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REPRODUCTIVE AND HATCHABILITY PARAMETERS OF LAYING
HENS DURING WINTER AND SUMMER SEASONS
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SUMMARY

An experiment was carried out to investigate the hormonal effect of gibberellic acid (GA3) on some
physiological; reproductive parameters and hatchability performance of laying hens during winter and
summer seasons of Egypt. A total of 120 hens (60 per each season) at the end of the production curve
(62 wks of age) were randomly divided into three equal treatment groups that bi-weekly injected
subcutaneously with 0; 200 or 400ug /kg of body weight of GA3 hormone for twelve weeks (whole
experimental period). Egg number or weight and some egg quality parameters were of nearly similar
values during winter or summer seasons. Most of these traits were slightly improved due to the
injection by GA3, especially egg number and shell thickness that increased significantly (P<0.01)
either with 400 or 200 pg of GA3 comparing with those of control group hens (21.07; 21.15 and 19.09
eggs, resp. and 0.36; 0.36 and 0.34 mm, resp.). Most of some haematological parameters were affected
significantly due to season effects, except Hb and H/L ratio that showed nearly similar values during
the two seasons. Hens during winter season had significantly (P<0.05 or 0.01) higher estimates of
WBCs; PCV; heterocytes and lymphocytes and lower estimate of RBCs than those of hens in summer
season. Values of WBCs; RBCs; PCV and lymphocytes were improved significantly (P<0.05 or 0.01) in
hens injected by GA3, especially with the level of 400ug that caused a better improvement than that of
the other one (200 pg). Values of Hb; heterocytes and H/L ratio didn’t differ significantly due to GA3
effects, however, Hb and heterocytes estimates tended to improve in hens treated with GA3. Hens in
winter season recorded significantly (P<0.05 or 0.01) higher values of total protein; globulin and total
lipids and lower value of glucose than those of hens in summer season. Also, albumin value was
increased in winter season, but not significantly. GA3 increased all values of the blood components
(total protein; albumin; globulin; glucose and total lipids). However, the increasing was significant
(P<0.01) only in total protein and albumin (4.78 and 2.57 g/dl, resp.) in hens injected by 400ug of GA3
compared with either those injected by 200ug (4.44 and 2.24 g/dl, resp.) or control group (4.24 and
2.14 g/dl, resp.). Fertility and hatchability of total egg set or of fertile eggs percentages did not show
any significant deference due to season effects, however, winter season had slightly higher values of
these parameters than those of summer ones. On the other hand, chick weight or chick weight
percentage were significantly higher (P<0.05) in winter season than those of summer ones (38.54 and
65.67 vs. 37.71 and 64.70, resp.). Hatchability of total egg set or of fertile eggs percentages and chick
weight or chick weight percentage were tended to be slightly higher for hens injected with 400ug of
GA3 than those of hens injected with 200 pug or those of control group ones. Fertility percentage was
affected significantly (P<0.05) by GA3 treatment, where hens that injected by 400ug of GA3 showed
the highest value (86.67 %) with 29 % more than that of control group (66.67%). Interaction effects
between season and GA3 on studied traits were insignificant. In conclusion, most of
haematobiochemical traits of blood and chick weight were improved during winter seasons. In
addition, GA3 has a positive effect on productive performance and fertility of laying hens.
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INTRODUCTION

Gibberellic acid (actually a group of related
substances called gibberellins) was discovered
as a metabolic byproduct of the fungus
Gibberella fujikuroi (Riley, 1987). Gibberellic
acid (GA3) has many effects regulating various
physiological  processes including seed
germination, the mobilization of endosperm
storage reserves, shoot growth, cell elongation,
in flowering and parthenocarpic fruit
development and in the mobilization of food

