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'ABSTRACT

This study. was conducted to examine thé potehtial of
'plastic slats as flooring material for maintenance Of-
broiler breeders. Although plastic slats are more expensive
than woéd.slats, plastic slats are more durable and easier
to clean.

Wood and plastic slats were tested as full and partial
flooring to determine the ideal proportion of slats for
" broiler breeder floors. Space allotment was 2040 cmz/bird
on ail floor tfeatments. . Arbor Acres broiler breeders, one
of the more common strains in British Columbia, were raised
to 58 weeks of age to monitor the influence of slat material
and slat coverage dh egg production and progeny growth over
one production cycle. ‘

Since tﬁe pens were not set up to determine the number
of eggs lost through slats, "egg prdduction" values weré
actually egg recovery values. Over-all egg recovery was
significantly higher oﬁ partial wood (PWS) and partial.
plastic slats (PPS) than on either of the full slat
‘treatments. Breeders on full wood slats (FWS) had higher
ovei—all egg production than those on full plastic slats
(FPS).F

Differences were significaﬁt for three -biweekly
~ periods, but siats did not influencé the over-all incidence

df',floor eggs and cracked floor eggs. The incidence of
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ABSTRACT

cracked nest eggs was significantly higher in FWS and FPS
than in PWS andAPPS pens during four lay pefiods and over-
all. |

The proportion of non-cracked nest eggs, which was
taken és an approximation of the proportién of settable
eggs, was higher for partial sla£ pehs than full siat pens,
and FWS pens had a higher proportion of non-cracked nest
eggs than FPS pens.

To monitor fertility and hatchability, eggs were
incubated at 37, 42, 46, 50 and V56 weeks of breeder age.

Fertility, hatchability of total eggs set and hatchability
| of fertile eggs was not affected by type of slats.

Progeny from the hatch at 37, 46 and 56'week of breeder
age were grown in Petersime Dbattery cages to three weeks of
age. The progeny of breeders on FPS had lowef first week
weight gain than the other progeny groups due to moisture
loss when 7 FPS progeny were lost duriﬁg the second growth
trial. Weekly and over-all feed conversion of progeny was
not affected by types of slats used by parents.

The 56th week progehy-were grown in Petersime battery
cages to. market age (six weeks).  PWS and FPS progeny had
higher third week weight gain than PPS progeny. During the
sixth week, FWS and PWS progeny had higher weight gain than

FPS and PPS progeny. The sixth week feed,conversion of FPS

iii



ABSTRACT

progeny was higher than that of the other three progeny
groupé. No other differences were seen. |

As long as slats were used as partial flooring) there
-were no differences in egg production on wood or plastic
slats. The proportion of "seﬁtable"'eggs, _fertility, and
hatchability of eggs of plastic slat  breeders were
comparable with that of wood slat breeders regardless of
slat coverage. There were significant differences in the 3-
Qeek growth of 37th, 46th and 56th Qeek progeny and the 6-
week growth of 56th week progeny on the different slat
types, but the differences were not due to slat treatments.
There was no interaction between breeder age and slat
material, therefore the influence .of slat material on egg
production andjprogeny growth did not vary with breeder age.
Although egg recovery and the number of settable eggs were
lower for FPS breeders, breeders on plastic slats performed

as well as those on wood slats in the present study.
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1. INTRODUCTION

~Housing has become an important aspect of present-day
poultry production systems. Ih non-tropical latitudes, the
total confinement'of poultry has made possible the year-
round produétion of eggs and meat despite seasonal variation
in daylength ‘and environmental temperatures. Poultry can
now be grown and eggs produced at all seasons by controlling
light, temperature and ventilation in "windowless" houses
(Wilson, 1974). |

Prior to the development »f environment—éontrolled
housing, boultry house construction in the United States and
Canada varied from one region to another in order to make
the best of local'climatic conditions. Extremes in weather
conditions resulted in poor production (Wilson, 1974).

The advent of large commercial flocks in totally-
enclosed houses necessitated changes in floor management.
In North America, partial slat flooring and wire cages
became popular solutions to the problem of wet Llitter
(Wilson, 1974). Wet litter has been known to result in
dirty and contaminated eggs, increased ammonia (NH3)
production, respiratory distress and other disease
conditions, all leading to poor egg production and poor
weight gain among birds (Wilson and Vohra, 1980; Wilson,

1974) .



2. LITERATURE REVIEW
2.1, STUDIES ON SLATS

2.1.1. Slats and Egg Production

Broiler breedérs have generally been maintained on
litter floors at 3600 cm?/bird. Layers, however, have been
kept not only on litter but also on slat floors in
combination with litter or wire floors (Wilson, 1974;'Cboper
and Barnett, 1972). Consequently, earlier studies on slats
were conducted using commercial layers (Magruder and Nelson,
1965; Osborh et al., 1959; fao, 1959) . Fertility and
hatchability . were not reported. Nevertheless, egg
production data from these studies were useful, leading the
way for studies on alternative floor types for broiler
breeders (Andrews et al., 1988; Parkhurst, 1974} Cooper and
Barnett, 1972; Nordskog and Schierman, 1965). |

Osborn et al. (1959) and Yao (1959) reported that the -
disincentives to using full_élat floors were as follows:
lower egg production per bird, more non-layers, higher
mortality, and more ‘birds laying fewer than 50 eggs during
their respective 6- and 5-month experiments. The advéntages
to using full slat floors were as follows: 2.5 times as many
ecgs produced per square foot on slat floor as on litter (3

ftz/bird, or 2787 cmz/bird on litter vs. 1 ftz/bird, or 929
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cm?/bird on slats) and a lower mature body weight. Yao
(1959)>found statistically significant differences between
~the two floor systems in terms ¢f egg production per bird,
egg production per square foot and mature body weight.
Because of the difference in mature body weight, Yao (1959)
inferred that léss feed was - consumed for each dozen of eggs
produced on slats than on litter.

A longer, 3-year study by-Magruder and Nelson (1965)v
found that mortality was higher, and egg production was
lower on full slat floors. This was in agreement with
Osborn et al. (1959) and Yao (1959). Although nothing was
said about mature bodyA weight, Magruder and Nelson (1965)
reported that less feed, although not significantly, was
vrequired‘to produce a dozen eggs on full litter than on full
slats. This last fihding did not sﬁpport the inference put
forward by Yao (1959) . Space allotment per bird was 675 émz
on slats, vs. 1800 cm? on litter.
| Studies conducted to investigate tﬁe influence of cage
density on layer performance would later explain why egg
production and body weight gain was not as good on slats
compared to litter. It has been found that egg production
(Madrid et al., 1981; Carew et al., 1980; Sefton, 1976;
Mather and Greaves, 1970) and body weight gain - (Madrid et
al., 1981; Carew et al., 1980) decreased as the areé per

bird decreased and the number of birds per cage increased
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‘within a certain range. Madrid et ai. (19815 suggestea that
‘a high proportion of the eQefgy consumed by‘crowded layers
was spent for maintenance rather than for production (i.e.,
egg production, body_weight gain); thus, the lower egg
production on slats when more birds were  placed on full
slats than on full litter. | |
| The compromise that resulted was the'cdmbination of
slat and litter floors, or what is known today as partial
slat floor. Producers found that optimél bird density was
lower on partial slats than on full slats and vyet higher
than on litter. ‘There was so much interest in slats that
6nly-combination floors.and full slat floors were compared
at firsﬁ (Parkhurst, 1974; Cooper and Barnett, 1972). ;
Cooper and Barnett (1972), ‘in compariné the partial
slat floor (60% slat; 40% litter) with full slat floor found
that hen-day egg production was significantly higher on the
partial slat floors (59.7%.vs. 53.2%). Each bird had 1672
cm2 of floor space on both floor typES. Parkhurst (1974)
found that ‘hen-day egg production was higher, but not
significantly, -on 50% slat-50% litter than on full slat
floor. Average egg production was 56.3%, 57.0%, 55.5% and
53.2% vs. 51.9%, 55.2%, 55.0% and 54.4%; on full vs. partial
slat respectively, for 4 different strains. Space allotment

was 2000 cm?/bird on all floor types.
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Later, Andrews et al. (1988) compared egg production on
full 1litter, 2/3 slat-1/3 litter combination (wood or
plastic-covered wire) and full slat floors of plastic-
covered wire, at 2730 cm?/, 1740 cm?/ and 1660 cm?/bird,
respectively. They found significantly higher hen-day egg
production (59.8%) and significantly less feed consumed per
dozen eggs‘ produced among broiler breeders on full litter
floor than on oﬁher.floor types; the latter finding 1is in
agreement with that of Magruder and Nelson (1965). There
were no significant differences in egg pfoduction er feed
consumption per dozen eggs between the other three floor
types despite differencee in bird density between full and
partiai slat treatments. Hen—day .egg pfoduction on ' the
other.floor types were as follows: 51.7% on partial wood
slats, 50.5% on floors of partial plastic-covered siats and
50.3% on'floors of full plastic—covered wire.

An earlier study, conducted by Johnston and Zindel
(1963) found that percent hen-day egg production was 61.0%
in cagee, 60.5% on litter floor and 56.0% on slatted floor.
Floor space per bird was 405 cm? in cagee'and 2088 cm? on
litter and slatted floor. No Sigﬁificant differences in egg
production were found between the latter twe floor types.
As a proportion of the total number of eggs laid, floor eggs
accounted for 7.3% and 6.3%,_respectively, from the birds on

litter and slatted floor. Without any .clarification in the .



LITERATURE REVIEW

said study about the floor types, "slatted floor" was taken
to mean fully slatted floor in the context of the present

study.

2f1.2.’ Slats and the Incidence of Cracked Eggs

The study by Cobper and - Barnett (1972) found that
cracked eggs comprised 2.3% and  2.9% of total eggs produced
on full slat and partial slat floors, respectively. Without
stating the values, Magruder and Nelson (1965) found tbat
the percentage of broken shells was the same for full wood
and fhll litter floors. No distinction was . made between

cracked nest eggs and cracked floor eggs.

2.1.3. Slats and Fertility

Cooper and Barnett (1972) - found that éumulétive
fertility was higher on the combination floorsv than on the
full slat floors. Duting nine 28-day periods, Parkhurst
k1974) found that fertility in Piich—DeKalb breeders tended
to be higher on the partial slat floors than on full slat
floors during the first 28-day and.the last four 28-day
period. Neither Cooper and Barnett (1972) nor Parkhurst
(1974) found these differences to be significant.-

Nordskog and Schierman (1965) examined cumulative
fertility of White Leghorns on full litter, 50% slat-50%

litter, and full slat floors. Floor space per bird was 2945
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cm? for all floor types. They found that in one of the two
trials,'fertility was besﬁ on litter aﬁd poorest on slats
during the first ten days of mating. After 18 days the
difference in percent fertility between the highest and the
lowest test group was only 2%. They suggested that slats
caused a lag. in normal méting activity in some males which
may extend for a week to 10 days. |

'Thrqugh seven 28-day periods, Andrews et al. (1988)
fouﬁd significant differences in fertility only during the
second 28-day period, and oﬁly between partial wood (97.2%)
and partial plastic-covered wire (92.2%) slats. - Full litter
(94.7%) and full piastic-covered wire slats (95.6%) were
intermediate. Cumulative fertility Waé highest for full
piastic—cdvered wire slats (95.2%) and lowest for partial
plastic slats (93.5%). There was no drop in fertility among
birds on slats (full or partial, both wood and plastic-
coveréd wire) duting .the second half of production as seen
by Parkhurst (1974). In the study by Andrews et al. (1988),
birds -on slats did not specifically exhibit -a lag in
feftility at the start of production. Instead, partial wood

-slats gave improved over-all fertility.

2.1.4. Slats and Hatchability
In this section, all hatchability data will Dbe

hatchability of all eggs set except where stated otherwise.
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Parkhurst (1974) and Cooper and Barnett (1972) did not
find any'signifiCant differences in cumulative hatchability
between full and partial slat floors.

Andrews et al. (1988) found significant différences in
the hatchability of total eggs set at the end of the second
and third 28-day periods aftet_24 weeks Qf age, but not in
the over-all hatchability. At the end of the second period,
hatchability in full litter (92.2%), partial wood (93.1%)
and full plastic-covered wire slat (92.8%) pens was
significantly higher than that in partial plastic-covered
wire pens (86.8%) . At the end of third period, hatchability
was significantly higher in partial plastic-covered wire
(92.8%) and partial wood (92.8%) slat pens than in full
plastic-covered wire slat (88.7%) pens.

Andrews -et al. (1988) also reported significant
differences in the hatchability of fertile eggs at the end
of the second, third and seventh 28-day periods, although
none was found in over-all hatchability of fertile eggs. At
the end of the second and seventh 28-day periods,
hatchability was significantly higher in full litter (97.4%
~and 97.2%, respectively) than in partial plastic-covered
wire slat (94.1% and 94.2%, respectively) pens, and
intermediate in partial wood’(97.d% and 96.3%, respectively)
and full plastic-covered wire slat (97.1% and 95.3%,

respectively) pens. At the end of the third 28—day period,
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hatchability was significantly higher in partial wood
(96.2%) than in full plastic-covered wire slat (92!4%) pens,
and'interﬁediate in full liﬁter (92.6%) and partial plastic-
covered wire slat (95.2%) pens.

Andrews et al. (1988) suggested that the significant
differences in hatchability at the end of certain periods
while none was. found in over-all hatchability was due to the
_immaturity of some of the males or the variatién in thé
“handling of eggs prior to incubation.

Baéterial cohtamination.of hatching eggé is an inherent
risk in keeping breeders on litter. 1In a vstﬁdy by Quarles
et al. (1968) , average counts of Dbacteria on egg surface
were higﬁer in litter than in wire floor houses. Air in
litter flobr houses averaged 5 to 10 times as many bacteria
per cubic meter és in air of wire floor houses. Hatchability
was significantly higher for eggs from wire floor hquses.

A later study by Quarles et al. (1970) using a similar
comparison, confirmed the previous results. Furthermore,
the number of bacteria in .the air' was significantly
correlated with the number of bacteria on the egg surface,
- but neitﬁér air nor egg surface Dbacterial count was
correlated with hatchability. Examination of unhatched‘eggs
showed that 94% of pipped eggs and late dead embryos and

100% of cull chicks from litter flcor tested positive for
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coliform bacteria compared with 33% and 20%, respectively,
of those from wire floor (Quarles et al, 1970).

When Carter et al. (1973) compared partial slat and
wire floors, they found that bacteria counts on the egg
shell surface was significantly higher in partial slat
houses. Counts of bacteria in the air were not. taken, and
hatchability was not compared betweeﬁ the two floor types.
Instead, Carter et al. (1973) chiil—stressed chicks and-
igolated more types of énteric bacteria from chicks of
breeders' on'partial slat than from coﬁnterparts on total
wire floor. No further study was done to test the effect of
the presence of enteric bacteria on the growth of broiler

chicks.

2.1.5. Slats and Labor Requirements

Because more birds were housed on slat flbors than on
iitter floors, producers were able to handle more birds with
less work, and thus utilize chore time more efficiently
(Wallace's Farmer, 1962; Marley, 1959; Wallace's Farmer,
1958) . | |

Barn clean-out was required less frequently with slat
floors; producers cleaned out once a year or after shipping
é flock (Wallace's Farmer, 1962; Marley, 1959; - Wallace's
Farmer, 1958). This_ "all—in—all—out" practice of'hQusing

flocks has been recognized as an effective method of

10
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controlling the spread of disease between the previous and
the subsequent flock.

