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ABSTRACT The objective of this study was to de-
termine the effect of age at photostimulation on sexual
maturity and performance of layer breeders. A total of
192 fourteen-wk-old White Leghorn (WL) breeder hens
were randomly allocated to 4 treatments of 48 birds
each, with 2 replicates per treatment. The birds were
photostimulated at 16 (PS16), 18 (PS18), 20 (PS20),
and 22 (PS22) wk of age. Four birds per treatment
were randomly selected to evaluate sexual organ de-
velopment at 1 D before photostimulation and 2, 4,
and 6 wk after photostimulation. The ovary weight,
large yellow follicles number (LYF), oviduct weight, and
oviduct length of PS18 increased sharply after photo-
stimulation. Conversely, the increase in PS16 was not

observed until 2 wk after photostimulation. There was
no difference in age at sexual maturity between treat-
ments (P > 0.05). The PS16 had the longest interval
(28 D) from photostimulation to 5% egg production,
while PS22 reached 5% egg production 7 D before pho-
tostimulation. The PS22 had lower peak production
(P = 0.02) and less egg production (P = 0.02) than
other treatments. The PS16 had more broken and
abnormal eggs (P = 0.01) and lower hatchability
(P = 0.04) than other treatments. In conclusion, pho-
tostimulation at 16 and 22 wk of age decreases hatcha-
bility and egg production, respectively, and photostim-
ulation at 18 wk is appreciated for the WL breeder
hens.
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INTRODUCTION

Optimization of chicken reproductive fitness is based
on the management of the timing of sexual maturation
throughout both the rearing and laying periods. The
process of sexual maturation in the breeder hens repre-
sents a major shift in its physiological status (Johnson
et al., 2009). Chickens are photoperiodic and respond
to long photoperiods by activation of the reproductive
axis. Once the birds have reached an adequate age,
body weight (BW), and frame size, then sexual matu-
ration can be hastened by providing photostimulation.
The age at which chicks sexually mature has a direct in-
fluence on their laying performance, and genetic stocks
have optimal ages at which they reach sexual matu-
rity to produce the maximum possible egg mass (Lewis
et al., 2004; Cui et al., 2019; Farghly et al., 2019).
Critical age is the point at which the hypothalamo–
pituitary–gonadal axis is activated by a photostimu-
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latory cue. The result is the release of gonadotropin-
releasing hormone (GnRH) by GnRH neurons. The
GnRH stimulates gonadotropin secretion from the ante-
rior pituitary (Sharp, 1993), which supports regulated
production of gonadal steroids (Renema et al., 2007a).

The research suggested that there is a minimum age
for the ability to respond to photostimulation and sex-
ually mature (Katanbaf et al., 1989). The minimum age
after which broiler breeders can be photosensitive is
10 wk (Lewis et al., 2007). Before this age, the on-
set of lay does not advance when hens are photostimu-
lated and hens respond as if they are maintained on
long days from hatch (van der Klein et al., 2018a).
There are many researches on broiler breeders showing
that photostimulation at 17 or 18 wk of age may re-
sult in earlier sexual maturation (Renema et al., 2007a;
Pishnamazi et al., 2014). Such manipulation of Hub-
bard and Ross hens was more likely to produce smaller-
sized but a greater number of eggs (Zuidhof et al.,
2007). It is known that pullets that are underweight at
photostimulation subsequently exhibit lower egg pro-
duction (van der Klein et al., 2018a). If most of the
hens in a flock are physiologically mature at photo-
stimulation, they will commence lay within a narrow
range in time and hence go through production as a
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more uniform group (Robinson et al., 1996). Later,
photostimulation ensures that more birds are physically
mature enough to respond to a photostimulatory cue,
resulting in a more uniform production (Hocking, 1996;
Robinson et al., 1996). There are benefits to delaying
photostimulation to 22 or 23 wk of age on broiler breed-
ers. A concern with delayed photostimulation is that
this may narrow the length of the productive egg-laying
period. However, few studies have been performed in
layer breeders. Moreover, previous studies focused more
on egg production, while how sexual organs develop-
ment response to photostimulation was missing.

The objective of the current study was to determine
the effects of 4 different photostimulation ages (16, 18,
20, and 22 wk) on reproductive performance of White
Leghorn (WL) breeder hens including sexual maturity,
egg-laying production, eggshell quality, and fertility.
This could inform appropriate lighting management of
layer breeders.

