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ABSTRACT

An experiment with broiler breeder pullet's was carried out to
determine the effect of pattern of light stimulation and pullets body weight
at 20 wk of age on body weight and age at onset of egg laying. Two light
stimulation treatments were used: abrupt light stimulation (ALS) in which
hours of light were increased to 10 hr at 21 wk, 12 hr at 5% egg production,
14 hr at 35% egg production, and finally to 16 hr at 65% egg production;
and step-up light stimulation (SLS) in which hours of light were increased
to 12 hr at 21 wk of age, then by half an hour weakly until 16 hrs of light
are attained at 29 wk of age. Pullets were randomly assigned to one of three
body weight groups: low weight (1800 g), medium weight (2200 g), or
heavy weight (2600 g) at 20 wk of age. The results obtained indicated that
pattern of light stimulation and weight at 20 wk did not markedly affect egg
production, however, pullets exposed to SLS or ALS produced the lightest
eggs. A numerical advancement occurred in age at first egg due to SLS.
Significant weight gain occurred in low weight pullets due to SLS. The
results of this experiment indicated that SLS of low weight broiler breeder
pullets represents a viable means for advancing onset of lay, and

increasing weight gain at onset of lay
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Introduction

Broiler breeder management protocols are continually being
developed to assist in maximizing egg production and hence day old chick
production. Almost without exception, the study of the reproductive
physiology of the hen has been conducted with commercial egg-type hen
(Etches,1990). It has been assumed that broiler breeder hens follow the
same pattern. However there are noticeable differences in body weight,
feed management, and reproductive capability between egg-type hens and

broiler breeders.

Most research on broiler breeder focused on feed allocation
(restriction versus ad lib) and hatchability. A limited amount of research
has been conducted on lighting management of broiler breeder. In practical
terms, most basic protocols of lighting management has been arisen from
primary breeding companies and integrated broiler companies. Compared
to light programs for commercial layers, lighting programs for broiler
breeders have been relatively simple. Breeder flocks, grown in closed
houses, have traditionally been raised on 8 or 10 hour of light, then 15
hours when moved to the production house. For egg-type hens a
complicated step-up lighting program has been used to maximize light

stimulation.

Several primary breeders have suggested similar programs for broiler
breeders. Broiler breeders do not come into production until exposed to

light duration above 13 hours (light threshold). Age and body weight must
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be at or above critical set points before a response to light stimulation can
noticed (Lien and Yuan, 1994). It is believed (assumed) that step-up light
program will allow for additional stimulation of under-weight hens within a
flock that were not ready to respond when the initial jump to 13 hour was
given (Hess and Lien, 1999). Therefore, broiler breeders with sub-optimal
uniformity may benefit from step-up lighting programs compared to
implementing abrupt light stimulation. It is not known whether light
stimulation in a single- step ( abrupt) makes any difference compared to a

move gradual (step-up) light stimulation.

The objectives of this study were to evaluate the effect of step-up
(gradual) lighting stimulation on the performance of 20 wks at age broiler

breeder pullets.



LITERATURE REVIEW



Description of Egg Formation

Egg formation and the components of the hen's reproductive system
have been will described ( Etches, 1993). The ovary contains a hierarchy of
ovarian yellow yolk follicles that serve as a source of various steroid
hormones. These hormones promote the development of a wide variety of
glandular, muscular, and connective tissue components within the
reproductive tract. The oviduct consists of five distant segments:
Infundibulum ( to engulf the ovulated ovum); magnum (the albumen
secreting region ); isthmus ( inner and outer shell membranes forming
segment);uterus or shell gland ( shell forming segment ); and the vagina.
The developing egg spends approximately 0.3 h in the infundibulum , 2.9 h
in the magnum, 1.2 h in the isthmus and 21.7 h in the shell gland ( Warren
and Scott, 1935, Romanoff and Romanoff, 1949, Melek et al. 1973). Under
normal day light conditions (14 L: 10 D) the first ovipositions in a
sequence takes place 9-10 h after the onset of darkness ( early morning )
(Cunningham, 1987) followed (0.4 — 0.5 h) by ovulation of the next egg in

this sequence.

Therefore, ovulation dose not occur every 24 h, consequently eggs
are laid later each successive day of the sequence. The delay between the
oviposition of successive eggs in a sequence is known as the lag period.
The sequence is terminated when an egg is laid about 17-18 h after the
onset of darkness occurs. The time interval between two successive

ovipositions has been reported to range from 24 — 26 h ( Warren and Scott,
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1935, Melek et al, 1973). Hens with longer sequence have shorter resting
or pause days (Gilbert, 1967), whereas birds with a shorter sequence have
longer interval between eggs (Romanoff and Romanoff, 1949) due to delay

in ovulation.

Photo-Periodism and Egg Production

In the non-domesticated bird, the onset of sexual maturity is
regulated by day length (Etches, 1993). It is believed that increasing day
length provides the stimulus for increased gonadotrophin secretion. It is
also found that after the hen is 12 wks old, extension of the photoperiod
(photo-stimulation or light stimulation) from a short day to a long day will
induce a 2 to 4 total rise in the plasma concentration of LH. Within a week
after photo-stimulation, the secondary sexual characteristic begin to
developed (Etches, 1990). Within 3-4 weeks development is completed and

the onset of egg production can begin.

