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Magnitude of ihe Interaction betweem Breed,
Season and Bird's Body Weight in Defermining
The Development and Performance of Chickens
YI-Effect on Growih and Production Traits

. Saleh, MM El-Habbak, HL.M. Negm and Sabria B. Abua
Eil-Soad

Deparsnent of Animal Produciion, Facuity of Agriculture, Kafr
ElSkeiich, Tania University, £gypi.

& M experiment was designed using 2400 one day old chicks, w

study the magnitude of the interaction betweer breed, season of
hatch and § -week-old body weight on growth, sexual mararity, 2gg
production, egg quality and feed consumption. The stzdy included two
different hatches (December & May) from each of White Leghom
(WL} and Rhede Island Red (H.1.R.) chickens.

The environmental conditions during summer months, showed
deleterious effect on all irsits studied for both breeds, The birds of
R.R. showed betier growth rate in winter compared o the W.L.
birds, while the opposite was obtained in summer. Considering the
£gg produstion criterious, W.L. showed, in general, a superiority over
the RI1K.

The interaction effect ameng the main factors studied was
significant only in case of body weight and growth rate, while in cass
of egg production irzits, it was of low magnitde which makes it
difficull to put & clear statement about the advantage of a certamn
genoiype in respect to the adapiation to summer season.

Keywords : Chicks, scason, body weight, sexual maturity, egg
production and quality and feed consumption.

The additive modsl is offen used to illustrate the phenotype of an individual as a
function of its genotype, the environmental conditions under which it is kept and the
possible interaction between genotype and environment. The exisience of genotype
environment interaction may mean that the best genciype in one environnent is not the
hest in another enviroament, o in such cases this interaction must be taken into
consideration.
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Birds kept in open-sided houses (mainly used in developing couniries) are exposed
to the secasonal variations in the surrcunding environmental fuctoss such as ambient
temperature, relative humidity, photoperiod, eic, These seasonal variaticns {especially
temperature) ware found te have significant effect on growth and development of
chickens {Kamar, 1954; Prince et ai., 1965; Huston, 1965; Vo er 4!, 1978 and Henken et
al., 1582, and on egg production and egy quaiity (Harwitz and Griminger, 1962;
Petersen, 1965 and izat et ai., 1983},

The effect of eavironmenta! tempereature on the performancs of chickens was found
ic be genotype dependent, so the reactions of heavy populations o iemperatuse change
were higher than of light ones (Joiner and Huston, 1257 and Feterson et al,, 1976).
Furshermore, Petersen and Horst (1978} demonstrated that body weight scems 1o be a
parameter for acclimatization, indicating thal genotypes with a lower body weight
should be prefered for environments with higher ambient temperature.

The present stady was conducted to investigate the effect and the magnitde of the
interactions between brecd, season and bird's body weight on growth and some
production traits of chickens.

Material and Methods

A total of 2400 unsexed one day-cld chicks both of White Legborn (W.L.) and
Rhode Island Red (.LR.), (1200 birds each) were used in this study. Half the number
of chicks of each: breed (600 birds) hatched in December, while i second half hatched
in the following May.

The day old chicks were wing-banded, weighed and housed in electricaily heated
and well equipped floor brooder houses.

Breoder house temperature was mainained at a level of about 35+ 1°C, 30 1 1°C;
26,5+ 1°C and 23+ 1°C during the Srsi, second, third and fourth week of age. Thereatter
birds were kepi without any artificial heaiing. Weekly average record of the highest aud
lowest environmenial surroanding temperature is shows in Fig.1

During the first three days birds received continuous light (24 br /day), thereafier
photoperiod was diminished by two hours daily uril it reached 14 /day and coatinued at
this level until birds reached sexual maturity (the 23 rd week of age for W L. and 24th
week for R.LR.), then a constant photoperiod of 1¢ /day was applied up to the end of
experiment.

Egypt. J . Anim. Prod ., 28, Mo.1 (1991}
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Fig. (1) . Highest (upper) and iowest (lower) values of the aversge amblent environmental

tempergiure throughout th e ezperimental period.

Birds were fed ad lib according to the recommendations of the NRC, 1977.

At 8 weeks of age, brids were sexed and females were kept for the compietion of the
study. Puilets of each breed were classified phenotypicaily according to their individual
hody weight at 8 weeks ingo three categories; Heavy (more than X + S), Medium (from
X--5t0X+ 8 )and small (less than X - $}. Body weight was determined at 2 week
intervais up tc the 8th week of age, thenafier it was recorded at 4 week ingervals
Relative growth rate was calculated as foliows:

W2 - Wy
Relative growthrate = — —  ~
1 }’2 {‘\P—V ¥ + Wz)

% 109

Where W, is the inidal weight and W, the final weight of a peried. Age at scxual
maturity was recorded individually as the age at first egg. A 1otal of 480 adult hens
(2 breeds X 2 hatches X 3 body weight groups X 40 hens) were kept in mdividual cages
for the test of egg production and feed CONSHIMPLEON Wwaiis.