Magruder and Nelson (1965) found a reduction in labor
requirement frdm 35.3 to 19.7 minutes/bird/year by using
full slat floors instead of full iitter floors. As forecast
by France (1959), full slat floors reduced labor

requirements by about half.

"2.1.6. Conclusions

These studies show that by placing more birds per unit
floor space, slats minihize labor but lower egg production
per hen. Egg quality, fettility and.hatchability are not
significantly affected by the wuse of slats. Full litter
gave the best egg production, however the labor and floor.
space requirements of today's large flocks favor the use of

'slats. Partial slats may be the ideal middle ground.
2.2. ’ STUDIES ON BREEDER AGE‘

2.2.1. Breeder.Age and Egg Production

At the start of egg production, layers and breeders
quickly increase egg numbers, reaching a peak at about 30-32
weeks of age (Nordskog, 1980). | | |

Mather and Laughlin (1979) have found svidence that in

caged broiler breeders, the average length of the clutch
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decreases from 4.15 eggs at peak production to 1.10 eggs 48
weeks later. Therefore, the decline in egg production among
older breeders is partly due to the increase in the number
of non-productive days between clutches. Mather and
Laughlin (1979) also suggested that the eggs may sbend a
lbnger time in the oviduct of older birds, but have not
. found any evidence to support their claim.

As production progresses, larger eggs represent a
progressively larger proportion of the‘Atotél eggs laid.
When McNauéhton»et al. (1978) groﬁped chicken eggs into 2-
gram weight classes, the resulting frequency distribution
showed that the first 50.3% of the eggs.from the 29—week'old
breeders was spread from thev <47~-gram to the 55-56 gram
class? At 58 weeks of age, the first 52.2% of tﬁe eggs from
the same breeders was spread from the 51-52-gram to the 65-
66-gram class. | |

Four—week production data from 3 different Ross I
broiler breeder flocks iﬁdicated that the averége egg weight
consistently increased from 55 grams at 28 wéeks of age to
- 75-76 grams at 60-62 weeks of age (Kirk ét al., 1980).

In a study invoiving 3 commercial breeder flocks of the
same strain, Mather and Laughlin (1979) found that the mean
egg weight consistently increased in all of the flocks. 1In
the first flock, mean egg weight increaéed from 54.5 grams

at 28 weeks of age to 66.3 grams at 53 weeks of age. 1In the
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second flock, the mean egg weight increased from 57.4 grams
at 30 weeks to 67.2 grams at 55 weeks; and, in the third
flock, from 60.4 grams at 32 weeks to 69.3 grams at 57

weeks.

2.2.2. Breeder Age and Fertility

Studies involving chicken indicate that fertility, like
egg production, increases at the beginning of the productioh
cycle, peaks and then slowly declines.

Kirk et al. (1980) noted tﬁat Ross I broiler breeding
stock had a peak feftility of nearly 100% at about 34 weeks
of age; at 60 weeks of age, fertility declined to about 89%.

The fertility of 12 different flocks of New Hampshire
breeders, with an a?érage age of 160 daYs (22.8 weeks) at
the start of broduction, was monitored by Tomhave (1958) for
365 days (52.1 weeks) of‘production. The study period was
divided.into 50-day prOduction periods. A peak fertility of
90.0% was attained during days 51-100 of pfoduction (30.1-
37;1 weeks of ége). - This production period includes the
34th week of age, the age at which peak fertility was
detected by Kirk et‘al; (1980) in Ross I broiler breeders.
The proportion of fertile eggs declined considerably from
87.1% during days 201-250 to 81.4% during days 251-300.

Parkhurst (1974) observed an increase 1in fertility

among broiler breeders on all full and partial wood slats
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during the first three 28—déy periods after 23 weeks of age,
with 'fertility peaking during the third‘ test period.
Thereafter, fertility decreased. The third 28-day period
includes week 34 of breeder age, the time during which Kirk
et al. (1980) observed a peak of nearly 100% fertility in
Ross I breederé. Additionally, the third 28-day period is
included within days 51-100, the period of peak fertility in
the study by Tomhave (1958).

Andrews et al. (1988) found significanﬁ differences in
fertility between partial wood slatv and full and partiél
flooring = of plastic-covered wire, found significant
differences in fertility between partial wood (97.2%) and
partial plastic-covered wire slats (92.2%) during the third
28-day period after 24 weeks of age. Fertility on full
‘litter (94.7%) and full plastic-covered wire (95.6%) slats
was intermediate; no significant differences were found in
over-all fertility.

Regardless of floor type, Nofdskog and Schierman (1965)
detected an increase in fertility during the first 10 days
of putting male and female White Leghorns on partial slat
and full litter floors, with birds on the partial slat
floors shéwing a slower increase. The report did not
elaborate on fertility trends after the first 10 days of

production.
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Reinhart and Hurnik (1984) found that fertility of eggs
laid at 33-35 weeks of bréeder age was significantly higher
(p<0.001) compared with those laid by ﬁhe same breeders at
50-52 weeks of age (96.3% vs. 91.9%).

‘Without reporting egg p:oduction, Quarles et al. (1970)
stated that in Single Comb White Leghorns, produétion (i.e.,
age of breeder) was correlated with fertility; fertility
increased with production during sixteen l4-day test periods
after 20 weeks of breeder age. There was no distinct peak,
but ‘fertility declined during the last quarter of the
experimental period.

Tindell and Morris (1964) noted that the fertility of
chicken eggs collected from different hatcheries
progressively increased as.aVerage egg weight increased-from
42.5 to 61.5 grams. Assuming that the larger eggs were laid
by older breeders, Tindell and Morris (1964) stated that the
females laying the small eggs ‘were Jjust coming into
production and were not being covered 'by the males as
efficiently as their counterparts laying larger eggs, hence .
the lower fertility in small eggs;

A very early study, conducted by Halbersleben. and
Mussehl (1922), shéwed that "extremely small and extremely
iarge" chicken eggs (46-49 and 59-65 gramé, respectively)
. bad the lowest fertility (80-81%), while eggs weighing 50-58

grams had the best fertility (87%). -The authors did not
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mention the breed studied, or whether the different sizes of
eggs came from hens of different ages. -
Proudfoot and Hulan (1981) did not see differences in
fertility.between chicken eggs weighing 46-50 grams and 53-
57 grams. These investigators concluded that fertility is
hot influenced by egg size. 1In light of the study by
Halbersleben and Mussehl (1922), Proudfoot and Hulan (1981)
should have observed higher fertility in eggs'weighing 46-50
grams than in those weighing . 53-57 grams. Neither report.
mentions the breed of chicken wused for the study. Proudfoot
-and Hulan k1981) obtained all egg sizes from breeders of the
same - age,. but Halbersleben and Mussehl (1922) made no
statement in this respect. . Therefdre the discrepancy could
not be atttibuted to differences in the breed used or to the
fact that egg sizes represented different breeder ages in

one study and not in the other.

2.2.3. Breeder Age and Hatchability

The influence of breeder age on _hatchability.seems to
be a function of egg weight. Egg sizes in the extreme have
been shown to have lower hatchability than those in the
intermediate. Since chicken eggs have Dbeen found to
consistently increase in size as the flock ages (Kirk-et
al., 1980; Mather and Laughliﬁ, 1979}, extremely small eggs

near the béginning of lay énd extremely large eggs néar the
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end of lay would have lower hatchability than eggs laid
during the middle of the laying cycle. | |

Except when stated otherwise, all hatchability data
presented will be hatchability of total eggs set.
| In the study by Kirk et al. (1980) the maximum
' hétchability of Ross I broiler bréeder eggs waé 91%, and
occurred at 44 weeks of age; aQerage egg weight at this time
was 65 grams. At 60 weeks of age, hatchability had declined
to 82%, and éve:age egg weight was 75 grams. The lower
hatchability before and after the peak - was thought to be
due, in pért,‘to an effect of egg weight. It appeared that
an optimal egg weight was involved, and that the smaller
eggs from a young.flock and the largér eggs from an older
flock were not as hatchablé as thbse weighing close to the
optimal weight.

No mention was made of egg weight in a study‘by Tomhave
(1958), but it was found that the‘age of breeders had little
influence on the hatchability during the first five 50-day
test periods (250 days). Hatchability slowly increased from
the start of production until it péaked at 79.7% during days
151-200 of preduction, and then decreased erm 77.4% during
days 201-250 to 69.3% during days 251—300.V The peak period
covers weeks 44-51 cf age, and confirms the results from the
stﬁdy.by Kirk et al. (1980) wheré‘peak hatchability of all

eggs set was seen at 44 weeks of age. The hatchability of
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fertile eggs remained consistently between 88.1 end 90.3%
ffom days 1-250, and stayed within 85% from day 251 to the
end of the study period (day 365).

McNaughton et al. (1978f found signifieant differences
in hatchability between eggs from parents of different ages
only when egg sizes were different. Eggs from 29-week old-
breeders were aseigned to either the 47-52 or 57—62—g:am
groups, and those from 58-week o0ld breeders to either the
57-62 or 67-74-gram groups. 'The hatchability of the three
weight groups were significantly different from each other.
The lightest group had the highest- hatchability (86%), the
57-62-gram group was intermediate (80.3 at 29 weeks of age.
and 81.4% at 58 weeks of age) and the 67—74—gram group the
lowest (75.4%). |

Without stating that eggs of different size‘groups came
ffom parents of different ages, Halbersleben and Mussehl
(1922) reported that "extremely large (59-65 grams) and
extremely small (46?49 grams) edggs" .did not hatch as well as
those weighing 50-58 grams. Average hetchabilities were
>29%, 33% and 41.6%, respectiveiy.

Proudfoot and Hulan (1981) concluded that within the
intermediate size ranges, hatchability was unaffected by
size differentials. Their study indicated that hatchability

of eggs weighing 46-50 grams (56.5%) was not significantly
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different from that of eggs weighing 53-57 grams (58.6%) .

No explanation was given for the low over-all hatchability.

2.2.4. Breeder Age and Embryo Mortality

Although the pattern of embryo mortality during
incubation in chicken and turkey eggs has beén well
documented (Byerly et ql., 1933; Byerly, 1930; Payne, 1919),
very little work'has been. done to iﬁvéstigate' the changes
that occur in the pattern with the change in breeder age.

The two c¢ritical periods found by Payne (1919) during
the ‘incubation of chicken eggs occurred on days 4-6 and on
days 18-20 ' of incubation, and were consistent for both
natural and'artificial‘incubation.

Insko énd Martin (1935) found two peaks of vchicken
embryo mortality; one on day 2 and the other on day 19 of
incubation, with the early peak being two days earlier than,
and the late peak coinciding with Payne's (1919).

' The two «critical periods detected by - Insko and Martin
(1935) in the develépment of turkey embryos were days 4 and
.25 of incubation. Théy stated that the second'mortality
peak occufred at the same relative time as in chicken eggé.
However, the first peak did not, and Insko and Martin (1935)
attributed this difference to the' greater length of time

required to heat turkey eggs to incubation temperature.

19



LITERATURE REVIEW

Reinhart and Hurhik (1984) divided the incubation
period of chicken eggs into days 1-8, days 9—18‘and days 19-
21 ﬁo correspond' with the ﬁortality periods in the earlier
studies (Insko and Martin, 1935; Payne, 1919). Mortality
during days 1-8 and days 9-18 was higher, but not
significantly, in eggs frbm 50-52-week o0ld breeders than in
eggs from 33-35-week o0ld breeders. Mortality during days
19-21 was significantly higher in eggs from the older
breeders. For both breeder ages, the eggs were assigned'to
four weight groups: small, medium, large and extra large

with average weight of 59.3, 63.0, 65.6 and 69.6 grams
| respectively. The report did not state the proportion of
eggs from - each of the two breeder age gfoups in each egg
‘weight group. Therefore, it 1is unknpwn whether larger eggs
predominated when breeders were 50-52 weeks o0ld, as is
usually seen for chickens. Embryo mortality during days 1-8
was higher,' but not significantly, in thé small and extra
large eggs than in the medium and large eggs. Mortality
during dayé 9-18 was similar for all weight group. During’
days 19—21, the mortality in extra large ‘eggs was
significantly higher than in the other three groups. There
was no éignificant interaction between breeder age and egg

weight.
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2.2.5. Breeder Age and Progeny Growth

A consistent relationship hés been found between the
weight of the unincubated egg and the weight of the chick at
hatch. 'ih a- summafy. of studies in six domestié bird
species, Shahawany‘(1987) concluded: that hatching -weight
depended upon a linear function of egg weight at setting.
It was estimated that hatching weight increases by 0.59 gram
fér’évery gram increase in egg weight. Shanawany (1987)
-reported that on  average,. hatching weight of chicken,
.turkey, duck, goose} pheasant and quail represent 68.0%,
63.0%, 57.8%, 58.9%, 62.0% and 66.9%, respectively, of the
unincubated egg weight. The percentage was signifiéantly
different between the species e#cept between the duck and
the goose. u | |

Since Kirk et al.‘(1980) and McNaughton et al. (1978)
reported that lérger eggs predominate in older chicken
breeders, chicks from these breeders would be heavier than
those from younger breeders.

Numerous studies have been conducted to investigate the
influence o0f egg weight Oﬁ chick growth (Proudfoot and
Hulan, 1981; Deaton et al., 1979; Gardiner, 1973; Tindell
and Morris, 1964; Goodwin, 1961; Kosin et all, 1952;
Skoglund et al., 1952; Wiley, 1950; Upp, 1928; Halbersleben

and Mussehl, 1922) but few have addressed the influence of
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egg weight on chick growth as.relaﬁed to Dbreeder age (Pone
et al., 1985; McNaughton et al., 1978).

In  two experimeﬁts, McNaughton et al. (1978)
investigated the influencevof breeder age on the body weight
of chicks using eggs of comparable weight. From52§—week old
breeders, eggs weighing 47-54 and 57-62 gramsAQere obtained,
and from 58-week old >breeders, 57-62 and 67-74 grams.
Broilers from the heavier eggs were consistently heavier at
1 day and 2,‘4 and 6 weeks of age; Statisﬁical comparisons
were made between the body weights at market age only, with
the two sexes separate. In the first experiment, birds were
marketed at 8 weeks of age, and at seven weeks and fouf days
of age in the second trial. Both experiments showed‘that
there were no significant differences in the body weight of
female chicks from 29- and 58-week old breeders when the egg
weights were uniform. On the other hand, the female progeny
of 29-week old breeders obtained from eggs weighing 47-54
grams were significantly lighter than those from 57-62 grams
and the'progeny of 58-week old breeders. During the first
experiment, male Dbroilers hatched from eggs weighing 67-74.
grams were significantly heavier than ﬁhose from eggs
.weighing 47-54 grams. No differences in male body weight
- were deﬁected_ during the second experiment. McNaughton et

al. (1978) concluded that the age of parents influenced the
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market body weights of their.~progeny through differences in
egg wéights. | |

Without choosing» a particular egg weight 'group at‘27,

42 and 52 of breeder age, Pone et al. (1985) compared the
growth of male chicks from 27-, 42- and 52-week o©ld Cobb
breeders. The broileré were raised Separately according to
parental age and intermingled, both on litter and plastic-
covered perférated metal floors.