reserves in grass, in seed germination and in
juvenility and sex expression (Seetharim and
Ksuma-Kumari, 1975; Aswathanrayana and
Mahadevappa, 1977 and Salisbury and Ross,
1992). Moreover, EI-Mofty and Sakr (1988)
reported that GA3 is a plant growth regulator
used in many countries, including Egypt, to
increase the growth of fruits and vegetables.
Because of the possible use of Gibberellins
in plant growth, regulators gave entry into
animal cells through diet. GA3 is an
extensively prevalent plant growth regulator
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due to its use in agriculture by spray
applications for promoting plant growth in
field crops and the presence of potentially high
residual levels on plant materials, which can be
used in poultry feeds. Recent research has
indicated that Plant growth regulators
expressed biological potentials in animal cells.
Alkhiat et al. (1981), Madacsi et al. (1988)
and Abd-Elhamid et al. (1994) reported
positive influences of GA3 on body weights
and fecundity of rats, poultry, pigs and calves,
as well as, an increase in circulating WBCs,
hematocrit value and thymus weight in young
deer mice (De Man et al., 1991). Anderson et
al. (1982) studied the effect of injecting 72-
weeks old brown egg type hens with 400 pg of
GA3 for 6 alternate days. They reported a
significantly greater mean of egg production
that accompanied by 23% less feed consumed
per egg and a progressive increase in egg
numbers and weight with time until the 3%
week post injection then, it was slightly
decreased  thereafter.  Meanwhile,  shell
thickness dropped in birds injected by 6% of
GA3 at the end of 1st week, and then it was
fluctuated with time.

Abd-Elhamid et al. (1994) reported that
feeding two-weeks-old broiler chicks on diets
containing GA3 at 0, 1, 5, 25, and 125 ppm
levels respectively for 3 weeks lowered the
percentage of glands (adrenal, thyroid and
pituitary) weights comparing with the control.
Blood protein raised significantly, whereas,
blood glucose increased but not significantly.
These positive influences of GA3 might be
related to the changes in the levels of
circulating gonadal hormones, since GA3 has
been shown to have estrogenic activity in hens
(Anderson et al.,, 1982). In addition, GA3
treatment increased the weight of uterus and
ovaries, since it may act synergistically with
exogenous or endogenous estrogen and
produced an enhanced growth of uterine tissue
(Gawienowski et al., 1977 and Alkhiat et al.,
1981). Results of Gawienowski and Chatterjee
(1980) indicated that GA3 activity in
mammalian species might act via the
prostaglandin or/and estrogens through the
bioassay in ovaricetomized mouse.

Therefore, the present study aimed to
investigate the effect of GA3 on some
physiological parameters and hatchability
performances of laying hens during winter and
summer seasons of Egypt at the end of the
production curve.

MATERIALS AND METHODS

The present study was carried out at the
Agricultural Co-operation Farm in Sharkiya
Governorate, Egypt, during winter and summer
of 2009/2010 to determine the effect of

Gibberellic acid (GA3) subcutaneously
injected as a plant hormone on some
physiological parameters; reproductive and
hatchability performance of Hi-line laying
hens.

GA3 hormones in powder form is easily
soluble in methanol, ethanol, acetone and
insoluble in water. GA3 is purchased from El-
Gomhoriaa Company for Chemicals, Sharkiya
Governorate, Egypt. Hormone was dissolved
in ethanol after that mixed with sesame oil and
buffered solution for subcutaneously weekly
injection (under neck skin bird) with 0.2 ml
buffer solution containing different
concentrations of GA3 per kg of body weight
(200 and 400 pg). Hormone was dissolved in
sesame oil mixture (1:11) with 2 mg NaHCO;
per 0.2 ml of buffered solution for injection.