MATERIALS AND METHODS

Ethics Statement

This study was performed in accordance with local
ethical guidelines and met the requirements of the in-
stitutional animal care and use committee.

Experimental Design and Birds

A single factor experiment was conducted with 4
treatments representing age at photostimulation. Birds
were photostimulated on the first day of 16, 18, 20, and
22 wk of age (PS16, PS18, PS20, and PS22).

A total of 192 WL breeder hens of 14 wk of simi-
lar BW (average ± 10%) were acquired from the In-
stitute of Animal Science of the Chinese Academy of
Agriculture Sciences and randomly allocated to 1 of
the 4 treatments. There were 2 rooms (replicates) per
treatment, and each room was included 8 cages and
3 birds per cage. Three birds were kept per cage. Feed
and water were provided according to chicken standard
feeding (Ministry of Agriculture, 2004). From 14 wk to
age at 5% egg production, birds were fed commercial
corn- and soybean-based diet with 16.00% crude pro-
tein (CP), 11.70 MJ/kg metabolizable energy (ME),
and 1.00% calcium. From age at 5% egg production to
51 wk, birds were fed 16.50% CP, 11.50 MJ/kg ME,
and 3.50% calcium.

The chickens were housed in light-controlled facility.
In the first week of photostimulation, the light intensity
was increased from 5–10 lx to 80 lx. From the second to
the fourth week, the lighting regimen was changed from
8L:16D to 14L:10D by increasing day length during the
second week by 4 h and then by 1 h during each of the
third and fourth weeks. Light intensity was measured
at the birds’ eye level with the photoreceptor sensor
of a light meter (model: DT-1301; Shenzhen Everbest
Machinery Industry Co. Ltd., China). LED lamps were

used with bulbs suspended 2 m above the ground, and
the replicate was light-tight. Rooms had independent
temperature controls, and all rooms were held at 18 to
24°C for the duration of the study.

Estradiol Hormone

Eight birds from each replicate were randomly se-
lected and bled via the wing vein to collect 1 mL blood
samples at the 4 time points: 1 D before photostimu-
lation, and 2, 4, and 6 wk after photostimulation. All
blood samples were immediately centrifuged at 3,000 ×
g for 2 min at 4 to 8°C to collect the serum. The serum
samples were stored at –20°C. The estradiol (E2) con-
centration was assayed straight with a commercial kit
(label: B05PZB, Beijing North Institute of Biological
Technology Co. Ltd., China).

Sexual Organ Development

Two birds from 2 random cages of each replicate were
selected to sacrifice using direct cervical dislocation,
and the development of their sexual organs was charac-
terized at 4 time points mentioned above. The oviduct
(emptied of contents) and ovary were weighed and pho-
tographed to measure oviduct length by Digimizer 5.3.4
MedCalc software (Ostend, Belgium). Ovarian folli-
cles greater than 10 mm in diameter were classified
as large yellow follicles (LYF), and the number was
recorded (Robinson and Etches, 1986). The weights of
the oviduct and ovary were calculated as a percentage
of BW.

Sexual Maturity

Sexual maturity was defined as age at 5% egg pro-
duction, and at this age the birds’ BW was recorded for
each replicate. Age at 5 and 50% egg production was
recorded for each replicate, and interval time between
photostimulation to 5% egg production, and between 5
and 50% egg production, was calculated accordingly.

Sexual Organ at Peak Laying

Two birds from 2 random cages of each replicate were
sacrificed at 28 wk of age (peak laying) to measure ovary
and oviduct weight as a percentage of BW, and to de-
termine the number of LYF and oviduct length.

Egg Production Performance

The numbers of eggs in each replicate were recorded
daily until the end of 51 wk of age, including number of
defective eggs. Mean egg production per replicate was
expressed on a surviving-bird basis. An egg production
curve model (Yang et al., 1989) was used to fit the egg
production curve. This model is described as:

y(t) = ae−bt/[(1 + e−c(t−d))]
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The biological interpretations of the relevant vari-
ables are as follows: yt = laying rate (%), t = age (wk),
a = a scale variable, b = rate of decrease in laying
ability, c = the reciprocal indicator of the variation in
sexual maturity, and d = mean age of sexual maturity.

Defective eggs, calculated as percentages of total
egg number, were classified as broken, soft-shelled, and
other abnormal eggs.

Fertility and Hatchability

Hens were inseminated once with 20 μL of pooled
semen from WL males at 50 wk of age. All eggs were
collected for 7 D after insemination for incubation
to calculate fertility, hatchability of setting eggs, and
hatchability of fertile eggs. The setting egg number
was around 30 for each replicate.

