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ABSTRACT

Parent stocks (PS) of exotic hybrids have conteétiuimmensely to commercial poultry
production in Nigeria. Their continued optimal izition depends on their performance test.
Information on performance indices of PS layer dse@é South-West Nigeria is however
limited. The growth, reproductive performance aerds®nal sensitivity of Bovan Nera (BN)

and Isa Brown (IB) hybrids were evaluated.

Secondary data on 24 batches of PS of each of BNBakept over a period of 10 years (1999-
2008) in Ajanla Farms, Ibadan were used. Averagehbaopulation was 3896 pullets and 600
cockerels at point-of-lay. Records on Body WeidB¥\), Age, Hen-Day-Production (HDP),
Egg Weight (EWt), Egg fertility (EF), Egg Hatchahyil(EH), Pullet Day-Old Chicks produced
(PDOC) and Hatching Rejects (HR) in four seasorsmlyBWet (EW, April-July); Late-Wet
(LW, August-October); Early-Dry (ED, November-Jangaand Late-Dry (LD, February-
March) were obtained. Data were standardized aradysed for growth, Age-at-first-egg
(AFE), HDP characteristics, reproduction, seasaaisitivity, genotype-season interaction

using descriptive statistics, ANOVA, correlatiordanregression (p=0.05).

There was no significant difference in BW (g) anadwgth rate (g/day) between hybrids:
1724.8£562.8 and 1549.81543.3; 1.4+2.3 and 1.1##.®N and IB hens, respectively. Effect
of seasons on AFE was not significant in both rddyrbut ED and LD seasons delayed AFE.
The HDP values (%) recorded for BN (63.2) and 1B.97 in ED were significantly higher than
in other seasons. There were significant differenceEF (80.8 and 88.7%), EH (69.1 and
73.6%), PDOC (32.6 and 36.1%) and EWt (56.2 an€él §9for BN and IB respectively in EW
season. EF (86.2 and 89.5%) and EH (73.1 and 73i9%yV were highest within hybrids
respectively. Phenotypic correlation (r) betweere/fand Hen Weight, Age and EWt, Hen
Weight and EWt, EF and EH, EF and PDOC, and EHRD®C were 0.78, 0.74, 0.68, 0.73,
0.72 and 0.98 in BN; and 0.77, 0.52, 0.53, 0.6B1,0and 0.97 in IB respectively. The positive
and significant correlation between HR and EWt (r0A44 and 0.13), for BN and IB
respectively, indicated increase in HR as EWt iase&l. The environmental performance in
body weight of both hybrids was significantly degsed before 10 weeks in cocks and
throughout the life cycle of hens, except at 1016 weeks in the BN hen. Performance
depression was also observed in HDP (-10.2%), &B%) and EH (-14.4%) in IB, and EW1 (-
2.9 and -3.2%) in both genotypes respectively tveir life-time period. Predictions of BW by



Age (R = 0.85, 0.84), EWt by Age-in-production {R 0.65, 0.65), and PDOC by EH{R
0.99, 0.95) in both hybrids were significant atZbweeks.

Hen day production, egg fertility, egg hatchabijlipullet day-old chicks were higher in Isa
Brown than Bovan Nera during the early-dry sea8wdy weight was higher in the cocks of
both hybrids in early-dry and late-dry than in gawlet and late-wet seasons. The sensitivity of

Isa Brown was lower than Bovan Nera except in height.

Keywords. Bovan Nera, Chicken growth, Isa Brown.

Word count: 495
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DEFINITIONS

Chicks — Young and tender chicks from day-old to 8 wesfkage.

Point of lay — About to start laying eggs or at the point adgjring the first egg.

Growers— Birds between 8 weeks of age and point-of-lay.

Cockerels— Young males at point-of-lay to 20 weeks of age.

Layers — Female chickens or hens in lay.

Pullets— Young layers at first egg to 35 weeks of age.

Y oung cocks — Young males at 21 to 35 weeks of age.

Cocks— Adult males from 35 weeks of age and above.

Hens — Adult layers from 35 weeks of age and above.

Spiking — Replacement of weak and old breeding cocks yating ones at 25 weeks old in a
flock.

ALL-IN, ALL-OUT - All birds in a batch stocked at the same time @rlled at the same
time, with the pen cleaned, disinfected and rebefdre restocking of a new batch of
birds.

In-coming pullets — Pullets at 16 weeks of age and above, just apping the start of lay or
point-of-lay.

Micro-environment — The immediate environment of the chicken fromiththe deep-litter or
house from the floor level to the comb-height o thirds or the highest level of the
lower wall in the open-sided house.

Early Sexual Maturity — This is the point at which a poultry flock drdper first egg.

Full Sexual Maturity — This is the point at which the peak of egg patidun (HDP) of a flock
of poultry is attained.

Rearing period — This is the poultry management period from dilto the first egg of a
flock.

Production period — This is the poultry egg production and managerperiod from first-egg
to point of cull — subdivided into early sexual oty stage (first-egg), full sexual
maturity stage (Peak HDP) and Life-time period (age).

Age-in-production — This is the age of birds, in weeks, from firsgeghis is also known as
Age-in-lay.

Capons— These are castrated male chickens or cocks ysaddl as Table birds from 25

weeks of age.

XXil



Strains — These are varieties of poultry within a breedsfeecific purposes such as meat, egg
and game.

Hybrids — These are commercial birds formed from withirtipalar strains eg. egg-type,
through the process of hybridization.

Exotic — This means foreign or imported but usually hightyproved and productive.

Genotype — This refers to the complete or sum total of titgyethat is, the genetic constitution

that an animal either breed, species, strain, tyaoiehybrid possesses from the parents.
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Nera, BN
ISA,IB
P.S.
HDP
DOC
EW
LW

ED

LD
PDOC
HH
POL

ABBREVIATIONS

Bovan Nera hybrid or genotype
ISA Brown hybrid or genotype
Parent-stock

Hen-day production

Day-old chicks

Early wet season

Late wet season

Early dry season

Late dry season

Pullet day-old chicks
Hen-house
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Chapter One

INTRODUCTION

Poultry products are contributing greatly to amaimg animal protein deficiency in Nigeria,
although available data over the years indicatérem the growth of the industry. In 1979,
Akinwumi et al. (1979) identified a demand-supply gap in proteagquirement of Nigerians.
They therefore suggested that the fastest meamem@asing supply of poultry meat and egg is
the commercial production of exotic breeds and ialgbof poultry. This recommendation was
made to government. They also recommended thelisbtalent of grand parent stock farms at
three or four locations across Nigeria, to ensursteady supply of parent stock chicks,
commercial day-old chicks and poultry products; d@he provision of additional hatcheries.
Exotic pure breeds of chicken could be bred wittiveachicken but adaptability may become
problematic.

In the absence of improved local strains of chickecommercial quantity, commercial breeders
continue to rely on exotic breeds for their farmackt These hybrids are reportedly produced
from carefully selected, bred and tested linestiatafrom the Pure (unselected) lines, Great-
grand parent lines, Grand parent lines, and theerPalines. The method of crossing
(hybridization) has been well developed, improvedl anade commercially viable for the
multiplication of lines that produce the desireaits (nick) in their progeny. As production and
development of new lines continue in various prignareeder companies, and competition
stiffens among them, these strains are never abketome breeds due to continuous research
and testing of new lines which may perform betteant and therefore replace the existing
hybrids in the market. The best lines in termsearfgrmance indices are constantly being pushed
into the market.

Commercial poultry breeders and farmers in Nigeelg on exotic chickens because of their
higher productivity above local strains. This has to the continued importation of exotic
strains, hybrids, hatchable eggs and day-old chigksa result, various hybrids of questionable
origin and quality are being imported into the doynThis problem has been compounded by
the absence of national and state poultry tesbetato set standards and verify such for hybrids

being imported into the country. Furthermore, thisreneither a recognized chicken research



institute to develop local strains of chicken, m®rthere government political will to commit
resources, manpower and facility to such research.

In Ibadan, Nigeria, the two most popular layerisgaamong parent-stock breeding-farmers are
Bovan Nera (BN) and ISA Brown (IB). These two gemeats are therefore of interest as both
have been accepted by many Parent -stock farmeligeria, and they travel to Ibadan to
purchase the day-old chicks of these genotypethé&xr commercial egg production.

Most contemporary studies focus on broilers andentyg local chicken. However, the
contribution of exotic layers to national proteiapply is enormous and this necessitates the
study into the productivity of Bovan Nera and ISfotn parent-stock chickens. Presently, there
is paucity of information on parent-stock chickearfprmance in humid tropical Africa, although
Babiker and Musharaf (2008) have reported the &ffet season on hatchability and fertility of
egg-type parent-stock Bovans in Sudan. In viewhef iumerous parent-stock layer genotypes
available in the country, it is necessary to charéme and differentiate among them, and
especially between Bovan Nera and ISA Brown in ghowproduction, reproduction and
sensitivity to seasons. Since performance depmes$sie been associated with the introduction of
exotic breeds into tropical environments, it isoalsiportant to examine the extent, if any, of

interaction between genotype and season.

Justification

1. There are insufficient improved local strains oicklen in Nigeria.

2. There is total dependence of commercial poultryetbees on exotic breeds of chicken,
leading to the importation of all sorts of unteséed uncertified hybrids into the country.

3. Importation of exotic poultry may never end becaofpolitical, economic and commercial
relations with producing countries. As such, conand standardization may be the right
choice for government to pursue.

4. Adequate information data bank on the growth armmtoductive characteristics of Parent-
stock chickens in Nigeria is lacking. Such inforiroat from this study may serve as
reference guide for parent stock farmers in theiduropical environment.

5. There is absence of a functional Chicken Reseansfitute for development of local strains,

and the control and standardization of poultryisgrand hybrids imported into the country.



6. There is paucity of information on the effect ofnfid tropical seasons on exotic chicken
performance.

These various challenges suggest that the tropgealironment requires chickens with

outstanding genetic quality. Thus we must ensuee diailability of poultry genotypes of

excellent genetic potential for commercial poulirgeders and farmers.

Main objective

The main objective of this study was to evaluate dlowth pattern, reproductive performance,
genotype - environment interaction and seasonasiteaty of Bovan Nera and ISA Brown
parent stock chickens in Ibadan, Nigeria.

Specific objectives
The specific objectives of this study were to:
» assess and compare the effect of seasons on gpattdin and reproductive performance
of Bovan Nera and ISA Brown.
« estimate and compare the genotype sensitivity @aBd\era and ISA Brown to seasons
in the environment.
* investigate and compare environmental performancbody weight and reproductive
parameters for both genotypes in the region.
* estimate the relationships among growth, producive reproductive parameters in each
genotype.

e predict growth, productive and reproductive pararsein Bovan Nera and ISA Brown.
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2.2

Chapter Two

LITERATURE REVIEW

Definition and background

Poultry includes any bird that is reared or hurfimda useful purpose (Oluyemi and Roberts,
2000). Domesticated chickens are known as domfestic Commercial poultry industry began
in Nigeria in 1961 (Taiwo, 1972). This was led I tWestern Region government of Nigeria
under the Premiership of Chief Obafemi Awolowo. Tiegional government imported pure
breeds of chicken for commercial production andlstd them at Fasola Farms, Oyo. As a result
of this bold action, rapid development of the indysook place later between 1963 and 1977 in
Nigeria (Taiwo, 1981).

National poultry population

In 1977, the population of poultry in the countrgsrestimated as 179, 281, 209 (Akinwni

al.; 1979). Their analysis showed that domestic chigigpulation was 123, 898, 265 (69.10%);
exotic layer population was 6, 215, 033 (3.47%)ptexbroiler population was 3, 390, 892
(1.89%); guinea fowl population was 43, 739, 942.4P%) while other poultry constituted 2,
037, 077 (1.14%). In 1978, total hatchery incubaggracity in Nigeria was 2, 270, 000 eggs and
this produced 885, 500 (39%) day-old chicks monthlgst of the hatcheries were located in the
Western States. In 1994, total chicken populatias estimated as 82, 400, 000 while chicken in
intensive, commercial poultry accounted for aboQt @00, 000 (11 %), but other poultry
(Guinea fowl, Turkey, Ducks and Pigeons) was eggchas 31, 900, 000 (WAR/RMZ 78;
1994/1). Therefore total poultry population was ,12@0, 000. In 1997, the total population of
improved and unimproved chicken was estimated & &32, 000 in Nigeria (Shai&t al.,
1997). In 2006, total poultry population rose slighto 140, 000, 000 according to Aphca
(http://www.aphca.org/news/news records/news 2006is report showed the breakdown of
poultry population in Nigeria as 84, 000, 000 (60%0}he backyard local poultry, 35, 000, 000

(25%) in the commercial poultry industry and 2100000 (15%) in the semi-commercial
industry. These estimates thus showed a declinkergrowth of the poultry industry between
1977 and 2006. There was a boom in intensive chig®duction in the early 1980s. The



government subsidized the price of day-old chiakd feed ingredients. With the withdrawal of
subsidies, both extensive and intensive produdimaded to decline especially in urban areas,
despite the continued high demand for chicken rapdteggs (WAR/RMZ 78; 1994/1). Poultry
are mostly maintained under the traditional, lopwut) free-range system of management.
However, substantial number is reared intensivaty commercial basis especially in the
Southern States. Available data, however showstéady growth of exotic chicken population
from 9.6 million to 10 million (1994) and 35 millo(2006), with an annual growth rate of 8.82
% as at 2006.

2.3.0 Bovan Nera and ISA Brown strains

2.3.1 Origin and popularity
Chicken was probably domesticated in Asia in 25@D @&hd this formed the main source of
modern stocks (Rose, 1997). The single-comb Wkiadrn breed was recognized and used in
the 1950s by commercial breeders as a highly ptoguwhite-egg layer, while the brown-egg
laying strains were developed by crossing RhodantslRed with White Leghorn and other
minor breeds in the 1960s. However the number iofigny breeding companies of commercial
poultry decreased rapidly after the 1950s wheras wealized that each company must support a
large breeding programme. Therefore, they mustaalyarge, world-wide sales of their strains
to recoup the costs of their investments. Presetitre are fewer than 12 large multi-national
companies involved in primary egg-laying and ntgpe chicken stocks. This is a result of
multi-national merging and re-organisations in timelustry to cope with economic and
management reality.
ISA/Hendrix Genetics Company is a global, multiioaal, multi-species, animal genetics
company that emerged out of the revolutional rexnigation which took place in the industry in
2005 (ISA Research and Development, 2011). The aamwvith production and grand-parent
stock (GPS) breeding centres in France, HollandziBrMexico, South Africa, India, Canada
etc; is involved in the commercial distribution efig-type layer breeder (grand-parent stock,
parent stock) strains worldwide. This company distes Bovan, ISA, Hisex, Shaver, Dekalb
and Babcock layer birds. Other commercial stréiemg developed and distributed by other
breeders include Harco, Olympia, Ross, Lohmann,litky- Prelux-R etc. The breeding

programme of ISA consists of individual pure-lineedding and pedigreed crossbred daughter



group field testing (Recurrent Tests). Based orl defined breeding goals the best individuals
of the pure lines are selected based on breedihgwastimated using Best Linear Unbiased
Prediction (BLUP) technology and the new genomitec®n technigue (ISA Breeding
Programme, 2011). The genetic origin and breedirmgramme details (secretes) of these
genotypes are kept secrete by top technical maraggpartners of these breeding concerns and
never divulged to the public to guide against cattipa from rivals. Bovan Nera and ISA
Brown are popularly distributed in Nigeria by CHjénla Farms) limited, Ibadan among others.
These genotypes are widely accepted among farimensghout Nigeria.

2.4.0 Growth

Growth in animals was described as increase in ak changes in functional capabilities of
various tissues and organs of animals that ocaora tonception to maturity (Peter, al.,
2005). However, Newth (1970) reviewed growth asitfeease in length, volume, mass, cell
numbers and amount of a particular class of moéewauthin an organism. A decline in a chosen
parameter is also regarded as negative growthlddestated that in the study of animal growth,
if change in size is not accompanied by changéaps, then a simple relationship would hold
between equivalent linear dimensions, areas angmesd. Thus a crude data of change in size
with time is usually presented as a curve of growtlihe growth curve reflects life-time
interrelationship between an animal’s inherent ils@si to grow and mature in all body parts
(genotype), and the environment in which the imgsilare expressed (Petersl.; 2005). This
stretched S-shaped curve implies an early phadevofgrowth rate followed by a period of high
but nearly constant growth rate. The derivativaha curve of growth is the curve of growth
acceleration. Since growth in living systems isracpss in which every part is simultaneously
involved, what is added by growth can itself grolae rules of compound interest applies. So as
livestock breeders we are interested in:

1. size and its rate of change

2. growth behaviour of unit mass of the biologicalteys

As biologists we should also be interested in esgions that give the mean growth activity of
the system rather than the overall change in Sizese are:

1. Curve of specific growth

2. Curve of specific growth rate



* Growth = weight / time

* Growth acceleration = dW / dt (first derivative)
» Specific growth = log Weight / time

» Specific growth rate =d log W / dt

2.4.1 Growth of body parts

The body parts of a chicken grow at different rabescating that growth is more or less rapid in
one part of the organism than the other. This ferred to as differential growth. Thus, the
weight of body parts increase as a proportionazfybweight during growth. This shows that
each body part has its own characteristic growtlvecand equation (model). When differential
growth occurs in individual animals, change in shajll usually result (Newth, 1970). Growth

in body parts are usually described using allorogrowth ratios, since the relative growth of all
the different body parts are coordinated. So orgaowing at high rates and the growth of the

rest of the body are often related in a simple thang:

}ax®

whery = weight of a part of the body

a = constant
X = weight of the wadody
b = constant

If b> 1, growth oy is faster than the rest of the body
If b = 1, growth ofy is proportional to the rest of the body

If b < 1, growth ofy is slower than the rest of the body
However, the above function can be turned to alirienction by logarithmic transformation on
data. That is:
Logy=loga+blogX
where:
y = weight of body part (kg)
a = constant
b = allometric growth ratio (slope)

X = weight of whole body (kg)



This shows that the specific growth rates of x gmdmain in a constant proportion and growth.
Relationships which obey this rule are known a®ktric. Thus growth in whole animals and
their parts are rigidly controlled and co-ordinatedth equal effectiveness in all tissues.
Nutrition, endocrine system and genetics of livasgmals have controlling influence on their
growth (Newth, 1970) but different genotypes atrdiss within a species may have different
allometric ratios (Rose, 1997).

2.2.2 Growth models

Various models have been used to describe growtierpain animals over the ages. These
include:

* The logistic model (Pearl and Reed, 1923)

* The Gompertz model (Windsor, 1932)

e The Mono-molecular model (Brody, 1945)

e The Richards model (Richards, 1959)

However the Gompertz growth model has become popiola describing growth and
comparing different genotypes of chicken. Pegti. (2005) tested three of these models above
by fitting body weight — age data on chicken tonthe order to describe growth and characterize
the form of growth in seven chicken genotypes. Tiepported that monomolecular and Richards
models overestimated early-life body weight, buthband the Gompertz model underestimated
asymptotic (mature) weight. They also reported ttiee Gompertz model gave a better
asymptotic (mature) weight than the other two fiomd. It describes the body weight — age
data.

(-a x (Age — Agemax))
W =Mx2718>"8

Where W= Weight (gm) at any age (weeks)
M = mean mature body weight for theed (kg)
Agrax = age when maximum rate of weight gain is attaifuays)
Coefficienta = ((maximum ratelige weight gain in kg/day) x 2.718) / M



Or

Wt — Ae-bEKt

where W= Weight (gm) at age t (weeks)
A

Asymptotic weight (average weight at maturity)
e= base of natural logarithm

b = constant of gri@ion that expresses the rate at which a logaritfiunction
changes withd.

k = rate of matyi(the larger the value of K, the earlier the ariimatures)
Peterset al. (2005) suggested that the same model may not ir®@ate to describe different
traits in a particular animal or genotype. RoseQ)9eported that poultry strains exhibit sexual
dimorphism within and differing rates of growth waut; and that the maximum rate of growth
occurs when the bird is at 1/4 to 1/2 way of itstura weight while the age at which this
maximum growth rate is reached is a variable deasg the shape of the growth curve. Thakur
et al. (2006) also reported sexual dimorphism in Kaddkrdticken that the rate of increase in

body weight from 6 to 52 weeks was higher in métas females.

2.4.3 Growth performance in chicken

The body weight of the newly-hatched chick is ab66t68 % of the incubated egg weight
having had about 12 % weight loss due to waterdosig incubatiort. However, once hatched
the layer chick increases in hatching weight akbittimes within the first 6 weeks of life
(Ayorinde et al., 1999). He also reported a body weight increasm f82.88 gm to 1445.45 gm
between day-old and 20 weeks of age, while anathpublished result gave a body weight of
2102 gm at peak egg lay (310 days) in Shika Browmroercial stock. Thakuet al. (2006)
reported growth in Kadaknath breed of chickennidid as in Table 2.1. Weight at first egg in
Fayoumi chicken was reported as 1253.53gm at 16868 (Kharet al., 2006), while the laying
test of German Democratic Republic (1986) for comumaé hybrids put the body weight of
white-egg layers as 1.33 kg; brown-egg layers 89 kg and others as 1.32 kg at 19 weeks of

! Cob hatchery management guide (1996). The cobb kmding company limited. United kingdom.



age. Petrash (1987) reported a body weight of 1388 gm for 150-day (21 weeks, 6 days) old
chickens in a trial to control cannibalism. Lozhkirf1987) reported that the best overall
performance (in bodyweight at 40 weeks; age atdgg; egg production; survival rate; egg mass
to 40 weeks) was obtained in white leghorn henglweg 1.80 kg at 20 weeks.

However, Chineke (2001) reported an average bodghvef 1726.25 + 6.28 gm for mature
Olympian Black pullets. By using a quadratic modélthe form Y = a + bX + cXto fit a
predictive equation for egg traits (Y) and subsiiiy body weight (%ax= b/2c), Chineke (2001)
was able to determine the optimum body weight-rahge yields the maximum egg weight and
other egg traits in Olympian Black pullets. Thereftne recommended the maintenance of an
optimum body weight range of 1.72 to 1.80 kg fotimpm egg traits performance in Olympian
black pullets. He also reported that the associdigtween body weight and selected egg traits (
egg length, egg breadth, egg index, egg weightinaéim weight, yolk weight, shell weight, shell
thickness, hen-day production) was non-linear.

Handy and Ali (1986) reported weight gain at weékand 2 in Alexandria fowls as 79.7 and
129.9 gm and in Fayoumi fowls as 48.7 and 75.0 gspectively. Also Azharudt al. (2005)
reported weight gain in Sonali Cockerels as 209ag®-11 weeks, 434 gm at 12-14 weeks and
542 gm at 9-14 weeks respectively. However, bodightenvas reported as significantly higher
in White Leghorn birds than in Nigerian birds upl® weeks of age after which the differences
were no more significant, and that the overall genance of the exotic strain was reported
better than that of the local breeds (Makireteal., 1987). In a related study of phenotypic
characteristics of Nigerian local chicken by Ajayid Agaviezor (2009), it was reported that the
mean mature body weight was 1504 + 0.006 and 128%0&4 gm / bird for cocks and hens
respectively. Similarly, the average body weighttteg Fulani ecotype chicken in Nigeria was
reported as 1099.28 + 196 gm at 20 weeks and mh&gold weight of 30.45 + 1.24 gm/chick
by Sola-Ojo and Ayorinde (2009), with highest badsight gain (170.85 gm) recorded between
16 and 18 weeks while the village chicken in Tameavas reported with mean body weight of
1948 gm / cock and 1348 gm / hen by Goroneehd. (2009).

10



Table 2.1. Growth performance of Kadaknath chicken

breed in India.

Traits Period Mean (gm)
0-4 weeks 28-111

6-20 weeks 168-868
Body weight 6-7 months 1000
6-12 months 1003-1534

12 months 1500

0-4 weeks 21.0

Weight gain / o4 veeks  48.0

20-52 weeks 22.0

Source: Thakuet al., 2006.
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2.5

2.6

2.7

Stocking density and behavioural pattern

Gibson et al. (1988) placed ISA Brown layers affedént densities in naturally ventilated
covered and strawyard, and recommended a maximatkisy density of 4 birds / mefrand a
flock size of not more than 1000 birds for optinparformance under the straw-yard system.
Gibson, Dun and Hughes reported that the birdslalied a wide range of behavioural pattern
such as feeding (40 %), “comfort” behaviour (19 %ignding and perching (40 %), nesting (7
%) and foraging (7 %). Incidences of cannibalismdel to increase with age (3 years) and
higher stocking density in flocks, not beak-trimneadl on deep litter system (Appeeal., 1988
and Gibsoret al., 1988 ).

Pens of 7 — 8 metres width has been recommendexptonum production in the tropics while
Bogosavljevic-Boskovic (1991) reported a higher tality and low body weight at 18 weeks for
birds kept at stocking density higher than 8 birdsetres’. Egg production was lowest in flocks
at higher stocking density. Lee and Moss (199%) eeported that birds at higher population
density had the lowest percent hen day egg pramtuetnd feed efficiency. Both concluded that
increasing population density decreased layingppmance of birds; while Faroog al. (2002)
concluded that better egg production was obtainedarge-sized than small-sized flocks
maintained at optimal density of 5-6 birds / metnasder better hygiene. Applebst, al. (1988)
had recommended that birds in the deep-litter lshio@& kept at low densities between 2.4 — 10.7
birds / metres.

Deep litter system and chicken performance

Atmospheric dust and ammonia were reported as @mublin deep-litter system and deep-pit
cages while more dirty eggs were also observeterlitter system. The severity of feather loss
and damage was positively corresponding with starkiensity. The body weight was lower and
had less fat deposition compared to caged birdpléfly et al., 1988). Also Ayorindest al.
(1999) reported higher egg production and egg lergcaged compared to littered birds.

Management operations in chicken breeding

Skeletal extremities include beak, spur and todsrits. Birds in deep-litter develop behavioural
vices such as feather pecking, vent pecking, catiaib, cock fighting, over-riding. These vices

12



2.8

lead to injuries, bleeding and death. The removahese extremities seem the best and long-
term solution to reducing these vices. Reductiodight intensity and exchange of breeding
males within the farm may also be effective.

Despuring is the removal of the spur to reduceries to cocks during fighting and hens
possibly during mounting. This is conducted in la¢échery at day-old for parent stock chicks.
Debeaking or beak trimming or beak tipping is tbmoval of 1/4 - 1/3 portion of the upper beak
of chicks at day-old or at 8 — 10 days or at 7 -we&@ks and possibly repeated at 12 weeks. This
operation is conducted also to discourage feedagasby birds. Adequate nutrition along with
ad-libitum feed must be offered immediately posiraining to discourage excessive bleeding.
Declawing or toe clipping is the removal of thevetaon the toe at day-old in the hatchery for
parent-stock chicks. These extremities grow barkoua normal length but the nerves and sense
receptors in them do not penetrate the scar tigstiee end. These operations cause temporary
pain, and bleeding; and then growth is affectedot@narily through reduction in feed intake.
Inexperience and lack of expertise may lead to aperly conducted trimmings causing open
wounds and eventual infection of these wounds (@aéthosis). This infection causes heavy
mortality in infected flocks. Carey and Lassite©9%) reported that feed consumption was
significantly reduced within 14 days period afteak trimming at 63 and 84 days (9 - 11 weeks);

the first trimming being done at 10 days.

Feed uptake and feeding

Rose (1997) reported that poultry eat a daily amhaifirieed approximately 5 % of their body

weight. A prediction equation has been developesktheon their daily metabolizable energy

requirement. However offering palletized feed magréase intake to 8 % of body weight. Feed

restriction is not practised in rearing of layercklens while ad-libitum feeding is practiced in

the first week of life before gap-feeding is esisli®d. Sometimes full-feeding is practiced till

production phase. However in production, daily ¢egding (40 / 60 %) is commercially

favoured for many reasons because:

* Chickens feed mostly in the cool hours of the dagarly morning and late evening in the
tropics.

* Itis also employed to curb feed wastage

13



2.9

e It is used to ensure that adequate amount of feeailable for birds at night when egg
formation is taking place.

* It is used to encourage uptake of micronutrientt Hre in the feed dust that is left behind
after selecting the larger feed particles in trelfeffered.

» It is also utilized to encourage empty trough ie #iternoon hours when feed uptake is low
and therefore stimulate hunger for feed at latenignghours.

Phase feeding is practiced to adjust to the deicigamitritional requirement of the hen body,

with increasing age and decreasing production $e¥et optimum production.

Water is important for feed metabolism in the boslast dry poultry feeds contain 10 — 15 %

water, in addition, birds will consume about tw{temperate) (Rose, 1997) and 5 times (tropics)

of the weight of feed consumed.

Sexual maturity

Theage at which a bird drops her first egg signifiagyesexual maturity age while the age at
peak production signifies full sexual maturity agarly maturity could be achieved at 16 weeks
or 112 days (Mussawat al., 2004). In black Olympian pullets, 151 and 175 dagse obtained
by Ayorinde and Oke (1995); while 132 days and 8&0s (30 weeks) were reported for Shika
brown commercial strain developed by NAPRI (Ayoemtial., 1999) and reared on deep litter.
Khan et al., (2006), reported early maturity at 163.63 £ 11dag¥s in Fayoumi chicken with
average body weight of 1253.53 + 16.42 gm and-&gg weighing 45.79 gm under intensive
management. However, full maturity was achievetlexaat 196 days (28 weeks) in caged Shika
Brown birds. Analysis of results presented by Akaet al. (2008) indicated that the Black Nera
pullets achieved sexual maturity at 188 days abadybweight of 1421.59 gm/bird while the
improved local B-Alpha pullets matured sexually 189 days with a body weight of 1315
gm/bird. Leghorn hybrid pullets under temperateditoons attained sexual maturity at 167 — 199
days as reported by Horst and Petersen (1981). Boigyreported that the introduction of dwarf
genes into chicken is capable of reducing bothbtiwy weight by 29.3 — 31.7 % and increasing
age-at-sexual maturity by 12.6 — 17.2 % in hot emment. They also reported higher egg
production in normal as against dwarf birds undlerinfluence of long term heat stress®(@2
45% R. H.) at 56 and 76 weeks; and retardationegfial maturity in dwarf birds through the
dwarf genes. This fact was also confirmed by Aydeirand Oke (1995) that birds with lower
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body weight mature late by a week as against tiitbehigher body weight , while those ad-
libitum feeding matured sexually 3 weeks before thoseestricted feeding. Belgium (1986)
however reported contrary to above information thaarf birds began laying 14 days earlier on
the average than normal birds. Re-analysis of teguésented by Akanmet al. (2008) revealed
that among improved genotypes (Indian-bred Girjrijara Black, Improved local B-Alpha and
White Leghorn pullets); an inverse relationship waserved between body weight and age at
early sexual maturity. As the body weight of puleit sexual maturity decreases (2063.3;
1421.6; 1315.0; 1214.3 gm), the age at sexual matuncreases (162; 188; 199; 202 days)
respectively; the situation was however differeatnpared to the normal feathered Nigerian
local hens with light body weight (1208.64 gm) aaadly maturity age (183 days). Although the
age at sexual maturity depends on species, sfeedjng and day-length, it can be estimated
using the non-linear relationship:
Age at Sexual Maturity = General Average for thraist— 1.61P + 0.0006P- 0.001918P
Where P = constant day-length (photoperiod) used.
Thus, the age at sexual maturity can be manipulawedard or backward by management by
changing the day-length during rearing (Rose, 19%9hg information above emphasizes the
need to photo stimulate (give extra light hour& Tchours) birds at the right bodyweight and age
combined. The domestic fowl exhibit relative phosfractoriness. Growers will reach sexual
maturity even if they are kept on short day lengtGrower breeders may have their sexual
maturity delayed only by a combination of short dierygth; and feed restriction as reported by
Sodhi and Sharma (1992) in which he was able taydeéxual maturity through feed restriction
by 8 — 15 days in White Leghorn chickens, &Hibitum with high fibre basal diet and sawdust
(4:1). The length of delay depended on the duratiorestriction imposed. On the other hand,
chicken kept at their critical or marginal day lémgeach sexual maturity earlier if increased day-
lengths are applied. Early photo-stimulation ofdbiwith low weight is highly undesirable with
several consequences such as:

* Immature body and skeletal frame to cope with thess of egg production.

