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ABSTRACT

The objectives of this study wereto deter mine the mode of gene action of deter minants of
performance (i.e. positive or negative heterosis) in F, chickens produced by mating
Fulani Ecotype (FE) and Dominant Black strain (DB) chickens, and whether the
direction of crossing (DBXFE or FEXDB) influenced the mode of geneaction.

Analysisof all F, datairrespective of crossdirection (combined) showed that the effect of
percentage heterosis was positive but weak for Weight Gain (WG) = 0.04, Feed Intake
(F1) = 3.83, Body Weight at First egg (BWF) = 0.76, Egg Weight (EW) = 11.28, and O for
Egg Number (EN) and Mortality (M) during the laying period. The combined heterotic
effects were negative for Hen Day Production (HDP), Feed efficiency (FEf), Age at
Sexual Maturity (ASM), and mortality fromday old to 21 weeksof age(-0.16, -4.33,-9.15
and -67.74% respectively). Positive but low heterosis was obtained for BWF (0.76), and
EW (11.28) and WG, FEf, EN, ASM, HDP and M showed negative heterosis (-100.00 to -
0.28) in the DBXFE cross bred. The mean performance of the FEXDB showed positive
heterosis ranging from 1.08 to 100% in WG, FI, BWF, EW, EN, HDP and M during the
laying period, while negative heterosis; -67.74, -4.54 and -8.22 was observed for M (0-
21days), FEf and ASM.. Thereciprocal effects showed F, FEXDB were superior in ASV,
BWF and EW, while F, DBXFE weresuperior inEN, HDPand M.

Key words: Exotic laying strain, Fulani Ecotype chicken, Heterosis, Reciprocal
effects.

INTRODUCTION

Genetic improvement of livestock has made, and will continue to make major
contributionsto agricultural devel opment, food security, sustainability andlivelihood. In
addition to making commercialization of poultry possible and has led to improved
varieties of exotic breedswith good performance, high egg production rate and ability to
convert low quality feed into high quality protein within ashorter period asin the case of
broilers (Ayorinde, 1995). In the developing countries, crossbreeding is usualy a
progammeaimed at upgrading indigenous stocks using exoti ¢ breedsfrom the devel oped
worlds (Branckaert et al., 2000). Crossbreeding improves the heterozygosity of non-
additive genes leading to heterosis (Keambou et al., 2007); it can also increase the
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frequency of dominant alleles contributing to aquantitativetrait by combining those that
areuniqueto each of the hybridized parents, and additional mechanismsof hybrid vigour.
Crossbreeding al so constitutes an important tool for the exploitation of genetic variation
and hybrid vigour via the combination of the different characteristics of each breed
(Willham and Pollak, 1985; Hanafi and Iraqgi, 2001) and for the exploitation of sex-linked
effectsassociated to particular combinationsbetween breedsor lines.

The poultry industry hasahistory of using breed crosses and morerecently strain
crosses, mainly to take advantage of heterosis. Heterosis is the deviation between the
cross and mid-parent means (Falconer, 1989) and iswell predicted when the traits are
measured in the offspring. It is the average performance of progeny relative to their
genetically distinct parent and has been used extensively in the poultry industry to
measure performance and maximize production (Williams et al., 2002). Developing
countries have indigenous chickens with diverse uses and benefits, among which are
household food supply and income generation especially among the peasant farmers
(Sonaiya, 2002). The Nigerian indigenous chickens are thought to be suitable for the
development of layer strainsfor thetropical environment sincethey posses someinherent
advantages which include good fertility and hatchability, flavour, colour and texture of
meat and egg that is preferred by local consumers, high degree of adaptability to
prevailing conditions, high genetic variance in their performance, hardiness, disease
tolerance, ease of rearing and ability to breed naturally (Omeje and Nwosu, 1983; Nwosu
etal., 1985 ; Ikeobi et al., 1996; Adebambo et al., 1999; Peters 2000; Adedgji et al., 2008
andAdebamboetal ., 2009).

Crossbreeding of local stockswith exotic commercial stockswill take advantage
of systematic scientific selection for productivity in the exotic birdsand natural selection
for hardiness in the indigenous birds. The Fulani Ecotype chicken is among the
indigenous chickensfound in Nigeria, istypical to the Fulani tribe and has been reported
to be of better performance in most economic traits than other indigenouslocal chickens
inNigeria(Alaba, 1990; Atteh, 1990; Olori, 1992; Tiamiyu, 1999; Odetunde, 2007, Sola-
Ojo and Ayorinde, 2009) when raised under identical condition and measured
contemporaneously. The economic significance of laying hens justifies and encourages
the study of inheritance of egg production and the relationship with variables associated
with these traits as the knowledge acquired can inform the instruments for poultry
improvement.

