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ABSTRACT 
 

The aim of this investigation was to develop restricted selection index aiming to improve 305-day yields of milk (MY), 

fat (FY) and protein (PY), while keeping the deterioration in days open (DO), calving interval (CI) and number of 

services per conception (NSPC) at minimum levels in Holstein cows. The data represent 3682 records of 1122 cows, 

daughters of 95 sires and 712 dams. The data were analyzed by multi-trait animal model with repeated measures. Eight 

selection indexes (five unrestricted and three restricted) were derived using MY, FY, PY, CI, DO and NSPC in various 

combinations as sources of information in the indexes. However, the true breeding value included MY, FY and PY. The 

highest accuracy of selection (0.60) resulted from selection based on the full index. Milk yield and SPC appeared to be 

the most valuable traits in the full index. Combining the two traits into one index (the best reduced index) gave 0.57 

accuracy of selection. The index based on MY alone (the most accurate single trait index) gave 0.53 accuracy. It seems 

possible to reduce the expected genetic deterioration in the reproductive traits by restricting the full index to result in 

zero genetic change in NSPC (rTI=0.48). This restriction will allow the breeder to mitigate the deterioration in DO and 

CI by 12 and 16 days respectively, by sacrificing with part of the expected genetic improvement in productive traits (29, 

40 and 48% in MY, FY and PY, respectively). 
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INTRODUCTION 

 

Production of large amount of milk, butter fat and 

protein content per Holstein cow, make it wide popularity 

among the specialized dairy breeds in many countries 

across the world. On the other hand, irregular calving, 

shorter longevity and high rate of replacement are the 

repeated criticisms faced this breed in the last decades due 

to continuous selection programs (Oltenacu and Algers 

2005; Oltenacu and Broo 2010; Carthy et al. 2016). This is 

due to placing more emphasis on the productive traits such 

as yields of milk, fat and protein in the breeding goal as 

priority, without considering the reproductive performance 

(Mandouh et al. 2020). 

Several types of statistical models could be used to 

estimate the variance and covariance components required 

for evaluation of productive and reproductive performance 

of lactating cows. Due to its accurate estimates, the multi-

trait animal model with repeated records is the preferred 

choice (Amini et al. 2011; Carthy et al. 2016; Salem and 

Hammoud, 2016b; Frioni et al. 2017; Ayalew et al. 2017; 

Brzáková et al. 2019; Habib et al. 2020). 

In previous studies for expected impact of selection for 

milk yield on reproductive traits in Holstein cows 

(Zavadilová and Zink 2013; Yamazaki et al. 2014; Gouda et 

al. 2017; Habib et al. 2020), it was obvious that selection for 

productive traits is expected to develop cows with more 

abundant yields of milk, fat and protein accompanied with 

poor reproductive performance in terms of longer days open, 

prolonged calving interval and higher number of services per 

conception. As yet, some attempts aspect seems modicum in 

particular regard to relieve the negative repercussion in the 

reproductive traits, as a result to selection for milk 

production traits, via using the restricted selection indexes 

(Gouda et al. 2017; Habib et al. 2020). 

The present study was undertaken to investigate the 

possibilities of continuing in improving the productive 

performance of Holstein cows with minimum concomitant 

deterioration in their reproductive performance via using 

the restricted selection indexes.
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MATERIALS AND METHODS 

 

Data describing the productive and reproductive 

performance were available on 3682 first three lactation 

records of 1122 Holstein cows, daughters of 95 sires and 

712 dams from one commercial herd owned by Alexandria 

Copenhagen Farm for Dairy, a private dairy cattle farm, 

located about 76 km far from Alexandria Governorate. 

Information on feeding and management was presented by 

Habib et al. (2020). Data were collected through the period 

from 1997 up to 2011, where genetic and phenotypic 

parameters were estimated for productive and reproductive 

traits. The productive traits were 305-day yields of milk 

(MY), fat (FY) and protein (PY) while the reproductive 

traits were days open (DO), calving interval (CI) and 

number of services per conception (NSPC). 
 