* Low egg weight

* Insufficient fat pad and consequent difficulty m-positioning.
It was reported by Hays (1952a) that very earlyumiag) pullets remained significantly smaller

than medium or late-maturing birds up to 12 monthsage, but this difference in weight
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disappeared at 14 months when all age-groups shabedt the same weight. Age at sexual
maturity was also found to have consistent andiderable effect on egg weight (the lower the
age, the lower the egg weight); while very earlywumiag pullets average significantly greater
number of eggs than the late maturing pullets (Beke Banerjee, 1993; Hays, 1952a).

2.10 Photo-stimulation
Azharulet al. (2005) reported that egg production will normadtart 14 — 18 days after onset of
photo stimulation while Yakubovskii et al. (1998ported that egg fertility of hens mated to
cocks was increased by 1.7 — 2.0 % by providindgiaat light during the last 3.5 — 4.0 hours of

natural daylight from lamps.

2.11 Eqgg traits in poultry
These include egg number, egg weight, egg lengjh, vdth, egg index, shell weight, shell
thickness, age at sexual maturity, internal egdityua haugh unit, aloumin height, albumen
weight, yolk colour, yolk diameter, yolk weight, lixcheight, yolk index (Fayeye and Adeshiyan,
2008; and Ojedapet al., 2008).

2.12 Egg production cycle

Rose (1997) described the characteristics of anpegduction curve of a flock of laying hens.

He noted that the curve has 5 stages, A to E, &witled in Figure 2.1. These are:

« Stage A — Early sexual maturity’(2gg) point. Individuals vary.

» Stage B — 50 % egg production. This is a morebldineasure of sexual maturity.

« Stage C — Peak egg production. Point of inflecdod slow decline in egg production. Rate
of decline is usually constant but the slope depemwl species, strain, management and
biosecurity (health factors).

« Stage D — Rapid decline in egg production. Thislidecmay further be accelerated by
decreasing day length, reduced feed supply, simenease in number of broody birds, poor
management, nutritional and other stress conditions

» Stage E — Moulting. This is when there is rapidedetation in egg production and shell
strength. Laying soon ceases altogether. The owahat the ovary regress, feathers are shed
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as the feather papillae are stimulated to produme ones that push the old ones out.
Moulting is a result of the complex interactionweén gonadotrophic hormones. Thyroxin
and prolactin also interact with gonadotrophic hones. At this period, the birds rest from
egg production and tissue regeneration (ovidukgdalace.

» Seasonal variation, heat stress, disease chalkmegfactors able to change the shape of the

laying curve except in controlled environment.

Rose (1997) and Oluyemi and Roberts (2000) alsorteg that the egg production curve of the
domestic chicken can be divided into 3 main phagety 3, which ends with moulting as
illustrated in Figure 2.1

Phase 1: This is the time from the first egg laidhe time when nearly all birds in a flock are
laying continuously (peak production). It is vetyost because individuals are exposed to same
environmental and nutritional regime. This phas#san peak production.

Phase 2: This is the main laying period. Howeverdhs a continuous but gradual decline in
HDP due to lengthening egg formation time. Therals® a slow and continuous reduction in the
rate of egg-yolk deposition as birds get older.sTimeans birds are not able to form ova of the
correct size quickly enough to allow long sequerafesggs (clutches) to be formed. This period

lasts for various lengths of time depending on g strain, environment and management.

Phase 3: This is the time when the number of shvaddeclines rapidly. Incidence of internal
laying also increases sharply. This condition ie ttu a number of factors such as Broodiness,
moulting, changes in nutrient intake, changes idybcomposition, stress factors such as sharp
noise, regular disturbances and fright; all theseditions accelerate end of lay and onset of
moulting.

Essien (1989) reported that maximum rate of egglymtion occurred in shaver in the first 12
weeks of production, then declined gradually afi2mweeks and markedly decreased during 25 -

48 weeks of lay.

17



HDP (%9

100

90

80 -

70 +

60 -

50

40 +

30

20

10 4

‘
0 10 20 30 40 50 60 70 80 920 100
Age in weeks

—HDP

Source: Rose, 1997.

Figure 2.1. A typical hen-day production curve of he domestic chicken showing the stages,
A to E, and the phases, 1 toof,egg production performance during the pullet
year
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2.11 Egg production
Egg production of 55.8 % was reported in Rhodentsl&Red (RIR) chicken reared under
intensive system producing 133 eggs during 16 -wBeks (Sazzad, 1992). Although egg
production of 240 eggs/hen/year was reportedstran of RIR chicken; however, a bird laying
180 — 200 eggs/year in the tropics is considergdoa layer (Atteh, 2004).
Layer farms in Pakistan produced 68.0 % HDP and &figs HH annually (Mussawat al.,
2004). Shika Brown produced 70.06, 67.43 and 5%0d 33 — 46, 47 — 59 and 60 — 72 weeks
respectively; while the black Olympian pullets pnodd 55.2 % HH eggs (Ayorinde and Oke,
1995) and 69.33+0.09 % hen-day production (Chin@k@1). Chineke (2001) also reported a
significant quadratic relationship between totahdgay production and body weight at sexual
maturity in white leghorn layers, as observed bypbessis and Erasmus (1972). Essien (1989)
reported that maximum rate of egg production o@im Shaver fowls during the first 12 weeks
of production. The effect of season on egg produadif chicken was investigated by Khetnal.
(2006) among local chicken in Bangladesh. They neplothat highest egg production was
observed in winter season (52.78%), followed by msem spring and late autumn respectively.
Percent egg production can be predicted for domekicken with the equation by Rose (1997).
Y =100 ((1/ (tax b)) - (C x X) + 9
where; Y = % HDP (number of eggs latthy /100 birds)
a and b = constants desugilmcrease in egg number from start to peak
production (a =@@nd b = 0.30)

¢ = constants describiatg of decline in % production from peak (0.0035)

d = constants descrilfiaigrroduction at peak (- 0.03)

X = number of weeks franstfegg laid by flock
Oni et al. (2001) also studied egg production in a straiRbbde Island breeder hens using six
mathematical models namely exponential, parabokpoeential, woods gamma, modified
gamma, inverse polynomial and linear model. Thagdi28-day periodic egg production data to
models starting from first-egg. Comparison betwtesse functions indicated that the modified
gamma model by Mc Nally (1971) gave the best fit&ba but they concluded that one model
may not necessarily be best in all circumstancesithrall data; and suggested that properties of
models and data should be examined before choasingppropriate model. The modified

gamma function was:
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Y: axbe(-C.X+d.XTl/2)

where Y= Number of eggs laid by an individual bird or haany production of the group
a = Peak egg production actbévay a strain
x = Time period
b = Rate of increase of hen-eégg production
¢ = Rate of decline of hen-agyg production

d = Individual rate of declimeegg production

2.14 Persistency in egg production

This is described as the ability of a flock of gouto continue in lay (% HDP) within a range of
5 % variation in hen-day egg production, withinatjgular time interval (weeks) while laying
eggs of uniform weight. To the average farmer, ipescy is simply the number of weeks in
which a flock of birds will lay eggs of uniform wght, usually at or above 70 % HDP. For
comparative purpose however, the product of meadyation (% HDP) and the time interval
(persistency) could be very important. The CV oH®P at this period could also be a pointer to
the laying stability of a flock during the persistg period and therefore useful for strain
comparison.

This phenomenon is observed in the second phapeodiiction between peak egg lay (C) and
the point of rapid decline in egg production (Detétsen (1987) also reported that laying
persistency was higher when daily photoperiod wageased by greater or equal to 1 hour /week
than when increased by 0.5 hours / week, whilehthéine research programme expressed the
expectation for persistency to improve along wittxusal maturity with each successive
generation. Persistency in lay is usually obsente8D — 35 weeks at 90 % lay while about 66 %
of the flock should perform above average betwder 86 weeks of age.

During late production period, persistency must@ntained through good flock management.
A deficiency of amino acids at 50 weeks of age imdiaely reduces egg weight and then
persistency around 4 — 5 weeks later. Hendrix gesbelieves that a reduction of the oil content

(%) and energy level is a sure way to stabilize wggght at this period. So while considering
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persistency in lay, individual variability of birds the flock, and average egg weight, the

requirement for amino acids must be stable througti® laying period.

2.15 Factors affecting egg production in deeprlitecks

These factors were reviewed by Jaebhl. (1998 ) as Age, Nutrition, Omission of ingredieints
feed such as salt, calcium, vitamin D, Protein &g Toxicoses- salt, phosphorus, vitamin D;
Mycotoxins, Anticoccidials, Management errors -dieg, watering, inadequate day-length, high
house temperature; Ectoparasites — lice, miteasflEndoparasites - nematodes, tapeworms;
Diseases — fowl pox, coccidioses, infectious braiscfiBH), newcastle (ND), avian influenza
(Al), avian encephalomyelitis (AE), mycoplasma galium (MG), Fowl cholera, Infectious
coryza; Predators, Cannibalism — feather peckigg, eating, excessive egg breakage, hidden

eggs at corners.

2.16.0 Negative influences on egg production

Physiological conditions which influence egg prailut negatively include photo-refractoriness,

brooding and moulting.

2.16.1 Photo-refractoriness

Rose (1997) reported that changes in day-lengtbsuaed to synchronize seasonal breeding
patterns. As decreasing day lengths result in dsect leutenising hormone secretion by birds
and the ceasing of egg production. However, timeusatory effect of lighting both in controlled

and open-sided environments diminish over time l@rds eventually stop laying eggs. The loss

of photo stimulation in birds is referred to as fghefractoriness.

2.16.2 Broodiness
Rose (1997) also reported on broodiness in chickbrs. is the condition in which the hen after
completing the clutch size that is characterisficher species and strain, sits on her eggs to

incubate them. This period from start of incubatiorthe end of chick brooding is the broody

2 Hendrix genetics (2006). Primary breeder of ISA bown and Bovan Nera parent stocks.
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period. During this period, egg-laying stops argirtbvaries regress. Abdominal feathers are lost
and the abdomen eventually forms a bare brood patwn they start incubating their eggs.
During broodiness, the levels of circulating prdailadncrease and may reach a threshold level
that starts overt behaviour. There are also chamgdlse circulating leutenizing, progesterone
and other gonadotrophic hormones at this periodadied that domestication and selection have
reduced this trait in egg-strain chickens. The autiiso noted that in practice in large poultry
systems, fertile eggs are promptly removed fromntbgt boxes, incubated and reared separately
from parents. High incidences of broodiness resuliarge drop in production in flocks.
Remedies that have been employed in practice owerihclude:

* Timely collection of fertile eggs (5 times /day).

* Filling the lay-nests with adequate, clean andlithgr regularly

* Providing perches in the pen

» Identifying early stages of broodiness in individuand separating them to an uncomfortable

broody pen.

2.16.3 Moulting

2.17

Rose (1997) reported that egg production declimeg @ moult is begun and ceases completely
after 10 days. The oviduct and ovary regressesredhace in weight to about 1/10 and 1/20 of
previous weight respectively. The weight loss ithboases may account for about 25 % of total
weight loss by the hen during a moult. Liver weightl body fat store are also reduced. Feather
loss starts 15 days into moulting.

Egg weight

In Nigeria, unpublished results of Shika brown coencial pullets gave an egg weight of 64.9
and 66.3 gm at 33 and 59 weeks respectively whigekBOlympian pullet eggs weighed an
average of 54.56 gm (Ayorinde and Oke, 1995) at 22 weeks. Ojedapet al. (2008) reported
mean egg weight in Brown Shaver commercial laysrS@a15+4.85 gm with a range of 43.70 —
81.30 gm. Chineke (2001) reported an average egghtvef 63.06£0.19 gm, a maximum weight
of 66.15 gm and a direct relationship between egght and body weight in Black Olympian
layers. It has been reported that the weight oftigincreased between 2 to 7 months of lay by
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Cunninghanet al. (1960) while that of Shika increased between 2@ weeks (Ayorindet al.,
1999). The average weight of the egg is determmedge and consequently the size (growth
rate) of the magnum (Austic and Nesheim, 1990Alorindeet al., 1999). Average egg weight
among Fayoumi chicken was reported as 45.79 gmr(kéha., 2006) while that of the Nigerian
light Eastern ecotype layer was reported as 38.993F% gm (Oleforulet al., 2008). The egg
weight of the frizzle-feathered Nigerian local héinwas reported as 51.07 + 0.77 gm (Pegers
al., 2007). Beker and Banerjee (1993) reported dataiwsihowed that the higher the age at first-
egg, the higher the egg weight within the first \28eks of lay. Akanngt al., (2008) also
presented results which indicated that the higherkdody weight of the hen at first egg, the
higher the weight of the first egg. This indicatieat it is possible to manipulate the body weight
of the hen through management to obtain highervegight at first egg. The effect of genotype
was also reported significant on egg weight.

As laying flock ages, the egg weight increases tuéody weight gain and declining egg
production after peak. Increased breeder egg wenght the productive life-time has significant
benefits on performance. Bigger eggs hatch biggeiks which are of better quality with more
residual yolk, lower susceptibility to dehydratiamd heat loss. However, Flemming (2005)
reported that excessive increase in egg weighndudte production has negative implications
for egg quality and handling. Bigger eggs tenddweha poorer hatchability, poorer shell quality
and increased number of cracks. So, it is importaninanage egg size in late production to
achieve a balance between layer performance andjeaglgy. This can be achieved through
management of persistency of lay, body weight amttlitron. Tandronet al., (1987) reported
data showing that eggs bigger in weight lose mooestare during 1- 4 days of storage, leading
to lower percent hatchability and lower percentkhweight.

However, Unal and Ozcan (1989) reported data whiedwed that the higher the weight of eggs
set in the incubator (without storage), the lowsr hatchability, the higher the chick weight and
chick survival to eight (8) weeks. In 1986, the @an Democratic Republic laying-test
conducted on 6 white-egg strains and 5 brown-eginst of fowls showed that the weight of the
brown-egg strain (63.5 gm) was higher than thathaf white-egg strain (60.2 gm) fowls.
However, the weight of chicken egg can be predibig@dn equation by Rose (1997) describing

the asymptotic relationship between age and egghuei

Y =a-(hr%)
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2.18

2.19

where, Y =egg weight (gm)

a = a constant describing the maximum egg h€i.0)

b = a constant describing the rate of increasgmweight (18)

r = 0.9 for all poultry species.

X = number of weeks in lay, not age
This asymptotic relationship describes the rapatease in egg weight which later move slowly
towards a constant weight as they get older. Fayk Adesiyan (2008) also investigated
thirteen egg quality traits using multiple regressanalysis to identify the determinant of egg
weight. They concluded that aloumen weight wasntlest important determinant of egg weight
probably due to the fact that it constitutes thigdat portion of the egg. They reported that the

linear function gave the best fit for the regressad egg weight on other egg quality traits.

Factors affecting egg size

The author noted from field observations that thg weight may be influenced by factors such

as:

* Maturity weight — the lower the age at first-edwg tower the egg weight.

* Age of flock — older birds in second or third yedrproduction produce eggs with higher
average weight than the previous year

* Mature body weight — the heavier the weight oftiba, the heavier the egg weight.

» Breed and strain (genotype) of flock

* Flock body weight uniformity

* Nutrition and level of feeding

*« Diseases

Nutrition and egg weight

The egg weight during the early stages of egg prtholu cycle can be increased by increasing
the protein level from 17 to 21 % or by adding 4&%to the conventional layer diet (Keshavarz
and Nakajima, 1995). They also concluded that #efcial effect of fat on egg weight is
independent of its energy effect. However, Keshayh995) reported that methionine effect on

egg weight was significant during early stages gf @roduction and that most traits were
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2.21

increased by addition of 4 % fat to high proteia%® diet. However, in late production period,
reduction in the oil content (%) and energy lewettabilize the egg weight must also ensure that

the amino acid profile of the feed is not affectEttmming, 2005).

Egg sorting

Smith, (2000) and Cobb (1996) summarized the cheniatics for eggs that are required for
setting in the incubator. These eggs are usualéctszl to achieve high level of hatchability and
include eggs with uniform weight and size (55 gn® £a). Eggs below this range contain very
small yolk which provides insufficient nutrients Wéheggs above the range usually contain
double-yolk which may be infertile or produce defied or fused chicks. Pullets in early-lay
period (1 — 4th week) are likely to produce dowadked eggs. Unracked eggs should be
selected for setting, picking out the cracked ori@&smcked eggs usually become desiccated
before end of incubation and fail to hatch. Thoggsethat do not contain blood and meat spots
should be selected also. Blood and meat spotsegitaliie characteristics. Eggs with thick shell
are usually selected. Thin, chalky and discolowteells are discarded. Eggs with clean shells are
also picked. Those eggs with the characteristid slhage and those with smooth shell surfaces

are selected for setting also.

Storage of hatchable fertile eggs

It has been recommended that fertile, hatchablesanigd eggs should not be stored for more
than 7 days before setting in the incubator. Edgailsl be stored broad-end up. The average
room temperature should be 10 -° B4and 75 — 85% relative humidity (Ross, 1997, &niith,
2000). Fertility of eggs set in the incubator tetmlglecline by 1% per day after 4 days of storage
and 2 % per day after 10 days. Other effects of siggage include the prolongation of
incubation time, as each day’s storage of eggs adusir to the incubation time. Hatchability is
also depressed after the initial 5-day period ofegje, losses in hatchability of 0.5 - 1.0% per
day has been observed. Tandreiral. (1987) reported data showing that eggs 48 - 53igmed

for 4 days pre-incubation recorded the highesthadiiity of 90 - 98 %, losing the least amount
of moisture (0.05 gm) and having the highest pdrcaick weight (72.67 %). Unal and Ozcan
(1989) also reported that eggs weighing 58.1 grardsx a hatchability of 92.0 %. A close study
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of these reports inform one that the optimum wedgjhtatchable eggs for best hatchability result

could be maintained between 54 and 59 gm.

2.22 Fertility of incubated chicken eggs

Fertility was reported among the Deshi breed otlam as 83% (Bhuiyast al., 2005) while
Jayarajan (1992) reported that egg fertility waghbst for white leghorn and Rhode Island Red
breeds during the cold and summer seasons resglgctihis means that hatchability of eggs is

influenced by breed and season among other factors.

2.21 Hatchability of chicken eggs

Hatchability is the number of first quality chickbtained, expressed as a percentage of all eggs

set in the incubator. Hays (1952b) reported a linearease in sex ratio as hatchability declines.

He further re-instated the hypothesis that “embrgbshe heterogametic sex are much more

likely to die than those of the homogametic sexd dmens with very high hatching records will

generally be expected to give normal proportidnmale and female chicks”.

The effect of egg cleaning on hatchability of eagss reported by Miloseviet al. (1992) that

hatchability was significantly reduced in dirty eggashed with disinfectant and in unwashed

control eggs. The worst hatchability was obtaimredggs washed with water. They further

stated the disadvantages of mechanical cleaningggbk as its slowness and possibility of

contamination of the incubator and other eggs lgd@®ggs. Hatchability is influenced both by

breed and season (Jayarajan, 1992); and otherdastich are broadly categorized into farm

management and hatchery management fattors.

1. Farm management factors include nutrition, diseasdertility, egg damage and egg
hygiene.

2. Hatchery management factors include egg storagg,deghage, hygiene, management of
incubation, and egg handling.

Levin (1989) reported data which showed that hdditiaof eggs declined as the weight of eggs

set in the incubator exceeded 59 gm. Hatchabiiported by Bhuiyart al. (2005) among the

Deshi breed of chicken (52%) was low. Failure gg®to hatch could be traced to egg storage

% Cob hatchery management guide (1996). The cobb leeing company limited. United kingdom.
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(25%), true infertility due to flock age (20%), baga and mould contamination (12%), egg
faults and shell damage (10%), breeder nutritiod%4), diseases (10%), genetics (8%) and
incubation faults (5%}.

Day-old chick body weight

The day-old chick weight is normally about 66 -%8f the egg weight. Individual chick weight
normally were between 34 and 46 gm/bird at hatchifipe time interval between hatching,

take-off and delivery of chicks significantly aftsdhe final weight at the point of delivery.

Hatchery wastes and disposal

With 80 % hatchability on fertile eggs, 20 % of egget will either be infertile or contain dead
embryo. Egg shells constitute a substantial pordiohatchery wastes. Incorporation of hatchery
wastes into by-products meal may increase theaistkhe spread of pathogenic organisms. In
large concerns, unhatched eggs, pipped eggs, bidks are macerated and destroyed using
carbon dioxidé. Locally, these are sold without separation tdistafarmers to incorporate into
feed for their fish stock. These wastes could dlsaisposed by dumping in a landfill site or

processed and spread on farm site as manure.

Environment and chicken reproduction

Bordaset al. (1993) reported that hens kept in cages, from &8kw of age, at 3C, of normal
plumage group (nat+ nat+ genotype) had significalalyer egg production, egg fertility, egg
hatchability and mortality than those heterozygousiomozygous for naked neck (Na na+ and
Na Na) and lower than those kept al@1Horst (1981) reported differences between locatin
poultry performance during production. In a comgami of related genotypes between temperate
and tropical environment, environmental depressajreoout 20% were observed in growth and
egg production. Feed consumption and egg weighd at64 weeks also experienced depressions

of 5 and 9 % respectively. He also reported thatetie improvement results in the tropics

“ Cob hatchery management guide (1996). The cobb leding company limited. United kingdom.

® |bid

® Cob hatchery management guide (1996). The cobb leeing company limited. United kingdom.
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showed an antagonism (negative relationship) betweawth and adaptability in highly selected
populations. However, Horst and Petersen (19819rteg that hens with smaller body weight
compared with heavier groups are superior under $teess, and so confirmed earlier findings
that smaller genotypes react less sharply to stiess larger ones. Jayarajan (1992) also
investigated the effect of seasons on egg seilefaigs and hatchability of fertile eggs. He
reported that hatchability was highest during tlesoon season (September — November; mean
temperature, 29.76; mean rainfall, 1250 mfjcompared to the cold winter season (December
— March; mean temperature,’Z1) and summer (March — June; mean temperatures y&%g—

40°C).

Breeder hen selection and age

Hays (1951) reported that birds in their seconthwd year of laying were less efficient breeders
than the same individuals in their first year asyttayed fewer eggs, and had lower fertility and
lower hatchability. However, if the desire is teeéd for high fecundity, greater progress may be
made by using partially-tested yearlings as contpaiiéh pullets. Yearling hens produce greater
chick size and higher chick viability, while Lern@and Gunns (1952) reported that the
reproductive fitness of birds laying eggs of intediate weight (49.6-56.6 gm) was greater than

those laying smaller or larger eggs.

Hen testing and comparison parameters

These include bodyweight at first-egg, peak prtida¢ 4, 16, 20, 45, 60 and 70 weeks; feed
consumption at first egg, peak, 4, 16, 20, 45,a60 70 weeks; age at first-egg and peak
production; Mortality at rearing, production, fiegg, peak, 4, 16, 20, 45, 60 and 70 weeks; egg
production at peak production, 45, 60 and 70 weEksg; weight at first-egg, peak, 21, 45, 60
and 70 weeks; feed conversion at peak, 4, 16,42060 and 70 weeks; total egg laying period;
egg fertility at peak, 25, 30, 35, 40, 45, 50, 68, 65, 70 weeks; egg hatchability at peak, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70 weeks and abgipga

"Redmond, W. A. 2008. Monsoon. Microsoft Encarta 219 DVD. Microsoft corporation. Retrieved in Decembe2009.
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Correlation among morphological traits
Kunev (1987) reported that the duration of the Eygng cycle was significantly correlated
with egg production (0.69), egg weight (0.22), badgight (0.50) and age at first-egg (0.69);
while Halaj and Konan (1986) reported that eggghewas correlated with egg fertility (-
0.66), with hatchability of egg set (-0.92 ) andhniatchability of fertile eggs (-0.87). However,
Tserveni-Gousi (1987) reported significant corielatbetween egg weight and day-old chicks
weight (R = 0.32), between age of dam and chick weigit{R.86), and that chick weight was
adequately predicted by the use of age as a sinde&pendent variable. Mishiet al. (1987)
reported on age at first-egg in five strains ofteheghorn hens. The average was 180.84 + 0.30
days while the heritability was 0.14 + 0.03. Theritability was genetically and significantly
correlated with egg fertility (0.11 = 0.09); hattilay of fertile eggs (-0.14 £ 0.09); egg
production (-0.94 + 0.02) and egg weight (0.23 %00. Also, Lozhkina (1987) reported
significant correlation between body weight (20 iseand egg mass (to 40 weeks) as 0.19; egg
mass (at 40 weeks) and rate of increase in egghivagy0.18 and between body weight (at 20

weeks) and egg production as 0.11.

Evaluation of chicken flock

The quality of a flock of pullets at point-of-layay be measured using:
* body weight

* age

» feed intake capacity

* beak trimming quality

* body weight uniformity

* health status

While in production however, a flock may be evaduhtising:
e Peak egg production

* Persistency in lay (HDP and length of time)

* Percent fertility (mean and peak)

e Maximum hatching eggs / HH / week

* Optimum egg weight and shell quality
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* Body weight uniformity of flock (>85 %)
» Livability (high!)
* Attainment of target body weight for genotype.

2.31 Genotype sensitivity
Graphically, the slope of the phenotypic valuesdiya genotype, G, against the environmental
values of all the genotypes (x) in the environmeiit give the environmental sensitivity
coefficient, b, of the genotype in the environment.
*  Sensitivity of G = (b) Ay /AX
So, Sensitivity = Phenotypic values of a genotypan environment / Mean of all Genotypic
values in the environment.
But statistically, environmental sensitivigythe regression of a genotype’s phenotypic vabnes
the phenotypic mean values of all genotypes in #m@tironment (environmental values)
(Falconer and Mackay, 1996). If the environmentsemois different seasons of the year, then, by
the simple regression procedure of most softwares,
Y =abX

Where Y = genotype’s response in season

a = intercept or genotypic canstffor the season

b = sensitivity / power / slofpesponse coefficient

X = Mean value of all genotypgem all seasons, in the environment.
Thus, the amount of variance due to sensjttei season is obtainable from the heterogeneity
of regression slopes, that is, the slope of theegsgon line measures the seasonal sensitivity of a
genotype. Large differences in sensitivity amongaoggpes in various environments may lead to
a reversal of the order of merit (Falconer and Mgckl996) among the genotypes. Part of the
genotype — environment interaction variance cambaibed to differences in sensitivity of
different genotypes to different environments (Bakr and Mackay, 1996; Horst, 1981). Khan,
et al. (2006) showed a classical case of seasonal satysiti which they reported that the local
chicken strains of Bangladesh recorded highesipegduction of 52.78 % in winter, followed by

summer, spring and late autumn productions respgti
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Therefore, seasonal sensitivity is a componenth@igenotype by environment interaction (G-E);
and the variance due to sensitivity can be estithlyeregression and mathematical procedures.
Sensitivity indices help breeders to rank genotygmE®rding to its magnitude, and also to decide
which genotype shall be selected. Environmentatiseity helps to understand responses of
genotypes to selection in different environmenitsces a low genetic correlation means that all
genotypes react differently and have regressiossliwith different slopes, that is, individuals
have different environmental sensitivities.

According to Falconer and Mackay (1996), when avirenment increases character or trait, it
is termed ‘good’ but when it decreases charactes, termed ‘bad’. In this regard, the humid
tropical region of South-West Nigeria may be cladias a bad environment because of its
endemic nature and its depressive climate. In gaodronments, high sensitivity brings high
performance while in bad environments, low sengytisbrings about high performance.
Therefore in this ‘bad’ region, upwasglection will be most appropriate rather than deeuml
selection. In selecting upward, individuals with low sensitwiare selected. This type of
selection in which selection and the environmemtiraopposite directions - upward selection in
a bad environment is referred to as antagonistiecBen as against synergistic selection.
Therefore sensitivity is reduced by antagonistie®n and this produces the best overall

performance in genotypes.

2.32 Genotype - environment interaction
Genotype — environment interaction (G-E) has beefindd as a change in the relative
performance of a character of two or more genotypeasured in two or more environments
(Bowman, 1974). When a genotype is reared under dpexific environments, for example
temperate and tropical, its response (body weigtdy differ in the two environments. The
differences could be due to management, feedingwding, weather, equipment, farms,
nutrition, season, or geographical locations elis Theans that each environment has a specific
effect on members of the same genotype and diffgremotypes. If the effects on a genotype are
the same in several environments, there is no gpast environment interaction; but if different
and large, then genotype — environment interactiay be implicated. The phenotypic value of

an individual in the genotype then becomes: P =(&+ Igg)
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Since a single genotype is a genetically uniforougy the variance observed will be due entirely

to environmental differences among individuals witlihe genotype. This means that, the

variance depends on the way in which the particginotype responds to the environmental

differences (particular environments). It is usyalbserved that, one genotype may be more

sensitive than the other to environmental diffeemnc¢hat is, a specific difference of environment

may have a greater effect on one genotype thaattiee (Falconer and Mackay, 1996).

Interaction may involve:

* A greater effect of an environment on some genatypan on others, leading to differences
in genotype sensitivity to the environment.

« Changes in Rank order for genotypes between envieats. The environments have to differ
considerably for rank order changes to be impoisighificant).