Exploring the potential of Fulani ecotype chicken through crossbreeding isvery
important asit can highlight effectivemethodsfor improving itsproductivity. The present
study was designed to study the heterotic effects of crossing the exotic Dominant Black
strain with the indigenous Fulani Ecotype chicken, and comparing the reciprocal crosses
to determinedifferencesin heterosisresulting from the direction of crossing. Knowledge
of whether and to what extent heterosis occurs in the current crosses will assist the
breeder in formulating breeding policies by suggesting modes of action of the
guantitativetraitsunder study, and the extent to which first crossing may beused to create
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animals that tend towards the performance of the superior parent for each trait of
interest, or indeed exceeds the performance of the superior parent in cases of super-
dominanceor over-dominancein hybrids.

MATERIALSAND METHODS
Originand M anagement of Parental Genotypes

Two hundred and fifty day old Dominant Black strain parent stock were
obtained from Sand D Farm located at Abeokuta, Ogun State in South West Nigeria
and atotal of 175 day old Fulani Ecotypechicks produced froman existingflock at the
Teaching and Research farm, University of Ilorin were used for thisstudy. The chicks
were wing tagged, weighed and randomly distributed to separate brooding pens at day
old. All the necessary vaccinations and medications were administered as
recommended by MVM (1986). The birdswere fed recommended dietsfrom day old to
point of lay (NRC, 1994). During this period, data collection included weekly body
weight, feed intake and mortality rate from day old to point of lay. Feed efficiency was
calculated as percentage of the amount of weight gain relative to feed intake over a
period.

Fifty pullets (18 weeks old) from each strain were selected and kept in
individual battery cagesfor evaluation of laying performance from point of lay to 100
days. Thefollowing traitswererecorded: Ageat Sexua Maturity (i.e. ageat first egg),
egg number to 100 days of production from first egg, body weight at first egg, egg
weight and mortality rate. Hen day production (HDP) was estimated as the percentage
of eggs produced to number of hensin each strain. Mean values of all the traits were
calcul ated per strain and used asthe parental mean in estimating heterosis.

Mating Design and Production of F, cr osses.

At 36 weeksof age, 143 Dominant Black strain (15 malesand 128 females) and
100 Fulani Ecotype ( 12 males and 88 females) chickenswere randomly selected and
allowed to mate naturally in separate pens at amating ratio of 1 maleto 8 females ( 27
males: 216 females). Themating groupswere:

A.DBxDB (9DB malesand 72 DB females)
B.DBXFE (6DB maesand48FEfemales)
C.FEXDB (7FEmaesand56 DB females)
D.FEXFE (5FEmaesand40FEfemales)

Eggs were collected from each group on daily basis, |abelled according to the
group and kept at room temperature over a 10 day period prior to incubation. The eggs
weretaken to acommercial hatchery-Nefraday Farm, Lasoju, Kwara State, Nigeriafor
incubation and hatching. On arrival, the eggs were allowed to rest, fumigated with 179
potassium permanganate and 100ml of 20% formalin beforeincubation. The eggswere
candled for fertility on the 18" day of incubation. Three hours before candling, and
before transfer of eggsfrom Setter to Hatcher, 1% formalin was sprayed in the hatchery
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room to disinfect the compartment. Following hatching, the chicks were weighed, wing
banded, grouped according to genotype and distributed to brooding pens. The birdswere
fed recommended diets (NRC, 1994) from day old to the point of sexual maturity and
given the necessary vaccinations and medications, data collected were feed intake,
weight gain, feed efficiency and mortality. At 18 weeks of age, 50 pullets were moved to
individual cagesfor evaluation of reproductive performancefrom point of lay to 100 days
in lay. The experimenta birds were of parental genotypes DBxDB, FEXFE and their
reciprocal crossbreds DBXFE and FExDB. Data collected during laying were: Age at
sexual maturity, Body weight at first egg, Egg weight, EQg number, Hen day production
and mortality. Heterosis among the crossbreds (DBxFE, FEXDB) were estimated asthe
differences between the average parental means and means of crossbred offspring
(Falconer, 1989):
H,s (%) = [(Pe, - (PatPy)/2] X100] / (Pt Py)/2

Where:
H,; (%) = Heterosis(in percentageof parental performances),
P., =Mean performancesof F, reciprocal crossbreds,
P, =Mean performanceof parentsA,

P.=Mean performanceof parentsB.
% HeterosisDBXFE =DBXFE P(A+B)/P(A+B) X 100/1
% HeterosisFExDB = FExDB- P(A+B) / P(A+B) X 100/1
Reciprocal effectswerecalculated asthedifferencein performance between reciprocal F,
types.
RE=P,.,(FExXDB) P.,(DBXFE).
Where:
RE=thereciprocal effect.
P., (FExDB) =themean performance of theF,from FE rooster and DB hen
P., (DBXFE) = themean performance of theF, from DB rooster and FE hen.

