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SUMMARY

Six selection indices (3 in one-stage and 3 in two-stage) were applied in NORFA
chicken layers and their efficiencies were compared. Expected and realized selection
responses of some egg production traits were estimated and discussed. The method
of incorporating an index comprising early variables into another index involving late
variables was applied,

Results showed that general selection index involving all five traits extracted from
complete individual records of egg production was more efficient, but it required more
effort and cost. Two-stage selection indices involving early variablés in stage-one and
late variables in stage-two had efficiencies equal to 78-85% relative to the general
index. Therefore, two-stage selection indices in layers can be applied in improving
some egg production traits. They have the advantage of reducing effort and cost due
to discarding inferior individuals in early stage.
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INTRODUCTION

The breeding value of a laying hen depends on several variates achieved in
different stages. Some of these variates can be estimated in early stage such as age,
egg size and body weight at sexual maturity and egg number during the first ninety
days of laying. Other traits of late stage need a longer time to be measured as egg
and body weights at maturity (42 wks.) and a complete record of egg number (500
d.). Keeping all individuals till 500 days is costly and it needs more efforts. Therefore,
alternative methods may be fallowed to save cost and efforts such as using partial
records, The accuracy of the index involving partial records depends mainly on the
magnitude of the genetic correlations between partial and complete records and
genetic standard deviations of both of them. Other alternative method is to use two-
stage index on which early variates are involved to evaluate all individuals in stage
one and only superior individuals are kept till complete records at late stage.

Early trials of calculating two-stage index were done by several investigators,
Dickerson and Hazel (1944) studied the effectiveness of selection on progeny
performance as a supplement to earlier culling in livestock The selection critérion
was constructed in two-stage selection; early selection based on pedigree, individual
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or collateral relatives performance as stage one and the supplementary performance
of progeny as stage two. Cohen (1950) estimated the mean and variance of normal
populations from singly and doubly truncated samples. Finney (1956) dealt with the
theory of two-stage selection and he suggested impracticable complicated formulas.
Moreover, Falconer (1981) discussed the method of correcting partial records by
calculating correlated response. Kolstad (1979) gave examples of applying this
method on cocks,

Some investigators dealt with the problems of multi-stage selection (Jain and
Ample, 1962 and Young, 1964). However, their methods were complicated and
needed more calculations. Namkoog (1970) studied optimum allocation of selection
intensity in two stages of truncation selection and he developed tabular solutions for
bivariate truncation of genetically correlated traits. Although the method was
mathematically simple, it needs extensive computation. Young (1972) studied the
moments of a distribution after repeated selection with error.

Cunningham (1975) developed a simple method for two-stage selection by
incorporating an index into another. The simplicity of the method is that the actual
weighting factors of the two-stage index are the same and are not affected by prior
selection.

The main advantage of two-stage index is to save cost and effort due to discarding
the inferior individuals in early stage Efficiencies of one- and two-stage selection
indices were compared and discussed by several investigators (Cunningham, 1975,
Abdou and Kolstad, 1979; Ayyagari ef af., 1985, Enab, 1991, Enab ef a/., 1992 and
Abdou and Enab, 1994),

The aim of the present study is to compare the genetic gains achieved in some egg
production traits using one- and two-stage indices in Norfa pullets. Efficiencies of
different selection indices were also compared and discussed.

MATERIALS AND METHODS

Experimental data and flock management

The experimental data were extracted from NORFA project initiated jointly between
the Agricultural University of Norway and Faculty of Agriculture, Menaoufyia
University, Shebin EI-Kom, Egypt. One day pedigreed chicks through two successive
generations (l.e. 1994 as a base parental population and 1995 for the selected
progeny individuals). All chicks were brooded and reared in a brooder supplied with a
central heating system till 16 weeks of age. The pullets were transferred to individual
laying cages, while cockerels were moved to individual cages in cocks' house
Artificial insemination was applied to get pedigree chicks. All the managerial
conditions were almost the same as possible

Traits studied

The studied traits were; -

| - Early traits:
BW,: Early body weight in grams at sexual maturity.
EW,y: Early egg weight in grams of the first five eggs laid for each pullet
ENy:  Early egg number in the first ninety days after sexual maturity
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I1- Late traits: )
EW,: Late egg weight in grams of five eggs for each pullet during 38-40 weeks of
age.
ENz Late egg number till 68 weeks of age.