* Changes in absolute and relative magnitude of #eetic, environmental and phenotypic
variances between environments, so changing hgitgab

The variance due to interaction can be estimatedabtorial ANOVA procedure of most

statistical softwares. Therefore the existence & @teraction is a pointer to the adaptability

potential of a new genotype or an exotic strainthe local condition. When there is no

interaction, the best genotype in an environmetit lvei the best in all. The presence of much

interaction means that particular genotypes musiolght for particular environments (Falconer

and Mackay,1996).
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3.1

3.2

Chapter Three

MATERIALS AND METHODS

Location

The research was conducted at Ajanla Farms, Ibaikamted in the rain forest zone of Nigeria.
It is located on latitude 6726’N, longitude 0354’E and on an altitude of 227.08 metraisove

mean sea level (MSL)For experimental purpose, the climate was dividezbaling to natural

seasons namely early wet (16th April-July); latet \Weugust-October); early dry (November-
January) and ate dry (February-15th April) respetyi

Research materials

Bovan Nera (BN) is an autosex hybrid (hybrids inickhbarring-allele for pigmentation in the
plumage has been introduced and so the sexes silg sgparated at day-old in the hatchery by
utilizing plumage (feather) pattern and or cololine female chick has a complete dark head.
Approximately 30% of the female chicks have reddistlouration around their eyes.
Commercial male chicks have a white spot on theads at day-old. Sexing is achieved by the
use of plumage pattern. Bovan hybrids that areantiisex are separated by the use of secondary
feathers as the female day-old chicks possessedastideathering gene which could still be
identified in the parent-stock chicks a few houtsrahatching. As they grow, the female chicks
evolve their full plumage which is mottled blackdamhite. The male chicks which are produced
from the male line, separated through vent-seximd) larown coloured at day-old, evolve their
full reddish-brown plumage as they mature.

ISA Brown parent-stock chick (ISA) is not an autos$g/brid. The day-old chicks are white in
plumage while sexing is accomplished by the Jamanesnt method. The day-old female
commercial chicks are white while the male chictes r@ddish-brown in plumage. Both parent -

stock hybrids are identified by their respectiverpage (colour) and pattern.
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3.3

3.4

3.5

Housing and population

Each hybrid was stocked in an open-sided pen megs84 x 12 metres, with gable roof-type
opening to the geographic north to allow thoroughtitation. Each hybrid consisted of about
3896 pullets and 600 cockerels at point-of-lay.cBas of each hybrid were reared on all-in, all-
out, deep litter system for a minimum life-time#8 weeks. Stocking density of 5-6 pullets per

metre squared were adopted at point of lay.

Farm bio-security

Biosecurity includes a series of practices obsetegarevent pathogens from coming in contact
with the resident birds on the farm. To the farniemeans breaking loose from the chains of
possible infection, in order to ensure the secuwftyheir livestock and own lives. Programmes
put in place included:

Adequate cleaning and disinfection programme

Complete vaccination programme

Effective medication when necessary

Quarantine (isolation) programme

Adequate personnel hygiene procedures

Adequate pest control programme

Adequate farm environmental sanitation procedures

Strict traffic control procedures

© 00 N OO 0o A W N P

Water quality programme

[EY
o

Management discipline

Management operations

Weighing was conducted weekly, while feeding wadilsitbm during rearing and gap-feeding
was employed (40-60 %) during production. Both sewere reared together. The male to
female ratio in the population was reduced to 1:20aweeks by leaving the best cockerels in the
flock and further reduced to 1:10 at 30 weeks tevent over-riding of the females and
consequent mortality. Weak males were removed iat dtage for tender loving care and

steaming-up in a male reserve pen. When rearedaelyathe males were introduced at 14
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weeks latest. Perches were introduced at early8ifereeks) to allow birds learn to jump and
develop their flight instincts and muscles. Layisegere introduced at 12 weeks to train birds to
use them. Dummy eggs were placed in laynests tacatbirds to the lay-nests and to induce
them to lay eggs in them. Rodent control progranwag put in place. Debeaking was conducted
early at 8 -10 days-old. Full vaccination prograesnwere put in place based on serology
analyses. Both genotypes were managed in batcheaimiog an average population of about
4496 per Pen for 75 weeks life-time. Stocking ssiorwas 1 male to 7 females (1:7) but was
gradually reduced to | male to 10 females (1:10)khsexual maturity (30 weeks) period.

The reduction in population ratio to 1:10 was aebéethrough routine weekly culling during
rearing and that done during pre and early prodocgieriods (weeks 21-35) to maintain the
genetic quality of strains. Males remaining aftee population ratio had been achieved were
placed in a Reserve-pen for use later (45> weeitsgreas replacement stock, or for cock
exchange or sold. Batches were stocked and culledales at old age (75 weeks >) following

the popular ALL-IN, ALL-OUT system of management.
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3.6

Seasonal weather conditions of the reseasetth fi

Table 3.1. Mean seasonal weather parameters of Ibad, South-West Nigeria from 1999 to 2008

Parameter Early Wet Late Wet Early dry Late dry Mean
Months April = July August — November February  All-year
October —January — March
Rainfall (cm) 174.08+11.28 174.43+16.38 11.01+3.28 41.29+8.78 111.27+8.96
Sunshine (hours)  8.95+1.17  6.17+1.07  8.27+1.18° 10.41+1.68 8.330.63
Wind speed (Km/hr)  2.78:0.26  2.10:0.20  2.26:0.2° 3.57:+0.26 2.61+0.11
Temperature’C) 26.3720.2f  25.2420.14  26.99+0.14 28.70+0.18 26.63+0.14
Relative Humidity (%) 79.53:0.68  82.00:0.68  66.37+1.38 65.45+1.47 74.51+0.83
Rainy days 1P 142 1d 4° 31

Means across rows with different superscripts myefecantly (P<0.05) different.
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Table 3.2. Mean wet and dry season parameters obddan, South-West Nigeria from 1999 to 2008

Parameter Wet Seasons Dry Seasons Mean

Months April-October November- March All-year
Rainfall (cm) 174.25+13.83 23.12+6.0% 111.27+8.96
Sunshine (hours) 7.56+£1.12 9.13+£1.44 8.33+0.63
Wind speed (Km/hrs) 2.44+0.20 2.92+0.24 2.61+0.11
Temperature®C) 25.81+0.18 27.670.18 26.63+0.14
Relative humidity (%) 80.76+0.68 66.00+1.453 74.51+0.83
Rainy days 26 5P 31

Means across rows with different superscripts myaifscantly (P<0.05) different
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3.7

3.8

3.9

Data collection

Data collection commenced at day-old on arrivagé@th batch of chicks. Data were collected on
24 batches of each genotype covering a period ofedds (1999 - 2008). Information collected
on weekly flock averages from day-old to 75 weelduded: population, live weight (LW; gm),
feed intake (FI; gm), mortality (M), cull (C), numbof eggs laid (NEL), average egg weight
(AEW; gm), number of eggs set (NES), number ofileeeggs (NFE), number of eggs hatched
(NEH), number of good chicks (NGC), number of gpadlet day-old chicks (NPDOC), number
of reject chicks (NRC), number of unhatched edgWH). A total of 25, 536 data set were

collected on each hybrid.

Experimental design

Randomised complete block design in factorial.

Statistical model

Yijx = u+0i +pj + G + 0oy + aCi + BCik + 0pCii + Eja

where; I = Hybrid, (1, 2)
and j = Season, (1,4).
and k = Batches or replicates (1,24),

Yin| = Weekly flock mean taken in ith hybrid, jth seaskth batch and Ith measurement.

u = Overall mean, fixed and unknown.

0 = Mean effect of ith hybrid, where a = (1, 2) .

B; = Mean effect of jth season, where b = (1,...., 4).
G = Mean effect of Kth batch, where c = (1,....., 24)

ofi = Interaction effect between hybrid and season

aCik = Interaction effect between hybrid and batch

BCi = Interaction effect between season and batch

ofCik = Interaction effect between hybrid, season and batch
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€jx = Random error ~ NID (&°©) in the ith hybrid, jth season, kth batch andhittasurement.

3.10 Regression models for growth and egg weight

- b
\.‘jk—ax + €k

Where,
Yix = body weight and egg weight (gm)
a = intercept or constant
b = regression coefficient or allometric growthaat

X= age of birds or age-in-production from first-eggeeks)

k= random error term

Yik = a + bX +€j
Where,
Yiik = weekly growth rate (gm/day)
a = intercept or constant
b = regression coefficient
X = weekly weight gain (gm/kg

€jx= random error term

3.11 Seasonal response model

Y=a+ X
where Y = genotypes’s response in season
a = constant for genotype
_b= sensitivity of genotype to season

X = Mean of all genotype®r all seasons, in the environment.
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3.12 Estimation of parameters
Body weightwas determined once a week on the due day byhmggvith a metric hanging scale.
Growth rate was determined using the relation:
Growth rate (gm/day) = (body weighe@i 2 — week 1) / 7)
Egg weightwas determined by weighing 5% of every collectorthe 3rd and the last day of the week.
The weights were then pooled together to obtaimthan value.
Day-old body weight(gm) of chicks was determined by weighing 5% oftkhireceived in suitable
media and calculating the mean.
Age at first-egg(weeks or days) is the age of the flock from hatcthe time when the first egg was
dropped, provided the next egg was laid withinrtet 10 days (Haque and UKil, 1994).
Body weight at first-egg(gm) was taken as the mean weight of pullets amdmtch when the first egg
was dropped.
Flock production performance was measured according to the method of RendelMamgle (1986)
by using the relationship: egg mass at full magutivided by the mean body weight, that is :
Flock production performance = Egg mass / Mean lveeight at full maturity x 100
(HDP % x Egg weight) / Mean body weight at full togty x 100.
Body weight gain at first eggwas calculated according to the method of Rend@INarple (1986) as:
body weight at first egg minus bodyweight at 10 keeall divided by body weight at early
maturity.
Early maturity age (age at first-egg) was attained and measureceadh (weeks or days) at which the
first egg was dropped;
Full maturity age (weeks or days) was measured at the peak HDReofldck.
Hen-day production was calculated as number of eggs layed by a fioakled by the number of birds
in the flock divided again by the number of day$ay multiplied by 100. That is:
Mean hen-day production (%)
= (number of eggs layed / (number od$®in flock x number of days in lay)) x 100.
Hen-day production is also referred to as layingnsity and production intensity.
Persistency of egg productioriweeks) was expressed in terms of number of wieeksich the egg
production was stable within a 5 % fluctuation ramgd at 70 % HDP and above.
Percentage of Eggs satas taken as total egg set divided by the totailbmer of hatchable eggs sorted,
all multiplied by 100.
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Eggs set (%) = (Total egg set / total number ¢€heble eggs sorted) x 100.
Fertility of eggs set (Percentage of egg fertilityyvas taken as total number of fertile eggs on ¢agdl
divided by the number of eggs set into the incubatb multiplied by 100.
Fertility of egg set (%) =
(Total number of fertile eggs on canglirtotal number of eggs set in the incubator) 8 10
Hatchability of eggs setwas calculated as total number of good qualitglchdivided by the number of
eggs set, multiplied by 100.
Hatchability of egg set (%) =
(Total number of good quality chicks / tataimber of eggs set) x 100.
Total rejects was taken as the totality of all wastes from egftjrgy to hatching and unsold chicks

destroyed.

3.13 Derived functions

Genotype-season interactionvas examined using the factorial ANOVA proceduoésSAS/STAT
(1999).

Environmental performance valuewas taken as the response of a parameter inrtipeetate minus
response in the tropics, divided by the responsgledariemperate, all multiplied by 100.
Environmental performance value (%) =

((temperate response — tropical respohtemperate response) x 100.

Seasonal sensitivityvas according to the method of Falconer and Ma¢k896) as the regression of
phenotypic values on the phenotypic mean valuedl genotypes, from all seasons, in the

environment. Thus in a simple regression Y = aX; b
b =AY/AX = genotype’s sensitivity to the season.

Y = Observed seasonal response

X = Mean of all genotypes, from all seasonghmenvironment.

The separation of rejects from eggs layed was tabie 3.3:
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Table 3.3. Reject details from the farm to end of &tching operation as separated from

eggs layed by hens

Stage Reject details

Eggs received from the farm cracks, broken, dirtig-shaped, thin shell, chalky shell,

discoloured shell, rough shell, small egg, douldigd egg

Egg setting broken, cracks.

Candling dead-in-shell (bangers), infertile eggacks, broken.

Hatching unhatched eggs, dead chicks, weak shigformed
chicks.

Hatching rejects all rejects from setting to hatg

Total rejects totality of all rejects from the penhatching plus unsold chicks
destroyed
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3.14 Statistical analysis

3.15

3.16

The means, analyses of variance (ANOMVA< 0.05), t- test, Duncan multiple range test
(DMRT), Pearson’s correlations and regression aeslywere all based on the procedures of
statistical analytical systems, version 8, SAS/STAD99) and statistical package for social
sciences, version 10.0, (SPSS, 2001). Curves aadscivere based on the procedures of Excel
(2007) while sensitivity analyses and predictivaapns were based on regression procedures.

Hypotheses
Ho: 20, =0 fori =1,2

* There are no significant differences between gerestywithin season in growth, production,

reproduction and sensitivity.

Ho:2Pj=0forj=1,...,4

» There are no significant differences between sesasdthin genotype.

Ho: D offij=0fori=1,2;j=1,.., 4

e There is no significant interaction between seasmiusgenotypes.

Test of Hypotheses

Tests were conducted to differentiate between the genotypes using the student t-test
procedures, the seasons were differentiated usinged@h multiple range test while interaction

was examined using the analysis of variance praesdu
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Chapter Four

RESULTS
4.1.0 Growth performance
4.1.1 Body weight of breeder cocks

Table 4.1shows the mean and seasonal growth performanaeedér cocks by genotypes.
Analysis of variance showed significant differen&e < 0.05) between Bovan Nera and ISA
Brown in body weight during early: 2115.09 vs 2%83gm/bird, and late: 2451.72 vs 2098.98
gm/bird, dry seasons. Within the wet seasons, thex® no significant (P > 0.05) difference
between the body weight of both strains. Withinagpes, BN showed a significant (P < 0.05)
difference between late dry season body weightl1Z45gm/bird and the other seasons; while 1B
had significant difference between early dry: 26633m/bird and other seasons. The mean body
weight between genotypes was slightly higher batsigmificantly (P > 0.05) different : 2226.63
vs 2214.14 gm/bird between IB and BN cocks respelgti

4.1.2 Growth pattern of breeder cocks

Table 4.1 further indicates no significant (P >93).difference in mean growth: 5.51 vs 5.68
gm/day, growth in rearing stage: 13.76 vs 14.97dgymand growth in production stage: 2.46 vs
2.14 gm/day, between BN and ISA cocks respectivedye wet season produced the best early-
growth (4.19 gm/day during Rearing) in BN cocks katly dry season gave the best early-
growth (16.12 gm/day) in IB cocks. Table 4.2 gitks trend of growth in both strains on 4-
weekly period. This indicates that the greatestwjnan cocks occurred during rearing between
weeks 9 and 12: 28.28 vs 30.07 gm/week and durimodugtion period between 21 and 24
weeks: 13.86 vs 11.45 gm/week. The least growthiroed between 65 and 68 weeks in Nera:
1.40 gm/week and between 73 and 75 weeks: 1.22 gek/vin ISA cocks. There were no

significant (P > 0.05) differences in these grovetes between the two genotypes.
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Table 4.1. Influence of season on 75-week growthnf@mance in Bovan Nera and ISA

Brown breeder cocks

Genotype  Body weight Mean growth Rearing Production
(gm/bird) (gm/day) (gm/day ) (gm/day)
Early wet Nera 2176.83+854.90 5.50+6.37 14.16x4.70 2.29+3.04
ISA 2921 87+4852.09 5.69+8.23 15.9249.42  1.67+1.70
Late Wet Nera 2162.93+859.02 5.47+6.70 14.19+6.03 2.30+3.22
ISA 2112.91+830.2%7 5.37+6.57 14.13+6.16 2.19+2.65
Early Dry Nera 2115.091854.291 5.62+6.76 13.63+6.74 2.71+£3.78
ISA 2543.66+391.8% 5.69+6.87 16.12+3.61 1.90+2.26
Late Dry Nera 2451.72+439.7%  5.46+5.89 13.06+2.81 2.54+3.75
ISA 2098.98+886.7% 6.01+7.25 13.73+8.66 2.86+3.13
Genotypic  Nera 2214.14+793.56 5.51+6.41 13.76+5.20 2.46x£3.44
Mean ISA 2226.63+798.13 5.68+7.21 14.97+7.26 2.14+2.50

Means with different superscripts (ab, ij, xy) ajdhe same column, within season are
significantly (P<0.05) different.
+ means Standard deviation
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Table 4.2. Mean growth (gm/week) of breeder coclkdassified by 4-weekly

period
Age Body weight gain (gm) Growth rate (gm/week)
(weeks) Bovan Nera  ISA Brown Bovan Nera  ISA Brown
1-4 54.12 49.68 13.53 12.42
5-8 95.40 98.21 23.85 24.55
9-12 120.26 113.13 30.07 28.28
13-16 117.92 111.71 29.48 27.93
17 -20 93.57 96.33 23.39 24.08
21 -24 55.45 45.80 13.86 11.45
25-28 38.43 27.48 9.61 6.87
29 - 32 29.92 23.00 7.48 5.75
33-36 16.99 18.54 4.25 4.64
37 -40 12.16 14.44 3.04 3.61
41 - 44 11.25 11.88 2.81 2.97
45 - 48 9.05 8.28 2.26 2.07
49 — 52 8.40 7.93 2.10 1.98
53 - 56 9.48 6.89 2.37 1.72
57 - 60 7.84 6.27 1.96 1.57
61 — 64 6.59 6.38 1.65 1.59
65— 68 5.59 5.40 1.40 1.35
69 — 72 6.51 5.99 1.63 1.50
73-75 4.77 3.66 1.59 1.22
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4.1.3 Body weight of breeder hens

Table 4.3 shows the growth performance in BN and I8eeder hens. Test of difference
between two means showed significant (P < 0.0%¢mihce in body weight: 1923.11 vs 1514.67
gm/bird, between BN and ISA hens in late dry sea®dithin seasons Nera had higher but not
significant body weight. Within genotype, BN hadrsficantly (P < 0.05) higher body weight in
late dry season: 1923.11 gm/bird, than other sesasd®77.74 gm/bird. The mean live weight
showed no significant difference between the twoogges but was superior in Nera than ISA:
1724.81 and 1549.83 gm/bird respectively.

4.1.4 Growth pattern of breeder hens

4.2

Table 4.3 shows that the growth rate of BN hen ma@ssignificantly (P > 0.05) higher than that
of ISA: 4.12 vs 3.80 gm/day. There was no signiftcg® > 0.05) difference in growth during
rearing: 11.35 vs 11.08 gm/day and production: ¥310.12 gm/day, periods between genotypes,
and also within seasons; although BN hens exhitstigihtly higher rate for growth. Therefore
between and within genotypes, between and witheis@es, growth rate was similar. Table 4.4
shows the mean growth of breeder hens classified #weekly interval. This reveals the trend
of growth in both genotypes. The mean weight gdiseoved in pullet growers was 85.26 and
89.30 gm respectively between 5 and 20 weeks. Kigtaée of growth was attained between 9
and 12 weeks: 24.43 vs 22.67 gm/week, of age wdkmotypes and this declined till 75 weeks,
but Bovan hens still maintained a slightly higheywgth rate than ISA hen.

Influence of genotype on growth performance

Table 4.5 shows growth classified by genotype aexl Jhis table showed that ISA cock
exhibited higher growth rate: 5.68 gm/day, than &k: 5.51 gm/day while BN hen had higher
growth rate: 4.12 gm/day, than IB hen: 3.80 gm/ddese results indicate that in body weight,
ISA Brown cock was superior while Bovan Nera hed hagher mean weight in life-time. These
body weight differences were not significantly (@.85) different between breeds but it dictated
the trend of mean growth, both in rearing and praduction within both genotypes. Growth was

more pronounced during rearing than production.
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Table 4.3. Influence of season on 75-week growthnp@mance in Bovan Nera and ISA

Brown breeder hens

Season Genotype Body weight Mean Rearing Production
(gm) growth (gm/day ) (gm/day)
(gm/day)
Early wet  Nera 1671.02+601.76  4.18+6.48 11.37+7.92 1.36+2.49
ISA 1590.67+519.27 3.74+5.56 12.15+4.01 0.62+0.57
Late Wet Nera 1677.74+608.74  4.10+5.47 11.38+4.15 1.40+2.75
ISA 1596.93+569.90 3.99+5.12 11.31+3.41 1.2441.93
Early Dry  Nera 1669.11+609.71 4.22+5.46 11.29+5.46  1.55+1.97
ISA 1497.56+543.67 3.75+4.57 10.41+2.91 1.32+1.79
Late Dry Nera 1923.11+293.78% 3.9+84.86 11.37+1.52 1.29+1.99
ISA 1514.67+542.40  3.72+5.04 10.47+4.99 1.27+1.73
Genotypic Nera 1724.81+562.80 4.12+5.56 11.35+5.19 1.40+2.31
Mean ISA 1549.83+543.29 3.80+5.06 11.08+3.89 1.12+1.62

Means with different superscripts (ab, xy) withimluamn, within season differ (P<0.05)

significantly.

+ means Standard deviation
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Table 4.4. Mean growth (gm/day) of breeder hens daified by 4 -

weekly period

Age Body weight gain (gm) Growth rate (gm/week)
(weeks) Bovan Nera  ISA Brown Bovan Nera  ISA Brown
1-4 56.35 52.02 14.09 13.00
5-8 87.28 89.28 21.82 22.32
9-12 97.70 90.68 24.43 22.67
13-16 89.55 78.89 22.39 19.72
17-20 66.51 73.74 16.63 18.45
21 -24 49.80 31.06 12.45 1.77
25-28 21.91 8.95 5.48 2.24
29 - 32 11.95 7.36 2.99 1.84
33-36 7.10 7.44 1.78 1.86
37 -40 7.12 6.79 1.78 1.70
41 - 44 6.67 6.46 1.67 1.62
45 - 48 5.61 6.51 1.40 1.63
49 — 52 4.96 6.04 1.24 151
53 - 56 4.17 5.01 1.04 1.25
57 - 60 3.92 4.28 0.98 1.07
61 — 64 1.72 3.87 0.43 0.97
65— 68 5.35 3.59 1.34 0.90
69 — 72 6.81 3.26 1.70 0.82
73-75 5.9 2.92 2.22 0.74
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Table 4.5. Influence of genotype on 75-wegrowth performance in Bovan

Nera and ISA Brown

Traits Type Bovan Nera ISA Brown
Body weight (gm) Cocks 2214.14 £ 793.15 2226.638.73
Hens 1724.81 + 562.80 1549.83 + 543.29
Mean growth Cocks 551+6.41 5.68+7.21
(gm/day) Hens 4.12 +5.56 3.80 £5.06
Growth during Cocks 13.76 £5.20 14.97+ 7.26
Rearing
(gm/day) Hens 11.35+£5.19 11.08 £ 3.89
Growth during Cocks 2.46 £ 3.44 214 +£25
Production
(gm/day) Hens 1.40+£2.31 1.12+1.62

NOTE: There are no significant differen¢@s> 0.05) between values within rows.
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4.3

Sexual dimorphism in body weight

Figure 4.1 shows the trend of growth in both ssaas influenced by genotypes. Sexual

dimorphism in body weight in both Bovan Nera and Brown genotypes was observed. This is

a phenomenon in which the males separate themsebrasthe females in body weight as they

express their higher genetic potential for growtkrahe females. The phenomenon began within
genotypes and between sexes about tleni®k of life in growers. This period was about 413

the mean full maturity age: 29 weeks, in both ggpes.

4.4.0 Phenotypic correlation among growth pararseter

4.4.1 Relationship among the growth parametersdoks

Table 4.6 shows the correlation matrix obtainedboeeder cocks. Results indicated highly
significant (P < 0.01) correlation between the paif weight gain and growth rate: r =1.00 and;
between Age and cock weight: r = 0.832 and 0.8@8BN and ISA cocks respectively. Other
paired parameters namely age and weight gain; adegeowth rate, cock weight and weight

gain, and cock weight and growth rate were low aeghtive.

4.4.2 Relationship among the growth parameterbdos

Table 4.7 shows the negative correlation matrix @gnbreeder hen parameters. It indicates
significant (P < 0.05) and strong correlation bedwéhe pairs of weight gain and growth rate: r =
1.00, and Age and hen weight: r = 0.781 and 0.ifO\Nera and ISA breeder hens respectively.
The correlations between age and weight gain, adegeowth rate, hen weight and weight gain,

and hen weight and growth rate, were all low.
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Figure 4.1. Influence of genotype on 75-week bodyemght curves of Bovan Nera
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Table 4.6. Correlation matrix for growth parameters of Bovan Nera and

ISA Brown cocks

TRAITS Age

BOVAN NERA
Cock weight Weight gain Growth rate

Age
ISA Cock weight 0.823*
BROWN Weight gain -0.307*
Growth rate -0.307*

0.832** 0.143** - 0.143*

- 0.102* - 0.102*
-0.274* 1.000**
-0.274* 1.000**

Note: * = p<0.05; ** = p<0.01
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Table 4.7. Correlation matrix for growth parameters of Bovan Nera

and ISA Brown hens.

BOVAN NERA
Age Hen Weight Growth
TRAITS weight gain rate
Age 0.781* - 0.148* - 0.148*
ISA Hen weight 0.77* 0.133* - 0.133*
BROWN Weight gain - 0.391* 0.336* 1.000*
Growth rate -0.391*  -0.336* 1.000*

Note: *=P<0.05
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4.5

Growth models

Table 4.8shows the regression models for body weight in bdwteder cocks and hens. By
linear transformation of the power model to rectifid linearise it to its log form: log Y =log a +
b log X; the equations were obtained. Equationsiobt for cock weight in both genotypes
could be differentiated by the diferrence in théuea of their intercepts which differ by 10. The
values of b, standard error, SE; arfddRrespective equations were very close. In the teere
were differences in the values of the intercepind the power, b; while the SE anéiviere very
close. The growth rate in both genotypes was piedievith the simple linear model. The
predictive linear equations in table 4.9 were ot#di This shows that equations for growth rate
in cocks of both hybrids were only differentiatedtheir intercepts, while their slopes, 1 &d
P—values were the same. The same trend was obiaiegdations for growth rate in the hens of

both genotypes.

4.6.0 Influence of season on early sexual matehgracteristics

Table 4.10 shows the early maturity characteristicsoth strains as influenced by seasons and
genotype. Parameters studied include age at figsaad body weight at first-egg, both in pullets
and cockerels. These trends are presented ondiguze- 4.4.

4.6.1 Age at first-egg

Figure 4.2 shows multiple bar charts and the trehthe influence of season on age at early
maturity in hens of both strains. Effect of seasonthis parameter in BN was a polynomial,
producing higher ages of 124 days in the late wdtearly dry seasons than in early wet and late
dry seasons: 120 days. In the IB however seasdiieat encreased age at first-egg from 118 days
in early wet to 125 days in late dry season, prodpa linear trend. Analysis of variance showed
that there was no significant (P > 0.05) differebeéwveen genotypes, and between seasons. The
influence of these seasons on early sexual matoiripyllets within genotypes is depicted by the

curves for the genotypes in figure 4.2.
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Table 4.8: Predictive models for body weight in Boan Nera and

ISA Brown breeder cocks and hens

Model LogY =loga+blog X

Sex Genotype Body weight equations SE Model
RZ

Cocks Bovan Nera Y =-173.65+703.57 In X = 326.590.852
ISA Brown Y =-163.40+703.07 In X +338.72 0.843

Hens Bovan Nera Y =-17.92+503.17 In X £227.15 0.859
ISA Brown Y =-43.93+457.11In X £ 204.29 0.862

Key: Y = Body weight (gm); X = age (weeks), SE ai@tard Error
R = Coefficient of multiple determination
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Table 4.9: Predictive models for growth rate in Boan Nera

and ISA Brown breeder cocks ancens

Model Y=a+ bX

Sex Genotype  Growth rate equations Model R

Cocks Bovan Nera Y=0.00002 +0.143 X 1.00
ISA Brown Y=0.0004 +0.143 X 1.00

Hens Bovan Nera Y=0.00003 +0.143 X 1.00
ISA Brown Y=0.0004 +0.143 X 1.00

Key: Y = weekly growth rate (gm/day); X = weekly ight
gain (gm/weeks). Model Significant for all equasoiP-
value) =< 0.01
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Table 4.10. Influence of season on early maturityharacteristics of bovan Nera and Isa

Brown hybrids

Parameter Type Genotype Eearlywet Late wet Early dry Late dry
Age at first - Pullets Nera 120+ 8 124 + 8 124+8 120+ 10
egg (days) ISA 118 + 4 121 +8 123 +5 125 + 2
Body weight at Pullets Nera 1527.71 + 1494.06 + 1456.02 + 1436.00
first-egg 59.60 27 4 20.25 30.75
(gm £ SE)
ISA 1489.02+ 13748+ 1339.00 £+ 1389.00
20.15 23.5” 7.00” 42.3"
Body weight at Cockerels Nera 1720.60 + 1757.10 £ 1695.60 + 1566.60 +
first-egg 96.20 24.3 32.24" 60.55
(gm £ SE)
ISA 193750+ 1670.16 + 2008.00+  1662.00 +
50.66' 49.4¢ 7.00" 85.1¢"

Means in the same rows with different superscapgssignificantly (P < 0.05) different.
ij superscripts compare hybrids within season seagole ab superscripts compare hybrids between

seasons
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4.6.2 Body weight of breeder pullets at first-egg

On Table 4.10, the influence of season on earlymntgatcharacteristics in Bovan Nera and ISA
Brown genotypes are observed. ANOVA showed thasigaoificant (P > 0.05) difference was
obtained between seasons within BN although bindsairly wet season gave the highest body
weight: 1527.7 gm/bird, at sexual maturity; butnsligant differences (P < 0.05) were observed
between seasons within ISA Brown pullets. The badight of ISA pullets in early wet season:
1489.0 gm/bird, was significantly higher than iteldry season: 1389.0 gm/bird, which was next
in rank. Body weight in late wet: 1374.8 gm/birehdaearly dry: 1339.0 gm/bird, seasons were
lower respectively. Figure 4.3 is the bar-chartveing the influence of season on body weight of
breeder pullets at early sexual maturity. Thisaatks that the highest body weight in pullets was
obtained in early wet season: 1527.70 and 1489 ®igin within both genotypes. Comparison
between genotypes revealed that BN hens exhibiggdfisantly (P < 0.05) higher body weight
than ISA hens in late wet: 1494.1 vs 1374.8 gm/karet early dry: 1456.0 vs 1339.0 gm/bird,
seasons respectively. These two periods fall witihinmiddle of the year in the South-West. The
curve describing the influence of season on BNxgoaential while it is linear in IB, both

decreasing in magnitude from early wet to latessrgson (Figure 4.3).