RESULTSAND DISCUSSION

The results indicated negative and low heterosis for some of the performance
traitsmeasured (Table 1). Combined percentage heterosiswas0.04, 3.83,-4.33-67.74for
weight gain, feed intake, feed efficiency, and mortality from day old to 21 weeks of age
respectively. Heterosisfor weight gain was-0.28, feed intake 3.61, feed efficiency -4.10,
while 67.74 wasobtained for mortality in DBXFE crossbred group from 0to 21 weeks of
age. Inthe FEXDB group 1.08 was the percentage heterosis obtained for weight gain,
4.04 for feed intake, -4.54 for feed efficiency and -67.74 for mortality from day old to 21
weeks of age. The reciprocal effects of crossing Fulani Ecotype Chicken rooster and
Dominant Black strain hen was +18.30 for weight gain, +8.00 for feed intake, -0.32, for
feed efficiency and 0.00 for mortality (Table1).
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Table 1.Heterosis and Reciprocal Effect for Production Traits (0-21 WKks) in
Dominant Black and Fulani EcotypeChicken Crossbred

Parameters Parental Crosses DBXF FEXD Heterosis Heterosis Heterosis(%) RE
Mean Mean E B (%) (%) FEXDB
DBXFE (FEvs.DB)

WG (g) 1350.57 1355.95 1346.80 1365.10 0.04 -0.28 1.08 +18.30
+0.21 +0.28 +020 021

Fl(g) 1896.36 1969.00 1965.00 197300 3.83 361 4,04 +8.00
+0.90 +1.12 +1.00 +1.01

F Ef (%) 71.43 68.34 68.50 68.18 -4.33 -4.10 -4.54 -0.32

M (%0- 6.2 2.00 2.00 2.00 -67.74 -67.74 -67.74 0.00

21wks)

WG=Weight gain, FI=Feed Intake, FEf = Feed efficiency, M = Mortality.
DBxFE = Dominant Black Maleand Fulani EcotypeFemale

FExDB = Fulani Ecotype chicken Maleand Dominant Black Female

H (%) = HeterosisGenera

H (%) DBXFE =Heterosis from Dominant Black rooster and Fulani Ecotype hencrossing
H (%) FEXDB =Heterosisfrom Fulani Ecotype rooster and Dominant Black hen crossings.
RE = Reciprocal effect onthe FEXDB and DBXFE performances.

Table 2 indicated that combined percentage heterosis was -9.15, 0.76, 11.28, -
0.16 and O for ASM, BWF, EW, HDP, EN, and M during the laying phase, respectively.
In the DBXFE, ASM, BWF, EW, EN, HDP and mortality had heterosis values of 0.04,
11.39,-1.92, -1.70, 10.08 and -100, respectively. For the FEXDB cross bred, heterosis
valueswere -8.22, 1.48, 11.17, 1.92, 1.39, and 100 for ASM, BWF, EW, EN, HDP and
mortality, respectively. Reciprocal effectsof crossing FE and DB were+3for ASM, +20
for BWF, -0.10for EW,+ 2for EN, +1.60for HDPand +0.04 for mortality.
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Table2: Heterosisand Reciprocal Effect for Early egg production traits (100
days) in Dominant Black and theFulani Ecotype Chicken Crossbred

Parental Crosses DBXF FEXD Heterosis Heterosis Heterosis(%)

Parameters Mean Mean EMean BMean (%)ALL (%) FExDB RE
DBXFE

ASM (days) 16125 14650 14500 14800 -9.15 -10.08 -8.22 +3.00
+6.53 +2.75 +102 098

BWF (g) 1387.41 1398.00 1388.00 1408.00 0.76 0.04 148 +20.00
+1.31 +1.50 +102 098

EW (g) 46.19 51.40 51.45 51.35 11.28 11.39 11.17 -0.10
+3.42 +1.25  +250 +1.20

EN 52.00 52.00 51.00 53.00 0 -1.92 1.92 +2.00

+0.28 +0.01 +0.01 +0.00

HDP (%) 5175 5167 50.87 52.47 -0.16 -1.70 1.39 +1.60
+1367 125 035 #1775

M (%) 0.02 0.02 0 0.04 0 -100 100 +0.04

EW = Eggweights, ASM=Ageat Sexual Maturity, BWF=Body weight at first egg, M = Mortality
HDP=Hen Day Production, EN = Egg humbers, RE= Reciprocal effects.

DBXFE = Dominant Black Maleand Fulani EcotypeFemale

FEXDB = Fulani Ecotype chicken Ma eand Dominant Black Female

H (%) = HeterosisGeneral

H(%) DBXFE =Heterosis from Dominant Black rooster and Fulani Ecotype hencrossing

H (%) FEXDB = Heterosisfrom Fulani Ecotype rooster and Dominant Black hen crossings.