One hundred and twenty Hi-line laying
hens (60 per each season) at the end of the
production curve (62 wks of age) were
randomly divided into three equal treatment
groups (20 birds each) with five replicates (4
birds each). Birds were maintained in layer
cages (40 x 40 x 38 cm) of four birds in each
with 16 hours light per day through the
experimental period. Birds in all treatments
were nearly similar in the average initial body
weight. All birds were kept under the same
managerial conditions. Birds were fed ad-
libitum and fresh water was available during
the experimental period. Birds were fed the
experimental diet (17% Crude protein; 2750
kcal ME / kg diet; 3.3 % Crude fat; 3 % Crude
fiber; 4% Ca and 0.45% available P) that met
all nutritional requirements of laying hens
according to NRC (1994). Calcium level of the
diet was recommended for laying hens at the
end of the production curve (Ahmad et al.,
2003; Narvaez-Solarte et al., 2006 and Pelicia
et al., 2009). Ambient temperature and relative
humidity were recorded in house of birds at the
middle of the day. Minimum and maximum
indoor ambient temperature and relative
humidity during winter and summer season of
this trial ranged from 15-26 and 29-35 °C &
30-45 and 50-65 %, respectively (averaged 18
and 31 °C & 41 and 56 %, resp.). The 2" and
3™ Group of birds were bi-weekly injected
subcutaneously with 0.2 ml per kg of body
weight of GA3 hormone dissolved in ethanol-
sesame oil solution mixture (1:11) which
contained 200 or 400 pg per kg of body
weight, respectively for twelve weeks (whole
experimental period). Each 0.2 ml of this
solution contained 2 mg of NaHCOs. The first
group served as a control group and treated in
a like manner with the ethanol-sesame oil
mixture only. Artificial insemination technique
was adopted for mating hens to attain fertile
eggs for estimating the hatchability
performance during the experimental period.
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Semen was collected from chosen and trained
cocks for hens insemination two times per
week.

Egg number and weight was recorded daily
through the experimental period. Egg quality
(egg yolk and albumen ratios as a percentage
of egg weight and shell thickness) was
measured at the end of the treatment period.
Blood samples were withdrawn from the
brachial vein, five hens chosen randomly from
every treatment group. Heparin was used as an
anticoagulant to determine blood haematology
but a part of samples was held to obtain serum
to measure blood components. Serum was
obtained by blood centrifugation at 3000 rpm
for 20 minutes and stored at -20 C° until
analysis. Haemoglobin (Hb) concentration
(g/dl) was estimated by cyanomethemoglobin
method according to Eilers (1967). Wintrobe
haematocrit tubes were used for determination
the packed cell volume (PCV) as a percentage.
Red blood cell's (RBCs) counts were counted
on AO Bright line haemocytometer using a
light microscope at 400x magnification after
diluting blood samples 200 times with a
physiological saline (0.9% NaCl solution)
before counting. WBC's count was measured
according to Winterobe (1967). Heterophils
and lymphocytes percentages were counted in
different microscopic fields in a total of 200
WBCs by the same person. Plasma total
protein concentration (g/dl) was measured by
the Biuret method as described by Armstrong
and Carr (1964). Albumin concentration (g/dl)
was determined colorimetrically according to
Wise (1965). Globulin concentration (g/dl) was
calculated by subtraction of albumin content
from the total proteins content. Total lipids
(TL) concentration (mg/dl) was estimated
colorimetrically according to the method
described by Schmit (1964).

Data were statistically analyzed using GLM
in SPSS programme (1993) according to the
following model: Yjjx = p + Sj+ Gj + SGjj +
Cijk

Where, Yjk = an observation; u = general
mean; S; = fixed effect of ith season, i=1&?2

(winter or summer); Gj = fixed effect of jth

GA3 level, i = 1; 2 and 3 (0.0; 200 or 400 pg
per kg of body weight); SGij = interaction

th
effect of i season and ] GAS3 level and ejjy =
error of the model, which included all the other
effects not specified in the mixed model.
Differences among experimental groups were
separated by Duncan’s multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION

