, sengtivity to photostimulation, and chronologica
age converge idedly a a point that predisposes the breeder hen to an efficient production cycle.
Redlization of this objective requires that a breeder manager achieve these factors with a high

degree of flock uniformity, so that they may produce chicks a an optimum cost.

2 Turkey Feed Restriction
2.1 General Aspects

During the past few years, there has been congderable interest in the use of feed
restriction programs for juvenile turkey breeder hens. As mentioned, this interest has been
gimulated by the success with broiler breeders, and by the fact that the primary turkey breeding
industry has shifted some of its sdection emphasis toward growth in the femae pedigree lines
(Krueger et al. 1978). As sdection produces even larger drains of commercid turkeys, the

problems associated with multiple ovulation, low egg production, and poor shell qudity are



likely to increase.  This possibility strengthens the case for reexamining the potentid benefits of
feed regtriction (Miles and Leeson, 1990; Hocking, 1988).

Scott and Payne (1942) were one of the first to theorize that the reproductive
peformance of turkey breeder hens may vary under certan environmentad or nutritiona
conditions. Scott reported that eggs from breeding flocks having free range exhibit superior
hatching power in comparison to eggs laid by breeders confined to small pens. This difference
was attributed to increased activity of range breeders with less tendency to increase BW. Since
this study, over 55 years ago, researchers and industry personnd have found that feed
restriction of turkey breeder hens contains an array of complex factors that must be continuoudy
evaluated.

As has been reported in broiler breeders, the method of feed redtriction chosen is of
great importance if the am is to exert control of body weight so that reproductive performance
may be maximized. In addition, the age a initiation of redtriction, the degree of redtriction, the
duration of redtriction, and season during restriction have profound effects on subsequent feed
efficency, onset of sexud maturity, as wdl as peak production and a hens ability to maintain
production. Other factors that influence the ability of feed redtriction to play a podtive role
within the turkey industry include the redimentation period following restricted feeding, body
weight gain following a time of redtriction, time of photosimulation, and overdl diet from a
nitrogenous and caoric standpoint. Once research has established a basdline for restricted
feeding programs, the physiological mechanisms of improvement must then be determined so

that in future years the turkey industry can continue to adapt to strain and genetic changes. To



understand the research and progress made over the past 55 years the following review of

pertinent literature regarding feed restriction of turkey breeder hens is presented.

2.2 General Ideason Body Weight and Feed Consumption of Turkey Breeder Hens
As has been reported in broiler breeders, ataining some specific BW as well as
maintaining a specified rate of gain in conjunction with a gtrict monitoring of feed consumption
have been suggested to affect turkey breeder hen reproductive performance. However,
Touchburn et al. (1968) dtated that the response of turkeys to restricted intake cannot
specificdly be predicted from research reported within the broiler breeder industry.  This may
be true because among other differences, turkeys do not gain weight during the period of egg
production. The tendency with turkeys is in fact to lose weight during the early part of the
reproductive period. There have been varied reports on BW changes during the reproductive
period. During the first egg production cycle, turkey hens fed ad libitum during the growing,
holding and reproductive phases have been reported to ether lose or gain body weight,
depending on environmenta temperature changes (Bacon and Nestor 1982). Krueger (1982)
mentioned that only full-fed breeder hens show a characteristic decrease in body weight during
the egg production period. Bacon and Nestor (1982) concluded that BW changes during
reproduction in turkey hens are not associated with mature body weights or egg production
potentid. However, Robd (1981) did observe by regresson anadyss a positive correation of
body weight with egg production, egg mass and dietary intake up to approximately 10 kg body
weight and later reported, Robel (1984), that during egg production turkey hens generdly lose

body weight and weight loss generdly coincides with declining egg production. While at the
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same time, Krueger (1982) reported BW changes observed in turkey breeder hens are caused
by decreased feed consumption which occurs a pesk production. Therefore, it was
recommended that turkey diets be designed to produce and maintan heavier BW (Robd
1984). Robd (1984) concluded that BW reduction associated with aging in hens was in direct
response to lipolyss and tissue protein catabolism which in turn indicates the turkey hen does
not eat sufficient feed to sudtain itsef and egg production. It would gppear, therefore, that
turkey hens may need a diet designed to produce heavier BW a least 2 weeks prior to the
onset of egg production to assure proper ovarian development and the accumulation of potentia
body reserves for sustaining egg production.

Moran (1987) concluded that the diet consumed by hens going into lay is of tremendous
importance gating that protein consumed by the hen going into production is overwhemingly
oriented to yolk and abumen formation. This protein requirement of laying hensis now not only
afunction of needs for maintenance, but aso egg formation. 1t was reported that protein intake
in hensgiven ad libitum feeding sgnificantly increases a the time when an ovum would be in the
magnum.  Subsequently, ovum movement into the uterus initiates shell formation, and the hen
must now cope with a huge increase in the need for calcium. Once research discovers the great
impact BW and feed consumption have on reproductive efficiency, dternatives to control body
weight can be investigated and thereby improve productive efficiency.

2.3 Methodsof Turkey Feed Restriction
2.3.1 Protein and Energy Restriction
Previoudy, when consdering nutrient redtriction to improve reproduction, many

researchers felt the most efficient way to obtain optimum results was to restrict protein and/or
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energy within a breeder hens diet. Protein restriction was the focus of a study performed by
Atkinson et al. (1960). Broad Breasted turkey breeder hens were fed diets containing ether
16, 19, 22 or 25% protein. It was concluded that the 22% protein diet resulted in the highest
rate of production and best feed efficiency. No dgnificant differences were reported in fertility
or hatchability. However, Mitchel et al. (1962) faled to show any differences in tota egg
production when femaes were fed diets containing ether 12 or 18% protein from 20 to 38
WOA. Bradley et al. (1972) addressed the relationship of protein levels within the breeder hen
diet. Breeder hens were fed either a diet conssting of 15 or 18% protein, resulting in over 4%
more eggs being produced from hens recaiving the 18% diet versus those fed on the lower
protein leve. Unlike the sudy of Atkinson et al. (1960), both fertility and hatchability were
improved by feeding a diet containing 18% protein. Borron and McCartney (1972) studied
prebreeder nutrition by implementing a sudy which conssted of three feed treatments during
rearing and prebreeding (8 to 32 WOA). Treatment A = an ad libitum fed control diet (NRC
standards), Treatment B = a 18% protein diet with 3000 kcal ME/kg feed, fed ad libitum, and
Treatment C = a 18% protein diet with 2000 kca ME/kg feed, restricted to the feed intake of
trestment B. It was found that those females fed diets A, B, and C weighed 10.0, 9.7, and 6.4
kg, respectively , a 32 WOA. More settable eggs were laid by the hens fed diet C, dthough
this improvement in egg production was associated with a lower fertility. Nether the onset of
sexud maturity, egg weght, nor hatchability were sgnificantly influenced by any of the three
dietary treatments. Borron et al. (1974) followed this research with a study examining turkey
breeder hen candidates with energy intakes limited to two-thirds of that voluntarily consumed by

acontrol group. Hens recaiving practica-type growing diets ad libitum during rearing laid their
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first egg Sgnificantly earlier after the time of photostimulation (Control = 21 daysvs. Lo Energy
= 24 days). Days to 50% production was not significantly affected by rearing trestment
(Control=32 days to 50% production vs. Lo Energy = 35 days). Concluding that restricting
energy during the growing period did not affect reproductive performance

Cherms et al. (1976) fed turkey hens a high (18.5%) and low (15.6%) protein diet
during the prebreeder period (22 to 32 WOA) and reported no sgnificant difference in the
peformance traits of age a firt egg, egg production, or hatchability due to nutritiona
treatments. Joneset al. (1976) followed this same practice of a high vs. low protein diet (18%
vs. 15%), except the diet was utilized during the actua breeding cycle and not during
prebreeding. Each protein treatment aso conssted of three energy sub-treatments (2666,
2893, and 3101 kcad ME/kg). As was seen in the study of Cherms et al. (1976), dietary
protein levels had no effect on BW, feed consumption, egg production, or hatchability. Only the
highest energy content lead to a significantly improved fertility whereas the hatchability for the
trestment with the intermediate energy content was statigticaly improved. The effect of dietary
protein during the rearing as well as the prebreeding period was dso sudied by Meyer et al.
(1980). Turkey breeder hens were fed diets containing either 10, 12, or 14% protein from 12
to 32 WOA. All hens were then fed a breeder diet conssting of 17% protein. Results
indicated that prebreeder feed consumption and BW gain increased sgnificantly with every
increment of dietary protein. No sgnificant differences were noted in egg production among
these three trestments, while sexua maturity, egg weight, specific gravity, and shdl thickness

were Smilar anong dl trestments.
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Nestor et al. (1981) fed a high fiber diet as opposed to a control diet to turkey breeder
hens from 16 to 42 WOA and reported that the high fiber diet resulted in a Sgnificant decrease
in BW of 14% at 42 WOA. Feeding the high fiber diet resulted in an increase in organ weights,
but had no sgnificant effect on egg production, egg weight, fertility, or hatchability. Using low
planes of nutrition that are baanced in energy and protein permit norma body development
while discouraging obesity. Presumably, low plane rations through rearing would avoid obesity
in turkey hens without adversdly affecting reserves, while a high plane of nutrition breeder feed
would augment production (Ferket et al., 1986). Ferket et al. (1986) implied that avoiding
obedgity during the rearing of turkey hens is generdly considered advantageous to subsequent
reproduction. They reported that feeding alow plane (LP) of nutrition during the rearing period
of turkey breeder hens led to a lower body weight than with a high plane (HP) regimen. They
hypothesized that the reduction in body weight a 31 WOA with LP rearing was largely
attributed to less depot fat. The additiond work used in consuming and digesting LP feed is
known to decrease its net energy. Similarly, low levels of fat in these feeds would necessitate
synthesis of fat from carbohydrates, in turn, decreasing the productive energy obtainable from
net energy. Experimenta trestments neither influenced egg production nor egg weight, but
goparent fertility improved with hens that had been LP reared. Grimes et al. (1989) utilized
Large White turkey breeder hens to focus on the relevance between dietary protein during the
prebreeder period and its subsequent effect on reproduction. Hens were fed either a 12, 15, or
18% protein diet from 24 to 32 WOA. Theresfter, dl hens were photostimulated and
continued on a 16% protein diet. No significant differences were reported in weekly BW and

feed consumption, egg production, fertility, carcass moisture or fat content.
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2.3.2 Physical Feed Restriction

Protein and energy restriction have shown positive results for controlling BW, but many
believe that current genetic sdlection programs and pressure to increese weight gain in
commercid turkeys have creasted a need for some form of physical feed redtriction. One of the
firg to study the effects of physical feed redtriction and its effect on breeder performance was
Scott and Payne (1942). Breeder hen candidates were either ad libitum fed (control) or
restricted fed (61% of control) from 26 WOA to the onset of the lay cycle. This lay cycle
began at 45 WOA for the control hens and 47 WOA for redtricted fed hens. Throughout the
lay cycle dl hens were fed ad libitum. It was reported that after an adaptation period, even
restricted fed hens had substantid BW gain throughout the prelay cycle. Even though restricted
fed hens ganed weight throughout this time, BW & fird egg was sgnificantly less in the
restricted groups. It was aso noted that the BW of control hens plateatued at the beginning of
egg production, while restricted fed hens continued to gain weight during the lay cycle. Egg
production was reported to be smilar for control fed and restricted birds. Scott and Payne
(1942) dso concluded that restricting feed intake during rearing of turkey breeder hens alowed
for greater consumption and continued increasing body weight for 3 weeks after sexud maturity,
while hens full-fed through rearing underwent a dramétic drop in body weight at the point of
sexud maturity.

Anderson et al. (1963) restricted feed from 12 to 24 and/or 24 to 40 WOA, resulting
in sgnificant reductions in BW a photostimulation while reporting no adverse effects on egg
production or fertility. However, hatchability was sgnificantly improved in those hens redtricted

during the 12 to 24 week period, which was suggested by the authors to be related to marked



improvement in feed utilization during the ensuing full-fed period. Touchburn et al. (1968)
reported two trids in which nutrient intake restriction and consequently , growth restriction, of a
medium Szed drain of turkey was achieved by limiting consumption to 70% of full fed. All hens
received a 17 % protein breeder diet ad libitum throughout the subsequent reproductive
period. The results were sgnificantly lower rates of egg production in restricted compared to
ad libitum fed hens.

In comparing energy redriction with manua feed redriction during the prebreeding
period, Baloun (1973) reported no sgnificant differences in egg production even though in
some manudly fed restricted hens BW was depressed as much as 1.4 kg as compared to full-
fed hens. In a second trid, Baloun (1974) reported that restricting feed during the prebreeding
period (20-31 wk) also resulted in reduced body weight of turkey breeder hens a time of
photogtimulation. Restricted hens weighed 6.66 kg vs. 7.47 kg for that of control full-fed hens.
Subsequently, in a second trid, rate of egg production was dgnificantly greater for those hens
fed on alimited-fed basis during the holding period (47.1%) compared with hens previoudy full-
fed (33.9%). Bdloun concluded from this second experiment limiting feeding during the period
from 20-31 wk, compared with feeding the same diet full-fed, was profitable in terms of lower
feed consumption (29%), high egg production rate (47.1 compared with 33.9%), lower
mortality during both the growing and laying periods, and a 27.3% increase in feed efficiency
per egg during the laying period. Although no form of physica feed restriction was gpplied in a
study by Jones et al. (1976), it was determined that hens attaining light BW or heavy BW &
photostimulation did not perform as well as intermediate weight hens. At 32 weeks of age,

large Broad Breasted turkey breeder hens were classfied into three weight groups. hens



weighing less than 7.05 kg were classfied lightweight; above 8.41 kg were heavy; with those
between clasdfied as intermediate.  The study reported no sgnificant differences in fertility,
hatch of fertile eggs, hatch of dl eggs, or average egg weight based on body weight. However,
intermediate weight hens produced significantly more eggs (P<.05) than the lightweight or heavy
hens (49% vs. 34 and 35% hen-day production, respectively).

Krueger et al. (1978) investigated the concept of a skip-aday feeding program
implemented from 22 to 30 WOA, restricting the feed dlowance to 75% of an ad libitum fed
control group. Beginning a photostimulation (30 WOA), one hdf of the breeders was fed
either a 14 or 18% protein diet. The BW of the restricted fed hens was observed to be
ggnificantly lower at 30 WOA than the control ad libitum fed group. In addition, restricted
hens reached their maximum BW a 34 WOA as compared to 33 WOA for the full-fed control.
The onset of sexud maturity was dso dgnificantly earlier in the ad libitum fed group, while egg
production was dso improved for ad libitum hens. The dietary breeder treatment did not
affect any reproductive criterion. Andrews and Morrow (1978) evauated the timing of physica
feed redtriction and its subsequent effects on reproductive performance. The following four feed
trestments were compared beginning from 8 WOA: (1) full-fed during rearing and breeding, (2)
full-fed during rearing and redtricted during breeding, (3) redtricted during rearing and full-fed
during breeding, and (4) restricted throughout rearing as well as breeding. The restricted fed
hens were fed 80% of the amount consumed by the full-fed group during the previous week.
The data reveded that the full-fed trestment produced sgnificantly more eggs than al other
treetments. There were dso sgnificant differences among feeding treatments for misshaped

and soft-shell eggs with the full-fed treatment having the highest percentage.
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More recently, Hocking (1992 ab,c) studied the affects of physica feed redtriction on
modern day turkey breeder hens. Hocking (1992a) fed breeder hen candidates either on ad
libitum or redtricted bases, beginning & 6 WOA to achieve a BW reduction of 40% upon
photostimulation at 18, 24, 30 WOA. Theredfter, al treatments were provided an ad libitum
breeder diet. The BW of the restricted hens was significantly reduced until 48 WOA regardless
of time of photostimulation. Feed intake after 30 WOA was no longer sgnificantly different
among treatments. It was noted that a large portion of restricted fed hens simulated at 18
WOA did not commence lay until 30 to 40 WOA, and a dgnificant number of hens
photostimulated at 24 WOA had short laying cycles. The production of cracked, soft-shelled
and double yolked eggs was higher in ad libitum fed hens. Hocking (1992b) further clarified
the influence of feed redtriction on the decrease in percentage of abnorma eggs. Four strains of
turkeys that were characterized by sgnificant differencesin BW a photostimulation, were either
fed ad libitum or restricted to 60 or 80% of the BW of the full-fed control at 24 WOA. It was
reported that the implementation of feed restriction successfully reduced the number and the
proportion of smilar Szed ydlow follicles, supporting the results of Hocking et al. (1988 and
1989) and Robinson et al. (19914a) in research done with broiler breeders. However, the effect
of regtriction diminished with increasng BW of strain, supporting the theory that heavy strains of
breeder hens may need to undergo more severe forms of feed restriction.

Fets et al. (1993) studied the use of moderate physica feed redtriction over a longer
period of time, 4 to 30 WOA. Hens were either fed ad libitum (control) or restricted daily
(90% of feed consumed by the control). Upon photostimulation a 30 WOA, an ad libitum

breeder diet was provided to dl hens. The results showed that the BW of the restricted hens
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was sgnificantly reduced a 30 WOA. There were no sgnificant differences observed for any
reproductive trait, except noting thet fertility was sgnificantly lower for restricted fed hens from
41 to 44 WOA. More recently, Klein-Hesdling (1994) subjected breeder hen candidates to
severd forms of physcal feed redtriction.  Treatments ranged from moderate to severe feed
redtriction as compared to a control trestment. Treatments were implemented from 6 to 16
WOA s0 that restricted fed hens achieved 15, 30 , and 45% reductions in body weight at 16
WOA as compared to the ad libitum fed control trestment. Results indicated that the 45%
redriction trestment lad dgnificantly more settable eggs and percentage hatchability was
sgnificantly improved for the most severely restricted hens.
2.3.3Physical Feed Restriction vs. Protein and Energy Restriction

A comparison between feeding a high fiber-low energy diet or manudly redricting
intake of ahigh energy diet was made by Potter and Leighton (1973). The authors reported no
differences in reproductive performance between feeding sysems. A ggnificant difference in
feed consumption and resulting feed cost was found, suggesting that manua restriction of ahigh
energy diet was the more practical way to approach feed restriction. Owings and Sdll (1980)
compared the effects of physca feed redtriction againgt feeding a low-protein / low-energy
control diet. Three treatments were desgned to be implemented from 6 to 20 WOA.
Treatment (1): ad libitum fed control receiving a low-protein (13.5%), low-energy (2750 kcal
ME/kg) diet; Treatment (2): feed redtriction to 70% of control on a skip-a-day bass, and
Treatment (3): dally redtriction to 60%. Results from the study at 20 WOA indicated that BW
of the 70 and 60% redtricted hens were 69 and 57% of the control hens, respectively.

Although differences were till noted at 32 WOA, restricted hens had gained more BW than the



control hens from 20 to 32 WOA. There were no sgnificant effects of feed redtriction on rate
of production

Renema et d. (1993) reared a flock of mae line hens that were either exposed to a
quantitative or quditative feed redtriction from 4 to 28 WOA. An ad libitum fed control
treatment was the bass of the sudy. Quantitatively restricted fed hens were given redtricted
feed dlotments so they achieved a BW redtriction of 10% as compared to the control trestment
at 28 WOA. Qudlitative restricted hens were fed a low protein diet (12%) from 12 to 28
WOA. All hens were fed a standard breeder diet throughout the lay cycle. It was determined
that quantitative restricted hens, on the basis of hen-day production, laid 6.8 more eggs than the
full-fed control. The performance of the low protein fed hens was intermediate, signifying a
need for actua physicd feed redtriction when trying to improve breeder performance of mde
line hens. In conclusion, research has determined that control and manipulation of BW and feed
consumption through or by feed redtriction is then generdly rdated to changes in subsequent
body composition.
2.4 Body Composition of Feed Restricted Turkey Breeder Hens

Anderson et al. (1963) reported that when restricting broiler hen body weight to 85% a
of control group a 24 WOA, neither shank length nor body depth were sgnificantly affected.
However, breast width was sgnificantly reduced. This suggest a priority of bone growth over
tissue growth or fat depostion. Touchburn et al. (1968) came to the same concluson as
Anderson et al. (1963) when they reported that feed intake of only 70% of an ad libitum
control resulted in no sgnificant differences being seen in shank length, ked length, or body

depth of turkey hens. Significant differences in frame Sze were reported by Borron et al.



(1974). Results indicated that turkey breeder hens which had their energy intake limited to two-
thirds of that voluntarily consumed by birds recelving practicad-type growing diets ad libitum
were lessfat (13.2 vs. 22.6%), had shorter shanks (15.2 vs. 15.9 cm) and weighed less at the
end of the redtriction period (6.4 vs. 10.0 kg). Carcass fat, however, was not sgnificantly
affected at the time of 50 percent egg production. At the end of production, BW remained
sgnificantly lower for restricted hens (89 vs. 9.7 kg). McCartney et al. (1977) reported
overdl hen body fat reaches a peak when egg production begins and then decreases during the
production period.

Krueger et al. (1978) investigated the effects of skip-aday feeding from 22 to 30
WOA and reported that hens restricted during this time period experienced a significant
reduction in ked length, breast width and body depth but, as in the sudies of Touchburn et al.
(1968) and Anderson et al. (1963), shank length appeared not to be affected. Robel (1984)
concluded that turkey hens fed a 17% protein breeder diet had significant linear declines in BW
during an egg production cycle and that on an absolute weight basis significant trends occurred
with aging for body moisture, protein, fa, cacium, and phosphorus. Hocking (19929) fed
breeder hen candidates either ad libitum or on a restricted basis, beginning a 6 WOA to
achieve a BW reduction of 40% upon photostimulation at 18, 24, 30 WOA. A chemica
andydis of the carcasses indicated that the restricted hens were sgnificantly leaner than the full-
fed controls a 6 and 12 weeks after lighting and at the end of the study (54 WOA). Klen-
Hesding (1994) reported that hens which were moderately to severely restricted to 16 WOA
as compared to a control group had decreased breast muscle, abdomind fat pad, gizzard, and

liver weight at 17 WOA on both an absolute and relative weight basis.  Tibia bone and tibia



muscle circumference were significantly reduced by redtriction regimens a 17 WOA but no
ggnificant differences were found a 32 WOA. Heinferred most of the changes observed were
not permanent but trangtional dterations. Renema et al. (1993), when working with mae-line
breeder hens, dso reported that physica feed redtriction reduced frame sze during rearing.
While flock uniformity in restricted hens was reduced during rearing, it improved early in the
breeder period. It was concluded that feed restriction reduced breast muscle and abdomina fat
pad weight early in lay and that total carcass protein content changes in time reflected breast

muscle mass changes.

3.1 Hormonal and Enzyme Activity within the Turkey Breeder Hen

Along with affecting body compostion, feed redtriction of turkey breeder hens dso
likdy plays an active role in hormond and enzyme activity within the breeder hen.
Consequently, any changes in the regulation of hormond or enzyme activity must be understood
if feed redtriction is to be successfully implemented.
3.1.1 Growth Hormone and Feed Restriction

While various restriction regimens have been proposed in an effort to reduce feed costs,
control BW, and improve reproductive performance, the effects of such restrictions on the
physology and metabolism of the growing bird are not wel undersood. Growth hormone
(GH), studied extensvely in mammaian species but not in birds, has an important influence on
growth and metabolism. However, circulating GH levels in the growing turkey are found to be

postively corrdlated with growth rate (Proudman and Wentworth 1980). Studying the



ontogeny of GH secretion in turkeys from day 14 of embryonic development through 32 weeks
of age, (Proudman and Wentworth 1980) reported that GH was not detected in the plasma of
turkey embryos prior to day 25 of incubation, and was not found in most embryos until the day
before hatching. A highly dgnificant podtive corrdation was observed between weekly
percentage rate of growth and plasma GH concentration, while age and GH concentration were
negatively corrdated.  Results suggest that growth hormone may not be important in the
developing embryo, but may be associaled with growth during the rapid phase of
postembryonic growth. Therefore, turkey breeder hens that are subjected to feed redtriction
during rearing may experience sgnificant changes in GH levels as compared to full-fed hens,
resulting in subsequent effects concerning reproduction. Proudman and Opd (1981) compared
plasma GH levelsin redtricted fed turkeys versus ad libitum fed turkeys. Redtricting the feed of
turkeys resulted in an increase in the basal leves of plasma GH within 1 week of imposing the
redrictions. Feed redtricted birds maintained plasma GH levels sgnificantly higher than those of
the control group throughout the restricted period and when subsequently returned to ad
libitum conditions, basd plasma GH levels remained devated above control levels. This
increase in GH secretion during undernutrition is a metabolic adjustment consstent  with the
known role of GH in glucose, protein and fat metabolism. The eevated GH leves present after
return to adequate nutrition may aid in compensatory growth (Yu et al. 1990).
VaslatosYounken et al. (1988) stated that there was a strong correlation between
measures of GH and growth rate, Sgnifying an important role for GH in postembryonic growth
in poultry. However, this rdationship was shown to be an inverse rdationship as rddivey

lower GH concentrations were seen in a faster-growing line than in a dower-growing line
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(Vaslatos-Younken et al., 1988, Anthony et al., 1990). Lauterio and Scanes (1988) reported
that this postembryonic result of GH was in fact an agerdated difference.  Plasma
concentrations of GH reflected greater secretion of GH in younger birds (3.5 fold increase) than
in older birds, therefore, suggesting that any feed restriction implemented during early rearing of
hens would greetly affect ther circulating GH levels as compared to a lesser affect if the hen
were to undergo feed redtriction at alater time.

Circulating growth hormone leves are not the only hormond activity that is likdy
affected by feed restriction. Since feed deprivation has also been referred to as a stress factor,
(Bartov et al. 1988), any enzyme activity that regulates protein and/or muscle enhancement or
degradation dso islikely to be subsequently affected by feed restriction regimens.

3.1.2 Effects of Aspartate Aminotransferase

Agpatate aminotranderase (SGOT) is an enzyme widdy digtributed in tissues with
highest concentrations in liver, heart, and skeletal muscles. Acute destruction of these tissues
results in release of gzable amounts of SGOT into systemic circulation (Kachmar 1976).
Although there are very few records of SGOT being measured in the avian species, the enzyme
has been monitored extengvey in humans. Studies show that in hepatitis and other forms of
liver disease associated with hepatocd lular necross, plasma SGOT levels may reach 100 times
the normd levd (Sack and Lanchantin 1960). Therefore, plasma SGOT levels in Stuations of
feed redriction may then help to confirm the effects of redriction on various tissues within
poultry species.

Augustine (1982) reported no significant affect was seen on SGOT levels when turkey

poults were subjected to a fasting period. Two-week-old poults were deprived of fed, water,



or feed and water for up to 3 days to estimate the effects of nutrient depravation. While weight
gan was sgnificantly decreased in dl poults deprived of feed, water, or feed and water, plasma
levels of SGOT were not significantly changed. These findings were later confirmed by Cason
and Teeter (1994) in which six-week-old male turkeys were utilized to evauate the effects of
feed access on SGOT. Redtricted birds were deprived of feed for 16 hours while a control
trestment continued on ad libitum feed. It was determined that, even though vaues were
numericaly different, plasma SGOT levels were not ggnificantly impacted by the 16-h feed
withdrawa (Control = 267.78 U/L vs. Feed Deprived = 286.11 U/L).

3.1.3 Effects of Prolactin

Once a breeder hen has gone through the adolescent stage, utilizing hormond and
enzyme activity, she then reaches the stage of sexud maturity at which time awhole new facet of
regulatory factors gppear. One of the most important and controversid factors concerning
efficient reproduction of the turkey breeder hen is that concerning the actions of the hormone
prolactin.

Reproductive efficiency of turkey hensislow in comparison with broiler breeders. One
component of this low efficiency is rdaively poor egg production, which is reated to varigble
propengty toward early cessation of egg laying and associated incubation behavior, which is
commonly referred to as broodiness. Therefore, relatively poor reproductive performance,
partidly attributed to induction of incubation behavior, is a costly problem to turkey breeders
and producers of hatching eggs. Within turkey breeder hens, the onset of incubation activity is
correlated with declining levels of gonadotropin-releasing hormones and increasing circulating

prolectin (Prl) levels. Studies by Hdawani and Rozenboim (1993) produced evidence



implicating increased Prl secretion as a cause of the reduced circulating gonadotropins and
ovarian regresson that results when hens shift from egg laying to incubation. The authors
administered exogenous ovine Prl to actively laying turkey hens for 6 to 8 days and reported
cessation of ovulation, ovarian regression, and the induction of incubation behavior. Nesting
activity was tripled within 24 hours and pergstent nesting was achieved within 3 to 4 days.

However, Etches et al. (1979) reported that plasma concentrations of prolactin were
increased in turkey hens as laying commenced. Sx weeks after photostimulation, the
concentration of prolactin reached a maximum of 300 to 400 ng/ml and theregfter the plasma
vaues declined. By 15 weeks after photostimulation, plasma prolactin had declined to basdline
vaues of less than 10 ng/ml. One issue that should be noted from this research is the idea that
hens which ultimatdy laid the most eggs (>150 eggs vs. <115) had dgnificantly higher levels of
prolactin for a longer period of time. The best producing hens (>150 eggs laid) had devated
levels (>100ng/ml) of prolactin for up to 12 weeks after photostimulation, while the poorest
producing hens (<115 eggs laid) very sddomly had devated levels (>100 ng/ml) of prolactin
after 3 weeks post-photostimulation.  From these results, it may be concluded that the best
producing hens often continue to have eevated levels of prolactin after pesk production,
ggnified by their continuous nesting behavior and maintaining of efficient egg production. It was
then suggested that selective breeding for egg production may favor the retention of a genotype
which isinsengtive to the antigonadd effects of prolactin.

Another factor that has been debated concerning prolactin levels in turkey breeder hens
is the affects prolactin levels may have on feed consumption. As mentioned previoudy, Krueger

(1982) reported turkey breeder hens decrease feed consumption at the time of peak production



which is a the same time blood prolactin levels are highest (Etches et al. 1979). To address
these effects, Denbow (1986) injected prolactin at dose ranges from 800 to 3200 ng into free-
feeding nonlaying hens exposed to 6 hours of light per day as well as laying hens exposed to a
long photoperiod. The injection of prolactin had no significant effect on feed consumption of
nonlaying hens maintained under 6 hr light per day. In hens exposed to long photoperiods and
in egg production, the injection of prolactin caused a Sgnificant decrease in food intake. These
results suggest that prolactin, acting a the leve of the centrd nervous system, may decrease
food intake in photostimulated turkey hens.

The reaults involving prolactin, within the turkey breeder hen, sgnify the great
importance prolactin has in a breeder hen's capabilities. The data indicate that the role of
prolactin may be of greater importance in the turkey hen as compared to other poultry species.
Ealier sudies investigating prolactin have suggested that prolactin increased feed intake for
some species. Injections of prolactin have shown to increase feed intake in the pigeon, duck,
and chicken. Within migratory birds, prolactin gppeared to be involved in simulating feed
intake prior to migration (Denbow 1986). These reports further indicate that the turkey hen
clearly has physologicd and metabolic differences from other avian species that must be
addressed. A find aspect that must be researched when considering a breeder hen's

reproductive efficiency isthat of an economic importance.

4.1 Economic Importance of the Turkey Breeder Hen
Growth and reproductive performance of turkey breeder parent flocks have a direct

impact on net returns to a turkey integrator. Economic gains from even small increases in turkey
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breeder reproductive efficiency can be significant given the scde of profit margin of today’s
turkey industry. Research on the biologica effects of feed redtriction on broiler breeder hen
growth and reproduction has indicated a number of technical advantages to such feeding
programs (Fattori et al. 1991). Researchers today must determine if the same can be
concluded for turkey breeder hens. Unfortunately, the economic consequences of these affects
are raedy determined. Proudfoot and Lamoreaux (1973) compared “monetary returns’
resulting from full feeding, redricted feeding (75% of full feed), and full feeding low-protein
diets (12.3%) during the rearing period, as well as feed redriction during the laying period.
They reported that feed trestments used during the rearing period had a significant effect on
“monetary returns’ of hatching egg production with the restricted feeding program resulting in
higher monetary gains.

Therefore, the turkey industry may find it beneficid to address the following hypothesis
regarding the economics of feed redtriction. If turkey breeder hens are severely feed redtricted
during the rearing period and the resulting egg and poult production is a the least equivaent to
sandard practices, then economic benefits from a lowered average totd cost of production
would accrue to the poult grower, hatching egg producer, and turkey integrator. Some specific
objectives that have been monitored within the broiler breeder industry should be measured if
thisideaisto be reported in the turkey industry (Fattori et al. 1991). Objectives to be studied:
1) examine the effect of feed redtriction on poult rearing cod, 2) test the sengtivity of the
average total cost of rearing a poult to changes in component costs, 3) compare average total
costs of hatching egg production for various degrees of feed redriction, 4) derive the change in

cost structure during the rearing period from changes in the density of poults per unit area (total



42

live-hen weight per house), and 5) derive the change in breeder hen laying cost dructure
resulting from increased poult rearing dengity. If redtriction is only to occur during rearing, then
the turkey breeder life cycle can be divided into two distinct accounting periods. 1) rearing -
poult placement to photostimulation and 2) breeding cycle - photostimulation until flock
liquidation.

When consdering the economic status of feed redtricting turkey breeder hens from a
production management perspective, there are afew generd ideas that also must be addressed.
Important production decisons are: 1) the timing of production (seasond), 2) level and mix of
operaing inputs (timing of feed redtriction), 3) flock size, and 4) management personne that are
efficient in converting operating inputs into quality poults. These later two decisons are of
particular importance once input prices and the level and mix of inputs are known. Production
cods per unit of output will be directly related to flock sze (uniformity) and the technical
efficiency in operaing input dlocation. Establishing an economic modd for breeder hens dso
dlows for management to provide drategies for personnd. These srategies alow industry to
interact with the competitive environment (subgdtitutions. pork, beef, chicken) to achieve
organizationd efficiencies (maximizing poults). Productivity gods must be established so that an
economic modd can ascertain acertain leve of efficiency. A god should be concerned with the
amount of output achieved from available resources. Productivity gods typicaly describe the
amount of resource inputs required to reach desired outputs and are thus stated in terms of
“cogt for unit of production”.

In concluson, with escdating feed cost and an uncertain marketability of turkey

products, understanding the potentiad economic benefits of feed redriction is likely to play a



ggnificant role in determining the future of the turkey industry. Using such modds would dlow
the turkey industry to better assess the optimum cost of producing a dozen hatching eggs as well

asaqudity poult.



REFERENCES

Anderson, D. L., J. R. Smyth, and R. E. Gleason, 1963. Effect of redtricted feeding during the
growing period on reproductive performance of large type white turkeys. Poutry Sci.
42: 8-15.

Andrews, L. D. and H. D. Morrow, 1978. Redtricted feeding regimes and subsequent
reproductive performance in cage and floor housed turkey hens. Poultry Sci. 57. 17-
21.

Anthony, N.B., R.Vaslatos-Y ounken, D.A. Emmerson, K. E. Nestor and W. L. Bacon,1990.
Pettern of growth and plasma growth hormone secretion in turkeys selected for
increased egg production. Poultry Sci. 69:2057-2063.

Atkinson, R. L., J W. Bradley, J. R. Couch and J. H. Quisenberry, 1960. Effect of protein
levdl and eectric shock on reproductive performance and incidence of broodiness.
Poultry Sci. 39: 1231 (Abstr)

Augustine, P. C., 1982. Effect of feed and water deprivation on organ and blood
characteristics of young turkeys. Poultry Sci. 61:796-799.

Bacon, W. L., and K. E. Nestor, 1979. Reproductive traits of first eggs of clutch postionsin
turkeys. Poultry Sci. 58: 257-258.

Bacon, W. L. and K. E. Nestor, 1982. Body weight changes during the reproductive period in
four strains of turkey hens. Poultry Sci. 61: 575-577.

Bdloun , S. L., 1973. Redricted feeding of turkey breeder candidates. Poultry Sci. 52:

1997.



Bdloun, SL., 1974. Effect on reproductive performance of turkey breeders of nutrient
restriction during the development period. Poultry Sci. 53; 625-632.

Bartov, |., S. Borngtein, Y. Lev, M. Pines and J. Rosenberg, 1988. Feed redtriction in broiler
breeder pullets. Skip-a-day verses skip-two-days. Poultry Sci. 67: 809-813.
Borngtein, S, |. Plavnik and Y. Lev, 1984. Body weght and/or fatness as potentid
determinants of the onset of egg production in broiler breeder hens. Br. Poultry Sci.

25: 323-341.

Borron, D. C. and M. G. McCartney, 1972. Effect of restricted feeding on the reproductive
performance of turkey breeders. Poultry Sci. 51: 1785. (Abstr.)

Borron, D.C., M.G. McCartney and H. L. Fuller, 1974. The effects of restricted energy
feeding during the growing period on the reproductive performance of turkey breeder
femae. Poultry Sci. 53: 1485-1493.

Bradley, J. W. , R. L. Atkinson and J. H. Quisenberry, 1972. Reationship of protein level and
grain type to turkey reproduction. Poultry Sci. 51: 1786 (Abstr.)

Brake, J. , J. D. Garlich, and E. D. Peebles, 1985. Effect of protein and energy intake by
broiler breeders during the prebreeder trangtion period on subsequent reproductive
performance. Poultry Sci. 64: 2335-2340.

Brody, T., Y. Eitan, M. Saller, I. Nir and Z. Nitsan, 1980. Compensatory growth and sexud
maturity in broiler femaes reared under severe food redtriction from day of hatching.

Br. Poul. Sci. 21: 437-446.



Brody, T. B., P.B. Segd and J. A. Cherry, 1984. Age, body weight and body composition
requirements for the onset of sexua maturity of dwarf and normal chickens. Br. Poultry
Sci. 25 245-252.

Brown, R. N., 1988. Trids show every day feeding of pullets reduced costs. Feedstuffs 8:16.

Cason, J. J. and R. G. Teeter, 1994. Feed access effects on serum metabolites of hybrid large
white mae turkeys. Poultry Sci. 73: 1348-1351.