Statistical Analysis 

A multi-trait animal model with repeated records was 

used by applying the VCE-6 software program package 

(Kovač et al. 2002) according to the following model: 
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where: 
yi  = a vector of observations of the six traits  

Xi = an incidence matrix of fixed effects associated with i trait 

bi = a vector of the fixed effects of each trait (year-season of 
birth, 30 levels and parity, 3 parities) 

Zi = an incidence matrix relating traits i records to animals in 
the pedigree  

ai = vector of random additive direct genetic effects 

Wi = an incidence matrix of the permanent environmental effects 

pei = vector of permanent environmental effects for trait i 

ei = a vector of trait i random residual values (not considered 
by the fixed and other random effects) 

 

Definition of the True Breeding Value 

The breeding objective was to maximize the net profit 

of dairy producers through selection for higher yields of 

305-day milk, fat and protein. The true breeding value (T) 

was defined as: 

 

𝑇 = 𝑎1𝑔𝑀𝑌 + 𝑎2𝑔𝐹𝑌 + 𝑎3𝑔𝑃𝑌, 

 

where :  

gMY    = the additive genetic value for 305-day milk yield , 

gFY      = the additive genetic value for fat yield 

gPY      = the additive genetic value for protein yield   

a1, a2 and a3 = the relative economic weight values for MY, 

FY and PY, respectively . 

 

Derivation of Economic Weights 

According to Lamont (1991), the economic values of 

MY, FY and PY were assumed using the following 

equation: 

𝑎𝑖 = (∑ ℎ𝑖
2

𝑛

𝑖=1

)/ℎ𝑖
2, 

where: ℎ𝑖
2

 = the heritability estimate of the ith trait included 

in the aggregate genotype and  

ai = the relative economic value of the ith trait 

 

Selection Indices 

The traits studied were used in various combinations 

to construct eight selection indices (Cunningham et al. 

1970) grouped under two strategies as followed: 

I. Unrestricted indices including full index, reduced 

indices and single trait indices. 

II. Complete restricted indices (the full index after 

imposing a complete restriction to the genetic change 

in DO, CI and NSPC). 

 

RESULTS AND DISCUSSION 

 

Means, phenotypic coefficients of variation and 

heritability estimates for productive and reproductive traits 

across the three lactations are presented in Table 1. 

 

Variability 

Much larger amount of phenotypic variation was 

found for the reproductive performance traits (61 to 71%) 

than for the productive traits (33 to 42%). These results 

reflect the major effect of environmental conditions on 

reproductive traits. Similar trend of phenotypic variability 

has been found in several previous studies (Salem and 

Hammoud 2016a; Salem and Hammoud 2016b; Ayalew et 

al. 2017; Frioni et al. 2017; Salimi et al. 2017). The lower 

variability in productive traits compared to reproductive 

traits indicates a high homogeneous population in these 

traits which may be as a result to lower culling of cows with 

progressing through the first three parities. 

 

Heritabilities 

Table 1 shows heritability estimates (h2) for productive 

and reproductive performance traits. The h2 estimates 

found in this study for MY, FY, PY, DO, CI and NSPC 

using the multi-trait animal model with repeated records 

were 0.28, 0.25, 0.26, 0.08, 0.06 and 0.03, respectively. The 

moderate h2 estimates for MY, FY and PY in present study 

suggesting that improving the three traits could be achieved 

through the direct selection. The h2 estimate of MY was 

found to be within the range of the values obtained by 

multi-trait repeated animal model (0.15 to 0.29) as 

previously reported (Carthy et al. 2016; Salem and 

Hammoud 2016b).  

Comparable h2 estimate for FY (0.25, Table 1) was 

noticed using similar model in previous studies as 0.25 by 

Carthy et al. (2016) and 0.21 by Frioni et al. (2017). 

Moderate h2 estimate of PY (0.26) was within the range of 

0.21 to 0.27 found in the literature using various models 

(Toghiani 2012; Zink et al. 2012; Albarrán-Portillo and 

Pollott 2013).  

The h2 estimate of DO (0.08, Table 1) was within the 

range of 0.03 to 0.12 as reported in literature (Guo et al. 

2014; Yamazaki et al. 2014; Faid-Allah 2015; Ben Zaabza 

et al. 2016; Radwan and Abo Elfadl 2016; Ayalew et al. 

2017; Salimi et al. 2017) and lower than the values of 0.15 

and 0.18 as reported by Radwan and Abo Elfadl (2016) and 

Salem and Hammoud (2016a), respectively. 
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Table 1: Means, phenotypic coefficients of variation (C.V%) and heritability estimates (h2) with its standard error (±SE) for productive 
and reproductive traits considered 

Trait Symbol Mean C.V% SE± 2h 

Productive traits     
305-day milk yield (kg) MY 8472 42 0.28±0.02 
305-day fat yield (kg) FY 268 36 0.25±0.02 
305-day protein yield (kg) PY 222 33 0.26±0.03 
Reproductive traits     
Days open (day) DO 167 64 0.08±0.02 
Calving interval (day) CI 429 61 0.06±0.02 
Number of services per conception (service) NSPC 2.5 71 0.03±0.01 

 

