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ABSTRACT: A total number of 2854 lactation records of 699 Friesian cows sired by 80 

bulls, during the period from 1985 to 2014 were used in this study to investigate of month and 
year of calving and parity as fixed factor and sire and dam within sire as random factor; in 
addition estimate phenotypic and genetic parameters for 305-day milk yield (305-dMY), 
Lactation period (LP), peak milk yield (PY) and days open (DO); nineteen selection indices 
(general and reduced) using one phenotypic standard deviation as REV1 and lamont method as 
REV2. Least square analysis showed significant (P<0.05) effect of genetic and non-genetic 
factors on all studied traits except the effect of month of calving on 305-dMY. Heritability 
estimate for 305-dMY, LP, PY and DO were 0.33, 0.07, 0.26 and 0.04, respectively. Phenotypic 
correlation between each two traits ranged from  0.03 to 1.0; and genetic correlation between 
each two traits ranged from  0.41 to  0.96; general indices I1 and I11 incorporating 305-dMY, LP, 
PY and DO was the best (RIH = 0.57) and it is recommended if the selection was exercised; in 
addition there are high similarity of genetic gains under the two different groups of economic 
values REV1 and REV2. 

Keywords: cows-reproduction, milk-selection, index, economic, genetic, environment 

 

INTRODUCTION 
 

Egyptian  dairy  sector  mainly  consist  of exotic and local dairy cattle  
and buffaloes  contributing  major share  in  dairy  produce, Holstein cows are 
the most exotic breed; the dairy sector in Egypt wents to increase dairy 
production through genetic improvement; Although milk production is clearly a 
major component of profitability, the emphasis it has received is, also due to the 
ease of measurement compared to some other components of profitability. 
Hazel and lush (1942) showed that the selection index was the most efficient 
method for selection in farm animals. However, continued selection for higher 
milk production has been questioned on a number of accounts as it has been 
widely associated with deleterious effects on health, fertility and welfare of 
cows, as antagonist relationship (El-Arian, 2005 and Pryce et al., 2002). Berry 
et al. (2003) have noted, however, that there is a possibility to select increasing 
milk production without negatively impacting fertility. Within the selection index 
are combined the production levels of two or more characteristics, obtaining a 
score based on which is made the selection. Such an obtained score is in 
maximal correlation with the genetic contribution of certain individual. (Ivanović 
et al. , 2014), since some authors have attempted to use milk yield and some 
reproductive traits in a combined index (El-Arian, 2005 and Atil, 2006). The 
performance traits like milk yield and reproductive traits are  considerably  
affected  by environmental factors, which, in addition to genetic differences, are 
responsible for  the  marked  variation  between  month and year of calving, 
parity and animals  within  the  same  breed (Hassan and Khan, 2013). 
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Estimation of genetic and phenotypic parameters for productive and 
reproductive traits is an important tool for the definition and evaluation of 
selection programs. The genetic correlations between the traits play important 
role in deciding single vs. multiple trait selection strategy. Parameters can be 
estimated using several methods, such as Least Square Methods (LSM), 
Restricted Maximum Likelihood (REML), and Best Linear Unbiased Predictions 
(BLUP). In order to improve or at least stop the deterioration trend in fertility, 
more emphasis on fertility traits in selection is necessary. 

 
The aim of this study was to estimate genetic parameters for fertility and 

milk production traits 305 days milk yield (305-dMY),  lactation period (LP), peak 
yield (PY) and days open (DO) in Holstein cows in Egypt. Estimation of genetic 
parameters is important for estimating breeding values and for designing 
selection indexes by using two methods of deriving relative economic values. 
The present study provides information about these two parameter sets 
important for production and fertility traits that are greatly related to the 
profitability of the dairy industry. 

 

MATERIALS AND METHODS 
 

A total number of 2854 lactation records of 699 cows sired by 80 bulls, 
during the period from 1985 to 2014 in dairy project Friesian herd in farm key 
conducted to Alexandria University were used in the present study, the records 
without pedigree,  breeding dates and cows affected by diseases and aborted 
cows were excluded.  