The physiological mechanisms controlling the perception of day
length are believed to contain a circardian component that measures
number of hours that have elapsed since dawn or lights on. This what
makes some factors like melatonin, corticosterone and the hypothalamus
involved in this circardian system. For instance when the light are on
during the photo-inducible (light-sensitive) phase, neural system is
stimulated to bring about an increase in the release and amplitude of
gonadotrophin releasing hormone -(GnRH from hypothalamus). The

response to change in the photoperiod has been implemented to establish
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photoperiod regimes for the laying hens (Cunningham,1987, Wilson and
Cunningham, 1984). For instance, the onset of sexual maturity can be
delayed by rearing the pullets ( birds) under declining day lengths or short
days and initiated by transfer to long days. It is known that the bird's
hypothalamus contains a photo-receptor that is tuned to the red portion of
the electromagnetic spectrum. Exposure of the hen to a light source during
the photosensitive phase will stimulate the hypothalamus to release the
GnRH which in turn transported via the portal system to the anterior
pituitary. The gonadotrophs in the anterior pituitary release the FSH and
LH in response to this hypothalamus stimulation, into the general
circulation. The ovarian follicular tissue contain receptors for the FSH and
LH and upon binding to these receptor, they trigger a series of actions
during which estrogen and androgen are released from the small follicles
and progesterone is released from the preovulatory large follicles. The
knowledge of all these physiological changes in relation to the light cycle
has led to optimize time of onset of egg production, and continuation of
egg production. Together with the improved standards of nutrition, light

management made the poultry farming more efficient.

Body Weight and Reproductive Performance of Broiler Breeder Hen

The negative relationship between body weight and reproductive
efficiency of the broiler breeder hen is well documented (Robinson el al.
1993). Under commercial conditions body weight of the broiler breeder

pullets is controlled by restricting feed consumption. Limiting body weight
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of pullets by restricting feed increases production efficiency. This allows
pullets to attain sexual maturity at recommended body weight and age. As
will it also allows to minimize body weight variation (more uniform)
within a particular flock. Bodyweight correction is achieved through
adjustment of feed requirement. Feed allocation can either be maintained or
increased. Feed allowance must never be decreased during the rearing
period, and with good feeders distribution, which allows all the bird to have
access to feed at the same time, because birds are fed at less than ad
libitum. A good uniformity is as important as achieving target bodyweights.
One of the first indications of problems during rearing of parent stock is
often an increase in variability in body weight of pullets. Another important
aspect of uniform growth is good skeletal development. Onset of sexual
maturity 1s dependent on body composition. Flocks with uniform
bodyweight, but variable skeletal size will have variable body composition.
Birds in such flocks will not respond similarly to changes in lighting

pattern and feed allowances.

To control bodyweight all decisions, on feed allowances, should be
based on pen average bodyweight in relation to target bodyweight,

adequate feeding space must be provided during the rearing period.

The coefficient of variation (CV%) is a mathematical method of
expressing the uniformity or evenness of a flock. The precise method of

calculation is as follows:
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CV% = Standard Deviation x 100 (Anonymous, 2001).
Average Weight

A second method of measuring evenness is to express it in terms of
percentage of birds within the range of the average weight, plus or minus
10%. Whilst this method gives an accurate indication of the numbers of
birds close to the average weight it does not, unlike the CV%, take into

account the very light and heavy birds.

A uniform flock will be much easier to manage than a variable one,
because the majority of the birds will be in a similar physiological state and

will respond to changes in levels of feed or light when necessary.

A uniform flock will react predictably to increases in feed and will
produce good results consistently. Flock uniformity can be optimized by
applying high standards of management in the first 4 weeks of the pullet
life.

At day old, bodyweights of the flock will follow a normal (i.e. bell
shaped) distribution, with a low CV%. As the individual birds grow within
a flock, their different responses to vaccination, or disease, and their
differing competitiveness for feed will tend to increase the CV%. An
increasing number of small birds tend to produce a skewed weight
distribution. The reasons for this skewed distribution are numerous and can
include: chick quality, feed distribution, feed quality, temperature,

humidity, vaccination, beak trimming, and disease (Anonymous, 2007).
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Flock must be sorted in 2 or 3 sub-populations of different average
weight at 28 days (4 wk) of age, at which time the CV% of the flock within
the range 10-14%. In most cases, grading will be undertaken when the
flock CV% 1s around 12%. If the CV% is >12, then a 3-way grading will be
required and management practices from 0-4 weeks should be examined

closely, so that improved CV% can be achieved with subsequent flocks.

Grading is generally not permanently effective if carried out much
before 28 days (4 wk). If undertaken later than 35 days (5 wk) the time
available in which flock uniformity can be restored up to 63 days (9 wk)
becomes too short. It is most important that birds are counted accurately in
order that the correct quantities of feed will be allocated to birds. Stocking
density per pen, and therefore feed and water space should be routinely

adjusted when the moveable partitions between pens are re-positioned.

However, due to the importance of feeding space and speed and
uniformity of feed distribution, a confirmatory check of these should be
carried out (Anonymous, 2001). Despite all precautions taken to control
body weight of the pullet before they are 20 wk of age, significant
proportion of pullet tend to have either high or lower than the standard
body weights. It is obvious that a flock of poor uniformity is generally
more difficult to feed and manage than a uniform flock. With a high 20 wk
C.V.%, the under-weight (undeveloped) birds are over fed, given a high
stimulation too early and as a result, end up as broilers and hence poor

performance later in the production cycle. Under commercial condition
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light stimulation is usually delayed by one week with such flocks. Instead
of considering the delaying light stimulation, it is hypothesized that a step-
up (gradual) light stimulation at normal (20 wk) age may provide an

opportunity to obtain a better performance.

