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Abstract

The present study was conducted to evaluate some
physiological, immunological and productive responses of two
developed native laying hens to three stocking densities. A total of
450 hens and 50 cocks of Matrouh and Inshas strains (225 hens and
24 cocks of each) before sexual maturity (20 WK) were randomly
chosen. Birds of both strains were allocated into three groups and
reared on deep litter under natural light, environmental temperature,
fed the same diets. Water was provided ad-lib (Free). The 17, 2™ and
3 groups were placed in 10, 15 and 20 birds / m? (floor area unit) to
achieve hen densities of 1000, 667 and 500 cm?/ bird, respectively.
The physiological and immunological effects were taken into
consideration and assessed for improving productive performance.
The experiment lasted for 4 months. The obtained results were as
following:

(1) High stocking density group had significantly reduced body
weight, feed consumption, egg production, fertility and hatchability in
both strains compared with other groups.

(2) Humidity, litter pH, ammonia in house, body temperature and
respiration rate increased as stocking density increased.

(3) The birds in 1% and 2™ groups gave the highest levels of
plasma calcium, glucose, total protein, albumen, T4 hormone and
Alkaline phosphatase, ALT and AST enzymes in both strains compared
with the 3™ group.

(4) The birds in 1% group gave the highest levels of plasma, yolk
and liver cholesterol LDL, HDL, total lipids and triglycerides in two
strains compared with other groups.

(5) The birds in 1%t and 2™ groups gave the highest levels of
primary immuno- response against sheep red plod cells and Newcastle
disease, high level of plasma globuline and high relative weights of
thymus gland and spleen , as immune-related organs, in both strains

 compared with the 3 group.

(6) Matrouh strain gave the best physiological, immunological and
productive performance compared with Inshas in 1% and 2™ groups;
but Inshas strain gave the highest jevels of primary immuno response
against sheep red plod cells compared with Matrouh strain.

The results suggest that increasing the number of birds to 15
birds /m? may give comparable physiological and immunological
effects to 10 birds / m2 The new aspect caused sharp decreases from
10 to 15 hens in the housing wages, labour and equipment costs per
hen subsequently maximizing profits and increasing economic returns
and give good biosecurity for rearing some native or local strains in
the Egyptian villages.
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INTRODUCTION

In the past, the number of birds in a given area was recognized as the sole
method of expressing stocking density. Body weight appears to be a better indicator
of bird performance and well- being / welfare than number of birds in a given space
(Feddes et 4, 2002).  Welfare concerns are influencing sales of poultry products,
and’ stocking density is a major welfare concern (Food Marketing Institute and
National Council of Chain Restaurants, 2003).

Maintaining a high stacking density is a common practice for the poultry industry
because it allows for an increase of economic returns per unit floor space, Moreover,
increases in hen density have been a trend in the commercial layer corporations to
minimize the housing, wages, €quipment costs, and subsequently maximizing profits.
In the past few years, few investigators have examined the effects of stocking density
during production phase on physiological and immunological characteristics,
subsequently productive performance of laying hens. Early reports have shown that
when hen densities are increased, egg production, egg weight, feed consumption and
body weight gain were declined, while mortality rate increases, Reports of Anderson
et al. (2004) generally support these conclusions.

Nowadays breeder investigators had selected smail layer body weight besides the
technological equipment become using in layer farms and the technicians become
dexterity and more sensitive to layer corporations trade (Hester et al; 2006). Tollba
and El-Nagar (2008) studied the effect of housing two strains of developing Egyptian
laying hens at three stocking density 8, 12 and 16 hens /m? floor space on productive
performance, physiological stress and €gg quality. They found that increasing stocking
density decreased productive performance, egg quality and increasing physiological
stress.

Most researches have shown that as cage density increases, body weight, feed
consumption, egg production, egg weight decreased and feed efficiency reduced
(Sohail et af,, 2001), )

Also, Hester ef a, (2006) reported that €9g quality was better when hens were
housed at low densities. They claimed that as the population and cage density
increases, a physiological stress, may be the consequence, hence the performance of
birds declined.

Tollba et af, (2006) and Tollba and El-Nagar (2008)suggested that the increasing
social tension as crowding increases besides the wet litter and high ammonia levels
are density ~ dependent and may , therefore , be an additional causal factor for lower
performance fear in broilers and developing Egyptian laying hens , respectively .
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Also, El-Sheikh and Ahmed (2006) observed that the high stocking density
significantly decreased serum levels of T3 and T4 which might indicate that the
lowering stocking density (8 birds/m?) during summer improved thyroid function, liver
function and decrease oxidative stress condition. However, Tollba et al. (2006) '
showed that the concentration of T3 was not influenced by maintaining the hens at
different stocking densities (8, 12 and 16 bird/m?).  Patterson and Siegel (1998)
reported no significant effect of cage density on antibody titer responses to SRBC's
and heterophils to lymphocytes ratio. It is of interest to know and understand of what
occurs as the number of birds per unit of floor space increased. This will help to

_increase our awareness of potential problems and may give the opportunity to take
appropriate preventive actions.

Therefore, the objective of this study was to further investigate the effects of three
stocking density 10, 15, and 20/ m? floor space during production phase on
physiological and immunological characteristics in relation to productive performance of
two developing native laying st’rains (Matrouh and Inshas) .

MATERIALS AND METHODS

The present study was carried out at Inshas Poultry Breeding Research Station
,Animal Production Institute, Agricultural Research Center Ministry of Agriculture
,Sharkia Governorate from June to September (2008).

A total of 450 pullets and 50 cocks (20 wk old) of Matrouh (Mat) and Inshas (Insh)
strains (225 Matrouh strain and 225 Inshas strains) were used in this study.

The experiment (each strain) consisted of three treatment groups having nearly
similar body weight. Male to female mating ratio was 1:10 and the groups were
arranged as follows: ’

The 1% group included 55 birds in five replicates (10 pullets and one cock each)
housed as 11 bird/ m%

The 2™ group included 85 birds in five replicates (15 pullets and 2 cocks each)
housed as 17 bird/ m?.

The 3™ group included 110 birds in five replicates (20 pullets and 2 cocks each)
housed as 22 birds/ m?. '

In each treatment, the fifth replicate in each strain was housed in open system
floor pens and fed the same basal diet (Table 1). Birds of both strains were allocated
into three groups and reared on deep litter, under natural light, environmental
temperature, fed the same diets and water.
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The birds were submitted to the same conditions of management throughout the
experimental period. Similar alive birds substituted the dead birds on day of death
from a reserve stock to maintain constant densities.

Data collected (Measurements)

1. Productive traits
(a) Individual body weight was recorded every two weeks (to the nearest g) and total
body gain was calculated during production phase (24 until 36 weeks of age).