 
Statistical analysis 

Factors  affecting  traits  studied  were  analyzed  by general  linear  
model  (GLM)  using  SAS  computer program (SAS, 2002) as follow model: 

Yijklm = µ + Si + Dj + Mk + Yl + Pm + eijklm 

Where :  Yijklm = the individual observation; µ = the overall means; Si = the 
random effect of the sire ith ; Dj = the random effect of the dam jth within sire ith 

;Mk = the fixed effect of the month of calving (k= 1-12); Yl = the fixed effect of 
the year of calving (l=1-10); Pm = the fixed effect of parity (p=1-8) and eijklm = the 
residual effect with eijklm ~ N (0 , σ

2
e) 

 
Genetic and phenotypic parameters 

Heritability, genetic and phenotypic correlation and (co)variance genetic 
and phenotypic of studied traits were estimated with derivative-free restricted 
maximum likelihood et (REML) procedures using the MTDFREML program of 
Boldman et al. (1995: p.53). The assumed model was:  y = Xb + Zu + e    
where, y: a vector of observations, b is a vector of fixed effects with an 
incidence matrix X, u is a vector of random animal effects with incidence matrix 
Z, and e is a vector of random residual effects (temporary environment) with 
mean equals zero and variance σ2

e 
 
Derivation of relative economic value 

Prior to computing the complete index, the economic values (v) were 
calculated by two methods, the economic value of milk yield were set to unity 
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and the relative economic values of other traits were calculated relatively as 
shown in Table (1). 
1. One phenotypic standard deviation (REV1): the economic value calculated 

depending on the phenotypic standard deviation where,  REV1=1/ σp where 
σp is the phenotypic standard deviation of trait According to (Sharma and 
Basu, 1986 and Falconer and Mackay,1996) 

2. Lamont method (REV2): according to Lamont (1991) the method depending 
on heritability estimates of the all traits, where, REV2 = T / hi

2 where T = 
h2

305y + h2
lp + h2

peak + h2
do  

 
Table (1). The economic values of the traits studied relative to 305 dMY 

according to two methods 
 

Trait 
1/ σp 

(REV1) 

Relative 
economic 

value 

Lamont 
method 
(REV2) 

Relative 
economic 

value 
305-dMY 1/ 1454.35 1 2.48 1 

LP 1/ 112.75 12.9 11.71 4.72 
Peak 1/ 6.14 236.9 3.15 1.27 
DO 1/ 98.43 -14.77 20.5 - 8.27 

 
The index value was calculated as  

I= ∑ (��	��)�
�	
  

I is selection index, bi is a selection index weighing factor, pi is a 
phenotypic measure and n is number of traits. Hazel (1943) proved that 
maximum rHI is achieved when Pb = Gv, then The vector of optimal index 
weights (b) was calculated for each of the objectives as b=P−1Ga where: P−1 is 
the inverse of the phenotypic (co)variance matrix of the traits in the selection 
index, G is the genetic covariance matrix between traits in the selection goal 
and the selection index, and a is the vector containing the economic values for 
the goal traits. Furthermore,  the  other  different  properties of  the  selection  
index  were  calculated  as following: Standard deviation of the index (σI) = 
√b'Pb, Standard deviation of the aggregate genotype (σH) = √a'Ga, Correlation 
between the index and the aggregate genotype (accuracy) RIH = σI / σH .  
 

RESULTS AND DISCUSSION 
 

The overall means (Unadjusted means) and their standard error, 
standard deviations (SD) and coefficient of variation (C.V) %  of 305 days milk 
yield (305-dMY), lactation period (LP), peak milk yield (PY) and days open (DO) 
were showed in Table (2).The present estimate of actual mean of 305-day milk 
yield is across all lactations of the study (4227 kg) is higher than those reported 
by Khattab and Atil (1999), Usman et al. (2012) and El-Awady (2013). The 
present overall mean was lower than that estimated by Shalaby et al. (2013), 
Rushdi et al. (2014) and Faid-Allah (2015). Generally the present overall mean 
within the range of means reported in the other countries for the same trait as 
mentioned by Ashmawy and Khalil (1990) and Atil (2006). The overall 
unadjusted mean of lactation period (LP) 327 days, it was similar to that 
estimated by Shalaby et al. (2013) 327 days and it was lower than that reported 
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by Singh and Gurnani (2004) 346 days in Friesian crosses, and Khattab and Atil 
(1999) 367 days using Friesian cows. The overall unadjusted mean of peak 
yield 22.5 kg, this value was higher than that estimated by El-Awady (2013) 15 
kg in using Friesian cows and Ahmed et al. (2004) 6 kg in Friesian crosses. The 
successful service occurring with 145 days post-partum, it is days open (DO), 
this value nearly similar to that estimated by Hammoud et al (2014) 139 days in 
Friesian cows and M'hamdi et al. (2010) 151 days in Holstein cows in Tunisia. 

 
The least squares analysis of variance for data of all available lactations 

(Table 3) gave evidence that sire and dam within sire of the cow was significant 
source of variation ( p < 0.0001) in the studied traits, which indicating that sire 
selection may be used as useful tool for the genetic improvement of these  milk 
production traits, This agrees well with findings of Nawaz et al (2013) and Al-
Samaria et al. (2015) . In particular, large magnitude of the sire and cow 
estimates might indicate a sizable potential for sire and cow in selection 
programs and or/ in change of the herd management to improve milk yield 
traits. Least square analysis of variance in (Table 3) indicates that month of 
calving, year of calving and parity are considered the major factors affecting 
305-dMY, LP, Peak yield and DO except month of calving had no significant 
(P> 0.05) effect on 305-dMY . The same trend obtained by Lakshmi et al. 
(2009); Usman et al (2012) and Faid-Allah (2015).  