Cave, N. A. G. , 1984. Effect of a high-protein diet fed prior to the onset of lay on the
performance of broiler breeder pullets. Poultry Sci. 63: 1823-1827.

Chaney, L. W. and H. L. Fuller, 1975. The relation of obesity to egg production in broiler
breeders. Poultry Sci. 54: 200-208.

Cherms, F. L. , M.G. Stoller and J. J. Macllraith, 1976. Reproduction in turkey hens as
influenced by prebreeder and breeder protein intake and the environment. Poultry Sci.
55: 1678-1690.

Codsta, M. S., 1981. Fundamentd principles of broiler breeder nutrition and the design of
feeding programs. World' s Poult. Sci. J. 37: 177-192.

Denbow, D. M. , 1986. The influence of prolactin on food intake of turkey hens. Poultry Sci.
65: 1197-1200.

Eitan, Y., Y. Zarchi and M. Staller, 1984. Effect of severe quantitative food restriction from
day of hatch through the rearing period on reproductive performance. Br. Poult. Sci.

25:



a7

Etches R. J., A. S. McNeilly and C.E. Duke, 1979. Plasma concentrations of prolactin during
the reproductive cycle of the domestic turkey (Meeagris gdlopavo). Poultry Sci. 58:
963-970.

Etches, R. J., 1984. Maturation of ovarian follicles. Pages51-73 in: Reproductive biology of
poultry. F. J. Cunningham, P. E. Lake, and D. Hewitt, ed. Br. Poult. Sci. Ltd.,
Harlow, England.

Etches, R. J., 1990. The ovulatory cycle of the hen. Crit. Rev. Poult. Biol. 2: 293-318.

Fattori, T.R , H. R. Wilson, RH. Harms and R.D. Miles, 1991. Response of broiler breeder
femdes to feed redtriction below recommended levels. 1. Growth and reproductive
performance. Poultry Sci. 70: 26-36.

Fattori, T. R., H. R. Wilson, R. H. Harms, F. B. Mather, R.D. Milesand G. D. Butcher, 1993.
Response of broiler breeder femdes to feed redtriction below recommended levels.
Poultry Sci. 72: 2044-2051.

Fdts, J V., 1993. Dietary self-sdection and feed restriction studies with growing and breeding
turkeys. Ph.D. dissetation. Virginia Polytechnic Inditute and State Universty,
Blacksburg, Virginia

Ferket, P. R. and ET. Moran, Jr., 1986. Effect of plane of nutrition from starting to and
through the breeder period on reproductive performance of hen turkeys. Poultry Sci.
65: 1581-1590.

Grimes, J. L., J F. Ort, V. L. Chrisensen and H. R. Bdll, J., 1989. Effect of different protein
levels fed during the prebreeder period on the performance of turkey breeder hens.

Poultry Sci. 68: 1436-1441.



Halawani, M. E. EL and |. Rozenboim, 1993. The ontogeny and control of incubation behavior
inturkeys. Poultry Sci. 72: 906-911.

Heywang, B. W., 1940. The effect of restricted feed intake on egg weight, egg production, and
body weight. Poultry Sci. 19: 29-34.

Hocking, P. M. , 1988. Effects of age and of early lighting on ovarian function in breeding
turkeys. Br. Poult. Sci. 29: 223-229.

Hocking, P.M., D. Waddington, M.A. Waker and A. B. Gilbert, 1989. Control of the
development of the ovarian fdlicular hierarchy in broiler breeder pullets by food
restriction during rearing.  Br. Poult. Sci. 30:161-174.

Hocking, P. M. , 1992a. Effects of photostimulation at 18, 24 and 30 weeks of age on the
productivity of the femde turkeys fed ad libitum or redtricted until point of lay. Br.
Poult. Sci. 33: 253-269.

Hocking, P. M. , 1992b. Genetic and environmenta control of ovarian function in turkeys at
sexua maturity. Br. Poult. Sci. 33: 437-448.

Hocking, P. M., 1992c. Changes in ovarian function of female turkeys photostimulated at 18,
24 or 30 weeks of age and fed ad libitum or restricted until point of lay. Br. Poult. Sci.
33: 639-647.

Jackson , N. , H. R. Kirkpatrick and R. B. Fulton, 1969. An experimentd study of the
utilization, by the laying hen, of dietary energy partidly supplied as animd fat. Br. Poult.

Sci. 10: 115.



49

Jones, J. E,, B. L. Hughes and B. D. Barnett, 1976. Effect of feed regimes on body weight of
turkey hens at 32 weeks of age and subsequent reproductive performance. Poultry Sci.
55: 1356-1360.

Kachmar, J. R., 1976. Enzymes In fundamentads of clinicd chemistry, NW Tietz, Editor,
Saunders, Philadelphia, p. 674.

Klen-Heding, H. , 1994. The effect of different levels of physicd feed redtriction on
reproductive performance of commercia large white turkey breeder hens. N. C. State
Univergty. Poultry Sci. Thess.

Krueger , K. K., J. A. Owen, C. E. Krueger and T. M. Ferguson, 1978. Effect of feed and
light regimes during the growing period on subsequent reproductive performance of
broad breasted white turkeys fed two protein levels. Poultry Sci. 57: 27-37.

Krueger, K.K., 1982. Turkey breeder hen nutrition. N. C. State Symposum on Turkey
Reproduction. Raeigh, N. C. pp. 1-20.

Lauterio T. J. and C. G. Scanes, 1988. Effect of age and protein restriction on the clearance
and secretions of growth hormone in the domestic fowl. Poultry Sci. 67: 120-125.

Lee P.J W.,A.L. Gulliverand T. R. Morris, 1971. A quantitative andlysis of the literature
concerning the restricted feeding of growing pullets. Br. Poult. Sci. 12: 413-437.

Leeson, S. and J. D. Summers, 1982. Consequence of increased feed alowance for growing
broiler breeder pullets as a means of simulating early maturity. Poultry Sci. 62: 6-11.

Leeson S and J. D. Summers, 1984. Influence of nutritional modification on skeleta sze of

leghorn and broiler breeder pullets. Poultry Sci. 63: 1222-1228.



Lilburn, M. S. and D. J. MyersMiller, 1990. Effect of body weight, feed dlowance, and
dietary protein intake during the prebreeder period on early reproductive performance
of broiler breeder hens. Poultry Sci. 69: 1118-1125.

Luther, LW. , W.W. Abbot and J. R. Couch, 1976. Low lysine, low protein and skip-a-day
regriction of summer and winter reared broiler breeders pullets. Poultry Sci.  55:
2240.

McCartney, M. G. , D. C. Borron and H. B. Brown, 1977. Reproductive performance of
turkey females as affected by grower and pre-breeder diets. Poultry Sci. 56: 985-
991.

McDanid, G. R. and J. Brake, 1981. Factors affecting broiler breeder performance. 1.
Reationship of daly feed intake leve to reproductive performances of pullets. Poultry
Sci. 60: 307-312.

McDanid, G. R. , 1983. Factors affecting broiler breeder performance. 5. Effects of
preproduction feeding regimes on reproductive performance. Poultry Sci. 62: 1949-
1953.

Meyer, G. B., C.F. Props, A. T. Leighton , J., H. P.Van Krey and L. M. Potter, 1980.
Influence of dietary protein during the pre-breeder period on subsequent reproductive
performance of large white turkeys. 1. Growth, feed consumption , and femae sex-
limited reproductive traits. Poultry Sci. 59: 352-357.

Miles, S. A. and S. Leeson, 1990. Effects of feed restriction during the rearing period and age
a photostimulation on the reproductive performance of turkey hens. Poultry Sci.

69:1522-1528.



51

Mitchdl, R. H., C. R. Creger, R. E. Davies, R. L. Atkinson, T. M. Ferguson and J. R. Couch,
1962. The effect of redtricted feeding of broad bronze turkeys during the holding
period on subsequent reproductive performance. Poultry Sci. 41: 91-98.

Moran, J. E. T., 1987. Protein requirement, egg formation and the hen’ s ovulatory cycle. Am.
Ingtit. of Nutr. 117: 612-618.

Nestor, K. E. , A. H. Cantor, W. L. Bacon and K. I. Brown, 1981. The influence of body
weight restriction during the growing and holding periods on reproduction of turkey
females from strains differing in body weight. Poultry Sci. 60: 1458-1467.

Owings, W. J. and J. L. Sdl, 1980. Effect of restricted feeding from 6 to 20 weeks of age on
reproductive performance on turkeys. Poultry Sci. 59: 77-81.

Pinchasov, Y., D. Gdili, N. Yonash and H. Klandorf, 1993. Effect of feed redtriction using
sef-regtricting diets on subsequent performance of broiler breeder femaes. Poultry Sci.
72: 613-619.

Potter, L. M. and L. T. Leighton, J., 1973. Effects of diet and light during the pre-breeder
period, and of diet during the breeder period on turkey breeder performance. Poultry
Sci. 52: 1805-1813.

Proudfoot, F. G. and W. F. Lamoreaux, 1973. The bio-economic effect of nutrient intake
restrictions during the rearing period and post “peak “ egg production feed restriction
on four commercia mesat-type parental genotypes. Poultry Sci. 52: 1269-1282.

Proudman, J. A. and H. Opdl, 1981. Effect of feed or water restriction on basa and TRH-
dimulated growth hormone secretion in the growing turkey poult. Poultry Sci. 60:

659-667.



52

Proudman, J. A. and B. C. Wentworth, 1980. Ontogenisis of plasma growth hormone in large
and midget white strains of turkeys. Poultry Sci. 59: 906-913.

Pym, R. A. and J. F. Dillion, 1974. Restricted food intake and reproductive performance of
broiler breeder pullets. Br. Poult. Sci. 15: 245-259.

Renema, R. A. , FE. Robinson and R. T. Hardin, 1993. The use of feed restriction for
improving egg production in large white turkey hens. Poultry Sci. 72: 44 (Abstr.)

Robbins, K. R., G. C. McHeg, P. Osal and R. E. Beauchene, 1986. Effect of feed restriction
on growth , body composition, and egg production of broiler femaes through 68 weeks
of age. Poultry Sci. 65: 2226- 2231.

Robd, E. J., 1981. Redationship of age and body weight to reproductive traits in turkey hens.
Poultry Sci. 60: 2709-2712.

Robd, E. J, 1984. Weight loss as related to body compostion in aging white turkey hens.
Poultry Sci. 63: 1281-1283.

Robinson, F. E. , R. T. Hardin, N. A. Robinson and B. J. Williams, 1991a. The influence of
€egg sequence podtion on fertility , embryo viability, and embryo weight in broiler
breeders. Poultry Sci. 70: 760-765.

Robinson, F. E. , N. A. Robinson and T. A. Scott, 1991b. Reproductive performance, growth
rate and body composition of full-fed versus feed-restricted broiler breeder hens. Can.
J Anim. Sci. 71: 549-556.

Rosebrough, R. W., N.C. Stede, JP. McMurtry, and I. Plavnik, 1986. Effect of early feed

restriction in broilers. I1. Lipid metabolism. Growth 50: 217-227.



Sacks, H. J. and G. F. Lanchantin, 1960. An eevation of serum transaminase in the jaundice
gates. AmJ. Clin. Pathol. 33: 97.

Scott, H. M. and L. F. Payne, 1941. The influence of restricted food intake on the
reproductive performance of breeding turkeys. Poultry Sci. 20 (5) : 395-401.

Scott, H. M. and L. F. Payne, 1942. The influence of restricted food intake on the
reproductive performance of breeding turkeys. Poultry Sci. 20(5): 395-401.

Soller, M., Y. Eitan and T. Brody, 1984. Effect of diet and early quantitative feed restriction
on the minimum weight requirement for onset of sexud maturity in white rock broiler
breeders. Poultry Sci. 63: 1255-1261.

Touchburn, S. P., E. C. Naber and V. D. Chamberlin, 1968. Effect of growth restriction on
reproductive performance of turkeys.” Poultry Sci. 47: 547-556.

VaslatosYounken, R., W. L. Bacon and K. E. Nestor, 1988. Relationship of plasma growth
hormone to growth within and between turkey lines sdected for differentid growth
rates. Poultry Sci. 67. 826-834.

Waring , .J, R F. Addison and W. O. Brown, 1968. A comparative study of energy
utilization by the laying hen from diets containing a high proportion of fat and diets mede
up mainly from carbohydrate sources. Br. Poult. Sci. 9: 79.

Washburn, K. W., 1991. Efficiency of feed utilization and rate of feed passage through the
digestive system. Poultry Sci. 70: 447-452.

Wilson, HR. , D. R. Ingram, F. B. Mather and R. H. Harms, 1989. Effect of daily restriction
and age a initiation of a skip-a-day program for young broiler breeders. Poultry Sci.

68: 1442-1446.



Yu, M. W. , F. E. Robinson, M. T. Clandinin and L. Bodnar, 1990. Growth and body
compostion of broiler chickens on response to different regimens of feed redtriction.
Poultry Sci. 69: 2074-2081.

Yu, M. W. , F. E. Robinson and A. R. Robblee, 1992a. Effect of feed alowance during
rearing and breeding on femde broiler breeders. 1.  Growth and carcass
characteristics. Poultry Sci. 71: 1739-1749.

Yu, M, W. , F. E. Robinson, R. G. Charles and R. Weingardt, 1992b. Effect of feed
dlowance during rearing and breeding on femae broiler breeders. 2. Ovarian

morphology and production. Poultry Sci. 71. 1750-1761.



Manuscript 1. Effect of Physical Feed Restriction on Body Weight, Feed
Consumption, Rate of Gain, Feed Conversion, and Flock
Uniformity of Large White Turkey Breeder Hens.
ABSTRACT

Large White turkey breeder hens were used in a4 X 3 factoria design to evauate the
effect of three different levels of physcd feed redtriction on (BW), rate of BW gain, flock
uniformity, feed consumption, feed consumption by period (3-17, 17-24, 24-30, 30-38 and
38-53 WOA) and a ratio of feed consumed to BW gain by period. The feed trestments
comprised: Control Control (CC) - ad libitum fed throughout the study, Control Restricted
(CR) - feed redtricted from 16-24 WOA, Restricted Control (RC) - feed restricted from 3-16
WOA and Redtricted Redtricted (RR) - feed restricted from 3-24 WOA. Feed redtriction was
implemented so that redtricted fed hens achieved a 45% reduction in BW as compared to
Control hens at 16 WOA. From 16-24 WOA redtriction was implemented to maintain a dight
increase in BW. At the completion of the respective restriction period, hens were gradudly
released back to ad libitum feeding. At the time of photostimulation (30 WOA) dl trestments
were divided into sub-trestments by weight: Heavy, Medium and Light, resulting in four
trestments with three sub-trestments within each. All hens continued on ad libitum feeding
throughout a 20 wk lay cycdle. BW for dl trestments was different (P<.05) at 16 and 30
WOA. At theend of lay (53 WOA) treatment CR no longer significantly differed in BW from
treestment CC as did tretment RR no longer dgnificantly differ in BW from treatment RC.
From 24-30 WOA the BW of CC plateaued whereas dl redtriction trestments continued to

gan a arate comensurate with their previous leve of restriction. With treetment RR having the



best BW gain and feed consumption leading into the production cycle. Treatments CC, CR and
RC lost BW from the time of 1 egg (33 WOA) until 47 WOA. Whereas, BW in RR hens
continued to increase until 36 WOA. Treatment CC, as a percentage of BW, logt sgnificantly
(P<.05) more BW (30-53 WOA) than did any other treatment (-7.51%) while trestment RR
was the only trestment to actudly gain BW from 30-53 WOA (+2.76%). BW of sub-
trestment Light within CC, CR and RR hens was no longer sgnificant from Medium hens &t the
end of egg production. Coefficient of variation for BW as a measure of flock uniformity
indicated that feed restriction can lead to smilar flock uniformity as compared to ad libitum fed
hens a time of photosimulation (30 WOA). Treatment CC reached maximum feed
consumption at 12-15 WOA, whereas redtricted treatments CR, RC and RR did not reach
maximum feed consumption until just prior to photostimulation (30 WOA). However, trestment
CC exhibited a better feed consumed / BW gain ratio during the period 3-16 WOA (3.41 vs.
regriction 3.87). This improvement was no longer observed as the hens approached
photostimulation.  Throughout the production period (30-53 WOA), no sgnificant differences
were reported in feed consumption per hen within the sub-trestments (H,M,L). At the end of
the study, cumulative feed consumption was sgnificantly less for redricted treatments. 86.50,
83.12, 75.77 and 70.74 kg per hen, respectively for treatments CC, CR, RC and RR.

(Key Words: turkey breeder hens, feed restriction, body weight, feed consumption, rate

of gain, feed / gain ratio)
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INTRODUCTION

The response of Large White turkey breeder hens to certain levels of feed redtriction
had been investigated previoudy and proven to be beneficid when implemented at definite time
intervas during the rearing period. This paper further evauated the effects of physcd feed
restriction on body weight, feed consumption, rate of gain, feed conversion, and flock uniformity
by sze on Large White turkey breeder hens.

Typically, most feed redtriction studies were designed to reduce BW at the onset of
sexud maturity (review, Hester 1990). Owings and Sell (1980) reported a 10% reduction in
feed consumption when hens were redtricted to 60% of ad libitum controls from 6 to 20
WOA. Smilarly, Hocking (1992b) found that overdl feed consumption was reduced by 28%
when redricting hens from 6 WOA until point of lay. Klen-Hesding (1994) reported
differences in feed consumption varying from 4 to 10% depending upon the leve of feed
regtriction. Also, when considering rate of gain, Klein-Hesding (1994) reported that during the
last 5 weeks before photostimulation severely restricted hens had a significantly steeper daily
weight gain dope as compared to a lesser dope for control full-fed hens. Data concerning flock
uniformity tends to very limited when considering levels of feed redriction in turkey breeder
hens. Hocking (1992b), reported the coefficient of variation for body weight during the rearing
period was 9% and 13%, respectively, for turkey breeder candidates fed either ad libitum or
restricted. FHock uniformity, once hens were released onto full feed, was not reported. The
effect of feed restriction reported by Klein-Hesding (1994) upon subsequent flock uniformity,
showed that milder forms of feed regtriction (15 and 30% BW reduction at 16 WOA) followed

aong the line of a control group when consdering the coefficient of variation for uniformity. On



the contrary, the coefficient of variation for a trestment restricted by 45% incressed in an
exponentia fashion from the time restriction began (6 WOA) until reaching its maximum pesk of
17% a 18 WOA. Hock uniformity then improved until the most severely restricted hens
reached the same uniformity as other trestments by 26 WOA. All treatments were then
consdered to have the same uniformity throughout the lay cycle.

The purpose of this sudy was then to determine the effects each of these variables and
their subsequent mechaniams may have on the hens ability to achieve superior reproductive
effidency.

MATERIALSAND METHODS

On August 30, 1996, seven-hundred-twenty-two day old Large White turkey breeder
hen poults were placed and brooded following general commercid standard practice with feed
and water provided ad libitum through 3 WOA. The experiment was designed asa 4 x 3
factoriad arangement. Treatments comprised: 1) Control Control (CC) - hens full-fed
throughout the rearing period, 2) Control Restricted (CR) - hens restricted feed from 16 to 24
WOA, 3) Restricted Control (RC) - hens restricted feed from 3 to 16 WOA, and 4) Restricted
Restricted (RR) - hens restricted feed from 3 to 24 WOA. The goa wasto attain a 45% body
weight reduction at 16 WOA in treatments RC and RR, while trestment RR aso continued on a
resriction program until 24 WOA during which time only minima weight gains were to be
incurred. Treatment CR, which was restricted feed from 16 to 24 WOA, was designed to
achieve only minima weight gain during this period. In essence, their body weights were to
remain constant from 16 to 24 WOA. During restriction periods, poults were fed usng skip-a-

day procedures (feeding two days worth of feed at once), using the equations of Hurwitz et al.
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(1981) to determine daily feed dlotment. All birds were weighed individudly to the nearest .1
Ib., dways at the same time each day. Birds were weighed weekly until 24 WOA, biweekly
until peak production (39 WOA), and monthly thereafter. Weekly feed consumption was
determined on a pen bass. From 3 to 24 WOA, BW and feed consumption were used to
caculate a feed dlotment of each diet (Tables 1 and 2) for each pen for the following week.
Daly feed dlotments were weighed into a bucket to the nearest gram and evenly distributed
throughout the circumference of the circular feeder. Birds that were restricted fed and to be
released to full feed were subjected to aredimentation period. To implement this redimentation
period , on askip-a-day basis, feed was increased by 20, 40, and 60% etc.... until the pen had
no longer consumed the entire dlotment of feed by the next morning, a which time they were
then consdered to be back on full feed. All trestments had been returned to full feed by 25
WOA. A totd of 7 different diets were fed during the brooder, grower, devel oper, holding and
prebreeding period until the hens were photostimulated at 30 WOA. Hens were subjected to
8L:16D day lengths from 18 to 30 WOA.. During the blackout phase the hens were exposed to
a progressively decreasing photoperiod of 8, 7, and 6 h of light per day from 18-21, 22-25,
and 26-30 WOA, respectively. All treatments were subdivided at 30 WOA into three body
weight treatments. Heavy, Medium, and Light. Therefore, CC was now organized in sub-
treetments. CCH, CCM, and CCL, with dl other treatments (CR, RC, and RR) following this
same sequence. An example of this scenario is as follows: CCH = hens within body weight
range > 25.5 Ib., CCM = hens within body weight range 25.4 - 23,5 Ib., and CCL = hens

within body weight range < 23.4 |b.



During the laying phase, feed and water were provided ad libitum. The hens were
photostimulated at 30 WOA with 14 h of light per day which was increased to 15 h (5:00 am -
8:00 pm) at first egg. At peak lay for CC hens, dl trestments were exposed to a photoperiod
shift on aweekly basis. One day each week, lights were set to come on 3 h earlier (2:00am)
than normd, in an effort to shift the daily lay period earlier in the light period. This sequence of
lighting was then maintained through the end of the sudy (53 WOA).

STATISTICAL ANALYSIS

Data was subjected to a two-way andysis of variance. The variation among pens was
used as the error term for feed consumption (g), feed consumed per period (kg), feed per body
weight gain (kg) per period and cumulative. Body weight and body weight gain per period
were andyzed on an individud hen bass  The differences among man effect means for
treatment were then partitioned using the LSMEANS option of the Generd; Linear Mode
Procedures of SAS (GLM) (SAS, 1994). Statements of significance were based on F<.05
unless otherwise stated.

RESULTS
Body Weight

Weekly BW datais presented in Tables 3 & 4 and Figure 1. There were no statitical
differences between the trestments at the initiation of the redriction (3 WOA). Early in the
study, BW differences between control and restricted treatments became apparent, with the
differences being highly significant at 16 WOA when the 45% reduction in BW was achieved
for the restricted treatment. From 16 to 24 WOA BW for treatments CR and RR was held to

a dower rate of gan than trestments CC and RC. All treatments, CC, CR, RC, and RR
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achieved anticipated significant differencesin BW a 24 WOA, 10.87, 9.14, 8.89, and 6.44 kg,
respectively. Once the last treatment (RR) had been released to ad libitum feeding a 24
WOA, al hens were then ad libitum fed throughout the remainder of the study. During 24 to
30 (photostimulation) WOA dl treatments continued to increase BW. However, treatment CC
reached a plateau stage in BW as it reached 30 WOA while treatments CR, RC and RR
mantained an aggressve growth pattern going into the time of photostimulation (30 WOA).
Even though these three tretments (CR, RC and RR) exhibited a great amount of
compensatory growth during the last 6 to 14 weeks, dl BW remained sgnificantly different at
30 WOA (Table 3). Once hens were photostimulated for the lay cycle, BW of treatments CC,
CR, and RC declined until 43 WOA, wdll after peak production (38 WOA). Treatment RR
continued to gain body weight until 36 WOA, just before pesk production, a which time
treatment RR declined in body weight until 38 WOA (Table 3, Figure 1). After a period of
dabilization the hens reinitisted BW gain until the end of the sudy (Table 3, Fgure 1).
Interestingly, even a the end of the study trestments CC, CR, and RC never regained their
origind BW at the onsat of the lay cycle (Table 3, Figure 1). While treetment RR, the most
severdy restricted, had achieved and surpassed their BW at time of photostimulation by the end
of the sudy (Table 3, Figure 1). Even though a the time of photostimulation BW of dl
treatments were significantly different (CC = 11.58% CR = 10.63°, RC = 10.25° and RR =
8.86), by the end of the study the difference in BW of trestments CC and CR was no longer
significant (CC = 10.61%2 CR = 10.26*, RC = 9.79° and RR = 9.49°).

Figure 2 shows the difference in BW of hens from this sudy in comparison to the BW

of hens as recommended by the Nicholas Management Guide 1996. If BW from the Nicholas
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Management Guide is used to set a basdline zero it is evident the level of redtriction each of the
four treatments underwent in this study. Figure 2 shows that even though restricted hen BW
was reduced by 45% as compared to control hen BW, restricted hen BW was ill near
recommended BW until 13 WOA. During this time, control hen BW was up to 1.5 kg heavier
than that of the Management Guide BW. At the time photostimulation (30 WOA), BW of
treatments CC, CR, and RC were dl within 0.5 kg of the recommended BW. While trestment
RR was over 2.0 kg lighter than recommended (Figure 2). After photostimulation the BW of dl
treatments (CC, CR, RC, and RR) dropped below the recommended BW and never achieved
the basdine BW performance as suggested by Nicholas (Figure 2).

Interestingly, after hens from al four treetments (CC, CR, RC and RR) were segregated
by weight a 30 WOA into sgnificantly different treetments Heavy, Medium and Light, with the
exception of treatment RR they remained in these respective treatments until the end of the
Sudy. BW of trestment CCH remained sgnificantly heavier than trestment CCM which
remained dgnificantly heavier than treetment CCL throughout the entire 20 week lay cycle.
This same pattern held true for each of the treatments CR and RC aswdll (Table 4). While the
lightet treatment (RRL) for treatment RR exhibited the ability of compensatory growth and
therefore achieved essentidly the same BW as treatment RRM for WOA 36, 43 and 47 (Table

4).

Rate of Gain
When rate of BW gain (kg) was separated into five periods (3-17, 17-25, 25-30, 30-

38 and 38-53 WOA), period gain through 25 WOA followed the trend of feed dlotment. As



expected, from 3 to 17 WOA treatments CC and CR gained sgnificantly more in BW than
treatments RC and RR who were undergoing a period of feed redriction (Table 6). At 17
WOA, once treatment RC was released back to ad libitum feeding, trestment RC sgnificantly
gained more BW up to 25 WOA than did any other treatment including trestment CC which
was reaching a plateau stage in growth rate. From 25 to 30 WOA, thought to be a criticd
period, trestment RR which had been restricted from 3-24 WOA underwent a rapid rate of
gain. During this time, trestment RR gained sgnificantly more BW as compared to any of the
other three trestments (CC = 0.71°, CR = 1.48°, RC = 1.35° and RR = 2.42* kg gain) (Table
6). This gain continued into the lay cycle before it began to diminish near pesk production.
From the time of photostimulation until pesk production (38 WOA) dl treatments exhibited a
lossin rate of BW gain with treatment RR being the less effected (CC =-1.2, CR =-0.6, RC =
-0.81 and RR = -0.26 kg gain). Treatment RR aso proved to have the greatest rate of BW
gain as compared to other treatments for the period 38 to 53 WOA (Table 6).

The differencesin rate of gain are o reflected in the statistics for weight loss during the
lay cycle of each trestment. From 30 to 34 WOA, when most turkey breeder hens undergo
certain levels of weight loss, only trestment RR obtained a percentage weight incresse as
compared to BW at time of photostimulation (30 WOA) (Table 7). For each of the periods
30-36, 30-38, and 30- 43 WOA all treatments underwent periods of BW loss. All hens
peaked at maximum BW loss for the period 30-43 WOA (CC =
-11.72%, CR = -8.61%, RC = -8.36% and RR = -4.54% loss). Aswas seen with rate of BW
gain, only BW for treatment RR did not undergo alossin find BW (53 WOA) as compared to

BW at time of photostimulation (30 WOA). Treatment CC, CR, RC, and RR = BW lossg/gain



-7.51%, -2.85%, -5.06%, and +2.76%, respectively from 30-53 WOA (Table 7). When
consdering each of the four treatments with their sub-treatments. Heavy, Medium and Light,
very little difference was noted in percent BW loss between sub-trestments. On a percent BW
bass, CCH did not loss or gain significantly more BW than did trestments CCM or CCL and
vise versa. This trend was seen throughout al four treatments (CC, CR, RC, and RR) (Table
8). However, for the entire lay cycle (30-53 WOA) dl Light BW trestments, at least
numericdly, logt less BW then did ather the Heavy or Medium BW treatment within their
respective treatment. For the period 30-53 WOA: (CCH =-10.07% vs. CCM =-7.38% Vvs.
CCL = -5.08% loss); (CRH = -4.47% vs. CRM = -4.86% vs. CRL = +0.78 loss/gain); (RCH
=-6.07% vs. RCM = -5.42% vs. RCL =-3.69% loss); (RRH = +1.07% vs. RRM = +2.88%
vs. RRL = +4.32% gain) (Table 8).
Feed Consumption

The results from the analysis of the feed intake from each of the four origind trestments
(CC, CR, RC ad RR) are presented in Table 9 and Figure 3. There were highly significant
differences in feed consumption during the growing phase of the hens until 24 WOA. As each
treatment was subjected to a phase of physicd feed redriction their feed intake was sgnificantly
less than other treatments. Feed consumption was not significantly different anong weight
trestments. Heavy, Medium and Light , during the lay cycle (Table 10) and as the hens passed
peak production and approached the end of the study (53 WOA) feed consumption became of
less sgnificance among treatments (CC, CR, RC and RR) (Table 9). When conddering feed
consumption by period (3-17, 17-24, 24-30, 30-38 and 38-53 WOA) there were often

tremendous differences seen between treatments (CC, CR, RC and RR) (Table 11). Feed



consumption by period followed very much the same pattern as rate of BW gain (Table 6).
From 3 to 17 WOA, when restricted hens were subjected to severe levels of feed redtriction,
treatments CC / CR consumed significantly more feed than ether treatment RC / RR, 25.59 vs.
14.09 kg, respectively. However, for the period 17 to 24 WOA when treatment RC was
released to ad libitum feed and treatment CR was redtricted feed, trestment RC consumed
sgnificantly more feed than any other treatment (15.19 kg vs. CC = 14.63, CR = 11.03 and
RR =7.55kg). Thissame increase in feed consumption was aso seen when treatment RR was
released onto ad libitum feeding at 24 WOA. Thereby, consuming significantly more feed than
any other trestment for the period 24 to 30 WOA. This is the same period during which
trestment RR sgnificantly increased rate of BW gain leading into photostimulation (Table 6). In
regards to cumulative feed consumption for periods 3-30 and 3-53 WOA, sgnificant
differences were noted among dl four origina treatments (CC, CR, RC and RR) (Table 11) but
not within the sub-treetment sze (Table 12). During the rearing period (3-30 WOA) feed
consumption per hen was as follows for treatments CC, CR, RC and RR, respectively: 50.19,
45,52, 39.92 and 33.11 kg. This same trend was seen when considering the entire cumulative
period 3-53 WOA: CC = 86.50, CR = 83.12, RC = 75.77 and RR = 70.74 kg per hen.
These differences were noted to be dl significant between dl trestments for both periods (3-30
and 3-53 WOA) (Table 11). These sgnificant cumulative consumption differences were not
noted with regards to Size for either period 3-30 or 3-53 WOA (Table 12).
Feed Consumed to Body Weight Gain

The effect of physical feed restriction on feed consumed / BW gain rétio is expressed in

Table 13. The time period in which hens from treatments CR, RC and RR were subjected to



feed redtriction is a which time feed consumed / BW gain ratios were at their poorest. From 3
-17 WOA, redtricted fed hens had afeed / BW gain ratio of 3.87 as compared to that of the
control treatment being 3.41. Once contral hens began redtriction (CR) their feed / BW gain
ratio then became the poorest of al treatments During the last period leading into
photostimulation (24-30 WOA) trestment CC had by far the worst feed / BW gain ratio: 14.78
vs. CR =7.34 vs. RC = 7.61 vs. RR = 4.79. This was at the time trestment CC BW had
begun to plateau heading into the lay cycle (Tables 3 and 6). Even though Sgnificant, the
cumulative feed consumed / BW gain ratio was less magnified (Table 13). In regards to BW,
from 3-30 WOA, treatment RR exhibited a superior feed consumed / BW gain ratio: CC =
477, CR =4.76, RC = 4.35 and RR = 4.26 (Table 13).
Although the feed consumed / BW ratios were obvioudy poorer for the entire 3-53 WOA
period, treatment RR till maintained an improved ratio for this period: CC = 9.10, CR = 9.07,
RC = 8.74 and RR = 8.46 (Table 13).
Flock Uniformity

The effect of feed redtriction on flock uniformity is presented in Table 5. The coefficient
of variaton for BW was very smilar a 3 WOA for dl trestments and remained similar

throughout the study.



67

DISCUSSION

Physca feed redriction in this study successtully limited the BW and BW gain of the
turkey breeder hen candidates. The degree of BW reduction was a direct effect of the intengity
of theredtriction. However, it isimportant to note that at no time during the rearing cycle (3-30
WOA) did hens from any of the four treatments (CC, CR, RC and RR) undergo a period of
BW loss. It was the rate of BW gain that was controlled through physica feed redtriction.
These results are in agreement with previous work by Anderson et al. (1963), Touchburn et al.
(1968), Vaitle et al. (1973), Baloun (1974), Borron et al. (1974), Cherms et al. (1976),
Krueger et al. (1978), Meyer et al. (1980), Owings and Sell (1980), Nestor (1981), Ferket
and Moran (1986), Grimes et al. (1989), Hocking (1992 a,b), Felts et al. (1993), Renema et
al. (1993) and Klein-Hesdling (1994). This was even the case for the most severdly restricted
hens, treetment RR, which continued to gain BW throughout the rearing period. Once the
restricted hens had achieved the desired target BW at 16 and 24 WOA,, feed alotment for each
of the redtricted trestments was gradually increased until hens reached the point ad libitum
feeding. During this period, shortly after being released back to ad libitum feeding, hens
initiated a vigorous compensatory growth trend. This rgpid BW gain was particularly seen in
treatment RC during the period 17-24 WOA and treatment RR during the period preceeding
photostimulation (24-30 WOA). These reaults follow in accordance with the conclusions of
Codgta (1981). In the study, Costa determined that a broiler breeder flock must be chalenged
for pesk production through a means of properly timed feed dlocation and BW gain. This
includes adequate BW gain through the pullet layer trangtion. The idea of increesng BW gan

was reported within the current study in treatments CR, RC, and especidly RR, as opposed to



the plateau of BW for trestment CC as hens approached the time of photostimulation (30
WOA). Hams (1984) reported that commercid broiler breeder hens which exhibited
ggnificant BW gain before and through pesk production resulted in superior reproductive
efficency. These hens exhibited a sgnificantly higher rate of lay throughout the production
cycle. Klein-Hesding (1994) addressed this same Stuation with regards to BW gain in turkey
breeder hens. The rate of BW gain obtained during the last five wk prior to photostimulation
(27-31 WOA) from previoudy restricted hens was correlated with subsequent egg production.
These cdculations indicated that a Sgnificant postive corraion of 0.84 and 0.82 for total and
settable eggs, respectively was noted in regards to BW gain during the period leading into
photostimulation.

However, even though BW gain leading into the production cycle has been shown to
play an important role in subsequent efficiency, there appear to be other physiologica factors
that reach beyond the effects of rate of BW gain. In a study conducted by Brake et al. (1985)
broiler breeder pullets were fed diets during the period before photostimulation containing either
high protein / high energy or low protein / low energy. Even though BW gain and feed intake
were not sgnificantly different among trestments, egg production was sgnificantly improved for
the high protein / high energy diets. Moran (1987) aso addressing this Situation concluded that
the diet consumed by hens going into lay is of tremendous importance. Stating that protein
consumed by the hen going into production overwhdmingly oriented to yolk and abumen
formation. Protein requirement of laying hens is not only a function of needs for maintenance,
but aso egg formation. Lilburn et d. (1987) suggested that during some stage of development

in a broiler breeder, there is a quantitative protein requirement for optimum reproductive
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development that may be independent from the aspect of BW gain. Therefore, literature implies
that there is an optimum rate of BW gain with possble varying dietary routes to achieve this
phenomena. The most promising feed program to achieve reproductive efficiency gppearsto be
awdl timed and sufficiently high protein prebreeder diet. Increases in feed consumption and
BW gan during the period before photogtimulation may dso help to initiate sexua maturity in
ggnificantly lighter hens Eitan et al. (1984) reported that the delay in onset of puberty in
severely restricted hens could be controlled by alowing BW to increase sharply at the end of
the rearing period. Robbins et al. (1986) followed this by concluding that an aorupt rather than
a gradud increase in feeding leve during the pullet-layer trandtion of broiler breeders may
hasten sexud maturity.

These relationships may help to examine the results as seen with redtricted fed hens in
this sudy. If BW, rate of gain and high levels of protein and energy intake are the key factors
leading into reproduction, then breeder hen candidates from the treetment RR would be
consgdered as having excdlent reproductive potentid. Treatment RR consumed significantly
more feed (11.47 kg) and had a higher rate of BW gain (2.42 kg) as compared to all other
treatments during the prebreeding period (Tables 6 and 11). Following treatment RR in regards
to BW gain and feed consumption for the period 24-30 WOA were treatments CR and RC.
Each of these two treatments responded in very much the same way during this last period
leading into production, both consuming around 10 kg of feed and gaining about 1.5 kg in BW.
By the time hens reached the prebreeder period (24-30 WOA) treatment CC had a plateau in
BW gain (0.71 kg) while their feed consumed was just under that of treatments CR and RC at

9.96 kg. Therefore, there are two things required to ensure and enable a breeder candidate to
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accomplish argpid gain. Firg, the hen has to be severely redtricted long enough <o that there
remains a substantial response potentia. Secondly, stepwise increases in the feed dlowance are
required at appropriate times that would satisfy the demand for a higher protein supply prior to
the onset of production. However, if we consider afeed to gain ratio during the rearing periods
(3-17, 17-24 and 24-30 WOA) leading into egg production, we find that ad libitum control
fed hens utilized feed more efficiently for BW gain early on (3-17 WOA) with aratio of 341
(Table 13). Whilein the later period of rearing (17-24 WOA), even though their BW gain had
reached a plateau, they (CC) continued to consume great amounts of feed. This perhaps
preparing them with excess nutrient reservoirs leading into the production cycle. Their feed
consumed to BW gain ratio (14.78) during this last period (17-24 WOA) was sgnificantly
higher than any of the other three treatments (CR = 7.34, RC = 7.61 and RR = 4.79). These
highly sgnificant differences in feed intake and BW gain during the rearing period were not
surprising but rather a consequence of the implementation of restriction itsdlf.