Heritability of CI (0.06, Table 1) was slightly lower 

than the estimates of 0.09 and 0.11 as reported by 

Zambrano and Echeverri (2014) and Ayalew et al. (2017), 

respectively and within the range of 0.002 to 0.07 as stated 

in other previous reports (El-Bayoumi 2015; Ben Zaabza et 

al. 2016; Salimi et al. 2017). The negligible h2 estimate for 

NSPC (0.03, Table 1) is in agreement with the previous 

estimates ranged between 0.03 to 0.07 (Guo et al. 2014; 

Yamazaki et al. 2014; Ben Zaabza et al. 2016). In general, 

improvement of reproductive performance could be achieved 

by enhancement of the non-genetic factors (e.g. reproductive 

management, feeding and health) due to its lower h2-

estimates and impact of selection for superior individuals 

may be very slow. In addition, it is notable that animal 

genetics, statistical analysis, number of parities, level of 

milk production and the correction for environmental 

effects are the most important factors affecting the estimates 

of heritability estimates from one research to another. 
 

Correlations 

Table 2 shows the genetic and phenotypic correlations 

between productive and reproductive traits. 

It appeared that MY, FY and PY were strongly inter-

correlated genetically and phenotypically. These results 

agreed with previous reports (Toghiani 2012; Zavadilová 

and Zink 2013; Frioni et al. 2017) and indicate that 

improving one of them through the direct selection is 

expected to be associated with desirable genetic change in 

the others. 

The three reproductive traits are positively inter-

correlated genetically (0.64 to 0.98) and phenotypically 

(0.43 to 0.78). Genetically, DO showed a perfect 

relationship with CI (rG=0.98). This estimate was 

comparable to the estimates found in the literature (0.85 to 

0.99) in different countries using the same model 

(Zambrano and Echeverri 2014; El-Bayoumi 2015; Ben 

Zaabza et al. 2016; Radwan and Abo Elfadl 2016; Ayalew 

et al. 2017). Days open was very highly correlated 

genetically with NSPC (rG=0.77, Table 2; 0.72, Ghiasi et 

al. 2011 and 0.99; Zambrano and Echeverri 2014). These 

estimates were much higher than the estimates of 0.21, 0.34 

given, respectively by Ben Zaabza et al. (2016), Radwan 

and Abo Elfadl (2016). Calving interval showed high 

genetic (0.64) and moderate phenotypic (0.43) correlations 

with NSPC. These correlations were within the range of 

estimates found in the literature (rG=0.42 to 0.95; rP=0.05 

to 0.83) by Zambrano and Echeverri (2014), Ben Zaabza et 

al. (2016), Radwan and Abo Elfadl (2016).  

Undesirable relationship was observed between 

productive and reproductive traits in present study. 

Selection for higher MY is expected to be associated with 

an undesirable increase in DO (rG= 0.64, Table 2; rG= 0.65, 

Zavadilová and Zink 2013; rG=0.69, Frioni et al. 2017), CI 

(rG=0.62, Table 2; rG=0.59, Toghiani 2012; rG=0.63, 

Albarrán-Portillo and Pollott 2013) and NSPC (rG=0.47, 

Table 2; rG=0.99, Salem and Hammoud, 2016a). 

Genetically, DO, CI and NSPC are strongly positively 

correlated with FY (0.54 to 0.73) and PY (0.61 to 0.76). A 

similar tendency was found in the literature using various 

parties and different types of statistical models (Toghiani 

2012; Zink et al. 2012; Albarrán-Portillo and Pollott 2013). 

The high undesirable positive genetic correlation between 

each of the productive and reproductive traits indicates that 

any genetic enhancement in the productive performance 

traits would upset the reproductive performance of the 

cows. 

 

Estimates of Economic Values 

The economic values were estimated to 7.13 units per 

kg milk yield (MY), 2.48 units per kg fat yield (FY) and 

2.19 units per kg protein yield (PY), and then the values 

were put in relative form to become 1.00, 0.36 and 0.32, 

respectively. 

The true breeding value (T) can then be written as: 

 

𝑇 = 1.00𝑔𝑀𝑌 + 0.36𝑔𝐹𝑌 + 0.32𝑔𝑃𝑌 

 

Unrestricted Selection Indices (strategy I) 

Five unrestricted selection indices were constructed 

using the estimated economic values mentioned above and 

the estimates of genetic and phenotypic parameters 

presented in Tables 1 and 2. These indices were the full 

index (I1, including the six traits), 3 reduced indices (I2, full 

index after dropping PY; I3, full index after dropping PY 

and DO, and I4 including MY, FY and NSPC) and one 

single trait index (I5, MY alone). 