Total Body weight gain: The average total body weight gain (TBG) was
Calculated biweekly and globally for each replicate according to the following
equation: TBG = W, -W,

Whereas: W,= Body weight at the beginning of the period, W2= Body weight at the
end of the period,

(b) Feed intake for hens per day was Calculated every 2 weeks through the
experimental period and tota| feed conversion was calculated during production phase
(24 until 36 weeks of age).

Feed intake: Feed intake (FI) was calculated biweekly for each replicate according
to the following equation:

Average feed intake per replicate = Feed intake in grams per pen / Number of hens
in the same pen
Total Feed conversion (TFC) was calculated using the following formula:

Total Feed conversion = Average daily feed intake (g/hen) / Average daily egg
mass (g/hen)

(<) Egg production
Egg number and €99 weight (to the nearest 1g) for each hen were recorded daily and
both egg production rate and egg mass were Calculated.

Egg production rate = Egg number per pen / Number of hens in the same pen

Egg mass = Egg weight (g) X Egg number (egg) on the same day/hen.

Egg quality: ten €ggs from each of the three groups were collected at 28, 32 and 36
weeks of age to determine €gg quality traits, Eggs from each group were weighed,
broken out and Separated into shells, yolks and albumens, the weights of yolk,
albumen and shelj (with membranes) were recorded,

Fertility and hatchability percentages at 28, 32 and 36 wk were measured by
collecting 100 €ggs for all groups during 4 weeks, and then replicated for three
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2. Environmental traits

The following measurements were taken with frequency of data collection and
include: house humidity, litter pH and litter ammonia (twice a day) at 32 and 36
weeks of age.

3. Physiological traits

Body temperature and respiration rate were recorded at 32 and 36 wk of age.
A. Plasma contents

Blood samples were collected at 32and 36 weeks of age to evaluate the blood
chemical constituents.

Five blood samples were randomly obtained from 5 hens / treatment /strain, with of
number 30 samples for all groups.

For each sample, 3 ml blood was collected by brachial vein puncture in heparinized
tubes. The tubes were centrifuged at 4000 rpm for 15 minutes; clear plasma was
separated, and then stored in a deep freezer at -20° € until biochemical analysis.

Plasma calcium, phosphorus, glucose, total protein, albumin, and calculate globuiin ,
T3, T4 hormones and activities of Alkaline phosphatase , Alanine transaminase (ALT)
and Aspartate transaminase (AST) enzymes, cholesterol, high density lipoprotein
(HDL) and low density lipoprotein (LDL), total lipids and triglycerides — were
" determined by chemical analysis,

Sample of 0.5 ml plasma was transferred into sterile tube containing 6 mi glacial
acetic acid, mixed, and then 4 ml ferric chloride reagent was added, shaken and
cooling. The color was measured at 550 nm wave length by using the
spectrophotometer.

The choieéterol vaiue (mg) was calculated as the sample /standard x200. The
standard solution was obtained from the kit. Determination of plasma total lipids
determined using commercial kits. Sample of plasma was mixed with sulfophosopho-
vanillic mixture and measured at wave length 525 nm by spectrophotometer.

Total lipids (mg) were calculated as sample/ standard x600 which the standard
solution was obtained from the kits.

HDL, LDL, total lipids, triglycerides, total protein, albumin, calcium, phosphorus,
glucose. Triiodothyronine  (T3) and thyroxine (T 4) hormones were
determined using RIA by commerdial kits, and T3 /T4 ratio was calculated. Blood
analysis was done by using available commercial kits.

B. yolk cholesterol and lipids contents
After measuring the egg quality, yolk for ten samples from each treatment from
the two strains were taken, separated from the broken eggs, was calculated and
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extracted to determine cholesterol, LDL HDL, triglycerides and total lipids by using
commercial kits.
C. Liver cholesterol and total lipids contents

Liver samples were prepared to determine the cholesterol, LDL HDL, triglycerides
and total lipids. Liver was rapidly dissected out, and chilled in ice tank. One gram of
liver was put in glass containing 0.1 m| bhosphate buffer solution (pH 7.4) and
homogenized with an electric homogenizer. The hoinogenized solution _was
centrifuged at 2000 rpm for 5 }Tlinutes; clear homogenized solution was separated,
stored in deep- freezer at -20 © ¢ until analysis. Cholesterol, LDL HDL, triglycerides and
total lipids were determined using commercial kits.

D. Immune responses (humoral immunity)
1. Antibody titer against SRBC

To study the effect of stocking density on immune résponse, 10 pullets /treatment
at 36 weeks of age, were injected intravenously with 1ml of SRBC suspension (0.07ml
packed SRBC mixed with 0.93 mi physiological saline, 0.9% Nacl). The SRBC were
obtained from Texel sheep and washed three times in a physiological saline.

Other 10 pullets were injected with 1 m| physiological saline (0.68% Nacl) and
served as control group.” ) )

To measure the secondary response, the same antigens were injected 4 weeks
following the first challenge to the same treated pullets. Seven days following the
antigen challenge, blood samples were collected and frozen until the measurement of
primary and secondary responses.

2. Antibody titer against avian Newcastle disease virus (NDV)

At 36weeks of age, hemagglutination-inhibition (HI) test was applied for
determination of antibody response in plasma samples by manual of diagnostic tests
after 30 days of immunization of the flock by lasota vaccine against Newcastle disease
virus (NDV) and commercial ELISA kits were used for detection of antibodies against
nucleoprotein and matrix of NDV (biochek b. v, gouda ,Holland )

E. Carcass and internal organs weights

At 32 and 36 weeks of age ,five hens per group were wéighed + sacrificed and
some internal organs were removed (heart liver /9izzard ,stomach ,gallbladder .
kidneys ,intestine (pancreas ,ovary , oviduct and abddminal fat) and some immune
organs (spleen and thymus gland) were weighed to nearest 0.1gm .The oviduct
length , number of large and small ovarian follicles and the percentage of carcass
and the relative weight of these organs were calculated relative to body Yveig!'lt A
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Statistical analysis

All data of Matrouh or Inshas hens were subjected to computerize two -way
analysis of variance, and Duncan's multiple range test procedures using (SAS
software, 2000). The percentage values were transferred to percentage angle using
arcsine equation before due statistical analysis.