4.6.3 Body weight of breeder cockerels at first-egg
Table 4.10 shows there was significant (P < 0.0f@rénce in the body weight of young breeder
cocks within genotypes between seasons. In BNbday weight in early and late wet seasons:
1720.56 and 1757.11 gm/bird, were higher than ithaarly and late dry seasons: 1695.56 and
1566.60 gm/bird. In IB however, body weight in ganet and early dry seasons: 1937.50 and
2008.00 gm/bird, were higher than in the late wed &ate dry seasons: 1670.16 and 1662.00
gm/bird, respectively. Results also reveal thathimitseason between hybrids, IB cocks had
slightly higher body weight than BN cocks at fiegjg except in late wet season. Further analysis
showed that ISA cocks were slightly heavier in ding season: 1835.00 gm/bird, than in the wet
season: 1803.83 gm/bird. Figure 4.4 shows thaenfte of seasons on body weight of cockerels

at early maturity in genotypes. This is linear iN Bnd polynomial in IB.
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4.7

Influence of genotype on early sexual matufitgracteristics

Table 4.11 shows the influence of genotype on eadiurity characteristics within both strains.

Sexual maturity occurred late by 2 days: 123 deyBN hen while maturity occurred early: 121
days, in ISA pullets. It also showed that Bovan a\kad significantly (P < 0.05) higher hen
weight than ISA: 1485.4 vs 1377.7 gm/bird, and ightlly higher cock weight: 1765.4 vs
1744.06 gm/bird, at sexual maturity.
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Table 4.11. Influence of genotype on early maturitgharacteristics

in Bovan Nera and ISA Brown pldts

Parameter Bovan Nera ISA brown

(mean + s.e.) (mean + s.e.)

Age at first-egg

(days) 123+ 8 121+7
Cock weight (gm) 1765.35 + 23.2 1744.06 + 46.4
Hen weight (gm) 1485.38 + 282 1377.70 + 179

Means in the same row with different superscriptiedsignificantly (P
<0.05)

64



4.8.0 Influence of season on full sexual maturtgracteristics

Table 4.12 shows the influence of seasons at th& p€& production (full sexual maturity) on

selected characteristics of both genotypes.

4.8.1 Age at full sexual maturity

Table 4.12 indicates that at full sexual maturibere were no significant (P > 0.05) differences
in age at full sexual maturity, (the age at whictpaultry flock attains the peak hen day
production, HDP), between seasons within genotypes there was no significant (P > 0.05)
difference between genotypes within season. Figlieshowed that age at full sexual maturity in
Bovan Nera was highest in early wet season: 226,dayt decreased to 200 days in early dry
season and rises to 217 days in late dry seasactidgm quadratic curve. In ISA Brown, age at
full sexual maturity was highest in early wet senab224 days and decreased to 196 days in late
dry season, giving a linear curve for the hybrid.

4.8.2 Cock body weight at full sexual maturity
Table 4.12 showed no significant (P > 0.05) diffexes in the body weight of mature breeder

cocks at full maturity between seasons betweenidigybAlso there was no significant (P > 0.05)
difference between hybrids within seasons. Both &Nl IB cocks recorded highest body
weights: 2460.17 gm/bird and 2472.00 gm/bird, respely in early wet season. Body weight in
BN was lowest in the early dry season: 2299.93 go/lwhile that of IB was lowest in late dry
season: 2390.07 gm/bird. While body weight was érigh both genotypes in early wet season
than other seasons, IB cocks were also heavier BiNaigocks within seasons at full maturity.
Results showed that between hybrids the curve dy beeight in IB was higher than that of BN
(Figure 4.6).
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Table 4.12. Influence of season on full sexual matity characteristics in Bovan Nera and ISA

Brown genotypes

Parameter GenotypeEarly wet Late wet Early dry Late dry
(mean + s.e.) (mean + s.e.) (mean + s.e.) (mean )+ s
Age (days) Nera 226+29 217+35 200£33 217+36
ISA 224423 21032 20923 196+10
Cock weight  Nera 2460.17+77.26 2396.76%53.73  2299.93t56.01  DBABO.58
(gm) ISA 2472.00+70.12 2399.40+37.40  2393.83+34.98  JBREN9.95
Hen weight Nera 1992.38+32.55 1922.81+28.16 1864.42+45.83 1876.00+38.42
(gm) ISA 1915.00+35.21 1863.47+21.58 1679.92+43.05 1713.43+55.7%
HDP (%) Nera 83.40t1.10  85.55+1.20 84.19+1.74 82.97+1.35
ISA 88.13+2.50  92.02+0.9> 90.26+2.31 87.92+2.63
Egg weight  Nera 57.40%1.90 55.98+1.20 53.50+1.45 56.0£1.62
(gm) ISA 62.40+2.08  56.99:0.62°  56.82t+551°  54.01:0.93
Egg set (%) Nera 99.68+0.04 99.3020.20 93.37£6.32 9.621.50
ISA 99.48+3.46 99.95+3.25 93.13+3.99 93.55+3.59
Egg fertility Nera 83.18+5.40 89.48+2.04 77.99+2.27 91.18+5.31
(%) ISA 93.19+3.67 91.12+1.08 79.80%5.77 86.82+2.65
Egg hatch. (%) Nera 78.89+5.67 77.36+3.69 61.64+3.52 81.15+5.22
ISA 85.03+3.16  79.63+1.38°  72.99+1.%°  71.30+3.6%
Pullet DOC (%) Nera 35.54+£2.70 36.94+£1.71 20.00+1.76 38.80+£2.46
ISA 41.89+1.58  39.11+0.63°  35.99:0.78°  34.15+1.25
Hatching Nera 9.19+0.98 13.19+1.88°  17.07+2.18 10.87+2.38"
rejects (%) ISA 8.37+1.65 12.07+¢1.28°  15.08+1.6° 17.02+1.83

Means with ij superscripts within seasons diffgngicantly (P<0.05)

Means with abc superscripts along the same rovier diignificantly (P<0.05)
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4.8.3 Pullet body weight at full sexual maturity
In Nera, no significant (P > 0.05) difference waserved between seasons in pullet body weight
at full maturity. In ISA body weight, significanP(< 0.05) differences were observed between
seasons at full maturity. Results showed that eadi season produced highest body weights:
1992.38 vs 1915.00 gm/bird; this was closely fokoWby late wet: 1922.81 vs 1863.47 gm/bird,
early dry: 1864.42 vs 1679.92 gm/bird, and late dB876.0 vs 1713.43 gm/bird, seasons in Nera
and ISA respectively. Within early wet, late wetldate dry seasons, there were no significant (P
> 0.05) differences between strains, however thweass a significant (P < 0.05) difference
between strains: 1864.42 vs 1679.92 gm/bird, inyeaet season in favour of Nera. It was
observed that within seasons BN pullets had higleght. It was also observed that pullet body
weight were higher in the wet seasons: 1957.60889.24 gm/bird, than in the dry seasons:
1870.21 vs 1696.68 gm/bird, seasons respectivélg.iffluence of season on body weight of the

strains at peak production is shown in Figure 4.7.

4.8.4 Hen-day production at full sexual maturity
Table 4.12 reveals that there was no significant (@.05) difference between seasons within
genotypes in hen-day production at full maturitpn@arison between genotypes within seasons
indicated that there was significant (P < 0.05Jedénce in HDP in late wet season: 85.55 vs
92.02 %, in favour of ISA pullets, although all seas showed higher HDP in ISA mature
pullets (Figure 4.8). The highest difference of87% in HDP between the two genotypes was
observed in late wet season. Figure 4.8 shows uhesg of production of genotypes between

seasons in which ISA shows superiority over Nera.
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4.8.5 Egg weight at full sexual maturity
Results on Table 4.12 revealed that between seasiomi® was no significant (P < 0.05)
difference in egg weight of BN pullets while sigoént (P < 0.05) differences were observed in
the egg weight of ISA pullets at full maturity. Bawet season (16 April — July) yielded highest
egg weight within both genotypes: 57.40 vs 62.4Q ymBN and ISA respectively, while late
wet and early dry seasons followed in descendidgraof magnitude within genotypes.
Further analysis revealed that heavier egg weigdg abtained in wet seasons: 56.69 vs 59.69
gm, as against the dry seasons: 54.75 vs 55.4Tragpectively in BN and ISA pullets at full
maturity. The influence of season on egg weight naissignificant (P > 0.05) in Bovan Nera
mature pullet but was significant (P < 0.05) in IBélets at full maturity. Figure 4.9 shows that
ISA Brown pullets were superior to Bovan Nera pslle egg weight in all seasons except late

dry.

4.8.6 Egg-set at full sexual maturity
Table 4.12 shows the result of the influence ofssra on eggs set of pullet breeders at full
maturity in Bovan Nera and ISA Brown. There wassignificant (P > 0.05) difference between
seasons within genotypes and, between genotypasmveéasons in percent egg set of the two
strains. However the wet seasons recorded higherQ®5) percent eggs set: 99.49 vs 99.72, as
against the dry seasons: 96.50 vs 93.34, for tleeg@notypes respectively. There was a large
difference: 6.07 %, between eggs set of both hghbindlate dry season in favour of BN hens.
Both genotypes exhibited same polynomial pattergig production as depicted in Figure 4.10.

4.8.7 Egg fertility at full sexual maturity
Results on Table 4.12 showed no significant (P 05)0difference between seasons within
genotypes, and between genotypes within seasongeritent egg fertility. However, higher
percent fertility was observed in the wet: 86.332s16, seasons (16 April — October) as against
the dry: 84.59 vs 83.31, seasons (November -15I[)Awithin BN and ISA genotypes
respectively. Figure 4.11 shows the influence aksa on egg fertility in both genotypes, which

prooduces similar pattern in both hybrids.
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4.8.8 Egg hatchability at full sexual maturity

There was no significant (P > 0.05) difference gy éatchability between seasons within BN,
however significant (P < 0.05) differences wereesbed between seasons within ISA pullets at
full sexual maturity (Table 4.12). Highest percegyg hatchability: 85.03, was observed in ISA
in early wet (16 April - July) followed by late wetarly dry and late dry seasons in order of
descending magnitude. Highest egg hatchability Mivigas recorded in late dry season. Figure
4.12 shows the pattern of hatchability as influehbg seasons within genotypes. This pattern

differs in both strains.

4.8.9 Pullet day-old chicks hatched at full sexuaturity

Results showed that within genotypes between ssasonsignificant (P > 0.05) difference was
observed in percent pullet DOC produced by Nerashbat significant (P < 0.05) differences
were observed between seasons in pullet DOC hatoheé8A hens. While the highest percent
pullet chicks: 38.80 %, was observed in late drgssa (February — 15 April) within BN, the
highest pullet DOC: 41.89 %, was observed in eady season (April - July) within ISA. Other
seasons (LW, ED and LD) followed in pullet DOC puotion: 39.11, 35.99 and 34.15 %, in
descending order of magnitude within ISA respetyiv€Eomparison between genotypes within
seasons indicated significant (P < 0.05) differenicepercent pullet DOC hatched in early dry
season at full maturity. ISA produced higher petdeumlet DOC than Nera: 29.00 vs 35.99 %.
Both genotypes had higher values in wet season2436 40.50 %, than in dry seasons: 33.9 vs
35.07 % respectively. The curve showing the infaeeaf season on DOC production is shown in
Figure 4.13. The curve of production in BN was &pomial with high body weights in early
wet and late dry seasons. Pullet chicks’ productieareased gradually in ISA from early wet

season maximum: 41.09 %, to late dry season minin34m5 %, presenting a linear curve.
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4.8.10 Hatching rejects at full sexual maturity

4.9

Table 4.12 shows the influence of seasons on mjakjects produced during hatching activities
in the hatchery. Anova indicated significant (P .83) differences between seasons within BN
and IB in hatching rejects respectively. Highestchimg rejects: 17.07 vs 17.02 %, were
observed in BN at early dry season and in ISAtatday season. Least hatching rejects occurred
in early wet season: 9.19 vs 8.37 %, within straiv@hin seasons, no significant (P > 0.05)
differences were observed in hatching rejects batvgenotypes. Figure 4.14 shows the curve of
hatching rejects produced in both genotypes. Téigals a progressive increase in hatching
rejects generated as the seasons progressed froyrwed to late dry. The curve of BN was
guadratic (a > 0) while that of IB was linear witlinimum and maximum values in early wet

and late dry seasons respectively.

Influence of genotype on body weight and eggatteristics at full sexual

maturity

Table 4.13 shows the results of the influence obgye on full maturity characteristics of pullet

breeders. This revealed significant (P < 0.05)eddhce between BN and ISA in hen weight:
1916.08 vs 1792.20 gm/bird, hen-day production384:s 90.57 %, and pullet day-old chicks:
33.37 vs 37.29 %, hatched. There was no signifiddfdgrence (P > 0.05) between genotypes in
other characteristics, although ISA had heaviekaeeight: 2374.98 vs 2390.10 gm, heavier egg
weight: 55.45 vs 56.56 gm, higher egg fertility.@2vs 87.13 %, higher egg hatchability: 71.56
Vs 76.23 %, and higher hatching rejects: 13.473/8(.%. Results also showed that, BN pullets
attained full sexual maturity later: 214 days, dtemvier body weight: 1916.08 gm/bird, (P <
0.05); and had higher amount of eggs set: 96.96P%, 0.05), but exhibited significantly lower

HDP, % Pullet DOC and lower hatching rejects. 13aAvim pullets attained full sexual maturity

earlier: 208 days, with significantly lower body igfet: 1792.20 gm/bird and lower egg set:
94.38 %, but with higher HDP, pullet DOC (both ak®.05) and hatching rejects (P > 0.05).

There appears to be, an inverse relationship betweket body weight and hen day production
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in chicken between genotypes (Table 4.13) and witjgnotypes (Table 4.12) at full maturity.
One may approximate the relationship as:
Hen Body weight =1 / HDP

80



17.07 17.02

[T S N T S SER N
® O N N O O O
1 1 1 1 1 1 ]

% Hatching Rejects

Early wet Late wet Early dry Late dry
SEASONS

E Nera hatching rejects lIsa hatching rejects
—Poly. (Nera hatching rejects) —Linear (Isa hatching rejects)

NOTE: Poly. means Polynomial
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Nera and ISA Brown
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Table 4.13. Influence of genotype on body weight dregg

characteristics at full sexuahaturity in

Bovan Nera and ISA Brown pullst

Parameter Bovan Nera ISA Brown
(mean + s.e.) (mean + s.e.)

Age (days) 214 £ 32 208 + 26

Cock weight (gm) 2374.98 £ 35.13 2390.10+30.7

Hen weight (gm)

HDP (%)

Egg weight (gm)

Egg set (%)
Eqgg fertility (%)

Egg hatchability (%)

Pullet DOC (%)

Hatching rejects (%)

1916.08 + 23.41

84.39 + 0.88
55.45 + 0.70
96.99 + 2.60
82.99 + 2.15
71.56 + 3.04

33.37 + 1.43
13.47 +1.28

3

1792.20+27.3

5b

90.57 +0.92
56.56 + 0.82
94.38 + 1.99
87.13 + 2.02
76.23 +1.32

37.29 +0.68
13.80 + 0.97

Means in the same row with different superscripif$ed

significantly (P < 0.05)
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4.10.0 Life-time (first-egg to 75 weeks) productperformance.

Table 4.14 shows the mean 75-week productive pedoce of hen breeders classified by

genotype and season.

4.10.1 Hen-day production

Table 4.14 shows the influence of season on proguperformance in Bovan Nera and ISA
Brown breeder hens from first-egg to 75 weeks. Hhisws significant (P < 0.05) difference
between BN and ISA genotypes in early dry: 63.2F292 % season but no significant (P >
0.05) difference was observed between genotypimed2.73 vs 69.08 %, although ISA had
higher HDP than Bovan Nera. It was also observatlthin seasons ISA Brown layed higher
percent eggs (HDP). Within genotypes BN layed tigbdst HDP in late wet: 65.57 %, while 1B
layed the highest HDP in early dry: 72.29 %, sea3be table reveals that both genotypes layed
more eggs within late wet and early dry seasonf) #8A hens laying more eggs than Bovan
hens.

Figure 4.15 also illustrates the mean curve of HDBoth genotypes over their productive life

without season with IB having the better curve.

4.10.2 Egg weight

Table 4.14 shows the influence of season on Iifeetegg weight in Bovan Nera and ISA Brown
breeder hens from first-egg to 75 weeks. Theresagsficant (P < 0.05) difference between BN
and ISA breeder hens within early wet season: 56269.99 gm, late dry season: 54.71 vs
56.88 gm, and between genotypic means: 56.05 \&35@n, in egg weight. All seasonal and
genotypic mean results were higher in ISA than eral Late dry season egg weight was the
lowest in both strains. Figure 4.15 also showsitifieence of genotype on the curve of egg
weight in Bovan Nera and ISA Brown breeder heng tiveir productive life-time. The curve of
IB was higher than that of BN in egg weight buthwsimilar shape as ISA hen with lower body
weight had higher egg weight than BN hen with highedy weight.

83



Table 4.14. Influence of season on productive perimance in Bovan Nera and ISA Brown Breeder

Hens at first-egg to 75 weeks

Body Mean HDP Egg weight  Persiste- Cumm.
Season Genotype weight growth ncy Production
@m)  (gmiday) (%) (gm) (weeks)
Early wet Nera 1671.02 4.18 60.79+£20.49 56.2015.08 18 1474
ISA 1590.67  3.74 66.74+ 20.9959 99+4 98 31 1647
Late wet Nera 1677.74 4.10 65.57+21.82 56.68+4.72 42 1808
ISA 1596.93  3.99 69.38+ 24.07 57.97+5.04 31 1968
Early dry Nera 1669.11 4.22 63.23+21.08 56.66+4.64 37 2708
ISA 1497.56 3.75 72.92+18.7F 58.12+5.18 43 2795
Late dry Nera 1923.1f 3.98 61.35+ 21.27 54.71+4.93 27 1339
ISA 1514.6% 3.72 67.34+ 22.16 56.88+5 18 33 2187
Genotypic  Nera 1724.81 4.12 62.73% 21-1056.0514.8§ 28 2097
mean ISA 1549.83 3.80 69.08+ 21.6058.23+5.18 40 2489

Means along the same column with different supgrtscdiffer (P<0.05) significantly.
ab superscripts compare genotypes within seasoits yvbuperscripts compare between seasons within
genotype.

+ means Standard deviation; Persisteriey?0%; Cumm. means cummulative.
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4.10.3 Persistency of egg production

4.11

4.12

Table 4.14 showed that Bovan Nera persisted lotiggen ISA Brown in hen-day production
(HDP) above 70 % level in late wet season: 42 va/&aks, while ISA Brown persisted longer in
average HDP within early wet season: 18 vs 31 weskdy dry season: 37 vs 43 weeks, and late
dry: 27 vs 33 weeks, season. Results also reveh&dBN recorded highest persistency: 42
weeks, of production when it layed highest aver&eP: 65.57%. The mean genotypic
persistency was 31 weeks for BN hens and 35 werkiSA breeder hens. Results also showed
that early wet season recorded the least produgesistency: 18 vs 31 weeks, within both
genotypes. Further study revealed that HDP pergigtevas observed at 30 -56 weeks in both
genotypes. The cumulative egg production was tasethe product of persistency and HDP.
Table 4.14 shows that BN produced less eggs cuivellathan ISA: 2097 vs 2489; but early
dry (November - January) season produced highestiative eggs: 2708 and 2795, within Nera
and ISA flocks respectively. It is also observedrigure 4.16 that, the trends of production in

both strains were similar.

Influence of genotype on life-time (first-elg@5 weeks) production

Table 4.15 shows the influence of genotype on height, hen-day production, egg weight, egg
production persistency of Bovan Nera and ISA Brofgg weight: 56.06 gm, in BN was lower
(P < 0.05) than that: 58.23 gm, in ISA. There wias a significant difference (P < 0.05) in HDP:
62.70 vs 69.10 %, between both genotypes in fagblBA. Average egg production persistency
and cumulative production during this period weighbr in ISA: 35 weeks, 2489; than in Nera:
31 weeks, 2097.

Phenotypic correlation among productive patarae

Table 4.16 shows the correlation matrix for eggdpation parameters in breeder hens of both
genotypes. Within genotypes, highly significant{®.0001) correlation was observed between
age and egg weight: r = 0.735 vs 0.522, hen weigttegg weight: r = 0.682 vs 0.529, in Bovan
and ISA hens respectively. Correlation betweenweight and HDP was also highly significant

(P < 0.0001) in ISA breeder hens: r = 0.582, wiileer pairs of parameters (HDP and egg

86



weight, growth and HDP, growth and egg weight, age and HDP) were weak: 0.419 to -
0.091.

4.13 Regression equation models for egg weight
The model: Y = a X was used to fit egg weight — age data.
Where Y= egg weight (gm)
X = Number of weeks in lay from firgjge(weeks)
By log transformation to linear form:

InY =1Ina+bIn X, the predictive equations belwere obtained.

BN: Y =39.347 + 0.110 In X + 0.307;°R 0.654
ISA: Y = 40.399 + 0.109 In X + 0.540;°R 0.654

But by using the asymptotic model of Rose (1997) ¥ — b C* to fit same data by trial and
error method,;

Where Y = egg weight (gm)
a = maximum egg weight for genotype)
b = rate of increase in egg weigi®) (1
X = Number of weeks in lay from fiesgjg (weeks)
And & Y maximumfOr genotype

The relationship below were obtained for Bovand\amnd ISA Brown hens

Bovan Nera: Y =64 — 18 (079)
ISA Brown: Y = 63.7 — 18 (0.9)
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Table 4.15. Influence of genotype on the productioaf Bovan Nera and

ISA Brown breeder hens at firs¢ggg to 75 weeks

TRAITS Bovan Nera ISA Brown

HDP (%) 62.73+21.10  69.08 +21.6D

Egg weight (gm) 56.05 + 4.88 58.23 +5.18
Persistency at 70% HDP (weeks) 31 35

Cummulative production 2097 2489

Hen weight (gm) 1724.81 +562.80  1549.83 + 543.29

HDP means hen-day production
Means in the same row with different superscripessignificantly different (P <
0.05)
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Table 4.16. Correlation Matrix for egg production parameters of breeder hens

Bovan Nera

Parameter Age Hen weight Growth rate HDP Egg weight
Age ) ) 0.046"°  0.73510
ISA Hen weight - - 0.2671T 0.6821T
Brown Growth rate - - -0.109T -0.091
HDP 0.1731T 0.5281T 0.3071T 0.2341T
Egg weight 0.522TT 0.5291T 0.215TT 0.419TT

*:p< 0.01; **: p<0.001; ***; p<0.0001; NS — Not significant

4.14.0Life-time reproductive performance (25 to75 weeks)
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Table 4.17 shows the results of reproductive paréorce in Bovan Nera and ISA Brown breeder
hens classified by seasons. ANOVA study revealed there were no significant (P > 0.05)
differences between hybrids between seasons re@lbductive traits.

4.14.1 Life-time percent of eggs set

Table 4.17 shows no significant (P > 0.05) diffeenvas observed etween genotypes between
seasons in percent eggs set of Bovan Nera and I®ArBthroughout their reproductive life.
Mean quantity of eggs set between genotypes, athinvgeasons were between 96.91 and 98.92
%. The pattern of eggs set in BN was a normal c(figure 4.17) with late wet and early dry
seasons which gave the highest percentages: 98d027a57% respectively. However the pattern
was a polynomial in IB although there was an afieihigh percent eggs set in ISA: 97.77 —
98.74 %.

4.14.2 Life-time fertility of eggsset

Table 4.17 also shows the results on reproductvipnance of breeder hens at 25 to 75 weeks;
while Figure 4.18 shows the results on mean egdditfein BN and ISA breeder hens classified
by season. Anova indicates that the difference®robd between egg fertility of BN and IB
genotypes within seasons were significant (P <)0.0bese differences were in the early wet:
80.82 vs 88.72%, and late wet: 86.23 vs 89.45%smearespectively, with ISA having the
higher values. Both strains showed highest perdoe in egg fertility: 86.23 and 89.45 %, in
the late wet season. but showed their lowest padace in different seasons of the year. Egg
fertility was lowest: 80.82 %, in early wet seasoBN hens but it was lowest: 84.20 %, in late
dry season in IB hens. Mean fertility was highetS@ hens in the wet seasons than in the dry
seasons. Figure 4.18 shows the mean life trendgfextility in both genotypes. Similar shapes
were observed for both strains.

4.14.3Relationship between cock weight and fertility gfe set
Study indicates a positive and highly significapt= 0.0001) correlation between cock weight
and egg fertility in BN: r = 0.267 and ISA: r =304. Table 4.18 shows the association between
cock weight and egg fertility in both genotypes,lelirigures 4.19 and 4.20 show the curves of
cock weight against egg fertility in BN and ISA geypes respectively. These reveal that the
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highest egg fertility: 84-90%, was obtained betw@&d0 — 2650 gm body weight ranges
corresponding to 44-48 weeks of age in Bovan Nera while the highest egg fertility: 90%,
was achieved at a lower cock weight range of 2482537 gm at a lower age range of 33-36
weeks in ISA. From the two curves above, it isepbsd that as cock weight increases, the egg
fertility increases to a maximurand then begins tdecrease. The regression of egg fertility on
cock weight yielded a quadratic and a cubic modét ®W? of 0.126 and 0.133 respectively for
Bovan Nera and a quadratic model with d® 0.091 for ISA hens. The Table also reveals that
optimum egg fertility was attained earlier: 33 t6 ®eeks, in IB hybrid with the lower body
weight han BN: 44 to 48 weeks, with the higher baayght.
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Table 4.17.
by season

Life-time reproductive performance of beeder hens at 25 to 75 weeks classified

Seasons

Genotype Egg set (%)

Egg fertility
(%)

Egg

Hatchability (%)

Pullet DOC Hatching
(%) rejects (%)

Early wet BN 96.91%5.7280.82+5.0f 69.08+6.07  32.58+3.18 13.12+3.15
1B 98.64+4.21 88.72+2.99 73.59+7.68  36.06+3.98 15.51+5.88
Late wet BN 08.92+1.8186.23+6.18 73.12+8.12 34.56+4.40 14.04+4.68
[=] 97.77+3.91 89.45+3.18 73.88+5.12 35.74+2.69 16.33+4.58
Earlydry BN 97.57+4.07 82.77+5.86  68.85+7.21 32.46+3.57 17.66+5.41
1B 98.74+2.74 84.47+3.09 68.32+7.19 33.25+¢3.80 17.41+7.20
Latedry BN 97.70+9.6384.57+5.77 70.36+11.86  33.02+6.33 15.89+9.99
1B 98.169.63 84.20+6.73 67.73+13.49  32.44+7.15 18.79+7.12
Strain BN 97.7¢+6.02 83.616.0F 70.3%+74.5¢ 33.1x64.5¢ 15.1¢%6.5:
Mean 1B 98.3:+3.85 86.7at4.9¢F 70.86+4.9/ 34.3¢+4.9/  17.0246.3€

Means in same column within season with differamesscripts are significantly (P < 0.05)
different. BN = Bovan Nera, IB = ISA Brown
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Figure 4.17. Life-time percent eggs set in BomdNera and ISA Brown breeder hens at 25 to 75
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Table 4.18. Relationship between cock weight andrfdity of egg-set in Bovan
Nera and ISA Brown genotypes

Genotype Optimum Egg Cock weight Age
Fertility (%) (gm) (weeks)

Bovan Nera 84 -90 2600 — 2650 44 — 48

ISA Brown 90 2482 — 2537 33-36
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4.14.4Life-time hatchability of eggs set

Table 4.17 shows that there was significant (PO8)difference in egg hatchability during early
wet season: 69.08 vs 73.59% in favour of ISA. Oftearsons did not produce any significant (P
> 0.05) difference in egg hatchability. Figure 4&tows the results on egg hatchability in both
strains classified by season. It also revealslibtt Bovan Nera and ISA Brown recorded higher
hatchability within the wet (early and late) seas@s against the dry seasons. Both table 4.15
and Figure 4.19 show that IB was better in the sesisons while BN was better in the dry
seasons. This demonstrated clearly that there wasteraction between genotype and season
and a reversal of the order of merit between ISAsha the wet seasons, and Bovan hens in the
dry seasons of South-West Nigeria.