Leading into photostimulation, the results regarding flock uniformity through a coefficient
of variation were quit surprisng. Even with no sdection pressure during rearing the uniformity of
al treatments was remarkably congtant. It appears therefore, given the right conditions, that
physicd feed restriction is not adversdly affecting flock uniformity. This may be attributed to the
fact, that even though restricted hens were fed on a skip-a-day basis, pens were fed two days
worth of feed at each feeding. This dlowing even the smalest less aggressve hens to consume
feed once dominant hens had their fill from the extra days feed.

Once hens reached the age a which time photostimulation would take place (30

WOA) treastments CC, CR and RC began a period of weight loss that would continue until 47
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WOA. However, treetment RR continued to gain weight on into the production cycle, which is
often thought to be of greet importance. There have been varied reports on BW changes during
the reproductive period. During the first egg production cycle, turkey hens fed ad libitum during
the growing, holding and reproductive phases have been reported to either lose or gain BW
(Bacon and Nestor 1982). Krueger (1982) also mentioned, that ad libitum fed breeder hens
show a characteristic decrease in BW during the egg production period.  Within the current
study, it was not until 36 WOA, just prior to peak production, that trestment RR began to
exhibit a negative BW gain and by 43 WOA treatment RR had once again began a positive BW
gan. Thisresulted in only treetment RR having postive BW gain when considering the entire lay
cycle (30-53 WOA) (CC = -7.51%, CR = -2.85%, RC = -5.06% and RR = +2.76% gain
during the period 30-53 WOA). With regards to the lay cycle it isinteresting to note that even
though dl treatments differed sgnificantly in BW, feed consumption during this period (30-53
WOA) was not sgnificantly different among treatments (Table 11) (CC = 36.30, CR = 37.59,
RC = 35.84 and RR = 37.62 kg feed consumed).

Once hens were segregated into weight treatments. Heavy, Medium and Light a 30
WOA, with the exception of treatment RR, dl sub-treatments remained significantly different
within each treatment until 53 WOA (Table 4). At this time (53 WOA), the Light trestment
hens within trestments CC and CR were no longer sgnificantly different from the Medium
weight hens (CCM = 10.67 vs. CCL = 10.08 and CRM = 10.09 vs. CRL = 9.79) (Table 4).
With regards to trestment RR, Light trestment hens were able to achieve the same BW as
Medium hens by 36 WOA. These results indicate that lighter BW hens do have the ability to

continuoudy compensate for previous feed restriction even through the lay period once they
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have begun egg production. It is especidly interesting to note that even though hens were
segregated by BW at photostimulation, al sub-treatments of size continued to consume the
same amount of feed throughout the mgority of the lay cycle (30-53 WOA). As a possble
result, this facet of lighter hens consuming just as much feed as heavier hens eventudly may have
dlowed for the sub-trestment Light hens to achieve the BW of Medium hens within certain
trestments.  Sub-treatment Light hens achieving the BW of sub-treatment Medium hens may
adso gem from the fact that Light trestment hens lost less BW during the lay cycle than did
Medium or Heavy sub-treatment hens (Table 8).

In conclusion, the results from this study suggest that BW restriction can be successfully
achieved through physicd feed redtriction. The sgnificance of a severe BW redtriction program
isthat it facilitates a controlled provison of nutrients to the breeder a a time when they appear
to be needed the most (entering sexud maturity). In an ad libitum feeding Stuation, this act is
very difficult to control, due to the inability of the breeder hen to increase feed intake in an
efficient and timely manner. As aresult, an ad libitum fed hen has the potential to reach a
mature BW too early. Which in turn, possbly has detrimenta effects on reproductive
performance. Theidea of physica feed restriction aso has potentid benefits regarding stocking
dengity and feed cost savings. By controlling BW, growers of breeder hen candidates may have
the extra space alowances needed to stock a higher dengty of hens per brooder and growout
house. With regards to feed cost savings, the potentid is great. Within this study overal feed
savings during the rearing period (3-30 WOA) and the entire study (3-53 WOA) was
ggnificantly improved with some form of physicd feed redtriction. From 3-30 WOA cumulative

feed consumption for treatments CC, CR, RC and RR was 50.19, 45.52, 39.92 and 33.11 kg
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per hen, respectively. When congdering cumulative feed consumption for the entire study (3-53
WOA) these same differences were reported: CC, CR, RC and RR equa 86.50, 83.12, 75.77
and 70.74 kg per hen, respectively. Therefore, it is recommended that a system be in place s0
that a flock manager has the ability to exert control over a group of hens a any given time

throughout the life of the hen.
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TABLE 1. COMPOSITION OF STARTER, GROWER, AND DEVELOPER DIETS

INGREDIENT AMOUNT %

STARTER 1 STARTER 2 GROWER 1 GROWER 2 DEVELOP

Corn 45.30 47.49 53.90 62.10 65.43
Soymeal (48%) 39.80 37.00 32.50 25.00 22.50
Limestone 1.50 1.35 1.20 1.10 0.90
Dical Phos 2.50 2.10 2.80 2.50 2.00
Alfalfa

Poultry fat 1.55 2.65 4.30 5.00 6.00
Poultry meal 8.00 8.00 4.00 3.00 2.00
Salt 0.30 0.30 0.40 0.45 0.45
Choline Chloride 0.20 0.20 0.20 0.15 0.10
Minerals 1 0.20 0.20 0.20 0.20 0.20
Vitamins 2 0.20 0.20 0.20 0.20 0.20
Selenium Supp. 0.15 0.15 0.15 0.15 0.15
Rendox (45 grams) 0.10 0.10 0.10 0.10 0.10

Calculated analysis

Protein % 27.7 26.5 235 19.8 18.6
M.E. kcal/kg 2874 2990 3094 3205 3313
Lysine % 15 15 14 15 15
DL-methionine % 2.2 2.0 15 1.4 0.6
Diet changed once kg. 0.68 2.50 4.09 4.09 to 16 wks

feed consumed

! Mineral compositionin g/Kg of diet: Zinc sulfate Zn 120; Manganous sulfate Mn 120;
Copper sulfate Cu 10; Calcium iodate | 2.5; Colbalt sulfate Co 1.0.

2Vitamin composition: Vit. A 1U 13,200; Vit. D5 ICU 4,000; Vit. E IU 66; Vit. By, ug 39.6;
Riboflavin 13.2 mg; Niacin 110 mg; Folic acid 2.2 mg; Thiamine 4.0 mg; Pyridoxine 7.9 mg; Se 0.0 mg.



TABLE 2. COMPOSITION OF HOLDER, PREBREEDER, AND BREEDER DIETS
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INGREDIENT AMOUNT %

HOLDER PREBREEDER BREEDER
Corn 78.60 76.04 69.44
Soymeal (48%) 11.00 11.4 114
Limestone 0.64 1.0 7.6
Dical Phos 1.85 1.0 1.0
Alfalfa 5.00
Poultry fat 1.80 1.9 2.0
Poultry meal 7.4 7.4
Salt 0.45 0.3 0.3
Choline Chloride 0.10 0.2 0.2
Minerals * 0.20 0.2 0.2
Vitamins 0.20 0.2 0.2
Selenium Supp. 0.15 0.15 0.15
Rendox (45 grams) 0.10 0.1 0.1
Calculated analysis
Protein % 14.0 16.0 15.5
M.E. kcal/kg 3134 3219 2997
Lysine % 15 15
DL-methionine % 0.6 0.6
Diet changed once kg. 16-28 wks 28-30 wks 30 wks

feed consumed

! Mineral compositionin g/Kg of diet: Zinc sulfate Zn 120; Manganous sulfate Mn 120;

Copper sulfate Cu 10; Calcium iodate | 2.5; Colbalt sulfate Co 1.0.

2Vitamin composition: Vit. A 1U 13,200; Vit. D5 ICU 4,000; Vit. E IU 66; Vit. By, ug 39.6;

Riboflavin 13.2 mg; Niacin 110 mg; Folic acid 2.2 mg; Thiamine 4.0 mg; Pyridoxine 7.9 mg; Se 0.0 mg.
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TABLE 3. Body weight (kg.) of Large White turkey breeder hens fed either ad libitum

or restricted * during the rearing period.

WOA TREATMENT
CONT REST. CC CR RC RR
4 1.07 1.08
5 157° 1.29°
6 217"  1.75°
7 281  201°
8 352 251°
9 433 303
10 494  3.62°
11 579  3.78°
12 6.24* 433
13 6.76°  4.14°
14  7.11* 456"
15  7.27*  4.31° . . . .
17 . . 856  7.86° 5.48°  4.72°
18 . . 9122 812° 6.25°  5.09°
19 . . 950* 820" 6.71°  5.08°
21 . . 9.98 844" 7.69°  5.31¢
22 . . 10.39* 877" 8.13°  5.72¢
24 . . 10.87*  9.14° 8.89°  6.44°
26 . . 11.06*  9.65° 9.26°  7.28°
28 . . 11.16* 10.04° 9.50°  7.80°
30 . . 11.58* 10.63° 10.25°  8.86"
32 . . 11.49*° 10.64° 10.38°  9.19°
34 . . 11.20* 1055° 10.22°  9.27°
36 . . 10.84* 10.29" 9.88°  9.02°
38 . . 1037 993 9.43°  8.61°
43 . . 10.04*  9.66° 9.25°  8.67¢
47 . . 10.23* 981" 9.54°  9.09¢
53 10.61* 10.26*  9.79°  9.49"

S.E.

0.005
0.006
0.008
0.008
0.015
0.015
0.024
0.107
0.03
0.03
0.03
0.04
0.04
0.04
0.05
0.07
0.06
0.07
0.07
0.07
0.08

0.03
0.04
0.04
0.05
0.06
0.12
0.15

* CONT - ad libitumfed / REST - restricted-fed 3-16 woa.

CC-ad libitumfed; CR - restricted-16-24 woa; RC - restricted-3-16 woa, RR - restricted-3-24 woa

abed M eans within arow with different superscripts are significantly different (P<.05)



TABLE 4. Body weight (kg.) of Large White turkey breeder hens during lay period
either fed ad libitum or restricted * during rearing period.

TRT!? WEEK OF AGE

32 34 36 38 43 47 53

CCH 12.24* 11.91* 11.46* 10.94*® 10.65* 10.88% 11.09%
CCM 1151° 11.25° 10.92° 1052° 10.13° 10.27° 10.67°
CCL 10.72° 10.45° 10.15° 9.67° 9.33° 9.54° 10.08"

CRH 11.48% 11.31* 10.96* 10.67* 10.43% 10.49* 10.89°
CRM 10.61° 10.52° 10.22° 9.73" 9.54° 9.75° 10.09°
CRL 9.85° 9.81° 9.68° 9.41° 9.02° 9.18° 9.79°

RCH 11.17% 10.99° 10.63* 10.13° 10.04® 10.28% 10.26°
RCM 10.39° 10.22° 9.87° 9.45° 9.21° 9.54°  10.06°
RCL 9.58° 9.48° 9.15° 8.72° 8.52° 8.79° 9.06°

RRH  9.94° 10.02° 9.71® 9.25° 9.41* 9.83* 10.31%
RRM 8.46° 9.16° 8.87" 8.51° 8.46" 8.89" 9.34°
RRL 9.18° 8.65° 8.49"° 8.03° 8.15" 8.56" 8.84°

S.E. 0.06 0.08 0.08 0.09 0.12 0.21 0.25

NOTE: Body weights of the four treatments (CC, CR, RC, RR) are analyzed within their own
treatment by size for each week.

L cC- ad libitumfed --------------- CCH (heavy), CCM (medium), CCL (light)
CR - restricted-fed 16-24 woa -- CRH (heavy), CRM (medium), CRL (light)
RC - redtricted-fed 3-16 woa---- RCH (heavy), RCM (medium), RCL (light)
RR - restricted-fed 3-24 woa ----- RRH (heavy), RRM (medium), RRL (light)

abed Means within each week with different superscripts for each of the four treatments (CC, CR,
RC, RR) are significantly different (P<.05)



TABLE 5. Percent covariance of body weight (kg.) of Large White turkey breeder

hens fed either ad libiutm or restricted * during the rearing period.

WOA TREATMENT
CONT REST. CC CR RC RR
4 2.52 2.57
5 241 1.81
6 2.42 1.75
7 1.79 1.69
8 2.14 2.86
9 2.16 1.64
10 3.16 1.95
11 2.85 1.48
12 2.99 2.21
13 2.96 2.51
14 2.07 241
15 3.79 1.58
17 2.64 1.66 1.96 1.89
18 2.36 1.44 1.86 2.31
19 2.61 1.54 2.47 2.08
21 3.57 1.77 3.08 2.35
22 2.31 1.87 2.83 3.34
24 2.54 1.99 4.23 2.86
26 2.37 1.71 3.82 2.79
28 1.69 2.01 3.38 2.95
30 1.97 2.69 2.71 3.42

! CONT - ad libitumfed / REST - restricted-fed 3-16 woa

CC-
CR-
RC -
RR -

ad libitum-fed

restricted-fed 16-24 woa

restricted-fed 3-16 woa
restricted-fed 3-24 woa

81



TABLE 6. Effect of feed restriction on gain or loss (kg.) in body weight by period
of Large White turkey breeder hens either fed ad libitum or restricted *
during rearing period .

FIVE WEEKLY PERIODS
TRT WEEKS OF AGE

3to 17 17t0 25 25t0 30 30to 38 38to 53

cC 7.52° 2.30° 0.71° -1.2° 0.23°
CR 7.52° 1.27° 1.48" -0.6° 0.32°
RC 3.63" 3.42° 1.35° -0.81° 0.35°
RR 3.63" 1.72° 2.42° -0.26° 0.89°
S.E. 0.05 0.06 0.08 0.09 0.14

! CC-ad libitumfed
CR - restricted-fed 16-24 woa
RC - restricted-fed 3-16 woa
RR - restricted-fed 3-24 woa

abed M eans within a column with different superscripts are significantly different (P<.05)



TABLE 7. Weight loss as percentage of 30 week body weight for periods throughout
lay cycle of Large White turkey breeder hens either fed ad libitum or
restricted * during rearing period.

SIX WEEKLY PERIODS

TRT WEEKS OF AGE
30t034 30t036 30t038 30t043  30to47 30to53
ccC -2.43 -5.31° -8.82*  -11.72*  -10.67° -7.51°
CR -1.25° -3.62° -6.89" -8.61° -7.55°  -2.85°
RC -1.66% -5.18° -8.54*  -10.11*" -8.36”  -5.06"
RR +1.66° -1.36° -4.57° -4.54° -1.93°  +2.76°
S.E. 0.63 0.71 0.87 1.01 112 1.31

! CC-ad libitumfed
CR - restricted-fed 16-24 woa
RC - restricted-fed 3-16 woa
RR - restricted-fed 3-24 woa

abe Means within a column with different superscripts are significantly different (P<.05)



TABLE 8. Weight loss as percentage of 30 week body weight for periods throughout
lay cycle of Large White turkey breeder hens either fed ad libitum or

restricted * during rearing period.

TRT SIX WEEKLY PERIODS
WEEKS OF AGE

30to34 30t036 30t0o38 30to43 30to47 30to53
CCH -2.61 -6.47 -9.95 -12.63 -11.31  -10.07°
CCM -1.99 -4.87 -8.14 -10.99 -10.45  -7.38%
CCL 2.71 -4.61 -8.38 -11.55 -10.23 -5.08"
CRH -1.91 -5.11% -7.18% -8.47 -8.36 -4.47%
CRM -1.52 -3.98° -8.38° -10.1 -8.67 -4.86°
CRL -0.33 -1.79° -5.11° -7.25 563  +0.78°
RCH -1.41 5.11 -8.29 -10.28 -7.75 -6.07
RCM -1.98 -4.91 -8.81 -11.32 -10.37 -5.42
RCL -1.61 -5.52 -8.53 -8.72 -6.95 -3.69
RRH +1.85 -1.67 -6.26 -6.23 -4.04 +1.07
RRM +0.77 -3.04 -5.08 -4.86 -2.25 +2.88
RRL +2.36 +0.62 -2.37 -2.54 +0.47 +4.32
S.E. 0.84 0.92 0.95 1.22 1.34 1.56

NOTE: Weight loss of the four treatments (CC, CR, RC, RR) are analyzed within their own
treatment by size for each period.
' CC- ad libitumHed --------------- CCH (heavy), CCM (medium), CCL (light)
CR - redtricted-fed 16-24 woa -- CRH (heavy), CRM (medium), CRL (light)
RC - redtricted-fed 3-16 woa---- RCH (heavy), RCM (medium), RCL (light)
RR - restricted-fed 3-24 woa ----- RRH (heavy), RRM (medium), RRL (light)

2P Means within each period with different superscripts for each of the four treatments (CC, CR,
RC, RR) are significantly different (P<.05)



TABLE 9. Feed consumption (g) per day / bird of Large White turkey breeder hens
either fed ad libitum or restricted * during rearing period .

TREATMENT
WOA CONT REST. cC CR RC RR S.E.
4  104.6° 70.00° . . . . 0
5 113.3° 80.00° . . . . 0.53
6  146.1° 90.00° . . . . 0.77
7 1705° 116.0° . . . . 1.03
8 203.6° 140.0° . . . . 1.36
9 251.6° 162.0° . . . . 1.61
10 25152 180.0° . . . . 2.69
11  314.42 184.0° . . . . 1.73
12 356.8% 188.0° . . . . 3.85
13 366.9% 165.0° . . . . 4.1
14 324.8% 165.0° . . . . 21
15 323.8% 165.0° . . . . 4.03
17 . . 358.0° 249.0° 200.0° 154.0¢ 2.35
18 . . 343.8° 225.0° 402.2° 154.0° 8.19
19 . . 300.6% 225.0° 303.12 154.0° 6.51
21 . . 302.12 225.0° 305.92 154.0° 5.49
22 . . 297.3% 225.0° 293.7% 154.0° 3.95
24 . . 275.32 225.0° 279.6% 154.0° 5.43
26 . . 228.5° 263.3° 228.1% 276.2° 6.53
28 . . 238.8° 244.1° 234.1° 261.6% 5.54
30 . . 244.8° 250.8° 251.9° 281.8% 8.29
32 . . 193.1° 198.4° 204.9° 264.6% 11.15
34 . . 160.9° 190.5° 185.0° 226.3% 5.16
36 . . 199.9 214.9 208.8 214.3 7.04
38 . . 218.4° 228.82 196.7° 202.73° 6.46
43 . . 198.1 209.7 195.4 195.8 6.82
47 . . 262.9 262.1 267.6 256.4 9.29
53 . . 266.72 268.2° 247.3° 259.12° 5.61

1 CONT - ad libitumfed / REST - restricted-fed 3-16 woa
CC - ad libitum-fed; CR - restricted-16-24 woa; RC - restricted-3-16 woa; RR - restricted-3-24 woa

abed Means within arow with different superscripts are significantly different (P<.05)



TABLE 10. Feed consumption(g) per day / bird during lay period of Large White turkey

breeder hens either fed ad libitum or restricted * during rearing period .

TRT WEEK OF AGE
32 34 36 38 43 47 53
CCH 199.5 150.7 185.2° 223.8 203.6 269.9 269.9
CCM 185.8 171.8 211.8% 221.1 197.1 260.7 272.1
CCL 193.9 160.1  202.7% 210.3 193.6 257.9 261.5
CRH 208.9 199.5 221.6  254.7% 239.6° 264.6 270.3
CRM 2137 1839 2065 191.7° 1938° 2567  259.9
CRL 172.6 188.1 216.7 239.8% 1955° 264.6 274.4
RCH 225.7 195.2 212.1 197.6 201.1 282.6 242.2
RCM 197.9 181.4 205.1 201.3 198.3 264.8 268.1
RCL 191.1 178.4 209.3 191.2 186.9 255.3 231.6
RRH 275.1 240.2 203.8 207.9 210.8 281.5 274.8
RRM 253.1 209.5 214.6 211.6 193.4 223.7 257.1
RRL 265.6 229.2 224.6 188.5 183.3 264.2 2455
S.E. 19.32 8.94 12.2 11.19 11.82 16.1 9.7
NOTE: Feed consumption of the four treatments (CC, CR, RC, RR) are analyzed within their own
treatment by size for each week.
! CC- ad libitumfed --------------- CCH (heavy), CCM (medium), CCL (light)

CR - restricted-fed 16-24 woa -- CRH (heavy), CRM (medium), CRL (light)
RC - restricted-fed 3-16 woa---- RCH (heavy), RCM (medium), RCL (light)
RR - restricted-fed 3-24 woa ----- RRH (heavy), RRM (medium), RRL (light)

abed Means within each week with different superscripts for each of the four treatments (CC, CR,
RC, RR) are significantly different (P<.05)
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TABLE 11. Feed consumption (kg) by period/ bird of Large White turkey breeder hens
either fed ad libitum or restricted * during rearing period.

TRT FIVE WEEKLY PERIODS CUMULATIVE
WEEK S OF AGE CONSUMPTION
3t017 17t024 241030 30t038 381053 3t030 3to53
CC 2559%  14.63° 9.96° 10.81° 25.49 50.19°  86.50%
CR 25592 11.03° 1061°  11.65° 25.94 4552° 83.12°
RC  14.09° 15.19% 9.99° 11.13" 24.71 39.92°  75.77°
RR  14.09° 755¢ 11477 12718 24.91 33.11%  70.74°
S.E. 0.15 0.19 0.23 0.24 0.53 0.34 0.68

! CC-adlibitumfed
CR - restricted-fed 16-24 woa
RC - restricted-fed 3-16 woa
RR - restricted-fed 3-24 woa

ab¢ Means within a column with different superscripts are significantly different (P<.05)



TABLE 12. Feed consumption (kg) by period / bird of Large White turkey breeder hens
either fed ad libitum or restricted * during rearing period..

WEEKLY PERIODS

TRT WEEKS OF AGE CUMULATIVE

30to 38 381053 3to 53

CCH 10.63 25.98 85.84
CCM 11.06 25.62 86.23
CCL 10.74 24.98 87.44
CRH 12.38 27.15 85.46
CRM 11.14 24.89 81.86
CRL 11.44 25.78 82.03

RCH 11.62 25.12 76.38
RCM 11.01 25.61 77.01
RCL 10.78 23.41 73.94

RRH 12.98 26.81 73.26
RRM 12.44 23.83 68.92
RRL 12.71 24.12 70.04

S.E. 0.41 0.92 1.18

NOTE: Feed consumption of the four treatments (CC, CR, RC, RR) are analyzed within their own
treatment by size for each period.

' CC- ad libitumHed --------------- CCH (heavy), CCM (medium), CCL (light)
CR - restricted-fed 16-24 woa -- CRH (heavy), CRM (medium), CRL (light)
RC - restricted-fed 3-16 woa---- RCH (heavy), RCM (medium), RCL (light)
RR - restricted-fed 3-24 woa ----- RRH (heavy), RRM (medium), RRL (light)

No significant differences were noted within any of the four treatments based on size for any of periods.



TABLE 13. Feed consumption per body weight gain (kg) by period / bird of Large
White turkey breeder hens either fed ad libitum or restricted * during rearing

period.
WEEKLY PERIODS
TRT MULATIVE
WEEKS OF AGE cumu

3tol7 17t024 24to030 3t0 30 3to 53
cC 3.41° 6.36° 14.78° 4.77° 9.10°
CR 3.41° 8.72° 7.34° 4.76° 9.07¢
RC 3.87° 4.45% 7.61° 4.35° 8.74°
RR 3.87° 4.41° 4.79° 4.26° 8.46°
S.E. 0.02 0.15 0.61 0.03 0.14

! CC-ad libitumfed
CR - restricted-fed 16-24 woa
RC - restricted-fed 3-16 woa
RR - restricted-fed 3-24 woa

ab¢ Means within a column with different superscripts are significantly different (P<.05)
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FIGURE 1. Body weights (kg) of Large White turkey breeder hens either fed
ad libitum or restricted * during the rearing period.




KILOGRAM DIFFERENCE IN BODY WEIGHT
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2 Body weights from Nicholas Management Guide 1996 were used to figure a baseline zero

FIGURE 2. Differencesin body weight (kg) of Large White turkey breeder hens

either fed ad libitum or restricted * during the rearing period expressed
as a deviation from the standard?.
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Manuscript 11. Effect of Physical Feed Restriction on Reproductive
Performance of Large White Turkey Breeder Hens.
ABSTRACT

Large White turkey breeder hens were tested in a4 X 3 factorid design to evauate the
effect of three different leves of physicd feed redriction on subsequent reproductive
peformance. The feed treatments comprised: Control Control (CC) - ad libitum fed
throughout the study, Control Restricted (CR) - feed redtricted from 16-24 WOA, Restricted
Control (RC) - feed redtricted from 3-16 WOA and Restricted Redtricted (RR) - feed
restricted from 3-24 WOA. Feed redtriction was implemented so that restricted fed hens
achieved a 45% reduction in BW as compared to Control hens at 16 WOA. From 16-24
WOA feed was dloted to maintain adight increasein BW. At the completion of the respective
restriction period, hens were gradualy released back to ad libitum feeding. At the time of
photostimulation (30 WOA) dl trestments were divided into sub-treatments by weight: Heavy,
Medium and Light, resulting in four trestments with three sub-treatments within eech.  All hens
continued on ad libitum feeding throughout a 20 wk lay cycle. Previous research reported
within thislab (Trid 1), concluded that restricting hens early in rearing so that the lay cycle was
in the Winter season resulted in numerica increases in egg production. The time period for Trid
2 was inverted from that of Trid 1, in that hens were photostimulated for Summer season egg
production. For Trid 2, RC and RR henslaid sgnificantly more eggs than did CC and CR hens
for the first 1-5 wol. However, within Trid 2, once house temperature increased to over 80-85
°F during the second period of lay (6-10 wol) RC and RR egg production suffered dramaticdly,

resulting in a Sgnificant decrease in production. Cumulative egg production means were 56.76,



56.56, 45.35 and 48.74 for CC, CR, RC and RR hens, respectively. Hens restricted early in
rearing (3-16 WOA) cumulatively laid more soft shell eggs and reported a decrease in hatch of
fertile eggs for Trid 2. Average percent hatchability of fertile eggs was 80.52, 82.21, 77.35
and 78.64 for CC, CR, RC and treatments, respectively. Poor egg shel qudity (soft shdlls) in
RC hens ds0 resulted in ggnificant increases in early dead embryos for Trid 2. Once house
temperatures increased to over 80-85 °F egg and poult weights from RC and RR hens
ggnificantly differed from CC and CR hens.  Sub-trestment “weight” within trestments CC,
CR, RC and RR often had significant effects on egg and poult weights and percent of eggs laid
that were cracked, crowded or soft shelled. These data suggest that age of breeder, season of
implementation and length of physical feed redtriction have a profound impact on a hens
reproductive ability.

(Key Words: turkey breeder hens, feed redriction, egg production, egg weights, fertility,

hatchability, hatch of fertile, shell qudity, reproductive performance)
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INTRODUCTION

The positive results obtained with broiler breeder feed restriction over the last severd
decades have undoubtedly stimulated interest in usng this management practice for turkey
breeder candidates. Even though it was over 55 years ago that one of the first feed redtriction
studies involving turkey breeder hens was performed by Scott and Payne (1942). It was not
until the late 1980s that the turkey industry developed an urgent need to control BW in breeder
hens. During this time, the primary turkey breeding industry shifted some of their selection
emphasis toward growth in female pedigree lines. This created a need to find possible solutions
to crcumvent the effects of resulting negative corrdation between increesed BW and
reproductive efficiency.

Various techniques have been utilized in an effort to control BW, with physcd feed
redriction recalving the mogt atention.  Over this time period, the mgority of the evidence
collected for turkey breeder hens is at best confusing and inconclusive. However, there are a
few dudies in the literature tha report a beneficid effect on egg production (Bdloun 1974;
McCartney et al. 1977; Miles and Leeson 1990; Hocking 1992a and Renema et al. 1993).
Nonetheless, the mgority of the researchers working in this area reported no favorable results
with feed redtriction. Feed redtriction in the past has dso seen very little benefit with regards to
fertility and hatchability. However, recently Hocking (1992a) reported an exception with
regards to hatchability. Data regarding egg weight appears to be more variable. Most research
has reported no effect on egg weight when implementing a feed redriction program, some
researchers have determined there to be increases in egg weight when utilizing such programs

(Mitchdl et al. 1962; Borron et al. 1974 and Potter et al. 1978). However, Touchburn et al.



(1968), Jones et al. (1976) and Hocking (1992a) reported a decrease in egg weight with use of
afeed redriction program.

The following experiment was designed to address the effects of length and timing of
quantitative feed restriction on subsequent reproductive performance. Of particular interest was
to compare the results from this experiment which was photostimulated during hotter
environmenta temperatures, with a previous experiment in which hens were photostimulated for
cool temperature egg production.

MATERIALSAND METHODS

On August 30, 1996, seven-hundred-twenty-two day old Nicholas turkey breeder hen
poults were wingbanded, placed, brooded and vaccinated following generd commercid
standard practice with feed and water provided ad libitum through 3 WOA. The experiment
was dedgned as a 4 (redriction treatment) x 3 (30 WOA weight treatment) factorid
arangement.  Treatments comprised: 1) Control Control (CC) - hens full-fed throughout the
rearing period, 2) Control Restricted (CR) - hens redtricted feed from 16 to 24 WOA, 3)
Restricted Control (RC) - hens restricted feed from 3 to 16 WOA, and 4) Restricted Restricted
(RR) - hens redtricted feed from 3 to 24 WOA. The god was to attain a 45% body weight
reduction a 16 WOA in treatments RC and RR, while treatment RR aso continued on a
resriction program until 24 WOA during which time only minima weight gains were to be
incurred. Treatment CR, which was redtricted feed from 16 to 24 WOA, was to achieve only
minima weight gains during its restriction period. 1n essence, their body welghts were to remain
congtant from 16 to 24 WOA. During redtriction periods, poults were fed usng skip-a-day

procedures (feeding two days worth of feed a once). All birds were weighed individualy to the
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nearest .1 |b., dways at the same time in the morning. Birds were weighed weekly until 24
WOA a which time they were then weighed bi-weekly until pesk production (39 WOA).
From peak production until the end of lay (53 WOA) dl birds were weighed monthly. Weekly
feed consumption was determined on a per pen bass. From 3 to 24 WOA, BW and feed
consumption were used to caculate a feed alotment of each diet for each pen for the following
week. Daly feed dlotments were weighed into a bucket to the nearest gram and evenly
digtributed throughout the circumference of the circular feeder. Birds that were restricted fed
and to be releasad to full feed were subjected to a redimentation period. To implement this
realimentation period, on a skip-a-day basis, feed was increased by 20, 40, and 60% etc....
until the pen had no longer consumed the entire alotment of feed by the next morning, a which
time they were then consdered to be back on full feed. All treatments had been returned to full
feed by 25 WOA. A totd of 7 different diets were fed during the brooder, grower, developer,
holding and prebreeding period until the hens were photostimulated at 30 WOA. Hens were
subjected to short day length from 18 to 30 WOA. During the blackout phase the hens were
exposed to a progressively decreasing photoperiod of 8, 7, and 6 h of light per day from 18-21,
22-25, and 26-30 WOA, respectively. All treatments were subdivided at 30 WOA into three
equa weight treatments. Heavy, Medium, and Light. Therefore, CC was now recognized in
sub-trestments:. CCH, CCM, and CCL, with dl other treatments (CR, RC, and RR) following
this same sequence. An example of this scenario is as follows: CCH = hens within body weight
range > 25.5 Ib., CCM = hens within body weight range 25.4 - 23,5 Ib., and CCL = hens
within body weight range < 234 Ib. In the laying phase, feed and water were provided ad

libitum. The hens were photostimulated a 30 WOA (April 1997) with 14 h of light per day



which was increased to 15 h (5:00 am - 8:00 pm) at first egg. At peak lay hens underwent a
form of light phase-shifting on a weekly basis. Once a week lights were set to come on 3 h
earlier (2:00am) than normd, in an effort to shift the dally lay period back. This sequence of
lighting was then maintained through the end of the sudy (53 WOA).

All hens were atificidly inseminated (Al) with a dose equa to or greater than 200
million live sperm cdlls. The firgt and the second Al were performed on day 14 and 17 post
photostimulation followed by weekly insemenation theresfter (Mclntyre et al. 1982). During
Al, any hen that was identified as approaching cessation of egg production, unable to physicdly
expose reproductive tract for insemenation, was removed from the laying house and placed in a
different house in which the hen had no accessto anest. The following week, these hens were
evauated to determine whether they were receptive to Al techniques. A hen was placed back
into her previous pen if able to Al, if not, the hen remained in the separate pen. The semen
utilized for this experiment was collected from qualitative restricted Nicholas toms. Semen was
obtained by applying the massage technique as described by Burrows and Quinn (1939).
Pooled semen was diluted to a sperm concentrate of 200 x 106 per .05 ml dose. All henswere
inseminated within 1 h after semen preparation. Eggs were collected 6 times a day and
classfied as settable, double yolk, crowded, cracked, or soft shell eggs. Settable eggs were
sanitized and stored in an egg cooler a approximately 13 °C  and 70% relaive humidity.
During the first two weeks of production al eggs were weighed. Thereefter, three eggs per pen
were weighed weekly to determine average egg weight.  Eggs from a production week
(Tueday - Monday) were set on a bi-weekly bass and pedigree hatched. All eggs stored

within the egg cooler 10-14 days were consdered “stored’. While eggs stored less than 5



days were recorded as “unstored” for hatch purposes. Three eggs from each pen were
numbered 0 that they may be weighed at setting and transfer. At 28 days of incubation, poults
from these eggs were o weighed. At 3, 4, 6, 9,11, 13 and 20 wal, three eggs from each pen
were weighed and broken open with the yolk and dbumen being discarded. Egg shdls from
these eggs were washed and allowed to ar dry 3-5 days. After dried, egg shdl weight and
thickness measurements (micrometer) were taken. Egg shdl thickness was measured (with
membrane) in three places and then averaged: large end of egg, middle of egg and smdl end of
egg. These measurements were then used to determine: 1.) egg shell weight (g) as percent of
total egg weight (g), 2.) egg shell thickness (mm) as a percent of shdl weight (g), 3.) egg shl
thickness (mm) as a percent of tota egg weight (g).

After being incubated for 24 days at 37.5 °C and 53 % rdative humidity, eggs were
trandferred into a hatcher operating at atemperature of 37.2 °C and 65% reative humidity. Al
eggs that falled to hatch were broken open and macroscopicdly examined to determine true
fertility and stage of embryonic development at desth. A totd of 7 different categories, derived

from Phillips and Williams (1944) were used to summarize the breskouts. The definitions were

asfollows
1) Ealy dead (ED): day 1-2; development stops before blood formation
2) Week 1 (W1): day 3-7; blood idands form, fully pigmented eyes

3) Week 2 (W2): day 8-14; legs differentiate into limbs, plumage visble
throughout body
4) Week 3 (W3): day 15-21; toe nall vigble, eyes closed, down partidly

pigmented
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5) Week 4 (W4): day 22-25; nostrils appear, down thickens and fully pigmented,
fluid fully absorbed and shoulder up, % of yolk sac
ingde, down isydlow

6) Int. pip (IP): day 26; beak penetrates air cdll

7) Ext pip (EP): day 27, embryo pips shdl but not hatched

STATISTICAL ANALYSIS
The data from the experiment was subjected to atwo-way andysis of variance. There
were four redtriction treatments (first independent variable) and three sub-treatments of sze

(second independent variable). The variation among pens was used as the error term.

Percentage hen housed production, fertility and hatchability were andyzed weekly as well as by

period (1-5, 6-10, 11-15 and 16-20 weeks of lay). Egg and poult weights with shell thickness

was andyzed weekly. Hatch data (embryonic mortdity) was andyzed by hatch for “stored”
and “unstored” eggs. Feed consumed per gram of egg was aso cdculated. Hens considered
out of production were dso satisticaly caculated weekly by treatment. Percentage data were
transformed by arc sine square root procedure prior to analyss. The differences among main
effect means for trestment were then partitioned using the LSMEANS option of the GLM

(SAS, 1994). Statements of significance were based on P<.05 unless otherwise stated.
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RESULTS
Egg Production

For the purposes of this manuscript, data within this sudy (Trid 2) will be reported in
comparison to a previous study (Trid 1). Trid 1 and 2 are comparable in that both trids
examined the impact physicd feed restriction had on controlling turkey breeder hen body weight
in an effort to improve reproductive performance. One important variable that differed between
the two trials was the season of the year hens were subjected to feed redtriction and their
subsequent lay period. In Trid 1, hens were restricted feed during rearing from ether 3-16 woa
or 6-16 woa in an effort to reduce BW by 45% as compared to a control ad libitum fed
trestment. This regtriction period was implemented during the Summer season. Therefore, hens
from these treatments matured and were photostimulated during the Winter season. In
comparison, Trid 2 hens were redricted fed during the Fal and Winter seasons.  Therefore,
subsequent lay period for Trid 2 hens was through the hotter Summer season.  These two
different scenarios (Tria 1 vs Trid 2), are then compared to alow for a better understanding of
the seasond effects involving feed restriction and subsequent lay period.