RESULTS AND DISCUSSION

*1 - Productive performance
1. 1 -Total body gain
Almost high stoking densities were associated with significantly (P<0.05) lower

total body weight gain. Birds reared at the highest stocking density (20 birds/ m?)
gained significantly less weight compared to the other two treatments as shown in
Table 2 . In this regard, there was a tendency for the hens to be heavier as density
decreased. These results were more profound in birds reared at the highest stocking
density and observed in both strains. Also Matrouh strain was higher in total body
weight gain compared with Inshas strain. The same results were reported with Carey
(1987) and with commercial laying hens and Tollba and El-Nagar (2008) with
developed native laying hens.
1. 2 - Feed intake and total feed conversion

Feed intake was significantly (P<0.05) decreased as stocking densities increased,
while total feed conversion was significantly (P<0.05) increased as stocking densities
increased (Table 2). Matrouh strain was higher in feed intake and total feed
conversion compared with Inshas strain. These results were observed in both strains
and are agree with previous finding of (El-Deek and Al-Harthi, 2004) who reported
that greater stoking densities were associated with significant lower feed consumption
and attributed that to increased competition for feeding space. However, Sohail et a/,
(2001) reported that increasing density resulted in reduction of feed usage, and feed
conversion was not affected.
1. 3 - Egg Production, egg weight and egg mass

Data in Table 2 pointed out that, high stocking densities resulted in a significant
(P<0.05) reduction in egg production rate and egg mass. It is obvious that egg
production rate and egg mass tended to reduce as floor area per hen reduced or
number of hens per unit of area increased

However, high stocking densities were not significantly mﬂuencmg egg weights in
either strain. Also, Matrouh strain was higher in egg. production percentage and egg
mass compared with Inshas strain, but these is no sugmﬁcant difference in egg weight
between the two strains.
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The present results of feed consumption may explain the results of egg production
and egg mass. Similarly, Sohail et a/, (2001) concluded that cage density had no
effect on egg weight. Also, Sohail ef aj; (2001) reported that higher density had a
significant (P<0.05) effect on hen-day egg production and (P<0.05) egg mass.
Moreover, Sohail et a. (2001), observed the same results with laying hens. They
reported that a significant (P<0.05) decline in egg production and €gg mass was
noticed when floor space per hen was reduced and increasing the number of birds
per unit of area. This result may be attributed to the fact that hens in low density
were allowed to more movement, which may have resulted in a less stressful
environment.
" 1. 4 - Fertility and hatchability percentage

Percent fertility and hatchability (of fertile eggs) were (P<0.01) decreased due to
keeping the hens at high stocking density compared to the other two densities in
both strains, (Table 2).Also + Matrouh strain was higher in percent fertility and
hatchability compared with Inshas strain.

Similarly, Christmas et af, (1993) showed that fertility and hatchability were
decreased due to keeping the hens at highest stocking density. Also Tollba and El-
Nagar (2008) reported that fertility and hatchability were decreased by increasing
stocking density from 8 to 12 birds/m? (1250 to 834cm?/ bird) of Dandarawy hens at
20 wks of age.

1. 5 - Egg Quality

Table 3 demonstrates that, no significant differences were noted in egg
components (weights of yolk and albumen) or egg quality (yolk index, Shape index,
and albumen index) of €ggs produced by hens’ maintained in the different stocking
densities. No significant difference in egg quality between the two strains was
observed. . -

Sohail et al. (2001) reported that there were no significant effects of the stocking
density on egg quality traits such as average egg weight, specific gravity, shell
weight, shell percentage, shell thickness, shell weight per surface area and Haugh
units at 40 weeks of age for laying hens. Mdreover, Tollba and El-Nagar (2008)
reported that all egg quality factors were not affected by increasing stocking density
from 8 to 12 birds/m? (1250 to 834cm? bird) of Dandarawy hens at 20 wks of age.

2 - The physiological and environmental traits:
2.1 -Some physiological characteristics:

Statistically, a significant effect on body temperature was observed where body
temperature decreased at lower density. Respiratory rate of hens maintained at the
high stoking densities in both strains was not affected (Table 4). No significant
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difference in body temperature and respiratory rate between two strains was
observed.

Gharib et al. (2005) showed that no significant effect in body temperature in the
different stocking densities of+750, 600, 500, 428, 375 and 333 cm2 /bird (4, 5,6, 7,
8 and 9 per cage). Also, Tollba et al. (2006) found that no significant effect in body
temperature and respiratory rate of hens maintained at the different stoking densities
(8, 12, 16 bird/m2).

2.2 -Some environmental characteristics

Table 4 clearly shows that, litter pH was not significantly affected, while, litter
ammonia and house humidity showed a significant (P<0.01) increase due to high
stocking densities. Litter ammonia and house humidity were increased as stocking
density i.ncreased in both strains. Also, a significant effect on house humidity was
recorded due to maintaining the hens at the high stoking densities. No significant
difference in litter pH and litter ammonia between two strains, but house humidity
was

Higher in Matrouh strain compared with Inshas strain. Thxton et al. (2003) reported
that allowing litter to build up in broiler houses is accompanied by increases in
ammonia emissions and litter pH.

Tollba et al. ( 2006) and Tollba and El-Nagar .(2008) suggested that the increasing
social tension as crowding increases wet litter and high ammonia levels are density —
dependent and may , therefore , be an additional causal factor for low performance
in broilers and déveloping Egyptian laying hens, respectively .
3-Blood biochemical parameters
3.1 - Plasma calcium, phosphorus, glucose and proteins’

Plasma calcium, glucose, total protein, albumin and globulin as affected by the
stocking densities are shown in Table 5. High stocking densities (20 birds/ m?)
resulted in a significant (P<0.05) lower level of Plasma calcium, glucose, total
protein, albumin and globuline compared with low stocking densities (10 and 15
birds/ m?), but no effect on plasma phosphorus. No significant difference was
observed in plasma calcium, glucose, total protein, albumin and globulin between the
two strains.

Stocking density had no effect on plasma constituents of broiler chicks. El-Deek
and Al-Harthi, (2004) reported that in this respect, a significant (P<0.05) decline in
plasma glucose was detected due to maintaining the hens in highest stocking density
(Table 5). Lower feed intake and higher energy expenses or social stress may be
responsible for the reduced glucose level seen in birds housed in the highest density.
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No relevant references on glucose levels in the blood could be found; so, the
significance of this result could not be assessed or discussed. Tollba and El-Nagar
(2008) found an equal effect (P<0.05) of density on the blood calcium and
phosphorus in hens at 26 weeks of age.

3.2 - Plasma hormones -

Inspection of data in Table 6 shows that, high\stocking densities (20 bird/m?)
resulted in a significant (P<0.05) lower level of plasma T4. However, normal or
mediator stocking densities (10 and 15 bird/m?) had no significant effect on the
plasma T3. The concentrations of T3 and T3 / T4 ratio were not significantly
influenced due to maintaining the hens at different stocking densities. ’

No significant difference in plasma T3 and T4 hormones or T3 / T4 ratio between
the two strains was observed.