 

Weighing Factors and Value of Sources of Information 

Weighing factors (b-values), value of each trait, 

standard deviation of the index (σI), accuracy of selection 

(rTI) and relative efficiency (RE) of each index are given in 

Table 3. 

The b-values were positive for MY, FY and PY. Also, the 

b-values were positive for DO and NSPC and negative for CI. 

It seems that the MY, NSPC and FY are the most valuable 

sources of information in the full index (Table 3). The 

values of the three traits as sources of information show 

that the omission of MY from the full index would be 

associated with 13.97% reduction in accuracy of selection, 

while the reduction in accuracy of selection would be 1.99 

and 4.67% by dropping FY and NSPC, respectively. The 

value of MY as a source of information reached 18.29% in 

case of selection based on the best reduced index (I4) which 

involved MY, FY and NSPC. 
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Table 2: Genetic correlation (above diagonal) and phenotypic correlation (below diagonal) among productive and reproductive traits 

Trait Productive traits Reproductive traits 

MY FY PY DO CI NSPC 

Productive traits: 
305-day milk yield, MY 

 
… 

 
0.79 

 
0.82 

 
0.64 

 
0.62 

 
0.47 

305-day fat yield, FY 0.54 … 0.91 0.73 0.62 0.54 
305-day protein yield, PY 0.65 0.68 … 0.76 0.69 0.61 
Reproductive traits: 
Days open, DO 

 
0.13 

 
0.34 

 
0.38 

 
… 

 
0.98 

 
0.77 

Calving interval, CI 0.22 0.28 0.21 0.78 … 0.64 
Number of services per conception, NSPC 0.15 0.16 0.20 0.45 0.43 … 

 

Table 3: Weighing factors (b-value), value of each trait as source of information (in parentheses), standard deviation of the index (σI), 
accuracy of selection (rTI) and relative efficiency (RE) of the indices considered 

Index b-value for each source of information a: 
I  

rTI RE%b 

MY FY PY DO CI NSPC 

I1(Full) 0.29(13.97) 0.78(1.99) 0.01(0.001) 0.42(0.58) -.31(1.19) 51.91(4.67) 284.43 0.60 100 

I2 0.29(19.60) 0.78(2.48) … 0.42(0.70) -.31(1.49) 51.93(4.80) 284.43 0.60 100 
I3 0.28(19.41) 0.90(3.66) … … -0.16(0.83) 55.66(5.83) 282.43 0.59 98 
I4 0.27(18.29) 0.83(3.25) … ... … 46.79(5.79) 280.15 0.59 98 
I5 0.36 … … … … … 253.82 0.53 88 

a: MY305=milk yield in 305-day, FY305=fat yield in 305-day, PY305=protein yield in 305-day, Do=days open, CI=calving interval, 

NSPC=number of inseminations per conception. b: relative to the full index (I1) =100. 

 

Accuracy of Indices 

The accuracy of selection for the five indices is 

presented in Table 3. It appeared that the maximum 

accuracy of selection (rTI=0.60) was obtained using the full 

index (I1) involving the six traits as sources of information. 

Due to their low values as sources of information in the full 

index, the dropping of PY only (I2), PY and DO (I3) or PY, 

DO and CI (I4) is expected to result in negligible effect on 

accuracy of selection (rTI=0.60, 0.59 and 0.59, respectively). 

Dropping both of FY and NSPC from the best reduced index 

(I4) to formulate I5 (MY alone) would reduce the accuracy 

of selection from 0.59 to 0.53. 

 

Expected Response from Selection Based on the 

Unrestricted Indices 

Results of the expected genetic changes in units of 

measurements on individual traits for the five unrestricted 

indices are given in Table 4. 

Applying the first strategy of selection depending on 

the most accurate unrestricted indices (I1, I2, I3 and I4) is 

expected to develop Holstein cows with better productive 

performance in terms of MY (+221.05 to 224.34 kg), FY 

(+27.31 to 27.77 kg) and PY (+24.48 to 24.89 kg). This 

enhancement in productive performance traits would be 

accompanied with deterioration in the reproductive 

performance in terms of longer number of DO (+18.61 to 

18.80 days), longer CI (+27.58 to 28.02 days) and higher 

NSPC (+0.45 to 0.47 services). 

From the standpoint of cost of data collection, 

selection based on the best reduced index (I4) is expected 

to be more efficient than that based on the full index, where 

each round of selection with intensity equal to 1.0 based on 

the two indices is expected to give similar effect expected 

genetic changes in the individual traits. 