Egyps. J . Anim. Prod ., 28, No.} (1991)
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The method of "Least Squaes” described by Harvey (1960} was vsed for the analysis
of variance of the data. Treatmenis were compared using the multiple range test
(Duncan, 1953). The next matheraatical model was foliowed:

Y, Jki =+ §; + By +Gg +(5B);: +(8CG)y + (SBG); 3k + &5 ikl

Y, jkt = 1th ohservation in k% body wesghi groups of j th breed and ith
' 3¢ason,

u = Owverall mean,

8 = Effect of 1 th scason (1=1,2}

Bj = Effectof j th breed (j=1.2)

Gy = Eifect of k th body weight group (K= 1,2,3),

(SB)y = Effect of interaction between 1 #4 season and j tn breed,

(SG} ik = Effect of interaction between 1 ¢h season and K th group,

(BG)jk  =Effectof imteraction berween | # breed and k th group,

(SBG); jx = Effect of interaction beiween i th season, j th breed and ke
groug, and

el =Random eror 0.0%).

Results and Discwsson

Body weighi end growth rate

Means of body weight and growth rate arc shown in Tables 1 and 2. It is clear that
body weight and growth rate were in general signuficantly aifected by ime of kateh,
However, up 10 4 weeks of age, this effsct had no biological significant means. Afier 6
weeks of age and during the growing pericd, the wirter hatched birds exceeded that
hatched in sumwmer in their growth rales, According to the findings of Henken ef al.
(1982), these results could be explained throngh the simtable climatic conditions during
the winter period of the year compared 1o that in summer.

The differences between breeds in growth rate were significant af least during the
first 16 weeks of age. These differcnces were in favor of RIR in winter hatch and of
W L. in summer haich. That seeans an important role of ihe imeraction beiween breed
and season of hatch, which was staiistically proved in the early age of growing period
through the analysis of variance. The W.L. breed seems to be more adapied 10 the
swinmer condidons compared with the BILE.

The classification of birds at 8 weeks of age 10 theee body weight groups caused
clear differentistions among groups oot only ai § weeks but also at all other ages (Table
1), which indicated a high repeatability of body weight.

Egypt. I . Anim. Prod ., 24, No1 (1991)
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The interaction effect beiween breed o genotype and seasca can be detected through
the comparison botween breeds or genciypes under the ditferent seasons. By looking (o
the results in Table 1, ong can ese e the ditfersnces between the 1wo breeds in
summer are not equal fo that in wimecr. Alsy the differencas beiween bresdss were
changeatle accarding to the body weight group (Fig.2) These results indicaie the
existance of the mteractions arong the main faciors in the modei. The desenioration of
bedy weight and growth zate at § weeks of age and sfter in summer haich compared
with winer haich was meore sovee in RLR, than in W L., indicating that WL, is mae
adapted to summer. Also, the detsricesiion wes greater in the beavy and medivm groeps
tnan in the low body weight growp, which indivaed that (e Hight birds are more adapted
1o the summer condidions than the medinm or heavy birds,

nurhae

2EE

Toral
durding the first 5 monthbs

)
§ F

e

Body walght

250 =

-2
-4
il

.5, R.I.R, ¥.L. R.I.R.

Winler Hatoh Svmmar  Hateh

Fig. (). Egg number during the firy five monthe (upper) and body weight at lise ape of 8
wits (fower) o show the mlternction effect of seasvn of baich, breed and body
weight sroup.
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The relatively good adaptation of the light breed and light body weight could be
explained that the light bizds are more abie 1o eliminate the excess of heat production
under the high ambient temperature in summer. However, the statistical analysis showed
that at the level of p< 0.05 only the interaction between hatching season and breed was
significant in many cases.

The present results scem to be in agreement with those reported by Horst and
Petersen (1973}, Peiersen e ol. {1976), Petersen and Horst (1978) and Hoist and
Petersen (1581). They conciuded that genotypes wiih a lower body weight should be
prefered for environments with higher ambient iemperature.

Age aé sexual maisrity

Table 2 incindes ihe means of age ar sexuvsl maturity for the different experimental
groups studied. It could be geneazliy observed that birds hatched in winter reached
sexual matority earlier thau birds hatched in summer especially in R.ULR. puliets.
However, statistical analysis showed ibat the differences between hatches was not
significant, which could be partially attnituted to the use of the same light regime in
both hatches. This was confirmed by Kato and Konishi (1968) who reported that sexual
maturity was dependeni on the photoperiod.