High stocking density may have resulted in a stress environment. Similar findings
were obtained by Qota (2007) who reported a positive relationship between number
of birds and T4 concentration. Low level of T4 can be an indicator of stress as density
increases. Stress and thyroid hormones may exert powerful influences over the
immune system.

Also, El-Sheikh and Ahmed (2006) observed that the stocking density has effect
(P<0.05) on serum levels of T3 and T4. The high stocking density led to decreaseT3
and T4 levels. Their results might indicate that the lowering stocking density (10
birds/m?) during summer improved thyroid function, liver function and decreasing
oxidative stress condition. Tollba et a/. (2006) showed that the concentration of T3
was not influenced due to maintaining the hens at different stocking densities (8, 12
and 16 bird/m?).

3.3 — Plasma enzymes

Statistically, stocking density has significant effect on plasma Alanine transaminase
(ALT) and Aspartate transaminase (AST) values (Table 7). High stocking densities
resulted in a significant (P<0.05) lower level of Alkaline phosphatase, ALT and AST.
The reduction of feed consumption may improve the liver functions and that may
explain the results of ALT and AST. Stocking density had an effect on chemical
composition of liver of broiler chicks as well as liver functions as judged by plasma
ALT and AST activity (El-Deek and Al-Harthi, 2004). Also, El-Sheikh and Ahmed
(2006) observed that the stocking density has effect (P<0.05) on serum levels of ALT
and AST. The high stocking density led to decreasing AST level. These results might
indicate that the lowering stocking density (8 birds /m?) during summer improved
liver function and decreased oxidative stress condition.
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3. 4 — Plasma cholesterol and tonl ||pids
High stocking densities ( 20 blrd/mz) resulted in a significant (P<0.05) Tower
“level of plasma cholesterol, HDL, LDL, total lipids and triglycerides compared with low
stocking densities(10 and 15 bird/m?). Matrouh strain was higher than Inshas strain
in plasma tholesterol, HDL, LDL, total lipids and triglycerides.

This is in_close agreement with results obtained by El-Sheikh and Ahmed (2006)
who observed that the high stocking density decreased cholesterol level. Also, Ozbey
and Esen (2007) found that increasing stocking density (from 15, 20 to 25 bird/m?)
of rock partridges decreased the levels of total cholesterol.

Regarding the effect of strain on cholesterol, high density lipoprotein (HDL) and
low density lipeprotein (LDL) results showed that Matrouh hens had higher plasma
HDL cholesterol than Inshas ones with no differences in total and LDL cholesterol.
These results are in agreement with Ali et al. (2006) who reported that levels of
serum parameters of Matrouh hens at 44 wks of age were 125.17 mg cholesterol/dl,
84.02 mg LDL/dI, 41.15 mg HDL/dl. In Inshas hens, Qota (2007) reported that serum
cholesterol level of Inshas from 30 to 42 wks of age was 160.1 mg/100 ml. No
interaction effects were observed between strain and density in all these traits.

Plasma total lipids (TL) and triglycerides (TG) of Matrouh and Inshas laying hens
under different stocking densities at 32 and 36 wks of age are presented in Table 8.
Results indicate that increasing stocking density adversely affects plasma total lipids
and triglycerides, whereas, El-Sheikh and Ahmed (2006) observed that high stocking
density led to increase total lipid. Also, Ozbey and Esen (2007) found that increasing
stocking density (15, 20 and 25 bird/m?) of Rock Partridges increased the levels of
triglyceride.

Regarding the effect of strain on plasma total lipids (TL) and triglycerides (TG), it can
be observed from Table 8 that Matrouh hens had‘higher TL (P=0.0007) and TG
(P=0.0159) than Inshas ones. Ali et al. (2006) reported that levels of serum total
lipids and triglycerides of Matrouh hens at 44 wks of age were 16.31 g/l and 515.50
mg/dl, respectively. No interaction effect was obtained in these traits between strain
and density.
4 Yolk and liver cholesterol, HDL, LDL, total lipids and triglycerides

Yolk and liver cholesterol and triglyceride of Matrouh and Inshas laying hens under
stocking densities at 32 and 36 wks of age are presented in Tables 9 and 10. Results
indicate that higher stocking densities resulted in a significant (P<0.05) lower level of
yolk and liver cholesterol, HDL, LDL, total lipids and triglycerides. Differences were
observed in yolk cholesterol, yolk and liver triglycerides under the three stocking
densities. However, liver cholesterol was higher in hens housed under 10 birds/m?
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than in hens housed less than 20 birds/m?. Regarding the effect of strain on yalk
cholesterol, yolk and liver triglycerides data in Tables 9 and 10 shows that Matrouh
was higher than Inshas hens in yolk and liver cholesterol, HDL, LDL, total lipids and
triglycerides. '

In agreement with these results, Ali ef a/. (2006) reported that liver and yolk were
the follewing levels of cholesterol (156.72 and 17.39 mg/dl) and triglycerides (502.07
and 277.05 mg /dl), respectively of Matrouh hens at 44 wks of age. Also, in Inshas
hens, Qota (2007) reported that cholesterol levels in the liver and yolk were 105.2
mg/100g and 16.36 mg/g, respectivelir from 30 to 42 wks of age.
5-immune responses (humoral immunity)

Antibody production and antibody titer against avian Newcastle disease
virus (NDV)

Enzyme linked immuno-sorbent dssay (ELISA) titer against Newcastle disease virus
(NDV) and hemagglutination inhibition (HI) titer against sheep red blood cells
(SRBC'S) of Matrouh and Inshas laying, hens under stocking densities at 36 wks of
age are presented in Table 11. Results show that NDV titer of hens under stacking
densities of 10 and 15 birds/ m? was higher than those under 20 birds/ m? ones,
whereas, SRBC'S titer of hens under stocking density of 10 and 15 birds/ m? were
higher than hens under 20 birds/ m? However, data show that there were no
significant differences between Matrouh and Inshas hens in antibody titer against
(NDV) and secondary immune response, but Inshas hens were higher in primary
immune response compared with Matrouh hens. In agreement with these results,
Hester et a/. (1996 found that birds housed in multiple-bird cages (362 cm2/birds had
lower hemagglutinins to SRBC'S than those reared in single cages (1085cm/ bird),
However, Gharib et a/. (2005) reported that no differences were observed in antibody
titers against SRBC's among the different cage densities at 3-day post-immunization,
whereas, at 5-day post-immunization, they noted that birds housed at low cage
density (C4) produced higher antibody titers against SRBC's than those housed at the
higher cage densities (C8 and C9). At 7 days post immunization, birds housed at high
cage density (C9) had lower antibody titers against SRBC's than any of the other
cage densities (4, 5, 6, 7 or 8 birds per cage). Also, in pullets, Patterson and Siegel
(1998) compared two commercial White Leghorn strains housed at 38, 32, 26, and
20 birds per cage from one day to 6 weeks of age, and 19, 16, 13, and 10 birds per
cage from 6 to 18 week and found no effect of cage density on antibody titer in
response to SRBC'S antigen. No interaction was detected between strain and density
for NDV and SRBC'S titers. '
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6 — Relative weight of some organs
6-1. Lymphoid organs

A significant (P<0.05) increase was detected in relative weighs of thymus and
spleen due to maintaining the hens at low stocking densities. (10 and 15 birds/ m?).
Relative weights were increased as stocking density decreased (Table12). No
Significant differences (P<0.01) were detected in relative weights of spleen and
thymus between two strains of developed native laying hens.