4.14.5 Relationship between egg weight and hattityabi eggs set
Significant correlation was observed between egghteand hatchability of egg set in BN (r =
0.216; P > 0.005) but non-significant and negatimeelation (r = - 0.009) was observed in ISA.
Table 4.19 shows the influence of egg weight onmiestichability of fertile Nera and ISA eggs
set in the hatcher; while Figures 4.22 and 4.23wshime curve of egg weight against egg
hatchability of BN and ISA breeder hens respecyivEhble 4.19 shows that at egg weight range
of 56.5 — 59.5 gm, hatchability of more than 70%ildobe obtained but as the egg weight
increases beyond this range, hatchability dropgdwk is also observed on the curve of egg
weight against hatchability in Figure 4.22.
In ISA brown, egg hatchability of more than 70 %swabtained between the egg weight ranges
of 54.0 - 61.0 gm at 26 to 60 weeks of age. Theeecwf egg weight against hatchability in
Figure 4.23 shows, it is possible to obtain 80 %tHmbility of egg set between 58.0 — 59.0 gm at
30 — 33 weeks of age in hens. From Figures 4.224a211 it is observed that from 64 weeks in
BN and 60 weeks in ISA hens, higher egg weightlteduo a reduced egg hatchability and
hence number of day-old pullet chicks obtained. Tégression of egg hatchability on egg
weight in both genotypes yielded a cubic model vfof 0.113 for Bovan and a quadratic
model with R of 0.010 for ISA hens. Manipulation of nutritioras been suggested as the
practical means to control egg weight in layer degs.
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Table 4.19. Relationship between egg weight and lehtability
of egg-set in Bovan Nera andASrown genotypes

Genotype Optimum Egg weight Age
Hatchability
(%) (gm) (weeks)
Bovan Nera  >70 56.5-59.5 40 - 64
ISA Brown >70 54.0-61.0 26 — 60
80 58.0 - 59.0 30 — 33
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4.14.6Life-time pullet day-old chicks hatched

There was significant (P < 0.05) difference in thdlet day-old chicks hatched in early wet
season: 32.58 vs 36.06, between BN and IB hensectgply. No significant (P > 0.05)
differences were observed between genotypes witiier seasons. Between seasons, percent
pullet DOC hatched in BN was highest: 34.56 %ate Wwet season while that of IB was highest:
36.06 %, in early wet season. Both genotypes eteuithigher hatching percentage in the wet
seasons as against the dry seasons. Results alsedthat there was progressive decrease:
36.06 — 32.44 %, in the percent pullet day-old k&iobtained from ISA flock as the seasons
progressed from early wet to late dry. The pergaitet DOC obtained from BN fluctuated
between seasons: as it moved from 32.58% in EWbeet@s34.56%, then back to 32.46% and
up to 33.02% in LD season. Figure 4.24 shows thketPday-old chicks hatched in both

genotypes classified by season and their intemactio

4.14.7Life-time hatching rejects

Significant (P < 0.05) differences were observedmaan hatching rejects generated in the
hatchery in early wet: 13.12 vs 15.51 %, late Wét04 vs 16.33 %, and late dry: 15.89 vs 18.79
% seasons for BN and IB respectively in favour®f It was also observed that both genotypes
generated increasingly higher rejects as the segsogressed from early wet: 13.12 vs 15.51 %,
to late dry: 15.89 vs 18.79 %, in the strains respely. Figure 4.25 shows the hatching rejects
over the life time of breeder hens in both genatypend this is similar to the pattern of
hatchability in Figure 4.21.
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4.15

Influence of genotype on life-time reproduetperformance

Table 4.20 shows that there was significant (PO§)difference in the mean egg fertility of BN

and IB genotypes throughout their life time, wHBealso showed higher but not significant (P >
0.05) values for percent egg set, egg hatchabpitylet DOC and hatching rejects. Although

there was no significant (P > 0.05) difference et genotypes in mean hatchability, mean
pullet day-old chicks hatched, mean hatching rejectd in mean genotypic performance; ISA
Brown hens still produced more (17.02%) rejectstBavan Nera (15.19%). Table 4.21 shows
that while the mean egg fertility of Bovan Nerargased from 82.99 % at full maturity to

83.61% life-time average, the mean egg fertility3® Brown decreased from 87.13 % at full

maturity to 86.70 % mean life-time value. Figur@e&i.shows the life-time results on mean

reproductive performance as classified by genotype.
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Table 4.20. Influence of genotype on reproductivegsformance of
Bovan Nera and ISA Brown breeddrens at 25 to 75 weeks

Traits Bovan Nera ISA Brown
(n=24) (n=24)
Egg set (%) 97.78 £ 6.02 98.33 + 3.85
Eqgg fertility (%) 83.61+6.08  86.70+4.98
Egg hatchability (%) 70.35 +4.58 70.86 +4.94
Pullet day-old chicks 33.16 £ 4.58 34.36 +4.94
Hatching rejects (%) 15.19 + 15.19 17.02 + 6.36
Mean performance (%) 60.02 +7.28 61.45 +4.99
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Table 4.21. Egg fertility in Bovan Nera and ISA Bravn at full
sexual maturity and mean (26 75 week) life-time (n=24)

Season Genotype Full maturity  Mean life-time

Early wet Bovan Nera  83.18 + 5.40 80.82 + 5.01
ISA Brown  93.19 +3.67 88.72+2.98

Late wet Bovan Nera  89.48 + 2.0486.23 6.18
ISA Brown 91.12+1.08 89.45+3.15

Early dry Bovan Nera  77.99+2.27 82.77 £5.86
ISA Brown 79.80+5.77 84.47 +3.09
Late dry Bovan Nera  91.18 +5.31 84.57 £5.77

ISA Brown 86.82+2.65 84.20+6.73

Mean Bovan Nera 82.99 +3.76 83.61 +6.02
ISA Brown 87.13+3.29 86.70 +4.90

NOTE: Means with different superscripts in the saime within

same season are significantly (P < 0.05) different.
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4.16 Phenotypic correlation among reproductiveupeaters

Tables 4.22 and 4.23 show the correlation matnixptors of body, productive and reproductive
parameters, in BN and ISA parent stock chickenses€ two tables reveal that correlation values
(r) between pairs of parameters such as egg waigthtiegg fertility: 0.326 vs 0.087, egg weight
and egg hatchability: 0.216 vs 0.009, egg weight@ulet DOC: 0.221 vs 0.009, and egg weight
and hatching rejects: 0.141 vs 0.129, were wed@NnSimilarly, the correlation values between
HDP and egg fertility: 0.288 vs 0.385, HDP and bgtchability: 0.337 vs 0.577, HDP and pullet
DOC: 0.369 vs 0.583, and, HDP and hatching rejé&384 vs - 0.660, were comparatively
lower in BN than in ISA hens. However, high cortigla values were observed between pairs of
reproductive parameters of egg fertility and egtchability: 0.732 vs 0.691, egg fertility and
pullet day-old chicks: 0.724 vs 0.707, egg hatditgand pullet day-old chicks: 0.982 vs 0.968
and, pullet day-old chicks and hatching rejec&622 vs - 0.792 respectively in both genotypes.
Hatching rejects exhibited negative correlationhwetach of the reproductive parameters but a
positive correlation: 0.141 vs 0.129, with egg vign both genotypes respectively.
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Table 4.22. Correlation matrix for body, productive and reproductive
parameters of Bovan Neead ISA Brown breeders.

Genotype BOVAN NERA
Traits Cock Weight Hen Weight Egg Weight HDP
Cock weight 0.992* 0.939* 0.626**
Hen weight 0.986** 0.940** 0.667**
Egg Weight 0.872* 0.795** 0.669**

ISA HDP 0.575** 0.561** 0.697**

BROWN Egg Set 0.046M° 0.031"° 0.154* -0.034"°
Egg Fertility -0.314** -0.085"° 0.087"° 0.385**
Egg Hatchability -0.457** -0.33* -0.009"° 0.577**
Day-old chicks ~ -0.494* -0.374* -0.04M° 0.583**
Hatching Rejects 0 586** 0.52** 0.129"° -0.66**

Note: * P< 0.05; ** P< 0.01; NS = Not significant
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Table 4.23. Correlation matrix for body, productive and reproductive parameters of

Bovan Nera and ISA Brown breede

Genotype Bovan Nera
Egg Egg Egg Day old Hatching

Traits Set Fertility Hatchability chicks Rejects
Cock weight ~ 0.060° 0.267** 0.198** 0.197** 0.088°
Hen weight 0.05% 0.241* 0.138* 0.133*  0.186**
Egg Weight 0.02%° 0.326** 0.216** 0.221*  0.141*
HDP 0.010° 0.288* 0.337** 0.369**  0.284**

ISA Egg Set 0.01% 0.031*° 0.033° .0.031"
Egg Fertility ~ 0.039° 0.732** 0.724*  -0.173*
Egg

Brown  Hatchability 0.028'°  0.691* 0.982** -0.622**
Day-old chicks 0.013" 0.707** 0.968** -0.622%*
Hatching
Rejects -0.089" -0.454"° -0.454% -0.792**

Note: * P< 0.05; ** P<0.01; NS = Not Significant
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4.17 Predictive models for fertility and hatchalibf egg-set
Table 4.24 shows the models for reproduction uiegcubic modellY =a +b X + ¢ X?+ d X
3+ S. E Using the above model to fit Age in lay — eggifieytdata in which Y= egg fertility (%)
and X= age-in-lay from first egg (weeks); the regressidregg fertility on age-in-lay in both
genotypes were significant although thewRre low: 0.27 and 0.17, for BN and IB respectively
The standard error (S.E.) was lower in ISA; whhe tubic and quadratic models obtained for
BN and ISA hens respectively were significalb obtain equations to predict egg hatchability,
the egg weight-hatchability data were fitted intee tabove model to obtain three sets of
equations. The first set of equations, Wherg=>Xgg weight at-lay on the farm (gm) and Y =
Egg hatchability in the hatchery (%), were cubicdels. Regressing hatchability on egg weight
produced the poorest coefficients of determinatf®h = 0.10 and 0.01) but by regressing
hatchability on both age-in-lay and egg weight, ¢qeations obtained improved the value of the
R?to 0.13 and 0.45 for the genotypes. The third §eegression equations relating hatchability
with fertility produced the highest?Rf 0.55 and 0.47 for Bovan and ISA hens respelgtive
The quadratic model in Table 4.25 gave highf& the regression of pullet day-old chicks
(PDOC) either on egg fertility or egg hatchabiliyhile the regression on fertility produced R
of 0.53 and 0.50; the regression on hatchabilityeghe highest fof 0.97 and 0.94 for BN and
IB hens respectively. All equations for hatchabpiliwere significant (p < 0.05), except the

regression of hatchability on egg weight in ISA Brohens.
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Table 4.24: Predictive equations for fertility andhatchability of eggs set for Bovan Nera and ISA

Brown breeder hens

Model =¥ +bX +cX+dx®+S. E.
Trait Genotype Equation S.E. °R Model
Sig. (p)
Fertility on Nera y =-11.29 + 5.60X - 0.16X0.0006X 15.23  0.268 0.0001
egg set ISA y = 78.33 + 0.50X - 0.006X 4.47 0.170 0.0001
Nera =-402.62 + 12.19% 0.001% ° 8.18 0.102 0.0001
Hatchability ISA y = 58.33 + 0.34% 0.0004%° 9.37 0.01 >0.05
Nera y = - 43.68 — 0.35X + 2.29X 20.70  0.129 0.0001
on ISA y =-19.99 — 0.54X + 1.9%X 14.10  0.445 0.0001
Nera y = 164.84 — 3.46F + 0.03F 50.61  0.548 0.0001
egg set ISA y =-111.13 + 2.96F — 0.61F 80.63  0.474 0.0001

X= Age-in-lay from first-egg (weeks); »= Egg weight at-lay on the farm (gm); F= Egg féytion eggs
set (%)
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Table 4.25: Predictive equations for pullet day-olctchicks hatched by Bovan Nera and ISA

Brown breeder hens

Model Y=a+bX+cX+S. E.

Trait Genotype Equation S.E. °R Model Sig.
Nera y =79.56 — 1.73F + 0.04F 26.85 0.531 0.0001

PDOC ISA y=-87.64 +2.17F + 0.000F 42.12 0.501 0.0001
Nera y =-2.68 + 0.51H + 0.00004H 1.72 0.969 0.0001
ISA y =-4.96 + 0.61H - 0.0007H  2.44 0.938 0.0001

F = Fertility on eggs set (%); H = Hatchability eggs set (%); PDOC (y) = Saleable pullet day-old

chicks hatched (%)
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4.18 Genotype by season interaction
The result of factorial ANOVA indicated no signidict (P > 0.05) interaction between genotypes
and seasons among traits at full sexual maturibpvéver significant (P < 0.05) interaction was
observed in early maturity weight, life-time meaock weight and egg production (HDP)
persistency in breeder hens. Therefore at earlyuniyatperiod, BN possessed higher cock
weight: 1566.60 gm, in late dry season while IBagaigher weight of 2008.00 gm in early dry
season. Bovan Nera exhibited higher mean cock weigtb1.72 gm, in late dry season; ISA
Brown cock indicated higher weight: 2543.66 gmeanly dry season as observed on Table 4.26.
Table 4.27 shows the effect of interaction in HD#Psgstency on the reproductive parameters of
the breeder hens in both genotypes. In egg pramtugiersistency, BN hens recorded longer
period of 42 weeks of stable production>&0 % in late wet season while persistency of HDP
was 43 weeks in ISA at early dry season, thus Bifopaed better in late wet while ISA hens
performed better in early dry season (Table 4.R%yas also observed on Table 4.21 that while
there was a decline in Bovan Nera egg fertilityeréhwas a corresponding increase in ISA
Brown'’s fertility of incubated eggs from 89.48 an@l80 % at full maturity to 86.23 and 84.47 %
at 25 — 75 weeks life-time average respectively.
There was also a reversal in the order of rankinth® two genotypes in hatchability between
seasons in which egg hatchability was superioSid hen in the wet seasons as against the dry
seasons in BN hens, as seen in Figure 4.21. Tab& also shows the effect of interaction in
mean egg hatchability on the performance of botiotges. This indicated that BN performed
better in the dry seasons while IB did better ia et seasons: 69.61 vs 73.74 %. This also
caused significant (P < 0.05) difference in the mpallet DOC hatched between genotypes as
BN recorded the lower value of 32.74 % in the degsons while IB hens recorded the higher

value of 35.90 % in the wet seasons.
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Table 4.26. Effect of Interaction in cock weight orBovan Nera and ISA Brown
(75-week) performance and ordef merit

Traits Bovan Nera ISA Brown
Best season Late dry Early dry
Early maturity weight (gm) 1566.60 + 60.55 2008.0#00
Full maturity weight (gm) 2387.00 + 60.58 2393.834:98
Mean Cock weight (gm) 2451.72 £439.73  2543.66 £39
Mean egg fertility (%) 84.57 £5.77 84.47 + 3.09
Mean egg hatchability (%) 70.36 £ 11.86 68.32 97.1
Mean DOC (%) 33.02 £ 6.33 33.25+3.80
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Table 4.27. Effect of Interaction in HDP (> 70%) Persistency on Bovan Nera and
ISA Brown (25 to75 week) perfarance and order of merit.

Traits Bovan Nera ISA Brown
Best Season Late wet Early Dry
Persistency (weeks) 42 43

Age @ early maturity (days) 124 £ 8 1235

Age @ full maturity (days) 217 + 35 209 + 23
HDP @ full maturity (%) 85.55 +1.20 90.26 + 2.31
Mean HDP (%) 65.57 +21.82 72.92 +18.71
Egg weight @ full maturity (gm) 55.98 £ 1.20 56.81 +5.51
Mean egg weight (gm) 56.68 +4.72 58.12 +5.18
Egg fertility @ full maturity (%) 89.48 £ 2.04 79.8 £5.77
Mean Egg fertility (%) 86.23 £ 6.16 84.47 + 3.09
Egg hatchability @ full maturity (%) 77.36 £ 3.69 7299 +1.21
Mean egg hatchability (%) 73.12 £ 8.12 68.32 +7.19
DOC @ full maturity (%) 36.94 +1.71 35.99+£0.70
Mean DOC (%) 34.56 £ 4.40 33.25+3.80
Hen weight @ early maturity (gm) 1494.1 £ 27.41 1339+£7.0

Hen weight @ full maturity (gm)
Mean Fen weight (gm)

1922.81 + 28.16
1677.74 + 608.74

1679.92 + 43.05
1497.56 *+ 543.67
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Table 4.28. Effect of Interaction in egg hatchabity on Bovan Nera and
ISA Brown (25 to 75 week) penfimance and merit order.

Traits Bovan Nera ISA Brown
Best Seasons DRY WET

(Early and Late) (Early and Late)
Hatchability @ full maturity 71.4+£4.37 82.33+2.26
Mean Hatchalbity 69.61 £ 9.54 73.74 £ 6.36
Mean egg set 97.64 + 6.85 98.21 + 4.06
Mean egg fertility 83.67 £5.82 89.09 + 3.07
Mean Pullet DOC 32.74 + 4.98 35.90 + 3.34
Mean hatching rejects 16.78 £ 7.70 15.92 £5.22
Mean egg weight 56.67 +4.68 58.98 + 5.00
Mean HDP 62.29 + 21.15 68.06 + 22.53

Mean hen weight
Mean cock weight

1796.11 £451.73
2283.41 + 646.99

1593.80 * 544.59
2167.39 + 841.18
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4.19.0 Genotype sensitivity
The seasonal sensitivity of a genotype will berggression of the genotype’s phenotypic values
on the phenotypic mean values of all genotypesalloseasons, in the environment (Falconer
and Mackay, 1996). In a typical response equatibr a + b X; the value of b will be the

sensitivity of the genotype for the trait of intste

4.19.1 Within-season sensitivity
Table 4.29indicates the sensitivity indices of body, produetand reproductive traits within-
season for BN and ISA hens in Ibadan, Nigeria. sI-thowed no significant differences (P >
0.05) between genotypic values within-season, idybweights and productive traits, but
significant differences (p < 0.05) were observetiwken sensitivity values of BN and ISA
breeder hens in reproductive traits. In egg feytilegg hatchability and PDOC, the lowest
sensitivities in BN and ISA were 0.90, 0.86, 0.8%a0.54, 0.62, 0.63 while the highest
sensitivity were 1.46, 1.38, 1.37 and 1.10, 1.145Xrespectively. These lowest values were
observed in LD, EW, EW and LW, LW, LW while the higst values were recorded in LW, LW,
LW and LD, EW, EW seasons respectively as seenaitel4.30. within season, the genotype
with the lower sensitivity values recorded the leighalues respectively in % of all cases.
Within genotype, the relationship between hen weagid all other productive and reproductive
traits was studied, an inverse relationship waslesl. That is, as the sensitivity for body
weight increased, the sensitivity for each of tltkeo traits namely: HDP, Egg weight, Egg
fertility, Egg hatchability and Pullet day-old cki&cdecreased. This is of the form:
Hen weight = 1/ HDP, Egg weight, Egg hatchabiliig&@DOC.
It was also revealed through graphical analysis @éhdirect and proportional linear relationship
was demonstrated between hen weight sensitivity eggl fertility sensitivity indices in both
genotypes. In LW season, the sensitivity of thea@pctive traits in BN hens were higher than
that of her body weight and also higher than thatoonterpart reproductive traits in ISA Brown

hens.
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4.19.2 Between-seasons sensitivity

Table 4.31 shows the effect of seasons on thetsatysof body, productive and reproductive
traits of Bovan Nera and ISA Brown breeder hensjlevfiable 4.32 shows the seasonal
sensitivities classified by traits, seasons and mtage, showing the highest and lowest
sensitivities respectively. No significant diffecars (P > 0.05) were observed between seasons
within genotype but significant differences (P €%). were observed between genotypes within
season in egg hatchability and pullet day-old chisknsitivities in Early dry season.Figures
4.27 and 4.29 show the plots of seasonal sengsvibr cock weight and hen weight for Bovan
Nera and ISA Brown respectively, obtained from #easonal sensitivity regression lines in
Figures 4.28 and 4.30 respectively.

In cock weight, Bovan Nera recorded the higherdesdiin Early wet, Late wet and Early dry
seasons while ISA Brown was higher in Late dryseaaThe highest indices: 1.48 and 1.22 for
Bovan Nera and ISA Brown respectively and the datglifference between indices: 0.26 were
observed in Early dry season in favour of Bovana\es observed in Figure 4.27. It also shows
interaction between season and genotype in cocghivelin hen weight, Bovan Nera exhibited
higher sensitivity indices in all four seasons.Uf@4.29 shows no interaction between season
and genotype in hen weight, but indicates thatldhgest difference of 0.38 in sensitivity was
observed between Bovan Nera and ISA Brown in Badiseason, in favour of Bovan Nera.

In productive traits, hen-day production and egggive seasonal sensitivity results show that
there was interaction between genotype and seasabserved in Figures 4.31 and 4.33. In
HDP, Bovan Nera hens showed superiority in Early avel Late dry seasons while ISA Brown
demonstrated higer values in Late wet and Early skgsons. The largest difference in
sensitivity: 0.034, in favour of Bovan Nera henswacorded in Late dry season. In egg weight,
interaction was also observed between genotype saadon. The differences between both
genotypes in egg weight sensitivity were distimcEarly wet and Late wet seasons in favour of
ISA Brown and Bovan Nera respectively. The largdifterence in sensitivity of 0.10 was
observed in the Late wet season in favour of Bdvera.

In reproductive traits, interaction was implicateetlween genotype and season in egg fertility
and egg hatchability, but not in pullet day-oldaitsi as in Figures 4.35, 4.37 and 4.39. In egg
fertility, Nera hen was superior in sensitivityEarly wet, Late wet and Late dry while ISA hen

was higher in Early dry season with the highested#hce being obtained as 0.57 in Late wet
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season in favour of Nera. In egg hatchability aléera recorded higher sensitivity values only in
Late wet while ISA hens had the upper values inyBaet, Early dry and Late dry respectively.

The largest difference in sensitivity between bgg¢hotypes: 0.76, was obtained in favour of ISA
hen in Early dry season. In pullet day-old chickesnsitivity indices were higher in ISA Brown

hens in all four seasons thus eliminating the aecwe of interaction between genotype and
season. As in egg hatchability, Early dry seasadyeed the largest difference of 1.40 between
Bovan Nera and ISA Brown genotypes in favour of ldier. Between-seasons and between-
genotypes, an inverse relationship was observetdeaet hen body weight sensitivity and that of

each of the sensitivities of Hen-day productiong Egeight, Fertility of Egg-set, Hatchability of
Egg-set and Pullet day-old chicks.
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Table 4.29. Within-season relative s&tivity of Bovan Nera
and ISA Brown genotypes ckBed by traits.

Parameters Genotype E-Wet L-Wet E-Dry L-Dry
Cock body Nera 1.00 1.02 1.16 0.97
Weight ISA 0.99 0.98 0.84 1.03
Hen body Nera 1.05 1.03 1.06 1.01
Weight ISA 0.95 0.97 0.94 0.99
HDP Nera 0.99 1.03 1.02 0.98
ISA 1.01 0.97 0.98 1.02
Egg Nera 0.96 1.11 1.04 0.98
Weight ISA 1.04 0.89 0.96 1.02
Fertility of Nera 1.4F 1.46 136 0.90
Eggsset  ISA 060 054 o064 110
Hatchability Nera 08¢ 138 097 0091
Of Eggs set  ISA 1.14 o062 103 1.09
Pullet Nera 082 137 092 0091
DOCs ISA 1158 063 1.08 1.09

NOTE: Values along the same rovhwiifferent superscripts are
significantly (P <08) different
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Table 4.30. Within-season sensitivity for traits lassified by genotype, season and magnitude

Season and Highest sensitivity Season and Loweshsigivity

PARAMETERS BOVAN NERA ISA BROWN Bovan Nera ISA Brown
Cock weight ED/1.16 LD /1.03 EW/1.00 ED/0.84
Hen weight ED/1.06 LD/ 0.99 LD/1.01 ED/0.94
HDP LW/ 1.03 LD /1.02 LD/0.98 LW/0.97
Egg weight LW /1.11 EW /1.04 EW/0.96 LW/0.89
Egg fertility LW / 1.46 LD /1.10 LD/0.90 LW/0.54
Egg hatchability LW /1.38 EW/1.14 EW/0.86 LW/R.6
Day old Chicks LW /1.37 EW/1.15 EW/0.85 LW/0.63
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Table 4.31. Influence of season on the relative sstivity of Bovan Nera
and ISA Brown genotypes classified by trast

Parameters Genotype E-Wet L-Wet E-Dry L-Dry

Cock body  Nera 0.938 1.054 1.478 1.118
Weight ISA 0.798 0.908 1.218 1.185
Henbody  Nera 0.995 1.058 1.211 1.103
Weight ISA 0.617 0.894 1.036 1.082
HDP Nera 0.980 1.006 0.986 1.026
ISA 0.975 1.037 0.994 0.992
Egg Nera 1.436 1.946 1.933 0.931
Weight ISA 1.511 1.849 1.930 0.971
Fertility of  Nera 2.629 3.285 2627 1.665
Egg-set ISA 2371 2714 2634 1.242
Hatchability Nera 1.083 1.314 0839 1.589
Of Egg-set  ISA 1.528 1.091 1596 1.835
Pullet Nera 1.028 0.906 0.15¢ 1.613
DOCs ISA 1.414 0.969 1564 1.925

NOTE:Values with different superscsipdlong the same rows are
significantly (P<0.05) difent.
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Table 4.32. Between-Season sensitivity for traitdassified by genotype, season and magnitude

Season and Highest sensitivity

Season and Loweshsiivity

PARAMETERS BOVAN NERA ISA BROWN Bovan Nera ISA Brown
Cock weight ED/1.478 ED/1.218 EW/0.938 EW/0.798
Hen weight ED/1.211 LD/1.082 EW/0.995 EW/0.617
HDP LD/1.026 LW/1.037 EW/0.980 EW/0.975
Egg weight LW/1.946 EW/1.930 LD/0.931 LD/0.971
Egg fertility LW/3.285 LW/2.714 LD/1.665 LD/1.242
Egg hatchability  LD/1.589 LD/1.835 ED/0.839 LW/1109
Day old Chicks  LD/1.613 LD/1.925 LW/0.160 LW/0.969
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Figure 4.27: Seasonal sensitivity trends for cockdaly weight for Bovan Nera and

ISA Brown genotypes in Ibadan Nigeria.
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Figure 4.28: Seasonal sensitivity regression linésr cock body weight for Bovan Nera and ISA

Brown genotypes showing respective sengity indices in Ibadan Nigeria.

129



1.4

1.2
1.483

8494

0.8

06 0.617

0.4

0.2

Early-wet season Late-wet season Early-dry season Late-dry season

— Bovan Nera sensitivity

Figure 4.29: Seasonal sensitivity trends for hen loly weight for Bovan Nera and

ISA Brown genotypes in Ibadan Nigeria.

130



2500.00
BNE-W y = 0.995x + 82.45
2000.00 Tohgs]
BNL-Dy=1.058x-23.24
" R2=0.990
= BNE-Dy=1211x-3235
2500.00 R2=0:991
Z BNL-Dy=1.103x- 1284
g R?=0.988
2000'00 IBE-WYy=Ubl/X+bbd.a
] RZ=0.971
1B L-W y = 0.894x+ 186
R?=0.984
500.00 IBE-D y = 1.036x-194.9
R2=0.975
IBL-Dy = 1.082x- 268.1
R?=0.976
000 T T T T 1
0.00 500.00 1000.00 1500.00 2000.00 2500.00
SEASONAL VALUE

Figure 4.30: Seasonal sensitivity regression linésr hen body weight for Bovan Nera and
ISA Brown genotypes showing respectiversstivity indices in Ibadan Nigeria.
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Figure 4.31: Seasonal sensitivity trends for hen-ggproduction hatched for Bovan Nera

and ISA Brown genotypes in Ibadan Nigeria

132



100.00
90.00 BN E-W y = 0.980x +0.607
R?=0.978
80.00 BN L-D y = 1.006x + 3.861
R?=0.991
70.00
BNL-Dy = 0.986x + 3.928
RZ=0.979
3 60.00
2 BNL-Dy=1.026x-1.767
R?=0.987
> 5000
E IBE-W y - 0.975x- 2.046
2
> 4000 R?=0.981
S IBL-Wy = 1.037x-1.251
2
S 3000 R?=0.979
IBE-Dy = 0.994x-0.789
20.00 RZ=0.068
10.00 - IBL-Dy =0.992x-2.590
R?=0.943
0.00 T T T T T T T T 1
0.00  10.00 — 20.00  30.00  40.00  50.00  60.00 70.00 80.00 90.00
-10.00
SEASONAL VALUE

Figure 4.32: Seasonal sensitivity regression linésr hen-day production for Bovan Nera and ISA
Brown genotypes showing respective sengity indices in Ibadan Nigeria.
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Figure 4.33: Seasonal sensitivity trends for egg wght for Bovan Nera and ISA Brown

genotypes in Ibadan Nigeria.
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Figure 4.34: Seasonal sensitivity regression linésr egg weight for Bovan Nera and ISA Brown

genotypes showing respective sensitivitydices in Ibadan Nigeria.
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Figure 4.35: Seasonal sensitivity trends for fertity of eggs set for Bovan Nera and ISA

Brown genotypes in Ibadan Nigeria.
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Figure 4.36: Seasonal sensitivity regression linégr fertility of eggs set for Bovan Nera and ISA
Brown genotypes showing respective sengity indices in Ibadan Nigeria.
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Figure 4.37: Seasonal sensitivity trends for hatchmlity of eggs set for Bovan Nera and ISA

Brown genotypes in Ibadan Nigeria.
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Figure 4.38: Seasonal sensitivity regression linésr hatchability of eggs set for Bovan Nera
and ISA Brown genotypes showing respective seasorggnsitivity indices in Ibadan

Nigeria.
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Figure 4.39: Seasonal sensitivity trends for pullelay-old chicks hatched for Bovan Nera

and ISA Brown genotypes in Ibadan Nigeria

140



50.00

45.00 BN E-W y = 1.028x-2.718
R2=0.255
40.00 BN L-W y = 0.906x + 3.997
R?=0.310
BN E-D y = 0.156x+ 27.33
35.00 RZ: 0.015
BNL-Dy=1613x-21.41
30.00 RZ=0.476
[FH]
2 2500
g
o 2000 IBE-Wy=1.414x-12.33
= 0 R7=0.361
[ IBL-W y = 0.969% + 2.351 —
g 15.00 Z=0.217 X
T IBE-Dy=1.560x-20.03 B X
10.00 R*=0.504
IBL-Dy=1.925x-32.51
5.00 RZ=0531
000 T T T T T ‘ T T 1
0.00 5.00 10.00 1500 2000 2500 3000 3500  40.00

SEASONAL VALUE

Figure 4.40: Seasonal sensitivity regression linésr pullet day-old chicks hatched for Bovan Nera

and ISA Brown genotypes showing respective sensitly indices in Ibadan Nigeria.
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4.20.0 Environmental performance values

Both strains were evaluated in Ibadan, South-Waat@ment and compared to their sources of
origin to ascertain their relative performance he £nvironment. Depression was observed in
their performances. Performance depression isndgility or failure of a genotype to attain its
genetic potential or known performance standardaoget, as a result of being reared and
managed in an environment different from its ndtorain. In this study, the performances of
both genotypes in humid Ibadan Nigeria, were coegbavith the recommended standards of the
respective primary breeders in the temperate emviemt. Results indicated that both genotypes
manifested various degrees of performance depression Table 4.33 and in Figures 4.41 -
4.43.

4.20.1 Performance depression

Figure 4.41 illustrates the life-time curves offpemance of cocks and hens in body weight in
the environment. This trend shows that cocks ergpe&ad depression in body weight mainly
early in life before the age of 10 weeks. Both dgpes manifested this depressions during
brooding stage from day-old to about 8 weeks, lheitidwest depressions of -15.96 and -27.66 %
were observed in the first month of life (0 — 4 w&efor Bovan Nera and ISA Brown cocks
respectively (Appendix 7.2.1). Bovan Nera cock® aghibited depression in body weight at
early stage of production (21-25 weeks). The méartiime cock weight performance value was
2.09 and 1.39 % for Bovan Nera and ISA Brown respely. In the Hen breeders, both
genotypes demonstrated depressions in body weiglaisathroughout the 75-week management
period except between weeks 8 and 16 in Bovan Nerd,between weeks 16 and 24 (50%
production) in ISA Brown. These recoveries wer@gitonal as they did not persist beyond the
periods. The lowest depression in hen weight wagmed in the first month of life at day-old to
4 weeks both in Bovan Nera: -12.99 %, and ISA Browlb.39 %; while the magnitude of
depressiorsufferedthroughout life ranged from 2.14 to -12.99 % araht 1.50 to -15.39 % for
BN and IB hens respectively (Appendix 7.2.2). Theam performance value between weeks 4
and 75 in both genotypes was - 4.94 and - 4.39sperively indicating depression. Figure 4.42
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shows the life-time curve of performance in hen-gegduction (HDP) and egg weight of both
genotypes. While egg production in BN was not desed before 25 weeks and after 55 weeks
of age, IB experienced depression in egg produdlorost throughout life-time. At 21 weeks,
HDP appreciated by 13.57 % in BN but this traitibxbd depression of -23.73 % in IB hens. A
depression of 7.65 and 9.44 % respectively was @tserved between weeks 25 and 55 but the
life-time performance value was 0.14 and -10.200%bbth genotypes respectively.