Effect of Light and Body Weight on Sexual Maturity and Productivity

of Broiler Breeder Hens

It is well documented that the pullet's response to light becomes
important only as these birds approach sexual maturity. Lighting programs
for birds younger than 16 — 18 weeks of age can influence their
development and subsequent reproductive performance. Robinson et al.
(1996) observed that breeder pullet maturity when light stimulation,
changing from 8 L: 16 D up to 14 L : 10 D was initiated at 120 — 160 day
of age. These authors reported that very early stimulation (120 — 130 days)
does not seem to significantly advance the age at sexual maturity, although
later stimulation at 160 day seems to have a definite delaying effect on
onset of egg production. However, early light stimulation (120 — 130 days)
did have a detrimental effect on production of chicks over the production
cycle. Other researchers (Yuan et al. 1994; Lewis and Gous 2006) have
generally confirmed this work, where light stimulation as 15-17 weeks of
age reduced peak egg numbers and / or post peak persistency. The above
mentioned studies clearly confirm the relationship between light
stimulation and body weight of pullets at the onset of photo stimulation.

There is a correlation between mature body weight and age at maturity,
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with heavier strains maturing later. Since most commercial strains of
broiler breeder pullet are similar in mature body weight, this fact is of little
practical importance. Of more practical importance, is the decision to light
stimulate flocks that do not achieve normal weight — for — age or those
having low uniformity at the time of light stimulation. Lien and Yuan
(1994) indicated performance of pullets that were either 2.0 kg or 1.8 kg at
20 wk of age when light stimulation was planned. Because the 1.8 kg birds
were below standard, a group of these pullet were grown to 22 wk, when
they were 2.0 kg, and then photostimulated. Their data confirm that under
weight pullets should not be light stimulated until the standard weight
(approximately 2.0 kg) is attained, regardless of age. Under practical
conditions, this means that broiler breeder pullet must not be light
stimulated unless they achieve a minimum threshold of both body weight
and age. Given the negative relationship between body weight of the
broiler breeder hens and their reproductive efficiency ( Robinson et al.
1993) the control over sexual development seems complicated especially
for pullets reared in open-sided houses, or those reared in black-out houses
then transferred to open-sided houses compared to those reared in black-out

houses.

Lighting Programs for Broiler Breeder Hens

The growing period is usually regarded as being between 6 and 20
wk of age, whilst pullets are exposed to a lighting program according to

type of the rearing house. Management of the lighting program in black-out
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buildings is usually simple because producers have control over day length.
It is common practice that pullets are grown on continuous light for 2-3
days, and then day length is reduced to 8-12 hour of constant light up to 20
wk of age. With open-sided buildings management of the lighting program
is complicated because of the seasonal increases or decreases in day length
throughout the growing period. Therefore, it is necessary to decide upon a
pattern of natural day length and then supplement this with periods of
artificial light when needed. As mentioned earlier, it is ideal to give an
initial significant increase in day length in order to initiate and synchronize
sexual maturity of the pullet. The initial light stimulation can be quite large
at +3 or 4 hour for birds which are grown in dark-out houses, these birds
will have 14 — 15 hour of light in the breeder house. However, the day
length at maturity is dictated by the season of the year for birds grown in
open-sided houses. For pullet grown under naturally increasing day length
they are exposed to a relatively long day length during rearing to counteract
the natural increase in day length. This means that there is less scope for a
large increase in day length needed to induce maturity. Therefore an hour
increase 1s often adequate to stimulate maturity. To sustain maturation
process there is a need for subsequent weekly or bi-weekly increase in
hours of lighting following the initial light stimulation. Eventually, these
birds will be provided with 16 — 17 hour light in the breeder house. For a
given flock, light stimulation is initiated regardless of body weight of the
pullets. It is mentioned earlier that pullet must always be at least 20 wk of

age before light stimulation and must also be 2.1 kg in body weight. A
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limited amount of research has been conducted in the effect of early light
stimulation on development and reproduction over-weight and under

weight pullets.

Lien and Yuan (1994) observed the effect of light stimulation on
broiler breeder flocks exhibiting mean body weight lower than the standard
for lighting (2.04 kg). These researchers suggested that delayed lighting
increased post-peak, and total settable egg production, and also improved
feed efficiency of low weight pullets to a level comparable to that of
standard weight pullet at recommended age. Yuan et al.(1994) reported that
the onset of lay by broiler breeders can be advanced by early

photostimulation and that increased body weight facilitates this.

Ciacciariello and Gous (2005) concluded that broiler breeder do not
require a lighting stimulus in order to initiate ovarian activity and that,
where no lighting stimulus is given, body weight or feeding level plays a
critical role in stimulating the birds to attain sexual maturity. These authors
reported that when lighting stimulation is given, factors such as body
weight and body composition become relatively less important in
regulating the age at sexual maturity. Working with commercial egg laying
hens, Lewis et al. (1997) observed the effect of size (8 h during rearing to
8, 10, 13, 16 h ) and timing ( at 42, 63, 84, 105, 126 or 142 day) of
photoperiod increase on age at first egg and subsequent performance. Age
at first egg, egg weight, egg production, egg output, and body weight, were

among the performance parameters evaluated. Size and timing of
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photostimulation did affect these parameters to variable degree. Generally,
early stimulation resulted in advanced age at first egg. Egg weight and egg
output were greater following an early or late stimulation rather than a mid-

term photostimulation.

In a similar study but with Cobb broiler breeder pullets, Lewis and
Gous (2006) observed that broiler breeder on 8 — h day-lengths do not need
more than a 14 — h photoperiod in the laying period to optimize sexual
development or egg production. These authors used Cobb broiler breeder
pullets, that were grown to achieve 2.19 kg ( normal growth ) or 2.41 kg

(faster growth ) body weight at 20 wk.