Weights of thymus and spleen were increased probably due to the immune
stimulation as affected by stocking density stress. Also, liver weight was not
influenced by increasing stocking densities in both strains, as reported by Bishop and
Dhaliwal (1994).

Also, Tollba et al. (2006) found a significant decrease in relative weighs of thymus
and spleen due to maintaining the hens at high siocking densities (16 bird /m?).

6-2. Some physiological organs

No significant differences (P<0.01) were detected in relative weights of liver,
gizzard, proventriculus, gallbladder, ovary oviduct, kidney and pancreas between all
groups and between two strains. Significant differences (P<0.01) was detected in
weights of heart and gallbladder which may be due to maintaining the hens in higher
stocking densities(20 birds/ m? ) compared to 10 and 15 birds/ m? (Table 12). This
result may reflect the possibility mentioned above that, at lower densities the hens
were fatter and so, if weight of heart remains constant across density treatments, the
ratio will decrease because of increasing body weight (Bishop and Dhaliwal, 1994).
6-3. Some carcass characteristics

Dressing percent was significantly (P<0.01) lower as affected by high stbking
densities in either strain (Table 13). The reduction was great as stocking denéity
increased. Birds reared at the higher stocking density weighed significantly (P<0.01)
less compared to other treatments. However, stocking densities in either strain did
not significantly affect giblets (Table13). As in review, the excessive reduction in the
available cage area perbird, may have negative effects on growth and consequently,
muscular and bone development (Anderson and Adams, 1992).

CONCLUSION

It is concluded that 10 and 15 birds / m2 gave the best results as observed in
productive performance, immunological and physiological responses of developed
native laying hens.
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Table 1. Composition and calculated analysis of the basal diet.

Ingredients ' %
Yellow comn 63.50
Soybean meal (44%) 24.57
Wheat bran 2.00
Lime stone 7.77
Premix* : 0.30
Salt (Na dl) 0.30
Di-calcium phosphate 1.50
DL- methionine 0.06
Total 100
Calculated analysis**
CP% 16.00
Kcal ME /kg 2703.34
Crude fiber% ' 347
Crude fat % 2.86
Calcium % 3.32
Available phosphorus % 0.406
Lysine % 0.889
Methionine % 0.350
Methionine + Cystine % 0.620
Sodium% 0.135

* Premix contains per 3kg vit A 12 000 000, vit D3 3000 000 IU, vit E 50000mg, vit K3
3000mg , vit B1 2000mg, vit B2 7500mg, vit B6 3500 mg, vit B12 15mg, Pantothenic
acid 12000mg, Niacin 30000mg, Biotin 150mg, Folic acid 1500mg, Choline 300gm,
Selenium 300mg, Copper 10000mg, Iron 40000mg, Manganese 80000mg, Zinc
80000mg, Iodine 2000mg, Cobalt 250 mg and GaCO3 to 3000g.

** According to Egyptian Feed Composition Tables for Animal and Poultry Feedstuffs
(2001)
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Table 2. Effect of stocking density on productive performance at the 36 weeks of the

experimental period of two strains of developed native laying hens.

Item TBG FI TFC EP EwW EM Fertility Hatchability]
Q) (Q) % (@) ()] % %
Strain effect
Matrouh 525.60
2 1245° | 348 | 6047 | 4446° | 403.47° | 91.82° | 87.34°
+ +3.09 | 017 | %036 | £0.26 +16.66 | +3.22 £2.61
38.02
Inshas 451.00
8 121.5° | 3.8 | 5153° | 43.62° | 344.72° | 89.78° 83.84°
+ +234 | #0.11 | +0.23 +0.42 +9.93 +2.95 +2.55
23.37
Density effect
D20/m? 55.60
l 3 < b a < b 3m’86 < <
118.6 3.86 48.50 42.22 g 89.17 84.83
+ +3, ‘ +0. ¥ +2. 5
3.93 | +0.17 042 | 041 420,01 2.72 +2.83
31.71
2
e 49?;'60 12222 | 3.26° | 5333 | 4435 | 330.96° | 90.71° | 85.24°
n +314 | +0.10 | *0.26 +0.42 +11.34 | +291 +2.67
2131
D10/m? 544.70
3 124.0° | 2.86° | 75.00° | 45.05° | 473.02° | 92.35° | 87.08°
+ +528 | *0.09 | £0.17 | *0.42 +8.16 +3.04 256
55.19
Source of Variation value
Strain 0.0006 | 0.0011 | 0.0301 | 0.0001 | 0.7435 | 0.0001 | 0.0432 | 0.0355
Density 0.0098 | 0.0054 | 0.0001 | 0.0001 0.0131 0.0001 0.0022_| 0.0001
Strain* Density | 0.0099 | 0.1453 | 0.1934 | 0.0164 | 0.1108 | 0.0071 | 0.0002 | 0.0004

*b Means in a column within main or interaction effects not sharing a common superscript are significantly

different.

TBG = Total body gain

TFC = Total feed conversation

EW = Egg weight

FI = Feed intake
EP % = Egg production percentage

EM = Egg mass



THE EFFECTS OF STOCKING DENSITY DURING PRODUCTION PHASE ON

1380

RISTICS

PHYSIOLOGICAL AND IMMUNOLOGICAL CHARACTE!

un ybney =nK pue o)
wE:%% =MV Yl
NS uowiLLoD e Bulieys

‘ybiam u

“JuBLRYIp Apuedyiubis aue yduos:

AIOA=

MA ‘WY

AOA =DA \mmo:mu_ﬁ IIUS =15 “Xapuy uswnqyy =

X3pul YO =JA
I9M [IBYS= MS ‘xopu| adeys =[S Jybiam =]
10U $193J3 UORJRIR)UJ 4O Ulew U