Birds of W.I.. lieed reached sexual maturity earlier than that of R.IR. This result is
0 be expocted since the light breeds mawre earlier than the heavy ones. However, the
diffcrences between the two breeds were not statistically significant (P> 0.05).

The resulis found in Table 2 showed it heavy body weight groups reached seaual
maturity earlier than the medivm and fight body weight groups. It seems that vody
weight within breed is correlated with the develepment of the other orgens including sex
organs. The negative relationship beiween body weight and growih during the growing
period and sexual maturity was reported by Horst and Petersen (1977), Saleh (1983),
Benoif and Rendern {1983) and Brocy ef af. (1984), It has been postuiated that there
exisis a threshiold body weight for each siain of tirds below which hens fail to enter
sexuai maturity and izy (Sollar ef al., 1982 and Dunnington et ai., 1983).

Results of the analvsis of variance revealsa no significant effect of any of the
interactions in the model. That means that the three main effects considered in the
model (breed, season and body weight 2roup) are independent in their effects on age at
sexual maturity, This results is in agreement with that found by Horst and Peiersen
{1981) who reported a low inagnitude of the interaction between genotype and
iemperaiure in raspect with their effect on age at sexuai maturity.

Egypt. J . Anisn. Frod ., 238, Mol (1991
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Egp production

Means of egg number produced during the test period {the first 5 months of
production) are shown in Table 3. Egg preduction was deteriorated during summer
months. The main cause conld be the high ambient temperature during summer months
and its effects on the different physiological characters. Little differences betwees
breeds have been detected in egg number in favor of W.L., although the differences
were statistically nonsignificant. Under Egyptian conditions, White Leghorn breed was
found to produce more eggs than R.IR. (Mostageer, 1958 and Amer, 1964).

During the first months of production, statistically significant differences were
observed among the three body weight groups in favour of the heavy group, which
were reflected in the total egg number. These results had been also confirmed by
Reinhart and Jermo, 1970; Singh and Nordskog, 1982 and Summers and Lesson, 1983,
who reposted that egg production seemed to be significantly lower for lighter birds,

TABLE 2. Means of egg number In 5 months for the three body welght groups of the two

breeds in fwo hatches.
Season X egg number
of

hatch Bried Growp Mol  No2 MoJd No.4 No.5 Total
~ June July August  Sept. Oct.
¥ H s.uﬁb 14.67% 2040 2090 22.16 8219

£ WL, M 350; 12.302 21.20 21.80 2100 9.0
g L 112 s60° 2020 2260 212¢ L2
g Average  3.21 11.19  20.60 21.76 2110 78.90
i aby a £ :

o H o 2902 1422 2112 22.30 19.0 k224
5  RILER M 360 1330%  19.06 20.60 1940 7596
= L 052 729° 1960 2220 1530 5891

Average 234 11.60 20.59 2170 19.46 TET70

T, Dec. Jum. Feb. March
H  1040°  2050%° 2160 2131 1900 92.51
o~ WL M 10607 2307 2400  24.00 1800  99.67
2 L 470°  20202* 252 2 1800 §7.53
g Average 896 2146 2270 2247 833 9333
& q 9.&0“2 206080 2142 2090 1641 5832

g RIR. M 6807 13,202 18.61  18.63 1790 8’014
2 i 6.20 17.11°  20.8 1851 1622 7797

Average | 7.33 1863 20.02 19.28 687 82.14

Mo. = Month of productien
ab.c == Means with different superseripis within hatch and month ave sigruficantly diiferent (P<
0.05).

Egypt. J . Amsm. Prod ., 28, No.l (1991)
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The depression of production during summer monihs, compared with that in winter,
was higher in W L. breed thap in R.LR, and the medinm body weight group of W.L.
showed the severest depression (Fig. 2) However ihe statistically uon significant
effects (p>0.035) of the wieraction componenis in mosi cases make it difficuit to puta
clear statement about the advaniage of 2 cerain genotyps in egg production it respect
of the adapiation to the semmer season, Conirarcly Peicrsen ef al. (1976) stated that
heavy birds showed = greater depression under heat siress than the light birds. Bussain
et al. (1982) demonstrated 2 significant interaction beiween body size and climatic
conditions (temperate and tropical environments) with regard ic body weight gain,
wtal ege production and tota! egg mass in favor of smaller sized birds.

Fog weipht

In general results cbiained showed no clear differences in egg weight between the
eggs produced in summer or in winter, indicating a low magnitude for the effeci of
season on egg weight (Table 4). On the other hand, W L. breed exceeded R.IR. in egg
weight (Tabie 4) and the differences were stanstically sigaificant but not in all months
of production. This resuits is in agreement with that reporied by Amer (1965).