Data analysis

Pedigreed data based on family means (Table 1) were analyzed using LSMLMW
(Least Sguares Maximum Likelhood and Mixed Model Program, Harvey, 1987).
Economic values (v} were calculated according to Egyptian market quotations (1994-
1995) using the method expressing the profit obtained by changing the individual trait
for one unit (Kolstad, 1975). Enab (1982) illustrated this method of calculating the
relative economic values in chickens.

One-stage selection indices:

The general selection index was calculated according to Hazel (1943) method after
adjusting in matrix form for computer analyze (Cunningham, 1968). The general
index equation is:

Pb = Gv.

to be sojly{ed to get weighting factors:

b= R Gy,

where: -

P the matrix of phenotypic variances and covariances.

G = the matrix of genetic variances and covariances.
v = a column vector of the relative economic values.
and b = a column vector of the weighting factors which will be solved.

Therefore, selection indices in stage one were as follows:-
IG = b-| BW1 + b2 EWA} + b3 EN-1 + b4 EW2 * bs EN2
|1 = b1 8W1 + b2 EW1 ¥, b3 EN1
|2 = |1+D4EW2+b5EN2 )
In Iy index the early variates (BW4, EW4 and EN4) were replaced by their index 14
Therefore, |, index was constructed by incorporating an index into another by
applying the fermula:
M, =E(I,.X,,Y)(,,X,,Y) Cunningham (1975)

The first element of this matrix is 02 Iq, while the remainder figures contain the
covariances of 14 with the elements of X5 and Y to get the matrices necessary for
one-stage selection index containing 14 EW5, and ENy.

Two-stage selection indices
Twao-stage selection index was constructed according to the method described by
Cunningham (1975) where the variates BW,, EW, and EN4 were available at early
stage while BW, and EN; at late stage, The two-stage selection indices were as
follows - 2
lg = lq+by EWy + bg ENy
Ig = by BW1 + b2 EW1 +bsy EN1 + b4 EW2 + by ENQ
The main advantage of the method of Cunningham (1975) is that the actual index is
the same whether or not prior selection on I has taken place.
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Two necessary steps should be done when constructing two-stage selection index.
First step is to adjust the matrices of variances and covariances of the prior index
(My) for the effect of selection on |4 by applying the formula:-

My = I'u‘llrf - T TW (Cunningham, 1975) 2

where M, "= the adjusted matrix, T= the average aggregate genotype W = S/a I

Before "incorporating an index into another it is necessto define the selection
intensity (i) in l4. Accordingly the upper 38% layers were selected and this gave
selection intensity of i=1 and implies truncation at point t = 0.305 clq. To estimate a
combined selection parameters for |4, the following equation was applied:

S - i"(i*-t) = 1(1-0.305) = 0.685 (Cunningham, 1975)

Comparison among these different indices needs to fix the final selection intensity
(i), being 20% with a corresponding selection differential of 1.4. In lg, 14 and I,
selection intensity was 20% with 1.4 o. In I3, 14 @and | this selection intensity (20%)
can be achieved in two stages using selection intensity table given by Becker (1975).
In stage one upper 38% individuals (i=1) were selected on the basis of individual
performance. Therefore, in stage two the best 52.6% (i=0.757) of the remaining
individuals were selected according to full-sib performance to get final selection
intensity equaled to 20%