=M3

LI ULINJOD © U) SUDN g

651S°0 [ ¥¥920 0580°0 £L80°0 42900 Sb90°0 8000°0 ZSTH 0 9110 L6100 3BY,UeRS, AsUsq
1000°0 68£1°0 1000°0 SSS0°0 11950 2090°0 S800°0 S106°0 S266'0 LILED by ,Aisuag
€000'0 | 9809'0 S6vC'0 pb80°0 8862'0 0290°0 vbb0°0 TEL00 £€290°0 204470 36y yulens
89180 | SE9€'0 10000 $E90'0 0790°0 9€50'0 1500'0 1990°0 686/°0 95000 aby
LVE6'0 | 0vL6°0 8bT°0 9502°0 £2£0°0 €€09°0 625°0 1828°0 26v9°0 9€65°0 Aisuaq 4urens
¥8£0°0 10000 10000 TEEE'0 1990°0 L0bL°0 TELS 0 £€060°0 9922°0 b110°0 Aysuag
20200 | 00zv'0 78520 28510 29080 £990°0 SbbT'0 LSEH°0 9550°0 85£0°0 urens
ONIeA d uoneuep jo 32IN0S
ZE0F 9T'0F 07 '0F 6L0F Y90F vS0F v 0T S8'0F 9T'0F
£0'6L 0T'L EH'TE £b'HT «20'TS €V LY q0E'8E LTYT 468'99 28’5 9EIM
6T°0F €T 0F 9C0F 90F ¢L0F v9°0F vS0F €C0F b80F b9°0F
oLT'6L £1°¢L €E6T EEPT 2666 al6'vb £20p S8PT H1'69 «€TEY TEM
6T°0F €T 07 0C0F 0C0F 8L0F S9°0F €5°0F €T0F €8°0F €9°0F p—
00'6L el6'9 oL6'0E eL6'ET 8961 < CT'8p abl'LE 0T «€9°£9 aCL'Eh
103448 aby
CC0F 0T'0F T0F 0¥ 8L°0F v90F bS0F STO0F b80F 907
06'6L 0L £T'TE £6°ET <05'0§ e86'9% 2S0°6€ oL6PT <6859 TSk w/ota
vTOF €T0F vT0F vC0F 0L°0F S9°0F bS0F 9C 0% SE0F vL0F
£5'8L a00'L «£TTE £THT 68°6b 08'9p JI88E | G TEHT £1'S9 S8bb w/sta
STOF TroF 6T0F 6T°0F LL0F Yo'0F €5°0F STOF €8°0F ¢S0F w/oza
al8'9L 5029 228 LTT 0€°0S £b'Lb oLE'8E oSSET 95'59 0L'EY :
P3Y9 Aisuag
0C'0F TT0F 9 0F 9C0F 8L°0F $9°0F €5°0F vT0F ¥8'0F vS0F
68'LL 9L eC0'TE 0T JE°0S 65'9b £8'8€ 8S'bT 50'99 eSS seysug
8T 0¥ 1T0¥ SCOF STOF 8L°0F €9°0F bS0F STOF €807 1S0F ynonely
HZ'6L 0L 208°0€ <08'ET 61°05 LTl 9986 ARY! H1°59 96'bb
: P30 ulens
(%) (a460p) (ww) (%) (%) (%) (%) (%) (%) (6) we
NH A 1S v A My MA MS IS M3
'suay buie

SAljeu padojaasp Jo sujens omy 40 pouad [eyuswiiadxs ay) 40 SX499M 9 pue z¢ ay3 je Ayjenb 66 uo Aysusp Bupy

P03S JO 108y "¢ |qeL




HASSAN, M. S.H. et al. 1381

Table 4. Effect of stocking density on some physiological and environmental
parameters of two strains of developed native laying hens.

4
Body Respiratory House Litter s
Item Temperature rate humidity PH
) (count/min) ) (degres) | TR
(PPm)
Strain effect
Matrouh 41.82° 103.78° 57.12° 8.05° 41.54°
+0.10 £1.98 +0.81 +0.22 £2.03
Inshas 41.92° 104.56 2 56.03° 8.42° 40.13*
+0.09 +1.89 +0.96 +0.05 £231
Density effect
42.12° 106.92° 59.96° 8.38° 50.08°
2
D20/m £0.11 £2.196 £0.74 £0.05 £1.45
D15/m? 41.86% 103.83° 56.82° 8.17° 41.30°
0.13 +2.39 +0.67 +0.34 +1.28
D10/m? 41.43° 101.75° 52.96° 8.16° 31.13¢
i ) . 0. )
£0.08 +2.39 +0.69 0.07 .
Age effect
W2 41.85° 102.35° 54.67° 7.98° 36.88°
0.15 +232 +0.76 +0.21 +1.92
WK36 4132° 108.72° 58.49° 8.49° . R
+ 0. £2. +0. +0.
0.14 2.65 0.78 0.04 5199
Source of Variation P value.
Strain 0.4091 0.7822 0.0216 0.1082 0.0762
Density 0.0143 0.3275 0.0001 0.6613 0.0001
Strain* Density 0.8684 0.7409 0.5358 0.5325 0.4052
Age 0.7325 0.6223 0.0001 0.0268 0.0001
Strain* Age 0.1742 0.1533 0.0752 0.3847 0.6385
i 0.6053 0.7422 0.8375 0.4068 0.9321
Density*Strain* 0.0866 0.1421 0.8425 0.4820 0.0905

*b Means in a column within main or interaction effects not sharing a common

superscript are significantly different.
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Table 5. Effect of stocking density on some blood parameters of two strains of
developed native laying hens.

Plas " Pl Total
ma lasma of
phosphoru Albumin Globulin
Item Calcium Glucose protein
(/) ° o) | gy | YD | (mad)
mg/100ml)
Strain effect
14.47° 7.26° 231.262 9,552 4.78° 4.77°
Matrouh
+0.56 +0.66 £3.12 +0.46 +0.20 +0.40
13.65° 7.19° 234,052 8.80° 4.96° 3.842
Inshas
+0.52 +0.62 +3.79 +0.55 +0.19 £0.62
Density effect
13.07° 71 225.37% 6.81° 3.91° 2.90°
D20/m?
+0.65 +0.53 +3.79 +0.64 +0.26 +0.74
13.75% 7452 230.56* 9.11%® 5.58 3.53%
D15/m?
+0.63 +0.53 +4.44 £0.55 +0.23 +0.58
15.312 7.11° 237.05° 10.122 6.14° 3.98?
D10/m?
+0.67 +0.55 +4.15 +0.64 £0.22 +0.61
Age effect
WK32 14.11* 8.492 227.82° 10.17° 4.32° 5.852
+0.63 +0.42 +3.64 +0.45 +0.17 +0.40
WK36 14.10* 5.95° 237.49° 8.18° 5.422 2.76°
+0.45 +0.34 +3.06 +0.51 +0.17 +0.49
Source of Variation P value
Strain 0.1997 0.2112 0.5322 0.2068 0.4139 0.0926
Density 0.0569 0.0665 0.0050 0.0058 0.0013 0.0096
Strairi* Density 0.1423 0.2001 0.2775 0.0086 0.0047 0.0099
Age 0.9925 0.0412 0.0343 0.0014 0.0001 0.0001
Strain* Age 0.6198 0.6270 0.5740 0.0024 0.2252 0.0002
Density* Age 0.1059 0.1262 0.0124 0.7431 0.0136 0.5767
Density*Strain*Age 0.0847 0.0942 0.9098 0.0191 0.0573 0.0959

*® Means in a column within main or interaction effects not sharing a common
superscript are significantly different.
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Table 6. Effect of stocking density on some blood hormones of two strains of
developed native laying hens.