Egg number or weight and some egg
quality presented in Table 1 were of nearly
similar values during winter or summer
seasons. However, most of these traits were
slightly improved due to the injection by GA3,
especially egg number and shell thickness that
significantly increased (P<0.01) either with
400 or 200 pg of GA3 comparing with those of
control group hens (21.07; 21.15 and 19.09
eggs, resp. and 0.36; 0.36 and 0.34 mm, resp.).
Most of literature reviewed showed that egg
production and quality were decreased in hot
conditions (Muiruri and Harrison, 1991;
Mahmoud et al., 1996; Bollengier-Lee et al.,
1999; De-Fariara et al., 2001; Kirunda et al.,
2001 and Mashaly et al., 2004). However, it
must be kept in mind that when hens are
towards the end of their reproductive period,
they lose many of their feathers beside the
presence of some chemical or metabolic
mechanisms, such as changing the amount of
feed consumed or the activity of some
endocrine  glands  (hypophysis, thyroid,
adrenals and pancreas), therefore they have a
high ability to alleviate the effect of hot
condition (Meltzer, 1987).

The present results are in agreement with
those of Anderson et al. (1982) who found that
GA3 significantly increased egg production
and Elkomy et al. (2008) and Ismail (2009)
who showed a significant improvement in egg
production of Gemiza hens that treated by
GA3 where the moderate dose of GA3 (200
pg) had the highest mean of egg production.
This increase in egg production might be due
to that GA3 treated group had higher
circulating estrogenic hormone and the
metabolic activity of GA3 enhanced ovulatory
process (Anderson et al., 1982). As well as,
Khalifa et al. (1983) concluded that; the
improvement in egg production by estradiol
can be explained by the physiological effect of
estrogen upon the ovary and oviduct which
causing their activation and enhancing
ovulatory process. Also, Hamdy et al. (2002)
reported that, egg mass was significantly and
positively correlated with plasma concentration
of estrogen. Similar to the present findings,
Khalifa at al. (1983) found that, egg weight
increased with estradiol treatment over control
but not significantly. Also, Elkomy et al.
(2008) reported no significant effect for GA3
treatment on egg weight of Gemiza hens. On
the other hand, Anderson et al. (1982)
observed a significant increase in egg weight
in GA3 treated group of 72 weeks old brown
type hens. Concerning eggshell traits,
agreement observations were obtained by
Elkomy et al. (2008) who said that eggshell
thickness was gradually increased in treated
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hens by GA3. Furthermore, the birds treated
with 400 pg GA3 had the highest (P<0.05)
eggshell thickness value, while albumin; yolk
and eggshell weight percentages indicated no
significant increase due to GAS3 treatments
hens. This author showed that the increase in
eggshell thickness followed the increase in
serum calcium levels and may be due to
enhancing calcium transport in eggshell gland.
In the same line, a good correlation was
observed between estradiol administration and
eggshell quality of hens (Grunder et al., 1983).
El-Afifi and Abou Taleb (2002) reported that
eggshell  weight and  thickness  was
significantly improved in old egg-laying
Japanese quail fed a diet supplemented with 9
mg/kg diet of estradiol benzoat.

Most of haematological parameters
presented in Table 2 were affected
significantly due to season effects, except Hb
and H/L ratio that showed nearly similar
values during the two seasons. Hens during
winter season had significantly (P<0.05 or
0.01) higher estimates of WBCs; PCV;
heterocytes and lymphocytes and lower
estimate of RBCs than those of hens in
summer season. Nearly similar observations
were reported also by Oladele et al. (2003),
who found significantly low levels of packed
cell volume and haemoglobin values in
domestic chickens during the hot-dry season.
The lower values of packed cell volume
recorded during the hot-dry season in the zone
were attributed to heat and nutritional stress,
which impair the synthesis of blood cells in
birds (Oladele et al., 2001). Oladele et al.
(2001)  demonstrated  that  correlation
coefficient values between ambient
temperature and packed cell volume during the
hot dry and rainy seasons were - 0.996 and
0.903, respectively. In the same trend, Niu et
al. (2009) said that the immune response,
which includes WBCs was reduced in chicks
exposed to high temperature ranged from 32-
43 °C. The high chance to alleviate hot
condition effect on hens at the end of their
reproductive period through losing many of
their feathers beside the presence of some
chemical or metabolic mechanisms, such as
changing the amount of feed consumed or the
activity of some endocrine glands (Meltzer,
1987) may be explain the nearly similar values
of Hb and H/L ratio during the two seasons.
However, the lower estimate of RBCs in
winter than those of hens in summer is not
easy to explain.