When consdering the effects of physcd feed redtriction on turkey breeder hen egg
production, there are severd means by which data can be reported. One of the most basic
dternaives isto study weekly and total hen-housed egg production. Thisis to include cracked,
crowded, double yolked and soft shell eggs. From this data, research can gan some
underganding of ovulation rate within a treatment of hens. Hen-housed percent production for
the 20 wk lay cycle within this study (Trid 2) is presented in Table 1 and Figure 1. Table 1

illustrates that treatments RC (restricted-fed 3-16 woa) and RR (restricted-fed 3-24 woa)
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began the production cycle in a much more efficient manner than did treetments CC (ad
libitum-fed) and CR (restricted-fed 16-24 woa). Even though days to first egg was not
ggnificantly different among trestments, tresiments RC and RR had dggnificantly higher
production for 1-3 wol than trestments CC and CR. It was during this 3 wol that dll
trestments reached peak production for the lay cycle (CC - 72.42%", CR - 70.68%°, RC -
76.86%° and RR - 76.95%°). The reationship of treatments CC and CR to entering
production a a dower rate and having lower peak production may be in relaion to the lower
rate of BW gain during the last few weeks before photostimulation (presented in subsequent
manuscript). On the contrary, tretments RC and RR had grester BW gain at the time and this
appears to be reflected in the magnitude of peak production observed in this study. These
results are in direct comparison to Tria 1 in which restricted-fed hens aso entered lay in amore
efficient manner and peaked with higher production percentages (Figure 3). However, unlike in
Trid 1, improved hen-housed production for restricted-fed hens in Trid 2 did not persst over
that of control treetments. In Trid 1, lad in the Winter, it was reported that restricted treatment
N3 (restricted-fed 3-16 woad) continued to lay numericdly just aswell as acontrol (ad libitum-
fed) treetment. Within Trid 2, laid in the Summer, this decrease in production is noted at atime
when house temperature increased greetly. Figure 1 illustrates that high temperature within the
laying house increased from a weekly average of 70°F during the 1% wol to over 80°F by the
4" wol. This is increase in temperature was at a very critical time, due to the fact thet it was
during the period of peask and post-peak production. Although al treatments decreased in
production percentages, it was treatments RC and RR that were affected the greatest. After

one week of higher temperatures (4" wol), house temperature decreased for approximately a
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two week period, at which time production was increased for al treatments. However, from
the 7" to 9" wol house temperature again increased dramatically. Within a two week period
temperature increased from 75°F to 90°F. It was during this time that production severely
decreased for dl treatments, especidly trestments RC and RR (Table 1 and Figure 1). During
the 7" wol, production percentages for trestments CC and CR were significantly greater than
treatments RC and RR (57.26, 52.76, 36.76 and 43.13, respectively). From this period
throughout the mgority of the study, average house high temperature remained elevated (88 -
92°F) (Figure 1). From this 7-9" wol period throughout the remainder of Tria 2, hen-housed
production percentages for treetments CC and CR were significantly greater than treatments
RC and RR (Table 1). By the end of lay (20 wal), hen-housed production percentages for
treatments CC, CR, RC and RR were 22.53, 21.96, 11.27 and 14.97, respectively. At which
time, treetments CC and CR were sgnificantly greater than treetments RC and RR.

Figures 2 (Trid 2) and 4 (Trid 1) illudrate the possble dramétic affects temperature
had on reproductive performance as compared to the Nicholas standard as reported by their
management guide 1996. Figure 2 (Trid 2) shows that treatments RC and RR entered the lay
cycle 15-20% above Nicholas standard (Summer season flock), while trestments CC and CR
entered lay 5-10% above standard. Thisimprovement, over standard, was nullified by the 4-5"
wol once house temperature reached 85-90°F. After 5 wol, production percentages for
treatments CC and CR were 10-25% less than Nicholas standard for the remainder of Tria 2
(Figure 2). While Figure 4 (Trid 1) shows that even though al treatments began production at a
dower rate as compared to Nicholas standard (Winter season flock), peak production was 3-

8% higher for al trestments vs. basdine Nicholas sandard. During Trid 1, it was noted
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treatment N3 (restricted-fed 3-16 wod) performed just as well if not better than a Control
treatment as well as Nicholas standard (Figures 3 and 4). From these observations, it is then
interesting to note that this same treatment RC in Trid 2 (Summer season flock) did not perform
aswdll as Control trestments or Nicholas standard.

Weekly hen-housed percent settable eggs (tota eggs minus cracked, double yolked,
crowded and soft shell eggs) for Trid 2 follows much the same pattern as percent hen-housed
total egg production (Table 2). However, during the I wol dl trestments (CC, CR, RC and
RR) differed sgnificantly with regards to percent hen-housed settable egg production (25.46,
20.76, 34.36 and 28.19, respectively). The period 2-3 wol produced the same results as seen
in tota egg production, with treatments RC and RR having ggnificantly improved settable egg
production over that of treatments CC and CR. However, as was noted in total egg
production, settable egg production decreased sgnificantly in treatments RC and RR post-peak
production. This pattern followed throughout the remainder of the study with a few exceptions
for treetment RC which differed sgnificantly from dl three trestments (10, 12, 13, 16 and 20
wol). These difference were due to treetment RC having ather numericadly or sgnificantly
higher percentages of unsettable eggs (cracks, double yolked, crowded or soft shell). By the
end of the lay cycle (20 wol), percent hen-housed settable egg production for treatments CC,
CR, RC and RR was 20.43%, 18.19%, 9.75% and 13.27%, respectively (Table 2).

Regarding unsettable egg production (cracks, double yolked, crowded and soft shel
eggs), Sgnificant differences were noted by treatment throughout the lay cycle. These
differences were most prominent towards the end of lay. With regards to percent cracks, all

trestments entered lay (1% wol) with high percentages (Table 3). Treatments CC, CR, RC and
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RR equaled 12.84%, 13.25%, 13.56% and 10.51%, respectively for the 1 wol. These high
percentages could be expected as this is the time during which al hens are becoming acclimated
to the open nests.  After the 1¥ wol, cracked eggs among dl trestments decreased to a more
respectable level. However, during different weeks of lay, sgnificant differences were observed
between treastments. Treatment CR had sgnificant increases in percent cracks over other
treatments during the 4" and 8" wol (5.95% and 4.66% respectively, as compared to 2.81%,
2.80%, 3.09% and 2.67%, 2.39%, 1.31% for treatments CC, RC and RR for 4" and 8" wol)
(Table 3) For wol 13 and 15, this same trend was noted, but for trestment RC (7.14% and
12.64% vs. 0.92%, 2.37%, 0.92% and 3.6%, 2.27%, 2.18% for treatments CC, CR and RR
for 13 and 15 wol). As hens from dl treatments reached the end of lay (19-20 wol) percent
cracks began to increase (percent cracks = 5 to 12%) as compared to previous weeks (Table
3). With respect to double yolked unsettable eggs, little to no affect between trestments was
noted (Table 4). However, with respect to egg shel quality, sgnificant differences were
observed between treatments in percentage of crowded (misshagpen) and soft shell eggs. For
the 3 wol trestments CC and CR laid significantly more crowded eggs than did trestments RC
and RR, 0.58% and 0.33% vs. 0.00% and 0.00%, respectively. This pattern was reversed for
the 13" wol when trestments RC and RR laid significantly more crowded eggs than trestments
CC and CR, 3.99% and 2.16% vs. 1.56% and 1.83% (Table 5). While these were significant
differences reported in respect to crowded eggs, these problems were not nearly as dragtic as
the problems seen in soft shell eggs Soft shell egg production was less than 1-2% for al
treatments throughout 1-10 wol. However, as the temperature of the laying house increased

and hens proceeded through lay, soft shell egg production became of great importance (Table
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6). Although percent soft shell production increased for dl treatments, the effects were most
pronounced with treatment RC and at times treatment RR. For the period 13 - 20 wol percent
soft shell egg production averaged 8.46% per week for treatment RC while treatments CC, CR
and RR averaged 3.16%, 2.65% and 3.92%, respectively. These increases were dso noted at
the time percentage of cracked eggs increased in the 20 wk lay cycle (Table 3). Although
percentage of floor eggs lad was a times high, few continuous trends were established
throughout the lay cycle (Table 7). During the 3¢ wol, trestments CC and CR laid significantly
more floor eggs than did treatments RC and RR. However, the opposite was true for the 13"
wol, when floor eggs lad for trestments RC and RR were devated numericdly over that of
treatments CC and CR.

Concerning cumulaive egg production data (Table 8), dgnificant differences were
recorded within hen-housed total and settable egg production by trestment. Cumulative hen-
housed total production for treatments CC, CR, RC and RR was 39.19%, 39.20%, 30.48%
and 33.18%, respectively. While settable egg production for each of these four treatments was
36.77%, 36.28%, 28.21% and 31.22%, respectivedly. Cumulative egg quality was aso
ggnificantly affected by trestment (Table 8). Treatment RR resulted in dgnificantly less percent
cracked eggs (3.35% vs. 4.71%, 5.37% and 5.62% for treatments CC, CR, and RC).
However, treetment RC lad ggnificantly more soft shell unsettable eggs than any other
treatment (4.36% vs. 1.78%, 1.59% and 2.10% for treatments CC, CR and RR).

Andyzing cumulaive egg production data by sub-trestment “weight” results in no
sgnificant differences being established with regards to totd or settable egg production (Table

9). LIGHT weight treatments laid just as well as MEDIUM weight trestments which laid just as
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well as HEAVY weight treetments. This was true with respect to dl four treatments (CC, CR,
RC and RR). However, sgnificant differences were noted when percent unsettable eggs was
broken down into individual categories (cracks, double yolked, crowded and soft shell). When
viewed from this perspective, HEAVY treatment hens laid dgnificantly more double yolked
eggs than MEDIUM or LIGHT treatment hens within treetment CC. While LIGHT treatment
hens laid sgnificantly more crowded eggs (2.45%) than HEAVY or MEDIUM hens (0.59%
and 0.80%) within trestment CC. Percent floor eggs laid was significantly improved in HEAVY
hens (9.98%) vs. MEDIUM and LIGHT hens (15.25% and 11.60%). With the exception of
floor eggs laid, the same basc trend was established for treatment CR. In which, LIGHT hens
lad sgnificantly more crowded eggs (2.46%) than HEAVY and MEDIUM hens (0.67% and
0.70%). Just the oppogte of treestment CC, HEAVY hens within trestment CR laid sgnificantly
more floor eggs (14.05%) than did MEDIUM and LIGHT hens (9.66% and 11.45%). The
effect of sub-trestment weight played a significant role in percent cracks within trestment RC.
In HEAVY hens, it was reported that 8.64% of al eggs lad were cracked, wheresas in
MEDIUM and LIGHT hens, 5.18% and 3.05% eggs were recorded as being cracked.
HEAVY and MEDIUM hens within trestment RC dso laid significantly more soft shell and floor
egos than did the LIGHT treatment. And lastly, within treatment RR, HEAVY hens were
responsble for sgnificantly more cracked eggs than LIGHT hens (4.48% and 2.13%,
respectively).

Table 10 illugtrates the analyss of sub-trestment “weight” without regards to origina
treatments (CC, CR, RC and RR). That is, al treatments were pooled as one and then divided

only by “weght”: HEAVY, MEDIUM and LIGHT. In doing this no significant differences
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were noted in percent hen-housed production of tota or settable eggs. However, the
percentage of cracks wasincreased in HEAVY hens (5.88%) as compared to MEDIUM and
LIGHT hens (4.74% and 3.67%). Percent double yolked eggs was increased in HEAVY hens
(0.14%) vs. MEDIUM hens (0.03%). While percent crowded eggs was increased in LIGHT
hens (1.63%) vs. HEAVY and MEDIUM hens (0.93% and 1.02%). And lastly, percent soft
shell eggs was ggnificantly increased within HEAVY  hens (3.01%) as compared to LIGHT
hens (2.00%) (Table 10).

Cumulétive tota egg production by period for Trid 1 (Winter lay) is exhibited in Table
11. It was during Period 1(1 - 5 wal) that treatment N3 (restricted-fed 3-16 woa) laid
ggnificantly more eggs per hen than ether trestments NO (ad libitum-fed) or N6 (restricted-fed
6-16 woa): 18.20, 15.10 and 16.30 eggs per hen, respectively. When egg production is
cdculated on a cumulaive basis for the entire lay cycle (1 - 25 wal), treatment N3 laid
numericaly more eggs than did treatments NO or N6 (94.7, 90.83 and 88.46, respectively).
This same treatment (restricted-fed 3-16 woa) for Tria 2, in which it was referred to as RC,
once again lad ggnificantly more eggs for Period 1 than did a Control ad libitum-fed treatment
(Table 12). Treatments CC, CR, RC and RR equaled 19.36, 19.17, 20.93 and 20.78 eggs
per hen, respectively. However, this significance was reversed for each of the following three
periods as well as cumulative eggs laid. When considering cumulative egg production for 1 - 20
wol, treetments CC and CR laid sgnificantly more eggs per hen than did treatments RC and

RR; 56.76 and 56.56 vs. 45.35 and 48.74, respectively (Table 12).
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Hatch Data/ Egg and Poult Weights

Throughout Trid 1, few sgnificant differences were reported between gpplication of
feed redtriction and hatch of incubated eggs. Table 13 shows percent hatch of dl eggs during
five different periods throughout the lay cycle was not affected by any redtricted treatment.
Genedly, the overd| percent hatch of Trid 2 is very much comparable to that of Trid 1 for 1 -
10 wol. However, as the lay cycle progressed a numerical difference became prevaent
between treatments CC and CR vs. RC and RR. This difference in hatch became dgnificant at
20 wol when treatments CC and CR reported hatch percentages of 69.45 and 70.33 vs.
treatments RC and RR hatch percentages of 55.16 and 57.12. When totd percent hatch of all
eggs for the 10 incubated hatches is figured as cumulative, only a numericad difference is noted
between treatments (Table 14). Cumulative hatch for treetments CC, CR, RC and RR was
74.35%, 75.34%, 71.68% and 71.85%, respectively.

True fertility for Trid 1, produced no sgnificant differences among trestments (Table
15). Fertility was calculated as being 93-98% for the first portion of lay and then decreasing to
gpproximately 85-90% as the lay period continued. Trid 2 produced much the same results,
with no significant differences being reported in true fertility with respect to treatment (Table 16)
or sub-trestment “weight”(Table 17). Tota true fertility for treetments CC, CR, RC and RR
was 92.44%, 91.99%, 93.18 % and 92.52%, respectively.

Cumulative hatch of tota and fertile eggs was sgnificantly affected by trestment and

ub-trestment “weight’.  Cumulative hatch of fertile eggs was sgnificantly improved in
treatments CC and CR over that of treatments RC and RR (Figure 5). Hatch of fertile eggs

equaled 80.52%, 82.21%, 77.35% and 78.64% respectively for treatments CC, CR, RC and
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RR. Sub-trestment “weight” had a profound impact on hatch of tota and fertile eggs involving
treatments CC and CR. Within treatment CC, LIGHT hens hatched 79.04%, sgnificantly
better than HEAVY and MEDIUM hens (73.49% and 71.46%) (Table 17). Thisimprovement
was a0 reflected in hatch of fertile eggs, in which LIGHT hens hatched at a sgnificantly higher
percentage than did MEDIUM hens.  Within trestment CR, it was MEDIUM hen eggs that
hatched sgnificantly better than HEAVY hen eggs with regards to totd hatch (78.91% vs.
72.64%). Hatch of fertile eggs was dso dsgnificantly improved in MEDIUM hen eggs as
compared to HEAVY and LIGHT hen eggs (86.21% vs. 79.77% and 80.68%) (Table 17).
The influence of feed redriction and subsequent egg Storage treetments prior to
incubation for Tria 2 isdisplayed in Table 18. With respect to dl trestments (CC, CR, RC and
RR), egg storage length had no affect on hatch of total or fertile eggs. Eggs stored for 10-14
days prior to incubation hatched just as well if not better than eggs stored only 1-5 days.
Embryonic mortdity, determined by examining unhatched eggs a 28 days of incubation,
was dgnificantly affected by trestment. Treatment RC had sgnificantly higher levels of week 1
embryonic mortdity as compared to al other treetments. 3.90% of dl eggs incubated suffered
embryonic mortality during the first week (3-7 days) within treetment RC, whereas only 1.74%,
1.88% and 2.29% of al eggs resulted in wk 1 mortdity for treetments CC, CR and RR,
regpectively. Week 2 embryonic mortaity was dso ggnificantly higher in treetment CC as
compared to treatment RC (Table 19). Percent eggs cracked in the incubator was sgnificantly
higher in treatment RC (1.73%) vs. treatments CC, CR and RR (0.18%, 0.31% and 0.14%).
With respect to sub-treatment “weight”, little sgnificance was noted within trestments.

HEAVY and LIGHT henswithin treetment CR did exhibit dlevated levels of week 1 embryonic
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mortdity as compared to MEDIUM hens. While MEDIUM hens had sgnificantly less mortaity
due to internd pips (0.94%) than did HEAVY and LIGHT hens (2.47% and 2.83%) (Table
20). Week 1 embryonic mortdity, within treetment RC, was sgnificantly higher for MEDIUM
hens (5.62%) as compared to HEAVY and LIGHT hens (251% and 2.93%). When
treatment and sub-treatment “weight” are not conddered and only egg Storage treatment is
andyzed, various differences were shown to be sgnificant with respect to embryonic mortality.
Conddering only stored vs. unstored eggs, differences were determined to be sgnificant with
regards to percent early-dead (1-2 days incubation), week 3 (15-21 days incubation) and
week 4 (22-25 days incubation) embryonic mortdity. Stored eggs had higher levels of early-
dead embryonic mortdity (1.67%) than did unstored eggs (1.14%). While unstored eggs had
ggnificantly higher levels of weeks 3 and 4 embryonic mortdity (2.67% and 2.03%) as
compared to stored eggs (1.39% and 1.05%) (Table 21).

During the 20 wk lay cycle, egg and poult weights were recorded and analyzed. It
should be noted that egg and poult weights were not affected by feed redtriction in Trid 1.
However, as is shown in Figures 6, 7, 8 and 9, egg and poult weights were both sgnificantly
affected in Trid 2 when andyzed by trestment (CC, CR, RC and RR) and sub-treatment
“weight”. Figure 6 illugtrates dl treatments reached 80g egg weights at basicdly the same point
in lay. No differences were recorded with respect to egg weights until 9 wol. From this week
on, RC and RR hens lad a leest numericdly if not sgnificantly lighter eggs than CC and CR
trestment hens. Consdering the andysis of sub-treatment “weight”, LIGHT hens for a mgority
of the firgt few wks laid sgnificantly lighter eggs than HEAVY and MEDIUM hens (Figure 7).

It was not until 9 - 10 wol that LIGHT treatment hens, on a continuing bads, lad the same
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weight egg as that of sub-treatments HEAVY and MEDIUM. Poult weights within treatment
(CC, CR, RC and RR) and sub-treatment “weight”, followed much the same pattern as egg
weights. From 6 wol until the end of production, RC and RR hens hatched at least numericdly
smaler poults than did trestments CC and CR (Figure 8). During the 8" wol, this significant
difference was determined to be as much as a 3.5g difference in body weight between RC/RR
vs. CC/CR poults. Sub-trestment HEAVY hens hatched sgnificantly heavier poults as
compared to MEDIUM and LIGHT hens for the 8" wol. Poult weights for HEAVY and
MEDIUM hens were then a the leest numericaly heavier throughout the remainder of the lay
cycle (1-20 wal) (Figure 9).

The relationship of totd feed consumption per hen for the entire study to that of totd
eggs laid and poults hatched is exhibited in Figures 10 and 11. Within Figure 10, only numerical
differences were reported when caculating kilograms feed consumed per hen in relaionship to
tota eggs lad. The same is true when andyzing kilograms feed consumed per poult hatched
(Figure 11). Treatments CC, CR, RC and RR consumed 2.11, 1.97, 2.37 and 2.06 kilograms
feed/hen respectively for each poult hatched.

Egg shdl qudity was determined by weighing egg shels and taking micrometer
measurements (mm) at three areas within the egg shell surface area. These variables were then
used to determine percent egg shell, egg shdl thickness as ardated to shdl weight and egg shell
thickness as related to totd egg weight. Dried egg shdl weght (with membrane) as a
percentage of total egg weight (g) is reported in Figure 12. Although the difference was never
ggnificant. RC hens, conagently had numericaly heavier egg shells as a percentage of their

total egg weight compared to trestments CC, CR and RR. While later in lay (after 4" wol) both
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RC and RR henslaid eggs that tended to have a thicker shells in relation to shell weight (Figure
13). This same pattern was true with regards to egg shell thickness in relation to totd egg
weight. From the 6" wol throughout the mgjority of the study, trestments RC and RR had
numericaly thicker egg shellsin reaionship to ther totd egg weight (Figure 14).

In condlusion, the previoudy mentioned differences dong with significantly improved
egg production, resulted in sgnificantly more poults per hen in treetments CC and CR as
compared to treatments RC and RR (38.89 and 39.06 vs. 28.90 and 32.66, respectively)
(Figure 15). These differences were quit dramatic due to the fact that within Tria 1 restricted
treatments performed as well if not better than control trestments with regards to egg and poult
production. ). It should be noted that sub-trestment “weight” had no significant effect on poults
per hen within treatments CC, CR, RC and RR.

DISCUSSION

The differences in results obtained between these two trids (Trid 1 vs Trid 2) were
quite dramatic. There have been few previous reports that attributed such severe feed
restriction to increased reproductive capabilities, as was reported in Trid 1. Hocking (19924)
compared the response of a medium size turkey line (BUT 71) that was photostimulated at 18,
24 or 30 WOA and either ad libitum-fed or redricted until point of lay. The rate of
production of eggs with norma shellswas higher in turkeys photostimulated at older ages and in
restricted birds compared with those fed ad libitum. This resulted in 95.3 and 86.3 settable
eggs per bird for the restricted and ad libitum fed hens, respectively. Renema et al. (1993)
looked at the effect of BW restriction from 4 to 28 WOA on grandparent stock. They reported

no sgnificant differences in hen-housed egg production on the bas's of settable egg production.
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Redtricted hens appeared to exhibit more broody behavior and loss of egg production.
However, hen-day production showed a clear trend towards improved egg production. Egg
numbers were 48.6, 52.8 and 55.4 for the control, 10 and 20% restriction treatment,
respectively. Most recently,

Klein-Hesdling (1994) reported that restricting BW of turkey hens by 45% of a control
treatment a 16 WOA improved reproduction. On the basis of average settable eggs laid per
hen, a 45% redtriction treatment sgnificantly (P<.01) surpassed a control treatment. The means
reported were 92.4 and 84.2 settable eggs per hen for restricted and control treatments.

However, it seems as though studies reporting postive results involving feed restriction
to improve reproductive performance are often times the exception rather than the rule. The
mgority of research evduaing feed redriction and its subsequent effect on reproductive
performance has shown no improvement in egg production. Along this line is the work by
Mitchdl et al. (1962), Anderson et al. (1963), Touchburn et al. (1968), Potter and Leighton
(1973), Vaitle et al. (1973), Baloun (1974), Cherms et al. (1976), Potter et al. (1978),
Owingsand Sell (1980), Nestor et al. (1981) and Feltset al. (1993).

These reports gppear to be in disagreement with Trid 1, in which redricted fed hens
numericaly laid more eggs than control fed hens (N3 = 94.7 and NO = 90.83 eggs per hen). It
was from these pogtive results that Trid 2 was then designed. This exact treatment (N3 -
restricted fed from 3-16 WOA) was utilized in Trid 2 (identified as RC), as were other forms of
restriction that would test the timing and length of restriction period (CR = redtricted fed 16-24
WOA and RR = redtricted fed 3-24 WOA). These treatments were al then compared to an

ad libitum fed control trestment (CC). However, one main variable was changed for Trid 2,
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that being the season of the year in which the trid was performed. Hens from Trid 1 were
subjected to feed redtriction during the Summer season and therefore photostimulated and laid
in the Winter season. Wheresas, hens for Trid 2 were restricted fed during the Fall season and
lad in the Summer season. Hereby, possibly providing one explanation as to why restricted fed
hens from Trid 2 laid o poorly in comparison to ad libitum fed hens. Restricted fed hens for
Trids 1 and 2 entered the lay cycle in a sgnificantly more efficient manner than any control
treetment This is evident by noting that restricted fed hens reached pegk lay a a faster and
higher rate. This resulted in restricted fed trestments producing significantly more eggs per hen
during the first five week period of lay as compared to ad libitum controls. For Trid 1, during
the first five week period of lay, N3 and NO hens lad 18.2 and 15.10 eggs per hen,
respectively. Thiswas aso the case for Trid 2, when RC, RR and CC hens laid 20.93, 20.78
and 19.36 eggs per hen during the first 5 week period. The results are possibly due to the fact
rediricted fed hens had sgnificantly higher rates of BW gain and feed consumption going into the
lay period. Moran (1987) concluded that the diet and BW gain of hens going into lay is of
tremendous importance. Stating that protein consumed by the hen going into production is
overwhemingly oriented to yolk and dbumen formation.

This increased consumption in protein leading into production is evident within Trid 2.
Redtricted fed hens, at a lighter BW, consumed significantly more feed for the period prior to
photostimulation (24-30 WOA) than did heavier ad libitum fed hens. Therefore, on a per
kilogram BW basis, restricted fed hens were consuming more protein than ad libitum fed hens
leading into egg production. Hereby, providing a possible explanation as to why redtricted fed

hens entered lay in amore efficient manner.
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Unlike Trid 1, when the mgority of the lay cycle was during cooler months, Trid 2 hens
were subjected to cooler temperatures only during the first period of lay (1-5 wol). It was at
the end of this period that house high temperature increased from an average of 70-75°F to at
times over 90°F. These increases in temperature could probably not have come at a worse
time. This was the time of pesk production, a time when breeder hens are very susceptible to
any environmenta change. While dl treatments were affected by this increase in temperature, a
decrease in performance of restricted hens was most noticeable. From this period throughout
the remainder of lay, hens redtricted early in rearing (RC and RR) would produce significantly
less eggs than CC and CR hens. Therefore, the improved egg production for restricted
trestments during the first period was negated by the second period as well as in tota eggs
produced per hen. By the end of lay (20 wol), tota hen-housed percent egg production for
treatments CC, CR, RC and were 39.19%, 39.20%, 30.48% and 33.18%, respectively. This
equated to total eggs per hen for treatments CC, CR, RC and RR hens equaing 56.76, 56.56,
45.35 and 48.74, respectively.

When comparing the results from Trid 1 to industry standard as expressed through the
Nicholas Management Guide 1996, physicd feed restriction deserves definite condderation asa
means of improving reproduction. Throughout the mgority of Trid 1, redtricted fed hens
performed as well if not better than the Nicholas standard. However, the same conclusions can
not be reported for Tria 2. Even though comparison to a warm wesether flock was utilized,
after 3 wol Nicholas standard was superior to restricted trestments within this trial. However,
these same conclusions can be stated for the ad libitum fed control treatment as well. Thereby, it

is concluded that none of the treatments utilized in Trid 2 performed to an acceptable leve as
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compared to industry standard.  But it is important to note that industry standard may be
different depending upon geographic region and temperature extremes involved. Summer
season flocks are subjected to more vigorous heat stress in certain locations as compared to
Summer season flocks in other regions.

Yuet al. (1992) reported, with respect to settable egg production, that the incidence of
eratic ovipogtions and production of soft shelled and shell-less eggs was highest during the
early phase of egg production within broiler breeders. However, once birds were beyond the
initid stage of egg production, the number of soft shelled eggs and shell-less eggs declined
regardless of whether hens were restricted or ad libitum fed. This suggeststhat a potentid area
to improve settable egg production is around the time of initid egg production and pesk lay.
However, within Trid 2, settable egg production during the early period of lay followed the
same pattern astota egg production. All treetments laid alarge amount of floor eggs during the
first week, but with respect to unsettable eggs (cracks, double yolked, crowded and soft shell)
few differences were reported between treatments. Like was noted in total egg production,
settable egg production decreased significantly in treatments RC and RR post-pesk production.
This difference in settable egg production between treatments became more pronounced once
hens continued past peak production and on into hotter months. After 10 wol, well past peak
performance, hens that were subjected to physcd feed redriction during the early rearing
period began to lay a less desrable qudity egg. With respect to egg shdl qudity, sgnificant
differences were observed between treatments in percentage of crowded (misshapen) and soft
shdl eggs  During the 13" wol, hens restricted fed early in rearing began to exhibit grester

percentages of crowded eggs as compared to ad libitum fed hens or hens restricted later in
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rearing. While these were dgnificant differences reported in respect to crowded eggs, these
problems were not nearly as dragtic as the problems seen in soft shell eggs. During the first 10
wol, eggs produced that were classfied as being soft shelled was not a sgnificant problem in
any of the four treatments. But much like tota egg production and production of crowded eggs,
soft shell egg production became a problem once house temperatures increased.  Although
percent soft shell production increased for al trestments, the effects were most pronounced with
treatment RC and at times treatment RR. For the period 13 - 20 wol percent soft shell egg
production averaged 8.46% per week for treatment RC while treatments CC, CR and RR
averaged 3.16%, 2.65% and 3.92%, respectively. These circumstances resulted in cumulative
egg qudity being sgnificantly affected by trestment. Treatment RR, lighter BW hens, were
noted to have less of a problem with percent eggs cracked in the nest. One of the most noted
consequences of laying in the extreme heat of Summer season months gppears to be with soft
shell eggs produced by hens redtricted early in rearing.  Trestment RC hens laid sgnificantly
more soft shell unsettable eggs than did CC ad libitum fed hens, 4.36% and 1.78%,
repectively.

Although no form of physical feed redtriction was gpplied in a study by Jones et al.
(1976), it was determined that hens attaining light BW or heavy BW did not perform as well as
intermediate weight hens. At photostimulation, hens were classfied into three weight groups:
hens weighing less than 7.05 kg were dassfied lightweight; above 8,41 kg were heavy; with
those between being classfied as intermediate. The study reported that intermediate weight
hens produced dgnificantly more eggs (P<.05) than the lightweight or heavy hens (49% vs. 34

and 35% hen-day production, respectively). Although these BW and results may be somewhat
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outdated, it should be of interest to note whether or not today’ s turkey breeder hens respond in
the same manner when hens are classified by weight treatment. However, in response to Trid
2, andyzing cumulative egg production data by sub-trestment “weight” resulted in no significant
difference being established with regards to total or settable egg production. This was true with
respect to dl four trestments (CC, CR, RC and RR). Although, when individud variables
(cracks, double yolked, crowded and soft shell) are andyzed independently from one ancther,
ggnificant differences are noted. Within this andyss, HEAVY sub-trestment hens lad
ggnificantly more double yolked eggs than MEDIUM or LIGHT sub-treatment hens within
treatment CC. While LIGHT sub-treatment hens laid significantly more crowded eggs (2.45%)
than HEAVY or MEDIUM hens (0.59% and 0.80%) within treatment CC. These results
support previous research that has suggested heavier hens are more apt to lay larger, double
yolked eggs. While hens to light are most likely to have problems with persstence of qudity
laying. The evidence of LIGHT hens laying dgnificantly more crowded eggs as compared to
other sub-trestments was aso evident in trestment CR. In which, LIGHT hens adso lad
sgnificantly more crowded eggs (2.46%) than HEAVY and MEDIUM hens (0.67% and
0.70%). Congdering cracked eggs, sub-trestment HEAVY was a sgnificant problem for
treatments RC and RR. Data indicated that 8.64% of al eggs laid by sub-trestment HEAVY
were cracked in trestment RC. This number, dthough high, is not surprisng due to the fact that
it was RC hensthat laid sgnificantly more soft shelled eggs. Therefore, it can be concluded that
egg shel qudity was poor enough that additiond eggs may be easily cracked. These results
were repeated within trestment RR. Wherein, HEAVY hens were respongble for sgnificantly

more cracked eggs than LIGHT hens (4.48% and 2.13%, respectively).



Andyzing datafrom Trid 2 in the manner of Jones et al. (1976), without regards to any
feed redriction trestment and only considering sub-trestment “weight”, HEAVY, MEDIUM
and LIGHT hen egg production were not sgnificantly different. However, the percentage of
cracks was increased in HEAVY hens (5.88%) as compared to MEDIUM and LIGHT hens
(4.74% and 3.67%). Percent double yolked eggs was increased in HEAVY hens (0.14%) vs.
MEDIUM hens (0.03%). While percent crowded eggs was increased in LIGHT hens (1.63%)
vs. HEAVY and MEDIUM hens (0.93% and 1.02%).

Though numerical differences were shown, hatch of al eggs incubated was not
ggnificantly affected by treatment. This lack of sgnificance was aso reported with regards to
overdl fertility. The fact that feed redtriction did not have an effect on totd hatch or fertility in
this sudy isin agreement with numerous other sudies. Similar results were obtained by Mitchdl
et al. (1962), Potter and Leighton (1973), Balloun (1974), Jones et al. (1976), Krueger et al.
(1978), Potter et al. (1978), Nestor et al. (1981), Ferket and Moran (1986), Miles and
Leeson (1990) and Fdts et al. (1993). However, Touchburn et a. (1968) reported a
decrease in hatchability of eggs lad by restricted hens, whereas Owings and Sell (1980)
observed congstently higher hatchability for eggs laid by restricted fed hens. When consdering
the current sudies, if percent hatch is andyzed by week Trid 2 is very much comparable to that
of Trid 1 during the firgt portion of lay. However, as the lay cycle progressed a numerica
difference became prevaent between treatments CC and CR vs. RC and RR for Trid 2. This
difference in hatch became sgnificant a 20 wol when trestments CC and CR reported hatch
percentages of 69.45 and 70.33 vs. treatments RC and RR hatch percentages of 55.16 and

57.12. On a weekly basis, within Trid 2, persstency of breeder hen fertility did occur a a
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higher rate during the first two-thirds of the lay cycle. Fertility was dso improved in Trid 2 as
compared to Trid 1. Thisis somewhat intriguing, in that it was during Trid 2 egg production
and egg shdl quality was decreased during the Summer season.  With these decreases in
production quaity usualy comes adecreasein fertility.

Since hatch of tota eggs and fertility were not sgnificantly different among trestments
within Trid 2, the generd assumption may be that hatch of fertile eggs was not sgnificantly
affected. This would not be true. Contrary to the reports of Anderson et al.(1963), who
dated that hatch of fertile eggs was Sgnificantly improved in hens redricted from 12 to 24
WOA, redtricted hens in Trid 2 had a sgnificant decrease in hatch of fertile eggs. Cumulative
hatch of fertile eggs was sgnificantly improved in treetments CC and CR over that of trestments
RC and RR (80.52%, 82.21%, 77.35% and 78.64%, respectively). This sgnificance is most
likely attributed back to the fact that restricted hens laid a larger percentage of soft shelled and
crowded eggs. Even though these eggs are defined as unsettable, it is more than probable that
the settable (RC and RR) eggs incubated were dso of lesser qudity. Discarding soft shel and
crowded eggs is predominantly of the subjective rather than objective manner. Therefore, asis
often the case, marginad qudity eggs may be accepted for incubation.

Sub-trestment “weight” dso had a profound impact on hatch of tota and fertile eggs.
MEDIUM sub-trestment hens within treetment CR hatched a sgnificantly higher percentage of
fertile eggs than did HEAVY and LIGHT hens. This may very wdl be impart due to the fact
that MEDIUM hens laid less totd eggs which were classfied as crowded or soft shell
(MEDIUM = 1.40% crowded + soft shell vs. HEAVY = 2.36% crowded + soft shell and

LIGHT = 4.86% crowded + soft shell). Percent floor eggs were dso less of a problem within



the MEDIUM hens, thereby possbly reducing any contamination factor. However, within

trestment CC, where no sgnificant differences were noted in tota unsettable eggs between sub-

treatments, it was LIGHT hens that sgnificantly hatched a higher percentage of totad and fertile
eggs. The only obvious difference between sub-trestments in CC hens was that LIGHT hens
did express numericdly higher levels of fertility. True fertility was found to be approaching a
2.5% improvement in LIGHT as compared to HEAVY or MEDIUM hens.

As many studies have reported, egg storage length prior to incubation can play a mgor
role in determining overd| hatchability of eggs Hocking (19928 published data where he
compared turkey breeder hens that were severdly restricted from 6 WOA until point of lay with
ad libitum fed hens. Eggs from each of these trestments were stored for either one or two wks
prior to incubation. Hocking concluded that overdl hatchability was sgnificantly better in the
eggs from redtricted fed hens as compared to ad libitum fed hens.  Furthermore, the differences
were greater for 2 wk compared to 1 wk storage lengths. Essentidly the same effects were
noted in a study conducted by Klein-Hesding (1994). In his study, Klein-Hesding reported
eggs from hens redricted to 45% less BW than ad libitum hens a 16 WOA, had the ability to
hatch at higher percentages due to lower levels of late embryonic mortdity. Datafrom Trid 2 of
this study does not support the results of Hocking (1992a) or Klein-Hesding (1994). With
respect to dl treatments (CC, CR, RC and RR), egg storage length had no affect on hatch of
total or fertile eggs. Eggs stored for 10-14 days prior to incubation hatched just as well if not
better than eggs stored only 1-5 days. Although when embryonic mortality, without regards to
storage treatment, is examined by stage (ED, W1, W2, W3, W4, IP and EP) it is determined

that period of mortdity was sgnificantly affected by feed retriction trestment. Eggs from RC



hens had sgnificantly higher levels of week 1 embryonic mortaity as compared to al other
treetments. Almogt four percent (3.90%) of al eggs incubated from RC hens suffered
embryonic mortality during the first week (3-7 days). Whereas only 1.74%, 1.88% and 2.29%
of dl eggs resulted in wk 1 mortdity for treatments CC, CR and RR, respectively. This
increase in early embryonic mortdity, is most likely once again dtributed to the fact that RC
hens laid more crowded and soft shelled eggs. These lesser qudlity eggs are known to have
poor gas exchange during the incubation period, hereby often resulting in early embryonic deeth.
Significant increases in early embryonic mortaity are a possble explanation as to why hens
restricted fed early in rearing exhibited a decreased haich of fertile eggs. The effects of
resricted hens (RC) laying eggs with a lesser qudity of shell aso trandates into the tendency of
eggs to become cracked or damaged during the incubation process. This was in fact the case,
as percent eggs cracked in the incubator was significantly higher in treatment RC (1.73%) vs.
treatments CC, CR and RR (0.18%, 0.31% and 0.14%). With respect to sub-treatment
“weight”, little Sgnificance was noted within treetments involving embryonic mortdity. LIGHT
hens within treatment CR did exhibit devaed levedls of week 1 embryonic mortdity as
compared to HEAVY and MEDIUM hens. It should be noted, this is aso the same sub-
treatment (LIGHT) that had higher percentages of crowded and soft shelled eggs. While CR
MEDIUM hens had sgnificantly less mortdity due to internd pips (0.94%). Once agan this
may be attributed to the fact that these hens had by far, less anormd eggs within their
respective treatment (CR). When trestment and sub-trestment “weight” are not considered and
only egg storage treatment is analyzed (stored vs. unstored), various differences were shown to

be dgnificant with respect to embryonic mortdity. Consdering only stored vs. unstored eggs,



124

differences were determined to be significant with regards to percent early-dead (1-2 days
incubation), week 3 (15-21 days incubation) and week 4 (22-25 days incubation) embryonic
mortality. These results are not surprising, in that they agree with overdl research performed in
the past. Congdering Trid 2, stored eggs had higher levels of early-dead embryonic mortdity
than did unstored eggs (1.67% vs. 1.14%). This could be attributed to the fact that once eggs
are stored for longer periods of time ther incubation process is dowed. Therefore, once eggs
do begin the incubation process they are more sengtive to early mortdity. Late embryonic
mortaity was of greater concern involving unstored eggs. When incubated, these eggs have a
tendency to exhibit rapid early growth. However, they often are susceptible to later embryonic
mortdity as they may be mapostioned or possibly have exhausted dl bodily reserves needed
for hatching. This was the case as was reported in Trid 2. In which, unstored eggs had
ggnificantly higher levels of weeks 3 and 4 embryonic mortdity (2.67% and 2.03%) as
compared to stored eggs (1.39% and 1.05%).