At one day of age,. body weights for the respective
parental age groups were 36.1, 41.2 and 42.7 grams. The 31-
day body weights wefe 948, 998 and 1030 grams,vrespectively.
At both times, the body weight of the . three brogeny groups
were significantly different from each other. At 44, 47 and
52 days of age, the body weights pf progeny from 42- and 52-
week old breeders were statistically equal and were
significantly higher than that ¢of progeny of 27-week old
breeders. o

Groupihg ~the male broilers according to the type of
flooring, Pone et él. (1978) found that those raised on
slats were consistently heavier than those raised on litter.
When male broilers from ail parental age dJroups were grown
_intermingled on each of the two ﬁloor types, differences
were significant only at 52 days of age. On the other hand,
when the parental‘ age groups - were faised separately,

differences were significant at 44 and 47 days of age. It
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was concluded that the type of rearing (separate vs.
competitive) did not alter the influence of parental age'on
chick weight. | | |
Withouf showing feed consumption values, Pone et al.
(1985) stated that broilefs from the youngest parents
consumed less feed at each of the weighing days mentioned."
- In agreement with McNaughton et al. (1978), Pone et al.
(1985) concluded that the effect of breeder age on the
growth of progeny is not manifested ‘when egg weights are

equalized. ' -

2.2.6. Conclusions

Hatchability and' fértility increase éhortly aftér the
beginning of egg production, peak and then decline. Progeny
grdwth however, inéreases constantly with egg weight.
Information on the 'influence of bfeeder age on embryo

mortality is insufficient for any conclusion to be made.
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3. OBJECTIVES
Preseﬁt—day intensive poultry production
require the use of slats as a manure management
Wood slats .have been widély used, however thgre

some interest 1in plastic slats. Some of the

systems
practice.
has been

apparent

benefits of plastic slats are cleaner flooring and gréater

durability.

This study was conducted to investigate the

influence

of wood and plastic slats, either in combination with litter

.or as full flooring, on the important economic performance

parameters of Arbor Acres broiler breeders and growth of the

progeny over one production cycle.

The following hypotheses were tested:

1) Plastic slats result in higher egg production,

- fertility and hatchability.

2) 'The progeny of plastic slat breeders grow more

efficiently than wood slat progeny.



4.  MATERIALS AND METHODS

4.1.  BROODING PROCEDURES 7

Arbor Acres broiler breeders housed at the Animal
Science Poultry Unit breeder barn were used for this study.
The Arbor Acres Male and Female Management Guide (1985) was
adhéred to in raising the brbiler breeders té 24 weeks of
age.

Brooder heét lampé were used to supply additional heat
"during brooding. A temperature of 325C at floor level was
maintained for ﬁhe firét 3 days. Temperature was dropped
every 3 days wuntil 21-22°C was attained. The last heat
lamps were removed at 26 days of age. Room temperature was
maintained near 15°C thereafter.

- From one day to 4 weeks of age, males and females were
brobded_together on . wood shavings at 159 birds for each of
eight 3mx 3.6 m pens. At 4 weeks of age, 60 cm;high slats
were installed on 60% of the floor area of all the pens. At
11 weeks of breeder age, full slat arrangements were
installed in half of the 24 pens, and birds in each of the 8
brooding pens were divided into three groups and assigned to
respective pens.

At 13 weeks of age, the chicks were diagnosed to have
staphylococcus infection, and were given tetracycline for a

week, followed by penicillin at 17, 19 and 30 weeks of age.
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. The chicks were vaccinated against Marek's disease at
one day of age, and against Newcastle/Bronchitis at 2, 10

and 16 weeks of age.

4.2. ‘ LIGHTING

Lighﬁing in each pen was provided by a 100-watt
inéandescent bulb fromvthe time thé'heaf lamps wefe removed
through to the end of the 17th week. In each hallway, one
22~-watt circle fluorescent lamp was provided for each of two
adjacent pens. The broiler bréeders were provided with 10
hours of light from one day of age to the end of the 17th
week. At the start of the 18th week, photoperiod was
increased by one hour evéry wéek, until 14 hours was
attained. Photoperiod was maintained at 14 hours until the

end of the study.

4;3. AHOUSING DURING LAY

Shortly prior to the onset of lay (week 22) the number
of birds per pen was equalized into 47 females and 6 males.
Dead and culled females were replaced untilA28 weeks of agé.

Each pen was 3 m x 3.6 m, and floor space allotment was

2040 cm?/bird. The pens were situated in two rooms which
were separated by the feedroom. The first ~room contained
pens 1 to 8, and the second contained pens 9 to 24. The

pens formed two lines down the middle of each room.
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The influence of slat material (wood vs. plastic) and
slat coverage (full vs. partial) were examined on parameters
which will be mentioned subsequently. Breeders were fed two
types of diet, formulas for which aré‘listed in Appendix
Tableé 5, 6 and 7. Since there was no significant diet
effect, replicates have been combined for the analysis of
this thesis. Another variable -name, slat type, was created
to distinguish each of the four kinds of flooring systems
resulting from the slat material and slat coverage
treatments. Six pens were ‘assigned randomly to each of the
4 slat type treatments.

The slat type names .were as follows:

1) Full wood slats (FWS)

2) Partial wood‘siats (PWS)

3) Full plastic slats (FPS)

4) Partial plastic slats (PPS)

Each of the 8 va;iable combinations was represented by
one pen in the réom containingv pens 1 to 8, and by two pens
in the other room. The rooms were assigned to treatménts at
regular interval.

Figure 1 illustrates the pen set-up. - In pens with
partial slats (PWS and PPS), 60% of the floor area was
covered with slats raised 60 cm above the concrete floor,
and the rest of the fioor area was covered with 5 cm-deep

wood shavings. A slatted step-up, 30 cm  wide and 30 cm
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above the concrete floor, was placed'along the slatted area
on recommendation of the broiler breeder company. In full
slat pens (FWS énd FPS), 60% of the floor area was covered
with slats raised 60 cm above the floor, and the rest with
~slats raised 36 cm above the floor.

Each pen had four 20-kg tuberfeeders with pans at 41.9
cm diameter and one hanging round automatic>waterer'at 34.3
cm diameter. A 12—hole metal nest, with wooden perches, was
situated on each of two sides of every pen at the uniform
height of 60 cm above the floor. 1In partial slat pens, one
end of the nests was set on the slatsland the other over
extehded over the litter area. 1In full slat pens, one end
of the nests was set over the 60-cm high'slats and the other
extended over the 30-cm high slats.

-Figure 2 is an illustration of the dimensions .cf wood
and plastic slats. The plastic slats were 1.2 cm wide, and
had 1.8 cm x 9.3 cm openings which were separated by 0.8 cm-
strip along the short axis. The wood slats were 3.5 cm wide
and 2 cm apart.

Waste was allowed to accumulate under the slat area
‘throughout the study, but thé wood shavings in partial slat

pens was periodically changed.
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Figure 1. Dimensions of Pe'ns*
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Figure 2. Dimensions of Slats~
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4.4, FEEDING PROGRAM

‘Breeders were fed starter diets ad lib from day one to
‘the end of 3 weeks. From 4 to 20 weeks, breeders were fed
developer diets on a limited feed program skipping the
Wednesday and'Sunday of each week. | From 21 weeks of age to
the end of the study, breeder diets were fed everyday as
recommended by the' Arbor Acres Broiler Breeder Male and
Fgﬁale Feeding and Management Guide (1985). Diet formulas
are listed in Appendix Tables 5, 6 and 7.
4.5. ~ EGG COLLECTION

Starting at 24 weeks of age, eggs were collected from

the nests and the slat and slat-litter floor in each pen 3
times a day. Eggs that fell through the slats were not
counted. Eggs on the floor were counted separately from
eggs in the nest. The numbers of cracked eggé on the floor
and in the nest were also recorded. Eggs were shipped to a
commercial hatchery once a week for hatching. The breeders'

were shipped after 58 weeks of age.

4.6. FERTILITY AND HATCHABILITY TESTS

Settable eggs were incubated to hatch at the UBC Animal
Science ‘Poultiy Uﬁiﬁ approximately every five (5) weeks
starting at 37 weeks‘of age for fertility and hatchability.

As in commercial hatcheries, dirty, cracked and thin-shelled
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-

eggs were discarded. Sample size was 75-100 eggs per pen.
Eggs were left overnight @ at room temperature prior to
inéubation. A relative humidity of 60-70% during the first
18 days Vand 80% during the last 3 days of incubation was
aimedvat, but_thé Robbins incubators flﬁctuated greatly in
relative humidity for short periods of time. Incubator
temperature was more consisten£ and thermometer readings of
99.2°F + 0.90 (37.3°C + 0.50) were attained.

The eggs that Qere set were candled between the 7th and
10th days of incubation to remove infertile eggs and early
dead embryos. Viable embryos as determined dufing the
candling were transferred to a Robbins hatcher at day 18 for
hatching. Those unhétched afﬁér 21 days of incubation were
opened to determine the final stage of dé&elopment and to
record abnormalities.

The time of death of the embryo waé classified into 4
stages: early (days 0-7), middle (déys 8—14), late (days 15-
21) and pipped for embryos . that break the egg shell but do

not hatch.

4.7. GROWTH.TRIALS

Chické were selected from the hatch of the 37th- and
46th-week collections and grown out to three weeks. Chick
from the 56th week collection were grown out to market agé

(six weeks). Except for discarding the deformed and
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crippled chicks, no culling was practiced. Two replicate
groups of ten chicks were randomiy assigned to Dbattery
brooders to represent each of the parental pens. Body 
weight and feed intake were measured at the end of each
week.»

Battery cages (Petersime Chick Batteriés) used to house
chicks from the first to the third week were 98 cm(L) x 69
cm(W) x 24 cm(H). The 48 battery cages were on 4 trolleys
of 12 cages each; in each trolley the 12 cages were stacked
6 high, side by side. Each battery cage was equipped with
63 cm-long feed troughs and.67 cm-long .water troughs.
Heating coils _in.each cage provided additional heat during
the first two weeks, when battery cage temperature was
maintained hear 27°C, Thereafter; the temperature was
maintained near 20°C.

.The 56th week progeny were taken.only from eggs which
welghed 66—78 grams before incubation. This procédure, doﬁé
only for this growth trial, was aimed at minimizing
variation due to differences in egg wéight and initial chick
weight. - The chicks were sexed.after hatching, so that each
parental pen wés reptesented by one group of 10 male chicks
and one ' group of 10‘female chicks.‘ After quy weight and
feed intake were measured on the third week, each replicate
of 10 Dbirds was reduced to 7  birds fbr optimum space

allotment in grower cages; cripple and weak birds were
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discarded, and in pens without cripple or weak birds, excess
chicks were randomly picked out; _ Body _weight and. feed
intake were measured on the 5th and.6th weeks. |

During the third to.the sixth week of the last grow-out
trial, chicks were housed inj66 cm(L) x 66 cm(W) x 36 cm'(H)
cages. Each of the 4 trolleys of 12 cages had 3,groups of 4
‘ cages high. The feed and water troughé were 60 cm long;

The broiler chicks were given non-medicated commercial
feed. During the first three weeks, broiler starter with
23% protein was used. During ' the fourth and fifth weeks of
the last trial, broiler grower with 20% proteinbwas given to
- the chicks, and broiier finisheér with i8% protein on the
éixth week. | |

Feed and water were provided ad. lib to ‘the broilers
.throughout the .experiment. A 100-watt incandescent bulb;
hungvabout 1 meter above each trolley, provided 1light 24

hours a day throughout the study.

4.8. STATISTICAL ANALYSIS

Analysis of variance (ANQVA), specifically the General
Linear Models procedure of SAS (1985), was applied to all Qf
the egg production and progeny growth parameters. Analysis
showed that except in interactions with the other main
effects, breeder diet did not significantly influence ény of

the parameters measured. Therefore, means of breeder diet
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groups were combined and the degrees of freedom were added
to the error term in subsequent analyses.
Parameters measured included percent biweekly and over-

all egg produbtion, percent floor eggs, cracked nest eggs,

cracked floor eggs and "settable" eggs. Percentage values
were transformed using arcsiné transformation 'fdr
statistical analysis (Li, 1964). The statistical model used
was: |

Yigkl = B * Ry *+ My +Cyp +(MC) 5 + Ej 41,

and i=1,2,...,6; 5=1,2; k=1,2; 1=1,2,...,24; where
Yijkl = one of the dependent variables (% biweekly egg
production, % floqr eggs, % cracked nest eggs,. % cracked
floor eggs or % "settable" eggs) . ‘Yijkl is thé egg

production status of the Ith pen of the ith replicate with

the 3tP  slat material and the ktP slat coverage; p = the
theoretical pdpulation' mean, Ry = effect of the ith
replication, Mj = effect of whether slat material was wood

or plastic, Cy = effect of whether slat coverage was full or
partial;v(MC)jk = effect of ﬁwo—way interaction involving
main effects; E;j4x; = random error.

The influence of breeder age, slat material and slat
coverage on percent fertility, percent hatchability; and
percent incidence of embryo mortality were also analyzed

using ANOVA with repeated measures. Arcsine transformation
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(Li, 1964) was applied to percentage values before
statistical analysis. The statistical model used Qas:
Yijkin = B * Ry * Mg *+ Cyp + (MC) g + Eliik + AL+ (AM) 53
+ (AC) 1 + (AMC)jkl + Ezijkln' 5
and i=1,2,..,6; 3=1,2; k=1,2; 1=1,2,..,5; n=1,2,..,120;
where Yjjyip = is ‘one of the dependent variables (%
fertility, % hatchability, % incidence of .embryo mortality) .
Yijkln is‘the reproductive.sﬁatus of the females in the nth
pen of ith replication with the 5th slat material and the
xth slat coverage, during the th breeder .age; poo=
theoretical population mean, R; =  effect of the ith
'Ireplieation, Mj = effect of wﬁether slat material was wood
or plastic, Cx = effect of whether slat coverage was full or
partial, (MC) 5% = effect of two-way interaction between the
main effects, Eljkx1 = error term for testing the main
effects, A; = tﬁe effect of a specific breeder age, (AM)jl,
(AC)kl = effects of two-way interactions .involving breeder
age, (AMC)jki = effect of three-way interaction between the
main effects and breeder age; Ezijkln = error‘term for
.testing the sub-plot effects.
The iefluence of breeder age, slat material and slat
coverage on - the three-week gro&th of 37th, 46th. and 56th
week progeny were analyzed using the following statistical

model:

Tijkimn = P * Ry + RPj5 + Mg + Cp + (MO + Eljgxg
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* Ap ¢ (AMiyn + (A0 1p + (AMO)yip EZijxlmn-

and i=1,2,..,6; j=l,2; k=1,é; 1=1,2; m=1,2,3;
n=1,..,144; where Yijklmn = is one of the growth parameters
of progeny (body weight, weight gain, feed intake, feed
conversion)} Yijklmn is the growth status of the progeny in
the jth cage from the. ith parental pen with the kth slat
material and the lth slat coverage during the mtb'breeder
age;‘p = theoretical population mean, R; = effect of the‘ith<
parental pen, Rpij-= effect of the jth progeny cage from the
_ ith parental pen, My = effect of wbethe; slat material of
the pérentai pén was wood or plastic, Cy = effecﬁ of whether
slat coverage of the  parental pen was full or partial,
(MC) g1 = effect of two-way interactionr between the main
effects, Eljjx1 = érror term for testing the main effécts,
Ap = .effect of a specific breeder age, (AM)km and (AC)lm.=
effect of two-way interactions involving’ breeder age;
(AMC) y1p = effect of three-way interaction between tﬁe main
effects and Dbreeder age Ezijklmn = error.term for testing
ﬁhe sub-plot effeéts.