TABLE 4. Means of £z welght in 5§ monihs for ihree hody weight groups of the two breads
in two hatches,

Sezson X egg weighs
of
hatch Breed Gronp  No.i Mo.2 N3 No.b NoS
Jume July August spt. Oet.

5 H  49.96% 5281 57.42 57.12 57102
8 WL. M 47.20%° 5211 35,9 56.71 57.61
8 L o4730% 5032 54.71 5521 54.81
= _

g ab

= H 46.21% 5071 53.62 54.61 54,13
’g RIR. M 45525 3.42 53.13 5422 54.21
ES L 3780 4731 5131 5241 52.31

Mov. Der, Jan. Feh. March

é‘ H 4851% 53.03 57.31 5922 5831
= WL M 47622 50.12 35.13 s6.81 56.22
5 L 48.00% 3971 5522 56.91 57.13
2

E H 4451° 42 61 52.13 54.81 55.71
2 RIR. M 40° 49.21 5131 53.03 52.01

L 4032* 7.51 49.13 51.67 5312

Mo. = Month of preduction
ab = Means with different sunerscripts within katch and month are significanity different (P2
0.05).

Egypt J . Anim. Prad ., 228, No.l {(1591)
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The results alsc showed that heavy body weight groaps produced heavier eggs than
those of medium and Jow body weight groups specially in the first two months of
production. This result is in agreement with those of Horst and Petersen (1977),
Madrid et al. (1981), Singh and Nordskog (1982) and Ruiz et al. (1983). The earlier
development and growth of the body and organs seoms to be correlated with eacly
sexual matwity, higher egg number, egg weight and egg mass at least in the first few
months of praducton.

The statistical analysis showed generally that ihe intractions between the mhain
faciors were not significant,which indicated that breed. season and body weight group
were indepenadent in their effecis on egg weight. On the other hand, Haussain et al.
(1982) demonstratad a significant {interaction hetween body weight groups and climatic
conditions in affecting toial cgg mass. This contratiction may be due to the differences
in the environmentsi conditions in both swdies.

Egg quality

The resnlis found in Table 5 showed that egg quality charactess were in general
significantly affecied by time of haich and breed but not affected by body weight
group. Bggs produced during January and Mawh (from summer hatch birds) had better
quality than these produced during August and October (from wicter hatch bixds). The
main cause could be the climstic conditions during preduction peried. The
deterioration of egg quality duving swmmer seasoll was reported by Kamar (1954)
Hiwwitz and Griminger (1962), Miller and Sunde (1975), Vo e al. (1980), 1954 and
Lzat et ol (1985). Eggs produced by W.L. birds generaily showed bester quality than
those produced by R.LR. On the cther hand the nonsignificant effect of body weight
group indicated that cgg gualily tails are independent from body weight of bircs ai §
weeks of age.

The resulis obtaiied from this siady showed that the main faciors studied were
acting indepervdently. So, the stavistical analysis showed generaily that the teractions
among the main factors n case of ¥R qnaiity were nonsignificant, which means that
breed or body weight could not be considered as caterions of adantation to specific
season. However, Clark and Amin (1963) reported that genetic iemperature
relaticnship could be defined for egg Haugh units and percent shell but not fer shell

thickness.

Fecd consumption and feed gflciency

The environmental conditions duing summer months caussd a reduction in foed
consumption in order to reduce heat production and keep the body temperature within
noninal Tt cansed not only a fow feed] consumption, but also 2 bad feed conversion
(Teble 6). This result 15 similar to thit of Vo ef al, (1978) and Heaken et al. (1982).

Egypt. J . Anim. Prod ., 28, No.l (1991)
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Considering feed efficiency, W L. breed showed better results than the R.LR., which
was a resuit of the superiority of W L. in egg production and ezg weight.

The resulis also showed that in most cases, heavy body weight groups consumed
more feed than the medinm énd lght groups. However, because of the better
productivity of the heavy groups specially in the first period of production, these groups
showed betier efficiency of foed uwulization in spite of the relatively higher feed
consumpiicn (Tabie 6).

Horsi and Peiersen (1977), Bell et ai. (1981) and Harms e/ al. (1982) found that birds
with lghter body weight consumed less foo6 and converted feed to egg mass more
efficiendy. The disagreement of the resuitz herein with those in the literature may be
due to the relatively short term test of egg production in our experiment.

The analysis of variance showed generally that the interactions between the main
factors studied had no significant effecis on feed consumption. The efficiency of feed
utilization of the two breeds or the three body weight groups showed similar trends
irrespect of the season of haich. These aze not In agresment with the findings of Petersen
and Horst (1978) and Horst and Petersen (1981). They concluded that the most
pronpounced interaction between genolype and temperature was in feed uptake.
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