It is obvious that a broiler breeder hen respond to light stimulation
based on age, body weight and light duration. Its also obvious that too early
light stimulation without considering weight and age will be detrimental to
early egg size and percentage of egg production. However the relationship
between age and weight at sexual maturity relative to pattern of
lighting increase (abrupt vs step-up) and relative egg production

efficiency of broiler breeder warrants further investigation.
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MATERIALS AND METHODS
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Birds and Their Management

This study was conducted with 60 Hybro-PG+ broiler breeder
pullets, from Uja _ Jericho farm, of Sinokrot Poultry Farms Company.
Birds for the study, were selected from a flock of 34-thousand birds that
had been reared up to 20 wk of age under uniform condition of lighting,
feeding, and management. Prior to 20 wk of age, these birds were
vaccinated against Marek's, Salmonella, New castle, Gumboro, Infectious
bronchitis, Laryngo tracheitis, Turkey Rhino Tracheitis (TRT), Fowl pox,
Reo virus, Avian Encephalomyelitis, Avian Influenza (H9NI1), and
Coccidiosis. These pullets were also given the same daily allowances of
starter, grower and developer rations and were exposed to 8 hr of light and
16 hr of darkness (8L:16D). At 21 wk of age, pullets (60 birds) were
moved to individually laying cages ( 40 x 40 x 30 cm) in two experimental
rooms that were partitioned as to allow install 30 cages in each room. Each
room was partitioned so as to provide a black-out environment. Feed was
served manually, and birds had access to water from cup drinkers

connected to municipality water-pipes.

Treatments were factorially arranged and consist of 2 light-
stimulation patterns and three groups of pullets exhibiting body weights
lower, equal or above the standard for lighting at the recommended age
(20wk). Hens were randomly assigned to each treatment. Within treatment,
10 hens (pullets) were randomly assigned to each of two replicate groups.
From 20 to 24 wk of age pullets were fed a pre-laying diet, and a layer diet

(table 1) thereafter.
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Nutrient Pre- laying feed Layer feed
Moisture 13% 13%
Protein 15% 15%
Energy |2700 Kcal/Kg (ME) | 2700 Kcal/Kg (ME)
Fat 4% 3%
Fiber 4% 4%
Ca ++ 3.2% 3.2%
P 0.7% 0.6%
NaCl 0.25% 0.25%
Mn 110 ppm 110 ppm

Feed allotments were similar to that recommended by primary
breeders management guide (table 2). Daily allotments were weighed
(using an electronic balance)” in advance and presented to the pullets at 6:0

am.
Body Weight Treatments

Body weight groups were: group 1, pullets exhibiting low body
(1800 £ 20g) than the standard body weight; group 2, pullets exhibiting
medium body weights (2200 + 20 g) to the standard (recommended) body
weight; group 3, pullets exhibiting heavy body weights (2600 + 20g) than
the standard body weight for light stimulation at the recommended age

(20wk).

! Commercial ration for broiler breeders.
* Agrologic — chick scale 102 2005



19
Table (2): Feed consumption per hen according to age

Age in week Feed (gram) / hen
21 110
22 115
23 115
24 120
25 137
26 150
27 160
28 165
29 165
30 165
31 165
32 167
33 167
34 166

Light (Photostimulation) Treatments

Under commercial conditions broiler breeders pullets are raised at 8
hrs of light, and abruptly (with one jump) transferred to 15 or 16 hrs of
light at housing (20 wks of age). On the other hand, egg-laying pullets are
exposed to step-up lighting stimulation at housing. Therefore, two light
treatments were imposed: treatment 1, abrupt light stimulation (ALS) in
which hours of light were increased to 10 hrs at 21 wks, 12 hrs at 5% egg
production, 14 hrs at 35% egg production, and finally to 16 hrs at 65% egg

production; treatment 2; step-up light stimulation (SLS)

in which hours of light were increased to 12 hrs at 21 wks of age,
then by half an hour weakly until 16 hrs of light are attained at 29 wks of
age. (Tables 3 and 4) show the patterns of light stimulation programs that

were performed on both treatments.
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Table (3): Abrupt lighting stimulation (ALS)

Age or percent of production | Light hour | Light intensity
Before age of 21 week 8 5 lux
At age 21 week (threshold) 10 > 60 lux
5% 12 > 60 lux
35% 14 > 60 lux
65% 16 > 60 lux

Table (4): Step-up lighting stimulation (SLS)

Age in week Light in hour | Light intensity
21 12 > 60 lux
22 12.5 > 60 lux
23 13 > 60 lux
24 13.5 > 60 lux
25 14 > 60 lux
26 14.5 > 60 lux
27 15 > 60 lux
28 15.5 > 60 lux
29 16 > 60 lux
Until the end 16 > 60 lux

Performance Variables

Egg production was recorded daily to 34 wks of age. Eggs were
collected 4 times a day. Egg weight, and egg specific gravity were obtained
from eggs collected during the last two days of every week, except weight
of the first egg which was recorded once it was laid. These eggs were
marked with the hen number. Egg weight was recorded at the end of the
day. An egg scale (Egg scale model: Pk — 11 — 500, cap = 500g, d = 0.1
S/N 800 964136) was used for egg weighing. Egg specific gravity was
determined the following morning by using the flotation method (Voisey
and Hamilton, 1977), taking measurements of increments of 0.004 (from

1.062 to 1.102). Individual body weight was recorded at the beginning, and
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at the termination (34 wk) of the experiment, and body weight change was
determined. Body weight change was measured by the difference between
initial and final individual weight. Individual body weight was also
recorded at the time when first egg was laid. Abnormal eggs having small
sizes, multiple yolks or defective shells were not recorded or included in
egg production and weight data. Individual length of prime sequence,
subsequent sequences, total number of eggs, egg out-put and the production
of settable eggs (egg weight >50 g) were calculated on a per hen basis

throughout the experimental period.

Statistical Analysis

Data for egg production, egg weight, egg out-put, specific gravity,
age at first egg, body weight change, length of the prime sequence, mean
sequence length, number of sequences, and number of settable and non-
settable eggs were subjected to the analysis of variance (ANOVA) using
the General Linear Models Procedure of Statistical Analysis System
(SAS)(SAS Institute,2000). The main effects were pattern of light
stimulation and body weight group. All data were analyzed for main effects
and their interactions. Difference between means were tested by the least

square difference method at a statistical significance level of P< 0.05.