Values of WBCs; RBCs; PCV and
lymphocytes were improved significantly
(P<0.05 or 0.01) in hens injected by GA3,
especially with the level of 400ug that caused a
better improvement than that of the other one
(200 pg). In contrast, values of Hb; heterocytes

and H/L ratio didn’t differ significantly due to
GA3 effects, in spite of that Hb and
heterocytes estimates tended to improve in
hens treated with GA3 (Table 2). Similar
results were obtained also by Ismail (2009)
who found that Values of RBC’s and Hb were
significantly (P<0.01) increased in laying hens
injected with GA3 compared with control
group. In addition, in male albino rats, Muthul
et al., (2011) found that estimates of RBCs;
WBCs and neutrophil were significantly
increased at all doses of GA3 treatment,
possibly due to an action of GA3 on
hemopoiesis, while  lymphocytes  were
decreased. In contrast, Elkomy et al. (2008)
said that GA3 doses had a significant effect on
overall means of Hb concentration and a
significant increase effect on PCV value,
meanwhile red blood cell count was not
significantly affected by the GA3 treatment in
Gemiza hens.

Hens in winter season recorded
significantly (P<0.05 or 0.01) higher values of
total protein; globulin and total lipids and
lower value of glucose than those of hens in
summer season, meanwhile albumin value was
increased also in winter season, but didn’t
reach to the significant level (Table 3).
Confirming to these results, total protein value
also had a significant and negative relationship
with elevated ambient temperature, since,
values obtained during the hot dry and rainy
seasons were - 0.998 and 0.999 (Oladele et al.,
2001), indicating that heat stress exerts adverse
effects on protein synthesis. Similarly, Zhou et
al. (1998) and Sahin et al. (2001) demonstrated
a significant negative effect of heat stress on
total proteins in broiler chickens. Serum
cholesterol were considerably decreased when
male broiler exposed to acute heat stress (36 °C
for 6 hours) at 8th week of age (Zulkifli et al.,
1999).

The treatment by GA3 increased all values
of the blood components presented in Table 3
(total protein; albumin; globulin; glucose and
total lipids). Whoever the increasing was
significant (P<0.01) only in total protein and
albumin that reach to the highest values (4.78
and 2.57 g/dl, resp.) in hens injected by 400ug
of GA3 as comparing with those injected by
200pg (4.44 and 2.24 g/dl, resp.) or those of
control group (4.24 and 2.14 g/dl, resp.).
Results of this work were in agreement with
those obtained by Abd-Elhamid et al. (1994)
who found that GA3 raised blood protein
significantly when the broiler chicks were fed
diets containing different levels of GA3 and
those of Elkomy et al. (2008) who reported an
insignificantly increase in hen’s total protein
due to GA3 treatments. On contrary, Elkomy
et al. (2008) showed that albumin
concentration of hens was not significantly
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affected by GA3 at any dose. Muthul et al.
(2011) said that total protein and albumin
content were not significantly altered by any
dose of GAS3, indicating that the protein
metabolism was not affected by GA3 in male
albino rats.  Concerning to  glucose
concentration, this increase in plasma glucose
found with GA3 in the present study is in
closely agreement with those of Abd-Elhamid
et al. (1994) who found that, when the broiler
chicks fed diets containing GA3 at different
levels, blood glucose increased but not
significantly. Also, Elkomy et al. (2008) said
that plasma glucose concentration was
significantly higher in Gemiza hens treated
with 100 pg of GA3. The changes in
carbohydrate metabolism induced by GAS3
treatment increase the hen’s blood glucose
concentration, this may be correlated with the
effect of GA3 on the activities of hepatic
enzymes system, which are intimately involved
in glucose production, storage and metabolism
(Bell and Freeman 1971), since, the data of
liver glycogen revealed a significant increase
in liver glycogen content in the GA3 treated
groups compared with the control at the end of
the treatment period, and/or correlated with the
endocrine activity of the pancreas, whereas,
pancreatic weight was increased significantly
(Elkomy et al., 2008). In contrast, Muthul et
al. (2011) reported a progressive decrease in
the guantity of glucose in male albino rats at
all doses of GA3 treatment. The results of total
lipids obtained in the present study are in
accordance with those of Pearce and Johnson
(1986) who mentioned that, blood total lipids
of fowls were increased during the laying
period. In addition, estrogen administration
caused a similar rise in the immature fowl
blood total lipids, since this effect of GA3 is
similar with that of estrogen hormone. Elkomy
et al. (2008) showed that no significant
differences in Plasma total lipids in Gemiza
hens were found due to GA3 treatment.
However, plasma total lipids for hens treated
with GA3 doses were higher than that of the
control group. Increasing plasma total lipids
concentration in the GA3 treated groups
compared to the control, may be due to that
GAS3 activates the fat metabolism to provide
yolk by lipids required for yolk formation
(Elkomy et al., 2008). Whereas, the yolk lipids
content was increased for the hens treated with
GA3.