Hatching weight of progeny was adjusted in_a'covariance

analysis to eliminate the effect of breeder age on the

growth of progeny (Hicks, 1982). The following statistical

model was used:
Yiiklmn = P * Ri + Rpij + Mp + Cp + (MC)yp + Elijkl

+ Ap o+ (AM)yp *+ (AC)ipm + (AMC)yip * E2j5kimn
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* HBWT; jx1mn-

and i=1,2,..,6; j=1}2; k=1,2; 1=1,2; | m=1,2,3;
n=1,..,144; where Yijkimn = is one of the growth parameters
of progeny (body weight, weight gain, feed intake, feed
conversion) . Yijklmn is the growth status of the progeny in
the jtb cage from the pth parentél pen with the kth siat
material and the 1R slat coverage'during the mtP breeder
age; M = theoretical population mean, Ri = effect of the ith
pa;ental pen, Rpij = effect of the jth progeny cage from the
ith parental pen, My = effect of whether slat material of
the parental pen was wood or plastic, C; = effect of whether
slat coverage of the 'parental pen was full or pértial,
MC) gy, = effeét of two-way interaction between the maiﬁ
effects; Elijkl = error term for testing the main effects, .
An = effect of a specific breeder age, (AM)y, and (AC) yp;
effect of two¥way interactions involving breeder age;
(AMC) y1n = effect of three-way interaction bethen the main
effects and breeder age, Ezijklmn = error  term for testing
the sub-plot éffects, HBWTijklmn = the covariate, hatching
weight of progeny.

In the analysis of the six-week growth of 56th week
progeny; the independent variabies involved were slat
material, slat coverage and sex of progehy. The following

statistical model was used:

Yijxin = P+ Ry + My + Cy + S; + (MC) 3¢ + (MS) 4
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+ (CS)ygp + (MCS) 41 *+ Eijkine

and i=1,2ﬂ,,6; j=1,2; k=1,2; l=1,2; n=1,2,...,48; where
Yijkln = 1is one of the growth parameters of progeny (body
weight, weight gain, feed intgke, feed conversion). Yijkln
is the growth status of progeny of the 1th gex in the jth
replication, produced by breeders on the jth slat material
and the kP silat coverage; M = théorétical population mean,
Mj = effect of whether slét material of the parental pen was
wood or plastic, Cx = effect of whether slat coverage of the
parental pen was full or partial slat, §; = effect of
whether*sek of progeny was male or female; (MC)jk,‘(MS)jl,
(CS) gy = -effects of ﬁwo-way interactions between the main
effects; (MCS)jkl - the effect of three-way interaction-
between the main. effects; Eijkln *© random error.

The pdiff procedure of the SAS General Linear Models
(1985) was used to eyaluate treatment différences among the

means in all of the above analyses.
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5. RESULTS

The influence of slat material and slat covefage on'egg
production, fertility, hatchability, distribution of embryo
mortality and growth of 37th, 46th and 56th week progeny
will be presented. The influence of breeder age on
fertility, hatchability, distribution of embryo mortality
and growth of 37th, 46th and 56th week progeny, as well as
the influence of sex of progeny on the growth of 36th week
progeny will likewise be presented.

Due to wide variations in weekly data, egg production,
the incidehce of floor eggs, cracked nest and cracked floor

eggs were analyzed on a biweekly basis (lay periods).
5.1. IHE INFLUENCE OF SLAT MATERIAL AND SLAT COVERAGE

5.1.1. Egg Recovery

The slat material ‘x slat coverage interaction was
significant for over-all eég 'recovery (Table 1) . Partiai
wood (PWS)A and partial plastic (PPS) slat pens had\higher
over-all egg recovery rate than either full wood (FWS) or
full plastic ' (FPS) slat pens, and FWS pens‘had higher egg'
recovery.rate than FPS pens.. During lay periods 5, 6, 7,
lb, 12, 13 and 14, PWS and PPS pens had higher egg recovery
than either FWS or FPS. Except during lay periods 12, 15

‘and 16, egg recovery was higher in FWS pens than in FPS
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pens. The replication effect was significant during lay

periods 2, 5 and 6.

5.1.2. Incidence of Floor Eggs

Although the incidence of floor eggs during lay periods
4, 9 and 15 was influenced by slats, the over-all incidence_
of floor eggs wés not (Table 2). During lay periods 4 and
9, the incidenée of floor eggs was higher in PWS and FPS
pens than in FWS pens. During lay period 15, PWS, FPS and
PPS pens had a higher proportion of floor eggs than FWS

pens.

5.1.3. Incidence of Cracked Floor Eggs

During lay periods 10 and 11, the incidence of cracked
floor eggs was higher in FPS ‘pens than in PWS and PPS pens.
During lay period 14, FPS pens had é higher -incidence of

cracked floor eggs than PWS, FPS and PPS pens (Table 3).v’

5.1.4:. 1Incidence of Cracked Nest Eggs

The incidence .of cracked nest eggs was higher in FWS
and FPS pens than‘in PWS and PPS pens during lay periéds 4,
8, 9 and 11 (Table 4). Differences were .seen only during
two other lay periods; during lay period 12, the incidence
of cracked nest eggs was higher' in FWS and FPS pens than in
PWS pens;‘and, during lay period 16, FPS pens had a higher

incidence of cracked nest eggs than FWS, PWS and PPS pens.
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The over-all incidence of cracked nest eggs was higher in
FWS and FPS pens than in PWS and PPS pens, and this was
reflected in the higher over-all incidencev of cracked nest

eggs in full than partial slat pens.

5.1.5. Percent "Settableﬁ Eggs

Wheﬁ the number Qf non—cracked nest eggs was used as an
estimate of percent "settable" eggs, it was fodnd that the
lslat material x slat coveragé interactioﬁ was significant
(Table 5). PWS and PPS "pens had a higher proportion of-:
""settable" eggs than either FWS or FPS pens. Additionally,

the proportion was higher in FWS pens than in FPS pens



RESULTS

Table 1. The Influence of Slats on Egg

- Recovery1
: Standard
Breeder _ Slat Type2 : Error
Lay Age of the
Period (Weeks) FWS PWS FPS PPS : Mean
1, 24-25 9.23 10.08 .10 9.98 1.00
2% 26-27 42.28 45,78 33.5D  44.93 1.15
3 28-29  66.62 70.48 55.3b g7, 33 2.05
4 30-31 69.30 7548  60.8C 71.63/D 1.67
5°  32-33 72.0b 78.82 = 62.3¢ 77.52 1.33
6%  34-35 70.90 76.98  61.4C 76.82 1.21
7 36-37 66.60 72.58 59.5C  73.62 1.50
8 38-39 65. 40 69.98/b 59 gC¢  70.92 1.64
9 40-41 63.1P 68.02 56.1C g6.8asb 1.38
10 42-43 59.8P 67.32 53.5C 5.4 1.58
11 44-45 58.78 6£3.728 52.28  g4.48 2.17
12 46-47 55.3b 60.88 50.2b g2.53 1.76
13 48-49 52.3b 57.42  47.7P  60.62 1.59
14 50-51 '50.4P 54.62  46.0C 57.52 1.38
15 52-53 47.18 53.94 44,78 53.28 1.84
16  54-55 47.1b 51.68/0 43.7b 54,08 1.65
Mean 56 .00 61.18  49.5C 1.1 1.20
MeanX 58.48 (Wood) 55.2P(pPlastic) 0.84
Mean¥ 52.7P (Full) 60.92 (Partial) 0.84
Percent hen-day egg recovery.

2 FWS = full wood slats; PWS = partial wood slats;
FPS = full plastic slats; PPS = partial plastic
slats. ' ‘

a,b,Cc  yalues followed by different letters within a line

« are significantly different (P<0.05).

‘Slat material x slat coverage interaction is
significant (P<0.05).
Significant replication effect (P<0.05).
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Table 2. The Influence of Slats on the
Incidencel of Floor Eggs

Standard
Breeder Slat Type2 o Error
Lay Age ' of the
Period (Weeks) FWS PWS . FPS PPS Mean
1 24-25 10.82 13.28 8.08 6.62 3.11
2 26-27 6.028 9.62 6.98 6.88 1.43
3 28-29 4.38 7.38 5.54 5.88 1.02
4 30-31 2.4b 5.92 4.92 4.73sb 0.92
5 32-33 3.4:' 6.82 7.5: 4.6: 1.05
6 34-35 3.2 6.5 7.3 4.8 1.05
7 36-37 2.28 5.42 6.48 5.028 0.95
8 38-39 2.62 5.08 5.88 4.78 0.90
9 40-41 2.8b 5.32 6.42 4.78sb 0.86
10 42-43 2.08 4,98 5.18 4.78 0.93
11 44-45 2.08 4.62 4.02 4.58 1.07
12 46-47 2.18 2.92 3.62 3.82 0.75
13 48-49 2.28 4,18 4,38 4,18 0.99
14 50-51 1.98 3.28 2.48 3.28 0.62
15 52-53 1.3P 3.02 4.28 4.13 0.67
16 54-55 2.48 4.18 3.78 4.82 . 1.00
Mean - 3.28 5.78 5.48 4.82 0.77
Mean 4.4:(Wood) 5.12(Plastic) - 0.54
Mean 4.39(Full) 5.28(partial) 0.54
1 Floor eggs as a percentage of total egg production for
a given lay period. v
2 FWS = full wood slats; PWS = partial wood slats; FPS =
a.b full plastic slats; PPS = partial plastic slats.

Values followed by different letters within a line

~significantly different (P<0.05).
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RESULTS

'Tablé 3. The Influence of Slats on the
Incidence~ of Cracked Floor Eggs

Standard

: Breeder Slat Type2 ' Error
Lay = Age ' of th
Period (Weeks) FWS PWS FPS PPS Mean
1 24-25 16.78 16.78 13.98 1.68 6.90
2 26-27 17.88 18.12 20.58 24,38 4.52
3 28-29 13.38 15,12 22.18 17,18 3.99
4 30-31 22.68 9.63 18.98 14.28 5.31
5 32-33 20.12@ "14.0° 27.58 14.428 5.35
6 34-35 15.58 9.8a@ 20.38 13.28 3.61
7 36-37 30.58 16.48 18.08 = 13.0@ 5.13
8 38-39 24.438 18.82 23.28 5.3a 6.73
9 40-41 15.88 12.18 27.148 11.38 4.55
10 42-43 16.88/b 7 gb 27.18  10.2b 3.26
11 44-45 16.28:b 1. 3b + 30 02a 3.8P 4.84
12 46-47 19.338 21.328 24.48 5.62 6.90
13 48-49 13.28 15.1@ 17.9@ 16.18 5.87
14 . 50-51  14.8P 12.6P 40.52 12.4P 6.85
15 52-53 35.28 13.g@ 37.18 13.98 9.90
16 54-55 26.18 8.52 21.08 10.78 7.85
Mean 19.98 13.28 23.78 11.728 2.76
Mean 16.62 (Wood) 17.78 (Plastic) 2.01
Mean 21.88(Full) 12.48(partial) 2.18
1 ‘Cracked eggs on the flcor as a percentage of the number
of floor eggs for a given lay period.
2 FWS = full wood slats; PWS = partial wood slats; FPS =
a.b full plastic slats; PPS = partial plastic slats.
4

Values followed by different letters within a line are
significantly different (P<0.05).
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Table 4. The Influence of Slats on the
Incidencel of Cracked Nest Eggs

v Standard
Breeder Slat Type2 Error
Lay Age ' ' of the
Period (Weeks) FWS "PWS . FPS PPS Mean
1 24-25 0.88 p.2@ 0.92 0.32 0.50
2 26-27 1.48 0.98 1.48 1.0@ 0.20
3 28-29 1.18 0.68 1.1¢@ 0.28 0.23
4 30-31 1.58 .7bP 1.52 0.7P 0.22
5 32-33 1.88 0.62 2.028 0.92@ 0.26
6 34-35 1.18  g.98 1.62 0.8a 0.30
7 36-37 1.52 0.58 1.88 0.78 0.36
8 38-39 1.68 0.5b 2.28 0.8b 0.23
9 40-41 2.18 0.7b 1.98 0.8b 0.19
10 42-43 2.28 (.8 1.52 1.02@ 0.26
11, . 44-45 1.88 p.gb 2.32 1.0b 0.22
12 46-47 1.52  0.8b 2.22 1.02:b g.29
13 48-49  2.1@ 1.18 1.948 1.08 0.32
14 50-51 1.9¢8 1.62 2.58 1.58 0.45
15 . 52-53 3.32  2.02 2.88 2.328 0.56
16 54-55 1.9 1.5D 3.28 2.0P 0.34
Mean 1.78 p.9b 1.98 1.0b 0.13
Mean 1.3% (Wood) 1.58(pPlastic)  0.09
Mean 1.83(Full) 1.0 (Partial) 0.09

Cracked eggs in the nest as a proportion of total

number of eggs in the nest.

2 FWS = full wood slats; PWS = partial wood slats; FPS =
full plastic slats; PPS = partial plastic slats.

Values followed by different letters within a line

are significantly different (P<0.05).

Significant replication effect (P<0.05).
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Table 5. The Influence of Slats on the
Settability of Eggs

Percent
Variable Settable Eggs1

Slat Type3
FWS 53.4P (5300) 2
PWS 57.22 (5786)
FPS 45.9C (4622)
PPS 57.52 (5779)
sem4 1.16 (150.7)

Slat Material®*

55.38 (5543)

Wood
Plastic 51.7P (5200)
sEM? 0.82 (106.5)

Slat CoverageX :

Full | 49.7° (4961)
Partial 57.32 (5782)
sEM? 0.82 (106.5)

1 The number of non-cracked nest eggs as a proportion

of the total number of eggs in the nest and on the
- floor.

2 Values in parentheses are the cumulative number of
non-cracked nest eggs from 24 to 56 weeks of breeder
age.

3 FWS = full wood slats; PWS = partial wood slats;

FPS = full plastic slats; PPS = partial plastic
slats.

4 Standard error of the mean.

a,b,¢  yalues followed by different letters within a column

' and within a variable are significantly different

« (P<0.05). '

Slat material x slat coverage interaction is
significant (P<0.05).
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5.1.6. Fertility, Hatchability of Total Eggs Set (TES) and
Hatchability of Fertile Eggs (FES)F
Table 6 shows that slats did not influence fertility,

hatchability of total eggs set (TES) and hatchability of

fertile eggs (FES).

5.1.7. femporal Distribution of Embryo Mortality

Except for the incidence of early dead. embryos, slat
material and slat coverage did not influénce the'temporal
distribution of embryoc mortality (Table 7). Eggs from wood
slat breeders, as opposed to eggs from plastic slat

breeders, had a higher incidence of early dead (ED) embryos.
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Table 6. The Influence of Slats on
Percent Fertility and Hatchability

Hatchability Hatchability
of Total of Fertile
Variable Fertility Eggs Set (TES) Eggs (FES)
Slat Type '
FWS - 90.88 67.62 : 73.98
PWS 94.423 - 71.88 75.82
FPS 93.98@ 67.88 72.18
PPS 91.08 . 69.92" 76.38
sEM! 0.91 1.35 1.25
Slat Material
Wood 92.6% 69.748 ‘ - 74.88
Plastic 92.58 68.938 74.28
seml 0.74 1.04 0.92
- Slat Coverage
Full 92.38 67.78 73.08
Partial g2.78 70.9a> , 76.08
SEM? 0.74 1.04 0.92
1 Standard error of the mean. ‘
2 FWS = full wood slats; PWS = partial wood slats;

FPS = full plastic slats; PPS = partial plastic slats.
Means followed by diffeérent letters within a column and
within a variable are significantly different (P<0.05).