Within most studies utilizing feed redtriction, subsequent effects on egg weight were not
ggnificant Borron et al. (1974), Jones et al. (1976), Krueger et al. (1978), Potter et al.
(1978), Nestor et al. (1981), Ferket and Moran (1986), Miles and Leeson (1990), Felts et
al. (1993) and Klein-Hesding (1994). In contrast to these reports, Touchburn et al. (1968)
and Hocking (19924) reported lower average egg weight in hens subjected to levels of feed
redriction. The results from within Trid 1 of this study agree with reports given by those who
have stated that feed restriction has no effect on egg weight. Redtricted hens laid in the Winter
season produced numerically just as heavy eggs as those hens ad libitum fed.  Unfortunatdly,

the same can not be said for redtricted hens laid in the Summer season.  Egg weights from
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restricted hensin Trid 2 arein agreement with the data of Touchburn et al.(1968) and Hocking
(1992a). Even though eggs from dl treatments reached an average of 80g per egg at the same
time, once house temperature increased and production decreased, egg weights for RC and RR
hens dgnificantly differed from CC and CR hens. Egg weights were dso affected by sub-
trestment “weight”. LIGHT hensfor amgority of the first few wks lad sgnificantly lighter eggs
than HEAVY and MEDIUM hens. It was not until 9 - 10 wol that LIGHT treatment hens, on a
continuing bass, lad the same weight egg as that of sub-trestments HEAVY and MEDIUM.
Asiswith many sudies, poult weights followed much the same pattern as egg weights. Hereby,
resulting in RC and RR hens hatching, at the least, numericaly smdler poults than CC and CR
hens. It was dso concluded that HEAVY sub-treatment hens hatched numericaly heavier
poults than sub-trestment LIGHT.

When reproductive performance is expressed as poults per hen, al dgnificant and
nonggnificant numeric differences for a number of variables involved come together and reflect
the overdl efficiency of the trestments utilized. To analyze basic feed consumption and total egg
production and their relaion, a feed to egg ratio can be implemented. Within Manuscript | of
this study, it was reported that when hens were redtricted fed, feed savings could be
accomplished. How then would this savingsin feed relate once loss in egg and poult production
was figured for RC and RR hens. When calculated as kilograms feed consumed per hen per
egqg lad, only numerica differences were reported. The savings in feed within restricted hens
somewhat offset the loss in egg production. The same is true when andlyzing kilograms feed

consumed per poult hatched. Treatments CC, CR, RC and RR consumed 2.11, 1.97, 2.37 and



126

2.06 kilograms feed/hen respectively for each poult hatched. Surprisngly, none of these
differences are reported as being significant.

When measuring egg shell qudity, specific gravity is often the means preferred. Meyer
et al. (1980) sudied the effect of qualitative protein restriction by using diets containing 10, 12,
14 and 17% protein from 12 to 32 WOA. It was reported that neither egg weight, specific
gravity, nor egg shdl thickness were dgnificantly different anong treatments.  In this regard
Klein-Hesding (1994) reported that ad libitum fed hens had sgnificantly lower leves of
gpecific gravity in relation to redtricted fed hens. Since egg weights were not different among
trestments, it was concluded that ad libitum fed hens had ether thinner shells and/or more pores
per unit of surface area redive to the same surface area. Within Trid 2 of this study,
determining egg shell quality was investigated through means of measuring shell thickness. Asa
result, no sgnificant differences were determined in the rdations of shell weight to totd egg
weight, shell thickness to shell weight, or shell thicknessto total egg weight. However, it should
be stated that selection of these eggs prior to measurement was subjective and any egg that was
obvioudy abnorma (crowded, soft shell or double yolked) was not utilized for measurement
purposes. A nondggnificant trend was naticed, in that RC and RR hens congstently laid eggs
with numericaly heavier shdls as a percentage of ther totd egg weight as compared to
treetments CC and CR. Thisincrease in shell weight may be related to the fact that these hens
lad sgnificantly more soft shelled eggs.  Hens from these treatments may then in fact be
gpplying this unused shell to the next egg in the lay sequence. Hereby, affecting shel thickness

and incubation 2hility.
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In conclusion, Trids 1 and 2 of this study indicate that feed restriction may be judtified
as a means of controlling BW and improving subsequent reproduction. Hens which had BW
restricted during rearing and exhibited increased BW gain and feed consumption 5-6 wks prior
to the onsat of production, entered the production period in a much more efficient manner.
Previous redtriction dlowed hens to atain a higher and earlier peak production. However,
subsequent persstency of production was influenced by two main factors. Timing and season
of redtriction gppear to have had a profound impact on reproductive results.  Production of
breeder hens redricted early in rearing (3-16 WOA) perssted throughout lay when
subsequently laid in the Winter season.  This same trestment when laid in the Summer season
did not perform as well once breeder house high temperature increased above 80-85 °F.
Breeder hens redtricted fed late in the rearing period (16-24 WOA) were however able to
maintain production results comparable to an ad libitum fed control trestment.  Therefore, it
may be concluded that when hens are reared to lay in the Summer season, some form of body
reserves must be met early in rearing and redtriction of feed during this time may be detrimentd.
Although once these prerequisites have been attained, breeder hens may benefit from feed
regtriction later in the rearing period (16-24 WOA). The detrimentad effects early restriction
had on hen reproduction can aso be reported with regards to the quadity of egg laid. Once
temperatures of the Summer season increased and egg production decreased so did shell quality
decrease. Thisis of tremendous importance to the hatchery, as shell quality isamagor factor in
determining overdl hatchability and hatch of fertile eggs. Discussion involving segregetion of
hens by BW o that each sub-trestment may be treated with specia attention to their needs

requires possible further investigation. Results taken from Trid 2 indicate that HEAVY hensare
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more agpt to crack eggs while in the nest, possbly resulting in the need for some minor nest
modifications. While LIGHT hens are more prone to lay eggs with poor shell qudlity, resulting
in the possible need for diet manipulation. Perhgps the results presented within Trails 1 and 2
provide a logicd explanation as to the effects physical feed redtriction has on reproductive
variables. This data coupled with previous research may then alow the turkey industry to better

understand the needs of today’ s turkey breeder hens.
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TABLE 1. Weekly percent hen-housed tota egg production from Large White turkey
hens dither fed ad libitum or restricted * during rearing period for Trid 2 2.

WOL TREATMENT

ccC CR RC RR S.E.
1 29.36° 24.26" 39.85° 31.73° 1.79
2 61.98° 64.20° 73.82° 70.85° 2.28
3 72.42° 70.68" 76.86° 76.95° 2.11
4 67.00 67.33 64.02 70.02 2.42
5 49.39 53.79 42.54 50.11 2.68
6 48.58 52.36° 37.96° 39.49° 2.42
7 57.26° 52.76° 36.76° 43.13° 3.39
8 56.02° 51.14° 38.27° 38.63° 3.12
9 45.94° 44.06% 32.26° 34.80° 3.37
10 35.02° 36.26° 22.79° 27.78° 3.13
11 30.97° 32.45° 20.12° 23.91° 3.45
12 27.31° 30.88° 17.28" 22.29° 3.22
13 31.76° 31.74° 17.67° 21.32° 2.91
14 28.69° 26.49% 14.08° 18.61° 2.42
15 26.48" 27.79° 12.87° 16.46° 2.46
16 25.88" 25.85% 13.69" 17.77° 2.38
17 22.68° 25.86° 12.81° 15.70° 2.39
18 21.92° 21.73° 12.81° 16.29" 2.59
19 22.62° 22.24° 11.87° 12.81° 2.78
20 22.53° 21.96° 11.27° 14.97° 2.48

1 CC - adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa
2Trial 2 —reared inFall / Winter and laid in Summer

b Means within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are
significantly different (P<.05).
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TABLE 2. Weekly percent hen-housed settable egg production from Large White turkey
hens ither fed ad libitum or restricted * during rearing period for Trid 22,

WOL TREATMENT SE.
cC CR RC RR
1 25.46° 20.76" 34.36° 28.19° 1.73
2 57.00° 59.03" 66.88 65.30° 2.31
3 69.48° 66.31° 73.23° 73.75° 2.18
4 64.65 62.37 61.56 67.15 2.51
5 46.24° 50.49° 40.47° 48.32° 2.71
6 46.68° 50.28° 36.91° 38.79° 2.50
7 55.40° 51.09° 35.09° 41.84° 3.46
8 53.71° 47.34° 36.01° 36.94° 3.18
9 43.83 41.64% 30.02° 32.84° 3.41
10 32.94° 33.78° 21.76° 26.72° 3.15
11 28.97° 31.34° 19.09" 21.52° 3.51
12 25.86° 28.95% 16.28" 20.98° 3.26
13 29.68° 30.34° 15.35° 19.93" 2.96
14 26.63" 24.50° 12.41° 17.56" 2.50
15 24.94% 25.33% 10.94° 15.25° 2.42
16 24.03% 23.68% 11.27° 16.01° 2.36
17 19.39° 21.35° 10.71° 13.73° 2.32
18 19.06° 19.42° 10.67° 14.89" 2.56
19 20.93° 20.09° 9.53" 11.44° 2.54
20 20.43° 18.19% 9.75° 13.27° 2.35

! CC- adlibitum-fed
CR - redtricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa
2Trial 2—reared inFall / Winter and laid in Summer

2P Means within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are
significantly different (P<.05).
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TABLE 3. Weekly hen-housed percent cracked egg production from Large White turkey
hens either fed ad libitum or restricted * during rearing period for Trid 22,

WOL TREATMENT

cC CR RC RR S.E.
1 12.84 13.25 13.56 10.51 1.60
2 6.94 8.64 6.29 6.84 1.09
3 3.18 5.14 4.38 3.69 0.99
4 2.81° 5.95% 2.80° 3.09° 0.78
5 5.11 4.74 3.77 3.05 1.06
6 2.12 2.67 2.07 1.05 0.72
7 2.16 3.01 3.11 2.35 0.86
8 2.67° 4.66° 2.39° 1.31° 0.82
9 2.26 2.44 2.57 0.62 0.97
10 3.23 3.35 3.22 1.88 1.22
11 6.91 2.76 2.55 7.53 2.04
12 0.55 3.00 1.73 1.03 0.84
13 0.92° 2.37° 7.14° 0.92° 1.66
14 1.67 3.96 4.46 0.52 1.74
15 3.6° 2.27° 12.64° 2.18° 4.23
16 4.00 3.75 2.43 4.01 1.85
17 7.42 9.79 6.71 2.60 3.36
18 9.27 6.08 6.09 3.28 2.19
19 10.41 7.32 12.85 4.52 3.96
20 6.21 12.61 10.89 5.88 3.43

1 ccC- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa
2Trial 2 —reared inFall / Winter and laid in Summer

b M eans within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are
significantly different (P<.05).
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TABLE 4. Weekly hen-housed percent double-yolk egg production from Large White turkey
hens either fed ad libitum or restricted * during rearing period for Trid 22,

WOL TREATMENT

ccC CR RC RR S.E.
1 0.26 0.00 0.12 0.00 0.14
2 0.33 0.55 0.38 0.45 0.23
3 0.00° 0.00° 0.41° 0.00° 0.11
4 0.00 0.00 0.00 0.00 0.00
5 0.39 0.00 0.00 0.00 0.13
6 0.18 0.00 0.00 0.00 0.09
7 0.00 0.00 0.19 0.25 0.15
8 0.16 0.19 0.00 0.72 0.29
9 0.00 0.00 0.00 0.30 0.15
10 0.00 0.00 0.00 0.00 0.00
11 0.00 0.00 0.00 0.00 0.00
12 0.00 0.60 0.00 0.52 0.33
13 0.00 0.00 0.00 0.00 0.00
14 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00 0.00 0.00
17 0.00 0.49 0.00 0.00 0.24
18 0.00 0.00 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00 0.00
20 0.36 0.00 0.00 0.00 0.18

1 ccC- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa
2Trial 2 —reared inFall / Winter and laid in Summer

b M eans within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are
significantly different (P<.05).
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TABLE 5. Weekly hen-housed percent crowded egg production from Large White turkey
hens either fed ad libitum or restricted * during rearing period for Trid 22,

WOL TREATMENT

ccC CR RC RR S.E.
1 0.00 0.00 0.00 0.24 0.11
2 0.34 0.00 0.29 0.14 0.20
3 0.58° 0.33° 0.00° 0.00° 0.16
4 0.17 0.87 0.45 0.58 0.31
5 0.61 0.92 0.45 0.50 0.42
6 0.94 0.79 0.49 0.48 0.40
7 0.96 0.00 0.86 0.00 0.46
8 1.19 1.07 1.48 0.82 0.63
9 1.67 1.88 2.73 1.84 0.69
10 1.20 1.60 0.00 1.46 0.67
11 1.91 0.44 1.61 1.67 0.82
12 1.95 0.92 0.93 0.73 0.83
13 1.56° 1.83° 3.99° 2.16% 1.60
14 0.96 3.24 2.45 1.17 0.99
15 0.59 2.39 0.75 0.92 0.76
16 2.97 2.80 2.11 1.49 1.28
17 3.11 3.71 0.64 2.24 1.15
18 2.04 0.99 0.00 1.88 0.85
19 1.56 0.28 0.91 2.02 1.17
20 1.38 1.53 0.91 2.97 1.13

1 ccC- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa
2Trial 2 —reared inFall / Winter and laid in Summer

b M eans within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are
significantly different (P<.05).



138

TABLE 6. Weekly hen-housed percent soft-shell egg production from Large White turkey
hens either fed ad libitum or restricted * during rearing period for Trid 22,

WOL TREATMENT

CcC CR RC RR S.E.
1 0.45 1.21 0.33 0.46 0.38
2 0.35 0.00 0.57 0.45 0.23
3 0.32 0.74 0.12 0.37 0.23
4 0.50 0.43 0.74 0.49 0.37
5 0.37 0.53 0.44 0.19 0.31
6 0.61 0.38 0.00 0.20 0.31
7 0.00 0.15 0.29 0.13 0.18
8 0.56 1.39 0.60 1.46 0.66
9 0.50 1.35 1.36 2.86 0.72
10 1.56 1.93 1.31 0.59 0.81
11 0.77 0.64 0.83 0.36 0.61
12 4.21 1.68 3.71 2.97 1.78
13 5.122 0.37° 4.91° 3.51°% 1.59
14 5.41° 0.75° 6.25° 4.36° 2.03
15 3.10 4.50 7.23 3.57 2.74
16 1.18° 2.14° 8.91° 4.04° 3.18
17 5.61° 3.93° 12.60° 8.21%" 2.70
18 2.94° 4.05° 10.23% 3.21° 2.69
19 0.49° 2.23° 10.86° 3.69° 2.48
20 1.47° 3.28%° 6.75% 0.83° 2.31

1 ccC- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa
2Trial 2 —reared inFall / Winter and laid in Summer

b M eans within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are
significantly different (P<.05).
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TABLE 7. Weekly hen-housed percent floor egg production from Large White turkey
hens either fed ad libitum or restricted * during rearing period for Trid 22,

WOL TREATMENT

ccC CR RC RR S.E.
1 14.31 11.98 12.83 10.80 2.23
2 16.93 19.69 14.91 12.96 2.16
3 14.95° 15.49% 7.26" 7.91° 2.13
4 12.27 11.83 7.83 6.62 2.09
5 13.45 10.85 8.03 6.30 2.13
6 11.91 8.19 8.42 5.85 1.95
7 10.55%° 7.12° 14.34° 6.90° 2.22
8 6.47 5.62 7.85 7.56 1.92
9 7.44 5.17 8.75 7.69 2.00
10 7.31 9.23 8.34 5.95 1.96
11 16.23 15.16 18.85 16.94 4.19
12 13.90 9.10 10.39 9.57 3.20
13 8.48° 8.60° 18.98" 10.76*° 3.90
14 9.19 8.21 5.25 6.86 2.63
15 8.47 7.66 13.33 6.91 3.74
16 14.11 15.83 6.40 10.37 3.50
17 13.77 12.81 17.95 15.86 5.27
18 12.76 14.81 10.98 14.61 3.65
19 16.20 16.67 7.01 18.13 4.46
20 16.78 20.84 18.65 15.30 5.08

1 ccC- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa
2Trial 2 —reared inFall / Winter and laid in Summer

b M eans within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are
significantly different (P<.05).
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TABLE 8. Cumulative reproductive performance from Large White turkey hens either fed

ad libitum or restricted * during rearing period for Trid 22

VARIABLE TREATMENT
cC CR RC RR S.E.
% HH PRODUCTION 39.19° 39.20° 30.48° 33.18° 1.31
% HH SETTABLE 36.77° 36.28" 28.21° 31.22° 1.28
% OF TOTAL EGGS
% CRACK 4.71° 5.37° 5.62° 3.35" 0.48
% D - YOLK 0.08 0.08 0.05 0.11 0.03
% CROWDED 1.28 1.28 1.05 1.17 0.18
% SOFT SHELL 1.78° 1.59° 4.36° 2.10° 0.44
% FLOOR 12.28 11.72 11.33 10.19 0.73

! CC- adlibitum-fed
CR - redtricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa

2Trial 2 —reared inFall / Winter and laid in Summer

2P Means within each row with different superscripts for each of the four treatments (CC, CR, RC, RR) are

significantly different (P<.05).
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TABLE 9. Cumulative reproductive performance by sub-trestment * from Large White turkey
hens either fed ad libitum or restricted during rearing period for Trid 2 2.

TRT VARIABLE® PERCENT OF TOTAL EGGS

%HH  %HH

TE SE %X %DY %CR %SS %FL
CCH 37.90 35.19 531 0.23° 059° 240 9.98°
CCM 42.63 40.31 475 0.02° 0.80° 1.32 15.25%
CCL 37.05 34.80 4.08 0.00° 2.45% 1.61 11.60°
CRH 38.89 36.12 509 013 0.67° 1.69° 14.05°
CRM 38.08 35.69 561 002 0.70° 0.70° 9.66"
CRL 40.62 37.03 542 011 2.46° 2.40° 11.45°
RCH 27.59 24.78 8.64° 0.08 1.46 6.19* 10.55%
RCM 32.73 30.52 518° 004 094 508 14.14%
RCL 31.11 29.34 3.05° 004 075 1.83° 930°
RRH 33.12 30.75 448 011 100 175 869
RRM 34.78 32.74 3.43% 0.05 1.64 2.38 10.50
RRL 31.65 30.18 213 017 086 216 11.39
S.E. 2.28 2.21 084 005 032 077 1.16

NOTE: Origina four treatments (CC, CR, RC, RR) are analyzed within their own treatment by size
for each variable.

! CC - adlibitum-fed CCH (heavy), CCM (medium), CCL (light)
CR - restricted-fed ------ 16-24 woa ---------- CRH (heavy), CRM (medium), CRL (light)
RC - restricted-fed ------ 3-16 woa ----------- RCH (heavy), RCM (medium), RCL (light)
RR - restricted-fed ------ 3-24 woa ----------- RRH (heavy), RRM (medium), RRL (light)

2Trial 2—reared inFall / Winter and laid in Summer
® TE =total eggs/ SE = settable eggs

b M eans within each column with different superscripts for each of the four treatments (CC, CR, RC, RR)
are significantly different (P<.05).
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TABLE 10. Cumulative reproductive performance by weight from Large White turkey hens
either fed ad libitum or restricted during rearing period for Trid 2.

VARIABLE SUB-TREATMENT 2

HEAVY MEDIUM LIGHT S.E.
% HH PRODUCTION 34.37 37.05 35.11 1.15
% HH SETTABLE 31.71 34.81 32.84 1.12
% OF TOTAL EGGS
% CRACK 5.88° 4.74° 3.67° 0.42
% D - YOLK 0.14% 0.03" 0.08%° 0.04
% CROWDED 0.93° 1.02° 1.63° 0.12
% SOFT SHELL 3.01° 2.35% 2.00° 0.31
% FLOOR 10.82 10.94 12.38 0.79

1 Trid 2 —reared inFall / Winter and laid in Summer

NOTE: 2 Original four treatments (CC, CR, RC, RR) are NOT analyzed.

Analysisisby sub-treatment (size) only.

b Means within each row with different superscripts for each of the three sub-treatments

(Heavy, Medium, Light) are significantly different (P<.05).



TABLE 11. Cumulative egg production by period from Large White turkey hens either fed
ad libitum or restricted * during rearing period for Trid 1 2.

PERIOD TREATMENT

NO N3 N6  S.E.
1-5 WOL 15.10° 18.20° 16.30°  0.58
6-10 WOL 22.15 22.18 2230  0.96
11-15 WOL 20.48 20.22 19.33  1.05
16-20 WOL 17.17 18.27 16.20  1.09
21-25 WOL 15.92 15.83 1436 0.92
TOTAL EGGS / HEN 90.83 94.7 88.46  3.98

1 NO - adlibitum-fed
N3 - restricted-fed ------ 3-16 woa
N6 - restricted-fed ------ 6-16 woa

% Trial 1 —reared in Spring/ Summer and laid in Fall / Winter



TABLE 12. Cumulative egg production by period from Large White turkey hens either fed
ad libitum or restricted * during rearing period for Trid 2 2.
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PERIOD TREATMENT
ccC CR RC RR
1-5 WOL 19.36° 19.17° 20.93% 20.78°
6-10 WOL 17.70° 17.30° 12.63° 13.70°
11-15 WOL 11.00° 11.15° 6.58" 8.00°
16-20 WOL 8.80° 8.93° 5.21° 6.24°
1-20 WOL
TOTAL EGGS / HEN 56.76° 56.56° 45.35° 48.74°

1 ccC- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa

2 Trial 2 —reared in Fall / Winter and laid in Summer

b Means within each row with different superscripts for each of the four treatments (CC,

CR, RC, RR) are significantly different (P<.05).



TABLE 13. Percent hatch of al eggsincubated by period from Large White turkey hens

either fed ad libitum or restricted * for Trid 12
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HATCH #
WEEK OF LAY

#1 - 6 WOL

#2 -11 WOL

#3-16 WOL

#4 - 21 WOL

#5-25WOL

TREATMENT
NO N3 NG
74.99 74.58 73.95
83.57 80.15 79.88
74.57 64.93 64.68
77.27 70.83 73.97
61.20 59.64 61.53

S.E.

2.97

2.47

4.75

2.72

3.02

1 NO - adlibitum-fed
N3 - restricted-fed ------ 3-16 woa
N6 - restricted-fed ------ 6-16 woa

2 Trial 1—rearedin Spring/ Summer and laid in Fall / Winter



TABLE 14. Percent hatch of al eggsincubated by period from Large White turkey hens
either fed ad libitum or restricted * for Trid 2 2.

HATCH # TREATMENT
WEEK OF LAY

CC CR RC RR S.E.
#1 -2 WOL 78.96 82.07 82.42 80.41 2.68
#2 -4 WOL 82.05 78.59 76.05 76.81 2.97
#3 -6 WOL 83.43 80.43 80.09 81.63 1.91
#4 - 8 WOL 79.79 79.54 81.15 78.28 2.06
#5-10 WOL 79.29 79.29 76.99 76.14 1.89
#6 - 12 WOL 71.28 73.17 14.77 67.15 2.87
#7 - 14 WOL 72.05 73.22 69.78 72.65 2.17
#8 - 16 WOL 71.45 75.62 67.59 68.36 3.59
#9 - 18 WOL 60.06 69.40 64.59 69.50 3.26
#10 - 20 WOL 69.45° 70.33° 55.16° 57.12° 5.76
TOTAL HATCH 74.35 75.34 71.68 71.85 1.14

! CC- adlibitum-fed
CR - redtricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - redtricted-fed ------ 3-24woa

2 Trial 2—reared in Fall / Winter and laid in Summer

22 Means within each row with different superscripts for each of the four treatments (CC, CR, RC, RR)
are significantly different (P<.05).
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TABLE 15. Percent true fertility of al eggs incubated by period from Large White
turkey hens either fed ad libitum or restricted * for Trid 1 2.

HATCH #
WEEK OF LAY TREATMENT

NO N3 NG S.E.
#1 - 6 WOL 92.85 94.81 89.2 24
#2 -11 WOL 95.28 97.06 94.23 1.79
#3-16 WOL 96.26 88.37 90.6 3.14
#4 - 21 WOL 90.77 84.4 88.09 2.67
#5-25WOL 84.63 79.99 85.99 3.27

1 NO - adlibitum-fed
N3 - restricted-fed ------ 3-16 woa
NG - restricted-fed ------ 6-16 woa

% Trial 1—reared in Spring / Summer and laid in Fall / Winter



TABLE 16. Percent true fertility of al eggs incubated by period from Large White
turkey hens either fed ad libitum or restricted * for Trid 2 2.

HATCH #

WEEK OF LAY TREATMENT

CC CR RC RR S.E.
#1 -2 WOL 91.45 92.97 95.83 93.13 131
#2 - 4 WOL 94.92 91.98 93.04 95.11 1.80
#3 -6 WOL 94.94 93.73 95.73 93.02 1.83
#4 - 8 WOL 95.35 93.75 95.94 94.12 1901
#5-10 WOL 92.97 90.83 93.82 91.58 2.21
#6 - 12 WOL 93.06 92.73 94.06 94.76 2.16
#7 -14 WOL 90.85 88.45 91.57 90.46 1.84
#8 - 16 WOL 90.71 94.83 89.00 89.22 1.98
#9 - 18 WOL 86.69 89.61 92.28 91.88 1.94
#10 - 20 WOL 90.91 88.59 91.80 88.84 1.97
TOTAL FERTILITY 92.44 91.99 93.18 92.52 0.71

1 ccC - adlibitum-fed
CR - redtricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - redtricted-fed ------ 3-24 woa

2 Trial 2—reared in Fall / Winter and laid in Summer
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TABLE 17. Percent hatch of tota and fertile eggs incubated and true fertility by sub-
trestment * for Large White turkey hens either fed ad libitum or restricted *

for Trid 22
TRT PERCENT HATCH AND FERTILITY
HATCH OF TOTAL HATCH OF FERITLE FERTILITY

CCH 73.49° 80.14%" 91.88
CCM 71.46° 77.78° 91.32
CCL 79.042 84.44° 93.73
CRH 72.64° 79.77° 90.67
CRM 78.91° 86.21° 91.60
CRL 7457 80.68" 92.56
RCH 71.54 77.89 92.25
RCM 71.79 75.75 95.08
RCL 74.19 80.24 92.45
RRH 72.42 79.03 91.85
RRM 72.34 78.22 92.36
RRL 71.89 79.52 90.26
S.E. 2.08 2.05 1.31

NOTE: Origina four treatments (CC, CR, RC, RR) are analyzed within their own treatment by size
for each variable.

1 CC - adlibitum-fed CCH (heavy), CCM (medium), CCL (light)
CR - restricted-fed ------16-24 woa ---------- CRH (heavy), CRM (medium), CRL (light)
RC - restricted-fed ------ 3-16 W0 ----------- RCH (heavy), RCM (medium), RCL (light)
RR - restricted-fed ------ 3-24 Woa ----------- RRH (heavy), RRM (medium), RRL (light)

2 Trid 2 —reared in Fall / Winter and laid in Summer

22 Means within each column with different superscripts for each of the four treatments (CC,
CR, RC, RR) are significantly different (P<.05).
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TABLE 18. Percent hatch of tota and fertile eggs incubated by storage trestment for
Large White turkey hens either fed ad libitum or restricted * for Trid 2 2.

TRT 3 PERCENT HATCH
HATCH OF TOTAL HATCH OF FERTILE

CC Stored 75.69 81.33
CC Unstored 73.00 79.70
CR Stored 75.85 81.54
CR Unstored 74.84 82.88
RC Stored 70.99 76.28
RC Unstored 72.36 78.47
RR Stored 73.80 78.98
RR Unstored 69.91 78.29

! CC- adlibitum-fed
CR - redtricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24woa

2 Trial 2—reared in Fall / Winter and laid in Summer

® Treatment - Stored eggs = eggs stored > 10 days prior to incubation.
Unstored eggs = eggs stored < 6 days prior to incubation.
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TABLE 19. Cumulative embryonic mortality of dl hatching eggs from Large White
turkey hens either fed ad libitum or restricted * for Tridl 2 2.

VARIABLE ? TREATMENT

ccC CR RC RR S.E.
% ED 1.31 1.16 1.61 1.54 0.28
% W1 1.74° 1.88° 3.90° 2.29° 0.40
% W2 1.20° 0.92% 0.46° 0.78% 0.19
% W3 2.14 1.91 2.09 2.17 0.35
% W4 1.27 1.36 1.47 2.06 0.30
% IP 2.22 2.21 1.65 2.43 0.45
% EP 7.48 6.36 8.44 7.55 0.69
% CRACK 0.18° 0.31° 1.73° 0.14° 0.37
% ROT 0.26 0.31 0.05 0.38 0.13

! ccC - adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24 woa

2 Trial 2—reared in Fall / Winter and laid in Summer

3 Variable- (ED) - early dead, (W1) - week 1, (W2) - week 2, (W3) - week 3, (W4) - week 4,
(IP) - interna pip, (EP) - external pip

b Means within each row with different superscripts for each of the four treatments (CC, CR, RC, RR)
are significantly different (P<.05).
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TABLE 20. Cumulative embryonic mortdity of al hatching eggs by sub-trestment *
from Large White turkey hens dither fed ad libitum or restricted for Trid2 2

TRT VARIABLE®

%ED %W1 %W2 %W3 %W4 %P %EP

CCH 120 185 166  2.02 1.67 1.84  7.43
CCM 1.34  2.07 1.35  1.79 1.20 3.26 8.44
CCL 135 1.16 057 245 086 143 6.61
CRH 1.44  1.90*° 1.01 1.99 1.37 2.47° 659
CRM 1.14 1.10° 0.84 1.60 1.05 094> 578
CRL 094 281* 094 147 1.79 2.83* 6.73
RCH 221 251" 049 063 123 216 8.97
RCM 1.18 562° 025 274 119 208 8.02
RCL 1.59 293 064 217 1.63 0.88 8.38
RRH 126 151 08 195 273 202 870
RRM 1.84  2.49 1.04 170 124 315 7.68
RRL 1.77 278 05 2.61 1.97 213 6.24
S.E. 046 067 035 064 049 0.77 1.21

NOTE: Original four treatments (CC, CR, RC, RR) are analyzed within their own treatment by size
for each variable.

! CC- adlibitum-fed CCH (heavy), CCM (medium), CCL (light)
CR - restricted-fed ------ 16-24 woa ---------- CRH (heavy), CRM (medium), CRL (light)
RC - restricted-fed ------ 3-16 woa ----------- RCH (heavy), RCM (medium), RCL (light)
RR - restricted-fed ------ 3-24 woa ----------- RRH (heavy), RRM (medium), RRL (light)

2 Tria 2—reared in Fall / Winter and laid in Summer

Variable- (ED) - early dead, (W1) - week 1, (W2) - week 2, (W3) - week 3, (W4) - week 4,
(IP) - interna pip, (EP) - externa pip

b Means within each column with different superscripts for each of the four treatments (CC,
CR, RC, RR) are significantly different (P<.05).



TABLE 21. Cumulative embryonic mortdity of dl hatching eggs incubated by storage

trestment * from Large White turkey hens either fed ad libitum or restricted

for Trid 22

VARIABLE ® TREATMENT

STORED UNSTORED S.E.
% HATCH OF TOTAL 79.53 79.82 0.52
% HATCH OF FERTILE 74.08 74.36 0.47
% ED 1.67° 1.14° 0.19
% W1 2.76 2.15 0.27
% W2 0.83 0.84 0.14
% W3 1.39° 2.67° 0.25
% W4 1.05° 2.03° 0.21
% IP 2.15 2.10 0.31
% EP 7.93 6.91 0.48

! Treatment - Stored eggs = eggs stored > 10 days prior to incubation.
Unstored eggs = eggs stored < 6 days prior to incubation.

2 Tria 2—reared in Fall / Winter and laid in Summer

% Variable- (ED) - early dead, (W1) - week 1, (W2) - week 2, (W3) - week 3, (W4) - week 4,
(IP) - interna pip, (EP) - externa pip

b Means within each row with different superscripts are significantly different (P<.05).
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the week.

L cC- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - restricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24 woa

2 Trial 2 —reared in Fall / Winter and laid in Summer

FIGURE 1. Weekly percent hen-housed egg production and house high
temperature for Large White turkey hens either fed ad libitum
or restricted * during rearing period for Trid 22



155

-——=NICH ——CC —8—CR --¢--RC--&--RR

30

% PRODUCTION VS. NICHOLAS STANDARL

0123456 7 8 91011121314151617181920
WEEKS OF LAY

NOTE: Nicholas standard (figured as baseline zero) as recommended by management
guide 1996.

1 cc- adlibitum-fed
CR - restricted-fed ------ 16-24 woa
RC - redtricted-fed ------ 3-16 woa
RR - restricted-fed ------ 3-24 woa

2 Trial 2—reared in Fall / Winter and laid in Summer

FIGURE 2. Weekly egg production for Large White turkey hens either fed ad libitum
or restricted * during rearing period vs. recommended
standard for Trid 22,
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1 NO - adlibitum-fed
N3 - restricted-fed ------ 3-16 woa
N6 - restricted-fed ------ 6-16 woa

2 Trial 1—reared in Summer / Fall and laid in Winter / Spring

FIGURE 3. Weekly percent hen-housed egg production for Large White turkey
hens dither fed ad libitum or restricted * during rearing period for Trid 1 2.
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N3 - restricted-fed ------ 3-16 woa
NG - restricted-fed ------ 6-16 woa

% Trial 1—reared in Summer / Fall and laid in Winter / Spring

FIGURE 4. Weekly egg production for Large White turkey hens either fed ad
libitum or restricted * during rearing period vs. recommended
standard for Trid 12
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a,b Barswithin variables (hatch of total and hatch of fertile) with different superscripts
signify significantly different means (P<.05).

FIGURE 5. Cumulative percent hatch of total and fertile eggs incubated from
Large White turkey hens either fed ad libitum or restricted * during
rearing period for Trid 22,
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FIGURE 6. Weekly egg weights from Large White turkey hens ether fed ad
libitum or restricted * during rearing period for Trid 2 2.
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FIGURE 7. Weekly egg weights by sub-trestment * from Large White turkey
hens either fed ad libitum or restricted during rearing period for
Trid 22,
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FIGURE 8. Weekly poult weights from Large White turkey hens ether fed ad
libitum or restricted * during rearing period for Triad 22,
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FIGURE 9. Weekly poult weights by sub-treatment * from Large White turkey
hens ither fed ad libitum or restricted during rearing period for Trid 2 2.
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CR - restricted-fed ------ 16-24 woa
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RR - redtricted-fed ------ 3-24 woa

2 Trial 2 —reared in Fall / Winter and laid in Summer

FIGURE 10. Totd feed consumed per egg laid (kg/hen) for Large White turkey

hens dither fed ad libitum or restricted * during rearing period for Trid 2 2.
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RR - redtricted-fed ------ 3-24 woa

2 Trial 2 —reared in Fall / Winter and laid in Summer

FIGURE 11. Totd feed consumed per poult hatched (kg/hen) for Large White turkey

hens either fed ad libitum or restricted * during rearing period for Trid 22
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FIGURE 12. Dried egg shell weight as a percentage of tota egg weight (g) from
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FIGURE 13. Dried egg shell thickness (mm) in reation to shell weight (g) from

Large White turkey hens either fed ad libitum or restricted * during
rearing period for Trid 22
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a,b Barswith different superscripts signify significantly different means (P<.05).

FIGURE 15. Totd poults produced per hen from Large White turkey hens

either fed ad libitum or restricted * during rearing for Trid 22,
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Manuscript 111. Effect of Physical Feed Restriction on Hormonal and Enzyme
Activity, Body Composition and Car cass Conformation of
Large White Turkey Breeder Hens.
ABSTRACT

Large White turkey breeder hens were tested in a4 X 3 factorid design to evauate the
effect of three different leves of physicd feed redriction on subsequent reproductive
peformance. The feed treatments comprised: Control Control (CC) - ad libitum fed
throughout the study, Control Restricted (CR) - feed restricted from 16-24 WOA, Restricted
Control (RC) - feed redtricted from 3-16 WOA and Restricted Redtricted (RR) - feed
restricted from 3-24 WOA. Feed redtriction was implemented so that restricted fed hens
achieved a 45% reduction in BW as compared to Control hens at 16 WOA. From 16-24
WOA redtriction was implemented to maintain adight increase in BW. At the completion of the
respective regtriction period, hens were gradualy released back to ad libitum feeding. At the
time of photostimulation (30 WOA) dl treatments were divided into sub-trestments by weight:
Heavy, Medium and Light, resulting in four trestments with three sub-trestments within each.
All hens continued on ad libitum feeding throughout a 20 wk lay cycle.