RESULTS AND DISCUSSION

Means of the studied traits and phenotypic variance and covariances together with
the genetic parameters estimated for the present NORFA flock are shown in Table 1,
It was noticed. that heritability estimates of the studied traits, except for egg number
till 68 weeks were low to medium. These findings agree with the estimates cited in
the literature (Kinney, 1969). Heritability of late egg number was medium to high
(0.42) and this may be due to the fact that this trait was estimated from complete
individuale' records, Correlations among the studied tralts were as expected.
Negative correlations between egg number and both body and egg weights were
noticed, while positive estimates between body weights and egg weights were found.
Variations of the traits studied expressed as coefficients of variations were 13.4, 16.3,
19.0, 7.2 and 8.8% for BW4, EW 4, ENy, EW5 and ENy, respectively.

One-stage selection indices

Matrices necessary for constructing the general selection index {lg) were solved to
give the following general index (l):

lg= 0.7544 BW, + 0.2308 EW4 + 0.0673 EN4 + 0.0509 EW5 + 0.0274 ENp.

The variance of lg index was 3.4176 and its correlation with the aggregate
genotype was 0.4095. The value of each trait, expressed as the percent reduction in
rate of genetic progress for aggregate genotype if the trait was dropped from the
index was 16.61, 17.25, 7.64, 0.67 and 4.76% for BW 4. EW,, ENy, EW, and EN,,
respectively. It was clear that EW, had the highest value, while EW5 had the lowest
one.

The regression of the trait on the index depends mainly on measuring scale of the
trait and it indicates that one unit of change in the general index is expected to
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produce genetic gain equal to the regression value. These regression coefficients
were -0.2018, 0.5963 and 0.8616 for BW4, EW4 and EN4, respectively.

The developed selection index I was applied to select the upper 20% individuals.
It was expected by applying selection on | after one round of selection with 1.4 o to
achieve -0.22 g. in BW4, 233 g in EWq, 3.97 eggs in ENq, 1.84 g. in EW+ and
14.77 eggs in ENy (Table 3), The actual genetic gains were -34.20 g. in BW4, 0.70 g,
in EWy, 7.20 eggs in EN4, 1.40 g. in EW, and 38,20 eggs in EW.

Data in Table 3 show that actual genetic gains of egg number trait was higher than
the expected figure. This may be due to high selection pressure applied on egg
number which was given high economic value. Other reason was due to the fact that
NORFA layers have been selected for several generations for egg number. Although
general selection index (lg) was constructed for multiple traits, it seems that
selection was focused mainly on egg number. King (1966) analyzed data from the
USA Random Sample Testes and he stated that “eventhough breeders have multiple
trait objectives in mind, their effort tends to be concentrated on a single trait”,

To apply one stage selection index comprising all variaties, we should waiting till 52
weeks of age to record all the variates. Therefore, it is necessary to keep the
individuals all the time to select finally the upper 20% individuals. In this case inferio
individuals were also kept and this increases efforts and costs, although the Ig index
had the highest efficiency (100%). Individuals can be selected on the basis of early
variates (l.e BWq, EW, and EN4) using the following index:

l4 = -0.6789 BW4 +0.2199 EW, + 0.0880 EN,

The variance of the index was 26188 and its correlation with the aggregate
genotype was 0.3832. lIts efficiency was 0.88 relative to the general index. Although
the efficiency of |4 index is lower than that of I (88 vrs. 100%), it has the advantage
that it needs less time and efforts. It is necessary to balance between this advantage
and its efficiency decreasing. This depends mainiy on the breader's goal.