The effects of light stimulation (LS) and body weight group (BWG)
on production variables of broiler breeder pullets were evaluated. All
combination of 2 LS (ALS = commercial or conventional, SLS = proposed)

and 3 BWG levels were randomly assigned to 10 cages each, resulting in
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60 values for each production variable. The model for CRD with a factorial

arrangement is:

Yijk= u + LSi + BWGj + LS*BWGij + eijk

Where LSi is the main effect of the pattern of light stimulation,
BWG;j is the main effect of the body weight group, LS*BWGij is the

interaction and eijk is the error term.
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RESULTS
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Body weight characteristic

Body weight at first egg and body weight difference for low,
medium, and heavy broiler breeder pullets exposed to abrupt (ALS) and
step-up (SLS) light stimulation are shown in (Table 5). All the pullets
attained almost similar body weight at the time the first egg is laid
regardless of the pattern of light stimulation. But there is a trend that pullets
exposed SLS had more weight gain compared to their counter pullets. Body
weight change (from 20 to 34 wks) was similar (888 and 936 gm) for the
heavier pullets regardless of the pattern of light stimulation. Pullets having
low body weight at the beginning of light stimulation gained significantly
more weight (1682.2 and 1532 gm) regardless of the light stimulation

pattern.

Age at First Egg

Age at first egg was affected by body weight at 20 wks but not by
the pattern of light stimulation (Table 6). Age at first egg was earlier for the
heavy weight pullets than for low weight pullets while age at first egg for
medium weight pullets was intermediate. The first eggs were laid at 182.2
day of age by low weight pullets exposed to SLS and at 186.6 day of age
by low weight exposed to ALS. It is obvious that SLS had beneficial

effects on under weight pullets compared to ALS.
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Table (5): Body weight of low, medium, and heavy broiler breeder
hens exposed to abrupt (ALS) and step-up (SLS) light stimulation

Body weight Paﬁ;ﬁ of Body weight group

characteristics stimulation Low Medium Heavy
Body weight ALS 3052.04+91.76" 3180.0+91.7* 3208.0+£91.76"
atfirstegg (g) |  SLS 3113.3496.7° | 3297.5:102.6° | 3202.0+91.76"
Body weight ALS 1532.0+92.8% 1173.3+ 97.8" 888.0+ 92.8°

. 1
?;feremes SLS 1682.2+97.8" | 1320.0£103.7° | 936.0+92.8 ¢

***Means + SEM with no common superscript within a variable differ significantly ( p<0.05 ). n
= 20 hens per light-body weight group combination.
'Based on difference body weight at 20 wks and body weight at 34 wks.

Table (6): Age at first egg of low, medium and heavy broiler breeder
hens exposed to abrupt ( ALS ) and step-up ( SLS ) light stimulation

Pattern of Body weight group
light
stimulation Low Medium Heavy
Age at first ALS 186.6 £2.16" 178.3+£2.16" | 173.0£2.16¢
egg (day) SLS 1822+2.7™ | 182.25+2.41™ | 172.6 +2.16°

¢ Meanst SEM with no common superscript within a variable differ significantly

(p<0.05 ). n = 20 hens per light-body weight group combination

Production Performance

Effects of light stimulation pattern and body weight on egg
production, mean egg weight, egg out put, and sequence length are
summarized in (Table 7). Production of heavy weight pullets was greater
than that of medium or low pullets regardless of the light treatments.
Except for medium weight pullets at SLS light, pullets exposed to SLS had
high production from age at first egg to 34 wks of age. Although egg
weight was not affected by light treatment or body weight at 20 wks of age,
it tends to be higher for pullets exposed to SLS treatment. Heavy pullets
produced smaller eggs compared to pullets in the other treatments. Prime

sequence lengths, average sequence length of all treatments differed only
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slightly throughout the experiment. However, length of the prime

sequences was greater for pullets of SLS.

Egg Characteristics

Effects of exposing low, medium, and heavy broiler breeder pullets

to ALS and SLS light stimulation on weight of first egg, settable and non

settable egg production, and egg specific gravity, are shown in (Table 8).

There were significant differences in weight of first egg between low

weight hens exposed to ALS and heavy weight pullets exposed to SLS. In

general pullets exposed ALS produced heavier egg compared to

Table (7): Performance of low, medium, and heavy weight broiler
breeder pullets exposed to Abrupt ( ALS) and step-up ( SLS) light
stimulation at 21 wks of age

Performance Patltieglgi of Body weight

characteristics stimulation Low Medium Heavy
Total egg' ALS 41.6+4.1°¢ 52.7+4.1* 57.1x4.1*
production(egg/ hen) SLS 49.0+4.3 " 47.144.3" 62.8+4.1*
Mean egg weight (g) ALS 59.15+0.97° 56.72+0.97 % 55.25+0.97°

SLS 55.87+1.0° 56.5£1.1% 55.95+0.97°
Eeg out-put (g) ALS 2447.5+187.5¢ | 2967.4+187.5" | 3137.32+187.5™
ggout-putie SLS 2733.4£197.6™ | 2983.7+209.6™ | 3513.3+187.5°

Length of prime ALS 1.7+1.89°¢ 2.1+1.89" 2.6+1.89*
sequence (day) SLS 3.0£1.99*" 8.0£1.99* 3.3£1.89*
IAverage sequence ALS 4.5+£0.92° 6.6+:0.92" 4.45+0.92°
length (day) SLS 5.1+0.97° 6.5+0.97" 6.26+0.92°
Number of ALS 10.8+1.0% 8.0+1.0* 11.0+1.0°
sequences (day) SLS 10.0+£1.1° 6.6£1.1"° 9.5+1.0"

¢ Means+ SEM with no common superscript within a variable differ significantly ( p<0.05 ). n
= 20 hens per light-body weight group combination.
' Through 34 wks of age.