Significant differences in BW a 15 WOA influenced the reative weight of the crop,
liver and total evisera as a percentage of tota BW. Percent moisture and ash were significantly
gregter in redricted fed hens, while percent faa was dgnificantly less in hens previoudy
redricted. Leves of circulating growth hormone (GH) were nearly doubled in redtricted fed
hens as compared to ad libitum fed hens. While skeletd and longitudina bone growth were

affected as indicated by shorter shanks in redricted fed hens. With regards to muscle
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development, Pectordis mgor and thigh muscle were sgnificantly less on a absolute and relative
basis in restricted fed hens. The opposite was reported in regards to bone development of the
femur and ked, as redtricted hens had a larger portion of their BW accounted for by these
paraneters. At 30 WOA, skeletd devedlopment was ill sgnificantly affected by early
redriction as were internd organ weights GH levels were increased numericdly in hens
restricted during the time period 16-24 WOA, while SGOT was devated in hens which were
not redricted during this time. Percent relative muscle was not sgnificantly different among
treetments. However, Pectordis mgor on an absolute bass was highly significant among
treetments. Moidture leves were sgnificantly higher in trestments which had undergone any
level of feed redtriction, this was accompanied by a decrease in fat of hens which had been
subjected to feed redtriction early or late in rearing.

During post-peak production (39 WOA), few sgnificant differences were reported
between trestments with respect to GH, SGOT, moidture, fat, protein or ash. Sgnificant
differences were noted in regards to percent crop. Treatments which were restricted later in
rearing (CR and RR) had larger percentages of crop than did treatments ad libitum fed during
thistime. Trestments RC and RR did significantly differ from trestments CC and CR in absolute
weight of Pectordis mgor. However, only RC differed in respect to relative weight. No other
differences were reported in muscle or tissue development.  All trestments lost sgnificant
amounts of breast yield during the time period from 30-39 WOA. At the conclusion of lay (53
WOA), neither GH nor SGOT were effected by treatment. During this time, percent moisture
was sgnificantly higher in treatments restricted fed early in rearing, while percent fat was

ggnificantly lessin these same hens. Treatment CC had a sgnificantly less relative percentage of
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liver and RR hens had ggnificantly greater percentages of totd evisera Redative and absolute
weight of breast and thigh muscles were not sgnificant among trestments at the termination of
the study. However, it was reported that during the last portion of lay (39-53 WOA), only
treatments CC and CR continued to loss breast muscle while RC and RR hens gained muscle
mass over thistime. Skeletd and longitudina bone growth continued to be significantly affected
by the early period of feed redtriction. With regards to sub-treatment “weight”, MEDIUM hens
appear to be the more reproductively oriented sub-treatment. Numericaly, constant levels of
GH and devated amounts of breast muscle and fat indicate that MEDIUM hens are more apt to
reproduce efficiently. Thisisin comparison to HEAVY and LIGHT henswhich are a opposite
ends of the spectrum with regards to fluctuating levels of GH and smaller percentages of rdative
breast meat and fat yields.

In conclusion, due to the fact thet circulating leves of prolactin where dramatically lower
in hens considered “ out-of-production” vs. hens “in-production”, the data suggest that hens
ceased egg production not because of broodiness but for other reasons. Redtricting feed to the
breeder hen restructured the total body composition so that the hen was now composed of a
larger percent moisture and ash with lessfat. With a smaller percentage of fat, the breeder hen
may now not be alowed to store the excess body reserves needed for Summer season egg
production. However, one of the most important areas appears to be that restricting hens early
did not dlow them to achieve a higher percentage of body weight through muscle mass during
the early portion of rearing. At 15 WOA, breast and thigh muscles were both significantly less
in hens redtricted early. Furthermore, even though the percent muscle weight was the same

among dl treatments leading into the production cycle, absolute weights were not. It then
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gopears that this ggnificantly smaler muscle amount was not sufficient enough to maintain egg
production once hens had reached the post-peak production Summer season era. While an
early period of feed redtriction appears to have hindered reproduction by not alowing the hen to
initiate proper body reserves, a later period of restriction did not affect egg production. Once
breeder hens were alowed to establish early growth of muscle and tissue, feed restriction later
in rearing (16-24 WOA) only proved dter body composition and conformation in a trangtiona
sense. These hens were able to regain muscle and tissue mass once returned to ad libitum
feeding and differed little from control fed hens throughout lay. Therefore, data suggest that if
breeder hens are expected to lay throughout the Summer season, early growth is encouraged
followed by a later period of redtriction (16-24 WOA). This restricting of turkey breeder hens
during the lagt portion of rearing followed by ad libitum feeding 6 wks prior to photostimulation
may be a means to develop a breeder hen that produces just as well if not better than ahen ad
libitum fed throughout rearing.

(Key Words: turkey breeder hens, feed regtriction, body composition, conformation, breast

muscle development, growth hormone, SGOT, prolactin)
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INTRODUCTION

Physcdly feed redtricting turkey breeder hens has proved to limit BW by controlling
feed consumption. However, reproductive results from redtriction programs are at best
confounding. Therefore, if the turkey indudtry is to reach optimum performance within its
breeding hens, research must determine the exact physiological thresholds between high and low
production hens. A possible means by which to gain a better understanding of the effects feed
restriction has on breeder performance, is utilizing andyss of total body compostion and
carcass conformation. When reported, analyss of body composition is often stated in terms of
moigture, fat, protein and ash percentages. While carcass conformation is viewed through
measurements involving long bone structure and tissue percentages.

In broiler breeders, Miles and Leeson (1990) reported that quantitative feed restriction
reduced carcass dry matter and fat percentages accompanied by an increase in crude protein
content. Therefore, concluding that quantitative feed redriction is an effective means of
controlling broiler breeder obesity. The study of Robinson et al. (1991b), further substantiated
the results of Miles and Leeson (1990). Long term significant differences in body compostion
between restricted fed and ad libitum fed hens resulted within moisture, fat and protein.

Within the turkey industry, few published reports are avallable concerning this Stuation.
The aspect of carcass conformation was the focus of Krueger et al. (1978). It was reported
that feed redtriction did significantly reduce breast width, ked length, and body depth, but did
not ggnificantly affect shank length. With respect to body compostion, Grimes et al. (1989)
concluded that breeder hen composition was not affected by an energy-protein imbaance.

However, Hocking (1992a) stated that carcass fat in hens which were physically feed restricted
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early in rearing was dgnificantly decreased and remained sgnificantly less when compared to
control hens. Mogt recently, Klein-Hessling (1994) concluded that physical feed redtriction
ggnificantly affected tissue growth on an asolute weight but rarely on a relaive percentage
bass. However, once into the lay cycle, many differences noted during rearing were no longer
ggnificant. Therefore, it was concluded that many of the changes observed were trangtiond
adaptations.

With these results in mind, the following experiment was designed to address the effects
of length and timing of quantitative feed restriction on body compostion, carcass conformation
and hormond and enzyme activity. Of particular interest was the andyss of these results
comparing hens which had gone out of production to hens till in production.

MATERIALSAND METHODS

On August 30, 1996, seven-hundred-twenty-two day old Nicholas turkey breeder hen
poults were wingbanded, placed, brooded and vaccinated following generd commercid
standard practice with feed and water provided ad libitum through 3 WOA. The experiment
was dedgned as a 4 (redriction treatment) x 3 (30 WOA weight treatment) factorid
arangement.  Treatments comprised: 1) Control Control (CC) - hens full-fed throughout the
rearing period, 2) Control Restricted (CR) - hens redtricted feed from 16 to 24 WOA, 3)
Restricted Control (RC) - hens restricted feed from 3 to 16 WOA, and 4) Restricted Restricted
(RR) - hens redtricted feed from 3 to 24 WOA. The god was to attain a 45% body weight
reduction a 16 WOA in treatments RC and RR, while treatment RR aso continued on a
resriction program until 24 WOA during which time only minima weight gains were to be

incurred. Treatment CR, which was restricted feed from 16 to 24 WOA, was to achieve only
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minima weight gains during its restriction period. 1n essence, their body welghts were to remain
congtant from 16 to 24 WOA. During redtriction periods, poults were fed usng skip-a-day
procedures (feeding two days worth of feed a once). All birds were weighed individualy to the
nearest .1 |b., dways at the same time in the morning. Birds were weighed weekly until 24
WOA a which time they were then weighed bi-weekly until pesk production (39 WOA).
From peak production until the end of lay (53 WOA) dl birds were weighed monthly. Weekly
feed consumption was determined on a per pen bass. From 3 to 24 WOA, BW and feed
consumption were used to caculate a feed alotment of each diet for each pen for the following
week. Daly feed dlotments were weighed into a bucket to the nearest gram and evenly
digtributed throughout the circumference of the circular feeder. Birds that were restricted fed
and to be releasad to full feed were subjected to a redimentation period. To implement this
realimentation period, on a skip-a-day basis, feed was increased by 20, 40, and 60% etc....
until the pen had no longer consumed the entire alotment of feed by the next morning, a which
time they were then consdered to be back on full feed. All treatments had been returned to full
feed by 25 WOA. A totd of 7 different diets were fed during the brooder, grower, developer,
holding and prebreeding period until the hens were photostimulated at 30 WOA. Hens were
subjected to short day length from 18 to 30 WOA. During the blackout phase the hens were
exposed to a progressively decreasing photoperiod of 8, 7, and 6 h of light per day from 18-21,
22-25, and 26-30 WOA, respectively. All treatments were subdivided at 30 WOA into three
equa weight treatments. Heavy, Medium, and Light. Therefore, CC was now recognized in
sub-trestments:. CCH, CCM, and CCL, with dl other treatments (CR, RC, and RR) following

this same sequence. An example of this scenario is as follows: CCH = hens within body weight
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range > 25.5 Ib., CCM = hens within body weight range 25.4 - 23,5 Ib., and CCL = hens
within body weight range < 234 Ib. In the laying phase, feed and water were provided ad
libitum. The hens were photostimulated a 30 WOA (April 1997) with 14 h of light per day
which was increased to 15 h (5:00 am - 8:00 pm) at first egg. At peak lay hens underwent a
form of light phase-shifting on a weekly bass. Once a week lights were set to come on 3 h
earlier (2:00am) than normd, in an effort to shift the dally lay period back. This sequence of
lighting was then maintained through the end of the sudy (53 WOA).

Tissue samples, carcass conformation and total body composition were andyzed a 15
WOA, at lighting (30WOA), at post-peak production(39 WOA) and at the end of the study
(53 WOA). One hen from each pen, 12 per trestment, were randomly selected and killed by
electrocution. Without being bleed, hens were then scalded and feathers removed. Hens were
eviscerated through the cloaca region with dl evisera being removed up through the trachea and
esophagus. The oviduct and dl follicles were removed and kept separate from hens which were
anadyzed at 39 and 53 WOA. The variables of interest from al processed hens were: 1.) total
BW prior to processing; 2.) processed BW without feathers with evisera, 3.) processed BW
without evisera; 4.) weight of tissues --- crop, liver and total evisera; 5.) weight of oviduct in
laying hens, and 6.) weight of totd yelow fallicles within a maturing sequence. Measurements
of skeletal development were also taken from processed hens at 15, 30, 39 and 53 WOA.
These variables were determined by measuring shank length and circumference.  Data was
recorded to the nearest .1 cm for shank length using a precison cdiper. Length was stated as
being the distance from the flexed hock joint to the bottom of the dightly compressed foot pad.

Circumference being measured to the nearest .1 cm as well, was anadlyzed usng a coth
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measuring tape. A single measurement was taken just above the rear claw of each processed
hen. After these initid measurements and processing, hens were tightly bagged and frozen - 20
°C. At alater date, once al hens had been frozen at least 4 wks, carcasses were removed
from the freezer and placed into a cooler. Once carcasses had dowly thawed for 2-3 days,
they were processed for carcass conformation. This task was performed utilizing the deboning
procedures and computer software of Diamond K Research (1997). After an initid WOG
weight (without giblets) was attained and any abdomind fat was removed and weighed ,
carcasses were cut-up and deboned through a series of task. Deboning techniques were
utilized so that andysis may be performed ot 1.) percent breast meet yield -- Pectorais mgjor
and minor; 2.) percent bondess thigh muscles, 3.) percent thigh bone (femur); and 4.) percent
ked wiribs. These varidbles were dso ataned in a manner so that they may be later
determined on an absolute weight basis. Once the deboning process was completed, the entire
cut-up carcass (head, feet, evisera, etc..) was ground using a large mesat grinder. Each carcass
was passed through the grinder 3 times, so that proper mixture was assured. Upon completion
of grinding, a representative sample was taken from each hen. Samples were identified with hen
tag number and placed back into freezer -20 °C.

Processed carcass samples were used to determine moisture, fat, protein and ash as a
percentage of totd body compostion. Before evauation, processed samples were further
ground usng a household blender. Representative samples were taken from this blended
sample and used to determine moisture and fat percentages by a drying process through CEM
moisture and fat extraction (methyl chloride). Samples were dso used to obtain the percent

protein through the methods of Kjeldahl. To complete andyss of totd body composition,
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percent ash was reported by drying down dl moisture and fat from carcass samples. All
percentages were then reported on awet basis of tota body composition.

To address the effect of redtriction on hormona and enzyme activity, plasma samples
were obtained a various time periods throughout the study. Growth Hormone and enzyme
SGOT (Serum Glutamic-Oxaacetic Transaminase) were measured with plasma collected from
the before mentioned processed hens at 15, 30, 39 and 53 WOA. Prior to processing, hens
were bled usng vacuum tubes with EDTA. Blood samples were then centrifuged so that
plasma may be obtained. Plasma was then divided into two equa samples, identified on an
individua hen bass and frozen. For andlyss of Growth Hormone (GH), frozen plasma samples
were shipped on dry ice overnight to the USDA Poultry Laboratory in Bdtsville, Maryland.
Under the direction of Dr. John Proudman (1997), GH levels were then determined in each of
these prepared samples on ang/ml basis. The second plasma sample was used to perform the
tes of SGOT andyds. This andyss was performed within the authors lab using the test kit
designed by SIGMA (1997). SGOT levels were determined in duplicate samplesas U/L. Any
duplicate samples that were not within a 10% range of each other were termed as “reruns’.
Therefore, this origind sample was analyzed once again.

During the lay period, plasma samples from hens which had gone out-of-production
were obtained in the manner as described above. This collection was performed beginning the
12" wol until the end of the study (20 wol). Every hen during this time which was termed “out-
of-production” was bled, as was an equa number of hens dill “in-production”. Therefore, if 10
hens from treatment CR were considered out-of-production for the 12 wol, an additional 10

hens “in-production” for treatment CR were dso bled. These plasma samples were then frozen
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until the end of the study, a which time samples were once again shipped overnight to the
USDA Poultry Laboratory in Bdtsville, Maryland to be evduated for prolactin on a mg/mi
basis.
STATISTICAL ANALYSS

The data from the experiment was subjected to atwo-way andysis of variance. There
were four redtriction treatments (first independent variable) and three sub-treatments of sze
(second independent variable). The variation between pens was used as the error term. Al
variadbles were andyzed by week of age or week of lay. Long bone structure (shank
measurements) was andyzed by trestment and sub-trestment  Percent crop, liver, evisera,
oviduct and ova were andyzed on totd BW by treatment and sub-treatment. Percent yields
from carcass conformation (Pectoralis mgor, thigh muscles, femur, ked wiribs and abdomind
fat) was andyzed on a processed BW basis for treatments. Total body composition (moisture,
fat, protein and ash) was reported through week by trestment and sub-trestment. GH and
SGOT were dso determined by week. While prolactin levels were andyzed by week as well
as by a sub-treatment (out-of-production vs. in-production). The differences among main effect
means for treetments were then partitioned using the LSMEANS option of the GLM (SAS,

1994). Statements of significance were based on P<.05 unless otherwise stated.
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RESULTS
Hormonal and Enzyme Activity
Body Composition and Necropsy

The subsequent effects of feed restriction on blood plasmaleves of GH and SGOT are
presented in Tables 1 and 2. Table 1, illustrates that the leve of circulating GH in breeder hens
restricted during early portions of rearing is Sgnificantly higher than control ad libitum fed hens.
At 24 WOA, dthough not sgnificant, previoudy redtricted hens ill mantained numericdly
higher levels of GH. However, once al hens had been given access to ad libitum feed for at
least 5 wks leading into photostimulation, no numerical differences were reported for this 30"
WOA. Although GH leves were somewhat eevated throughout lay, no sgnificant differences
were noted by treatments. Unlike GH, SGOT anadyss between treatments was not significant
during early rearing (Table 2). At 24 WOA, differences among SGOT levels within trestments
did become dgnificant, with previoudy ad libitum fed hens exhibiting higher leves of the
enzyme. This sgnificance was maintained through the period of photostimulation (30 WOA).
The timing of photostimulation aso brought about a dragtic overdl increase in circulding levels
of SGOT (Table 2). Once into the lay cycle (39 and 53 WOA), levels of SGOT remained
rather constant among treatments.

Moisture, fat, protein and ash as figured on a percentage of total carcass composition is
reported in Tables 3 through 6. Totd moisture of hens was sgnificantly affected by feed
redriction, as restricted hens were composed of higher levels of moisture throughout the
mgority of the sudy. Anayss during the 15 and 30 WOA proved moisture levels to be higher

in hens which had undergone feed redtriction a any time during rearing. However, only hens
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that were subjected to early feed restriction (beginning a 3 WOA) had sgnificantly higher levels
of moisture a the completion of the study (Table 3). Percentages of fat as determined through
carcass composition acted in the opposite manner from percent moisture (Table 4). Restricting
hens early, resulted in significant decreases of totd fat a 15 WOA. This was aso reported a
30 WOA in hens redtricted late in rearing (16-24 WOA). At the time of post-peak production
(39 WOA), only the most severdly redtricted hens (3-24 WOA) displayed significantly lower
percentages of fat. However, a the concluson of the study, it was reported that dl hens
restricted early in rearing had sgnificantly lower levels of fat as compared to ad libitum fed
hens and hens only redtricted late in rearing.  Like moisture, protein levels were reported as
being sgnificantly higher a 15 WOA in hens redricted fed early in rearing (Table 5). At the
time of photostimulation and post-peak production, reported differences were no longer
ggnificant. The conclusion of the study did bring about significant differencesin protein between
CR and RR hens vs. CC and RC hens, with CR / RR hens having sgnificantly higher levels of
protein a 53 WOA. In conclusion of carcass compostion, percent ash at 15 WOA was
reported as being ggnificantly higher in hens redtricted fed early in rearing (Table 6). This
difference was not reported again until the end of the study, a which time hens redtricted early
once again mantaned sgnificantly higher levels of percent ash.

In respect to sub-treatment “weight”, analyss proved to be sgnificant within sub-
trestment only and not when sub-trestment was andyzed with origind treatment. Therefore, it
was concluded that sub-trestments HEAVY, MEDIUM and LIGHT acted much the samein dl
four origind treatments (CC, CR, RC and RR). In Table 7 is reported the effects of sub-

trestment variables HEAVY, MEDIUM and LIGHT on circulating GH and SGOT levels. GH
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levels were reported as being sgnificantly different only at 53 WOA. At which time, HEAVY
and LIGHT hens had sgnificantly higher levels of circulating GH. As within origind treatments,
SGOT acted in the opposite of GH

in that it was MEDIUM hens which reported significantly higher levels of circulating SGOT
(Table 7). Sub-treatment “weight” had little sgnificance on carcass composition as studied
through moisture, fat, protein and ash (Table 8). It was only during the 39 WOA that fat was
ggnificantly affected by weight, in that MEDIUM hens displayed higher levels as compared to
HEAVY and LIGHT hens. Significant differences were dso reported in protein, but only &t the
end of the sudy when it was concluded that LIGHT hens had higher percentages.

The results of interna organ and tissue weights from necropsy are depicted in Tables 9
and 10. Table 9, reports that imposed early redtriction sgnificantly affected all measurements
taken with regards to crop, liver and totd evisera a 15 WOA. These variables, as a
percentege of live BW, were sgnificantly increased for hens redtricted fed early. Percent crop
remained greater for these hens throughout the mgority of the study (Table9). Liver as a
percentage of live BW aso remained sgnificantly greater in hens redtricted fed early in rearing.
However, after photostimulation, only the most severely restricted hens (RR) continued to have
adgnificantly larger portion of their BW composed by total evisera. Within sub-trestment, crop
and liver as a percentage of BW were significantly less for LIGHT hens during the 39" WOA.
While percentage of total evisera was sgnificantly greater in HEAVY hens as compared to

MEDIUM and LIGHT hens at 53 WOA.
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Conformation Analysis

The reaults of the numerous measurements taken on the influence of physica feed
restriction on body conformation are reported in Figures 1 through 7. Figure 1 describes the
effects of feed restriction on Pectorais maor as a percentage of processed BW. At 15 WOA,
there were highly sgnificant differences within the two treatments Control and Restricted. Hens
restricted early in rearing expressed a smdler percentage of their BW through the Pectoralis
mgor. Once breeder hens reached the time of photostimulation treatments were no longer
sgnificant. However, post-peak production (39 WOA), Pectordis mgor weight expressed as
a percentage was sgnificantly lessin trestment RC as compared to other hens. This difference
remained numericdly different on through the end of the study (Figure 1). Cdculated on an
absolute weight, Pectorais mgor was dso sgnificantly less in redtricted fed hens a 15 and 30
WOA (Figure 2). During the egg production cycle, only hens restricted early in rearing (RC
and RR) continued to have sgnificantly less Pectordis mgor. Hens redtricted late in rearing
(CR), satigticaly had the same weight Pectorais mgor as hens fed ad libitum throughout the
dudy. Figure 3 illugrates the percent Pectordis mgor weight loss by period throughout lay.
For the period 30-39 WOA, dl hens lost consderable amounts of breast muscle, 7-17%.
During the later stages of lay, only CC and CR hens continued to loss breast muscle. While at
the same time hens regtricted early in rearing gained breast muscle mass for the period 39-53
WOA. Cdculating weight differences for the cumuldive lay cyde, al treatments exhibited
weight loss in Pectoralis mgor (Figure 3). Further muscle conformation was determined
through andyss of percent bondess thigh muscle yield. Thigh muscle as percent of BW was

reported as aso being sgnificantly less at 15 WOA in hens restricted early in rearing (Figure 4).
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Andyss of thigh muscle yield was no longer Sgnificant among trestments once hens reached
sexud maturity. Cdculation of thigh bone (femur) indicated that this percentage followed the
exact oppogte trend as that of muscle conformation. Restricted hen BW conformation was
sgnificantly greater with regards to percent thigh bone at 15 WOA.. Pogt-rearing, al trestments
maintained a decreased portion of thigh bone as a percentage of total BW (Figure 5). A
second analysis of bone conformation as compared to tota BW was determined through a keel
bone w/ribs percentage. Figure 6, reports that percent ked bone acts in much the same
manner as percent thigh bone, in that percentages are sgnificantly increased (15 WOA) in
trestments which have been limited feed early in rearing. Post-pesk production, the reverse is
true, treatment CC expressed a larger percentage of their totd BW through ked bone during
the 39" WOA. In conjunction with total body fat, mentioned earlier, abdomina fa was
measured as a percentage of BW (Figure 7). No dgnificant differences were reported, within
thistrid, until the final week of age, a which time treatment RC expressed a smdler percentage
of abdomind fat in comparison to trestments CC and CR.

Sub-treatment “weight”, much like in andlysis of body composition, was only reported
as being dgnificant when it was andyzed as a separate variable.  The results on the effect of
sub-trestment for carcass conformation are displayed in Figures 8 through 12. The data
indicates a highly sgnificant difference with regards to Pectordis mgor percentages (Figure 8).
MEDIUM hens, post-peak production, display over 1% more breast mesat yield with respect to
BW than do HEAVY and LIGHT hens. However, these same differences were not reported
with regards to thigh muscle percentages (Figure 9). Concerning bone conformation, LIGHT

hens display larger percentages of thigh bone with regards to BW than do HEAVY and



185

MEDIUM hens (Figure 10). But as with muscle conformation, a second andysis of bone
dructure involving percent keel bone did not reflect sgnificant differences among trestments
(Figure 11). There likewise was no difference reported within sub-trestments when measuring
abdomind fat (Figure 12).

The results on the effect of feed redriction on shank length and shank width are
presented in Figures 13 and 14. Figures indicate highly sgnificant effects on shank length (cm)
when comparing restricted trestments and an ad libitum fed treatment. Treatments that
restricted feed during the early portions of rearing exhibited shorter shanks for the entire study
(Figure 13). While shank length for hens which were only redtricted late in rearing (CR) did not
differ from the control treetment (CC). The same basic conclusions are reported in Figure 14
for shank circumference (cm). Circumference measurements for treatments restricted early,
were dgnificantly less than control fed hens throughout the end of lay. However, unlike shank
length, circumference was aso Sgnificantly less for hens redtricted late in rearing from 39 WOA
until termination of the study (Figure 14). Sub-trestment “weight” had a profound impact on
long bone structure within shank development.  Shank length and circumference were both
ggnificantly decreased in LIGHT hens as compared to HEAVY and MEDIUM hens. These
observations were noted at both 39 and 53 WOA (Figures 15 and 16).

Measurements with respect to reproductive conformation are expressed by examining
oviduct and ova weights as wdl as mature follicle counts within Figuresl7 through 19. Oviduct
weight as a percentage of tota BW is portrayed in Figure 17. Post-peak production (39
WOA), dl redtricted treatments (CR, RC and RR) reported having alarger percentage of their

BW comprised by oviduct weight as compared to CC hens. This difference was no longer
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ggnificant at 53 WOA. However, it was at 53 WOA that percent ova was determined to be
ggnificantly less in RC hens than in CR and RR hens (Figure 17). Difference in numbers of
ydlow maturing follicles within a sequence were determined not to be sgnificant among
treatments. This was reported at both 39 and 53 WOA (Figure 18). However, within sub-
treatment “weight”, LIGHT hens possessed fewer maturing yellow follicles than did HEAVY
and MEDIUM hens at 53 WOA (Figure 19).

Circulating levels of prolactin were determined to be highly sgnificant among hens
congdered out-of-production vs. hens considered in-production (Figure 20). Statistical anays's
reveded that prolactin levels were Sgnificantly higher in hens which were il in lay as compared
to hens which had ceased egg production. These conclusions were noted for dl weeksin which
plasma samples were taken (12-18 wol). When this andyss was subjected to individua
regriction tretments (CC, CR, RC and RR), dl treatments responded in much the same
manner in that out-of-production hens congstently had lower circulating levels of prolactin
(Figure 21). Unlike was noted in other measured variables, sub-trestment “weight” had no
ggnificant affect on prolactin levels within these breeder hens.  “In-production” hens had
ggnificantly higher prolactin levels, whether it was measured in HEAVY, MEDIUM or LIGHT

hens (Figure 22).
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DISCUSSION

Hormonal and Enzyme Activity
Body Composition and Necropsy

Circulating Growth Hormone (GH) levels within blood plasma are found to be positively
correlated with growth rate in the growing turkey. Proudman and Ope (1981) compared
plasma GH levelsin redtricted fed turkeys versus ad libitum fed turkeys. Regtricting the feed of
turkeys resulted in an increase in the basal leves of plasma GH within 1 week of imposing the
redrictions. Feed redtricted birds then maintained plasma GH leves sgnificantly higher than
those of the control group throughout the restricted period. The results of the previous study
comply with the conclusons of Proudman and Wentworth (1980), in that circulating GH levels
of hens restricted early in rearing nearly doubled the level of control fed hens. For the 15"
WOA restricted hen GH levels equaed 7.41 versus 4.14 (ng/ml) for that of control hens. Even
though no significance was reported during the 24" WOA, numericaly, hens restricted during
the period 16-24 WOA exhibited higher levels of GH. CR and RR treatments as compared to
CC and RC treatments equaled 2.06 and 2.19 versus 1.63 and 1.71 ng/ml, respectively. Once
hens were photostimulated (30 WOA), GH levels no longer differed dgnificantly among
treetments.  This increase in GH secretion during undernutrition is a metabolic adjusment
consgtent with the known role of GH in glucose, protein and fat metabolism. With the genetic
potentia today’s breeder hen exhibits for BW growth, a hen undergoing feed redtriction will
respond with high levels of GH secretion. Thismay be in an effort to try too meet the BW she
is geneticdly desgned to achieve. Therefore, any devated GH level present after return to

adequate nutrition may aid in compensatory growth (Yu et al. 1990).
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With the conclusion that redtricting feed to a breeder hen elevates GH levels, dso may
come the idea that a hen when not given ad libitum access to feed may at times break down
muscle mass. If o, this phenomena may be due to the fact the hen is limited in daly body
maintenance since she is limited in her avallable feed metabolizable energy. Measuring plasma
levels of aspartate aminotrandferase or serum glutamic-oxaacetic  transaminase (SGOT), are
means in which to determine this activity of possble muscle degradation. SGOT is an enzyme
widely digtributed in tissues with highest concentrationsiin liver, heart and skeletd muscles. Any
acute destruction of these tissues results in reease of Szable amounts of SGOT into plasma
circulation (Kachmar 1976). However, Cason and Teeter (1994) concluded that turkey poults
which were deprived of feed for 16 hours did not have eevated levels of SGOT when
compared to poults ad libitum fed. Once again, the present study is in agreement with the
previous research cited. Although important questions may be asked with regards to the current
gudy. Within the current study it was somewhat surprising in that it was previoudy ad libitum
fed trestments in which higher levels of plasma SGOT occurred, this was the case for 24 and 30
WOA. However, this difference may be explained through the time manner in which blood
samples were collected. Hens which were designated for processing and blood collection were
removed from feed and water 16 hours prior to bleeding. Thiswas so that their crop and lower
intestind tract may be free of feed and feces for eventud processing. Due to the fact that hens
were removed from dl nutrition well in advance of blood collection may explain the results
reported. Treatments undergoing feed redtriction possibly did have congtant high levels of
SGOT, whereas ad libitum fed hens only had this elevated level due to the fact that they too for

this one time had been deprived of nutrition.
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It has been suggested that the weight of two differently grown breeder hens can be very
gmilar, even though their body composition might be quite different. Therefore, BW may not
necessarily aways be a good indicator of the breeding condition of a turkey hen. Although
Leeson and Summers (1982) concluded that excess feeding during rearing did not significantly
increase fat among hens achieving aset BW a an earlier age, Miles and Leeson (1990) showed
that quantitative feed restriction reduced carcass dry matter and fat percentages accompanied
with an increase in crude protein content. Therefore, concluding quantitative feed restriction
may be the only method that successfully reduces broiler breeder obesity. The results reported
by Robinson et al. (1991b), supported these conclusions. Robinson et al. (1991b) stated that
the long term differencesin totd body composition were sgnificant. In which, moisture equaed
54 vs. 49%; fat 27 vs. 34% and protein 15 vs. 14% for restricted fed hens vs. ad libitum fed
hens respectively. No differences were reported in percent ash between treatments. However,
Borngtein (1984) sated that fears of excess fat a the initiation of egg production may be
unjudtified, reporting a high degree of fatness to be associated with the start of ovulation in
broiler breeders. He aso concluded that an accelerated rate of fat accumulation may possbly
shorten the trangition period from pullet to layer and thus promote better synchronization & the
dart of egg production. With regards to turkeys, Grimes et al. (1989) reported that feeding
breeder hens a diet containing either 12, 15 or 18% protein from 24 to 32 WOA did not
sgnificantly effect carcass moisture and fat content or egg production. While Hocking (1992a)
compared physca feed redtricted turkey hens with ad libitum fed hens and reported that
carcass fat was lower in turkeys physicaly restricted during rearing compared with hens fed ad

libitum throughout life. However, protein content was similar for restricted turkeys and those
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fed ad libitum. Data from the current study follow much the same trends as the conclusons
drawn from Robinson et al. (1991b) and Hocking (1992a). Within the current study, moisture
levels were sgnificantly higher in hens redricted early in rearing a 15 WOA. Moaidure for
control ad libitum fed hens versus restricted hens was 61.66 vs. 65.33%, respectively &t this
time. At the time of photostimulation (30 WOA), hens which had been subjected to feed
redriction a any point during the rearing period hed sgnificantly higher levels of moisture than
did control hens. Table 3 illugtrates that moisture for CC, CR, RC and RR treatments was
52.92, 55.54, 54.84 and 56.61% during the 30 WOA. However, a the concluson of the
sudy only hens redtricted early had significantly higher levels of moisture than that of control fed
hens. Percent fat was the exact opposite of moisture levels. Feed redtriction early in rearing
sgnificantly reduced fat percentages. Table 4 depicts restricted hens as having 7.4 vs. 13.4%
fat as compared to ad libitum fed hens. Once again, any treatment previoudy restricted had
lower percentages of fat at the time of photostimulation as compared to treatment CC. But at
termination of the study, only treatments RC and RR (restricted early in rearing) were reported
as having lower levels of fat. Percentages of 23.71 and 23.74 were noted in CC and CR hens
whereas only 20.77 and 20.78 percent fat was recorded in treatments RC and RR. Early in
rearing, 15 WOA, redtricted fed hens did have sgnificantly higher levels of protein ( 15.48 vs.
14.82%) as reported by Robinson et a. (1991b) in broiler breeders. However, this trend was
no longer distinguishable after this time period. In contrast, percent ash was reported as being
sgnificantly higher at both 15 and 53 WOA in treatments restricted early in rearing. Therefore,

it is concluded that while changes in hens redtricted late in rearing (CR) are a times sgnificantly
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different from ad libitum fed hens (CC), only treatments restricted early in rearing (RC and RR)
are continuoudy effected by previous feed redtriction throughout the entire lay cycle.

It is interesting to note that when andyzed by sub-trestment “weight”, HEAVY and
LIGHT hens are often comparable in certain areas whereas MEDIUM hens often sgnificantly
differ from these two trestments. One explanation for this reasoning is that geneticaly speeking
MEDIUM hens may be the more preferred hen. The MEDIUM hen is more than likely
performing under optimum conditions while HEAVY and LIGHT hens are a the opposite ends
of alesser performing spectrum. This appears to be the case with respect to GH and SGOT.
GH is a alower leve within sub-trestment MEDIUM hens, possbly due to the fact that they
are maturing at the proper rate. Whereas SGOT is noted at higher levels compared to HEAVY
and LIGHT hens. This andysis may once again be attributed to the fact MEDIUM hens were
under optimum conditions, however once they were removed from feed for over 16 hrs prior to
blood collection they then responded in a more drastic measure than did HEAVY and LIGHT
hens. For it may have been that HEAVY and LIGHT hens, from a metabolic standpoint, were
less efficient than MEDIUM hens and expressed elevated levels of SGOT on a regular basis.
Although not as prominent as in hormond and enzyme activity, sub-trestment “weight” did
effect body composition as percent fat was reported as being higher in MEDIUM hens & the
time of post-pesk production. In concluson of sub-trestment weight and its effect on body
composition and hormond activity, MEDIUM hens may possess optimum compostion and
hormond regulation leading into and through egg production.