Fertility and hatchability of total egg set or
of fertile eggs percentages did not show any
significant difference due to season effects
(Table 4), however winter season had slightly
higher values of these parameters than those of
summer one. On the other hand, chick weight
(g) or chick weight percentage were
significantly higher (P<0.05) in winter season

than those of summer one (38.54 and 65.67 vs.
37.71 and 64.70, resp.). These findings
supported those obtained by Dantzer and Kelly
(1989), who reported that physical and
emotional stressors suppress immunity through
the activation of cytokine IL-1 that induces
fever and reduces feed intake, as well as,
stimulates the hypothalamic-pituitary-adrenal
axis and inhibits the hypothalamic-pituitary-
gonadal functions. This observation is
apparently  explaining  the  proximate
mechanism of heat-induced infertility in
domestic animals, including the domestic
chicken. According to these observations of
Dantzer and Kelly (1989), it is reasonable to
conclude that high environmental temperatures
stress disturbs the pulsatile gonadotrophin
releasing hormone generator frequency, which
in turn compromises reproductive functions
axis as a result to the impairment in secretion
of  follicle-stimulating and luteinising
hormones in laying birds due to heat-stress.

Commercial or scientific hatchability
percentages and chick weight (g) or chick
weight percentage were slightly higher for
hens injected with 400ug of GA3 than those of
hens injected with 200 g or those of control
group ones (Table 4). Fertility percentage
significantly affected (P<0.05) due to GA3
treatment, where hens injected by 400ug of
GA3 showed the highest value (86.67 %) with
an increase of 29.9 % than that of control
group (66.67%). Similar observations were
reported in Japanese quail female birds by EI-
Sebai et al. (2003), who showed that GA3
treatment had a little and insignificant effect on
fertility percentage, while hatchability ene was
significantly (P<0.05) improved due to GA3
treatment. The improvement in fertility;
hatchability and chick traits my be attributed to
the beneficial effects of GA3 on egg quality,
since part of the metabolic activity in birds is
inducing an increase in estrogen levels and/or
produce direct estrogen-like action
(Gawienwski and Chatterijee, 1980).

The effects of interaction between season
and GAS3 treatment were insignificant for all
studied parameters in the present work.

CONCLUSION

From these results, it can be concluded that
most of haematobiochemical traits and chick
weight were improved during winter seasons.
In addition, GA3 has a positive effect on
productive performance and fertility of laying
hens.
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Table 1. Monthly egg number; egg weight and some egg quality (+SE) parameters of laying hens
treated with GA3 during winter and summer seasons