RESULTS

Table 7. The Influence of Slats on the
Temporal Distribution of Embryo
Mortality '

Embryo Mortalityl'2

N -

Variable ED ' MD LD PA PD
Slat Type3
FWS 6.92 0.68 6.78 7.82 1.28
PWS 6.12 0.8 6.92 7.58 1.348
FPS 5.2 0.84 8.48 10.32 S 1.48
PPS 5.28 0.34 6.78 7.62 1.28
sEm? 0.50 0.18 0.62 0.79 0.21
Slat Material ‘ _
Wood 6.53 0.78 6.88 7.63 1.38
Plastic 5.2b 0.62 7.62 9.02 1.32
seM? 0.35 0.13 0.44 0.56 0.15
Slat Coverage v
Full 6.08 0.728 7.68 9.08 1.38
Partial- 5.78 0.628 1 6.83 7.648 1.3@
semM? - 0.35 0.13 0.44 0.56 0.15
*. Values represent percent mortality of total eggs set.
ED = early dead; MD = mid-dead; LD = late dead:;
PA = pipped alive; PD = pipped dead.
3 FWS = full wood slats; PWS = partial wood slats; FPS =
full plastic slats; PPS = partial plastic slats.
2. b Standard error of the mean. :

Means followed by different letters within a column ‘and

within a variable are significantly different (P<0.05).:



RESULTS

5.1.8.  Growth, from Hatch to Three Weeks of Age, of 37th,
46th and 56th Week Progeny

The weekly body weight of 37th, 46th and 56th week
progeny was not affected Dby the slat material and §lat
coverage in the parental pens (Table 8).

The first week weight gain (BWTGN-1) of FWS, PWS and
PPS progeny wés hiéher than that of FPS progeny. The weight
gain of progeny during the rest of the threé~week study was
not affected by slats. |

PWS progeny had higher feed intake during the first
week (FI;l), as well as higher total feed intake (C-FI) than
the othef three.progeny groups. During.the second week, FWS
and PWS progeny had higher feed intake than FPS and PPS
progeny. There was a significant parehtal pén replication
-effect in the second week and ovér—all feed intake and feed
conversion; -

Despite differences in weight gain and feed intake, no
Significant differences were found in the weekly and over-

all feed conversion of the different progeny groups.



Table 8. The Influence of Breeder Slats
on Body Weight, Body Weight Gain, Feed
Intake and Feed Conversion, from Hatch

to Three Weeks of Age, of 37th, 46th and

56th Week Progeny

‘ Standard
Slat Typel'2 Error
of the
FWS PWS FPS PPS Mean
Body weight(g)3:
H-BWT 47 .42 47.22 47.22  47.28 0.20
BWT-1 154.09 156.52 148.62 153.92 1.40
BWT-2 370.72 376.52 363.72 365.82 3.31
BWT-3 674.42 688.8% 662.0% 668.5% 7.67
Body weight gain(g)4:
BWTGN-1 106.62 109.39 101.4P 106.72 1.34
BWTGN=2 216.72 220.0°2 215.19 211.9°2 2.54
BWTGN-3 303.7% - 312.32 298.32  302.7°2 6.54
C-BWTGN 627.02 641.6° 614 .82 621.32 7.63
Feed intake(g)sz
FI-1, 125.2P  129.82  123.0P 126.8P 1.44
FI-2 299,92 307.62 296.6° 297.2% 2.86
FI-3 483.52 497.82 484.02 481.23 5.17
C-FI 908.6 935.2 903.6 905.2° 7.63
Feed conversionsz
FC-1, 1.178 1.192 1.212 1.192 0.013
FC=-2 1.382 1.40° 1.382 1.402 0.012
FC-3 1.592 1.592 1.622 1.592 0.033
c-rc* 1.452 1.462 1.472 1.462 0.014
1

Each replicate was a cage of ten birds.

2 FWS = full wood slats; PWS = partial wood slats; FPS =
full plastic slats; PPS = partial plastic slats.

3 H-BWT, BWT-1l, BWT-2 and BWT-3 are body weight at hatch
and at the end of Weeks 1, 2 and 3, respectively.

4 (BWTGN-1) = (BWT-1)-(H-BWT); BWTGN-2 = (BWT-2)-(BWT-1);
(BWTGN-3) = (BWT-3)-(BWT-2); C-BWIGN = (BWT-3)-(H-BWT).

5 FI-1, FI-2, FI-3 are feed intake during Weeks 1, 2 and

6 3, respectively; (C-FI) = (FI-1)+(FI-2)+(FI-3).

 (FC-1) = (FI-1)/(BWIGN-1); (FC-2) = (FI-2)/(BWIGN-2);
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(FC-3) = (FI-3)/(BWIGN-3); (C-FC) = (C-FI)/(C-BWIGN).
a,b  yalues followed by different letters within a line are
significantly different (P<0.05).

* Significant replication effect (P<0.05).
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- RESULTS

5.1.9. Growth, from Hatch to Six Weeks of Age, of 56th Week
Progehy |

Parental slat material and:  slat cerrage did not
influence the body weight and feed intake of 56th week
progeny at any time during the 6-week growth trial (Table
9.

The third week body wéight gain (BWTGN-3) of PWS and
FPS progeny was higher than that of PPS prOgeny.» During the
sixth week, FWS andiPWS progeny had higher weight gain than
FPS and PPS progeny.

FPS progeny had higher sixth week feed conversion (FC-
6) than the other three . progeny dJroups. - No other

differences in feed conversion were seen.



RESULTS

Table 9. The Influence of Slats on Body
Weight, Body Weight Gain, Feed Intake
and Feed Conversion, from Hatch to Six
Weeks of Age, of 56th Week Progeny

' Standard
Slat Type1'2'3 Error
of the
FWS PWS FPS PPS Mean
Body weight(g)4:
H-BWT 50.28 50.642 50.08 49.88 0.44
BWT-1 152.08 157.98 153,42 154.08 2.56
BWT-2 371.08 373.48 364,58 373.28 4.24
BWT-3 ~ 699.58 709.98 6£99.38 689.82 7.14
BWT-5 1488.828 1524.48 1496.42 1498.23 17.76
BWT-6 1881.82 1908.78 1838.428 1874.48 27.54
Body weight gain(g)5:
BWTGN-1 101.88 107.38 103.48 104.28 2.57
BWTGN-2 ~  219.p@ 215.58 211.18 219.38 3.47
BWTGN-3 328.58/D 336.58 334,98  316.6D 5.40
BWTGN-5 789.328 814.52 797.18 808.48  14.90 .
BWTGN-6 - 393.08  384.42  342.0P  376.2P 14.53
C-BWTGN 1831.62 1858.28 1788.52 1824.78 - 27.54
Feed intake(g)©: |
FI-1 114.78 126.48 115.28 115.52 3.26
FI-2 292.28 298.78 292.38 291.48 3.30
FI-3 490.58 510.32 493.08@ 481.82 7.74
- FI-5 1697.32 1720.43 1651.22 1714.72 28.92
FI-6 1101.82 1045.82 1058.62 1031.82 29.49
C-FI 3696.52 3701.62 3610.32 3635.28 59.13
Feed conversion
FC-1 1.138 1.188 1.118 1.118 0.043
. FC-2 1.3328 1.398 1.382 1.338 0.019
FC-3 1.498 1.52@ 1.478 1.528 0.019
FC-5 2.158 2.118 2.078 2.128 0.030
FC-6 2.80bP 2.72b 3.108 2.74P 0.136
C-FC 2.022 1.998 2.028 1.998 0.020
5 The range of weight of hatching eggs was 66-78 grams.

Each parental slat type was represented by 6 cages of
10 male and six cages of 10 female chicks from hatch to
three weeks of age. From the fourth to the sixth week,
the number of birds per cage was reduced to 7.

3 FWS = full wood slats; PWS = partial wood slats; FPS =.
full plastic slats; PPS = partial plastic slats.

H-BWT, BWT-1, BWT-2, BWT-3, BWT-5 and BWT-6 are body
weight at hatch and at the end of Weeks 1, 2, 3, 5 and
6, respectively. v

5 (BWTGN-1) = (BWT-1)~-(H-BWT); (BWTGN-2) = (BWT-2)-
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(BWT-1); (BWTGN-3) = (BWT-3)-(BWT-2); (BWTGN-5) =
(BWT-5) - (BWT-3); (BWTGN-6) = (BWT-6)- (BWT-5);
(C-BWTGN) = (BWT-6)-(H-BWT) . _

FI-5 and FI-6 are feed intake during

FI-1, FI-2, FI-3,
(C-FI) =

Weeks 1, 2, 3, 4 and 5, and 6, respectively;
(FI-1)+(FI-2)+(FI-3)+(FI-5)+(FI-6)

(FI-1) /(BWTGN-1); (FC-2) (FI-2) /(BWTGN-2);
(FC-3) (FI-3) / (BWTGN-3); (FC-5) (FI-5) / (BWTGN-5) ;
(CFC-6) = (FI-6)/(BWTGN-6); (C-FC) = (C-FI)/(C-BWTGN).
Values followed by different letters within a line are

significantly different (P<0.05).
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5.2. THE INFLUENCE OF BREEDER AGE
5.2.1. Fertility, Hatchability of Toﬁal Eggs Set (TES) and
Hatchability of.Fertile Eggs (FES)
Table 10 shows that fertility was high (94.8-96.7%)
when breede#s were 37, 42 'and 46 weeks of age. A
significant decrease in fertility was seen at 50 weeks of
breeder age. A further decrease in fertility occurred when
breeders were 56 weeks old. | |
The hatchability of total eggs set (TES) was influencéd
by the breedef ége’x slat material and the breeder age x
slat material x slat coverage ' interactions (Table 10). The
hatchability of‘fertile eggs (FES) was highest at 37 weeks
of breeder age. FES decreased at 42 weeks, and did nét

decrease again until 56 weeks of breeder age.
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Table 10. Percent Fertility and
. Hatchability of Eggs at Different
' Breeder Ages1

Breeder ‘ Hatchability = Hatchability
Age of Total of Fertile
(Weeks) Fertility Eggs Set(TES) XY  Eggs(FES)
37 96.73  86.62 | 89.7a

2 94.82 70.5P 74.1b

46 95.42 70.8P 74.3b

50 o - 89.4P 65.2C 73.00

56 - 86.3C 53.3d 61.5C
SEMZ 1.17 1.50 1.39

4

Mean egg weight was 68.1, 68.6, 70.6 and 71.8 g at
42, 46, 50 and 56 weeks of breeder age,
respectively; egg weight at 37 weeks of age was
unknown. ’

Standard error of the mean.

Values followed by different letters within a
column are significantly different (P<0.05).
Breeder age x slat material interaction is
significant (P<0.05). ’ ’
Breeder age x slat material x slat coverage
interaction is significant (P<0.05).

[}
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RESULTS

5.2.2. Temporal Distribution of Embryo Mortality

The incidence of early dead (ED) and late dead (LD)
embryos both increaéed significantly at 42 weeks from the
time when breeders were 37 weeks old (Table 11). At 56
weeks of ‘breéder age, ED and LD embryos increaéed further
over the 50th week incidence.

The incidence of pipped alive (?A) and pipped dead (PD)
embryos increased at 42 weeks of breeder age, and did nbt
increase further.

The incidence of MD embryos was not influenced by

breeder age.
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Table 11. The Influence of Breeder Age
on the Distribution of Embryo Mortality

-.Breeder . Embryo Mortality1'2'3
Age _ - :
(Weeks) " ED MD LD PA PD
37 2.9€ 0.43 2.4 3.9P 0.4b
42 . 4.9P 1.18 6.2P 10.38 - 1.72
46 6.4  o0.s8 7.90 g.52 1.28
50 6.2P 0.52 7.8P g.12 1.62
56 8.98 0.5  11.58 10.62 . 1.63
seM4 0.56 0.21 _ 0.69 0.88  0.23
1

Mean egg weight was 68.1, 68.6, 70.6 and 71.8 g at
42, 46, 50 and 56 weeks of breeder age,
respectively; egg weight was not taken at 37 weeks

of age.:
Values represent percent mortality of total eggs
set. .
ED = Early dead; MD = Mid-dead; LD = Late dead; PA =
Pipped alive; PD = Pipped dead.

b Standard error of the mean.

7 Ic

Values followed by different letters within a column
are significantly different (P<0.05).
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' 5.2.3. Growth, from Hatch to Three Weeks of Agé, of 37th,
46th and 56th Week Progeny

The 56th week progeny had the highest hatching body
weight (H-BWT), followed by the 46th week progeny; the 37th
week progeny héd the lowest hatching weight (Table 12). No
other significant differeﬁces in the body weigh£ and weight
gain of progeny were found except where the BWIGN-1 was
higher for the 37th week progeny. ‘

. The 37th week progeny had higher_first week (FI-1),
second (FI-2) week and ovér-all feed intake (C~FI) than the
other two progeny groups. Additionally, the first week feed
intake (FI-1) of the 46th week progeny was higher than that
of 56£h week progeny. The over-all (C-FI) feed intake of
the 56th week progeny was higher than that of 46th week
progeny;

The 37th week progeny had higher weekly and over-all
feed conversion than the other two progeny groups. The 46th
week progeny had higher first week feed_ conversion (FC-1)
than the 56th week progeny. The second week feed conversion
(FC~-2) of the 56th week progeny was higher than that of 46th
week progeny.v There were no différences'in the third week
(FC-3) and over-all (C-FC) feed conversion of the 46th and
56th progeny. |

Table 13 shows that the adjustment of hatching weight

(H-BWT) to 47.2 grams resulted in the elimination of
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differences in second (FC-2) and third week féed'conversion
({FC-3) seen in Table 12, as well as)the differences in the

over-all feed intake (C-FI).
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Table 12. The Influence of Breeder Age
on Body Weight, Body Weight Gain, Feed
Intake And Feed Conversion, from Hatch
to Three Weeks of Age, of 37th, 46th and
56th Week Progeny1

Standard
Breeder Age (Weeks) ¢ Error
of the
37 46 56 .Mean
Body weight(g)3:
H-BWT 43.7¢ 47.8b 50.32 0.20
BWT-1 ' 154.08 151.2¢% 154.68 1.20
BWT-2. ' 367.58 371.08 369.42 2.77
BWT-3 663.22 666.52 691.32 6.44
Body weight gain(g)4: ,
BWTGN-1 110.323 103.4P 104.3bP 1.21
BWTGN-2 213.58 219.88 214.88 2.19
BWTGN-3 295.728 295,58 321.9@ 5.48
C-BWTGN 619.58 618.72 641.02 6.42
Feed intake(g)sz ‘
FI-1, 141.38 121.50 115.8C 1.28
FI-2 316.42 291.0bP 293.7P 2.47
FI-3 508.12 457.88 - 493.98 4.42
c-F1~ 963.68 - 869.9C .  903.4P 6.19
Feed conversion®: ' :
FC-1_ 1.278 1.18P 1.11€ 0.012
FC-2% 1.493 1.32€ 1.37P 0.011
FC-3, 1.758 1.55P 1.54b 0.028 .
C-FC 1.568 1.41b 1.41b 0.012

1 Mean egg weight was 68.6 g and 71.8 g 46 and 56 weeks

of breeder age, respectively; egg weight was not
taken at 37 weeks of age.

2 Each parental slat type was represented by 12 cages
of 10 chicks. For the 56th week growth trial, each
parental slat type was represented by 6 cages of 10

. male and 6 cages of 10 female chicks.