  
This lead to conclude that adjusting of lactation records for these factors 

are very necessary for estimating genetic parameters and sire evaluation. In 
addition, higher F- Values for the effect of year of calving on productive and 
reproductive traits could be due to changes in herd size, age of animals and 
managerial practices which vary from year to year and also may be due to 
attribute to the different climatic condition 
 
Table (2). The overall means, standard deviation and coefficient of 

variation of studied traits 
 
 
 
 
 
 
 
 Table (3). Least squares analysis of variance for genetic and non-genetic 

factors affecting on 305Y, LP, Peak and DO in Friesian cows 
 

Traits Mean SD C.V% 
305-dMY 4227.436 1454.35 34.40 

LP 327.30 112.7 34.5 
Peak 22.79 6.14 26.96 
DO 144.49 98.43 68.12 

S.O.V df 
F-Values 

305-dMY LP Peak DO 
Sire 79 6.26 ** 3.15 ** 23.29 ** 2.01 ** 
Dam/sire 619 2.31 ** 1.42 ** 7.10 ** 1.5 ** 
Month of calving 11 1.12 ns 1.98 * 2.19 ** 2.52 ** 
Year of calving 9 39.45 ** 25.8 ** 12.18 ** 9.11 ** 
Parity 7 16.34 ** 5.92 ** 3.94 ** 2.88 ** 
Residual 1523     

* (P<0.05)   ** (P<0.01)    ns (P>0.05) 
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Estimate of heritability (h2) for 305-dMY, LP, PY and DO were 0.33, 0.07, 
0.26 and 0.04, respectively (Table 4). This estimates shows similarity to that 
reported by Al-Samaria et al. (2015) for 305-dMY and LP which where 0.35 and 
0.06, respectively, while Lakashmi et al (2009) and El-Awady (2013) found 
higher values for PY 0.16 and 0.24, respectively, the heritability estimates in the 
present study indicated low genetic to environmental variance ratio for LP and 
DO, while the moderate value of heritability estimate for 305-dMY and PY would 
indicate moderate contribution of additive. In respect of estimates of genetic and 
phenotypic correlation among the studied are present in (Table 4) all 
correlations were positive ranging from  0.41 to  0.96 for (rg) and from  0.03 to 
1.0 for (rp). 
 
Table (4). phenotypic correlation (above), genetic correlation (below), 

variance components (VP, VA and VE) and heritability (h2) for 
305-dMY, LP, PY and DO traits on the Friesian cows 

traits 305dMY LP Peak DO VP VA VE h
2 

305 dMY  0.50 0.70 0.18 1918831 630727 1288104 0.33 
L.P 0.83  0.12 1.00 11600 811 10790 0.07 

Peak 0.96 0.56  0.03 27.51 7.07 20.4 0.26 
DO 0.50 0.75 0.41  8770 390 8380 0.04 
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Table (5). selection criteria, Weighting factors (b-values), expected genetic gains (∆G), standard deviation of the index 
(σi),relative efficiencies of selection (RIH) and Economic weight (1/ σp method) in general (I1 and I11) and 
reduces indices used to improve 305DMY, LP, PY and DO in Holstein cows . 

Selection 
index 

 
Rank 

305 dMY LP PY DO  
σI 

 
RIH 

 
RE% to IG b ∆G b ∆G b ∆G b ∆G 

  REV1 (1/ σp method) 
I1  0.3552 454.7 4.3432 12.4 75.7649 1.436 -4.6506 4.8 923.60 0.57 100 
I2 1 0.6562 464.5 -0.9763 12.9 41.8614 1.512 - 5.4 1030.42 0.59 103.5 
I3 4 0.3209 432.5 2.9497 13.1 - 1.475 -3.43866 4.5 534.17 0.55 96.5 
I4 3 0.3996 460.9 - 13.6 55.4096 1.511 -0.2756 5.4 780.75 0.57 100 
I5 8 - 389.5 -1.0545 0.13 7.6861 1.621 1.2636 9.5 22.49 0.35 61.4 
I6 3 0.47626 458.9 -0.5515 13.5 - 1.475 - 5.4 632.03 0.57 100 
I7 2 0.4518 462.5 - 13.6 57.1692 1.510 - 5.4 861.65 0.58 101.8 
I8 5 0.27444 451.7 - 13.6 - 1.475 -0.4893 5.2 374.75 0.54 94.7 
I9 6 - 389.5 0.10849 9.8 6.57309 1.357 - 3.9 37.66 0.51 89.5 
I10 7 - 389.5 - 8.1 0.2137 1.340 -0.00045 3.9 1.12 0.46 80.7 
  REV2 (lamont method) 