With respect to interna organ and tissue weights, Nestor et al. (1981) concluded that

feeding a high fiber diet (69% ground oat hulls) from 16 WOA to photostimulation increased
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actual weights and percentage of weight in the crop, esophagus, proventriculus, gizzard, smal
and large intestine and ceca. Klein-Hesding (1994) dso reported that physica feed redtriction
ggnificantly increased the weight of the hens gizzard as a percentage of tota BW. However,
within these two studies many of the results only gppear to be transtiond whereas in the current
sudy sgnificant differences reported with respect to internd tissue weights lasted for the
duration of the trid. Tables 9 depicts percent crop as being sgnificantly effected by feed
restriction. Treatments restricted early in rearing and fed on a skip-a-day basis possessed large
crops than did treatments fed ad libitum. Obvioudy, this is more than likely due to the hen
attempting to eat enough feed to make up for the previous days redtriction period. Once
restricted treatments were returned to ad libitum feed, hens continued to gorge their crop asis
evident by the fact that it took their crop severd weeks to return to the same proportiona size
of treetment CC. This redimentation period would therefore be an attempt at compensatory
growth for previoudy restricted fed hens. Percent liver and total evisera were aso reported as
being sgnificantly greater in earlier redtricted treatments (RC and RR). Therefore, it is evident
that the breeder hen is ether developing internd tissues and organs a a condant rate
disregarding feed dlotment or the internd mechanisms are laboring extra in an effort to achieve
genetic BW potentid. It is interesting to note that sub-treatment “weight” plays a different role
among internd tissues and organs. Concerning LIGHT hens, a greater percentage of their BW
is exhibited through crop and liver. Whereas HEAVY hens, have a smdler percentage of their
BW composed of tota evisera So it stands to reason that internd tissues and organs have
somewhat of a predetermined weight that will be met no matter the genetic or phenotypic

posshilities From this idea, a problem may eventudly occur if emphasis in genetic selection is
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not properly addressed. HEAVY sub-trestment hens may literdly have the ability to outgrow
thar internd functions This may then have certan repercussons on the reproductive
performance.
Conformation Analysis

Ad libitum fed control hens had the greatest absolute Pectordis mgor weight at 15
WOA in comparison to the restricted treatment, 2.38 vs. 1.15 Ib., respectively. This difference
was aso reported when weight was cdculated as a percentage of BW (Figures 1 and 2). At
photostimulation there was no statistical difference between treatments with respect to percent
Pectordis mgor. However, there were tremendous differences in absolute weight.  All
previoudy redtricted trestments (CR, RC and RR) were sgnificantly less in asolute weight as
compared to the CC treatment (Figure 2). Treatment CC was greater with 4.60 Ib., followed
by CR and RC with 4.01 and 3.91 Ib., while RR hens were sgnificantly less than al others with
3.25 Ib.. This was possible due to CR hens being restricted fed from 16-24 WOA and
badcaly achieving no BW gain during thistime. As can be seen in Figure 2, absolute Pectorais
mgor weight increased from 15 WOA to a maximum at 30 WOA and declined repidly
thereafter to 39 WOA. Although not as drastic, a decline is so noted in Pectordis magor as a
percentage of totd BW. Fgure 1 illudrates that only RC hens differed sgnificantly in percent
breast weight a 39 WOA. This is important to note since RR hens, according to BW gain,
were 4ill undergoing a former of compensatory weight gain.  This may be the reason their
percent breast yield isjust as great as CC and CR hens. However, Figure 2 possibly illustrates
amore important fact. Here it is noted that athough CR and RC hens had datigticdly the same

absolute breast weight at 30 WOA, once they reached post-peak production RC breast weight
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had dropped off dramatically. If percent breast weight loss is caculated by weekly periods
(30-39, 39-53 and 30-53 WOA), Figure 3 shows dl treatments lost a large amount of breast
mest during the first period. However, only treatments CC and CR continued to lose breast
meeat while RC and RR hens began to increase breast yidd. It should be noted that this is
during the time period when these two treatments began to go out of egg production as well as
the time in which extreme environmenta heet became persstent. Thigh muscle weight as a
percentage of BW dso was sgnificantly effected due to early redtriction. At 15 WOA, hens
which had previoudy been ad libitum fed displayed a larger portion of their total BW through
pounds of thigh meat as compared to restricted hens. These percentages were no longer
ggnificant after 15 WOA. Percent thigh bone and ked wi/rib bone acted in the opposite manner
of breast and thigh muscle, in that restricted hens had higher percentages of bone compared to
control hens. Figure 5 reports that at 15 WOA, thigh bone as a percentage of BW was nearly
doubled in restricted hens compared to ad libitum fed hens. While not as drastic, percent kedl
w/rib bone was aso greater in restricted hens at 15 WOA. This was reversed at 39 WOA,
when CC hens were composed of alarger percentage of kedl bone than any of the previoudy
restricted fed hens. These results coupled with the ideas of body compostion lead to the
following concdluson. When redricted fed early in rearing, hens will not sacrifice internd organ
sructure or bone development but instead soldly sacrifice muscle mass. This sacrifice may then
play a role throughout the life of the hen. In the case of hens redtricted early in rearing, they
were never able to regain that tota breast muscle they lacked from the beginning. Therefore,
coupled with excessive heat during the laying cycle, the lack of a stored nutrient reservoirs more

than likely affected egg production. Redtricted hens basicaly appear to have used up dl



195

nutrients and literally shut down egg production s0 that they could maintain just the basic
maintenance requirements required to survive. This is evident when it is noted hens rediricted
early in rearing actudly began to gain muscle mass post-pesk production. They had utilized dl
they could during the first few weeks of production but now they were forced to take away
from egg production just to meet their body requirement needs. These ideas are in comparison
to hens redtricted fed late in rearing. A hen restricted fed late in rearing has aready gained that
initid mass and gppears to have the ability to regain that totad mass advantage soon after being
returned to ad libitum feeding. Therefore, CR hens within this study, even though restricted
late in rearing regponded much in the same manner as CC treatment hens during the lay cycle.
With regards to abdomind fat weight as a percentage of BW, no sgnificant differences were
reported between trestments until termination of the study. At this time, RC hens had
ggnificantly less abdomind fat as compared to other trestments. This lends further support to
the idea that these hens, which at times favored CR hens, utilized dl body reserves early in lay
and therefore resorted to utilization of fat sources just to meet daly body maintenance
requirements. However, it is interesting to note that abdomind fat weight of RR hens, the most
severdly restricted trestment, did not differ as compared to trestments CC and CR at 53 WOA.
These results could be from the fact that these hens have much |ess maintenance requirements as
compared to the RC hens and they possbly never got to the point where they had to utilize
excess fat storage.

When andyzing the variables of muscle and bone conformation by sub-trestment
“weight” few differences are reported as being sgnificant.  Although within percent Pectordis

magor, sub-trestment does in fact play arole. As reported in body composition, MEDIUM
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hens appear to be more reproductively oriented than do HEAVY and LIGHT hens. At post-
peak production (39 WOA), MEDIUM hens exhibited alarger percentage of their BW through
Pectordis mgor as compared to HEAVY and LIGHT hens (Figure 8). Breast muscle as a
percentage was amost 2% greater in MEDIUM hens than in HEAVY and LIGHT hens.
Therefore, if in fact breast meet yield is of great importance in a hens ability to lay perastently,
MEDIUM hens would be more gpt to meet this criterion. In concluson of sub-treatment, it is
noted that dthough this Stuation did exhibit saidicdly Sgnificant differences, numericaly
MEDIUM hens did lay at a higher percent hen housed egg production rate than did HEAVY or
LIGHT hens (Manuscript 11).

Only limited informétion is available regarding the effects of feed redriction on keleta
development. Anderson et al. (1963) redtricted hens to 85% of the intake of ad libitum fed
hens from 12 to 24 WOA.. In their conclusions, it was reported that shank length was not
sgnificantly affected by restriction. Therefore, they summarized by suggesting the existence of a
priority of bone growth over tissue growth or fat depogtion. This in agreement with the initia
data from the current study, in which thigh and ked bones were proportiondly larger in
restricted hens as compared to ad libitum fed hens. Touchburn et al. (1968) came to these
same conclusions when they dtated that most of the reduction associated with feed restriction
was due to a decrease in protein and/or fat tissue rather than a reduction of skeleta
development. More recently, Hocking (1992b) restricted a medium size strain of turkey to 60
and 80% of the BW of an ad libitum fed trestment from 6 WOA to the point of lay. It was
reported that in contrast to the large reduction in BW, shank length was gtill more than 90% of

the ad libitum fed control birds. Renema et al. (1993) reported a study much like the current
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one, in that feed redriction was implemented at an early age. The shank vaues within that study
indicated feed restriction reduced frame sze early in life. Klein-Hesding (1994) then followed
shank development in hens through pesk production and determined that hens restricted early in
rearing never did fully achieve shank length of hensfed ad libitum. In concluson of longitudind
bone growth, the rdevance of a minutdy reduced frame Sze on reproduction is not cClear.
However, as reported previoudy, the BW and total compostion thet is deposited on those very
amilar framesis quite different when redricted and ad libitum fed hens are compared. In this
sudy, the employed feed redtriction significantly affected the longitudind growth of bone as
indicated by Figure 13. At 15 WOA, shank length was dgnificantly decreased in hens
restricted early inrearing. This difference then remained sgnificant throughout the study (Figure
13). However, shank length of hens which were redtricted later in rearing (CR) never differed
from ad libitum fed hens. Therefore, results form this study conclude that frame sze from a
longitudina aspect is established in the breeder hen by 24 WOA and that redtriction after this
time no longer sgnificantly affects longitudind skeletd development. This does not gppear to be
the case as far as shank circumference. Whereas, shank length reaches its maximum potential
by 1517 WOA, circumference of the shank is increesng throughout the life of the hen.
Maximum shank circumference was not reported until the 53 and find WOA (Figure 14).
Therefore, hens redricted later in rearing did have their shank circumference sgnificantly
affected by feed redriction. After their restriction period late in rearing (24-30 WOA)
treetment CR dgnificantly differed from trestment CC in regards to shank circumference. It
should be dated that in rdation to shank conformation, a no time during this study was leg

development ever noted as being a problem. No one treatment displayed sgnificant leg
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abnormalities over another treetment.  Sub-treatment “weight” did have a ggnificant affect on
shank development. LIGHT hens, throughout the lay period, reported significantly shorter
shanks than HEAVY and MEDIUM hens. Furthermore, this shorter shank was accompanied
by a smdler circumference. Therefore, even though the shank may have been shorter for
LIGHT hens, it was in proportion with circumference so that no leg anormdities would be
expected (Figure 15 and 16).

Oviduct and fallicle development have been primarily studied within broiler breeders
and not turkey breeder hens. Robinson et al. (1991a) postulated that oviduct and follicle
development was very important in determining reproductive efficiency. It was daed that
fallicle sequence was of a critical matter due to the hypothesis that fertility and early embryonic
loss may be impaired in firgt-of-sequence eggs compared with dl subsequent  eggs within a
laying cyde  Yu et al. (1992) followed this theory by dating that the high rate of egg
production in laying hensis an outward manifestation of the high degree of synchronization of the
ovarian cycle, which governs the orderly maturation of fallicles. When measuring this maturation
process of oviduct and follicles in the current study, Figure 17 illugtrates an inverse relationship
between BW and oviduct weight. Larger hens (treetment CC) maintained a smdler portion of
totd BW through oviduct weight. Wheress, hens restricted had a larger portion of their BW
exhibited through oviduct weight. These results are in comparison to internd organ weight
development in that it gppears oviduct weight has a predetermined standard no matter the feed
dlotment. Unlike reports by Robinson et al. (1991a) and Yu et al. (1992) maturing yelow
follide numbers were not sgnificant amnong trestments within the current sudy (Figure 18).

Maturing follicle numbers a 39 and 53 WOA were averaged a 8 per treatment. When
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andyzed within sub-treatment “weight”, follicle numbers did sgnificantly differ at 53 WOA. At
thistime LIGHT hens possessed fewer mature follicles than did HEAVY and MEDIUM hens.

Compared to broiler breeder egg production, reproduction of the turkey hen is
relatively poor. The decrease in egg production of a turkey hen is often associated with a
propengty toward early cessation of egg laying and associated incubation behavior, which is
commonly referred to as broodiness. One of the most important and controversa factors
concerning the efficient reproduction of the turkey breeder hen is that concerning the actions of
the hormone referred to as prolactin (Prl). Within a turkey breeder hen, the onset of incubation
activity is corrlated with declining levels of gonadotropin-releasng hormones and increasing
circulaing Prl levels. Haawani and Rozenboim (1993) produced evidence implicating
increased Prl secretion as a cause of the reduced circulating gonadotropins and ovarian
regresson that results when hens shift from egg laying to incubation. However, Etches et d.
(1979) reported that plasma concentrations of Prl was increased in turkey hens as laying
commenced. Six weeks after photostimulation, the concentration of Prl reached a maximum of
300 to 400 ng/ml and thereafter the plasmalevel declined. One issue that should be noted from
this research, isthe idea that hens which ultimatdly laid the most eggs (>150 eggs vs. <115) had
ggnificantly higher levels of Prl for alonger period of time. The best producing hens (>150 eggs
lad) had devated levels (>100 ng/ml) of Prl for up to 12 weeks after photostimulation, while the
poorest producing hens (<115 eggs laid) very sdldomly had devated levels (>100 ng/ml) of Prl
after 3 weeks post-photostimulation.

Within the current study, hens which were considered on a weekly basis as being “out-

of-production” had sgnificantly lower levels of measured circulating Prl.  Figure 20 illugtrates



that during some weeks of monitoring, Prl levels were nearly 5 times higher in hens consdered
“in-production” vs. hens “out-of-production”.  As shown in Figure 21, these results were the
same among all trestments (CC, CR, RC and RR). With respect to sub-trestment “weight”,
“in-production” hens consstently had higher levels of Prl than did “out-of-production” (Figure
22). While numericdly, MEDIUM hens once again displayed the characterigtics of a higher egg
producing hen when consdering their Prl levels were greater than ether that of HEAVY or
LIGHT hens. Another aspect of Prl and reproductive efficiency that should be addressed is the
relationship of feed consumption with circulating levels of Prl. Denbow (1986) addressed this
gtuation by injecting Prl  into egg laying hens and concluded that these injections caused a
ggnificant decrease in food inteke. These results suggest that Prl, acting a the levd of the
centra nervous system, decreases food intake in photostimulated turkey hens. With these ideas
in mind, it may stand to reason that hens which are restricted early in rearing and never recover
the percent body mass as compared to control treatments will not respond as well when Prl
levels are increased and food consumption is decreased in the Summer season.  During this
decreased feed consumption is when ad libitum fed control hens act upon body reserves and
muscle mass such as breast meeat to meet the chalenges of egg production. Whereas hens
which were restricted early and never fully regained body mass are not able to meet egg
demands in the Summer season. These hens Smply do not have the body reserves built up in fat
or muscle once there feed consumption is decreased a peak production to continue laying.
They must now use dl food intake to hep meet the minimum daily requirement of smple body
maintenance. Therefore, from these results it is concluded that breeder hens within the current

study did not go out-of-production due to extreme increases of Prl and broodiness.
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In conclusion, data indicates that the poorest laying hens within this sudy (RC and RR
hens) have many vaiables in common gpart from trestments CC and CR. Initidly, GH within
early redricted hens was sgnificantly grester than ad libitum fed hens, Sgnifying the breeder
hen had much more potentid than it was being adlowed to express through feed restriction. GH
aong with percent moisture, fat, protein and ash were dl dtered when hens were restricted fed.
Redtricting feed to the breeder hen restructured the totd body composition so that the hen was
now composed of alarger percent moisture and ash with lessfat. With a smaller percentage of
fat, the breeder hen may now not be allowed to store the excess body reserves needed for
Summer season egg production. However, one of the most important areas appears to be that
restricting hens early did not dlow them to achieve a higher percentage of body weight through
muscle mass during the early portion of rearing. At 15 WOA, breast and thigh muscles were
both sgnificantly less in hens redtricted early. Furthermore, even though the percent muscle
weight was the same among dl treatments leading into the production cycle, absolute weights
were not. It then gppears that this sgnificantly smaler muscle amount was not sufficient enough
to maintain egg production once hens had reached the post-peak production Summer season
era While an early period of feed restriction gppears to have hindered reproduction by not
alowing the hen to initiate proper body reserves, a later period of restriction did not affect egg
production. Once breeder hens were dlowed to establish early growth of muscle and tissue,
feed redriction later in rearing (16-24 WOA) only proved dter body compostion and
conformation in a trangtional sense. These hens were able to regain muscle and tissue mass
once returned to ad libitum feeding and differed little from control fed hens throughout lay.

Therefore, data suggest that if breeder hens are expected to lay throughout the Summer season,
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ealy growth is encouraged followed by a later period of redriction (16-24 WOA). This
redricting of turkey breeder hens during the last portion of rearing followed by ad libitum
feeding 6 wks prior to photostimulation may be a means to develop a breeder hen that

produces just aswell if not better than ahen ad libitum fed throughout rearing.
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TABLE 1. Growth Hormone (ng/ml) of Large White turkey hens either fed ad libitum

or restricted * during the rearing period

WOA TREATMENT

CONT REST cC CR RC RR S.E.
15 4.14° 7.41° . . . . 1.27
24 163 206 171 219 0.41

30 197 151 181 159 0.27
39 576 478 3.26 410 0.97
53 3.72 495 272 371 0.389

1 CONT - ad libitumfed
REST - restricted-fed

CC-
CR-
RC -
RR -

ad libitumfed

restricted-fed --------- 16-24 woa
restricted-fed --------- 3-16 woa
restricted-fed --------- 3-24 woa

b Meanswithin arow with different superscripts are significantly different (P<.05)



TABLE 2. SGOT * levels (U/L) of Large White turkey hens either fed ad libitum or

restricted ? during the rearing period.
WOA TREATMENT
CONT REST CC CR RC RR S.E.

15 223.98 227.33 12.56
24 215.83° 173.43" 195.33%° 14587° 17.51
30 454.75° 330.36° 400.11° 443.89° 42.18
39 292.18 260.85 232.38 283.06 26.83
53 317.55 32485 281.01 350.49 39.28

1 SGOT = Serum Glutamic-Oxalacetic Transaminase

2 CONT - ad libitum-fed
REST - restricted-fed

CC-
CR-
RC -
RR -

ad libitumfed

restricted-fed --------- 16-24 woa
restricted-fed --------- 3-16 woa
restricted-fed --------- 3-24 woa

----- SIGMA Diagnostics Assay

b Meanswithin arow with different superscripts are significantly different (P<.05)



TABLE 3. Moisture composition of carcass (%) * within Large White turkey hens either fed
ad libitum or restricted ? during the rearing period.

WOA TREATMENT

CONT REST CC CR RC RR S.E.
15 61.66° 65.33° . . . . 1.68
30 . . 52.92° 5554° 54.84*°  56.61° 0.87
39 . . 55.63  56.69 56.60 56.86 1.01
53 . . 5429 55.09° 56.00° 56.57° 0.78

! Carcass composition = whole carcass with blood / without feathers
Moisture determined by drying of prepared sample through CEM Moisture and Fat Analyzer

2 CONT - ad libitum-fed
REST - restricted-fed
CC-ad libitumfed

CR - redtricted-fed --------- 16-24 woa
RC - redtricted-fed --------- 3-16 woa
RR - restricted-fed --------- 3-24 woa

b Means within arow with different superscripts are significantly different (P<.05)



TABLE 4. Fat composition of carcass (%) * within Large White turkey hens either fed ad
libitum or restricted ? during the rearing period.

WOA TREATMENT

CONT REST cC CR RC RR S.E.
15 13.42° 7.4° . . . . 1.14
30 : : 26.52°  22.62°  23.90° 21.96° 1.21
39 . . 22.63"°  21.07°  21.00° 18.96° 0.69
53 : : 23.71*  23.74* 20.77° 20.78° 0.88

! Carcass composition = whole carcass with blood / without feathers
Fat determined by drying of prepared sample through CEM Moisture and Fat Analyzer and extraction
by Methyl Chloride

2 CONT - ad libitum-fed
REST - restricted-fed
CC- ad libitum-fed

CR - restricted-fed --------- 16-24 woa
RC - restricted-fed --------- 3-16 woa
RR - restricted-fed --------- 3-24 woa

2P Means within arow with different superscripts are significantly different (P<.05)
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TABLE 5. Protein percentage of carcass composition * within Large White turkey hens either

fed ad libitum or restricted 2 during the rearing period.
WOA TREATMENT
CONT REST CC CR RC RR S.E.
15 14.82° 15.48° 0.23
30 13.09 13.79 13.56 13.56 0.31
39 13.27 13.64 13.50 13.96 0.19
53 12.94° 1355  12.85°  13.52° 0.21

! Carcass composition = whole carcass with blood / without feathers
Protein determined by Kjeldahl Procedures:

% Nitrogen * 6.25) (Zprotein)

......... (mg Nitrogen / g sample)

2 CONT - ad libitum-fed
REST - restricted-fed
CC - ad libitum-fed

CR - restricted-fed --------- 16-24 woa
RC - redtricted-fed --------- 3-16 woa
RR - restricted-fed --------- 3-24 woa

P Means within arow with different superscripts are significantly different (P<.05)



TABLE 6. Ash percentage of carcass composition * within Large White turkey hens
either fed ad libitum or restricted 2 during the rearing period.
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WOA TREATMENT

CONT REST CC CR RC RR S.E.
15 3.60° 4.29° 0.28
30 . . 2.94 2.58 3.09 2.70 0.40
39 : : 3.42 3.23 3.38 3.99 0.44
53 : : 2.89" 2.80° 3.40%°°  4.08 0.21

! Carcass composition = whole carcass with blood / without feathers

2 CONT - ad libitum-fed
REST - restricted-fed
CC-ad libitumfed

CR - restricted-fed --------- 16-24 woa
RC - restricted-fed --------- 3-16 woa
RR - restricted-fed --------- 3-24 woa

b Meanswithin arow with different superscripts are significantly different (P<.05)
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TABLE 7. Growth Hormone (ng/ml) and SGOT * (U/L) levels by sub-trestment 2 of Large
White turkey hens either fed ad libitum or restricted during rearing period.

VARIABLE WOA SUB-TREATMENT
HEAVY  MEDIUM LIGHT S.E.
39 4.73 4.09 4.6 0.81
GROWTH
HORMONE
53 4.45% 2.42° 4.44° 0.75
39 253.2° 319.12° 229.03° 23.4
SGOT
53 341.43 279.68 334.32 35.15

! SGOT = Serum Glutamic-Oxalacetic Transaminase ----- SIGMA Diagnostics Assay

> NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

2 Means within arow with different superscripts are significantly different (P<.05)
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TABLE 8. Moisture, Fat, Protein and Ash * percentages by sub-trestment  of Large
White turkey hens either fed ad libitum or restricted during rearing period.

VARIABLE WOA SUB-TREATMENT
HEAVY MEDIUM  LIGHT S.E.
39 56.81 56.17 56.35 0.84
MOISTURE
53 54.68 56.49 56.55 0.65
39 21.19% 22.04° 19.79° 0.55
FAT
53 23.24 22.12 21.38 0.74
39 13.63 13.34 13.80 0.16
PROTEIN
53 12.99° 13.00° 13.66° 0.18
39 3.36 3.32 3.96 0.34
ASH
53 3.69 2.97 3.26 0.23

Carcass composition = whole carcass with blood / without feathers

Moisture and Fat determined by drying of prepared sample through CEM Moisture and Fat Analyzer
and extraction by Methyl Chloride.

Protein determined by Kjeldahl Procedures: -- (mg Nitrogen / g sample) = (% Nitrogen * 6.25) =

(% Protein)

2 NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

3" Means within arow with different superscripts are significantly different (P<.05)



TABLE 9. Crop, liver and tota evisera as percentage of total body weight * of
Large White turkey hens either fed ad libitum or restricted ? during
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rearing period.

WOA TREATMENT
CONT REST CC CR RC RR S.E.
15 0.42b  0.64a 0.02
% 30 . . 0.31° 0.31° 034*® 0.38 0.01
CROP 39 . . 0.32° 0.36* 032° 0.39° 0.02
53 . . 0.31 0.33 0.31 0.34 0.01
15 1.90° 2.44° 0.07
% 30 . . 1.04° 1.12° 1.07° 1.33° 0.04
LIVER 39 . . 1.29 1.41 1.38 1.44 0.06
53 . . 1.26° 1.46* 153*  1.54° 0.05
15 9.48°  10.70° 0.18
% 30 . . 7.10° 7.68" 7.10° 8.22° 0.16
EVISERA 39 . . 7.35 7.48 7.18 7.37 0.26
53 . . 7.07°  7.41° 737" 8.14° 0.16

! Total body weight = live weight prior to processing

2 CONT - ad libitum-fed
REST - restricted-fed
CC- ad libitum-fed

CR - restricted-fed --------- 16-24 woa
RC - redtricted-fed --------- 3-16 woa
RR - restricted-fed --------- 3-24 woa

b Meanswithin arow with different superscripts are significantly different (P<.05)
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TABLE 10. Crop, liver and total evisera as percentage of total body weight *
by sub-trestment ? of Large White turkey hens either fed ad libitum or

restricted during rearing period.

WOA SUB-TREATMENT
HEAVY MEDIUM LIGHT S.E.
% 39 0.33° 0.33° 0.38% 0.02
CROP 53 0.31 0.33 0.33 0.01
% 39 1.31° 1.33° 1.49° 0.05
LIVER 53 1.45 1.44 1.46 0.04
% 39 7.36 7.08 7.59 0.23
EVISERA 53 7.76° 7.38° 7.36° 0.25

! Total body weight = live weight prior to processing

2 NOTE: Original four treastments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

22 Means within arow with different superscripts are significantly different (P<.05)
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TREATMENT

! Processed Weight = (Live weight minus feathers, evisera and feet), frozen for 4-6 weeks
prior to cut-up

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC- ad libitumfed
CR - restricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - restricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 1. Pectordis Major weight as percentage of processed weight * of
Large White turkey hens either fed ad libitum or restricted # during
rearing period.
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TREATMENT

1 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC-ad libitumfed
CR - redtricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - restricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

CC CR RC RR

FIGURE 2. Pectorais Mgor absolute weight of Large White turkey hens
either fed ad libitum or restricted * during rearing period.
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TREATMENT

! Period = 30 - 39 WOA / 39 -53 WOA / Cumulative 30 - 53 WOA
Percent weight lossis difference between Pectoralis Major muscle at the beginning and
end of each period.

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC- ad libitumfed
CR - redtricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - regtricted-fed ---------- 3-24woa

FIGURE 3. Pectordis Major percent weight difference by period * of Large
White turkey hens dither fed ad libitum or restricted # during
rearing period.
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TREATMENT

! Processed Weight = (Live weight minus feathers, evisera and feet), frozen for 4-6 weeks
prior to cut-up

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC- ad libitumfed
CR - restricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - redtricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 4. Thigh muscle weight as percentage of processed weight * of
Large White turkey hens either fed ad libitum or restricted ? during
rearing period.
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TREATMENT

! Processed Weight = (Live weight minus feathers, evisera and feet), frozen for 4-6 weeks
prior to cut-up

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC- ad libitumfed
CR - restricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - redtricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 5. Thigh bone weight as percentage of processed weight * of
Large White turkey hens either fed ad libitum or restricted ? during
rearing period.
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TREATMENT

! Processed Weight = (Live weight minus feathers, evisera and feet), frozen for 4-6 weeks
prior to cut-up

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC-ad libitumfed
CR - redtricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - redtricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 6. Ked bone (w/ribs) weight as percentage of processed weight * of
Large White turkey hens either fed ad libitum or restricted ? during
rearing period.
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TREATMENT

! Processed Weight = (Live weight minus feathers, eviseraand feet), frozen for 4-6 weeks

prior to cut-up

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC-ad libitumfed
CR - redtricted-fed ---------- 16-24 woa
RC - restricted-fed ---------- 3-16 woa
RR - restricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 7. Abdominal fat weight as percentage of processed weight * of
Large White turkey hens either fed ad libitum or restricted ? during

rearing period.
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! NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

% Processed Weight = (Live weight minus feathers, eviseraand feet), frozen for 4-6 weeks
prior to cut-up

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 8. Pectordis Major weight by sub-trestment * as percentage of
processed weight % of Large White turkey hens either fed ad libitum
or redtricted during rearing period.
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! NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

? Processed Weight = (Live weight minus feathers, eviseraand feet), frozen for 4-6 weeks
prior to cut-up

FIGURE 9. Thigh muscle weight by sub-trestment * as percentage of
processed weight % of Large White turkey hens dither fed ad
libitum or restricted during rearing period.
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! NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

% Processed Weight = (Live weight minus feathers, eviseraand feet), frozen for 4-6 weeks
prior to cut-up

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 10. Thigh bone weight by sub-trestment * as percentage of
processed weight % of Large White turkey hens dither fed ad
libitum or restricted during rearing period.
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! NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

% Processed Weight = (Live weight minus feathers, evisera and feet), frozen for 4-6 weeks
prior to cut-up

FIGURE 11. Ked bone w/rib weight by sub-trestment * as percentage of
processed weight 2 of Large White turkey hens dither fed ad
libitum or restricted during rearing period.
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! NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

% Processed Weight = (Live weight minus feathers, evisera and feet), frozen for 4-6 weeks
prior to cut-up

FIGURE 12. Abdomind fat weight by sub-trestment * as percentage of
processed weight % of Large White turkey hens dither fed ad
libitum or restricted during rearing period.
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TREATMENT

! Shank length - measured from hock joint to bottom of foot pad

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC- ad libitumfed
CR - redtricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - regtricted-fed ---------- 3-24woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 13. Shank length (cm) * of Large White turkey hens either fed ad libitum
or restricted 2 during the rearing period.
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TREATMENT

1 Shank circumference - measured above rear claw

2 C-adlibitumfed

R - restricted-fed -------- 3-16 woa
CC-ad libitumfed
CR - redtricted-fed ---------- 16-24 woa
RC - redtricted-fed ---------- 3-16 woa
RR - restricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 14. Shank circumference (cm) * of Large White turkey hens either fed ad
libitum or restricted ? during the rearing period.
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! Shank length - measured from hock joint to bottom of foot pad

2 NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 15. Shank length (cm) * by sub-treatment # of Large White turkey hens
ather fed ad libitum or restricted during the rearing period.
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Shank circumference - measured above rear claw

NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 16. Shank circumference (cm) * by sub-trestment ? of Large White
turkey hens elther fed ad libitum or restricted during the rearing

period.



WOA
O30 @53

232

% OVIDUCT % OVA

1.8

1.6

o]

1.4

0.8 1

04 1

0.2

% OVIDUCT AND OVA OF TOTAL BODY WEIGHT
[EEN
|

CcC CR RC RR CC CR RC RR
TREATMENT

! Oviduct = infundibulum to cloacaregion
Maturing ova = (agroup) any yellow follicle within a sequence and in the devel oping stage

% Total body weight = live weight prior to processing

3 cC-ad libitumfed

CR - redtricted-fed ---------- 16-24 woa
RC - restricted-fed ---------- 3-16 woa
RR - restricted-fed ---------- 3-24 woa

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 17. Oviduct and maturing ovaweights * as percentage of total body
weight ? of Large White turkey hens either fed ad libitum or
restricted ® during the rearing period.
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TREATMENT

! Total yellow follicles = (agroup) any yellow follicle within a sequence and in the
developing stage

2 CC-ad libitumfed

CR - redtricted-fed ---------- 16-24 woa
RC - restricted-fed ---------- 3-16 woa
RR - restricted-fed ---------- 3-24 woa

FIGURE 18. Totd yelow follicles within a sequence in the development
stage ! of Large White turkey hens either fed ad libitum or
restricted ? during the rearing period.
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SUB-TREATMENT

Total yellow follicles = (agroup) any yellow follicle within asequence and in the
developing stage

2 NOTE: Original four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

a,b Different superscripts within weeks of age signify significantly different means (P<.05).

FIGURE 19. Totd yelow follicles within a sequence in the development
stage ' by sub-treatment 2 of Large White turkey hens either fed
ad libitum or restricted during the rearing period.
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! Prolactin - blood samples collected in vacuum tubes with EDTA. Whole blood centrifuged
to collect plasma. Every hen considered out-of-production was bled for that given week.
For every out-of-production hen, one (1) in-production hen was also bled for comparison.

a,b Different superscripts within weeks of lay signify significantly different means (P<.05).

FIGURE 20. Prolactin levels (ng/ml) * of Large White turkey hens either fed
ad libitum or restricted during the rearing period.
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TREATMENT

! Prolactin - blood samples collected in vacuum tubes with EDTA. Whole blood centrifuged
to collect plasma. Every hen considered out-of-production was bled for that given week.
For every out-of-production hen, one (1) in-production hen was also bled for comparison.

2 cC-ad libitumfed

CR - redtricted-fed ---------- 16-24 woa
RC - restricted-fed ---------- 3-16 woa
RR - restricted-fed ---------- 3-24 woa

a,b Different superscripts within treatment signify significantly different means (P<.05).

FIGURE 21. Prolactin levels (ng/ml) * of Large White turkey hens either fed ad
libitum or restricted ? during the rearing period.
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SUB-TREATMENT

! Prolactin - blood samples collected in vacuum tubes with EDTA. Whole blood centrifuged
to collect plasma. Every hen considered out-of-production was bled for that given week.
For every out-of-production hen, one (1) in-production hen was also bled for comparison.

2 NOTE: Origina four treatments (CC, CR, RC and RR) are NOT analyzed.
Analysisis by sub-treatment (weight) only.

a,b Different superscripts within sub-treatment signify significantly different means (P<.05).

FIGURE 22. Prolactin levels (ng/ml) * by sub-treatment 2 of Large White
turkey hens ether fed ad libitum or restricted during the rearing
period.
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Manuscript 1V. Effect of Physical Feed Restriction on Economic Status
of Large White Turkey Breeder Hens.
ABSTRACT

Economic benefits were evauated on Large White turkey breeder hens subjected to
three different levels of physcad feed redriction. The feed trestments comprised: Control
Control (CC) - ad libitum fed throughout the study, Control Restricted (CR) - feed restricted
from 16-24 WOA, Restricted Control (RC) - feed restricted from 3-16 WOA and Restricted
Regtricted (RR) - feed restricted from 3-24 WOA. Feed redtriction was implemented so that
restricted fed hens achieved a 45% reduction in BW as compared to Control hensat 16 WOA.
From 16-24 WOA redtriction was implemented to maintain a dight incresse in BW. At the
completion of the respective restriction period, hens were gradually released back to ad libitum
feeding. All hens were photostimulated a 30 WOA and continued on ad libitum feeding
throughout a 20 wk lay cycle. Previous research reported within this lab (Trid 1), concluded
that restricting hens early in rearing so that the lay cycle was in the Winter season resulted in
numerica increases in egg production. The time period for Trid 2 was inverted from that of
Trid 1, in that hens were photostimulated for Summer season egg production.  This seasond
effect proved to be very costly. Redtricting feed to breeder hens during the rearing period 3-16
WOA to control BW and improve reproduction proved to be advantageous if hens were laid in
the Winter season.  An increase in egg production for this trestment resulted in a greater
economic benefit per hen with regards to the number of hatching eggs avallable for marketing.
With respect to poults hatched, this benefit was not as prominent due to the fact eggs incubated

from hens redtricted early did not hatch as well as eggs from a control trestment.  Although
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implementing early feed redriction of breeder hens proved profitable for Trid 1, this exact
trestment performed poorly when laid in the Summer season as compared to ad libitum fed
hens or hens redricted later in rearing. Conddering the four trestments utilized in Trid 2,
treatment RC proved to have the greatest lose.  Although none of the four treatments resulted in
a profit, treatments CC and CR proved to be the least costly. In conclusion, if turkey breeder
hens are expected to lay in the Winter season, redtricting feed early in rearing can prove
economicaly beneficid. However, if hens are subjected to a lay period during the Summer
season, feed redtriction should be limited to later in rearing if any economic benefits are to be
redlized.

(Key Words: turkey breeder hens, feed redtriction, egg production, hatchability, economic

benefits, seasond effects)
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INTRODUCTION

Growth and reproductive performance of turkey breeder parent flocks have a direct
impact on net returns to a turkey integrator. Economic gains from even small increases in turkey
breeder reproductive efficiency can be significant given the scde of profit margin of today’s
turkey industry. Therefore, the turkey industry may find it beneficid to address the following
hypothesis regarding the economics of feed restriction. If turkey breeder hens are severely feed
restricted during the rearing period and the resulting egg and poult production is a least
equivaent to standard practices, then possible economic benefits from a lowered average tota
cost of production would accrue to the poult grower, hatching egg producer and turkey
integrator.

When consdering the economic status of feed redtricting turkey breeder hens, from a
production management perspective, there are a few generd ideas that must be addressed.
Important production decisonsare: 1) the timing of production (seasond), 2) level and mix of
operaing inputs (timing of feed retriction), 3) flock size, and 4) management personne thet are
efficient in converting operaing inputs into quality poults. A tota understanding of the economic
datus involving turkey reproduction will then dlow the industry to interact with the competitive
environment  (subdtitutions:  pork, beef, chicken) to achieve organizationd efficiencies
(maximizing poults). With an economic mode that helps one understand their economic status,
productivity gods are much more visble. Productivity gods then typicaly describe the amount
of resource inputs required to reach desired outputs and are thus stated in terms of “cost for unit

of production”.
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The following study was performed to determine if restricting BW of turkey breeder
hens in an effort to improve reproductive performance proved to be economicaly beneficid in
comparison to the approach of ad libitum feeding. From this data, further conclusons may
then be made that would dlow aturkey integrator to determine which form of rearing proves to
be mogt beneficid.

MATERIALSAND METHODS

On August 30, 1996, seven-hundred-twenty-two day old Nicholas turkey breeder hen
poults were wingbanded, placed, brooded and vaccinated following generd commercid
standard practice with feed and water provided ad libitum through 3 WOA. The experiment
was dedgned as a 4 (redriction treatment) x 3 (30 WOA weight treatment) factorid
arangement.  Treatments comprised: 1) Control Control (CC) - hens full-fed throughout the
rearing period, 2) Control Restricted (CR) - hens redtricted feed from 16 to 24 WOA, 3)
Restricted Control (RC) - hens restricted feed from 3 to 16 WOA, and 4) Restricted Restricted
(RR) - hens redtricted feed from 3 to 24 WOA. The god was to attain a 45% body weight
reduction a 16 WOA in treatments RC and RR, while treatment RR aso continued on a
resriction program until 24 WOA during which time only minima weight gains were to be
incurred. Treatment CR, which was redtricted feed from 16 to 24 WOA, was to achieve only
minima weight gains during its restriction period. 1n essence, their body welghts were to remain
congtant from 16 to 24 WOA. During redtriction periods, poults were fed usng skip-a-day
procedures (feeding two days worth of feed a once). All birds were weighed individualy to the
nearest .1 |b., dways at the same time in the morning. Birds were weighed weekly until 24

WOA a which time they were then weighed bi-weekly until pesk production (39 WOA).
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From peak production until the end of lay (53 WOA) dl birds were weighed monthly. Weekly
feed consumption was determined on a per pen bass. From 3 to 24 WOA, BW and feed
consumption were used to caculate a feed alotment of each diet for each pen for the following
week. Daly feed dlotments were weighed into a bucket to the nearest gram and evenly
digtributed throughout the circumference of the circular feeder. Birds that were redtricted fed
and to be releasad to full feed were subjected to a redimentation period. To implement this
realimentation period, on a skip-a-day basis, feed was increased by 20, 40, and 60% etc....
until the pen had no longer consumed the entire alotment of feed by the next morning, a which
time they were then consdered to be back on full feed. All treatments had been returned to full
feed by 25 WOA. A totd of 7 different diets were fed during the brooder, grower, developer,
holding and prebreeding period until the hens were photostimulated at 30 WOA. Hens were
subjected to short day length from 18 to 30 WOA. During the blackout phase the hens were
exposed to a progressively decreasing photoperiod of 8, 7, and 6 h of light per day from 18-21,
22-25, and 26-30 WOA, respectively. The hens were photostimulated a 30 WOA (April
1997) with 14 h of light per day which was increased to 15 h (5:00 am - 8:00 pm) at first egg.
In the laying phase, feed and water were provided ad libitum. At peak lay hens underwent a
form of light phase-shifting on a weekly bass. Once a week lights were set to come on 3 h
earlier (2:00am) than normd, in an effort to shift the dally lay period back. This sequence of
lighting was then maintained through the end of the sudy (53 WOA).