3. H-BWT, BWT-1, BWT-2 and BWT-3 are body weight at
hatch, and at the end of Weeks 1, 2 and 3,
respectively- ' : '

4 (BWTGN-1) = (BWT-1)- (H-BWT); (BWTGN-2) = (BWT-2)-
(BWT-1); (BWTGN-3) = (BWT-3)-(BWT-2); (C-BWTGN) =

~ (BWT-3) - (H-BWT) .

5 FI-1, FI-2, FI-3 are feed intake during Weeks 1, 2
and 3, respectively; (C-FI) = (FI-1)+(FI-2)+(FI-3).

6 (FC~1) = (FI-1)/(BWIGN-1); (FC-2) = (FI-2)/(BWTGN-2);
(FC-3) = (FI-3)/(BWTGN-3); (C-FC) = (C-FI)/(C-BWTGN).

a,b,;C yalues followed by different letters within a line
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are significantly different (P<0.05).
Significant replication effect (P<0.05).
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Table 13. The Influence of Breeder Age
on Body Weight, Body Weight Gain, Feed
Intake And Feed Conversion, from Hatch
to Three Weeks of Age, of 37th, 46th and
56th Week Progeny, with_ Adjusted
Hatching Weight

_ , ) Standard
Breeder Age (Weeks)? Error
of the
37 46 56 Mean
Body weight(g)3: o
H-BWT . . 47.2 47.2 47.2
BWT~1 158.18 150.62 151.18 2.46
BWT-2 376.08 369.78 361.948 5.86
BWT-3 686.92 663.0° 670.82 - 13.51

Body weight gain(g)4:

BWTGN-1 110.82 103.4P 103.80 2.46
BWTGN-2 217.92 219.128 210.828 | 4.53
BWTGN-3 : 310.92 293.32 308.82 11.63
C-BWTGN 639.62 615.82 623.52 13.51
Feed intake(g)>: ' '
FI-1_  146.08 120.90 - 112.1€¢ 2.52
FI-2 327.08 289.50 284.70 5.03
FI-3, 515.08 456 .90 488 .22 9.10
C-FI | 987.08 867.0P 884.60 12.75

Feed conversion®:

FC-1, 1.302 1.18P 1.09€ 0.024
FC-2 1.502 1.32P 1.362 0.010
FC-3_ 1.698 1.598 1.592 0.058
C-FC 1.558 1.41P 1.42b 0.012

1 Mean egg weight was 68.6 g and 71.8 g 46 and 56 weeks
of breeder age, respectively; egg weight was not
taken at 37 weeks of age.

2 ‘Each parental slat type was represented by 12 cages
of 10 chicks.  For the 56th week growth trial, each
parental slat type was represented by 6 cages of ‘10
male and 6 cages of 10 female chicks.

3 H-BWT, BWT-1, BWT-2 and BWT-3 are body weight at
hatch, and at the end of Weeks 1, 2 and 3,
respectively" ,

4 (BWTGN-1) = (BWT-1)-(H-BWT); (BWTGN-2) = (BWT-2)-
“(BWT-1); (BWTGN-3) = (BWT-3)-(BWT-2); (C-BWTGN) =
(BWT-3) - (H-BWT) .

5 FI-1, FI-2, FI-3 are feed intake during Weeks 1, 2
and 3, respectively; (C-FI) = (FI-1)+(FI-2)+(FI-3).

6 (FC-1) = (FI-1)/(BWTGN-1); (FC-2) = (FI-2)/(BWIGN-2);
(FC-3) = (FI-3)/(BWTGN-3); (C-FC) =

(C-FI) /(C-BWTGN) .
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a,b,C vyalues followed by different letters within a line
are significantly different (P<0.05)..



RESULTS

'5.3. THE INFLUENCE OF SEX OF PROGENY ON GROWTH

5.3.1. Gréwth, from Hatch to Six Weeks of Age, of 56th Week
Progeny
From three to six weeks Qf age, male'progeny had higher
weekly body weight, body weight gain and feed intake Table
14) . Additionally, male progeny had higher over-all weight
gain and feed intake than female pfogeny. The second week
body weight (BWT—Z) and weight gain  (BWTGN-2) were
influenced by an interaction between sex of progeny, slat
material and slat coverage. |
| Feméle progeny had higher  third week feed con&ersion
than male progeny. No other differences in the feed
convetsion of male and female progeny were detected during

the six-week growth trial.
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‘Table 14. Body Weight, Body Weight
Gain, Feed Intake and Feed Conversion,
from Hatch to Six Weeks of Age, of Male

and-Female Progeny of 56-Week 01ld

Breeders
' Standard
Sex of Progeny2 Error
' of the
Male Female Mean
Body weight(g)3: o
. H-BWT 50.32 | 50.02 0.31
BWT-1 - 155.32 . 153.68 1.81
BWT-2Y 378.58  362.6D 3.00
BWT-3 731.62 667.60 5.05
BWT-5 ' 1569. 43 1434.5D 12.56
BWT-6 1970.28 1781.4P 19.47
Body weight gain(g)4:
BWTGN-1 - 105.08 103.32 1.82
BWTGN-2Y 223.28 209.0P 2.45
" BWTGN-3 353.12 305.00 3.82
BWTGN-5 837.82 766 .90 10.53 .
BWTGN-6 400.82 347.0P 10.27
C~BWTGN 1919.98  -1731.4P 19.47
Feed intake(g)S: :
FI-1 116.82 119.02 2.30
FI-2 . 298,428 ' 288.92 2.33
FI-3 507.42 4g0.3b 5.48
FI-5 , 1763.83 1627.9° 20.45
FI-6 1111.12@ 1008.0° 20.85
CF-I 3797.52 3524.1P0 . 41.81
Feed conversion6:
FC-1 1.118 1.158 0.031
FC-2 1.348 1.388 0.013
FC-3 1.44b 1.572 0.013
FC-5 2.118 2.128 0.020
FC-6 2.772 2.90@ 0.096
C-FC 1.982 2.048 0.014

‘The range of weight of hatching eggs was 66-78 grams.

Each parental slat type was represented by 6 cages of

10 male and six cages of 10 female chicks from hatch to

three weeks of age. From the fourth to the sixth week,

: the number of birds per cage was reduced to 7.

3 H-BWT, BWT-1, BWT-2, BWT-3, BWT-5 and BWT-6 are body
weight at hatch and at the end of Weeks 1, 2, 3, 5 and

: 6, respectively.
4 (BWTGN-1) '= (BWT-1)- (H-BWT); (BWTGN-2) = (BWT-2)-
(BWT-1); (BWTGN-3) = (BWT-3)-(BWT-2); (BWIGN-5) =
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(BWT-5) - (BWT-3); (BWTGN-6) = (BWT-6)- (BWT-5);
(C-BWTGN). = (BWT-6)-(H-BWT) .

FI-1, FI-2, FI-3, FI-5 and FI-6 are feed intake during
Weeks 1, 2, 3, 4 and 5, and 6, respectively; (C-FI) =
(FI-1)+(FI-2)+(FI-3)+(FI-5)+(FI-6). '

(FC-1) = (FI-1)/(BWIGN-1); (FC-2) = (FI-2)/(BWIGN-2);
(FC-3) = (FI-3)/(BWTGN-3); (FC-5) = (FI-5)/(BWIGN-5);
(FC-6) = (FI-6)/(BWTGN-6); (C-FC) = (C-FI)/(C-BWTGN)

Values followed by different letters within a line are
significantly different (P<0.05). '

Sex of progeny x slat material x slat coverage
interaction is significant (P<0.05).
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6. DISCUSSION
6.1. THE INFLUENCE OF SLAT MATERIAL AND SLAT COVERAGE

6.1.1. Egg Recovery

In the present study, egg recovery was taken as an
approkimation of egg production. The hypothesis ‘that
plastic slats result in higher egg. production is supported
by the higher egg recovery in PPS wvs. FWS (Table 1).
However, as long  as the proportion of slat coverage was
consistent for wood and plastic slats, wood slats had as
eqeal (PWS vs. PPS), or better (FWS vs. FPS), egg recovery
as plastic slats.

The replication effect during 'three lay periods
indicates that environmental conditions in the barn was nbt
homogeneous. The replication effect dufing.lay period 2 was
.due to the highef value in two replicates. During lay
bperiod 5, the wvalue in' one replicate was higher, and in
another replicate lower, than others;.during lay period 6,
the value for one replicate was lower. _There is ne apparent
_explanation fof the influence of ben‘ location on edgg
recovery. |

Parkhurst (1974), who found that egg prodpction was
higher, althouéh not signifieentiy; on partial than full

slats, believed that low egg production in full slat pens
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was due to lower recovery of eggs in the latter pens. For
this hypothesis to explain the difference in over-all egg
production in full and partial slat pens, two assumptions
have to be made: firstly, the number of eggs. laid (before
breakage and other losses) was equal in full. and partial
-Elat pens, and sécondly, an equal proportion of floor eggs
were laid on slats as on litter in partial slat pens. The
difference in egg production would then be attributed to the
higher number of eggs remaining oﬁ the floor in partial slat
pens. The ﬁens were not set up to count the eggs that breke
and went through the slats, therefore it isvnot possible to
determine the extent to which the egg production values
‘obtained in the present study underestimated the actuel
number of eggs laid. In tbis respect, the "egg productionf
values reported in Table 1 are actuaily\egg fecovery values;

Although differences were significant only during three
lay periods, data in Table 3 suggest that floof eggs on full
slats were more likely to crack than floor eggs on partial
slats. If the proportion >of cracked floor eggs 1is
indicative of the proportion of eggs that broke and went
through the slats, then Parkhurst's (1974) hypothesis could
explain'the lowefed egg recovery in full slat pens compared
to partial slat pens (Table 1).

Andrews et al. (1988), on the other hand, did not find

any significant differences in "egg production"” Dbetween
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fuilnslat,(plastic-dovered wire) and either of two paftial
slat floors (plastic-covered wire and wood). Floor spéce
per bird was slightly higher on partial slat floors than on
full slat floors 1in the study by Andrews et al. (1988).
Floor space. . per bird was uniform for partial and full slat
pens in the present study, and was slightly higher than that
for either partial or full slat pens by Andrews et al.‘
(1988) . ﬁowe&er, the differenqe in floor space allotment
would not fully account for the disagreement in the results.
Cooper and Barnett (1972), with equal floor spacé-per bird
on full and partial slats, found that "egg production™ on
.the-‘partial‘slats was significantly higher than on full
slats. = Floor space per bird was also equai for' full and
partial’-slat'pens in the study by Parkhurst_(1974), but
space‘allotment was slightly higher than in the study by
Cooper and Barnett (1972) and- nearly equal to that in the
present study. Parkhurst (1974) found that "egg production"
was equal for full and partial slat pens.

| Only Andrews et ai; (1983) compared wood slats with
anbther flooring material. These workers, however, did.not
find significant differences in the over-all "egg
production” of broilér breeders in partially floored pens of
plastic-covered wire andeood slats. In the present study,
slat ﬁaﬁerial influenced over-all egg recovery from breeders

in full slat pens but not breeders in partial slat pens.
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The differences in over-all egg recovery between wood and
plastic slat breeders appear to be a function of slat
coverage. | |

The higher over-all egg recovery from partial slat (PWS
and PPS) breeders could be attributed, in part, to the
'higher egg numbers compared to full slet (FWS and FPS)
breeders dufing lay periods 5, 6, 7, 1Q, 12, 13 and 14.
Similarly, the higher over-all egg ‘"recovery" from FWS
breeders compared to FPS breeders reflects the higher
. biweekly egg numbers among the former breeders throughout
the study '‘except for lay periods 11, 12, 13, 15 and 16.

Ceompared to typical Arbor Acres broiler breedervflocks,
the experimental flock had lower over-all "egg produetion".
Figurev3vshows that peak production occurred at 32-33 weeks
of age for both the study flock and typical Arbor Acres
flock, afeef which time the difference in "egg production”
between the two flocks slightly increased in favor of the
latter. .Despite depressed egg recovery, the general'shape
of the production cur?e of the study flock closely resembled
that of the typicel Afbor Acres flock with a difference in
over-all produétion levels of 15% and 7% for full and

partial slats, respectively.
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Figure 3. Weekly Egg Production of Study Flock
and Typical Arbor Acres Flock
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1 Adapted from Arbor Acres Broller Breeder
Male and Female Feeding and Management Guide (1985).
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The broiler breeders had stéphylocdccus‘infection at 13
weeks of age. The breedefs had swollen hocks,-and some were
observed to be sitting for longer periods of time than
usual. With mobility restricted, ‘breeders were probably not
consuming enough nutrients necessary for growth,
specifically the development of the reproductive organs, a
process which commences at about 12 weeks of age. . Improper
development of reproductive organs results in lower egg
production;

At 43 and 58 weeks of age, mean body weight of female-
breeders was nearly 6% and 9%, respectively, higher than the
upper limit‘of the target "weight suggested by the Arbbr
Acres Feeding and Mahagement Guide - (1985). It is a well-
known fact that obesity in chickéns results in lower‘egg
production (The Technical Centre for Agricultural and Rural
Cooberation, 1987; Nordskog, 1980). No single slat material
nor slat coverage group appeared to have higher méén body
weight than others during either weighing, therefore the
impact of obesity on egg production would have been similar
for all-slat treatments.

The present study and Coqper‘and Barnett (1972) have:
shown that "egg production” was higher on partial than full
slat floors. If "egg produgtion" data supplied by Arbor
Acres was obtained from flocks housed exclusively or mainly

on partial slats, then a reduction in "egg production" could
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be expected - where full slats are used, as was seen in the

. present study.

6.1.2. The Incidence of Floor Eggs

Dorminey (1974) and Hurnik et al. (1973) observed that
the incifence of floor eggs was usually highest at the
beginning of lay, and then declined as production
progressed. The same pattern was  evident in the preseht
study (Table 2). 4 |

| When Dorminey (1974) examined  the influence of

artificial lighting‘ and nest location on the incidence of
floor eggs in partial wood ‘slat pens, one of the treatmeﬁts-
was similar to PWS pens in the present study. Dwarf White
Leghorn hens wére provided with nests on the wall facing
100-W incandescent bulbs off-center. The incidence of floo:
eggsvﬁas 3.3%, 2.8% and 0.9% during 25-29, 37-41 and 49-53
weeks of age. Tﬁe values_stated are lower than that for PWS
treatment at corresponding ages in the present study (Table
2) . The discrepancy may be due to differences in the loss
of floor €ggs through slats.

Since the proportion of eggs 1lost through slats in the
present study is wunknown, it is difficult to determine the
extent to whiche«the reported values of incidence ‘of floor

'eggs (Table 2) underestimate the actual values, and the

impact of such egg loss on egg recovery rates.

-1
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6.1.3. The Incidence of Cracked Floor Eggs

No differentiaﬁicn was made as to whether a floor egg
was laid on litter or on slats iﬁ the partial slat pens. I
will assume for this discussion that proportionally as many
floor eggs were laid on the slats as on litter in partial
slat pens.

Physically, slats. are harder material than litter,
therefore in“ﬁhe absence of 1litter in full slat pens,.
significantly more eggs would be cracked 1in full than in
partial slat pens. ' The data ianableb3 also suggests that
where only slats are present as fiooring (as in full slat
pens),. plastic material .results in é higher iﬁcidénce of
cracked floor eggs.

On the other hand, the incidence of cracked floor eggs
may be an indication of the probability of egg 1loss. Pens
with a higher incidence of cracked floor eggs may have a
higher loss of floor eggs. Therefore, the incidence of
cracked floor eggs would not be a true reflection of the

influence of slats on the integrity of egg shells.