In egg weight, an appreciation in performance aaserved around peak production period (28
weeks) in both genotypes and this did not perstsobd 35 weeks in IB hens. Age at peak
production did not suffer depression but rathefesatl delay, and thus peak production was
attained late in both genotypes by 7.14 and 7.4do%pared with their temperate counterparts
for BN and IB respectively (Appendix 7.2.3). Figu#ed3 shows the life-time curve of egg
fertility and hatchability of Bovan Nera breedefis indicates a life-time depression in egg
fertility and hatchability ranging from -3.07 t02:¥7 % and -6.80 to -20.39 % respectively
(Appendix 7.2.4). However the lowest depressionggqg fertility and egg hatchability were
observed between 20 and 25 weeks of age as -11ad%20.39 % respectively. These values
appreciated till 45 weeks of age to -3.12 % an80-66 respectively but began to fall again. The
mean performance value in egg fertility and hatdhglobserved was -6.88 % and -14.41 %
respectively in Bovan Nera. It was also observed tihe magnitude of the depression decreased

gradually as the genotypes advanced in age (Appéhdi4).
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Table 4.33. Mean 75-week environmental performancealues (%)
classified by traits

Traits Bovan Nera ISA Brown
Cock weight 2.09 1.39

Hen weight -4.94 -4.39

Age @ Peak production 7.14 7.41

Egg production 0.14 -10.2

Egg weight -2.89 -3.19

Egg fertility -6.88 N. A.

Egg hatchability -14.41 N. A.
Pullet DOC N. A. N. A.

NOTE: N. A. means Not available
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Chapter Five

DISCUSSION

5.1.0 Influence of season on 75-week growth peréoce

5.1.1 Body weight of breeder cocks

The reversal of the body weight merit between BaMana and ISA Brown, at late dry and early
dry seasons; suggested that ISA Brown cock witthdrigoody weight in early dry season
responded better to dry conditions (rainfall = 106m, sunshine hours = 8.27, temperature =
26.99°C and relative humidity = 66.37 %) and was ablg@edform better; while Bovan Nera
which indicated higher body weight in the late deason was able to perform better under hotter
condition (rainfall = 412.9 mm, sunshine hours =41Q temperature = 28.7C and relative
humidity = 65.45 %) of the year. This suggested t8A cocks probably required a slightly dry
weather as it recorded the lowest body weight & ldte dry season while Bovan Nera cocks
required a slightly humid-hot weather condition fiptimum performance. Both were heavier
than Tanzanian village chickens reported with meduit body weight of 1948 gm by Goromela
et al. (2009). However, the slightly higher mean weight®A cocks probably indicates higher
genetic potential for body weight over Nera cockke higher average body weight of both
genotypes in the dry season than wet seasonsrafded that drier weather conditions were

better for their growth and development.

5.1.2 Growth pattern of breeder cocks
This study showed that the rate of growth durireyirey (day-old to first-egg), production (first-

egg to 75 weeks) and mean life-time (day-old tow&eks) in cocks of both genotypes was
similar. Since growth was most rapid during reariagd occurred slightly during early
production period, efforts aimed at improving grbwebuld be done during puberty, and before
on-set of production. It can be inferred that wHB& cocks possessed higher overall genetic
potential for growth, BN cocks possessed a higleregic potential for late growth during

production stage from 21 to 75 weeks. The sharpatezh observed in growth about the 24th
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week of life in cocks coincides with the periodasfjustment to sexual activity in the flock. The
weight gain of cocks in both genotypes at 9 - 1@kseof age was lower than that reported for
Sonali cockerels( 120 vs 542 gm) by Azara al. (2005). This large difference in gain may be
due to management control of growth in researclotypes which was done to retard the rate of
maturity in the cocks which is known to be fasteart that in the hens. The early-life (1 — 20
weeks) growth (13.76 vs 14.97 gm/day) obtainedrdurearing for BN and ISA respectively,
was comparable to the recommendation (13.9 gm/dayhe primary breeders. To improve
growth, post-hatch uniformity and efficiency in giag chicks, grading of day-old chicks could
be done using hatching size and egg sorting cdstul lze done by weight-range before setting

the eggs into the incubator (Wilson, 1991).

5.1.3 Body weight of breeder hens

The significant difference in hen weight betweerv@o Nera and ISA Brown in favour of Nera
hen in Late dry season, could mean that the sjidgtigher weather indices of the season (rainfall
= 412.9 mm, sunshine hours = 10.41, mean temperat@B.7dC and relative humidity = 65.45
%) favoured growth and development better in BNasBe did not seem to have much impact (P
> 0.05) on body weight development in ISA hen. Thean weight obtained in BN (1724.81
gm/bird) was comparable to 1.80 kg recommendeddést performance in layers by Lozhkina
(1987) and 1726.25 gm reported on mature Black @igrmpullets by Chineke (2001); while the
body weight of ISA hen (1549.83 gm/bird) was alsmnparable with 1.59 kg mature weight
obtained on brown-egg layers in the German DemiocRepublic (1986) but heavier than the
local Bayelsa hen (1289 gm) reported by Ajayi amgviezor (2009).

5.1.4 Growth pattern of breeder hens

Growth rate (gm/day) and pattern of growth was lsimin both genotypes as it occurred mainly
during rearing period. Growth observed during prddun phase (1.38 vs 1.14 gm/day) exceeded
the recommendation of the primary breeder (0.8 gy)/dComparison between hens of both
strains showed that Bovan Nera hen maintained aistent rate of growth higher than ISA
which indicated a higher potential for growth. Tinean life-time weight gain (85.26 vs 89.30

gm) observed in pullet growers during the rearidg-(20 weeks) period in both strains
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5.3

respectively was higher than 48.0 gm obtained bgktlihet al. (2006) on Kadaknath chicken.
However the weight gain obtained at 1 — 4 weeks3® vs 52.02 gm) was lower than 82.5 gm
in Kadaknath chicken as was reported\bghra (1983)but higher than 21 gm reported by
Thakuret al. (2006). The lower growth rate obtained during iregar(11.36 vs 11.87 gm/day)
compared favourably with the primary breeder's mgwendation of 12.5 gm/day, and this
probably indicated performance depression arisiog fthe effect of the hot humid environment

of the farm location.

Influence of genotype on growth performance

ISA Brown cock was found to be superior in body giiwhile Bovan Nera hen had higher
mean body weight over life-time. This may mean Bithen probably grew faster than IB hen
while 1B cock grew faster than BN cocks. Growth waere pronounced during rearing than
production probably due to the demand of producbondietary energy and body nutritional

reserve in the laying hens.

Sexual dimorphism in body weight

Sexual dimorphism is a phenomenon in which natupdenotypic, morphological and
physiological differentiation (usually with the aggrance of sex gonads) that is easily
distinguishable, takes place between males andlésnmaanimals and birds. This enables early
separation or sorting of chicken on the basis &f #ecould be through the use of wing coverts
used in separating sexes of chicks at day-oldu#ieeof tail-length in separating growers at 10
days old (Hays, 1952c), or the use of body wegmyid conformation from 10 weeks. Body
weight was used to examine sexual dimorphism ih lgehotypes and this was observed within
and between genotypes about th& t@ek of life. This period was about 1/3 of the mege at
full maturity (29 weeks) in both genotypes and d¢fi@re confirms the findings of Rose (1997).
The phenomenon occurred during the period (9 — &2k&) of most active growth in both
genotypes. Sexual dimorphism is important to bresds it enables:

1. The separation of pullets from cockerels duringinga

2. The culling of runts and undesirable pullets anckeeels from the population based on body

development and conformation.
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3. The reduction of the cost of rearing and labour.

This phenomenon has been attributed to differentése hormonal levels in the body of the
male and female chicken by Ajayi and Agaviezor @00t has also been reported by Rose
(1997) that poultry strains exhibit sexual dimosshi within and differing rates of growth
without, while Thakuet al. (2006) reported that the rate of increase in bodight from 6 — 52
weeks was higher in males than females of Kadakretitken. During selection and
improvement operations which could commence at #¢@ks in growers, the good males and
females that exhibited the typical body conformatand the required body weight range are
selected. The rest are either discarded or givere mpace and ad-libitum feed to see if they

could catch-up before point of lay.

Phenotypic correlation among growth parameters

The highly significant relationships between weighin and growth rate, age and body weight
implied that these correlated parameters couldibeead in breeding to:

1. Estimate each other.

2. Predict particular trait of interest

3. Cull, grade, and or select for desired traits.

This means that weight gain could be utilized tingste growth rate while age could estimate
body weight in both genotypes. The correlation leetvweight and age in the sexes of both
genotypes corroborate the results of Tserveni-GL887) who reported significant correlation
between chick weight and age, and concluded thek eteight was adequately predicted by the
use of age as a single independent variable. Tdveréfom this investigation, age seems the best
parameter, for estimating body weight, while weiglain seems to be the best parameter for
estimating growth rate, within and between genaype

Prediction of body weight and growth pattern

While the power model fitted the body weight — aigéa (R > 0.843), the simple linear model
fitted the growth rate — weight gain date R1.00) adequately. The transformation of the powe
model to its log form was done to rectify and linea the model. From the predictive equations

for body weight, the difference in the intercepselved in cock weight equations indicate the
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genetic differences in basal growth between gemstyput the value of b in the growth equations
was almost the same (P > 0.05). In equations farveight, the differences obtained in the
intercept (log a) and the power (b) indicated tigmificant (P < 0.05) differences in their basal
and late growth between genotypesrespectively. Tohisfirmed the differing growth rates
observed between genotypes and the superiorityoghuB hens over ISA hens in body weight
and growth.

Comparison between growth rate equations in botiotypes indicated differences in their
intercept, a, between sexes. These differencesatatl that genotype was probably the most
important factor responsible for the differencetheir rate of growth, as both had been raised
under the same environment. The high values ©ofdRtained indicated that the equations for
growth rate in both genotypes and sexes were higtddictable. This meant one could utilize
either equation within sex to estimate for bothajgpes. The Robtained from this study was
superior to 0.667 obtained on chick weight — egipitedata by Caglayaea al. (2009) in their
study on rock partridges, but was comparable t&@® @btained from egg weight — hatchling
weight data of quails (Kucukyilmat al., 2001).

5.6.0 Influence of season on early sexual matehracteristics

5.6.1 Age at first-egg

As seasonal weather became drier, hotter and t§edgth (sunshine hours) increased, the age
at which onset of sexual maturity in pullets ocedrincreased, (except in BN pullets at late dry
season). Within genotypes, the humid and coolesaesaof the year accelerated on-set of sexual
maturity by reducing age at first-egg while the dryd hotter seasons increased age at sexual
maturity. The mean annual temperatue and rainfaté research location were°25and>1500

mm of rain guage respectively. Mishehal. (1987) reported age at first-egg in five straifis o
White Leghorn hens. The average was 180.84 + 0a38.Bhuiyanret al. (2005) also reported
age at first egg as 175 days in Deshi breed of Bdegh (mean temperature, @®and annual
rainfall, > 1400 mm). These values were obtained in coldeire@mwients than south -west
Nigeria. The results of this study further confianiat cold environments accelerated onset of
sexual maturity by reducing age at first-egg, wiitg humid environments delayed onset by

increasing age at sexual maturity.
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5.6.2 Body weight of breeder pullets at first-egg
Seasons did not seem to have any significant effiediody weight at first-egg in Bovan Nera
but did (P < 0.05) in ISA Brown pullets. The highbésdy weight was recorded in early wet
season in both genotypes while the lowest was wedem early dry and late dry seasons in ISA
Brown and Bovan Nera pullets respectively. Compaeht, the better body weight of Nera over
ISA pullets in late wet and early dry seasons iatdid superior genetic potential and that it could
adjust better than ISA hens to these seasons.d~8rshows from the curve of both genotypes
that, while body weights in Bovan Nera decreasethflate wet to late dry, body weight in ISA
hens decreased from the late wet season towadsthof the year but rose again in the late dry
season. It also suggested that to obtain high mEight at sexual maturity in growing pullets,
chick stocking could be planned so that birds waatléin early sexual maturity in early wet
season.
The late maturity date (124 days) of BN and IB guflocks with low body weight in early dry
season (1456.0 gm/bird) confirmed findings thatybaeight of pullets lower than genetic
potential retarded sexual maturity age and theeefesulted in lateness in attaining maturity as
observed in the reports of Horst and Petersen (198forinde and Oke (1995) and Belgium
(1986). It could be inferred therefore that thegmbial genetically induced body weight of BN
and IB pullet breeders in the environment was ctoghat attained in the early wet season. This
means that the combination of the right body weitte right age and the right timing of photo-
stimulation or the photoperiod (hours/day) wouldsineffectively influence the point-of-lay of
in-coming pullets; and these conditions were prbpaloser to that attained and supported by
the early wet season in both genotypes. Nutriemtipogation, feed restriction or temporary feed
shortage could be used to delay on-set of lay wresnéhe average flock body weight is
excessively high. Technical expertise is therefeguired for success in management of in-
coming pullets to obtain the right body weight la¢ desired age, in order to obtain good egg
weight at point of lay.

5.6.3 Body weight of breeder cockerels at first-egg

The effect of season on breeder cocks at firsta@gg clearly indicated by the significant
difference obtained by ANOVA test. The exhibitiohgpeater body weight by ISA cocks at first-

egg, in all seasons except late wet suggested higalty humid conditions were probably
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detrimental to growth and production of ISA cocksagainst Bovan Nera cocks, whereas, cocks
maturing in early and late wet seasons in BovaraNaticated the highest body weights within
genotype between seasons.

The wet seasons encouraged heavier weights in @ske# both genotypes especially the early
wet season. This implied that the early wet seagmsmost suitable for attainment of good body
weight and conformation at first-egg in cockereldile the late dry season seemed to be the
least conducive season for their development. Tdoty lweight of cockerels at first-egg that
would most likely complement reproduction in pudletas that obtained in the early wet season.

Influence of genotype on early sexual matufitgiracteristics
This study strongly revealed the influence of ggpeton body weight at first-egg. ISA hens

with lower body weight matured early while Bovanr&levith higher body weight matured late
in the humid Ibadan environment. Under the samalitions, exotic hybrids with lower body
weight could mature earlier than those with highedy weight. This observation was also
observed in the report of Akanetial. (2008).

The mean age at first-egg obtained in this stu@g @nd 121 days) for BN and ISA genotypes
respectively were lower than 151 days in Black Qdarpullets reported by Ayorinde and Oke
(1995), 132 days in Shika Brown commercial pultgigained by Ayorindet al. (1999) and 126
days for Pakistan layers by Faroetgal. (2002). However, Horst and Petersen (1981) refdorte
167 — 199 days in Leghorn hybrid pullets raisedeuridmperate conditions. The report of Horst
and Petersen (1981), and the results of this stasfirmed that birds raised under tropical
conditions generally attained sexual maturity eathan those raised under temperate conditions
Other factors having effect on age at sexual mgtimclude body weight uniformity, feeding
method — full or restricted (Ayorinde and Oke, 1938ning of photo-simulation (Rose, 1997),
health status of flock and feed intake capacityrpegurity (ISA, 2005).

5.8.0 Influence of season on full sexual maturitgracteristics

5.8.1 Age at peak hen-day production

The influence of season on age of Bovan Nera pubétfull sexual maturity was polynomial

(Figure 4.5), and thus was different from the maximquadratic curve at early sexual maturity
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period in Figure 4.2. Therefore, the influence eson on age at the peak of egg production in
Nera hen was not similar to that at first-egg (eamaturity period). This indicated lack of
relationship between the two stages of maturitypath strains. Generally, while wet seasons
seemed to accelerate on-set of sexual maturity, ibevever delayed attainment of full maturity
in both hybrids. Results also revealed that dasses increased age at first-egg in ISA Brown
from early wet to late dry and decreased age ainfaturity from early wet to late dry season.
This trend indicated that dry seasons delayed bofssexual maturity in in-coming pullets, and
accelerated full sexual maturity in the same flogkreducing age at which birds attained peak
hen-day production. Therefore, ISA hen flocks whichived at sexual maturity late due to the
effect of late dry season still achieved full sdxmaturity earlier, while flocks in the early wet
season which attained the point-of-lay early adiw full maturity very late. Comparison
between genotypes (Figure 4.5) at full sexual nigtgshowed that in both hybrids, full sexual

maturity was delayed by wet seasons, while it vealarated by the dry seasons.

5.8.2 Cock body weight at peak hen-day production

The ability of Bovan Nera cocks to reduce the ladg&erences in body weight between it and
ISA at first-egg to minimal values at full maturitythin and between seasons indicated the rapid
growth rate of BN cocks over ISA within the peridthe effect of season on the body weight of
both genotypes at full maturity was not strong @foto cause significant differences in body
weight between them within and between seasons.ederny body weight was highest in both
genotypes in early wet season than other seasotiscait can be deduced that early wet season
favoured fast development of cocks of both gendtyped therefore early and late dry seasons
could not provide the best conditions for the depeient of body weight in both strains. Figure
4.6 also revealed that between genotypes, the afrig was higher than that of BN depicting

that IB was more productive within seasons thanc@bks.

5.8.3 Body weight of pullets at peak hen-day pobidn
There was a lack of similarity in the effect of seas on pullet body weight at early and full
maturity stages and this suggested that seasobslgyoexacted different magnitude of effect
on body weight of BN pullets at both stages of. lifelSA, seasons exacted significant (P < 0.05)
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influence on pullet body weight at full maturity-his influence decreased from EW to LD, and
thus was similar to that observed at early matuaihd further revealed that the effect of seasons
on hen body weight within genotypes at both stajédie were different in trend and magnitude.
The higher pullet weight in the wet seasons thgrsdasons implied that wet seasons (16 April -
October), especially early wet, was more suitablebiody weight development and growth in
both genotypes. The further differentiation in ptillveight between genotypes in favour of
Bovan Nera between first-egg and peak productidhimiseasons, indicated the higher ability
for fast growth in BNt could be concluded that early wet season supddntgh body weight

development in both genotypes at full maturity.

5.8.4 Hen-day production at the peak of production
Season had no appreciable influence on hen-daygtiod within genotypes. Figure 4.8 shows
that the curves of production between seasons rwigj@notypes were similar and normal,
yielding a quadratic curve. ISA brown pullet breesdaowever showed an all-season genetic
superiority over BN pullets. The chart implied thate wet (85.55 vs 92.02 %) and early dry
(84.19 vs 90.26 %) seasons stimulated higher egduption in both genotypes (August -
October and November - January) but the significfierence between genotypes was only

captured in the LW season at this period in fawaduSA pullets.

5.8.5 Egg weight at peak hen-day production

The influence of season on egg weight at this stddiée in both genotypes followed different

polynomial patterns (Figure 4.9). Results revedhed heavier egg weights (56.69 vs 59.59 gm)
were obtained in the wet seasons than in the égryoses (54.75 vs 55.41 gm) in Bovan Nera and
ISA Brown respectively. Since EW season producedhilghest egg weight in both genotypes,
this indicates that the season supported high egjghtvin poultry production. Both Figure 4.9

and Table 4.12 reveal the superiority of ISA pullever Bovan pullets in egg weight between
and within seasons. The lack of significant infloerof season on egg weight of BN indicated
that this trait was not easily subject to seaseomalktions and so BN hen could perform to its

genetic potential between seasons.
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5.8.6 EQgs set at peak hen-day production
The lack of significant (P > 0.05) difference betnweseasons and between genotypes in percent
eggs set in the hatchery incubator means that sedidonot exact any significant influence on
percent eggs set. However during the wet seasajig(P > 0.05) percent eggs were set (99.49
vs 99.72) as against the dry seasons (96.50 vsiP8Bhin BN and IB respectively. Both
genotypes exhibited similar patterns in percentsesgs at full sexual maturity across seasons.
Percent eggs set also depended on the egg pradpetitern of both genotypes, handling of eggs

on the farm and in the hatchery.

5.8.7 Fertility of eggs set at peak hen-day pradac

The lack of significant (P > 0.05) difference beweseasons and genotypes in percent egg
fertility of both genotypes meant that season ditlinfluence percent egg fertility significantly,
although within seasons, ISA pullets recorded hidgietility than Bovan pullets. However,
higher percent fertility were obtained in the w&6.83 vs 92.16) seasons (16 April — October)
than dry (84.59 vs 83.31) seasons (November -151)Awithin Nera and ISA genotypes
respectively. The trend of fertility and influenckeseasons on egg fertility within genotypes were
similar. These results on percent eggs set andegtiity could prove that wet seasons (16 April
— October) favoured high egg production (P > 0d%) high fertility (P > 0.05) of pullet eggs at

full sexual maturity.

5.8.8 Hatchability of egg-set at peak hen-day pctidn
The highest percent egg hatchability (85.03) olethim ISA at early wet (16th April - July)
probably implied that this season (rainfall = 1B4thm, temperature = 26.3C, and relative
humidity = 79.53 %) favoured egg hatchability mastthe atmospheric humidity was close to
that required by the incubator (Setter = 377 52-55 % R H and Hatcher = 36Q, 70 -75 %
R. H.) for optimum hatchability of light-breed cken eggs.
Within BN however, the highest hatchability (81.%5 that was obtained in late dry season
(February — 15 April) was unexpected, in the ligitabove findings and the prevailing dry
weather conditions at this season of the year fathin 412.9 mm, temperature = 28C, and

relative humidity = 65.45 %) which was consideredeément for hatching operations. Contrary
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to expectation, BN pullet eggs seemed to tolerateebthe dry environmental conditions to yield
high egg hatchability. Breeders could plan stoclofghicks so that they could obtain first-egg
in late dry season (February — 15th April) or earigt season in Bovan Nera, and early wet
season (16 April - July) in ISA Brown, for optimuhatchability. Figure 4.12 shows that the

effect of seasons on egg hatchability in BN flutédamore with seasons than in ISA.

5.8.9 Pullet day-old chicks hatched at peak henpdagtuction

The seasonal pattern of percent pullet day-oldkshi®DOC) that was hatched in Nera was
different from that in ISA. This pattern was a padynial in BN but a straight line from early wet
to late dry season in IB. The observed pattern W vi&as similar to that observed earlier in
fertility and hatchability, while that observed I8A was similar to that observed during
hatchability within same genotype. This implied ttHertility and especially hatchability
influences PDOC hatched in the hatchery. Therefate dry to early wet season (February -
July) for BN and early wet to late wet season (Ap@ctober) in for IB seemed most suitable for
production of optimum quantity of pullet chicks pestively. Between genotypes, ISA had
higher curve (Figure 4.13) indicating better pariance and higher potential. As in other full
maturity traits, both genotypes performed bettetanrhumid conditions (36.24 vs 40.50 %) than
under dry (33.9 vs 35.07 %) weather conditionsufagt.13 showing the influence of seasons on
PDOC production revealed that, percent pullet ddyeticks hatched fluctuated more between

seasons in Nera than in ISA.

5.8.10 Hatching rejects at peak hen-day production

Since breeders and hatchery managers prefer lomtiguaf hatching rejects to maximize PDOC
production, the least hatching rejects (9.19 v§ 8@ was obtained in early wet season in both
genotypes, and this implied that early wet seasas probably best for hatching operations in
the environment. While the pattern of hatching etgewas polynomial in BN, it followed a
straight line in IB with the least in EW and theymést in LD season. The curve showing the
influence of seasons on hatching rejects that wereerated in both genotypes, revealed that
there was progressive increase in hatching rejast$he seasons progressed from early wet
season to late dry season in both genotypes, ekaeptry season in Bovan Nera. Hatching
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rejects obtained in BN at early dry (17.07 %) amdSA at late dry (17.02 %), indicated that dry
seasons increase the quantity of rejects from magchperations. This means that chicken
Farmer-breeders could stock their birds so as teneence production and hatching operation in
Early wet season (16th April - July) to reduce d@in@ount of hatching wastes and rejects for more

pullet chicks.

Influence of genotype on body weight and eggratteristics at full sexual

maturity

Results further indicated that BN pullets were lat@turing (214 days) with significantly higher
body weight (1916.08 gm/bird; P < 0.05) than ISAvan pullets which were early maturing
(208 days) with significantly lower body weight @220 gm/bird). The influence of genotype
was observed on hen weight, HDP and PDOC productither traits exhibited marginal
differences between genotypes, although IB haddnighlues except in percent eggs set. The
higher productivity of ISA pullet compared with Bpullet was believed to be linked to its
smaller size and lower response to seasonal \ar&atBN had lower values in HDP compared to
IB but the percent eggs set was higher than thdBoWhich might be due to higher egg loss
(breakages) during transport, sorting and gradihdSé& eggs in the hatchery. These loses
probably translated to lower egg-shell qualityhdggs than in BN eggs. The exact relationship
between body weight and egg production in chickes not investigated but the results showed
an inverse relationship between the two parameterts, within and between genotypes, at full
sexual maturity. These finding confirmed previoaparts on the influence of genotype on body
weight (P < 0.05) and egg weight (P > 0.05) by ®guwand Onyekweodiri (2000), and Waetg

al. (1992). Although percent eggs set was superidBhi) the genetic ability for fertility and
hatchability in IB was superior, translating to thigher percent pullet day-old chicks from ISA

Brown eggs

5.10.0 Influence of season on Life-time (first-égg5 weeks) productive performance.

5.10.1 Life-time hen-day production

Results of this study showed that BN was less pripgel within season and therefore probably

more sensitive to seasonal variations in HDP tlgahdns, although both genotypes layed more
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eggs within late wet and early dry seasons. Thiddcandicate that the weather conditions in
these seasons were conducive for high percent eggugtion in chicken, although ISA hens
layed more eggs than Bovan hens. The pattern of &iD#l sexual maturity was also similar to
this. Early dry season produced the largest diffegein egg production intensity between
genotypes and the second largest value for BN hen.

Comparing both body weight and HDP between genatypthin seasons, showed that BN hens
with higher body weight and growth rate (4.12 gngjdaroduced fewer eggs (HDP) while ISA
hens with lower body weight and growth rate (3.8¥dpy) produced more eggs (Figure 4.15).
This suggested that BN hens probably channellesidasrgy to egg production and more of its
energy to growth and maintenance activities, whilke reverse seemed to be the case in ISA
hens. This seemed to be the most notable physaalbdifference between the two genotypes in
this study. Therefore, it was recommended thatyedrly and late wet seasons should be
considered for high egg production in IB and BN $€Fhis result confirmed the report of Khan
et al. (2006) that highest egg production among locatldns of Bangladesh was observed in

winter, followed by summer, spring and late autumn.

5.10.2 Life-time egg weight
Result of this study indicated the superiority 8fAl over BN breeder hens in egg weight as
seasonal and genotypic means were higher in ISA thaNera hen, although significant
(P<0.05) differences were only observed betweeaninstrin early wet (56.20 vs 59.99 gm) and
late dry (54.71 vs 56.88 gm) seasons.
In contrast to the above results, late wet andyedry seasons seemed favourable for the
production of heavy eggs in BN hens. Egg weight least in late dry season in both strains
implying that the season was least favourable %pressing high egg weight, as it was very dry
and hot.
The curves of egg weight (Figure 4.15) of both ggpes over the productive life-time indicate
the superiority of ISA over BN breeder hens in thiat. ISA hens with lower body weight
produced heavier eggs than BN with heavier bodykteiThis could imply a genetic potential

for higher egg weight in ISA hens.
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5.10.3 Persistency of egg production
Egg production persistency as a trait is the gbdfta chicken to lay eggs consistently within a
particular period of her life time at a specifimge of production. Persistency of production
becomes a focal management target in chicken ptiotiuand breeding after 28 weeks of age,
along with the maintenance of high livability andog shell quality. This trait is greatly
influenced by the growth achieved within genotyedobe 25 weeks of age and the mean flock
body weight uniformity (ISA, 2000).
In this study, the chosen production target fonesing and comparing persistency wag0 %
HDP. Bovan Nera persisted longer than ISA Browhen day production (HDP) above 70 % in
late wet season (42 vs 31 weeks) while ISA Browrsipted longer in average HDP in early wet
(18 vs 31 weeks), early dry (37 vs 43 weeks) atelday (27 vs 33 weeks) seasons. Also late wet
and early dry seasons favoured high productionigierey in Nera (42 and 37 weeks) while
early dry season favoured high persistency in 182 \eeks). BN recorded highest persistency
(42 weeks) of production in LW season in whichaitl highest average HDP (65.57%, August-
October); This meant that the weather conditioranfall = 1744.3 mm; sunshine = 6.17
hours/day; temperature = 25.2€ and relative humidity = 82.00 %) supported higjg e
production and persistency in Bovan Nera hens. éyew early dry season (November -
January) was more favourable (rainfall = 110.1 nsomshine = 8.27 hours/day; temperature =
26.99°C; relative humidity = 66.37 %) for ISA as it reded the highest egg production (72.92
%) and persistency (43 weeks) therein. The meaotggic persistency was 31 weeks for BN
hens and 35 weeks for ISA breeder hens, indicéiieguperiority of ISA over Nera in the trait.
The results from this study therefore showed thete was both synergy and interaction among
persistency of egg production (week), level of pricbn (HDP) and season which could boost
or reduce cumulative egg production in poultry. Both genotypes under study, the co-action of
these three factors boosted cumulative productidate wet and early dry seasons in Nera and
ISA hens respectively. Results also indicated BAt hens recorded highest HDP (92.02%) in
late wet season at full maturity but dropped in mparsistency in the same season, probably due
to the high humid condition (RH = 82%) and the entenature of the environment but persisted
better in early dry season. The early wet seastorded the least production persistency (18 vs
31 weeks) within both genotypes indicating thahight not be a good season for expression of
this trait in poultry; probably due to the unfavahle interaction between weather parameters of
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the season (sunshine hours = 8.95, wind speed & Kri7hour, environmental temperature =
26.37°C, relative humidity = 79.53 %) compared to late s@ason. Persistency occured at 30-
56 weeks in both genotypes and this period waselotitan 30-35 weeks reported by Hendrix
Genetics (2006) although the level of productiors waknown. They however suggested a stable
amino acid requirement, reduction of oil and endeygl of feed during late production stage to
stabilize egg weight and production persistencedieg level could also be in line with the level
of egg production of the flock at this stage to tooinfeed intake and avoid accumulation of
excess fat which destroys persistency. Oluyemi Robderts (2000) had recommended a 2%
increase in feed offered to poultry with every I8rease in egg production of the flock.

The cumulative egg production was the product abiptency and HDP. Comparatively BN
produced less cumulative eggs to ISA (2097 vs 24@8)e early dry (November - January)
season produced highest cumulative eggs (2708 &A8) 2within both flocks respectively.
Fleming (2005) reported that the pre-lay high badsight, high body-weight uniformity of
flock, adequate post-peak nutrition, feeding lemald skilled management are important to
maintaining high persistency of egg production @hhis a combination of high HDER (70 %),
low (5 %) variation in level of HDP within genotypleng period of production and uniform egg
weight with low CV). It was inferred that given B&hd ISA hens to manage for commercial
production of eggs, ISA would probably be the farshehoice based on its higher mean HDP,
egg weight and persistency of egg production.