The regression of each trait on the index l4 was -0.2203, 0.7846 and 0.8075 for
BW4 , EW, and EN4, respectively . it was expected to achieve genetic gains equal
to -24 9. BW, , 3.06 g. EW4 and 3.72 eggs in ENy , while the actual genetic gains
were -34.20 BW,4, 0.10 g. EWq and 7.20 eggs in ENq (Table 3). It was clear that
there was a big discrepancy between the actual and expected genetic gains. A
reasonable explanation for this discrepancy between the actual and expected genetic
gains in these early variates may be due to the way of calculating these variates, For
example early body weight (BW,) was recorded at firsit egg laid and the average of
the first five eggs after sexual maturity (ENq)was also recorded. These two early
variates depend on age at sexual maturity which is highly affected by environmental
factors. Moreover, heritability estimates of sexual maturity are low to moderate.
Efforts should be done to avoid the effect of variation in age at sexual maturity by
correcting the date of sexual maturity prior to selection. Stability of other
environmental factors such as time of hatching, lighting regime and other managerial
conditions would be valuable to decrease the discrepancy between expected and
actual genetic gains.

The index (l5) was constructed through incorporating the index |1 with another one
invelving late variates (ie. EW, and EN5). In this index the early variates (BW 4,
EW4 and EN4) were replaced by their index. The efficiency of this index was 0.90
relative to the general index (Ig) However in one-stage indices (i.e. g 14 and |5) all



Sherif et al.

384

008G 02000 00/Z L 05000 066 2 edx3 PY
000S+¥Z  0L000 000€ ¥ 0,000  00Z €S- [enpY N3
692y 160V 0 61292 0089t 06141~ pajoadx3 Zpm3 PN3 F3 bana= S
008657  0L000 - - E edx3/ Y
000S¥Z  0L000 - - - lenjoy
LEPE'0 02980 E - - pejoedx3 ANERIVEERS
* - 00ps L 00£00 LoVl pedx3s Y
- - 0002 L 0000  00THE- [enjoy
- - E6LLE 6150°€ 00€ vz pejedx3 NERIERIVI-ER]
00592 00920 00181 00¥0°0 pEG'L Pedx3/ 10V
000C6 000Vt 0002 . 00010 00Z¥E- jemoy [INERIVE
Lvll'bL 1668'L $896'¢ 0/287  0SZTT- pajpoadx3 ER R -ER
bbe ‘wb bbe LD ‘wb
aNE! JrE! N E! bm3 g asuodsel uolosles Xopu|

"$80IpUl UOI]08[9S 8} Ul Sesuocdsel pazi|eal pue pajoedxe usamiaqg uosuBaWOD € Bjqe



385

Egyptian J. Anim. Prod. (1986)

2920¢C ovSE 2 CNT 91200 ZN3 pue
+28/°0 T200 £86L°0 68.50 LSEE0 86L0 + 23 5060°0 + YNI £290°0 EM3'IN3 3T 'tag sejeuea
Ze95'l 0910l 68197 996C +'MI 0EZ 0+ "ME ppSL0 =14 S| ebeys-omy (9)
L09LT 1BLLE
gvce 0 TI650 90920 88FL0 S09SC 86L0 InT pue ‘TpMT seieleA
Z89s’t €8loL 68197 0060  CN3 §9500 + CMI €900 =1 ¥| abejs-om (g)
8561C v192°€
$oyg'0 GZE00 £¥EB0 826.°0 G8Z90 8610 ANERA-TA NS Zn3 pue ‘T3 'H seeea
28951 £8i9'L 62197 9960 ZM3 68920 + 1 1898°0=14 €| abeis-om| (p)
INT $S200 + Iy pue ‘CpAT 'H| SejeLEA
6C68°0 88LET PEOYO €959V QEPLT V'L T3 £950°0 + 1 85640=4 ¢ abeys-auo (g)
IN3 08800 N3 pue ‘baA3 PG sajeuea
£G/80 S592°7 TEEE'0 ZBLOL 88L8T vl o+ ‘AT 66LZ0 + “ME 68290-=4 L) abeys-sup (2)
&N vi200 + ZN3 pue
ZAAS 60SO°0 + FNT £290°0 OM 'PN3 'bM3 bmg seteuea
00L 18857 GBOV'D 98v8'L SLL¥E ¥l  + 'MI Q0ET0 + bag prsi0=49 Oy efeys-au0 (L)
BAljI3Y sjsqy _
uoi3o8|as
Wol uieD 11! |2 |2 sanjeAa q sainpeocid uoloeies