?Egg out-put = Egg weight x Total number of egg, through 34 wks of age.
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pullets exposed to SLS. It is clear that the heavy pullets which were
exposed to SLS, gave the highest number of settable eggs. Heavy pullets in
ALS, gave more settable eggs than other pullets in the same treatment.
Under weight pullets in ALS had the lowest number of non settable eggs
compared to other in the same treatment. Eggs of these pullets significantly
had the lowest specific gravity compared to others in the same treatment.
There is no significant differences among pullets of different weight groups

in the SLS treatment.

Performance of Experimental Versus Standard Pullets

Body weight change, weekly egg production of the experimental
pullets were compared to those recommended in the management guide
(figures 1 — 8). It is clear from these figures that SLS treatment had positive
influence on low and heavy weight pullets compared to medium weight
pullets; but SLS had negative effects on medium weight pullets. It may be
noticed that heavy pullets exposed to SLS were more persistent at peak egg

production than pullets in ALS.

Its worthy to notice that low weight pullets at 20 wk gained more
weight and they were similar to that of the heavy pullets when they reached
34 wk of age. Medium weight pullets maintained similar body gain to that

of the standard.
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Table (8): Effects of body weight and pattern of light stimulation (ALS
and SLS) on egg characteristics of broiler breeder pullets.

Pattern of Body weight
Egg characteristics light

stimulation Low Medium Heavy
Weight of firstegg | ALS 49.93£2.0" | 44.31x2.0™ 47.93+2.0™
(2) SLS 46.142.2* 46.1+2.1%° 43.4842.0"°
Settable egg ALS 40.4+3.6" 46.9+3.6™ 49.0+3.6™
production b b a
(eggs / hen)' SLS 44.9+3.8 43.33+3.8 56.143.6
Non -settable egg ALS 1.0£1.34° 5.8+1.34" 8.1+1.34"
(eggs / hen) SLS 4.11+1.4" 3.66+1.42" 6.7+1.34™
Soecific aravit ALS 1.087+0.001* | 1.083+0.001" 1.083+0.001 "

p gravity SLS 1.085+0.001™ | 1.084+0.001° 1.082+0.001

¢ Means+ SEM with no common superscript within a variable differ significantly ( p<0.05 ). n
= 20 hens per light-body weight group combination.

! Based on number of settable egg through 34 wk of age.
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Figure (1): Performance of low weight pullets exposed to (ALS) at 21 wk of age
compared to standards pullets as described by the management guide.
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Figure (2): Performance of low weight pullets exposed to (SLS) at 21 wk of age
compared to standard pullets described by the management guide.
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Figure (3): Performance of medium weight pullets exposed to (ALS) at 21 wk of
age compared to standards pullets described by the management guide.
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Figure (4): Performance of medium weight pullets exposed to (SLS) at 21 wk of
age compared to standards described by the management guide.
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Figure (5): Performance of heavy pullets exposed to (ALS) at 21 wk of age
compared to standards described by the management guide .
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Figure (6): Performance of heavy pullets exposed to (SLS) at 21

compared to standards pullets described by the management guide.
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Figure (7): Performance of all pullets exposed to (ALS) at 21 wk of age compared

to standards pullets described by the management guide.
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Figure (8): Performance of all pullets exposed to (SLS) at 21 wk of age compared
to standards pullets described by the management guide.
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Discussion

Data on the pattern of light stimulation which can be used to initiate
pullet sexual maturity are scanty. It is not known whether an abrupt (fast)
light stimulation makes any difference compared to a more gradual (step-

up) light stimulation.

Body Weight Characteristic and Age at First Egg

It is unclear whether some hens lay fewer eggs because they are
overweight, or alternatively, whether some hens do not become overweight
because they are laying well (Robinson ef al. 1993). It should be noted that
in the present study, body weight of low-weight pullets (at 20 wks of age)
increased within each pattern of light stimulation in a manner that they
were similar to the heavy pullets at sexual maturity. The differences among
body weight groups decreased at the onset of egg production (between 3.05
—3.29 kg) (Table 5). These results seem to concur those found by Abbaker
and Robbins (1994), in which pullets reared under short day schedule
began to lay when they reached 2.99 kg in body weight. Lewis and Gous
(2006) reported that body weight at first egg decreased by 20 g for each 1-d
advance in age at first egg for pullets of varying body weights. In our study
the heavy pullets had the lowest body weight gain, and low weight pullets
had the highest body weight gain at sexual maturity. The results of the
present study are in agreement with those reported by Lien and Yuan
(1994) who found that weight differences among pullets decreased as egg

laying proceeded. At 45 wk, this pullets had similar body weight.
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There is a trend that pullets exposed to SLS had more weight gain
compared to their counter parts, indicating an improvement in feed
efficiency. Lien and Yuan (1994) suggested that delayed lighting
stimulation improved feed efficiency of low weight pullets to a level
comparable to that of standard weight pullets lit at recommended age. It is
obvious, from the results of our study that SLS did have similar effects to
that when light stimulations is delayed (Table 6). Different studies were
conducted to determine age at first egg when pullets were reared under
short days. Abbaker and Robbins (1994) and Renden and Oates (1989)
found that pullets reared under short day schedule began laying at 173 d
with 2.99 kg body weight. Age at first egg of low weight pullets in ALS
treatment was significantly delayed by more than 8 days compared to those
of medium and heavy weight ones. These results were in agreement with
those reported by (Lien and Yuan. 1994) who studied the effect of low
body weight and delayed lighting on reproductive performance and feed
efficiency of broiler breeder hens from onset of lay to 45 wk of age. These
researchers concluded that age at first egg, at 20%, and at 50% hen day egg
production (HDP) of low weight pullet were delayed (by six days)
compared to that of standard weight pullets lit at 20 wk of age. Our results
indicated that low weight pullets laid their first egg as early as pullets of
medium weight. In the present study, for each 400 g body weight below
standard weight delayed the onset of production by 8.3 d. This means that
for each 48 g decrease in body weight production will be delayed by one