Influence of genotype on life-time (first-egg75 weeks) production

The significant difference (P < 0.05) obtained ggeveight implied the effect of genotype on
this trait. These egg weights were lower than tifaBhika Brown commercial pullets (65.07
gm/egg) raised on deep litter (unpublished datéhimher than figures (54.60 gm/egg) claimed
by Janda and Jandova (1974) and 53.2 gm/egg rdpbyt&Sazzad (1992) on Black Plymouth
rock chicken. Shika Brown strain has been adaptethé tropical environment for several
generations with continuous selection for high picitve performance.

The significant difference (P < 0.05) in HDP (62v&69.10 %) that was obtained between the
genotypes in favour of ISA brown hybrid probablypired the genetic superiority of ISA.
Results obtained in HDP in BN and IB strains weighér than 55.80 % reported for Rhode
Island Red (RIR) chicken by Sazzad (1992), ShikanBrlayers unpublished results (52.62 %),
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Black Olympia pullets (55.2 %) published by Ayorndnd Oke (1995), but comparable with
69.30 % reported by Faro@jal. (2002) and 68.0 % reported for Pakistan layerMbgsawaret

al. (2004). Crossed Japanese quails however recordkdripercent HDP of 74.15 % compared
to the two hybrids above (Yertugkal., 2008).

Average egg production persistency and cumulatreglyction were higher in ISA (35 weeks,
2489) than in Nera (31 weeks, 2097) h&hese results comfirmed that BN had mean lower
productive ability compared to IB in HDP, egg weigbersistency of production and cumulative
egg production during the period of persistencyisTdbility was probably due to the genetic
constitution and potential conferred on smallerajgmes for egg production in chicken. This
finding was in line with that of Horst (1981) in wh he observed a systematic increase of
productive adaptability, accompanying a decreaséhefgenetically determined body size in
layers. The report of the German Federal Repubbst-Btation (1986) also showed that
genotypes with smaller body weight tend to perftwetter in egg production.

Phenotypic correlation among productive patarae

The result on phenotypic correlation among prodecparameters within genotypes revealed
highly significant (P<0.0001) relationship betwesge and egg weight (r = 0.735 vs 0.522), hen
weight and egg weight (r = 0.682 vs 0.529) in Boaad ISA hens respectively. This probably
implied a strong relationship between these papa@meters, which meant that both age and
hen weight could be utilized independently to eatanegg weight in laying hens. Tserveni-
Gousi (1987) had reported significant correlatietween egg weight and day-old chicks weight
(R? = 0.32) although his focus was slightly differéram that in this study. Ayorindet al.
(1988) also reported positive correlation betweedybweight and egg weight (r = 0.77), and
between body weight and hen day production. Theyngéitied that the relationship between body
weight and HDP could be negative as a result ofiégosition in large-bodied hens. Correlation
between hen weight and HDP was also significank (®20001) in both Bovan Nera and ISA
breeder hens (r = 0.267 vs 0.582), indicating keatt weight might be a good estimator of hen-
day production in both strains respectively. Otpairs of parameters (HDP/egg weight, growth
rate/HDP, growth rate/egg weight and age/HDP) stibohlow coefficients in both genotypes.

5.13 Prediction of egg weight and hen-day producti
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Two models were used to predict and compare egghivdietween strains. They were the
linearized power model and the asymptotic modelctviproduced the equations reported in
section 4.13. Comparison between strains using lithearized equations revealed little
differences in their intercepts (hybrid constargs}l standard errors but none in thefr Rhe
asymptotic equations produced no significant défifee between hybrids in their constants, a;
and this showed similarity in the rate of increas¢he weight of eggs layed by both genotypes.
The only difference between the genotypes was @ir thotential for maximum egg weight,
which was higher in Nera than ISA in old age. TWwsrk differed from that of Fayeye and
Adesiyan (2008) who utilized the linear functionrégress egg weight on other egg quality traits,
and selected equations with the best fit usiigFRratio, power of the explanatory coefficients
and significance of the regression model.
Rose (1997) reported the model: Y = 100 ((1/( BBY)) — (( CX ) + d) for hen-day production
in the temperate environment,where:
100 = Maximum possible egg production by any gepet?o)

a = Minimum egg weight (39.6 gm)

b = Rate of increase in HDP to peak (0.3)

¢ = Rate of decline in HDP from the peak (0%03

d = constant for percent HDP at peak (0.03)

x = Number of weeks in lay from first egg.
But by trial and error method, the equation abowes wodified to fit the age - HDP data from
Bovan and ISA hens for predictive purpose to obtiagnequations below:
Bovan Nera:Y =100 ((1/(1+ (39.6 x0)p — (0.48 x—0.03)
ISABrown: Y =100 ((1/(1+(39.6x0d3)—(0.32x-0.03)
It was observed that within the research envirortpmaaximum recorded hen-day production for
both genotypes was (91 and 93 %) while the obseamedof decline in HDP from the peak was
0.480 and 0.315 for Bovan Nera and ISA Brown respely. The modification of the equation
given by Rose (1997) to fit egg production pattefiooth hybrids in the humid environment of
Ibadan gave adequate description of the patte#Dd# throughout their productive life-time, as
each equation predicted figures close to the actakies observed. Therefore by plotting the
age-in-production or number of weeks-in-lay int@ tmodified equations, an estimate of egg

production (%) can be made for either strain. Hoveyorindeet al. (1988) had observed a
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significant quadratic relationship between totadj ggoduction and body weight at full sexual
maturity in the White leghorn hen; while Gatial. (2001) in their work on egg production curve
of the Rhode Island Red chicken reported that #st B was obtained from the Gamma type
function by McNally, followed by the parabolic expmtial function. The predictive ability of
the models obtained were compared by Oni and Aarbé001), and they reported that the
McNally model had highest’R0.946), smaller error and close agreement betwstmated and

actual values.

5.14.0 Influence of season on reproductive (25tavéeks) performance.

5.14.1 Mean Life-time percent of eggs set

The influence of season on percent eggs set ietinttubator of BN was a normal curve (Figure
4.17) with late wet and early dry seasons giving lighest percentages (98.92 and 97.57%).
These high values might be due to the favourabktives in these seasons which complemented
the high level of management, both on the farmiartie hatchery. The higher percent eggs set
of BN over IB in the late wet season further cankd the relative difference between both
genotypes in their HDP potential in hot humid weatihere was an all-time high percent eggs
set in ISA, except in late wet season, and this masinfluenced by season as no significant
difference was observed between seasonal resuiis.olitcome revealed that percent eggs set

could be strongly influenced by genotype and hagdihan season.

5.14.2 Life-time fertility of eggs set

The differences observed (P < 0.05) in mean sehsguafertility in the early wet (80.82 vs
88.72 %) and late wet (86.23 vs 89.45 %) seasarBBNi and ISA hens respectively showed that
ISA Brown was better in egg fertility in these smas This was also confirmed by Agapata

al. (1992) on local chicken while Caglayahal. (2009) reported a lower average fertility of
81.11% on rock partridges. However, Babiker and hwaf (2008) reported no significant effect
of season on percent egg fertility of Bovan NeraisTnight be because data used covered only
two years of production while the data employethia work spanned over 10 years. The highest
egg fertility was obtained in both genotypes in tdite wet (25.24C, 1744.3 mm and 82 % RH)
season of the year (August - October), and thidirtned the findings of Jayarajan (1992) in
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which he reported highest egg fertility from Whiteghorn and White Plymouth Rock during
cold season (December - February) but highest egdity from Rhode Island Red ocurred
during summer (March - May). The supremacy of I8Agg fertility in late wet and early dry
seasons supported the report of Jayarajan (19@2)htghest egg fertility occurred during the
warm, wet monsoon season (September - November9at5 °C mean environmental
temperature and torrential rains of 1250 mm of cpiage.

The higher egg fertility of ISA henfurther suggested that its origin might probablglude
Rhode Island Red , White Leghorn and White Plymdrttk; having distinguished itself in
egg fertility; both in the cool wet seasons (25°%81and 80.76 % R.H) and in the warm dry
seasons (27.6C; 66.00 % R H); over Bovan Nera. This result pipaonfirmed the superior
ability of IB cocks to mount and copulate with héhan BN cocks, or ISA Brown male sperm
was probably more potent than that of Bovan Nertk cm in-vivo egg fertilization.

5.14.3 Relationship between cock weight and friif egg-set

The positive and significant correlation figuresabed between cock weight and egg fertility,
though low, signify that cock weight has a rematsagiation with egg fertility. This is because
the weight of the cock may either aid or hinderakslity to mount the hen. Since the highest
fertility range was obtained between 2600 and 2§%0n BN and between 2482 and 2537 gm in
ISA hen; these body weight ranges could be crificahigh egg fertility. Therefore, the ages at
which these body weights were attained 44 and 3ksven BN and IB hens respectively could
be made the target period to begin critical henghteimanagement in both genotypes for
optimum fertility in both genotypes. While low wéigdoes not give the cock the desired balance
on the big hens, excessively high body weight segg@s libido and hinders mounting by the
cock. However, the age of the hen at which the dsglegg fertility occured will probably be
influenced by genotype, cock weight, nutrition ananagement.

This result implied that management of cock weighimportant and could be maintained at
these weight ranges to assist mating by cocks gamam fertility, starting from peak hen-day
production age.

The low value of the Robtained from the regression of egg fertility ortlcaveight means that
cock weight alone cannot account adequately fotdta variability involved in the prediction of

egg fertility; but Figure 4.19 and 4.20 further wisothat as cock weight increases, the egg
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fertility increases to a maximurand then begins tdecrease probably because of deposition of
excess body fat as weight and inability of the sottkmount the hen properly. The decrease in
egg fertility can also be caused by factors suchexasessive body weight, loss of agility,
dwindling libido, old age, disease conditions sashleg weakness or sore legs, infection, poor
nutrition of the cocks and inadequate level of fiegdin deep-litter system, litter reconditioning
programme must be in place and be strictly followgdurning at regular intervals and keeping
to the replacement schedule for the litter at igbtrages. This reduces contact of birds with
droppings and reduce rapid spread of infectiousqugens. Wet litter must be removed promptly
to avoid spread of disease infections such as dosgs.Total replacement of the litter at 18 to
20, and 45 weeks upwards is recommended. Furtheageaent of cocks for optimum egg
fertility during the productive life of the flock iWinclude replacement of old cocks exhibiting
dwindling libido or exchange of cocks between floak same age and strain, under the same
management; to improve mounting in the flock thtowgmpetition among cocks. The feeding
of ground limestone - 2 % of current level of fewgithrice a week - to ameliorate any calcium
deficiency which usually develops, helps to cordegt weaknesses in cocks as from 45 weeks

upward, and improves egg shell strength.

5.14.4Life-time hatchability of eggs set

The observed difference in egg hatchability in yeavet season in favour of ISA could be
attributed to the difference in the fertility of thogenotypes within the season, and the mean
weight of eggs set in the incubator (Table 4.14)e Tnteraction between genotype and season,
and the change in the order of merit between ggestyn wet and dry seasons had implications
for breeders’ management in the study environminivas also observed that wet seasons
recorded higher hatchability values than dry sesmsamplying that wet seasons were more
suitable for the expression of hatchability trait ¢hickens. Both results above meant that
breeding and hatching operations could be prograimmeommence in late wet season while
improvement programmes could be planned to falhiwitearly and late wet seasons to take
advantage of the high hatchability and the conduereather condition.

The above results supported the report of Jayaréj882) that mean egg hatchability was

highest during the warm, wet monsoon (Septembepvelber) season with torrential rains
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(29.75°C and 1250 mm) for all eggs &eBabiker and Musharaf (2008) found no significant
effect of seasons on egg hatchability of Bovan BPé&s in Sudan, probably because the
information used were collected over 2 years on$gdad of a 10-year data utilized for in study.
However, Agapovat al. (1992) has attributed high egg hatchability pattiyaggressive social
behaviour of cocks. Egg weight (Table 4.14) ha® ddeen found to influence hatchability of
eggs set significantly (Tandrcat al., 1987; Markovskaya, 1988; and Unal and Ozcan, 1989)
while egg shell thickness was also an importartbfaafluencing egg hatchability.

4.14.5 Relationship between egg weight and hatttyabf eggs set
The correlation observed between egg weight anchhhtlity of eggs set in BN showed a strong
relationship between both traits, but the lofvoRtained from the regression of egg hatchability
on egg weight in both genotypes meant that egg Wweitpne could not explain most of the
variability involved in predicting the hatchabiligf eggs set. Also at the egg weight range of
56.5 and 59.5 gm, hatchability of more than 70%ldde obtained in BN but as the weight
increased beyond this range, hatchability dropgéis was also observed on the curve of egg
weight against hatchability (Figure 4.22). Thusvéts possible to obtain above 70% hatchability
by skillful egg weight management between 56.0 0@ gm in the Bovan Nera hens. In ISA
brown, egg hatchability of more than 70 % was atadibetween 54.0 and 61.0 gm. The curve of
egg weight against hatchability (Figure 4.23) shiwewas possible to obtain 80 % hatchability
of eggs set between 58.0 and 59.0 gm in ISA helmis. Meant an optimum egg weight range of
58.0 — 59.0 gm could yield highest possible hatiitalon eggs set of ISA breeder hens. The
results obtained thus demonstrated an inverseiaesip between egg weight and egg
hatchability.
To maintain highest possible hatchability on eggasel percent pullet chicks obtainable, egg
weight could be controlled and made as uniformassiple from week 40 in BN and week 30 in
ISA hens through the management of nutrition andlybaveight uniformity. Nutrition
management could involve manipulation of the limolacid, protein and some specific amino
acid content (Fleming, 2005) of the feed. Thesenamacids include methionine+cystein,
methionine, lysine, tryptophan and threonine. The af body weight uniformity of a flock of

hens to control egg weight uniformity demands weddddy weight measurements of the flock

8 Redmond, W. A. Monsoon. Microsoft Encarta DVD020Retrieved in December 2009.
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(5 %) and the determination of the flock weightfarmity. This will inform the manager on the
level of feeding needed to encourage uniform boaygit, better egg-lay and overall health
status of the flock. The use of grills on feed gls, also encourage undisturbed individag
libitum feeding and so promotes flock uniformity. It haseb established that there is positive
and significant relationship between egg weight simell thickness (r = 0.26, Stadelman, 1986),
egg weight and shell weight (r = 0.35), and egggieand egg length (r = 0.48) by Ojedago
al. (2008). This meant that these correlating traitshwegg weight would be influenced
positively by skilled egg weight management of Kiaghich in turn influences hatchability. The
positive relationship between shell thickness, Isheight, egg length and egg weight meant that
these parameters will increase hatchability aseipg weight increase. Their influence could
however be optimized through the maintenance dibles egg weight range of 58-60 gm/egg
and body weight uniformity of hen flock.

5.14.6 Life-time pullet day-old chicks hatched

The difference observed in percent pullet DOC peaduwithin genotypes at early wet season
could be attributed to the differences in theitiiéy and hatchability, enhanced by the season.
The progressive decrease (36.06 — 32.44 %) in ¢heept pullet day-old chicks obtained from

ISA flock as seasons progressed from early wetate dry could be the effect of the

progressively dry and hot seasonal weather comditiolThe percent pullet DOC obtained from
BN fluctuated between 32.46 and 34.56 % betweasoses, but was higher than percent pullet
chicks from ISA in late dry season. This could m#zat BN fertile eggs had lower hatchability

potential between early wet and early dry seasdribeoyear compared to ISA fertile eggs. It

was therefore concluded that:

1. Wet seasons (especially late wet) were more fawbeiréo chick hatching in both
genotypes.
2. Bovan Nera eggs hatched more eggs than ISA indhddte dry season.

ISA Brown produced more pullet chicks than Bovarrd\within seasons, except in late
dry, and probably possessed a higher genetic @igrior pullet production.
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5.14.7 Life-time hatching rejects

5.15

Results showed that egg hatchability and seasoa mejor factors that affected the volume of
hatching rejects generated in this study. As h#idhaincreased, hatching rejects decreased and
vice versa, indicating an inverse relationship et both traits within and between seasons. It
could also be concluded that the similarity in @attobserved between hatchability and hatching
rejects in both genotypes within season impliethfinence of the former on the later. Also, the
pattern of hatching rejects generated within eary (13.12 vs 15.15 %) and late wet (14.04 vs
16.33 %) seasons were similar to that on egg ifgrbetween genotypes within seasons. Both
genotypes also generated higher percent rejedtseeaseasons became drier and hotter except in
LD in BN. This behaviour showed that the wet seasproduced least rejects while the dry
seasons resulted in more rejects. The wet seaseresomnsidered more conducive for hatching
for farmers to obtain more chicks from hatchingragiens. It was also observed that the quantity
of rejects obtained in ISA was more than that in. BNis clearly implied the peculiar ability of
ISA eggs to produce more rejects probably becausesimbryos were probably weaker than
those of BN, and thus had lower genetic abilitpteak through the egg shell and hatch properly
at this stage.

Influence of genotype on life-time reproduetperformance

From results obtained from this study, genotypengubsignificant influence on egg fertility in
the wet seasons. It was also observed that IB haehdy and higher egg fertility that decreased
with age, while the early and low egg fertility BN improved over life-time. Thus, egg fertility
improved in Bovan Nera while it decreased in ISABN with age. This implied that BN cocks
probably perform better in sexual activity with adée fertility result obtained from this study
was superior to 78.5 — 79.0 % reported by Markoyakd988) in Hybro 6 cross chicken and
81.11% reported by Caglayahal. (2009) on rock partridges, but lower than 94.8 @eforted

for eggs weighing 52 — 64 gm by Halaj and KonarB@)9and 95.7 % for Shaver Starcross hen
eggs weighing 56 — 58 gm stored for 5 days befeténg in the incubator. The results were
however comparable with 83 % obtained from croskgzhnese quail (Yertust al., 2008) and
83.9 % fertility reported by Halaj (1986) for eggeighing 56 — 58 gm and stored for 10 days
before setting.

The mean hatchability of eggs set in this study @35 vs 70.86 %) was also lower than 86.5 %
obtained on crossed Japanese quail by Yenrttirdd, (2008) and 74.70 % reported by Halaj
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5.16

(1986) for 56 -58 gm eggs set after 10 days ofagiin the cold room, but it was higher than
69.10 % obtained from traditional African poultrgdping system reported by Wilseh al.
(1987) and 69.30 % from rock partridges’ eggs stiechiby Caglayamt al. (2009). From the
results obtained in fertility and hatchability img work, it could be inferred that hatchable eggs
in this study were stored in the hatchery cold rdomminimum period of 5 to 10 days before
being set in the setter compartment. The lackgiiBcant difference between genotypes in egg
hatchability, pullet day-old chicks, hatching regand average life-time performance implied
that either genotype could substitute the other dmmmercial production when it was not
available. The influence of genotype on mean repetide performance was further strengthened

by the outcome of this study when ISA exhibitedhieigvalues in all traits examined.

Phenotypic correlation among reproductiveupeaters
The results obtained on egg weight correlation witier hatching parameters negate the report
of Halaj and Konan (1986) in which they reporteghgiicant correlation between egg weight and
egg fertility (r = -0.66) and between egg weighd d&atchability on eggs set (r = -0.92). This was
because very low coefficients were obtained froms thork probably due to the deep litter
system of production used. Similarly, the correlatvalues between HDP and egg fertility, HDP
and egg hatchability, HDP and pullet DOC, and betwidDP and hatching rejects were medium
(r = 0.284 to 0.660) and comparatively lower in Bidn in ISA hens. However, the correlation
values obtained between pairs of reproductive parars of egg fertility and egg hatchability,
egg fertility and pullet day-old chicks, egg hatieiity and pullet day-old chicks and between
pullet day-old chicks and hatching rejects withe@ngtypes were very high. This meant that these
values could be used to estimate each other tghalével of accuracy, as it is needed to forecast
production and therefore engage in booking of qusts for sales of expected day-old chicks.
There seemed to be paucity of information on cati@h among reproductive traits in chicken.
The negative correlation between hatching rejests each reproductive parameters except egg
weight (0.141 vs 0.129) within BN and IB genotypespectively, implied decrease in those
parameters as percent hatching rejects and egdwieiggeased in both genotypes. Unal and
Ozcan (1989) presented a report which showed ligathick weight increased, as the weight of
egg increased; but the hatchability and the percéitks hatched decreased. This further
underscores the need to maintain an optimum antbrumiegg weight for the flock, that
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minimizes percent rejects at hatching, to achieigh lpercent day-old chicks at the end of

operations.

Prediction of fertility and hatchability afjgs set

In both genotypes, the cubic and quadratic modelisee more accurate than other models in
describing the curve of fertility of eggs set usiage-in-lay from first-egg. The equations
obtained within hybrids were different in the vaduef intercept and the coefficients of X,
although the values of’Rvere low (0.27 vs 0.17) for BN and IB respectivellzese signified the
difference between the two genotypes in egg fertiDespite the low values of’Rthe use of
these equations for predictive purpose was recordatthased on the significance of the models
which this meant that by plotting age-in-lay (weeksto the equation of respective genotype, the
expected percent fertility of eggs set could beamigtd. This could enable the farmer-breeder to
predict the performance of cocks especially, inflbek at any future age of production and plan
ahead for the necessary intervention that coulddoessary.

The same models above were used to regress hdtiyhabiegg weight at-lay, hatchability on
age-in-lay and egg weight; and hatchability oniligyt all in the hatchery respectively. The first
set of equations yielded low?R0.10 and 0.01) whereas the second set of equagieited
higher R (0.13 and 0.45) for Nera and I1Sgenotypes respectiveldowever, the use of age-in-
lay and egg weight at-lay on the farm in multijpheear model, to predict hatchability only made
improvement on the R (0.13 and 0.45) in ISA, in the second set of equat This second
combination could be a useful alternative for tmedgction of hatchability eggs while on the
farm, especially in ISA. With this technique it wasssible for the farmer long before receiving
the hatchery report, to predict to a high leveteitainty the hatchability of eggs laid by his Koc
based on the age of his flock in-lay and the aweregp weight. Plotting the expected or actual
fertility figures into the last set of equationswla enable farmers to predict hatchability of each
genotype at any age-in-lay of the flock, but theadivantage of these equations lie in the fact that
farmers must wait until he receives the fertiligport before he could predict the hatchability of
eggs from his chicken flock.

This study therefore revealed that fertility of egget was the most predictive parameter among
those tested that could explain to a very highllaéte variability responsible for egg hatchability
in the hatchery, as the’Rbtained (0.55 vs 0.47) for both genotypes werstrsaperior. The
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quadratic equations obtained for the predictionpaflet day-old chicks produced in both
genotypes were highly significant (P = 0.001). Ehesuld enable farmers to forecast percent
pullet day-old obtainable from percent egg festiliigures after receiving the hatchery reports.
But the use of hatchability-pullets data to fit thedel above resulted in bettet ®.97 and 0.94)
for Nera and ISA respectively. With the second sktmore reliable equations, accurate
prediction of pullet day-old chicks was expectedhese genotypes in the environment.

Despite the availability of this tool, the usualajein getting hatchery report could be frustrating
to farmers, hatchery operations were also subgectncertainty and disappointment as chicks
could enter the market before the result was receivhe solution to the problem would be to
utilize the multiple linear technique which comhidnage-in-lay with egg weight to estimate
hatchability; and thereafter use the hatchabil@jue obtained to estimate percent pullet chicks
obtainable while on the farm. This could be usedotecast production and make booking for
sales ahead of hatching. Booking ahead of the imafcbf day-old chicks is the practice

worldwide in commercial hatcheries.

5.18.0 Genotype by season interaction

G-E interaction meant that a specific change in engironment would result in different
responses in particular phenotypes for the entirayaof genotypes (Legates and Warwick,
1990), so that any selection for improvement in eneironment would not necessarily result in
improved performance in another as genotypes chémge ranks in different environments.
Since some genotypes perform better under somatmadthan others, genotype-environment
interaction (G-E) was used to determine the bejgmotype for the best seasons in this research
(Wiener, 1999). Genotype-season interaction indttahe importance of both components as
one factor in poultry breeding, this was then méitl for comparing both hybrids or genotypes
under similar environment for the purpose of sabectoetween them. Interaction between
genotype and season was important in this studguseceach hybrid was managed and bred
under the four pre-defined seasons of Ibadan irthS@lest Nigeria, with wet and dry seasons
that were distinctly different (P < 0.05) from eauther in rainfall (1742.5 vs 231.2 mm), relative
humidity (80.76 vs 66.00 %) and number of rainyslé36 vs 5) above 100 mm of rain gauge.
The significance of this phenomenon in cock weiggnelopment was that ISA cocks raised in
early dry season tended to perform to its geneattergial while BN cocks raised in late dry
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season performed to its potential where the wegthemmeters were higher. To achieve high
performance in body weight, appropriate stockinggslaseason and good management must be
ensured. Selection conducted on the two genotypékeise respective seasons could produce
higher response than in other seasons, as inemaesults showed that the genotypes were most
adjusted to late and early dry seasons respecti@ynmercial farmers could specialize in BN
and ISA cock production and capons in late andyedhist seasons respectively to enhance their
optimum performance. The lack of significant int#ian at full sexual maturity in HDP, egg
weight, egg fertility, pullet DOC production andttiaability between genotypes and seasons
implied that both genotypes have been well bradlgrate varying conditions of weather.
Similarly, in HDP Persistency, BN performed beitetate wet while ISA hens performed better
in early dry season. Since wet seasons have bperned as highly conducive for outbreak and
spread of pathogens, diseases and infections, $®aafuthe endemic nature of the humid
environment; the persistency of BN hen for HDPatelwet season meant that it was probably
more resistant to infections, and thus more adjusidate wet season, than ISA hen that seemed
more adjusted to the early dry season. BN hen coedgiire more humid environment for
breeding than ISA hen, although the fertility otubated eggs declined in BN while this
appreciated in ISA from peak production to pointcafl, that is, 30 to 75 weeks. Graphically,
interaction also occurred between genotype andoseas hatchability because there was a
reversal in the order of ranking of the two gene/pBN performed better in the dry seasons
while IB did better in the wet seasons, although tetter performance between the two
genotypes was obtained from ISA Brown. Breeding smprovement for high hatchability in
both genotypes at these seasons could be appmmititough a genotype would be expected to
show close results for same trait between seasmsate not significantly different from each

other.

5.18.1 Implication for egg production and pulleyddd chicks hatched
Interaction between genotype and season in parsistead implication for commercial egg
production in both genotypes. It meant that reanhdpoth genotypes should be under skilful
management which could take steps to ensure adeqaed of layers of Nera and ISA in late
wet and early dry seasons respectively, to optirtheer productive potentials. During rearing,
management should ensure attainment of point-oatathe right body weight (1494.10+27.41
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and 1339.00+7.00 gm), at genetically-associated &@24+8 and 12315 days), and at the right
seasons (late wet and early dry) for Bovan Neral@8AdBrown respectively. Adequate nutrition,
bio-security, full vaccination cover, optimum pogtibn density (6 birds/f), right sex-ratio (1:8

— 1:10) and flow-through ventilation should be pded. Therefore the management goal in
pullet and hen breeders from point-of-lay onwardwti be to achieve full sexual maturity
characteristics at the right body weight (1957.60 4889.24 gm) and age (222 and 217 days)
respectively. This goal could be achieved througlritional and feeding-level management;
assisted by weekly weight monitoring,which helpih@ck accumulation of excess fat in hens.
This destroys uniformity in flock weight, persisty of egg production and reduces percent hen-
day egg production.

Similarly, interaction between genotype and seassomrgg hatchability has implication for
percent pullet day-old chicks hatched. If possgitecking of genotypes could be programmed so
that grower hens could attain point-of-lay in |atet season (August - October) in Bovan Nera
and ISA Brown flocks respectively, then selection amprovement activity could be attempted
in this season to take full advantage of the gemotyotentials. In this study, the result of
ANOVA test for interaction was not significant fdine five reproductive parameters studied
probably because the four seasons were closelgvioten with no clear demarcation between
them. It also revealed that since genotypes wetepnaducts of natural adaptation but of

hybridization, they had been well bred to adjustadous kinds of weather conditions.

5.19.0 Genotype sensitivity to seasons
5.19.1 Within-season sensitivity

The significant differences obtained between ggmotgensitivity values in early and late wet
seasons in reproductive traits indicated the gerdifferences existing between hybridshis
meant that a large gap probably existed betweeraBdera and ISA Brown within-season, in
reproductive parameters, in favour of IB with tleevér sensitivity and higher production and
reproduction values.

These results which indicated lack of significaiftedences between genotypes within seasons,
in body weight and productive parameters, probablylied that the response potential of both
genotypes within seasons were similar, so both wknest equally adjusted to seasons in those

parameters. Although BN had a higher body weighthe two genotypes, both were still
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considered as light-body strains in view of theselwess of their sensitivities. ISA brown had a

more definite pattern in sensitivity values as bagyight sensitivity values were lowest in early

dry season while other traits recorded their loveesisitivity values in late wet season where it
recorded higher productive and reproductive valddse results on HDP sensitivity within-
season in Nera contradicted the production redodisause seasons conferring higher sensitivity
on genotype did not produce the higher number g ggobably because of its lowere genotypic
merit. Results also suggested that both genotymesd cbe exploited maximally for egg
production in their commercial layer strains ingaseasons in which they recorded their lowest
sensitivities.

Without selection, the ranking of sensitivity vatuaf both hybrids within parameters in order of

magnitude, shows that BN hen had the highest indedl (Table 4.30). ISA Brown that was

more productive than Nera hen had the lowest geitgitvalues within parameters to the
seasons. The highly significant sensitivity resutgeproductive parameters displayed by BN
hen in early and late wet seasons meant that Bbeas were probably lower in their genetic
merit for reproduction in those seasons compard®Aohens. These sensitivity results buttress
the inverse relationship observed between hen weggid productive and reproductive traits
within-season and within-genotype; so that, as tenght sensitivity to season increases,
productivity in HDP, egg weight, egg fertility, edtchability and Pullet-DOC decreases and
vice versa. The results from within-season sensitstudy showed that:

* Both Bovan Nera and ISA Brown could be regardedighg-weight strains because of the
closeness of their sensitivity indices for body ginti

* Genotypes with higher and significant body weigbhstivity, could be less productive
except in hen weight.

* Within-season, the sensitivity of Egg fertility wagher in Bovan Nera than in ISA Brown,
but the body weight sensitivity of Bovan was lowlean her Egg fertility sensitivity but the
resverse was the case in ISA.

« Bovan Nera was genetically superior in hen weighileviB was genetically superior in cock
weight, productive — hen-day production, egg weigimd reproductive — egg fertility, egg
hatchability and Pullet day-old chicks - parametudied.