T3 hormone T4 hormone
Item T3/T4
(mg/mi) (mg/ml)
Strain effect
P— 3.61° 14.39° 0.25°
u £0.50 £0.39 £003
Inshas . 14.51° 0.23
231 032 041 ' £0.03
Density effect
5 3.90° 13.82° 0.28°
pag +0.66 £0.44 £0.03
D15/m? 3.83° 14.66% 0.26°
+0.41 +0.50 +0.03
D10/m? 3.96° 14.932 0.272
+0.52 +0.48 +0.03
Age effect
3.32° 13.99° 0.24°
WISz £0.35 +038 +0.03
WK36 3.59° 14.22° 0.252
+0.49 +0.39 +0.03
Source of Variation -—--P value-----
Strain 0.0606 04251 0.1317
Density 0.6913 0.0453 0.3045
Strain* Density 0.0643 0.0615 -0.1077
Age 0.0620 0.0236 0.3998
Strain* Age 0.0635 0.9322 0.1371
Density* Age 0.0648 0.8309 0.0848
Density*Strain*Age 0.0607 0.9398 0.2638

@b Means in a column within main or interaction effects not sharing a common

superscript are significantly different.




1384 THE EFFECTS OF STOCKING DENSITY DURING PRODUCTION PHASE ON
PHYSIOLOGICAL AND IMMUNOLOGICAL CHARACTERISTICS

Table 7. Effect of stocking density on some blood enzymes of two strains of

developed native laying hens.

Alkaline
e ALT AST
Item
Phioeo ) v
(V8]
Strain effect
13.93 10.16° 115.75°
Matrouh
+0.69 +0.48 £2.99
13.58° 8.16° 107.59°
Inshas
+0.63 £0.27 +2.39
Density effect
12.34° 8.33° 100.14¢
D20/m?
+0.86 £0.42 +1.24
13.52° 8.96° 114,09°
D15/m? £0.79 +0.49 £2.16
D10/m? 15.68° 10.18° 120.78*
20.73 | 2062 +3.48
Age effect
12.16° 8.39° 106.93°
WK32
+0.52 +0.37 +2.43
14.86° 9.92° 116.412
WK36
B £0.65 +0.46 +2.84
.{; Source of Variation ... Pvalue....
1
| Strain 0.3391 0.0002 0.0002
‘]
I& Density 0.0091 0.0104 0.0001
! Strain* Density 0.0038 0.9940 0.1568
L Age 0.0048 0.0031 0.0001
i Strain* Age 0.3911 0.1828 0.2493
! Density* Age 0.7332 0.7598 0.1556
‘_ Density*Strain*Age | 0.9201 0.8371 0.8648

*® Means in a column within main or interaction effects not sharing a common
superscript are significantly different.
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Table 8. Effect of stocking density on some blood parameters of two strains of developed

native laying hens.
Plasma Plasma Plasma Plasma
Plasma HDL
Item cholesterol LDL total lipids Triglycerides
(mg/dl)
(may/di) (mg/di) (mg/d) (mg/dl)
Strain
effect
157.28? 87.60° 69.68* 543.54° 239.91°
Matrouh ¢
+7.88 £7.09 +7.48 +7.50 +8.06
Inshas 130.21° 100.53? 49.68° 522.65° 221.59°
+7.84 +6.68 +7.26 +6.67 +6.73
Density effect
129.04° 85.15° 43.89° 512.63° 204.85°
D20/m?
+8.48° +7.69 +8.08 +8.41 +5.46
D15/m? 154.94° 110.58° 48.36° 528.60° 232.24°
+£9.68 +6.83 +8.26 +7.53 +7.89
D10/m? 162.25° 86.47° 75.78*
558.06* 255.15°
+9.82 +9.82 +9.82
+6.28 +8.43
Age effect
150.09° 82.80° 67.29° 518.37° 217.17°
WK32
+6.91 +6.71 £6.81 +6.43 +5.14
WK36 147.39° 105.33° 42.06° 547.83° 244.322
+8.98 +6.63 £7.81 +6.84 +8.48
Source of Vaﬁ'ation P value
Strain 0.1001 0.1583 0.0242 0.0041 0.0081
Density 0.0265 0.0432 0.0352 0.0001 0.0001
Strain* Density 0.5223 0.4338 0.4521 0.9196 0.8835
Age 0.7913 0.0160 0.0243 0.0002 0.0003
Strain* Age 0.5252 0.0965 0.4321 0.3817 0.0414
Density* Age 0.9149 0.6841 0.7352 0.7306 0.1846
Density*Strain*Age 0.0063 0.5312 0.0624 0.6764 0.8980

@b Means in a column within main or interaction effects not sharing a common

superscript are significantly different.
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Table 9. Effect of stocking density on some yolk parameters of two strains of developed
native laying hens.

Yolk
Yolk Yolk Yolk Yolk ) :
i Triglycerides
Item Cholesterol LDL HDL Total Lipids -
m
(mg/qg) (mg/g) | (mg/q) (mg/g) di
Strain effect
- 11.642 7.562 4,08° 277.69* 308.26°
+0.45 +0.31 +0.17 +4.64 +4.83
10.92° 7.10° 3.822 268.99° 290.45°
Inshas
+0.42 +0.29 +0.15 +4.26 +6.05
Density effect
290.51°
D20/m? 10.02° 6.49° 3.53° 263.54° e
+0.42 0.29 +0.16 +5.40 ’
24
10.67° 6.94° 3.73° 272.82% 295.93%
D15/m?
+0.37 +0.26 +0.15 +5.07 +7.46
311.632
13.16° 8.572 4.592 283.68°
D10/m?
+0.54 +0.37 +0.19 +5.33
+6.52
Age effect
10.25° 6.77° 3.48° 260.31° 283.95°
WK32
+0.39 +0.26 +0.13 +4.05 +4.49
12312 7.892 4.42° 286.37° 314.77°
WK36
+0.41 +0.28 +0.14 +5.59 +537
Source of Variation SR P value
Strain 0.1319 0.1215 0.1149 0.1043 0.0079
Density 0.0001 0.0001 0.0001 0.0115 0.0274
Strain* Density 0.9637 0.9462 0.9587 0.7832 0.4065
Age 0.0001 0.0001 0.0001 0.0001 0.0001
Strain* Age 0.9659 0.7254 0.8195 0.5010 0.1113
Density* Age 0.9622 0.9622 0.9612 0.9646 0.8134
Density*Strain*Age 0.9925 0.9731 0.9662 0.9390 0.7584

*® Means in a column within main or interaction effects not sharing a common
superscript are significantly different.
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Table 10. Effect of stocking density on some liver parameters of two strains of
developed native laying hens.