Traits
Items Monthly egg Egg weight Yolk(:/velght Albumen Shell $he|l
% - - thickness
number (egg) (9) weight % weight % (mm)
Seasons ns ns Ns ns ns ns
Winter 20.37 £0.18 62.90+0.35 23.98+0.29 63.77+0.44 12.23+0.28 0.35+0.03
Summer 20.50 £0.22 63.19+0.41 23.57+0.25 64.09+0.79  12.15#0.19 0.34+0.04
GA3 levels ** ns ns ns ns ke
Control 19.09 +0.27° 62.34+0.61 23.35+0.38 64.66+0.47  12.05+0.21 0.34+0.05°
200ug 21.15+0.17% 63.07+0.38 24.06+0.25 64.01+0.41  11.96+0.26  0.36 +0.04*
400ug 21.07 +0.21° 63.74+0.37 23.92+0.34 63.12+1.20  12.56+0.36  0.36 +0.03%
Interactions ns ns ns ns ns ns

Winter x Control 19.19 £ 0.36 61.34+1.01 23.62+0.63 65.23+0.57 11.81+0.26  0.34+0.04
Winter x 200pg 21.05+0.23 63.97+0.44 24.41+0.33 64.14+0.72  12.16+0.40 0.35+0.01
Winter x 400pg 20.89 £0.24 63.88+0.52 23.92+0.50 62.91+2.23  12.48+0.29 0.36 +0.03
Summer x control ~ 19.00 + 0.40 62.94+0.67 23.08+0.46 64.10£0.74  12.28+0.33  0.034 +0.01
Summer x 200pg 21.25+0.27 62.17+0.59 23.71+0.37 63.89+0.49  11.77#0.35 0.37+0.03
Summer x 400pg 21.30+£0.34 63.58+0.53 23.91+0.49 63.33+1.07  12.64+0.69  0.36 £0.02

a,b, :means in the same column within each item, bearing different superscripts are significantly different
(P<0.05).
** = highly significant (P<0.01) and ns = not significant.

Table 2. Some haematological parameters (xSE) of laying hens treated with GA3 during winter
and summer seasons

Traits

Item i

tems (>y¥083/cn?|) (Xﬁgefrf“) Hb (g/dl)  PCV(%) Het(e(;g)cyte Lym(ﬁzg’cyte HIL ratio
Seasons ** * ns * ** *x ns
Winter 11.73+0.29  1.68+0.04 13.38+0.28 32.25+0.60 23.19+0.59 64.74+1.19 0.36+0.010
Summer 10.32+0.28  1.82+0.05 1452+0.28 31.03+0.80 21.41+0.53 60.07+1.21 0.36+0.009
GA3 levels *x * ns * ns * ns
Control 10.05+0.35°  1.64+0.05° 13.58+0.48 32.28+0.91*° 21.39+0.57 59.11+1.45° 0.37+0.012
200ug 10.97+0.41° 1.84+0.05* 13.95+0.39 29.39+0.98° 22.50+0.58 63.33+1.28° 0.36+0.009
400pg 12.04+0.33* 1.76+0.06®° 14.34+0.51 33.27+0.93* 23.00+0.91 64.78+1.47% 0.36+0.014
Interactions ns ns ns ns ns ns ns
Winterlx 9.42+0.45  1.55+0.06 12.91+0.68 31.33+0.39 20.33+0.86 56.89+1.06 0.37+0.013
Control
\Zl\éi(;nerx 10.0840.35  1.75+0.07 13.45+051 29.33+0.48 21.67+0.84 61.56+1.21 0.36+0.015

Hg
Winter x 11.43+0.49  1.74+0.08 13.80+0.61 32.45+0.63 22.22+1.74 61.71+1.24 0.35+0.032
400ug

Summer x 10.68+0.47 1.73+0.06  14.25+0.64 33.23+0.31 22.44+1.13 61.33+1.92 0.36+0.019
control
Summer x 11.86+0.31 1.94+0.05 14.44+0.69 29.44+0.29 23.33+1.16 65.11+1.96 0.35+0.011
200pg
Summer x 12.65+0.42 1.79+0.10 14.87£0.59 34.11+0.35 23.78+x1.85 67.78+0.83 0.36+0.022
400ug

a,b,: means in the same column within each item, bearing different superscripts are significantly different (P <
0.05).
* = significant (P<0.05)** = highly significant (P<0.01) and ns = not significant.
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Table 3. Some blood components (+SE) of laying hens treated with GA3 during winter and
summer seasons