pue adkioust ajebeifibe pue xepul 8U} JO UOHE|SLIO0D SE [PM se Xapuil ayj jo sou

“sainpeacid UoI0a[es aAl aUl jo

SSaUaAI0aLP aAleel 8yl

eLeA siojoe) BunybBlom ayl Zalgel

‘shep 0§ Buunp Jaqunu 683 ='N3

e g i3 Joquiny 563 =CN3 Kunjew [enxes te 1yBiem 663 ="M3 S Zy-g¢ 18 Wblam BB ey RAVE! sy} ajen
“Ayuniews jenxas je wibiem Apog = bang ‘syen ALe3

g8 vz Z, 068,  pwic 00eP0 0/LO0- 00SP'G  00TEO- 000 O° N3
ol 86LC LLE Z7s  00ZL0- O0OVE'D 00600- 00920 00ETO [V
064 00'L 06Z'¢  8G0L /'S 00SS'0  000¥'0- 00S2'0 00800 0020 PN
£9L 1e0 88.C 89S 5v¢  000L0- 0Q00P0O 08S0°0- 0OKVZO 0Z9Z0 JVE!
v el £2°0 Jg/'0 0099L /SSZL  00Z0'0-00ZEC  0BLL0- 0Z6L0 00ZC0 g
AD A 9o do A E! NE E ‘w3 mg sye)]

‘(A3 S80UBLIEA L0 SIUBIDIB00 PUB SUOHBIARD DIEpUEs (Do) oieuab pue

{do) aidAouayd ‘sueaw '(jeucbelp

mojaq) suonepiiod oneust '(jeucBelp aA0qe) suoiejelloo sidhousyd '(jeucbelp) ssjewinse fupgeiseH ‘L algel



386 Sheiif et al.

the individuals should be kept till the end of the experiment to evaluate them. In Is
individuals were evaluated twice for early variates.

To avoid keeping inferior individuals all the time, two-stage indices were
constructed to cull the inferior individuals in early age. This can be achieved by
selecting the upper 40% layers according to early variates and this gave selection
intensity of 0.966. Thereafter, selection was applied by using i=.798 to get finally the
upper 20% individuals (i.e. 40 x 50 = 20%).

In two-stage selection index (13) the layers were selected according to early variates
(BW4, EW4 and ENq) and then re-evaluated by applying the index l4 EWy ENj as
follows; I? =0.8681 |1 + 0.3685 EWy + 0.0252 EN,. However, this method simplifies
the calculation and application of two-stage selection without the need of calculating
new weighting factors. The variance of the index is 3.25 and its accuracy is 0.9343.

Index 5 can be designed involving enly the late variates after selection has been
applied on early variates. lg = 0.7544 BW4 + 0.2306 EW + 0.0673 EN4 + 0.0509
EWs5 + 0.0274 EN,. The variance of this index is 2.95 nd it's accuracy is 0.7983.
Two-stage selection index can be constructed after evaluating variates (BW4, EW,
and EN4) in stage one and late variates in stage two as follows.

14 = 0.0463 EWs + 0.0565 EN,

The variance of the index is 3.180 and its accuracy is D,7983.

in stage one, the most efficient selection index followed the general index (Iz) is Iy
(Le. 14 EWq ENo) and its relative gain is 89.59% in relation to the general index
(Table 2). This is expected due to replacing the variates BW,, EWq and ENq by their
index 1. However, the less efficienct index (87.53%) is that procedure (14) involving
only the early variates.

(3} is the oindex in stage two (Table 2) its relative efficiency is 84.84% in relation to
the general index.

Although the results of the present study indicate that two-way indices were less
efficient than the general index involving all traits in one stage, they have the
advantage of reducing cost and efforts due to discarding inferior individuals in early
stage. Therefore, poultry breeder should balance between this advantage and
decreasing the efficiency of two-way index relatively to the general index.
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