Liver
Liver Liver Liver total Liver
Item cholesterol LDL HDL s Triglycerides
Il
(mg/g) (mg/g) (mg/g) (mg/q)
(mg/q)
Strain effect
Matrouh 142.78° 92.04° 52222 | 247.44° 434.26°
+3.24 +2.04 +1.65 +3.73 16.17
Inshas 139.84° 88.06° 49.68° | 224.69° 407.15°
+3.17 +2.50 +1.27 +4.25 +5.82
Density effect
D20/m? 133.91° 86.35° 48.47° | 229.39° 408.60°
+3.18 +1.99 +1.45 5.06 +8.69
D15/m? 140.65° 88.83" 51.80% | 233.19° 416.04°
+3.90 +3.22 +2.17 +5.39 +7.81
D10/m* 149.382 94.98° 5259 | 245.62° 437.47°
+3.97 +£2.84 +1.68 +5.59 +5.78
Age effect
Wiss 134.83° 86.42° 49,01 | 22849° 407.03°
+2.66 £2.17 +1.65 +4.53 +6.32
WK36 147.79° 93.68° 52.89° | 243.63° 434.37°
+3.28 +2.26 £1.20 +4.05 +5.64
Source of Variation swissssssse PNAIUC s

Strain 0.4806 0.1976 0.2257 | 0.0001 0.0009
Density 0.0138 0.0686 0.2355 | 0.0453 0.0096
Strain* Density 0.7242 0.7857 0.9385 0.8460 0.9140
Age 0.0030 0.0213 0.0664 | 0.0072 0.0008
Strain* Age 0.6072 0.7245 0.9527 0.7210 0.8442
Density* Age 0.6826 0.3110 0.9381 0.9931 0.9192
Density*Strain*Age 0.6226 0.2556 0.1491 0.6819 0.9978

ab Means in a column within main or interaction effects not sharing a common
superscript are significantly different.
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Table 11. Effect of stocking density on primary and secondary immune response
against SRBC and NDV of two strains of developed native laying hens.

Primary Secondary
Item Immune Immune NDV
Response Response
Strain effect
65.1° 259.372 150.572
Matrouh
+4.26 +7.14 15.05
75.32 264.30° 155,132
Inshas
+3.41 +7.35 +5.12
Density effect
61.7 0° 248.15° 133.53¢
D20/m?
~ +3.04 +6.37 +4.17
69.55" 264.36° 152.35°
D15/m? +4.76 +7.65 +5.02
5 79.502 273.00° 162.67°
D10/m
+5.34 +8.11 +4.18
Source of Variation --- p value —-
Strain 0.0550 0.1322 0.3920
Density 0.0274 0.0025 0.0001
Strain* Density 0.7790 0.6426 0.4477

*> Means in a column within main or interaction effects not sharing a common

superscript are significantly different.
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Table 13. Effect of stocking density on the relative weights (%) of some internal
organs and number of big and small ovarian follicle of two strains of
developed native laying hens.

Number
Total Abdominal Number
Oviduct | Oviduct | Edible edible Kidney P Pancreas of big of
Item weight | Length | giblets weight weight small
% % w | P g | welshts R o e
follicle
% % follicle
Strain effect
14.87°
Matrouh 3.03" | 364" | 4.69° | 68.88° | 0.48" 1.75% 0.25° 5.33 it
+0.10 | +0.11 | £0.08 | *1.24 | 20.02 £0.15 £0.01 +0.21 &
Inshas 312" | 3.52° | 466 | 67.92 | 045" 1.76° 0.24° 5.40° | 15.27°
+0.12 | 007 | #0.11 | +0.75 | +0.02 +0.16 +0.01 +0.19 | 034
Density effect
D20/m?
3.65° | 10.55°
294 3.51° | 464" | 67.17° | 047 1.59° 0.24°
£0.19 | +0.41
£0.12 | +0.14 | 20.13 | £0.99 | +0.02 +0.20 +0.01
D15/m? 3.14° 3.60° 572%| 68.92% | 0.45 1.69%® 0.25° 5.70° | 1535
£0.12 | #0.09 | #0.4| *1.20 | £0.02 £0.16 +0.01 2019 | 045
D10/m? 3.15° 363 | 667" | 69.82° 1.97 0.25° 6.75" | 16.30°
017 | £0.11 | £0.09 | *1.51 | 0.47° +0.22 £0.01 £0.27 | +0.38
+0.02
Age effect
ik 297 | 3.81° | 447° | 68.56° | 046 1.64° 0.24 530" | 14.83°
£0.14 | *0.10 | 2008 | +1.30 | 0.02 +0.16 +0.01 +0.19 | +0.41
3.18° 3.35° | 489" | 68.24* | 0.48 1.86 0.25° 543" 15.30°
£0.07 | £0.06 | +0.09 | +0.64 | +0.01 40.15 £0.01 +0.21 | +0.38
Source of Variati I-p value--
Strain 0.5657 | 0.2729 | 0.7564 | 0.4823 | 0.2254 | 0.9594 0.2495 | 0.7922 | 0.3736
Density 0.5213 | 0.6675 | 0.0062 | 0.0125 | 0.6905 | 0.0201 0.5632 | 0.0008 | 0.0001
Strain* Density | 0.9149 | 0.6575 | 0.1848 | 0.0023 | 0.0449 | 0.6536 0.1291 | 0.9826 | 0.2200
Age 0.2035 | 0.0001 | 0.0020 | 0.8164 | 0.3396 | 0.0348 04183 | 0.5987 | 0.2999
Strain* Age 0.1782 | 0.0207 | 0.2379 | 0.7339 | 0.0870 | 0.2934 0.8716 | 0.2946 | 0.0142
Density* Age 0.2091 | 0.1794 | 0.0060 | 0.6648 | 0.1779 | 0.0080 0.9709 | 0.0156 | 0.0630
0.9814 | 0.0641 | 0.5534 | 0.5953 | 0.2908 | 0.364 2764 6475 | 0.81
sty*sirai*Age 0 3647 0.2 0.64 .8135

*> Means in a

column within main

superscript are significantly different.

or interaction effects not sharing a common
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