Eggshell Quality

On the third day after reaching sexual maturity, peak
laying period, and 43 wk of age, eggs were collected for
each replicate, marked, and placed in cool storage for
3 to 5 D at 15 to 18°C. Egg and eggshell weight were
recorded; eggshell strength was measured by a detector
(model: EFR-01; ORKA. Israel); and eggshell thickness
was measured using an echo-meter (model: ESTG-1;
ORKA. Israel).

Statistical Analysis

Sexual maturity and reproductive performance data
were analyzed using GLM procedure of SAS (SAS 9.1,
SAS Institute Inc., Cary, NC). The main effect of the
model is photostimulation age, and the percentage was
arcsine transformed before analysis. Significance was
designated as P < 0.05. Means were compared by
Student–Newman–Keuls multiple-range tests when a
significant difference was detected.

RESULTS AND DISCUSSION

Estradiol Hormone

Serum E2 is an important hormone produced in re-
sponse to photostimulation, and preferentially directs
nutrients to the ovary (Renema et al., 1999). Increase
of serum E2 of PS16, PS18, and PS20 was detected in
immediate response to photostimulation, and PS20 and
PS22 decreased at 26 and 28 wk of age (Figure 1). The
result was similar to Bacon et al. (2002), who found that
E2 increased from 4 to 6 D after photostimulation and
then did not change much during the egg production pe-
riod in turkey hens. In our previous study using Beijing-
You chicken breeders, serum E2 of PS18, PS20, and
PS22 also increased sharply from 0 to 6 wk after pho-
tostimulation (Shi et al., 2019). Therefore, photostim-
ulation maybe an important cue for E2 secretion. How-
ever, the study in layer hens suggested that E2 levels

Figure 1. Change in serum estradiol concentration of White Leghorn
breeder hens photostimulated at different ages. Note: “PS16,” “PS18,”
“PS20,” “PS22,” and “None” indicated that the hens were photostim-
ulated at 16, 18, 20, 22 wk of age, and before photostimulation of each
treatment, respectively.

of Lohmann LSL-Lite breed peaked at 16 wk of age,
2 wk before photostimulation (Baxter and Bédécarrats,
2019), and the study in Beijing-You breed suggested
that increase of serum E2 in PS16 was relatively slow
(Shi et al., 2019). Therefore, both age and photostim-
ulation are important for the secretion of E2. Age may
determine the E2 profile, while the photostimulation
at a right age may also accelerate the increase of E2.

Sexual Organ Development

The ovary weight and LYF number of PS18 in-
creased sharply from 0 to 6 wk after photostimulation.
Conversely, the increase in PS16 was not observed until
2 wk after photostimulation. Before photostimulation,
the ovary weight in PS22 was 28-fold higher than that
in PS16 and PS18 (Figure 2A). The LYF number
of PS18 increased sharply after photostimulation,
while that of PS20 and PS22 hens increased before
photostimulation. The LYF number was seen in the
ovary of PS16 hens at 2 wk after photostimulation.
The LYF number in PS20 and PS22 increased before
photostimulation (Figure 2B). The 17 wk of age may
be a critical age for WL that sexual organs and LYF
number spontaneously increased regardless of photo-
stimulation, and the peak of ovary weight and LYF
number decreased with delaying of photostimulation.
This result was substantially different from native
chicken breeders (Shi et al., 2019) and broiler breeders
that delaying photostimulation to 20 or 23 wk of age
is the benefit for production (Robinson et al., 1996;
Renema et al., 2001; Pishnamazi et al., 2014; Shi et al.,
2017). Broiler breeders are kept on a strict level of feed
restriction to manage their BW and frame size, and
also restrict the growth of sexual gonad during rearing
period (Renema et al., 2007b). Hens with a high BW
started laying 34 D earlier than hens on the standard
BW for Ross 708 broiler breeders (van der Klein et al.,
2018b). In marked contrast, layer breeders, which have
lighter BW and reach sexual maturity at a younger
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Figure 2. Change in ovary characteristics of White Leghorn breeder hens photostimulated at different ages. Note: “PS16,” “PS18,” “PS20,”
and “PS22” indicated that the hens were photostimulated at 16, 18, 20, and 22 wk of age, respectively. “0,” “2,” “4,” and “6” on the x axis means
1 D before photostimulation, 2, 4, and 6 wk after photostimulation, respectively.