day. Data from other studies indicated that 43 g (Lien and Yuan, 1994), 48
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g (Blair et al., 1976), and 73 g (Triyuwanta et al., 1992) decrease in body
weight will delay the initiation of production for one-day increment.
Therefore, it is obvious from the results of our study that SLS had a
positive effect on the initiation of egg production by low weight pullets. On
the other hand, heavy pullets advanced production significantly compared
to standard pullets by 5.3 d in ALS and 9.6 d in SLS. These results are in
agreement with those reported by Lewis and Gous, (2006). These authors
reported that heavy weight pullets (10 % more than the standard) reached
sexual maturity and produced extra egg 4 — d earlier than standard weight
pullets. From the present study, we conclude that there is correlation
between body weight at 20 wk old and age at first egg, these finding are in
agreement with those of Ciacciariello et al. (2005) who reported a negative
relationship between the pullets weight at 20 wk of age and their sexual
maturity. It is clear that SLS may advance sexual maturity of low weight
pullet. The current results pointed out the relationship between body weight
and age at first egg. The pullets which begin to lay early convert larger
amount of feed to production, while diverting less nutrients to growth as
explained by (Robinson et al. 1990). Therefore, differences among weight

groups generally diminished as the pullets approaching 34 wk of age.

Production Performance

Pullets reared under short day produced significantly more eggs
(110) through 45 wk compared to those reared under long days (Abbaker

and Robbins 1994). In our study, production of heavy weight pullets was
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greater than that of medium or low weight pullets regardless of the light
treatment (table 7). These results support previous observations (Yuan et
al. 1994), who found that heavy pullets began to lay earlier than medium
and low weight at 20 wk age. Similar results were reported by Ciacciariello
et al (2005). Heavy and medium weight pullets had significantly higher
peak rate of lay than those of low weight ones . Heavy pullets coming early
in egg production, is due to earlier age at first egg (maturity). Lewis and
Gous (2006), reported that egg numbers to 39 wk, though positively linked
to photoperiod between 8 and 14 h, were probably a function of the age at
first egg induced by these photoperiods, increasing by 0.75 eggs for each 1-
d advance in maturity. Primary broiler breeder companies do not prefer to
increase body weight more than target weight, because it has a negative
effect on postpeak production. This is due to the shortage of nutrients that
needed to meet larger body requirements for growth and production.
Previous studies reported that the heavy pullets cumulative production did
not increase, and their total production did not increase either, because peak
and postpeak production levels were 70% of the production of the medium
and low weight pullets. Yuan ef al. (1994) and Ciacciariello et al (2005)
argued that feed allotment provided during egg production may not be
sufficient to support greater production level of the heavy pullets. These
pullets fail to meet their nutrient requirements for maintenance and growth.
On the other hand, low weight pullets produced less number of eggs (to 56
wk) as reported by Ciacciariello et al. (2005). Lien and Yuan (1994)

confirmed that pre-peak egg production by the low weight pullets was less
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than that of the standard pullets. These findings were due to the delay in the
initiation of production in low weight pullets, but total egg or final
production of low weight pullets was not effected compared to standard
weight pullets, when lighting stimulation advanced by a 2 wk in attempt to
reach target body weight. Similarly, SLS in the present study resulted in an
increase in total egg production of low and heavy pullets. As well SLS had
less effect on medium size pullets. It is obvious that SLS exerted similar
effects to delaying light stimulation of under weight pullets. But, compared
to delaying light stimulation, SLS allowed heavy and medium weight
pullets to commence production without delay and allow light pullets to

gain more weight before egg laying.

Mean egg weight often does not reflect subtle differences in the
weights of eggs produced by broiler breeders of various body weights and
ages at lighting. In addition, minimizing the production of small eggs by
breeders is particularly desirable (Lien and Yuan, 1994). In the present
study heavy pullets produced smaller egg compared to pullets in the other
treatments. These results agree with those reported by Yuan et al. (1994),
but contradict with those of Lewis and Gous, (2006). The later authors
reported that accelerating growth to 20 wk did not significantly affect egg
weight. Our results indicated that, low weight pullets exposed to ALS
produced the heaviest eggs. Similarly, Ciacciariello et al. (2005) reported
that mean egg weight of low weight pullets was significantly lower than
those of medium and heavy weight pullets. These data are consistent with

those of Blair ef al., (1976) and Triyuwanta ef al., (1992)who documented
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that low body weight at lighting caused a decrease in mean egg weight.
However, these data are in disagreement with those of Fattori et al., (1991)
and McDaniel, (1983) who observed no effect on mean weight of eggs

produced by low weight pullets lit at 20 wk.

Lewis et al., (1997) reported, in an experiment conducted with two
types of laying hens ISA brown and shaver 288, that mean egg weight
increased linearly with age at first egg at a rate of 1.26 g per 10 d delay in
maturity, and increased linearly with body weight at first egg by 1.24 g per
100 g increase in body weight. The current data, indicates that there was a
positive relationship between mean egg weight and age at first egg. The
heaviest eggs were associated with the latest age at first egg, and the
lightest eggs were associated with earliest age at first egg. Although
affected to a variable degrees, weights of eggs laid by low and medium-
weight pullets were similar to that of heavy weight pullets regardless of
pattern of light stimulation. We observed that increased body weight at
light stimulation was associated with decreased egg weight and this is in
agreement with some previous reports (Wilson et al, 1983; Yuan et al,

1994).