I11 2 0.2236 454.8 1.5946 12.7 29.5996 1.439 -1.7521 4.9 475.30 0.57 100 
I12 1 0.3447 464.2 -0.3651 13.1 17.4012 1.500 - 5.4 527.95 0.58 101.8 
I13 4 0.2628 430.3 3.1183 13.1 - 1.475 -3.58198 4.3 456.50 0.55 96.5 
I14 1 0.24 462.7 - 13.6 22.1232 1.501 -0.1457 5.5 419.62 0.58 101.8 
I15 1 0.39253 459.4 -0.6243 13.4 - 1.475 - 5.4 522.58 0.58 101.8 
I16 1 0.2693 463.5 - 13.6 23.0796 1.500 - 5.4 465.35 0.58 101.8 
I17 3 0.2983 454.4 - 13.6 - 1.475 -0.26115 5.4 409.57 0.56 98.2 
I18 5 - 389.5 0.06266 10.5 1.46939 1.208 - 3.9 10.81 0.37 64.9 
I19 6 - 389.5 - 8.1 -4.6355 -1.07 -0.27805 -5.7 36.21 0.28 49.1 
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Table (4). Shows the ranking of selection indices on the basis of their 
accuracy (rIH), weighting coefficients (bs), Relative efficiency (RE) and expected 
genetic change (∆G) per generation of various traits studied. 

 
Comparison between all 19 selection indices when using one phenotypic 

standard deviation as REV1 and lamont method as REV2 showed that the 
selection index I1 and I11 which incorporated (305-dMY), Lactation period (LP), 
peak milk yield (PY) and days open (DO), the equation of the general indices I1 

and I11 were: 
I1 = 0.3552 (305-dMY) + 4.3432 (LP) + 75.7649 (PY) - 4.6506 (DO). 

I11 = 0.2236 (305-dMY) + 1.5946 (LP) + 29.5996 (PY) – 1.7521 (DO). 
 

The standard deviations of those indices were (923.6) and (475.3) 
respectively and their correlations with the aggregate genotype were (0.57) The 
expected genetic changes per generation in each variate assuming a selection 
intensity "one" which would be gained due to applying this index were +454.7 
kg, +12.4 d, +1.436 kg and +4.8 d +454.8 kg, +12.7 d, +1.439 kg and +4.9 d for 
305-dMY, LP, PY and DO,  respectively. When using the economic value by 
REV1 REV2,. 

  
General indices I1 and I11 which include all four traits ranked the 3rd and 

5th (RE=100%), there it recommended to apply selection based on these 
indices, negligible increase in RE values occurred when DO dropped from 
general indices. The highest increase in RE values to 103.5 , 101.8 % when LP 
and/or DO dropped from general indices which caused their rank 1th and 2ed, 
respectively in both REV1 and REV2. The dairy men are interested to minimize 
the deterioration of fertility through declining the DO period because this will 
increase life time productivity and increase directly the income from milk and 
calves sales.  

 
Dropping 305-dMY in I5 , I9 , I10 , I18 and I19 resulted decline in RE values 

down to 61.4 , 89.5 , 80.7 , 64.9 and 49.1 %, respectively which caused their 
rank to fell down, it illustrates that important of including 305-dMY in any 
selection index to improve the total merit. The same trend obtained by El-Awady 
(2009) and Set El-Habbaeib (2015) the RE value decreased when dropped MY 
from general selection indices. (El-Arian 2005) noticed decreasing in RE value 
was occurred when AFC as trait was dropped from any indices and their 
ranking were declined. 

 
The lowest index by REV2 method was I19 which include PY and DO. The 

inclusion of 305-dMY in this index resulted in considerable improvement in RE 
of this index from 49.1 to 101.8. 

 
Since the maximum return can be achieved by using the general index I1 

or I11, It is recommended for improving milk production and improving or at least 
minimizes the deterioration trend in fertility under economic values derived by 
the both mentioned methods. 
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The rank correlation among general and reduced indices when using two 
methods of relative economic value REV1 and REV2 was 0.99 (P<0.001) which 
indicated quite high similarity of genetic gains under the two different groups of 
economic values.   It might be reliable to REV1 and REV2 due to it is simplicity 
and high applicability. In addition relative efficiency, accuracy of index and 
correlated response indicated the same results. 

 

CONCLUSION 
   

Selection indices I1 and I11 which incorporated 305 days milk yield (305-
dMY), lactation period (LP), peak yield (PY) and days open (DO) was 
recommended when selection was exercised. Inclusion of (305-dMY) in any 
selection index was recommended. 
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