Traits
Items Total protein ~ Albumin Globulin Total lipids
(g/dl) (g/dl) (gidly  Glucose(mardl) =

Seasons *x ns * el *x

Winter 4.65+0.11 2.36£0.09 2.29+0.08 210.23 £5.99 1447.23+34.99
Summer 4.33+0.08 228+0.06 2.05+0.05 234,72 £ 6.65 1304.35+25.22
GA3 levels *x ** ns ns ns

Control 424+0.08" 2.14+0.05" 2.10+0.09 21755 +7.38 1333.46+26.36
200ug 444 +0.10° 2.24+0.10° 2.20+0.09 219.95 +7.89 1396.89+46.08
400ug 478+0.13" 257+0.08 2.22+0.09 229.92+£9.05  13.97.30+54.09
Interactions ns ns ns ns Ns

Winter x Control 4.29+0.11 2.13+£0.09 2.16+0.13 206.59 + 8.60 1392.72+17.53
Winter x 200ug 4,67 £0.10 229+017 238+0.14 206.42+10.92 1476.31+70.36
Winter x 400ug 4,98 +0.20 265+0.14 233+0.16 217.69+12.78 1472.67+80.52
Summer x control  4.20 +0.12 215+0.04 2.05+0.12 22851+1055 1274.19+32.60
Summer x 200pg  4.21+£0.09 2.19+£0.09 2.02+0.04 233.49+£8.34 1317.46+38.05
Summer x 400pg ~ 4.58 £0.13 248+0.08 210+£0.08 24215%+11.42 1321.39+61.82

a,b, : means in the same column within each item, bearing different superscripts are significantly different

(P<0.05).

* = significant (P<0.05); ** = highly significant (P<0.01) and ns = not significant.

Table 4. Fertility, hatchability and chick weight percenteges (xSE) of laying hens treated with
GAZ3 during winter and summer seasons

Traits
Hatchability — Hatchability of . . .
Items Fertility %  of tota(!/:gg set fertile eggs %o Wg;:?;g) ChICko/\;VEIght

Seasons ns ns ns * *

Winter 78.89 £ 4.30 58.89 + 5.22 74.65 +£5.20 38.54+0.29  65.67 +0.38
Summer 75.56 + 4.56 55.56 + 5.27 73.53 +£5.39 37.71+0.28 64.70 £ 0.37
GA3 levels * ns ns ns ns

Control 66.67 £ 6.14°  50.00 + 6.51 75.00 £ 6.93 37.98+0.29  64.97 £0.49
200ug 78.33 £5.36®  56.67 + 6.45 72.34 £ 6.60 37.98+0.38 64.75+0.45
400ug 86.67 £ 4.43* 65.60 £6.21 75.00 + 6.06 38.39+0.38  65.77 £ 0.44
Interactions ns ns ns ns ns

Winter x Control ~ 70.00 £ 8.51 53.33 £ 8.69 76.19 £ 9.51 38.30+0.43  65.51+0.69
Winter x 2009 80.00 £ 7.42 60.00 £ 9.09 75.00 £9.01 38.66+0.48  65.44 +0.68
Winter x 400pg 86.67 £ 6.31 63.33 £8.94 73.08 £ 8.86 38.64+0.57  65.49 +0.65
Summer x control  63.33 £ 8.94 46.67 +£9.26 73.68 + 10.40 37.62+0.35 64.34 + 0.69
Summer x 200pg  76.67 + 7.85 53.33+9.25 69.57 £ 10.25 37.22+0.57 63.92 £0.49
Summer x 400pg  86.67 + 6.31 66.67 £ 8.75 76.92 +£8.13 38.16+0.51 65.57 +0.64

a,b, : means in the same column within each item, bearing different superscripts are significantly different (P <

0.05).

* = highly significant (P<0.05) and ns = not significant.
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