Pullets exposed to SLS had the highest egg mass compared to their
counter-part exposed to ALS. On the other hand, the heavy pullets exposed
to ALS laid more egg out-put compared to low and medium weight pullets
exposed to ALS. These results agree with the finding of (Lewis and Gous,

2006) who suggested that accelerating growth to 20 wk resulted in a
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significant 150 g increase in egg output. Lewis et al. (1997) reported that
age of ISA Brown and Shaver laying hens had a curvelinear relationship
with egg out-put. They also concluded that egg out-put of ISA Brown
increased by about 200g per 1 h of photoperiod. It clear from the results of
the present study that egg out-put is influenced by age at first egg, body
weight at 20 wk age, and pattern of light stimulation. Therefore, evaluating
the results on egg out-put of the pullets in the present study will lead to

similar conclusion as those of egg rate and egg weight.

Prime sequence lengths, average sequence length of all treatments
differed only slightly throughout the experiment, all body weight group
have significantly the same sequence length and number of sequence
regardless of light stimulation program except less sequence number of
medium weight in SLS treatment. These data are in agreement with results
reported by Robinson et al., (1991), that full-fed and restricted hens lay
eggs in a similar number of sequences. In agreement with our data,
Robinson et al., (1993) reported that, superior hens (upper 50% and upper
25%) laid very long prime sequences compared with the inferior hens and
had a low incidence of inter sequence pauses of longer than one day.
Ovulation in broiler breeder is more difficult to assess due to irregularities
in follicle recruitment and an increased likelihood of erratic ovulations (Yu

etal., 1992).
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Egg Characteristics

There was a significant difference in weight of first egg between
under weight pullets exposed to ALS compared to heavy pullets exposed to
SLS (Table 8). In general, ALS pullets produced heavier eggs compared to
pullets exposed to SLS. Ciacciariello et al. (2005) reported that the delay in
sexual maturity of low weight pullets would likely to result in a higher
initial egg weight, although no significant interaction was found in initial
egg weight between body weight at 20 weeks and lighting treatment. These
results concur with those of Lewis et al. (1997), in which two strains of
egg-type hens were used. It is clear that the heavy pullets which were
exposed to SLS, gave the highest number of settable eggs (Table 8). Yuan
et al. (1994) reported that early settable egg production (> 50 g per egg)
decreases as body weight increase. However, a significantly higher
incidence of double-yolked eggs for heavy birds resulted in all groups
producing similar numbers of settable eggs. Ciacciariello et al. (2005).
Heavy pullets in ALS, gave more settable eggs than other pullets in the
same treatment. Under weight pullets in ALS had the lowest number of non
settable eggs compared to others in the same treatment. Under weight
pullets in ALS had the lowest number of non settable eggs compared to
others in the same treatment. It is note worthy to point out that these pullets
produced the least amount of eggs. Lein and Yuan (1994) reported that
total settable egg production of low weight pullets was less than those of
medium weight. they explained their observation by the finding that these

pullets produced fewer eggs. Therefore, we conclude that settable and
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unstable egg production are dependents on several factors: the total egg
production, age at first egg and body weight at 20 wk of age. As production
increases, the number of settable egg increased. Similarly, when weight of
first egg is high, the subsequent eggs will be heavier and thus more settable

eggs are produced.

Eggs of pullets which exposed to ALS had the lowest specific
gravity compared to others pullets in the same treatment. There is no
significant differences among pullets of different weight groups in the SLS
treatment. Eggs of low weight pullets significantly had the highest specific
gravity compared to others in the same treatment. These differences can be
attributed to the findings that similar eggs may have lightest specific
gravity compared to larger eggs, since the pullets were kept in controlled

environment.

Performance of Experimental Versus Standard Pullets

Body weight change, weekly egg production of the experimental
pullets were compared to performance recommended by the management
guide (Anonymous, 2007) productions figures (1 — 8). It is clear from these
figure that SLS treatment had positively influenced low as well as heavy
pullets compared to medium weight pullets. But SLS had negative effects
on medium weight pullets. Heavy pullets exposed to SLS were more
persistent on peak production than heavier pullets exposed to ALS. Body
weight of low and heavy pullets was similar to that of standard pullets at
the end of 34 wk. Body of medium weight pullets was similar to that of

standard pullets throughout the experiment.
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Our results indicate that poorly uniform flock may be divided in to
weight categories prior to light stimulation or may be exposed to SLS
rather than ALS in order to avoid the negative effects of either low or light

body weight on production.

In conclusion, in poorly uniform broiler breeder flocks, low weight
pullets can be exposed to step-up light stimulation to increase weight at
sexual maturity, advance age at first egg, and to maximize number of total
and settable egg production. Performance of heavy weight pullets exposed
to step-up light stimulation were not negatively influenced. Step-up light
stimulation caused these pullets to attain better body weight and produce
more eggs and hence more settable eggs. Abrupt light stimulation can only
be used when a broiler breeder flock has achieved high level of
uniformities since step- up light stimulation seemed to negatively influence

egg production of medium sized pullets.

Recommendations

1. Birds that were exposed to ALS came into lay earlier and had a higher
peak egg production than pullets exposed to SLS. However, the latter
group had a better egg production at the end of the experiment. A

similar trend may persist for the rest of the production cycle.

2. Also heavy pullets came into production early which resulted in
production of smaller eggs than pullets exposed to SLS at the same

weight.
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3. It is recommended that step-up lighting program will allow for

additional stimulation of under weight pullets.

4. Tt 1s also recommended also that step-up lighting program will allow the
underweight pullets to gain more weight by the time maturity is

attained.
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