age, are reared on rearing period and facilitate to syn-
chronize sexual maturation and physical maturation.
As a direct correlation between age at first egg and
BW was identified, metabolic cues most likely served
as a primary trigger to initiate sexual maturation
prior to photostimulation in Lohmann LSL-Lite hens
(Baxter and Bédécarrats, 2019). In the current study,
the sexual organs of WL increased initiatively at 17
wk of age. The results are different from native chicken
breeders that the sexual organs grow spontaneous at
21 wk of age (Shi et al., 2019). The peak of ovary
weight and LYF number decreased with delaying of
photostimulation (Figure 2A and B). The LYF number
found in high-producing breeder hens at sexual matu-
rity ranged from 7 to 8 (Renema and Robinson, 2004).
During sexual maturation, birds show high sensitivity
to estrogen, and surplus nutrients are guided under
the influence of estrogen to the liver and ultimately
to the ovarian hierarchy (Renema et al., 2007a). In
the current study, the LYF number of PS18 increased
steadily after photostimulaiton, and reached 7.5 at
6 wk after photostimulation. The LYF numbers in
PS20 and PS22 were 6.3 and 5.5 at sexual maturation,
respectively. Typically, hens that have LYF of less than
7.0 are more prone to problems with persistency than
hens with more LYF and hens that have more than 8.0
LYF typically exhibit problems associated with erratic

oviposition and defective egg syndrome (Renema et al.,
2007a). The data indicated that PS18 had normal LYF
number, and may present a better egg production.

The oviduct weight and oviduct length of PS18 in-
creased upon photostimulation, but that in PS16 did
not increase until 2 wk after. The oviduct weight and
oviduct length in PS22 were 46-fold and 6-fold higher
than in PS16, before photostimulation (Figure 2C and
D). The results suggest that sexual organs can develop
without photostimulation. However, the development
could be accelerated by the photostimulation at an op-
timal age. The ovary and oviduct weight at laying peak
were not different between groups (Table 2). This sug-
gests that the effect of photostimulation on gonad de-
velopment can be substantial during sexual maturity,
but disappears with aging. The results were similar to
our previous study using Beijing-You chicken breeders
(Shi et al., 2019).

Sexual Maturity

Table 1 presents the effect of age at photostimula-
tion on the sexual maturity of WL breeders. There was
no difference in age at sexual maturity between treat-
ments (P > 0.05). In contrast, results in the previous
research studies showed that delaying photostimulation
from 16 to 22 wk of age delayed sexual maturity in
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Table 1. Effect of age at photostimulation on sexual maturity variables of White Leghorn breeder hens.

Item

Age at photostimulation (wk)

SEM P-value16 18 20 22

BW at sexual maturity, g 1372.39 1381.40 1438.77 1454.57 16.15 0.18
Age at 5% egg production, D 134.00 132.50 141.00 141.00 1.85 0.21
Age at 50% egg production, D 149.50 148.50 154.50 154.00 1.32 0.28
Photostimulation to 5% egg production interval, D 28.00a 12.50b 7.00b –7.00c 4.86 0.01
5% to 50% egg production interval, D 15.50 16.00 13.50 13.00 1.07 0.79
Age at peak of laying, D 176.00 179.50 186.50 179.50 4.17 0.90
Peak of laying, % 91.96a 93.37a 88.91a 78.81b 2.26 0.02

Data are the mean of 2 replicates.
a–cValues within a row with different superscripts differ significantly at P < 0.05.
1Age at sexual maturity was defined as age at 5% egg production.

Table 2. Effect of age at photostimulation on ovary and oviduct characteristics of White
Leghorn breeders at 28 wk of age.

Item

Age at photostimulation (wk)

SEM P-value16 18 20 22

Ovary weight, % 3.03 2.92 2.98 2.86 0.05 0.96
Large yellow follicles, n 5.25 6.00 5.25 5.50 0.21 0.66
Oviduct weight, % 4.10 3.45 3.64 4.43 0.22 0.58
Oviduct length, cm 49.46 49.81 44.22 53.82 1.53 0.07

Data are the mean of 2 replicates with 2 birds each.

Table 3. Effect of age at photostimulation on egg production of White Leghorn breeder hens
throughout laying period until the end of 51 wk of age.