6.1.4. The‘Incidencg of Cracked Nest Eggs

In full slat pens, about 15 cm of one end of the nest
pefches overhung the 60 cm-high slats and the rest overhung
the 3b cm-high slats. In partial slat pens about 15 cm of

one end of the nest perches also overhung the 60 cm-high
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slats however, the rest of the peréhes was 60 cm above the
litter floor. The greater distance between the floor and
the perches in partial slat pens may have resulted in lower
breeder traffic into and out of the nests. Consequently,
nest eggs in partial slat pens would not bé subject to as
much hen traffic as those in fuli slat pens. The lower
incidence of cracked nest eggs in partial slat pens may be a
reflection of lower ‘breeder traffic into and out of the
nests..

The absence of 1litter on thé floor may'be another 
reason for the higher breeder traffic in and out of nests in
fUll_slat pens. Since litter was present only in the nests
in the full slat pens,.breeders were using the nests not
only for egg-laying but also dusting. On the other hand,
breeders in partial slat pens had access to litter on the
litter floor, and were not causing any nest traffic other
than for egg laying. However, the behaviour was not
monitored in the presént study.

The lower value 1in one replicate during lay period 12
resulted in the significant replication effect. This effect

may be random.
6.1.5. Percent "Settable" Eggs

Since the number of eggs discarded prior to shipping to

the commercial hatchery was not monitored, the number of
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non-cracked nest eggs was taken as an approximation of
percent "séttable" eggs (Table 5).

As with over-all egg recovery (Table 1), partial slat
pens (PWS and PPS) had a higher proportion of "settable”
eggs than . either of the full slat pens (FWS aod' EéS)n and
the said proportion was higher for FWS than FPS pens. Slat
material and slat coverage not only influence egg recovéry,
but also, to a large extent, the suitability of eggs for
incubation.

The‘ proportion of settable eggs underlines the
. importance of flooring éystems and management on the

profitability of any operation.

6.1.6. Fertility

The lack .of significant differences in over—all
fertility due to slat material and slat coverage (Table 6)
does not support the hypothesis that plagtic slats result in
higher fertility. |

Likewise, no differences were found in over-éll
fertility due to floor type in previous studies (Andrews et
al., '1988:; Parkhurst,. 1974; Cooper and Barnett, 1972;
Nordskog and Schierman,‘ 1965) . In the present study,
- fertility levels- among breeders on slat material and slat

_coverage groups were within 1% of each other.
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6.1.7. Hatchability of-Toﬁal Eggs Set (TES) and Fertile
| Eggs (FES)

The lack of significant differences in the hatchability
Sf tota; eggs set and fertile eggs due to slat material and
_slat coverage (Table 6) does not support the hypothesis that
plastic slats result in higher hatchability.

Only Andréws et al. (1988) has compared wood.slats and
plastic-covered wire for hatchability. They compared
hatchability of eggs ffom pens with entire floors of
'plastic—covered wire (FPS), floors with 2/3 plastic-covered
wire (PPS) and floors with 2/3 wood (PWS) sléts. Andrews et
al. (1988) found that the over-all hatchability of total
eggs set and fertile eggs was statistically equal for all
three floor types tested. v‘The same was found for the
corresponding .slat types in the .present study (Table 6).
Andrews et al; (1988) found Significant differences 1in
hatchability of total eggs set and fertile eggs near the
beginning and end of the study. It was suggested that male
'immaturity and egg handling procedures were possible causes
for the variation of hatchability on slat types, implying
that slat types did not directly influence hatchability.
Since no significant interaction was found between‘slat type
and breeder age in the present study, the 1lack of
signifidant. differences in hatchability on different slat

- types was consistent throughout the study. Therefore, the
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results of the current study are consistent with those of
Andrews et al. (1988). |

‘Quarles et al. (1968, 1970) inferred that Llitter in
: poultfy’houses may be a source of contamination and could
possibly lower hatchability. Results of their studies did
not support their inference. Likewise, Table 6 implies that
the presence of litter in "partial slat pens did not lower
hétchability. : Parkhurst (1974) and Cooper and Barnett
(1972) reported nb significant differences in the over-all

hatchability of eggs taken from full and partial slat péns.

6.1.8. Temporal Distribution of Embryo Mortality

No previous studies ha&e investigated the influence of
slats for breeders on embrYé mortality. In the present
study, significant differences wére seen in the incidence of
early dead embryos on wood vs. plastic slats (Table 7).

The higher incidence of ED 'embryos in wood slat pens
(Table 7) is difficult to explain. Location in the
incubator has been found to influence.the development of
embrybs (Reinhart and Hurnik, 1984) . Since slat treatments
were not blocked for incubator location, the influence of
.slat material on ED-mortélity codld not be isolated from the

influence of variations within the incubator.
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6;1.9. The Growth, from Hatch to Three Weeks of Age, of
37th, 46th and 56th ﬁeek Progeny

Seven FPS progeny were lost 4 days .after hatch during
the second growth trial. Water loss between death of ‘the
chicks and weighing lowered the first week weight gain
(BWTGN-1) of the progeny group (Table 8).

Despite differénces in weight gain and feed intake, no
one progeny group had improved weekly or over-all ‘feed
»conversion due to parental Slat material or slat coverage.
The results of this study do not support the hypothesis thaﬁ
the progeny of plastié slat breeders grow more efficiently
than those of wood slat ﬁreeders.

The significant parental pen replication effect in the
sedond week feed intake resulted from the high feed intake
of progeny of breeders in one replicate and low feed intake
of progeny of breeders in two replicates. - Tﬁe replicétion
effect in the over-éll feed intakev is due to the 1low feed
intake of progeny of breeders in one replicate. The
replication effects mentioned resulted in .éorresponding
replication veffects in feed conversion. Thére is no
‘apparent relatiohship between the  location of parental pens
and feed intake of progeny, therefore the repliéation

effects may be random.
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6.1.10. Growth, from Hatch to Six Weeks of Age, of 56th Week
| Progeny |

| Although' differences were significantv for the  third
(BWTGN-3) and sixth. (BWTGN-6) week weight gain, only‘the
sixth week feed coaversion (FC-6) was affected by parental
alat material and slat coverage (Table 9). Variations in
egg weight could not have caused the differences seen in
Table 9 since hatching egg weight was restricted to 66-78
grams, and the mean hatchiﬁg body weight was equai fof-all

slat type groups. This slat type effect may be random.

6.1.11. Conclusions
Over-all egg recovery was higher from broile; breeders
on partial'slats,, regardless of slat material, than from
breeders on full slats (Table 1). The over-all egg recovery
from breeders on full slats was affected by slat material:
breeders on full wood siats.(FWS) had sighificantly higher
egg -numbers than those on'full plastic ‘slats (FPS). The
biweekly‘ egg recovery generally reflected over-all egg
recovery. There 1is no appafent explanation for the
significant replication effect on egg recovery during tﬁree
‘lay periods.
PWS and FPS pens had higher incidence of floor eggs
dufing two lay beriods; during one lay period, PWS, FPS and

FPS pens had_ higher incidence of floor eggs (Table 2).
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However, the o§er-all incidence of floor eggs was not
influenced by slats.

Low egg productioh on full slats (Table 1) was further
lowered by higher over-all incidence of cracked nest eggs
(Tablé 4). The significant replication effect on the
inqidence of cracked nest eggs during bne lay period was
thought to be random. |

The propdrtioh of Tsettable" eggs, based on the
proportion of non-cracked nest eggs, was higher for PWS and
PPS eggs than for FWS or FPS eggs, and was higher for FWS
than FPS eggs (Table 5).

Slat material and slat_covérage did not significantly
influence fertility and TES or.FES hatchability (Table 6).

Only the incidence of ED embryos was influenced by
siats (Table 7). The.incidenCe of ED embryos was higher on
wood than on plastic slats.

| When the influence of parental slats on the grbwth of
37th, 46th and 56th week progeny was examined, it was'found
that FPS progeny had lower first week weight gain (BWTGN-1)
than the other progeny groups (Table 8). This was likely
due to moisture loss when 7 FPS_p;ogehy were lost during the
second growth trial. Differences were seen in feed'intake
of the progeny, however - the weekly »and over-all feed
conve:sion was not influenced by parental. élat treatment.

The significant parental pen'replication effect on the
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‘second week and over-all feed intake and feed conversion
were thought to be random. | |

Only the third week (BWTGN-3) and sixth week (BWTGN—G)
weight gain and sixth week (FC-6) feed conversion of 56th
week prégeny were influenced by sliats (Table 9). PWS and
FPS progeny had higher third week.weight gain (BWTGN-3) than
PPSvprogeny. Duringlthe sixth week, FWS and PWS progeny had
higher weight gain than FPS and PPS progeny. The sixth week
feed conversion (FC-6) of FWS, PWS and PPS progeny was

better than that of FPS progeny.
6.2. THE INFLUENCE OF BREEDER AGE.

6.2.1. Fertility

.Previous studies indicate that'fertility, like egg
préduction, is highest _during the first six months of:
production. When the first fertility trial was performed at
37 weeks of age( fertility was at a respectable 96.7% (Table
-10), which is typical of a well-managed flock.

Peak fertility at about 37 weeks of age 1is typicél of
broiler breeder flocks. Andrews et al. (1988), Kirk et al.
- (1980), Parkhurst (1974) and Tomhave (1958) detected peak
fertility at about the same age.

" "Reinhart and Hurnik (1984) found that the fertility of

eggs laid by breeders was significantly higher (P<0.001) at
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33-35 weeks of age than at 50—52A_weeks of age; In the
present study, fertility at 50 weeks of age was also
significantly lower than at'37 weeks of age.

Previous studies have shown that average egg weight
increases as production progressesl(Kirk et al., 1980;
Mather and Laughlin, 1979; McNaughton et al., 1978).
Furthermore, others have shown that eggs which were pfoduced
_early and late during the production year, as well as, in

the extreme lweight classes did not hatch as well (Tindell
‘and Morris, 1964; Halbersleben and Mussehl, 1922).

The cqrrelation between egg weight and fertility levels
is indicative of behavioral and phySiologicél changes 1in
domestic fowls during the reproduction cycle. Low fertility
in the .early part of the reproductive cycle may be due to
irregular méle mating activity (Tindell and Morris, 1964),
or poocr semen quality (Moreng_and Avens, 1985). &he decline
in fertility late in the .reproductive cyclé; as was seen in
the present study (Table. 10), may be _attributed to the
decrease in the number of males producing semen and decline
in individual semen prbduction, as well as the advancing age
of the hen (Moreng and Avens, 1985). 1In the present study,
no disﬁinction was made bétween the influence of advancing
male or female age.

Foot and leg problems have been found to occur more

frequently among layers cn sloping wire floor when compared
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with deep litter floors (Simonsen et al., 1980). Foot and
leg problems could inhibit mating. There appeared to be
minimal foot - and leg problems during the laying period in

this study.

6.2.2. Hatchability of Total Eggs Set (TES) and Fertile
| Eggs (FES) |

Hatchability usually reaches a peak at about the same
time as seen for egg produétion and fertility, and then
slowly declines.

The level of total hatchability (TES) in this study was
within normal range of the typical flock at peak (Table 10).
However, the drop at 42 weeks and léter was significant and
more dramatic than expected.

The breeder age x slat material x slat coverage
interaction 1in total hatchability (TES) is difficult to
explain. The breeder age x slat material interaction is due
" to a dramatic decrease in total hatchability (TES) of eggs
of plastic slat breeders at 42 weeks of breeder age.

The drop in TES hatchability at 50 and 56 weeks of
breeder age coincided with a decrease in fertility at the
same age (Table 10). |

The decline in the hatchability of ferﬁile eggs (FES)
at 42 weeks of age apparently resulted from an incfease inb

the incidence of early dead, late dead embryos, pipped alive
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and pipped dead embryos (Table 11).  There was a further
significant increase in the incidence of early dead and late
dead'ehbryos at 56 weeks of breeder age, coinciding with a
~decrease in_fES hatchability. |

The next section will discuss the factofs that were

thought to increase embryo mortality and, therefore lower

hatchability.

6.2.3. Temporal Distribuﬁion-of Embryo Mortality
" As the :breeders aged and egg production dropped, more
egg collections were required for subsequent hatches. Thus,
eggs were etored for longer periods. During the first three
hatch tfials, eégs were collected for three consecutive days
and incubated one day after the last collection day. For
the fourth trial, eggs were coilected for three consecutive
days and incubated four days after the last day of
incubation. During the fifth trial, eggs were collected for
five consecutive days and a sixth day four days later, and
incubated the day after the  sixth collection day. In the
first three trials,.eggs collected during the'firet day.were
in storage fpr three days; in the fourth trial, five days:
and in the last trial, nine days. |
Storage of eggs has been shown to reduce hatchability
by increasing the number of embryonic deaths at all stages

'in incubation and by increasing total incubation period
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(Mather and Laughlin, 1976). It has also been shown that
the length- of egg storage 1is directly proportional to the
retardation of growth - and number of malformed embryos
regardless of breedef age (Mather and Laughlin, 1979). The
increasing length of egg storage as the study progressed
could be partly responsible'for the decline in hatchability
as the breeders aged.

Genérally, ED and LD embryoé have higher frequency than
MD embryos. In young breeder flocks, the -incidence of ED,
MD and LD is about 3.0%, 0.5% and 2.0%, respectively. “In
older flocks; the corresponding values are 5.0-7.0%, 1.0-
1.5% and 3.0-4.0% (Roberson and McDaniel, 1989).

Sudden onset of cold weather may be partially
responsible for the sudden increase in embryonic.mortélity
- during the second hatch trial (TableAll). It is a well-
known fact that extreme chilling of fertiie.eggs during
storage causes embryonic mortality throughout ihcubation.
In this particular case, the influence of émbient
temperature. on embryo mortality would be difficult to
distinguish from that of breeder age.

Kirk et al. (1980) and Reinhart and Hurnik (1984} have
concluded thét larger :eggs hatch better at low humidity
settings. Most of the eggs laid by older breeders would:
therefore hatch better under: humidity settings lower than

the optimum fcr eggs laid by younger breeders. The low
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surface-to-volume ratio in large 4size eggs necessitates a
low hﬁmidity setting to allow adequate gas exchénge and
water - loss across the 'egg shell needed for embryonic
dévelopmen£. '

In the present study, RH was generally set at about 70%
during days 1-18 and about 80% during days 19—2i, but
humidity readings fluctuated for short periods of time. The
humidityAsetting was difficult to regulate, much lesé re-set
to compensate for »the ihcrease in egg size. High humidity
is known to | increase embryonic mortality throughout
incubation (Rosenberg, 1989), as well as lower hatchability.

The higher incidence of ED embryos from eggs of 50-week
old breeders compared to eggs of 37-week old breeders (Table
11). could be due to increased storage periods.

Reinhart and Hurnik (1984) reported significantly
highef (P<0.001) late embryo (LD) mortality during days 19-
21 in eggs from 50452 week old breeders compared with those
from  33-35 week old ‘breeders. Malformations  and
malpositions were found to be ‘the most common form of
mortality. 1In addition, they observed that the incidence of
late dead embryos was significantly higher in extra large:
eggs (69.6 grams) than in smaller sized eggs (59.3-65.6
grams) . © It was suggested that the predominance' of.larger.
eggs was responsible for the .significant increase in the

incidence of late dead embryos ‘when breeders were 50-52
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weeks of age. The significant increase in egg size with
breeder age in the present study (Appendix Table 4) may
explain the significant increase in_ the incidence of LD
| embryos at 50 weeks of breedcr age (Table 11). In the
determination of LD embryos, no distinction was made between
malformations and malpoéitions.