The expected unfavorable genetic changes in the 

reproductive traits which would influence negatively the 

net income of the dairy producer through prolongation of 

DO and CI (lower yield per time unit), increasing the 

veterinary expense and breeding costs and reducing the 

calf-crop necessitate the breeder to use the restricted 

selection indexes to stop these adverse effects completely 

or at least to limit it. 

The Restricted Indexes 

A single complete restriction was imposed to I4 (the 

best reduced index) to produce zero genetic change in DO, 

CI and NSPC. Costs of this restriction expressed as 

reduction in accuracy of selection and in the expected gain 

in the traits involved in the aggregate genotype are 

presented in Table 5. 

Comparing the best reduced index (I4) with its 

completely restricted forms (I4DO and I4CI) indicate that 

limiting the genetic changes in DO or CI to zero would be 

associated with great losses in accuracy of selection (-56 

and -64%, respectively) and huge reduction in the rate of 

gain in MY (-113.46 and -132.65 kg, respectively), FY (-

19.67 and 20.88 kg, respectively) and PY (-18.5 and -20.15 

kg, respectively). This is due to the strong genetic 

relationship involving DO and CI with aggregate genotype 

traits (0.62 to 0.76, Table 2). 

The very high cost of restriction in terms of reduction 

in both of accuracy of selection and in rate of gain in 

productive performance could be reduced via restricting the 

best reduced index to result in zero genetic change in NSPC 

(I4NSPC) instead of its restriction to DO or CI. Applying 

selection based on I4NSPC will allow the dairy cattle breeder 

to limit the adverse effect of selection for productive traits 

on DO from 18.65 to 6.28 days and in CI from 28.03 to 

11.23 days beside the fixation of NSPC at its present level 

(2.5 services, Table, 1). This scenario will cost 19% 

reduction in accuracy of selection and reduced the expected 

genetic improvement in MY, FY and PY by 65.11, 10.51 

and 10.91 kg, respectively. 

 

Conclusion 

The results discussed in this study show that use of 

yields of milk (MY) and fat (FY) and number of services 

per conception (NSPC) as sources of information in the 

selection index: 
 

I4 = 0.27 MY + 0.83 FY + 46.79 NSPC; (rTI=0.59) 
 

Would be recommended to optimize selection for 

productive performance traits provided some deterioration 

in reproductive performance traits is to be accepted. 
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Table 4: Expected genetic changes in productive and reproductive traits (intensity of selection = 1.0) 

Index Traits  
involved* 

Productive traits Reproductive traits 

MY kg FY kg PY kg DO day CI day NSPC service 

I1 Full index 224.34 27.77 24.89 18.80 28.02 0.47 
I2 MY, FY, DO, CI, NSPC 222.37 27.77 24.87 18.79 28.01 0.47 
I3 MY, FY, CI, NSPC 222.55 27.68 24.79 18.61 27.58 0.47 
I4 MY, FY, NSPC 221.05 27.31 24.48 18.65 28.03 0.45 

*: MY305=milk yield in 305-day, FY305=fat yield in 305-day, PY305=protein yield in 305-day, DO=days   open, CI=calving interval, 

NSPC=number of services per conception. 

 

Table 5: Expected reduction in accuracy of selection, index standard deviation and rate of improvement in productive traits due to 

restricting the best reduced index 

Itema Unrestricted (I4) Best reduced index restricted to zero genetic change in: 

DO (I4DO) CI (I4CI) NSPC (I4NSPC) 

b-value for:     

    MY 0.27 0.16 0.11 0.22 

    FY 0.83 -0.14 0.01 0.45 

    NSPC 46.79 -41.50 -39.39 47.97 

Accuracy of selection 0.59 0.26 0.21 0.48 

Relative accuracy, % 100 44 36 81 

Index standard deviation 280.15 123.16 100.70 190.62 

Expected genetic changes in: 

Productive performance as:     

    MY  221.05 107.59 88.40 155.94 

    FY  27.31 7.64 6.43 16.80 

    PY  24.48 5.98 4.33 13.57 

Reproductive performance as:     

    DO 18.65 0.00 -1.72 6.28 

    CI 28.03 2.73 0.00 11.23 

    NSPC 0.45 -0.16 -0.22 0.00 
a: MY=milk yield in 305-day, FY=fat yield in 305-day, PY=protein yield in 305-day, do= days open, CI=calving interval, NSPC= 

number of services per conception. 

 

It is not possible to avoid the deterioration in 

reproductive performance traits via restricting the best 

reduced index to result in zero genetic change in DO or in 

CI, while it is possible to limit the adverse effects of 

selection for productive performance via restricting the best 

reduced index to zero change in NSPC in the form: 

 

I(4NSPC) = 0.22 MY + 0.45 FY – 47.97 NSPC (rTI=0.48). 
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