Item

Age at photostimulation (wk)

SEM P-value16 18 20 22

Egg number1, n 161.18a 162.64a 145.53a 133.54b 4.80 0.02
Broken eggs2, % 1.84a 0.96b 1.16b 1.31b 0.13 0.01
Soft-shelled eggs, % 0.37 0.28 0.12 0.20 0.06 0.55
Other abnormal eggs, % 2.36 1.16 1.30 1.38 0.20 0.08

Data are the mean of 2 replicates.
a,bValues within a row with different superscripts differ significantly at P < 0.05.
1Mean eggs per bird per day × days between age at first egg and 51 wk of age.
2Broken eggs include broken-shelled eggs, cracked eggs, holed eggs, and entirely broken eggs.

native chicken breeders (Shi et al., 2019) and broiler
breeders (Renema et al., 2007a; Pishnamazi et al., 2014;
van der Klein et al., 2018a). The PS20 and PS22 had
the shortest interval from photostimulation to 5% egg
production, while PS22 reached 5% egg production 7 D
before photostimulation. This is in agreement with the
findings of Pishnamazi et al. (2014) that delaying pho-
tostimulation narrowed the interval, but different from
the study in broiler breeders showing that the interval
time of PS22 was short (Renema et al., 2007a). The age
at peak egg production, the intervals from 5% to 50%
egg production, and from 5% egg production to peak
laying were not affected by age at photostimulation
(P > 0.05), but PS22 had lower rate of peak production
than other treatments (P = 0.02). However, PS20 and
PS22 had the shortest interval from photostimulation
to 5% egg production.

Egg Production

The effect of age at photostimulation on egg produc-
tion performance is presented in Table 3. The PS22 had
less egg production than other treatments (P = 0.02).
The PS16 had higher number of broken eggs than other
groups (P = 0.01). There was a tendency for PS16
birds to have more abnormal egg than other groups
(P = 0.08). The broken eggs and abnormal eggs of
PS16 occurred mostly at sexual maturity. The result
was similar to Zuidhof et al. (2007), who found that the
early production advantage of the early photostimula-
tion treatment was lost when settable eggs were consid-
ered. E2 is implicated in shell formation indirectly by
acting on organs involved in calcium metabolism and
an injection of E2 increases the circulating levels of cal-
cium in plasma (Bar et al., 1996). The poor E2 profile
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Figure 3. Fitting of egg-laying rate curves of White Leghorn breeder
hens photostimulated at different ages. Note: “PS16,” “PS18,” “PS20,”
and “PS22” indicated that the hens were photostimulated at 16, 18,
20, and 22 wk of age, respectively.

of PS16 at sexual maturity may be a reason of high
incidence of broken eggs and abnormal eggs by affect-
ing the shell formation. Age at photostimulation had
no effect on the number of soft-shelled eggs (P > 0.05).

Fitting of egg-laying rate curves is shown in Figure 3.
The fitting of egg-laying rate curves of 4 treatments is
as follows:

PS16: y(t) = 116.700 × e−0.0106×t/

[(1 + e−1.2736×(t−21.2332))],R2 = 0.995

PS18: y(t) = 110.900 × e−0.0086×t/

[(1 + e−1.2709×(t−21.4434))],R2 = 0.997

PS20: y(t) = 122.600 × e−0.0128×t/

[(1 + e−1.0840×(t−22.4275))],R2 = 0.996

PS22: y(t) = 119.000 × e−0.0151×t/

[(1 + e−1.2555×(t−22.1653))],R2 = 0.996.

In the current study, the laying rate of PS18 de-
creased slowly after peak laying, and PS22 had lower
rate of peak production and egg production than
other treatments. This situation may be related with
physiological characteristics of layer breeders that
sexual organs increased initiatively at 17 wk of age.
Photostimulation at 22 wk of age was extreme late for
layer breeder. This is different from the observations in
broiler breeders of Starbro (Robinson et al., 1996), Ross
(Pishnamazi et al., 2014), and Hubbard (Zuidhof et al.,
2007). If most of the hens in a flock are physiologically

mature at photostimulation, they will commence lay
within a narrow range in time and hence go through
production as a more uniform group (Robinson et al.,
1996). Based on the above, the light-sensitive period of
layer chickens may be narrower and earlier than native
chicken and broiler breeders.

Fertility, Hatchability, and Eggshell Quality

As shown in Table 4, the fertility and hatcha-
bility were not affected by age at photostimulation
(P > 0.05), but PS16 had lower hatchability than other
groups (P = 0.04).