* An inverse relationship existed between hen weightl all other parameters above, within

season between genotypes.
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* The productive and reproductive output of ISA Browas higher than that of Bovan Nera in
late wet season.
If selection was to be conducted between genotfgregroductive and reproductive traits, ISA
Brown would be the better choice based on its logersitivity and hiher output values. The
breeder could select the genotype with the lowasisigity value. Further selection could then
proceed within season in the selected hybrid ferdésired trait of interest. A selction based on
genotype sensitivity will be expected to to yieldximum potential in ISA Brown. Abdoet al.
(1977) studied seasonal sensitivity in Fayoumilchi@nd reported that significant differences in
hatchability was observed between lowly inbreddime summer but not in highly inbred local
chickens; but in fertility and hatchability, inbrdohes were found to be more sensitive to
seasonal variations than control chicks. But Abdad Moukh-tar (1973) had noted that it was
possible to get reasonable hatchability in Junkerifile eggs were set the next day of laying.
Highly inbred local chickens did not show any sfgaint differences in sensitivity between
seasons in their report. This is an indicationettdr adaptability to the environment in local than
in exotic chickens. Abdoet al. (1977) also noted a decrease in seasonal setysiivichicks
advanced in age and attributed this to genetic logtasis in the local breeds, because alleles
responsible for early growth were probably moresgam to seasonal variations. In the light of
above findings, ISA Brown was recommended for gkifarmers based on its low and better
sensitivity to seasons while Bovan Nera was reconu®eé to the new-entrant farmers with less

experience in poultry management based on its hggmsitivity to seasons and ruggedness.

5.19.2 Between-seasons sensitivity

The lack of significant differences between seasueant that genotypes were well adjusted to
the seasons but IB with the lowest sensitivity ealuvas better adjusted. Similarly the lack of
significant differences between genotypes withil avithout seasons could mean that either
hybrid could substitute each other at times of@taor when the other was not available to the
farmer. Results show that in cocks, lower sensytivesulted in higher body weight between
genotypes in favour of IB while in hens higher svisy submitted higher body weight in

favour of Bovan Nera. This indicated differenceshie manner in which the male and the female

genotypes for growth responded to seasonal vamstio
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In productive traits - hen-day production and eggght - both lower and higher sensitivity
values of ISA Brown demonstrated higher product®rels above Bovan Nera in all the four
seasons. This was contrary to the pattern of iesddtained in body weight between sexes of
genotypes above, and also contradicted the interadietween sensitivity values observed
between genotype and season in both traits (FiguBdsand 4.33) respectively.
In reproductive traits — fertility of egg-set, hlaébility of egg-set and pullet day-old chicks -
interaction was only observed in hatchability ogeget. The sensitivity values in fertility and
hatchability of eggs set demonstrated lack of dtefipattern with their output levels respectively.
BN genotype exhibited superiority in egg fertilggnsitivities except in early dry season, while
IB hens had higher sensitivity values in hatchgbiif eggs set except in Late wet season but the
production results were contrary to expectationsashen demonstrated superior productivity
between seasons in all parameters. The signifiddfgrence obtained between the sensitivity
values of Bovan Nera and ISA Brown in hatchabitifyeggs set and pullet day-old chicks within
early dry season was contrary to expectation kad sidicated the diference in their genotypic
potentials since ISA Brown had superior sensitiaityl production indices in both parameters.
In pullet day-old chicks production, there was ntefaction between genotypes and seasons but
ISA Brown produced higher sensitivity indices andhler pullet day-old chicks than Bovan
Nera. This was similar to the behaviour of BN heenatype for body weight, which
demonstrated higher sensitivity and correspondiodybweight levels in all seasons. Between-
season study of sensitivity revealed that:
* ISA cocks had lower sensitivity indices and highedy weight than Bovan cocks.
* The genetic difference between BN and IB cocks aezentuated by early dry season, as
ISA showed significant superiority.
* Bovan hens have higher sensitivity and body weigtdas ISA hens.
* The genetic difference between BN and IB hens waerduated in early wet season
where BN recorded the highest body weight and diffee in sensitivity index.
» Despite the interaction of sensitivity values, 1®own was better in HDP and Egg
weight in all four seasons.
* The ‘genotype and season’ with the lowest sengjtimidex for HDP: LD; 0.992, did not
translate to the highest HDP: ED; 72.92%. Also féetor with the lowest sensitivity :
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LD; 0.931, for Egg weight did not translate to thdth the highest Egg weight, EW;
59.99 gm.
* The same trend as above was observed in Fertileéggs set, hatchability of eggs set and
Pullet day-old chicks hatched.
Between-season study of sensitivity suggestedithatidan environment with different climatic
seasons, BN and IB strains and probably many aketic strains will respond variously with
different sensitivity levels as they interact wattasons. These levels were inconsistent with body
weight, productive and reproductive expectations
Selection between hybrids may become difficult whesmng sensitivity indices alone in the
presence of genotype - season interaction becausleeoinconsistency in its pattern when
compared with production output. For successfudcln, it could be better to select genotype
based on their productivity between seasons, shathether the season increased or decreased ¢
parameter — wether it is good or bad. In hen, aedse in body weight was desired, especially in
heavy strains, to improve egg production and hatgparameters. Selection in other parameters
could be based on production level, so that a seesold be termed ‘good’ for a parameter with
high output levels (Falconer and Mackay, 1996)nc8ithese two genotypes had been grown in
all four seasons, the better hybrid in all would that which demostrated the better mean
performance in all parameters in all four seasblmsvever when selecting for many parameters,

an appropriate selection index could also sufiicaitl selection.

5.20.0 Environmental performance values
Domestic chicken are exposed to extreme diurnapéeature range in the humid tropics and
have to maintain the normal chemical and physicllgprocesses. To do this they produce
metabolic heat through exercise, production, ingastnd maintenance, but the first three factors
constitute heat load in the body in hot environm8imce these add to the heat stress imposed by
the environment, the birds react to the situatipmdalucing feed intake and this action results to
drop in performance and productivity. Having no atvglands, they loose heat by radiation,
convection and panting - which starts at°@3- to reduce endogenous heat (Horst, 1981). Thus
under tropical environment, birds consume less,fpemiuce high metabolic heat and are subject
to various degrees of performance depression cadpar their temperate counterpart (Horst,

1981). This is further complemented by the endematare of the humid environment.
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5.20.1Performance depression

The performance depression experienced by cockdansl early in life (day-old to 10 weeks)
was probably due to environmental shock, as a trefuthe abrupt change in the internal
environment of the egg to that of the endemic antbémvironment of Ibadan in Nigeria. The
adverse effect of the temperature shock and thecemaent could be reduced through nutrition
by offering highly nutritious diet — broiler-startdeed — to the day-old chicks from the
beginning. Other management strategies could ieclpdovision of the right brooding
temperature, recommended chick and feeding spaeguate number of equipment and high
level of ventilation, to reduce competition for deand water, and encourage high levebhdf
libitum self or individual-feeding as early as from dagl-olrhe slight recovery from depression
between 8 and 20 weeks in BN hens and betweend @4mweeks (50% production) in IB hens
coincided with periods of rapid development of bdchme and reproductive organs in young
cockerels and pullets. But these recoveries wenesitional and did not persist beyond these
periods because the stresses of the environment, pegduction and cock-mounting all
contributed to depress the hen weight almost peemtfn BovanNera cocks also exhibited body
weight depression between early and peak produdtages. This may be associated with
stresses from:

* The sudden introduction of the cocks into the beeéen flock.

* The sudden and increasing sexual activity of tlekgo

* The increased physical activity of males in theKlduring the period.

* The attendant energy demand on the males

e The diversion of energy for some other physiololgacivities to reproduction.

But these effects soon waned-out, as they adjusteexual activities and mating behaviour.
During the period, a transition from growth to salkteproduction probably took place in the
body of cocks while undergoing the many physiolagiadjustments necessary for body
maintenance and continued sexual activity. The npesformance depression between weeks 4
and 75 in both genotypes was - 4.94 and - 4.38 Bens while cock weight appreciated to 2.09
and 1.39 % for Bovan Nera and ISA Brown respedfiveler temperate weights. These growth
depression values were minimal compared to - 2@g8orted for layer chickens by Horst (1981).
The implication of early-life performance depressfior chick management is the need for tender
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loving care (TLC) through provision of standardrne@ conditions and adequate nutrition to
boost early growth, so that they could reduce tbpreksive effects of the environment from
early-life

Although in production, BN was less affected by thevironment at early and late egg
production periods, IB experienced depression tjmout life in HDP. The implication of the
high influence of the environment on egg productietween 25 and 55 weeks of age informed
on the need for proper flock management thoughptiogision of adequate nutrition, and the
reduction of heat stress, sudden high noise aneérotbrms of stress in poultry micro
environment. The life-time performance depressiorlDP was 0.14 and - 10.20 % for BN and
ISA hen genotypes respectively. These figures weier than - 19 % depression in egg
production reported for layer-type birds by Hor$9§1). Age at peak egg production rather
suffered delay, and was attained late in both ggastby 7.14 and 7.41 % over their temperate
counterparts for BN and IB hens respectively. Eggigivt depression was observed almost
throughout life in both genotypes except at peadpction period (week 28h both genotypes
but this did not persist beyond 35 weeks in IB h@filee mean depression at 5 % level of egg
production was - 13.32 % in ISA Brown while the &age life-time depression for egg weight
was - 2.89 and - 3.19 % for BN and ISA breedesshespectively. This was lower in magnitude
than - 9 % obtained on egg weight by Horst in 1981

Reproductive performance indicated a life-time dspion in egg fertility and hatchability
ranging from - 3.07 to - 11.77 % and - 6.80 to -380% respectively. The egg fertility
depression observed could be as a result of wbaloliexcessive body weight causing inability
of cocks to mount the hens for matting, old ageease condition in mating cocks and hens or
some other factors. Consequently, management eriBon at this period could include
replacement of weak cocks — Spiking — with yourgmakerels at 25 weeks of age to ameliorate
this condition. The depression in hatchability cbbe due to the increasing egg weight as a
result of the increasing size of the ampulla wigle.aThe egg weight could also have interacted
with the environment to cause depression in egghiaaility.

The mean depression in egg fertility and hatchigbdbserved was - 6.88 % and - 14.41 %
respectively in Bovan Nera. Since the magnitudpesformance depression decreased gradually
as genotypes advanced in age, early tender lovang for DOC should be the most feasible

choice of managers. The positive effect of thisich@f management could only be observed
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later in life during reproduction. Depression inrfpemance of exotic chickens in the tropics

informed the author on the necessity to developgtreetic potentials of our ecotype-based local
chickens that are already adapted to the envirohmenmake them highly productive and

commercially viable.

These environmental performance results on BN Bngokentials in Ibadan partly contradicted

the findings of Horst and Petersen (1981) in tivrk on laying hens with dwarf genes which

concluded that hens of lighter body weight undghtiemperature react with smaller magnitude
of performance depression. This was because thenitudg of depression obtained in egg
weight and HDP in ISA Brown was more than that frBovan Nera hens with higher body

weight.
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6.1

Chapter Six

CONCLUSION AND RECOMMENDATIONS

Conclusion

There was no significant difference in growth reggween Bovan Nera and ISA Brown within
and between seasons throughout their life-time, dvew the observed mean growth during
production in the hens were higher than that recendad by their primary breeders. This means
that with skilled management and provision of staddequirement exotic hens are capable of
higher rates of growth in humid tropics than recanaed although this may further impact
negatively on their productivity in the region. Bowv hens probably directed more energy to
growth while ISA hens appeared to mobilize morergnéo egg-laying during their production
periods. This was probably a major difference leetwthe two genotypes. Age was found to be
the best trait to estimate body weight, as revehletegression equations, though the correlation
indices were higher in cocks than in hens. Sinjilaabe and hen weight were found to be highly
correlated with egg weight in both genotypes aratefore useful for estimation of egg weight.
High and significant correlation was observed amegg fertility, egg hatchability, pullet day-
old chicks and hatching rejects; and so could lleed as estimators of each other to a high
level of accuracy.

Early wet season reduced age while early dry sem®oeased age at early sexual maturity (first
egg-lay). Between the two, the genotype with tighér hen body weight at full maturity (peak
egg-lay) produced the higher percent eggs set. ptubably implied among other factors, a
lower rate of breakages as a result of better &gl quality. At full maturity ISA Brown had
higher cock weight, HDP, egg weight, egg fertiliggg hatchability, pullet day-old chicks and
hatching rejects while Bovan Nera was higher in hight and percent eggs set. After peak
egg-lay in both genotypes, egg weight increaseddisapvhile the hen-day production (%)
decreased till birds began to moult. Average egghtenas significantly higher in ISA than
Nera hen. Average persistency of egg productionlamger in ISA than in Nera, although while
ISA persisted longer in early dry, Nera persistedger in late wet season. Egg production
persistency was observed at 30 to 60 weeks in getiotypes but the duration was generally

lower in early wet season.
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Early dry season produced improvement in mean egijtly within both genotypes and in mean
life-time egg fertility than at full sexual matwristage. Within the two genotypes, an inverse
relationship was established between hen weiglt,paaductive and reproductive traits. While
late wet season encouraged high percent egg tigrglgg hatchability and pullet DOC hatched,
the percent rejects generated in the hatchery ovessk in early wet season. It seemed that these
genotypes had been bred to adjust to varying sahsonditions such as in Ibadan. This was
shown by the lack of significant difference betwd@avan Nera and ISA Brown in mean
reproductive performance. Since the two genotypegeoducts of 4-line breeding programmes,
and not completely of natural adaptation, this gthds thus tested in Ibadan the suitability for
the environment of the genetic combinations thaidpced these crosses. The results call for
concerted efforts at improving local strains ofoki@n to the level of the productivity of these
exotic ones, as it is impossible to replace thenh widigenous strains presently in the humid
tropics. This study had revealed that ISA brown wasre productive, possessed higher
hatchability and lower sensitivity than Bovan Neraich had lower productive ability, hatching
ability and higher sensitivity within-seasons anetween-seasons; but higher hen weight.
However, under poor nutritional regime as obseraeubng farmers in the region, Bovan Nera
would produce better result than ISA Brown, sinaadNseemed to tolerate rough handling and
harsh treatment better than ISA.

Selection between genotypes within seasons is lgesas IB hen with the lower sensitivity
values was consistently higher in productivity Inseasons, although the better genotype in a
season may not be the better in another sincedasoral values were regressed against the
seasonal mean values and not against the envirdaimatues. The use of seasonal sensitivity
for selecting between hybrids in the presence nbgge-environment interaction made decision
making a cumbersome exercise, but the best approashch situation would be to use the
average performance of both hybrids in all seasorselect between them. Body weight was
depressed throughout the life-time of ISA Brown lomly during early-life in Bovan Nera.
Performance depression was obtained in productidegproductive parameters throughout their
life-time.

Results from this study justified the call and néedcontinuous testing of exotic strains and
genotypes to standardize and control proliferabbthe country with all sorts of crosses. This

can only be attained through a systematic progranom@erformance testing, control of
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6.2

importation of chicken genetic materials, standsetting for the growth and development of the
industry and the development of local chicken geresources. These measures would serve to
halt the gradual extinction of local poultry gecetesources, the annual loss of scarce foreign
exchange through importation of exotic hybrids otiry, and create wealth through export of
our local poultry resources eventually. This isdese only domestic chicken that are highly
productive and also possess the high adaptives tdditthe local poultry would be able to
overcome the problems of the exotic poultry in hinbenid tropics, which is due to the depressive
nature of the environment which interacts with tlyginotypes.

Recommendations

Chicken breeding growth-targets of 11.22 and 1/@6dgy for hens, and; 14.37 and 2.3 gm/day
for cocks was recommended at rearing and produstiages of life respectively in the humid

tropics.

Body weight and typical conformation traits shoblkel utilized by breeders to monitor growth

and make selection in chicken flocks in practice.

Breeding of chicken could be highly productive gndfitable in the wet seasons. ISA Brown

was recommended over Bovan Nera for breeding, baseds higher performance indices

although both could be stocked as from mid-March.

Results on productivity, genotypes’ seasonal seitgitand performance depression on both
hybrids further reinforced the need for a Natiotradtitute for Chicken Research, with Test-

stations at strategic chicken entrée-ports in thntry, to develop programmes for testing and
set standards for all imported hybrids of chick&his could reduce importation of zoonotic

diseases and prevailence of sub-standard hybridgeria.

Efforts should be intensified in improving indigersochicken for productive and reproductive
traits to make them useful for commercial expladatin order to overcome the problem of

performance depression being experienced by egbiken in the tropics.
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6.3 Areas for further research
This study did not consider the effect of spec#&asons on environmental performance in
chicken, that is, which seasons increased or reddpegformance, and in what traits? Under
tropical conditions, we need birds with high gengtiotential to dissipate heat, reduce the
adsorption of heat from the environment, and redhasic metabolic heat in this warm
environment. These traits would definitely elimmatr reduce depression in exotic chicken
performance in the environment. Further studiesukhde conducted into appropriate and
economic measures which may further reduce thativegeffects of the humid-hot environment
on exotic chicken performance. These could be tiltogenomic, genetic, breeding, housing,
nutrition and management approaches. It will alsartteresting to study the effect of year on

chicken performance over the decade in the enviesrim
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APPENDICES

7.1.0 Charts
Appendix 7.1.1: Chart of sensitivity relationship
between breeder egg weight and egg hatchability
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SENSITIVITY

Appendix 7.1.2: Chart of sensitivity relationship between
breeder cock weight and egg fertility
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SENSITIVITY
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Appendix 7.1.3: Chart of sensitivity relationship
between breeder hen weight and hen day production
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SENSITIVITY
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Appendix 7.1.4: Chart of sensitivity relationship between
breeder hen body weight and egg weight
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Appendix 7.1.5: Chart of sensitivity relationship between breeder
hen weight and egg fertility
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Appendix 7.1.6: Chart of sensitivity relationship between
breeder hen weight and egg hatchabiltiy
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SENSITIVITY

Appendix 7.1.7: Chart of sensitivity relationship between
hen weight and day-old chicks hatched
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7.2.0: Tables

Appendix 7.2.1: Cock body weight depression of BoMera and ISA Brown

in hot-humid Ibadan eowiment

Parameter Week

Bovan Nera (%)

ISA Brown (%)

4 -15.96 -27.66
8 -2.51 -3.40
12 6.77 3.39
16 8.35 4.25
Cock 20 1.64 8.63
5% Production - 4.65
Weight 50 % Production -1.12 8.94
25 -1.19 3.01
Peak production 5.14 6.38
35 2.97 -
45 4.40 4.32
55 5.98 5.80
65 6.03 4.63
75 6.71 -3.96
Life-time Mean 2.09 1.39

Environmental depression = ((Temperate - TropicdBmperate) x 100
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Appendix 7.2.2: Hen body weight depression of BoMaina and ISA Brown

in hot-humid Ibadan epniment

Parameter Week Bovan Nera (%) ISA Brown (%)
4 -12.99 -15.39
8 -1.59 -7.31
12 2.14 -3.48
16 0.68 -2.23

Hen 20 -7.13 1.01
5% Production - -3.71

Weight 50 % Production -5.86 1.50
25 -6.48 -2.88
Peak production -6.55 -3.88
35 -6.82 -7.60
45 -5.94 -6.49
55 -5.47 -4.88
65 -4.95 -3.80
75 -3.32 -2.34
Life-time Mean -4.94 -4.39

Environmental depression = ((Temperate - Tropicdbmperate) x 100
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Appendix 7.2.3: Depression of age, hen-day prodadind egg weigldf
Bovan Nera and ISA Broin hot-humid Ibadan

environment

Parameter Week Bovan Nera (%) ISA Brown (%)
Age of 5 % Production -5.00
Hen 50 % Production 4.65
Peak Production 7.14 7.41
Mean
21 13.57 -23.73
25 -5.26 -10.22
Hen Day Peak production -11.85 -6.76
Production 35 -10.28 -9.69
45 -8.54 -9.15
55 -3.20 -11.08
65 7.91 -6.20
75 1.65 -4.76
Life-time Mean 0.14 -10.20
5 % Production - -13.32
21 -2.78 -7.63
Egg 25 -0.96 -2.2
Weight 50 % Production -2.95 -4.22
Peak production 1.70 3.64
35 -5.34 0.61
45 -5.22 -2.27
55 -4.43 -2.19
65 -5.21 -1.15
75 -3.86 -
Life-time Mean -2.89 -3.19

Environmental depression = ((Temperate - Tropicdgmperate) x 100
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Appendix 7.2.4: Depression of egg fertility anddtatbility of Bovan Nera and

ISA Brown in the hot-highibadan environment

Parameter Week Bovan Nera (%) ISA Brown (%)

25 -11.77 -
Egg Peak production -10.13 -
Fertility 35 -8.33 -

45 -3.12 -

55 -4.92 -

65 33.01 -

75 - -

Life-time Mean -6.88 N. A.

25 -20.39 -

Peak production -19.55 -
Egg 35 -16.45 -
Hatchability 45 -6.80 -

55 -9.57 -

65 -13.69 -

75 - -

Life-time Mean 14.41 N. A.

Environmental depression = ((Temperate - TropicaBmperate) x 100
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Appendix 7.2.5: Seasonal stocking pattern, reconti@estocking dates and onset of
egg-laygenotypes

SEAS
ONS BOVAN NERA ONSET ISA BROWN
OF
BATCHE FREQ STOCKIN BATCHE FREQ STOCKIN
S : G EGG-LAY S : G
% DATE % DATE

Early
wet 5 20.83 April 16 - July 1 4.17
Late wet 9 37.5 18-Mar August - October 12 50 24-Ma
Early November -
dry 9 37.5 18-Jun January 6 25 20-Jun
Late dry 1 4.17 February - April 15 5 20.83
Total 24 100 24 100
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Appendix 7.2.6: Mean body weight, production aeproduction data on Bovan Nera Parent-stock
flock raised on deep-litter system in the hu@alith-West Nigeria

Cock Hen Egg Egg Egg pullet
Age weight weight  weight HDP  Eggset fert. Hatch. DOC Rejects
(week) (gm) (gm) (gm) (%) (%) (%) (%) (%) (%)
Day-
old 35.63 35.62
1.00 65.17 69.64
2.00 104.91 114.26
3.00 164.71 180.17
4.00 252.11 261.02
5.00 327.68 339.17
6.00 441.30 436.68
7.00 527.74 508.68
8.00 633.70 610.15
9.00 766.57 723.94
10.00 861.71 814.11
11.00 1006.97 902.10
12.00 1115.74 1000.95
13.00 1239.18 1155.86
14.00 1368.00 1256.06
15.00 1487.59  1311.97
16.00 1587.40 1359.15 :
17.00 1654.06  1418.03 : 0.04
18.00 1749.37 1489.76  38.50 0.18
19.00 1831.19 1559.91  40.69 1.14
20.00 1961.66 1625.20  40.47 2.95
21.00 2087.75 1711.43  43.75 7.95
22.00 2121.24 1771.20 45.43 20.30 : : : : :
23.00 2153.59 1798.44  47.25 41.14 99.82 72.48 56.0®4.62 20.16
24.00 2183.44 1835.41  48.83 61.65 9526 77.59 63.1127.58 17.70
25.00 2218.39 1842.27 50.51 72.00 9593 73.23 58.9127.57 15.57
26.00 2269.68 1849.65 52.23 75.44  96.67  75.23 57.926.41 18.64
27.00 2308.40 1857.51  52.98 75.36 89.88 76.78 60.328.28 17.57
28.00 2337.16  1863.04 53.95 76.49 99.11  74.30 61.438.61 13.55
29.00 2350.81 1879.69 54.44 78.52 96.99 81.01 66.2631.26 15.57
30.00 2370.70 1887.63 54.92 80.22 99.33 83.58 69.983.11 14.51
31.00 244458 1898.60 55.24 80.03 98.30 84.82 72.9734.56 12.71
32.00 2456.83  1910.83  55.63 79.23 99.10 81.43 77.4436.43 12.20
33.00 2475.79 1918.69 55.71 77.57 99.11  84.22 72.6634.52 12.37
34.00 2493.64 1925.42 55.74 77.66 99.44  85.20 73.9134.98 12.16
35.00 2503.25 1931.52  55.85 78.06 98.74 85.25 73.5234.79 12.58
36.00 251255 1939.24  56.05 7759 98.61 8527 73.3634.98 12.60
37.00 2524.71  1945.13  55.93 76.62 99.46  83.88 72.034.25 12.53
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38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00

2543.19
2556.92
2565.06
2572.09
2580.13
2594.35
2610.06
2618.45
2632.64
2640.60
2645.87
2657.92
2667.96
2674.69
2679.46
2691.19
2702.07
2737.51
2749.30
2754.89
2758.96
2763.97
2764.72
2767.77
2774.99
2782.02
2791.08
2800.20
2805.22
2809.90
2813.43
2820.24
2825.76
2834.80
2839.48
2843.99
2851.30
2888.56

1958.04
1966.50
1967.73
1969.39
1975.03
1982.12
1990.40
1998.67
2013.75
2017.14
2020.85
2023.99
2027.64
2032.92
2037.87
2042.03
2046.55
2049.44
2055.33
2063.82
2068.10
2072.75
2074.99
2076.77
2077.88
2078.46
2081.87
2084.36
2088.82
2097.85
2103.29
2108.70
2112.99
2117.11
2122.54
2125.92
2133.06
2144.40

56.17
56.23
56.47
56.27
56.43
56.70
56.72
56.87
56.82
57.27
57.33
57.46
57.78
57.82
57.95
58.07
58.16
58.30
58.23
58.46
58.50
58.34
58.53
58.71
59.27
59.54
59.64
59.72
60.04
59.77
59.90
60.04
60.15
60.18
60.18
60.22
60.65
61.53

76.34
75.47
74.26
74.00
73.37
72.51
72.33
72.25
72.94
73.85
72.35
72.53
71.49
70.19
69.47
68.66
67.82
67.76
68.44
67.62
67.04
65.88
66.28
64.19
62.49
63.38
63.73
63.67
65.54
63.54
61.67
60.62
60.78
60.92
60.92
59.82
58.56
58.06

98.68
99.34
82.43
98.11
99.50
98.44
96.93
99.44
97.87
97.83
93.62
95.32
99.57
68.21
98.49
95.77
99.49
99.25
99.33
99.39
99.40
99.20
99.77
99.22
98.07
98.81
98.94
99.23
99.43
99.39
99.18
99.41
96.03
94.08
97.72
96.40
96.33
96.19

83.84
83.08
86.29
86.80
86.49
85.65
83.66
87.19
87.99
89.82
87.55
87.10
88.40
84.90
86.36
84.48
83.61
84.62
85.10
81.68
84.61
83.05
84.43
83.65
83.85
82.76
83.18
84.38
84.46
84.57
82.43
83.35
82.21
80.36
81.18
83.24
81.99
82.84

64.6230.17
59.1728.13
73.7635.21
76.236.40
76.2336.28
714.7385.72
76.7736.48
78.2B7.24
77.8137.10
76.2436.28
77.336.52
75.1(86.02
77.8(B7.42
75.8736.09
74.1735.37
71.2(B3.43
72.1334.31
75.0636.58
74.4435.29
72.1633.89
70.732.58
66.3281.51
70.8833.46
70.7(83.02
72.6133.66
68.9(B2.50
66.3429.38
69.0532.30
70.8(B3.53
69.4132.17
66.5130.96
70.0432.64
66.6981.43
64.080.32
64.530.24
67.531.83
65.8530.92
66.0530.86

20.51
24.52
13.27
11.32
10.98
11.66
11.54
11.85
10.87
10.69
11.01
12.76
11.36
20.55
13.23
12.18
13.35
10.95
12.08
10.30
14.34
18.41
13.27
15.51
14.57
16.47
19.80
17.85
16.10
17.99
18.62
18.69
19.82
20.62
20.75
20.44
20.00
21.15
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Appendix 7.2.7: Mean body weight, production angtoeuction data on ISA Brown Parent-stock
flock raised on deep-litter system in the humaadith west Nigeria.

Cock Hen Egg Egg Egg pullet
Age weight weight weight HDP  Egg set fert. Hatch. DOC Rejects
(week) (gm) (gm) (gm) (%) (%) (%) (%) (%) (%)
Day-
old 36.39 37.28
1.00 57.33 62.92
2.00 106.40 117.24
3.00 163.59 170.79
4.00 235.11 245.37
5.00 330.91 339.49
6.00 402.66 442 .57
7.00 520.73 510.97
8.00 627.93 602.49
9.00 742.03 694.27
10.00 878.75 780.20
11.00 1001.12 870.13
12.00 1080.44 965.19
13.00 1215.09 1047.63
14.00 1313.99 1140.67 .
15.00 1390.33 1203.88 0.01
16.00 1527.27 1280.74 0.05
17.00 1599.34  1358.40 . 0.25
18.00 1879.50 1426.49 40.22 1.18
19.00 2019.81 1501.98 41.26 4.86
20.00 2096.52 1575.69 44 .53 12.12
21.00 2157.46  1606.23 46.00 22.88
22.00 2198.63  1651.59 47.39 38.98
23.00 2246.14  1677.92 48.85 56.86 . . . . .
24.00 2279.73  1699.10 52.52 71.79 90.50 82.45 54.8131.58 16.95
25.00 2317.80 1709.26 53.40 81.70 98.35 85.84 69.8%6.03 11.41
26.00 2346.12 1723.81 54.14 85.65 97.04 85.34 71.785.53 12.32
27.00 2370.49 1730.40 56.18 86.11 98.36 86.61 73.585.85 14.06
28.00 2389.65 1734.91 56.54 86.17 97.08 88.57 75.386.67 14.06
29.00 2418.62  1738.37 57.56 85.99 99.49 88.57 72.6(85.48 15.93
30.00 2441.47 1742.55 58.04 86.71 98.79 88.00 77.5687.76 11.64
31.00 2451.81 1744.18 58.49 85.75 98.25 89.79 79.3(9.02 11.24
32.00 2462.47  1748.35 58.62 85.84 97.30 87.15 79.989.19 7.71
33.00 2482.06  1752.99 59.13 84.08 96.31 90.15 79.638.96 11.23
34.00 249550 1759.57 59.33 83.74 95.54 90.35 79.039.00 11.94
35.00 2518.63  1769.49 59.36 83.99 99.38 90.16 78.088.16 12.76
36.00 2536.63  1778.09 59.50 85.35 99.12 89.73 75.636.93 14.73
37.00 2551.79 1783.91 59.40 85.45 99.66 89.58 76.387.26 13.79
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38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00

2563.08
2570.32
2576.40
2581.17
2588.18
2593.25
2599.92
2613.12
2622.53
2639.69
2645.03
2653.69
2667.30
2676.93
2684.75
2692.85
2699.69
2703.13
2700.32
2721.32
2732.46
2735.10
2741.23
2746.09
2754.46
2762.26
2770.73
2774.68
2780.40
2784.41
2792.33
2806.16
2841.47
2857.82
2864.30
2869.07
2879.39
2884.93

1774.00
1797.25
1802.84
1806.30
1812.75
1817.34
1820.67
1824.32
1840.37
1844.45
1850.70
1858.10
1867.97
1872.53
1874.86
1877.80
1881.41
1887.25
1894.91
1896.73
1903.24
1909.91
1912.03
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