To gan further information on the effects feed redriction has on breeder hen
profitability, a ample economic anayss was performed so that research may determine a what

point a restricted fed hen returns positive profits as compared to an ad libitum fed hen. For
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economic purposes, the sudy was divided into three (3) periods. 1) placement of poults to
sdection a 16 WOA, 2) sdlection to photostimulation at 30 WOA, and 3) photostimulation to
end of lay cycle. Economic satus was determined using a previous trid (Trid 1) aswell asthe
current trid (Trid 2). Treatmentsfor Trid 1 were very Smilar to the current Trid 2, in that Trid
1 utilized the following treetments. 1) NO - control - ad libitum fed, 2) N3 - restricted fed 3-
16 WOA and 3) N6 - restricted fed 6-16 WOA. From this trid it was previoudy
determined that trestment N3 produced numerically more eggs than control treatment NO.
However, Trid 1 was designed so that breeder hens were subjected to the egg laying period in
the Winter season, whereas breeder hens from Tria 2 were laid throughout the Summer season.
To dlow for ample andyss, data for each trid was calculated using one placement of 10,415
female line hen poults in  one standard brooder house.  Although, cdculaions are dso
consdered on a per hen basis. Andyss does not consder the cost of hen poult prior to
placement, only cost incurred after placement. All fixed costs within atypical breeder operation
are consdered to stay the same, these costs being, depreciation, insurance, taxes, interest. The
one additiond initial cost would be a load cdl system to operate feed bins so that daily feed
alotments for each grow-out house could be weighed on adally basis.
Variables consgdered placement to selection -- 16 WOA.:

----- 10,415 poults placed per trestment in one brooder house

----- 96% livahility for al treatments to selection

----- Feed Cost

Starter = average $195.00 / ton
Grower = average $185.00/ ton

----- Select Top 90% Hens In Each Treatment At 16 WOA



----- Price For Culled Hens At Selection = $0.55/ kg

----- Labor Cost
70 hrs’'wk @ $20.00 hr = $2.03 per/hen

----- Other Cost
Servicing, Medication, Supplies, Utilities
= $3.00 per/hen for ad libitum-fed hens
= $4.00 per/hen for restricted-fed hens --- extra utilities and heating
Variables considered selection to photostimulation -- 30 WOA:
----- 9,000 poults placed per treatment in one brooder house
----- 95% livability for dl treatments

----- Feed Cost
Grower = average $185.00 / ton
Holder / Prebreeder = average $175.00/ ton

----- Labor Cost
=55 hrs’'wk @ $20.00 hr = $1.74 per/hen

----- Other Cost
Servicing, Medication, Supplies, Utilities
= $2.50 per/hen for al treatments
Variables consdered photostimulation end of lay:
----- 8,550 poults placed per treatment in one brooder house

----- 90% livability for dl trestments

----- Feed Cost
Breeder = average $175.00/ ton

----- Labor Cost
= $4.00 per/hen - egg gathering and weekly A.l.

----- Other Cost
Servicing, Medication, Supplies, Utilities

244
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= $4.00 per/hen for dl treatments

----- Price For Spent Hens At End Of Lay = $0.30/ kg
Variables considered for hatching eggs and hatched poults

----- Price Per Hatching Egg = $0.62

----- Price Per Hatched Poult = $1.10
Variable costs were cdculated using information from:
Tar Heel Hatchery, Raeford, North Carolina 28376
Goldsboro Milling, Goldsboro, North Carolina 27532
Diamond K Research, Marshville, North Carolina 28103
While variable cost are meant to be as exact as possible, they do not represent the practices or
inputs of any one particular company or operation.

With the input of these costs and the data accumulated within the previous three
manuscripts regarding BW, feed consumption, totd and settable eggs laid and percent hatch,
the following results were determined for eech trid (Trid 1 and 2):

----- Total Cost Per Hen To Sdlection (16 WOA)

----- Totad Cost Per Hen Selection To Photostimulation (30 WOA)

----- Tota Cost Per Hen From Placement To Photostimulation (30 WOA)
----- Tota Cost Per Hen From Photostimulation To End Of Lay

----- Tota Cost Per Hen From Placement To End Of Lay

----- Totd Revenue Per Hen For Hatching Eggs

----- Total Revenue Per Hen For Hatched Poults

----- Profit / Loss For Hatching Eggs Per Hen Placed
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----- Profit / Loss For Hatched Poults Per Hen Placed
----- Settable Eggs Needed Per Hen To Cover Cost -- (Revenue = Cost)
----- Total Eggs Needed Per Hen To Cover Cost -- (Revenue = Cost)
----- Number Of Eggs Laid Or Not Laid In Excess Of Cover Cost
All results were determined by individual treatment.
RESULTSAND DISCUSSION

Tota cost per poult from placement to sdlection age at 16 weeks for Trid 1 is depicted
in Table 1. When cdculated on a per hen bass, feed cost per hen to sdlection age equaed
$3.94, $2.24 and $2.39 for treatments NO, N3 and N6, respectively. Coupled with tota labor
and other expenses, the total cost to grow each treatment hen calculated to be $8.59, $ 8.07
and $8.21. Some of the advantages to feed savings are nullified once the extra cost for heating
is figured into the equation. This extra expense in heet is due to the fact that hens are not
producing as much body heat since they are only 55% of the control trestment BW. Some
research has determined that a smaller bird then enables the grower to place more poults to
take up the extra space and therefore create the same heat as would be found in a control ad
libitum treatment. In other words, a grower could place more poults in a restricted fed house
but the totd pounds of poult in the house would essentidly be the same as a control house with
fewer poults. However, important variables must be consdered before this is done. If a
grower implementing feed redtriction were to place more poults a day 1, even though they will
eventudly be a smaler bird, extra feeder and water space is more than likely needed so that all
extra poults have full access to feed and water enabling flock uniformity. Also, if extra poults

are placed a day 1 then management must consder how this will affect hen placement into the
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growout house as well as a breeder house. Therefore, ether the integrator will not need as
many brooder houses or they will need more growout and breeder houses available post-
brooding. Due to these complications, within this sudy the economic Stuation involves placing
the same number of poults per house irrespective of treetment. However, with this placement
srategy comes the fact that restricted fed hens must have extra supplementa heet during the
brooding stage. Advantages to feed savings are dso somewhat negated once sdection of the
top hens for breeding is performed. Due to the fact that restricted hens are lighter in BW, the
recovery cost of the culled restricted henis just over hdf that of an ad libitum fed hen. But as
is shown in Table 1, even with the increase in heat cost and the lose in revenue from a lighter
BW, redtricted fed hens are il less expensive to raise to the point past selection.

The rearing period sdection to photostimulation, proves to be more cosly for
previoudy restricted fed hens as compared to ad libitum fed hens (Table 2). Thisincrease in
cost for restricted fed hens can smply be explained due to the fact these have consumed more
feed per hen than control hens during this time. However, research has reported that increased
food intake prior to the onset of lay may be beneficia. A rapid increase in feed consumption
and BW gain during this period has at times proven to enhance reproduction leading into peak
lay. Although growing cost per hen from sdection to photostimulation was greater in restricted
fed hens, totd cost from placement to photostimulation is il less in restricted fed hens. This
cost for the first 30 WOA equals $18.02, $17.77 and $17.82 for treatments NO, N3 and N6
repectively.

As was reported in the period of sdection to photostimulation, the find period

photostimulation to the end of lay dso resulted in a dight increase for restricted trestments with
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regards to cost. Again, this was due to these hens consuming greater amounts of feed during
the lay period. This may be beneficid if these hens are considered to be consuming more feed
per BW than is the NO control trestment. Gresater amounts of feed consumed per BW results
in an extra amount of nutrient upteke. Therefore, extra nutrients may be available for egg
production. Even with greater amounts of feed being consumed per restricted hen during the
two periods containing sdlection to the end of lay, totd rearing cost per breeder hen for the
entire study is dmogt identica among the three treatments (NO, N3 and N6 equal $37.53,
$37.88 and $37.89, respectively) (Table 3).

Table 4, reports total and settable egg production per hen and illustrates the effects of
rearing cost on revenue for hatching eggs and hatched poults. Implementing the market vaue
$0.62 per hatching egg, cdculations illustrate N3 hens provide superior gains over tha of
treatments NO and N6. Due to the fact N3 hens laid dmost 6 more settable eggs per hen than
did treatment NO, N3 henslaid $55.71 worth of settable hatching eggs as compared to $52.18
for NO. This margin was not as great when consdering hatched poults per hen. Thisis a
reflection of incubated eggs from N3 hens hatching over 4% less than eggs from NO hens. Even
with this poorer hatch, treatment N3 produced $69.21 worth of hatched poults as compared to
$68.80 for treatment NO (Table 4). When subtracting total cost of a breeder hen from totdl
hatching egg and poult revenue, treatments NO and N3 were superior to treatment N6. These
results, illustrated in Table 4, are noted with respect to profit from hatching eggs and poults per
breeder hen placed. If marketing hatching eggs only, treatment N3 would have redlized a net
profit of $11.67 per hen as compared to $9.09 and $7.59 for treatments NO and N6.

However, if business was to market a hatched poult, trestment NO would have reported a
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$13.51 net gain per hen as compared to $13.08 and $9.42 for treatments N3 and N6. This
trade-off between treatments N3 and NO regarding the sdlling of hatching eggs vs. poults is
once again due to N3 eggs not hatching as well as NO eggs. In this equation is aso figured that
N3 culled hens at 16 WOA were not as profitable and the sdll of spent hens at termination of
the study were not as rewarding for treatment N3 as compared to NO hens. Therefore, these
lower prices for N3 hens did not help to recuperate as much expense as did the sdll of heavier
NO hens. If the integrator does opt to only sell hatching eggs, it must be remembered that eggs
from N3 hens do not hatch as well and further repercussions may be noted with respect to
customer satisfaction at alater date.

Integrators within the turkey industry have a great need to understand a what point
during the lay cycle of a breeder flock does the flock become profitable. Smply stated, at what
time does tota revenue equd tota cost. Table 5, further reiterates the total cost of producing a
hen for Trid 1 equaled over $37.00 for each of the three treatments. With this cost and
understanding the market price of a hatching egg to be $0.62, treatments NO, N3 and N6 each
must lay 65.30, 65.65 and 65.72 settable eggs per hen respectively to cover tota expenses.
Thiswould be the point a which tota revenue equaed totd cost (bresk even point). However,
due to the fact that out of al eggs laid, 7.34%, 5.11% and 7.89% are cull eggs for each of the
three treatments, total eggs laid must be greater. Therefore, 70.09, 69.00 and 70.91 tota eggs
are respectively needed for treatments NO, N3 and N6 (Table 5). These total egg numbers then
provide an integrator with a specific god that must be met if a profit is to be reported. Asis
presented in Table 4, al treatments exceeded this bresk even totd by a wide margin. Total

eggs lad per hen in excess of this amount is illudtrated in Figure 1. Trestment N3 hens laid
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over 25 eggs in excess of the number needed to cover tota costs, while NO and N6 hens
respectively laid over 20 and 17 eggs in excess of those needed to cover expenses.

The reaults from Trid 2, which was lad in the Summer season, were much less
impressve. Table 6, illustrates a dramatic feed savingsin restricted fed hens as compared to ad
libitum fed hens for the first 16 WOA. Feed cost, as was reported in Trid 1, is roughly 45%
less when compared to ad libitum fed hens. Once the extra cost is consdered for additional
heat of these redtricted fed treatments, total cost of rearing to selection age cdculates to be
$10.00 for control fed hens versus $8.73 for restricted fed hens (Table 6). During the period
section to photostimulation, unlike in Tria 1, restricted treatments were till implemented in two
treatments (CR and RR). These treatments were to be restricted fed for the first 8 wks post-
sdection. Therefore, a tremendous feed savings was associated with these two treatments
during this second period. This savings resulted in these two respective treetments being $0.59
to $1.10 chegper per hen to raise during the period selection to photostimulation. Therefore, all
three previoudy redtricted fed treatments cost less to rear from placement to photostimulation
than did treatment CC which was ad libitum fed throughout the trid (Table 7). Totd cost
from the time of photostimulation to the end of a 20 wk lay cycle was very smilar among dl four
treatments (Table 8). An increase in feed cost was cdculated for each of the two trestments
which were redricted late in rearing (CR and RR). This is a reflection of ther increasng
gopetite leading into the lay cycle, which research has a times proven to be beneficid. It is
interesting to note that trestment CC was reported as costing the least during the lay cycle. This
is even though there feed consumption was not the lesser of the treatments during this period.

The total savings is in fact from the extra sdvage vaue of these hens heavier BW that make
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them less expense during this time. As noted in Trid 1, totd cost per hen was very smilar
among the four treetments when figured for the entire trid.  Table 8 depicts these tota cost to
be $35.23, $34.99, $34.21 and $33.42 for treatments CC, CR, RC and RR, respectively.
Reported within Manuscript |1 of this study, it was concluded that hens which were
redricted fed early in rearing and laid in the Summer season did not lay nearly as wel as hens
restricted fed late in rearing or ad libitum fed throughout the sudy. In Table 9, these drastic
differences in production are noted with respect to fina profit or loss per hen placed. When
consdering the market vaue of a hatching egg to be $0.62, treatments restricted early in rearing
(RC and RR) produced $4.00 to $7.00 worth less hatching eggs per hen than did trestments
CC and CR. Treatments CC, CR, RC and RR respectively produced $32.43, $32.15, $25.00
and $28.18 worth of hatching eggs for the entire 20 wk lay cycle. These figures were even
more dramatic when considering the vaue of hatched poults per breeder hen. Due to the fact
that hens redtricted early in rearing hatched a a rate 3 to 4% less than hens redtricted late in
rearing or not restricted at dl, total revenue of hatched poults per hen for treatments CC, CR,
RC and RR respectively was $42.77, $42.97, $31.79 and $35.92. When this income from
hatching eggs or hatched poults is figured with totd expenses of the breeder hen, no profit is
cdculated for any of the four treatments for Trid 2. However, the loss per hen is consderably
greater in hens redtricted fed early inrearing. If an integrator isin amarket to sell hatching eggs,
treatments CC and CR respond with exactly the same loss per hen a -$4.78, while treatment
RC returned the largest loss per hen at -$9.48. An integrator choosing to market hatched

poults would find treatment CR to be dightly better than trestment CC as these hens hatched
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about 1% better overdl. This improvement in hatch results in a -$1.61 loss per hen for
treatment CR as compared to a-$2.02 loss per hen for treatment CC (Table 9).

While egg production in Triad 1 resulted in 17-25 eggs being produced per hen in
excess of those needed to cover cost, production within Trid 2 obvioudy did not meet this
revenue equd cost threshold. Therefore, the production god set forth by management would
not have been met. Table 10 illustrates to meet total breeder hen expense, 62.21, 61.77. 60.00
and 58.61 settable eggs are needed for treatments CC, CR, RC and RR, respectively.
However, snce percent cull eggs lad per hen is consgderably higher in respect to some
trestments, this egg number must be modified to a totd number of eggs lad. With the cull
percentages in mind, 67.10, 66.91, 66.65 and 62.55 tota eggs per hen are needed for
treatments CC, CR, RC and RR. This gives a dight advantage to trestment RR due to the fact
their percent cull egg rate was lower as compared to al other treatments (Table 10). Asis
presented in Table 9, none of the four trestments met this total number of eggs need so that
revenue may equa cost. Figure 2, illudtrates that treatments CC and CR each laid 10 fewer
egos than were needed to cover cost. Wheress trestment RC was over 21 eggs short of
meeting total expenditures. The most severdy redricted hens (RR) came closer to covering
cost than did treetment RC by laying 14 fewer eggs than needed to bresk even.

In summary, restricting feed to breeder hens during the rearing period 3-16 WOA to
control BW proved to be advantageous if hens were laid in the Winter season. An increase in
egg production for this trestment (N3) resulted in a greater economic benefit per hen with
regards to the number of hatching eggs available for marketing. However, if an integrator isin

the business of sdling hatched poullts, this improvement noted within trestment N3 is nullified.
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The reason being, incubated eggs from treatment N3 hatch over 4% less in comparison to
incubated eggs from treatment NO. Consdering this scenario, an integrator would recognize
larger benefits if trestment NO hens were utilized. Although implementing early feed restriction
of breeder hens proved profitable for Trid 1, this exact trestment performed poorly when laid in
the Summer season as compared to ad libitum fed hens or hens redtricted later in rearing.
Congdering the four trestments utilized in Trid 2, the treatment which was restricted fed from
3-16 WOA proved to have the greatest lose. Although none of the four treatments resulted in a
profit, treatments CC and CR proved to be the least costly. With respect to marketing hatched
poults, hens restricted later in rearing (CR) recovered $0.41 more cost per hen than did
treatment CC. Therefore, it could be reported that these hens recorded 20% less of a lose
than treatment CC hens. In conclusion, if turkey breeder hens are expected to lay in the Winter
season, redtricting feed early in rearing can prove beneficid. However, if hens are subjected to
alay period during the Summer season, feed redtriction should be limited to later in rearing if
any economic benefits are to be reported.
The following key is used for each of the upcoming Tables and Figures:
Trid 1. NO = ad libitum - fed throughout study

N3 = restricted - fed from 3-16 WOA

N6 = restricted -fed from 6-16 WOA
Trid 2. CC = ad libitum - fed throughout study

CR = regtricted - fed from 16-24 WOA

RC = redtricted - fed from 3-16 WOA

RR = restricted - fed from 3-24 WOA
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TABLE 1. Totd cost per poult from placement to selection age at 16 weeks

for Trid 1.
VARIABLE TREATMENT
NO N3 N6

# Poults Placed Per Brooder House 10,415 10,415 10,415
Percent Livability To Selection 16 WOA 96.00% 96.00% 96.00%
# Hens At Selection Age 16 WOA 10,000 10,000 10,000
Starter -- Feed Cost ($/kg) 0.2147 0.2147 0.2147
Grower -- Feed Cost ($/kg) 0.2035 0.2035 0.2035
Feed Consumed Per Hen (kg/hen) 18.83 10.72 11.42
Total Feed Consumed Per House (kg) 207,130 117,920 125,620
Feed Cost Per House ($/kg) $43,311 $24,657 $26,267
Feed Cost Per Hen To Selection ($/kg) $3.94 $2.24 $2.39
Selection of top 90 % by BW - 16 WOA

BW of non-selected cull hens (kg) 7.48 4.10 4.10
Price Of Culled Hens $/kg 0.55 0.55 0.55
Recovery Cost Per Culled Hen $4.11 $2.26 $2.26
Recovery Cost Of Total Culled Hens $4,114 $2,255 $2,255
Labor Cost $/Hen $2.03 $2.03 $2.03
Other Cost $/Hen $3.00 $4.00 $4.00
Total Labor And Other Cost $55,330 $66,330 $66,330
Total Growing Cost To Selection - 16 WOA $94,527  $88,732  $90,342
Growing Cost Per Breeder To Selection $8.59 $8.07 $8.21
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TABLE 2. Totd cost per hen from selection to photostimulation at 30 weeks

of agefor Trid 1.

VARIABLE

TREATMENT

# Hens At Selection Age - 16 WOA

Percent Livability To Photostimulation

# Hens At Photostimulation - 30 WOA

Grower -- Feed Cost ($/kg)

Holder/Prebreeder -- Feed Cost ($/kg)

Feed Consumed Per Hen (kg/hen)

Total Feed Consumed (kg)

Total Feed Cost ($/kg)

Labor Cost $/Hen

Other Cost $/Hen

Total Labor And Other Cost

Total Cost Selection To Photostimulation

Growing Cost Per Hen

Selection To Photostimulation

Total Cost To Photostimulation

Total Cost Per Hen
Placement To Photostimulation

NO N3 N6

9,000 9,000 9,000

95.00%  95.00%  95.00%

8,550 8,550 8,550

0.2035 0.2035 0.2035

0.1925 0.1925 0.1925

26.17 27.57 27.09

235,530 248,130 243,810

$46,635 $49,130 $48,274

$1.74 $1.74 $1.74

$2.50 $2.50 $2.50

$38,160 $38,160  $38,160

$84,795 $87,290 $86,434

$9.42 $9.70 $9.60

$179,322 $176,022 $176,777

$18.02 $17.77 $17.82




TABLE 3. Totd cost per hen from photostimulation to end of 25 week lay

cyclefor Trid 1.

VARIABLE

TREATMENT

# Hens At Photostimulation - 30 WOA

Percent Livability To End Of Lay

# Hens At End Of Lay - 53 WOA

Breeder -- Feed Cost ($/kg)

Feed Consumed Per Hen (kg/hen)

Total Feed Consumed (kg)

Total Feed Cost ($/kg)

Labor Cost $/Hen

Other Cost $/Hen

Cost Per Insemination $/Hen

Total Labor And Other Cost

Average Breeder Salvage Weight Per Hen (kg)

Salvage Value $/kg

Total Salvage Value

Total Cost Photostimulation To End Of Lay

Cost Per Hen Photostimulation To End Of Lay

Total Cost Of Breeder Hens

Total Cost Per Hen To End Of Lay

NO N3 N6

8,550 8,550 8,550

90.00%  90.00%  90.00%

7,695 7,695 7,695

0.1925 0.1925 0.1925

49.63 52.18 51.81

424,337 446,139 442,976

$81,685 $85,882  $85,273

$4. 00 $4.00 $4.00

$4.00 $4.00 $4.00

$0.20 $0.20 $0.20

$111,150 $111,150 $111,150

11. 27 10.85 10.75

$0.30 $0.30 $0.30

$26,017  $25,047 $24,816

$166,818 $171,985 $171,606

$19.51 $20.12 $20.07

$346,140 $348,006 $348,383

$37. 53 $37.88 $37.89
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TABLE 4. Totd revenue and profit for hatching eggs and poults per hen for

Trid 1.
VARIABLE TREATMENT
NO N3 N6

Eggs Per Hen Housed 90.83 94.7 88.46
Percent Cull Eggs Laid 7.34% 5.11% 7.89%
Settable Eggs Per Hen Housed 84.16 89.86 81.48
Percent Hatch Of Settable Eggs 74.32% 70.02% 70.80%
Poults Per Hen Housed 62.55 62.92 57.69
Price Per Hatching Egg $0.62 $0.62 $0.62
Price Per Hatched Poult $1.10 $1.10 $1.10
Total Revenue For Hatching Eggs $446,132 $476,348 $431,925
Revenue Per Hen Per Hatching Eggs $52.18 $55.71 $50.52
Total Revenue For Hatched Poults $588,261 $591,762 $542,554
Revenue Per Hen Per Hatched Poults $68.80 $69.21 $63.46
Hatching Cost $/Egg $0.13 $0.13 $0.13
Total Revenue Minus Cost For Hatched Poults $494,717 $491,883 $451,989
Profit / Loss For Hatching Eggs $99,992 $128,342 $83,543
Profit / Loss For Hatched Poults $148,578 $143,877 $103,606
Profit / Loss For Hatching Eggs

Per Hen Placed $9. 09 $11.67 $7.59
Profit / Loss For Hatched Poults

Per Hen Placed $13.51 $13.08 $9.42
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TABLE 5. Totd and settable eggs needed per hen to cover tota cost of

breeder hensfor Trid 1.

VARIABLE

TREATMENT

# Hens At Photostimulation - 30 WOA
Total Cost Per Hen To End Of Lay
Total Cost Of Breeder Hens

—_—

Price Per Hatching Egg

Eggs Needed Per Hen To Cover Cost

Total Settable Eggs Needed Per Hen

Percent Cull Eggs Laid

Total Eggs Needed

v

Revenue With Total Eggs Needed ,

NO N3 N6

8,550 8,550 8,550

$37.53 $37.88 $37.89

$346,140 $348,006 $348,383

$0.62 $0.62 $0.62

65.30 65.65 65.72

7.34% 5.11% 7.89%

70.09 69.00 70.91

$346,140 $348,006 $348,383
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TABLE 6. Totd cost per poult from placement to selection age at 16 weeksfor Trid 2.

VARIABLE

# Poults Placed Per Brooder House

Percent Livability To Selection 16 WOA

# Hens At Selection Age 16 WOA

Starter -- Feed Cost ($/kg)

Grower -- Feed Cost ($/kg)

Feed Consumed Per Hen (kg/hen)

Total Feed Consumed Per House (kg)

Feed Cost Per House ($/kg)

Feed Cost Per Hen To Selection ($/kg)

Selection of top 90 % by BW - 16 WOA
BW of non-selected cull hens (kg)

Price Of Culled Hens $/kg

Recovery Cost Per Culled Hen

Recovery Cost Of Total Culled Hens

Labor Cost $/Hen

Other Cost $/Hen

Total Labor And Other Cost

Total Growing Cost To Selection - 16 WOA

Growing Cost Per Breeder To Selection

TREATMENT
CcC CR RC RR
10,415 10,415 10,415 10,415
96.00%  96.00%  96.00%  96.00%
10,000 10,000 10,000 10,000
0.2147 0.2147 0.2147 0.2147
0.2035 0.2035 0.2035 0.2035
25.59 25.59 14.09 14.09
281,490 281,490 154,990 154,990
$58,860 $58,860 $32,408  $32,408
$5.35 $5.35 $2.95 $2.95
7.70 7.70 4.93 4.93
0.55 0.55 0.55 0.55
$4.24 $4.24 $2.71 $2.71
$4,235 $4,235 $2,712 $2,712
$2.03 $2.03 $2.03 $2.03
$3.00 $3.00 $4.00 $4.00
$55,330  $55,330 $66,330  $66,330
$109,955 $109,955 $96,027  $96,027
$10.00 $10.00 $o.75 $o./3




TABLE 7. Tota cost per hen from sdlection to photostimulation at 30 weeks of age
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for Trid 2.
VARIABLE TREATMENT
CcC CR RC RR

# Hens At Selection Age - 16 WOA 9, 000 9,000 9,000 9,000
Percent Livability To Photostimulation 95.00% 95.00% 95.00% 95.00%
# Hens At Photostimulation - 30 WOA 8,550 8,550 8,550 8,550
Grower -- Feed Cost ($/kg) 0.2035 0.2035 0.2035 0.2035
Holder/Prebreeder -- Feed Cost ($/kg) 0.1925 0.1925 0.1925 0.1925
Feed Consumed Per Hen (kg/hen) 24.59 21.64 25.18 19.02
Total Feed Consumed (kg) 221,310 194,760 226,620 171,180
Total Feed Cost ($/kg) $43,819 $38,562 $44,871 $33,894
Labor Cost $/Hen $1.74 $1. 74 $1.74 $1.74
Other Cost $/Hen $2.50 $2.50 $2.50 $2.50
Total Labor And Other Cost $38,160 $38,160 $38,160 $38,160
Total Cost Selection To Photostimulation $81,979  $76,722 $83,031 $72,054
Growing Cost Per Hen

Selection To Photostimulation $9.11 $8.52 $9.23 $8.01
Total Cost To Photostimulation $191,934 $186,677 $179,058 $168,081

Total Cost Per Hen
Placement To Photostimulation

$19.10

$18.52

$17.96

$16.74
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TABLE 8. Totd cost per hen from photostimulation to end of 20 week lay cycle

for Trid 2.
VARIABLE TREATMENT
CcC CR RC RR

# Hens At Photostimulation - 30 WOA 8,550 8,550 8,550 8,550
Percent Livability To End Of Lay 90.00% 90.00% 90.00% 90.00%
# Hens At End Of Lay - 53 WOA 7,695 7,695 7,695 7,695
Breeder -- Feed Cost ($/kg) 0.1925 0.1925 0.1925 0.1925
Feed Consumed Per Hen (kg/hen) 36.3 37.59 35.84 37.62
Total Feed Consumed (kg) 310,365 321,395 306,432 321,651
Total Feed Cost ($/kg) $59,745 $61,868 $58,988  $61,918
Labor Cost $/Hen $4.00 $4.00 $4.00 $4.00
Other Cost $/Hen $4.00 $4.00 $4.00 $4.00
Cost Per Insemination $/Hen $0.20 $0.20 $0.20 $0.20
Total Labor And Other Cost $102,600 $102,600 $102,600 $102,600
Average Breeder Salvage Weight Per Hen (kg) 10. 61 10.26 9.79 9.49
Salvage Value $/kg $0.30 $0.30 $0.30 $0.30
Total Salvage Value $24,493 $23,685 $22,600 $21,908
Total Cost Photostimulation To End Of Lay $137,852 $140,783 $138,988 $142,610
Cost Per Hen Photostimulation To End Of Lay $16.12 $16.47 $16.26 $16.68
Total Cost Of Breeder Hens $329,786 $327,460 $318,046 $310,691

Total Cost Per Hen To End Of Lay $35.23 $34.99 $34.21 $33.42




TABLE 9. Totd revenue and profit / loss for hatching eggs and poults per hen for
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Trid 2.
VARIABLE TREATMENT
CcC CR RC RR

Eggs Per Hen Housed 56.76 56.56 45.35 48.74
Percent Cull Eggs Laid 7.85% 8.32% 11.08% 6.73%
Settable Eggs Per Hen Housed 52.3 51.85 40.32 45.45
Percent Hatch Of Total Eggs 74.35% 75.34% 71.68% 71.85%
Poults Per Hen Housed 38.89 39.06 28.90 32.66
Price Per Hatching Egg $0.62 $0.62 $0.62 $0.62
Price Per Hatched Poult $1.10 $1.10 $1.10 $1.10
Total Revenue For Hatching Eggs $277,242 $274,857 $213,736 $240,930
Revenue Per Hen Per Hatching Eggs $32.43 $32.15 $25.00 $28.18
Total Revenue For Hatched Poults $365,714 $367,395 $271,817 $307,128
Revenue Per Hen Per Hatched Poults $42. 77 $42.97 $31.79 $35.92
Hatching Cost $/Egg $0.13 $0.13 $0.13 $0.13
Total Revenue Minus Cost For Hatched Poults $307, 582 $309,764 $227,002 $256,610
Profit / Loss For Hatching Eggs -$52,544  -$52,603 -$104,310 -$69,761
Profit / Loss For Hatched Poults -$22,204 -$17,697 -$91,044 -$54,081
Profit / Loss For Hatching Eggs

Per Hen Placed -$4.78 -$4.78 -$9.48 -$6.34
Profit / Loss For Hatched Poults

Per Hen Placed -$2.02 -$1.61 -$8.28 -$4.92
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TABLE 10. Tota and settable eggs needed per hen to cover totd cost of breeder hens

for Trid 2.

VARIABLE

TREATMENT

# Hens At Photostimulation - 30 WOA
Total Cost Per Hen To End Of Lay
Total Cost Of Breeder Hens

—_—

Price Per Hatching Egg

Eggs Needed Per Hen To Cover Cost

Total Settable Eggs Needed Per Hen

Percent Cull Eggs Laid

Total Eggs Needed

v

Revenue With Total Eggs Needed ,

CcC CR RC RR

8,550 8,550 8,550 8,550

$35.23 $34.99 $34.21 $33.42

$329,786 $327,460 $318,046 $310,691

$0.62 $0.62 $0.62 $0.62

62.21 61.77 60.00 58.61

7.85% 8.32% 11.08% 6.73%

67.10 66.91 66.65 62.55

$329,786 $327,460 $318,046 $310,691




# EGGS LAID PER HEN IN EXCESS OF ZERO NET INCOME
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NO N3 N6

TREATMENT

NO --- ad libitum-fed
N3 --- restricted-fed --- 3-16 woa
N6 --- restricted-fed --- 6-16 woa

FIGURE 1. Totd eggslad per henin excess of zero net income
(revenue = cogt) for Trid 1.
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TREATMENT

ad libitum-fed
restricted-fed --- 16-24 woa
restricted-fed --- 3-16 woa
restricted-fed --- 3-24 woa

FIGURE 2. Totd eggslad per hen in excess of zero net income

(revenue = cogt) for Trid 2.
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SUMMARY AND CONCLUSION

The present study was designed to investigate the timing and degree of body weight
(BW) redtriction on reproductive efficiency in parent stock turkey breeder hens. To obtain a
better understanding of the effects feed redtriction has on reproduction, rate of BW gain and
patterns of feed intake were closdly andyzed during the rearing and trangtiond period into
photogtimulation. In addition, data collection was observed through the assessment of changes
in body composition, carcass conformation and hormona and enzyme activity throughout the
study.

Results from this study suggest that BW and feed consumption of commercid turkey
breeder hens can be successfully controlled by physica feed restriction. However, depending
upon the timing and severity of restriction, arestricted fed hen may not achieve the BW of an ad
libitum fed hen by the time photostimulation isinitiated if simulation isa 30 WOA. Indeed this
was the case as BW for dl treatments (CC, CR, RC and RR) was sgnificantly different at 16
WOA and remained sgnificantly different at 30 WOA aswell. Thiswas even though, from 24-
30 WOA, the BW of treatment CC plateaued wheress dl restricted trestments continued to
gan a arae reflecting their previous level of restriction. During the lay cycle, treatment CC as
a percentage of BW logt sgnificantly more weight when compared to any of the three restricted
trestments. It was during this time, that the most severdy restricted treatment (RR) actualy
ganed BW in comparison to their 30 wk weight. From these reaults, it is gathered that
management has the ability to facilitate a controlled provison of nutrients to the breeder & a
time when they gppear to be needed the mogt (entering sexud maturity). In an ad libitum

feeding Stuation, this act is very difficult to control, due to the inability of the breeder hen to
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increase feed intake in an efficient and timely manner. Asaresult, an ad libitum fed hen hasthe
potentia to reach a mature BW too early. Although, this fear of excess BW may be subjected
to a seasond affect. In Trids 1 and 2 of this study, hens which had their BW redtricted during
rearing and exhibited increased BW gain and feed consumption 5-6 wks prior to the onset of
production, reached peak production earlier. However, post-peak production appears to have
been influenced by two main factors. The weeks of age during restriction and season of
restriction gppear to have had a profound impact on reproductive results.  Production of
breeder hens redricted early in rearing (3-16 WOA) perssted throughout lay when
subsequently laid in the Winter season.  This same trestment when laid in the Summer season
did not perform as well once breeder house high temperature increased above 80-85 °F.
Breeder hens redtricted fed late in the rearing period (16-24 WOA) were however able to
maintain production results comparable to an ad libitum fed control treatment.

In an effort to determine why hens restricted fed early in rearing subsequently performed
poorly when laid in the Summer season, a comparative treatment andysis was performed with
respect to body composition, carcass conformation and hormond and enzyme activity. Data
indicates that the poorest laying hens within this study (RC and RR hens) have many varidblesin
common apart from treatments CC and CR. Initidly, GH within early restricted hens was
ggnificantly gregter than ad libitum fed hens, sgnifying the breeder hen had much more
potentid than it was being alowed to express through feed redtriction. GH aong with percent
moisture, fat, protein and ash were dl atered when hens were restricted fed. Redtricting feed to
the breeder hen restructured the total body composition so that the hen was now composed of

a larger percent moisture and ash with less fat. However, one of the most important aress
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gopears to be that redtricting hens early did not dlow them to achieve a higher percentage of
body weight through muscle mass during the early portion of rearing. At 15 WOA, breast and
thigh muscles were both sgnificantly less in hens restricted fed early. Furthermore, even though
the reaive percent muscle weight was the same among dl treatments leading into the
production cycle, absolute weights were not. It then gppears tha this significantly smaller
muscle amount was not sufficient enough to maintain egg production once hens had reached the
post-peak production Summer season era. While an early period of feed restriction gppearsto
have hindered reproduction by not alowing the hen to initiate proper body reserves, a later
period of redriction did not affect egg production. Once breeder hens were dlowed to
establish early growth of muscle and tissue, feed redtriction later in rearing (16-24 WOA) only
proved to dter body composition and conformation in a trangtional sense. These hens were
able to regain muscle and tissue mass once returned to ad libitum feeding and differed little
from control fed hens throughout lay.

From an economic standpoint, an increase in egg production during Trid 1 within hens
restricted fed early resulted in a grester economic benefit per hen with regards to the number of
hatching eggs availdble for marketing. However, if an integrator is in the busness of sdling
hatched poults this noted improvement is nullified. The reason being, incubated eggs from hens
restricted early in rearing hatched over 4% less in comparison to incubated eggs from ad
libitum fed hens. This was the reported case for both Trids 1 and 2. Consdering this
scenario, an integrator would recognize larger benefits if ad libitum fed hens were utilized.
Although implementing early feed restriction of breeder hens proved profiteble for Trid 1, this

exact treatment performed economically poor when laid in the Summer season as compared to
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ad libitum fed hens or hens retricted later in rearing. Conddering the four treatments utilized in
Trid 2, the trestment which was restricted fed from 3-16 WOA proved to have the greatest
lose. Although none of the four treatments resulted in a profit, treatments CC and CR proved
to be the least costly.

With respect to sub-treetment “weight”, LIGHT, MEDIUM and HEAVY hens
responded very much in the same manner irrespective of their initid trestment (CC, CR, RC
and RR). This andlysis reaults in the conclusion that a LIGHT hen is destined to be a LIGHT
hen irrespective of her feed dlotment. This phenomena is more than likely attributed to the
genetic materid compiled by each hen. LIGHT hens within each treatment exhibited a greater
tendency for compensatory growth as compared to MEDIUM and HEAVY hens. However,
egg production suffered within LIGHT hens as these hens a times lad a Sgnificantly smdler and
undesirable qudlity of an egg, resulting in the possble need for diet manipulation. Data taken
from Trid 2 dso indicated HEAVY hens are more gpt to crack eggs while in the nest, possbly
resulting in the need for some minor nest modifications. Pogtively spesking, MEDIUM hens
expressed a larger portion of BW through breast muscle, therefore gppearing to make them the
more reproductively oriented sub-trestment. MEDIUM hens did in fact lay a a numericaly
higher hen housed production percentage.

In concluson, data suggest that if turkey breeder hens are expected to lay throughout
the Summer season, early growth is encouraged followed by a later period of restriction if any
economic benefits are to be reported. Restricting turkey breeder hens during the last portion of
rearing followed by ad libitum feeding 6 wks prior to photostimulation may be a means to

develop a breeder hen that produces just as well if not better than a hen ad libitum fed
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throughout rearing. Discussion involving segregation of hens by BW, so that each sub-trestment
may be trested with specid attention to thelir needs, requires possble further investigation.
Perhaps the results presented within Trids 1 and 2 provide alogica explanation as to the effects
physcad feed redtriction has on reproductive efficiency. This data coupled with previous
research may then alow the turkey industry to better understand the needs of today’s turkey

breeder hen.