Malpositions can be caused by several factors, some of
which are failure to turn eggs, nutritional deficiencies,
excessively old hens, genétic problems or stale sperm
(Rosenberg, 1989).‘ The increasing length of egg storage és
the breeders aged may yet be another factor. None of the
first two factors mentioned could have possibly influenced
the present studyi . The other factors, or a combination
thereof, could have resulted in the increased incidence of
LD embryos (Table 23).

According to Rosénberg (1989), malformations are
usually not related to incubation, but result from genetics,
mating, nutrition and setting eggs upside down. . The
influence of factors mentioned on the incidence of
malfofmaticns in the present study was not determined.

Reinhart and Hurnik (1984) réported that the proporcion
of late-removal chicks was significantly higher when
breeders were 50-52 weeks than at 33-35 weeks of agé. They
suggested that larger eggs require longe; incubation time

than smaller eggs. Thus, as breeders age and produce larger
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eggs, a greater»proportion of the eggs would require longer
incubation.

The late-removal chicks that Reinhart and Hufnik (1984)
referred to correspond‘ to PA embryos in the present study.
Most of theseAembryos would have hatchedblater if allowed
more time in the incubator. 1In agreement with the above
findings, the incidence of PA embrYos was_ sigﬁificantly
higher at 50 weeks than at 37 weeks of breeder age.

The increase in the incidence of pipped dead embryos at
_ 42 weeks of breeder age may be due to the onset of cold
weather during egg collection, as well as the fluctuation in
relative humidity.

To attain optimum hatchability, adjustments should be
made for the increase 1in the'incubatioh time for eggs of
older breeders. Several hatch pulls can be done so early-
hatching chicks do not stay too long in the incubator and

get dehydrated..

6.2.4. Growth, from Hatch to Three Weeks of Age, of 37th,
46th and 56th Week Progeny
The significant increase in the hatching weight of 46th
and 56th week progeny from that of the 37th week progeny
(Table 12) was most likely due to the increase in hatching

egg weights (Appendix Table 4).
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Pone et al. (1985) reported_ that hatches at 27, 42 and
52 weeks of breeder agé resulted in significant increasés in
the hatching weight of progeny at 42 and 52 weeks of breeder
age. |

The present study indicates that the significant
differences in bddy weight had disappeared by as early as
one week of age (Table 12). Numérous studies have shown
that the age to which the body weight‘advantage could extend
is. variable ‘and could be influenced by: (a) the breed
involved (Kosin et al., 1952; Wiley, 1950), (b) the sex of
the chicks (Gardiner, 1973; Merritt and Gowe, 1965; Tindell
and Mdrris, 1964; Kosin et al., '1952), (c) whether the
chicks were raised separately according to egg weight
(Ga:diner, 1973; Tindell and Morris, 1964) and (d) the type
of flooring (Pone et al., 1985).

A high correlation haé been reported between hatching
or day-old weight and body weight during the earlier weeks
of growth (Gardiner, 1973; Kosin ét al., 1952; Wiley, 1950;
Upp, 1928). Therefore, one would expect the 37th week
progeny to héve been the lightest‘at one week of age.
' Insteéd, there weré no significént differences in the first.
week body weight. (BWT-1) of the progeny dgroups because the
37th week progeny had higher first week weight gain (BWTGN-
1) . | |
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When the hatching weights were standardized to remove
the influence of egg size and hatching weight of chicks on
growth,‘ differences in first week weight gain were not
eliminated, while some differences in the second week feed
conversion (FC-2) and all differences in the third week (FC-
3) feed conversion were eliminated. This may be an
indication that, independent of egg weight, the progeny of
younger breeders utilize feed more efficiently than the
progeny of older breeders, and this effect disappears as:
progeny age.

It has been reported that the transfer of lipids from
yolk to chick liver during embryogenesis .and shortly after .
hatch is not as efficient in the progeny of younger breeders
(Noble and Tullett, 1989) . While the progeny of older
breeders can adequately utilize fat'_both from diet and
remnant yolk, the progeny of younger breeders have to rely
largely on dietary fat for energy. This effect 1is
demonstrated by higher feed conversion of ‘;he 37th week
progeny with adjusted hatching weight (Table 13). The
poésible inefficient utilization of yolk may have‘raised the
feed conversion of the 37th _week progeny until the second
week of growth, resulting in higher over-all feed conversion

for this progeny group.
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The significance of the replication effect in the
second week and over-all feed intake and feed conversion was

discussed in Section 6.1.9.

6.2.5. Conclusions

Fertility deélined significantly at 50 ahd 56 weeks of
breeder ége (Table 10)._ The hatchability of total eggs set
decreased at- 42, 50 and 56 weeks of breeder age, with a
dramatic decrease in the hatchability of eggs of 42-week old
- plastic slat breeders. The hatchability Qf fertile eggs
decreased significantly at 42 and 56 weeks of breeder age.
The influence of advancing female breeder age was not
~distinguished from thag of advancing male breeder age.

The incidence of ED and LD embryos increased
significanély at 42 and 56 weeks, and that of PA and PD
embryos at 42 weeks of breeder age (Table 11). The increase
in ED, LD, PA and PD mortality at 42 weeks of breeder age
was thought to be due to the onset. of cold weather during
egg collection for theb said hatch trial. Increases in
embryo mortality were ‘also attributed to the increasing
length of egg storage.and difficulty in regulating humidity.

As breeders aged, the hatching vweight (H-BWT) 6f
‘progeny increased significantly (Table 12).' The,37th.week
progeny géined more than the other progeny groups dufing the

first week of growth, and had the least favorable feed
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convefsion throughout the ﬁhree—week growth period. The .
standardization of hatéhing body weight eliminated some
differenées in the second week and over-all feed conversion,
but not in the first weekbweight gain (Table 13).

With adjusted hatching weight, differences in feéd
‘conversioﬁ disappeared by the third week  of growth.
Differences during the first two weeks of growth resulted in
differences 'in over-all feed conversion (Table 13). - The
first  week feed conversion of 37th progeny was"highest,
followed by that of 46th week progeny; while that of 56th
week'progeny Qas lowest . The second week and over-all feed
conversion of:37th week progeny waé higher than that of the

other two progeny groups.

6.3. ‘ THE INFLUENCE OF SEX.OF PROGENY"

In mammals, as well as in birds, males exhibit ' a
greater increase in early growth than females, and this is
due, in part, to higher secretion levels of androgens
(Mendel, 1980).

Since the hatching weights of male and female.progeny
of 56-week old breeders were practically equal, the
differences in body weight and weight gain from two to 6
weeks of age (Table 14) could be attributed to different
hormone leveis, and not to any advantage in hatching egg

weight.  Table 14 shows that although male progeny consumed
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significantly more feed from week 3 to 6 and over-all, male
prdgeny utilized feed more efficiently only during the thifd
week of growth. A
| Results from a study by Gardiner (1973) indicate thatb
when male and female breoilers were derived from eggs of the
same wéighﬁ, the males had consistently higher weekly body
weights from one week to eight‘weeks of agé. The over-all
feed conversion for the entire eight-week study period was
siightiy higher for males than for females, but the opposite
was seen in Table 14.
There seems to be no explanation for the significant
sex of progeny x slat material x slat coverage interaction
ih the sécond- week Dbody weight - (BWT-1) and weight gain

(BWTGN-1) .

6.3.1. Conclusions

From the third to the sixth week of growth, the male
56th week progeny had higher body weight and weight gain
(Table 14). Male progeny also had higher over-all weight
gain (C-BWTGN) . Male progeny however, had better (lower)
feed conversion than female progeny only during the third

week of growth.
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APPENDIX

Appendix Table 1. Weekly Egg Recovery
on Different Slat Types

Breeder : Slat Type2 Standard

Age ' Error
(Weeks) FWS PWS ‘'FPS PPS of the Mean
24 ‘ 4.4 4,2 2.9 3.8 0.87
25 14.0 15.9 9.3 16.0 1.36
26 31.5 33.8 23.5 35.3 1.50
27 52.9 57.6 43.4 54.4 1.56
28 C64.4 67.0 53.0 63.8 2.42
29 68.8 73.9 57.6 70.8 1.98
30 " 68.6 73.7 59.6 71.7 . 1.78
31 70.0 77.0 62.1 71.4 1.83
32 _ 72.8 79.9 61.2 76.3 1.46
33 71.2 77.7 63.3 78.6 1.32
34 71.1 77.7 61.6 77.0 1.34
35 70.8 76.2 6l1.2 76.6 1.43
36 . 68.5° 72.1 . 59.6 "74.3 1.64
37 64.7 72.9 59.4 73.0 1.72
38 - 65.1 70.5 59.3 70.4 1.43
39 65.7 69.4 58.8 71.4 2.09
40 63.0 68.2 58.2 67.8 . 1.77
41 63.2 67.8- 54.0 65.8 1.38
42 60.0 66.1 54.0 62.7 1.70
43 ' 59.6 68.5 52.9 - 68.0 '1.83
44 58.4 64.4 ‘54.2 64.2 1.99
45 59.1 63.0 50.1 64.6 2.80
46 56.0 62.1 50.8 62.9 1.71
47 54.6 59.5 49.7 62.2 2.05
48 52.7 57.9 47.6 60.5 1.72
49 51.8 56.9 47.8 60.7 1.80
50 51.0 55.5 47.2 58.7 1.61
51 49.7 53.7 44.8 56.3 1.37
52 46.0 52.9 44 .2 53.3 1.82
53 48.1 -54.8 45.1 53.1 2.01
54 47.1 50.9 44.0 54.3 1.80
55 47.0 52.4 4 53.8 1

43. 77

Percent hen-day egg recovery.
FWS = full wood slats; PWS = partial wood slats; FPS
= full plastic slats; PPS = partial plastic slats.



APPENDIX

Appendix Table 2. Weekly Egg Recovery
on Wood vs. Plastic Slats!

Breeder Slat Material Standard
Age . Error

(Weeks) Wood Plastic of the Mean
24 4.2 © 3.3 0.61
25 15.0 12.7 0.96
26 32.7 29.4 1.06
27 55.3 48.9 1.11
28 65.7 58.4 1.71
29 71.3 64.2 1.40
30 - 71.2 65.6 1.26
31 - 73.5 66.8 1.29
32 76.4 68.7 1.03
33 74.5 71.0 - 0.94
34 74.4 . 69.3 0.95
35 73.5 68.9 1.01.
36 70.3 66.9 1.16
37 68.8 66.2 1.22
38 67.8 64.8 1.01
39 : 67.6 65.1 1.48
40 .65.6 63.0 . 1.25
41 65.5 59.9 . 0.98
42 63.1 58.3 1.20
43 : 64.1 60.5 1.30
44 61.4 58.2 1.41
45 : 61.0 57.4 1.98
46 59.0 5¢6.8 1.21
47 57.0 56.0 1.45.
48 ' 55.3 54.0 1.21
49 54.4 54.3 1.27
50 53.3 53.0 1.14
51 - 51.7 50.5 0.97
52 49.5 48.8 1.29
53 51.5 49 .1 1.42
54 49.0 -49.2 1.27
55 49.7 48.6 1.25

Percent hen—déy egg recovery.
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Appendix Table 3. Weekly Egg Regovery
on Full vs. Partial Slats

Breeder Slat Coverage * Standard
Age : : Error
- (Weeks) Full Partial - 0of the Mean
24 3.6 4.0 0.61
25 11.7 16.0 - 0.96
26 27.5 34.6 1.06
27 48.2 56.0 1.11
28 58.7 65.4 1.71
29 » 63.2 72.3 1.40
30 o 64.1 72.7 1.26
31 66.0 74.2 1.29
32 67.0 78.1 1.03
33 67.3 78.2 0.93
34 66.3 77.3 .95
35 66.0 76.4 1.01
36 64.0 73.2 1.16
37 62.0 73.0 1.22
38 62.2 70.4 1.01
398 . 62.2 70.4 1.48
40 60.6 68.0 1.25
41 58.6 66.8 0.98
42 : 57.0 64.4 1.20
43 56.3 68.3 1.30
44 56.3 64.3 1.41
45 54.6 63.8 1.98
46 53.4 ©62.5 1.21
47 - 52.2 60.9 1.45
43 50.2 59.2 1.21
49 49.8 58.8 1.27
50 49.1 57.1 1.14
51 47.3 55.0 0.97
52 45.1 53.1 1.29
53 46.6 54.0 1.42
54 45.6 52.6 1.27
S5 45.2 53.1 1.25

Percent hen-day egg recovery.
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Appendix Table 4.
Breeder Age on Hatching Egg Weight

APPENDIX

The Influence of

Hatching Egg

Variable Weight (9)
Breeder Age (Weeks)
"42 67.9d
46 68.7C
50 " 70.60
56 71.88
sem! - 0.21
Slat Material (M)
Wood 69.828
Plastic 69.62
‘sEM! 0.15
~Slat Coverage (M)
Full 69.82
Partial 69.78
SEM! . 0.15
Slat Type (M x C)?2
FWS 70.08
PWS 69.82
FPS 69.62
PPS 69.78
SEML 0.21
1 Standard error of the mean.
2 FWS = full wood slats; PWS = partial wood slats;
FPS = full plastic slats; PPS = partial plastic
_ slats.
a,b,c,d

Means followed by different letters within one

variable are significantly different (P<0.05).
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Appendix Table 5. Composition of Chick

Starter Diets

Energy Source

Ingredient (g/kg) Fat Starch -
Corn 539.20 339.32
Soybean meal 279.00 287.10
Wheat 132.61 235.02
-Corn starch e 100.00
Calcium phosphate 17.01 | 17.37
Limestone | 8.51 8.09
IodizedAéalt 5.00 5.00
Vitamin/mineral premix 2.50 2.50
DL Methionine 0.42 0.40
Alphacel 15.75 5.20
1000.00 1000.00
Calculated ahalysis:
Protein (%) 19.00 19.00
ME (kcal/kg) 2800 2800
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Appendix

Table 6.

Developer Diets

P

APPENDIX

Composition of

Energy Source

Ingredient (g/kg) Fat Starch
Corn 423.71 415.87
Wheat middlings 156.86 - 201.60
Barley | 200.00 79.44
Soybean meal 148.65 166.29
Wheat 23.84  ===---
Corn Starch —————— 100.00
Animal'tallow 1te.60  —==---
Calcium phosphate- 18.27 17.62
Limestone 7.82 8.32
Todized salt 5.00 5.00
Vitamin/mineral premix 5.00 5.00
DL Methionine. 0.85 0.86
1000.00 1000.00
Calculated analysis:
Protein (%) | 15.00 15.00
ME (kcal/kg) 2700 2700
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. Appendix Table 7.
Breeder Diets

APPENDIX

Composition of

Energy Source

2850

'Ingredient (g/kg) Fat -Starch
Corn 685.28 570.69
Soybean meal- 200.14 213.13
Corn staxrch = ====-- 100.00 -

‘Animal tallow 10.33 5.68
Herring meal 7.50 14.08
Limestone 65.07 64.81
Calcium phosphate 20.27 20.09
Todized salt 5.00 5.00
Vitamin/minerai premix 5.00 5.00
DL Methionine 0;92 1.14
L Lysine 0.49 0.38

1000.00 1000.00
Calculated analysis:
Protein (%) 15.50 15.50
ME (kcal/kg) 2850
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