Table 5 shows that there was no difference on most
eggshell quality parameters at sexual maturity, peak of
laying, or 43 wk of age (P > 0.05). The eggshell per-
centage in PS16 was lower than other groups at sexual
maturity (P = 0.01). The birds of PS16 had higher rate
of broken eggs and abnormal eggs than other groups,
which was consistent with the results of Morris and
Perry (2002) and Tyler and Gous (2012), who found
that advanced sexual maturity would reduce egg mass
throughout the laying period because of reduction in
the rate of recruitment or yellow-yolky follicles as well
as an increased incidence of follicular atresia, internal
ovulation, and the production of membranous of soft-
shelled eggs.

The eggshell is a complex and highly structured cal-
cific structure. Approximately 94% of eggshell mineral
is calcium carbonate, with other inorganic minerals
such as magnesium carbonate, calcium phosphate,
and magnesium phosphate (Rodriguez-Navarro et al.,
2015). The eggshell plays an important role in the resis-
tance of eggs to physical and microbial invasion. More-
over, the eggshell must permit the exchange of gas and
water and serve as a source of calcium for the growing
embryo (Qi et al., 2016). The strength of the eggshell
is directly related to its thickness and the structure
of the external surface as well as the shell membrane.
Increased resistance of eggshells is a desirable feature
that has economic importance in a commercial laying
sector (Fathi et al., 2007; Iqbal et al., 2017; Lopez
et al., 2018). In general, PS16 had pool eggshell weight
during laying period. This is in agreement with the
finding of Silversides et al. (2006) that later photostim-
ulation resulted in higher shell weight. This situation
may be attributed to the complete development of the

Table 4. Effect of age at photostimulation on fertility and hatching efficiency of White Leghorn
breeder hens at 50 wk of age.

Item

Age at photostimulation (wk)

SEM P-value16 18 20 22

Fertility, % 97.83 98.75 97.62 96.00 1.07 0.90
Hatchability of fertile eggs, % 71.33 88.94 84.66 90.68 3.39 0.14
Hatchability, % 69.65b 87.85a 82.51a 86.86a 2.98 0.04

Data are the mean of 2 replicates.
a,bValues within a row with different superscripts differ significantly at P < 0.05.
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Table 5. Effects of age at photostimulation on eggshell quality at sexual maturity, peak of laying, and 43 wk of age of White Leghorn
breeder hens.

Period Item

Age at photostimulation (wk)

SEM P-value16 18 20 22

Sexual maturity1 Egg weight, g 37.04 37.76 37.37 40.03 0.70 0.52
Eggshell weight, g 3.63 4.00 4.14 4.24 0.11 0.19
Eggshell, % of egg weight 9.82b 10.48a 11.14a 10.57a 0.19 0.01
Eggshell thickness, mm 0.34 0.37 0.39 0.37 0.01 0.13
Eggshell strength, kg • cm−2 2.61 3.06 3.22 3.25 0.11 0.10

Peak of laying2 Egg weight, g 48.22 50.40 49.09 50.68 0.50 0.28
Eggshell weight, g 5.09 5.41 5.20 5.40 0.07 0.26
Eggshell, % of egg weight 10.58 10.75 10.62 10.63 0.08 0.93
Eggshell thickness, mm 0.39 0.40 0.39 0.40 <0.01 0.72
Eggshell strength, kg • cm−2 3.77 4.04 3.99 3.94 0.06 0.53

43 wk of age Egg weight, g 57.21 59.16 56.68 58.44 0.48 0.27
Eggshell weight, g 5.75 6.21 5.91 5.98 0.08 0.26
Eggshell, % of egg weight 10.30 10.49 10.48 10.23 0.07 0.50
Eggshell thickness, mm 0.39 0.42 0.41 0.40 <0.01 0.20
Eggshell strength, kg • cm−2 3.59 3.91 3.70 3.73 0.08 0.62

Data are the mean of 2 replicates.
a,bValues within a row with different superscripts differ significantly at P < 0.05.
1Age at sexual maturity was defined as age at 5% egg production.
2Peak of laying was defined as 32 wk of age.

reproductive system prior to the onset of laying. The
low eggshell quality of PS16 could be a causing factor
of its lower hatchability. The WL layer breeder may
different from the indigenous and broiler breeder hens
in the responses to age at photostimulation. The rec-
ommended photostimulation age of layer breeders used
in this study is 18 wk. Photostimulation at 16 wk of
age may decrease hatchability, and photostimulation at
22 wk of age may decrease egg production.
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