RE =Reciprocal effect onthe FEXDB and DBX FE performances.

The positive heterosis values reported for WG and Fl in the combined and FEXDB
genotypesindicate an advantage of the F, over the mean parental performance. DBXFE
gained less weight than FEXDB and the parental mean during the growing phase (Table
1). The positive but low heterotic values observed as shown in Table 1 indicate the
superiority of F, in relation to the parental means. This can probably be attributed to
complementation of the purebred parent genotypes in their F, offspring. Negative
heterosisvalueswere obtained for feed efficiency and mortality in the combined and the
cross-bred genotypeswhich showed the superiority of the parental meanto thecrossesin
both genotypes. Positive reciprocal effects were obtained for feed intake and weight
gain, whilethereciprocal effect of crossing FE rooster and DB hen was negativefor feed
efficiency. Mortality during the growing phaseindicated anegative heterosisfor theF,in
the study. Reciprocal effect of zero indicated that heterosis of survival does not differ
with cross direction. Negative heterosisfor weight gain in DBXFE was advantageousin
asmuch asthey al so reached sexual maturity earlier than the parental and FEXDB means
by 16.25 and 3 daysrespectively. Thisis quite significant as high body weight and feed
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intakearenot desirabletraitsinlaying birds.

Negative heterosis obtained for age at sexual maturity (Table 2) isan advantage
for the cross-bredsasthey reached sexual maturity earlier thanthemid- parent ASM. Hen
day production and egg number had negative heterosisfor DBXFE, which indicates that
the parental average was better in both traits. FEXDB had positive though low heterosis
for egg number and hen day production, indicating an advantage of the F, over the mean
parental performance for each of these traits. Heterosis obtained for other parameters
(BWF, EW) waslow but positive. Heterosisfor mortality, indicated that DBXFE ismore
adapted to the study environment than the reverse cross (DBxFE). Thereciprocal effect
(RE) between the FE and DB crossesin this study reveal ed that the FEXDB crosseswere
more proficient than the DBXFE in age at sexual maturity, body weight at first egg and
egg weight, and less proficient in egg number, hen day production and feed efficiency.

Positive heterosis reported for body weight at first egg in this study corresponds
with the findings of Singh et al. (1992), Fairfull et al. (1987) and EI Salamony et al.
(2002), but contrasts with the findings of Hoste (1989). Positive heterosis for body
weight isnot desirablein layersbecauseit will reduce feed conversion by increasing the
maintenance requirement (Fairfull and Gowe, 1986). The low heterotic values for egg
weight in this study are consistent with the reports of Groene et al. (1998) and is an
indication of avery low responsein improvement of egg weight through cross breeding.
Theheterosis obtained for egg number in FE x DB contradictsthefindingsof Fairfull and
Gowe (1986), who reported that heterosis for egg number is typically above 10%. It is
however within the range of -3 t0 40% reported by Sheridan,1986; Groene et al., 1998
and Fairfull etal., 1987 for Leghorn chicken.

CONCLUSION

With the exception of mortality, low heterotic advantage exists in selective crossing of
male DB x female FE or vice versa. Low heterotic values obtained indicate that the
performancesof the progeny aredifferent from the mean performanceof their parentsbut
do not profoundly surpasseseither (marked super-dominance/ -over-dominance/ -hybrid
vigour). This suggests co-dominance of the underlying determinants of the assessed
traits; and/or low levels of positive epistasis of trait determinants originating from either
of the crossed parents or low measurable combined effects (synergism) of
complementary dominant genes contributed by both parents.

The results indicate that the use of Fulani Ecotype chicken as the sire and the
exotic Dominant Black breed asdam would provide maximum advantage with regardsto
ASM, BWF and EW traits studied, while desirable gainsin EN, HDP and M would be
favoured by adoption of the reverse cross (DBXFE). It may be possible to extract further
gains in heterosis in the F, generation by firstly driving the genes in each parental
background (particularly FE) to homozygosity before crossing. Equally, it should be
possible to consolidate F, heterosis through further crossing (backcrossing or
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intercrossing) teamed with selection strategies to eliminate inferior genotypes and
increasethefrequency of thedesirabl e allelesthereby producing animproved popul ation
with respect to performance.

It is unclear whether and to what extent crossing and the direction of crossing
affectsthe expression of desirabletraitsof the FE such ashardiness, diseaseresi stant, and
gustatory qualities which were not examined here, but shall be the subject of afurther
study.Further studieswill alsoinvestigate the genetic bases of differencesin performance
between parental lineagesthrough research on advanced crossanimals.
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