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ABSTRACT  
 
This study was conducted to estimate genetic parameters for the lactation curve parameters, milk yield, somatic cell score (SCS), age at first 

calving (AFC), calving interval (CI) and lactation length (LL) in Iranian Holstein cows. The data originated from the national Animal Breeding 

Center of Iran, belonged to the first lactation dairy cows from 2001 to 20104. The genetic parameters were estimated using REML method 

by applying random regression model (RRM). To compare the models, different criterion LogL, AIC and BIC values were used for considered 

traits. Based on obtained results, RRM with legend repolynomial (3,3) were chosen as better model for milk yield and SCS traits. Based on 

obtained results, for milk yield and SCS traits the additive genetic variance was highest in the beginning and end lactation and permanent 

environmental variance was highest in beginning of lactation than other lactation period. Heritabilities estimate for milk yield and SCS traits, 

were found to be lowest during early lactation (0.48, and 0.04 respectively). Heritabilities estimated 0.02±0.01, 0.04±0.01 and 0.10±0.01 

for AFC, CI and LL, respectively. Additive genetic correlation between adjacent test days was more than between distant test days. The was 

estimated negative genetic correlations between fertility traits and positive phenotypic correlations between them. The genetic trends of milk 

yield and SCS was showed an increasing phase during previous years. 

 

INTRODUCTION  
  
Milk production is the most economically important trait in the dairy cattle breeding industry. However, in 

addition to milk yield, reproductive and health traits are among the major traits that should be improved 

genetically in dairy cattle. In recent years intensive selection for milk yield has depressed reproductive 

performance of cows [1]. One of the important breeding program processes is the estimation of genetic 

parameters using appropriate models. The TD Model has been described using various models, such as 

repeatability, fixed regression, multiple-trait and random regression model (RRM). Among the models that 

consider TD production, RRM has been widely observed to increase the accuracy of breeding value 

predictions [2]. Among these advantages are more precise adjustment for temporary environmental 

effects on the TD, avoidance of the use of extended records for culled cows and for records in progress, 

and the possibility of genetic evaluation for any part of lactation curve. Therefore, using TD measurements 

in an RRM could increase the accuracy of genetic evaluations. Schaeffer and Dekkers (1994) introduced 

the concept of the RRM for the analysis of TD records in dairy cattle as a means of accounting for the 

covariance structure of repeated records over time or age [2]. 

 

Deficient reproductive performance exhibited as longer calving intervals and increased involuntary culling, 

may result in less milk and fewer calves per cow per year, lower voluntary culling and consequently 

increased replacement costs and finally, reduced returns [3]. Before the 1990 most attention of dairy 

cattle breeding programs were focused on milk production. Since the negative genetic relationship exist 

between milk production and fertility this caused decline in fertility performance of Holstein dairy cow [4]. 

Therefore, in current decades in many breeding programs fertility traits have been included. But the 

heritabilities of fertility traits are low, ranging from 0.01 to 0.1, which leads to slow improvement in fertility 

performance [5,6]. Genetic analysis of fertility traits for various breed is studied in different countries, such 

as: Zebu cow in Mexico [7]; South African Holstein cows [8]; Spanish dairy cattle [9]. Although, some 

investigations have been carried out in Iranian Holstein dairy cows in regard to the estimation of genetic 

parameters of milk yield traits [10,11,12,13] but compare different order Legendre polynomial (LP) of 

fertility traits still needs further work.  

Thus, the objectives of this study were 1) to compare different order LP of the RRM to determine the best 

fitting model to TD milk yield and SCS, and 2) to estimate genetic parameters milk yield, SCS, age at first 

calving (AFC), calving interval (CI) and lactation length (LL) in Iranian Holstein cows. 

 

MATERIALS AND METHODS 
 

The test day (TD) milk yield records obtained from national Animal Breeding Center of Iran, belonged to the 

firstlactation dairy cow from 2001 to 2014. Edited data included the following: The TD data were excluded 

before 5th day and after the 305th day of lactation. In addition, irregular data for milk yield (<2 and >70 kg) 

were excluded. Cows had also, only cows with more than 5 TD records, and herds with more than 5 cows 

per herd in year of calving and cows with at least one known parent and age at first calving between 18 to 

45 months were kept. The data of cows with the first TD at least 60 days after parturition and TD intervals 

less than 15 days were discarded. Finally edited data included 795724 and 278230 for milk yield and 

SCS traits, respectively. The fertility records were: AFC, CI and LL.The RRM fitted for the genetic analysis 

was used as following: 
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Where yijtlmno is the oth TD record (Milk yield and SCS) of mth cow in tth DIM, in lthherd-test-date (HTD) effect; 

Fijl is fixed effects in the model (including herd-test date, interaction between year-season of calving and 

DIM and dam age (linear and quadratic).
 
Ztp is pth LP for tth DIM. bijnp is the nth fixed regression coefficients 

pth class of cows calving age-season. ijmp and
 
pijmp are regression coefficients for additive genetic and 

permanent environment effects respectively;
 
eijtlmno random residual effect associated with yijtlmno. The 

traits descriptive statistics are summarized in Table 1 and 2. 

 
Table 1: Descriptive statistics of data sets for milk yield (kg) and SCS  

 Milk (kg) SCS 

Number of TD records 795724 278230 

Number of total animals 277400 278230 

Number of animals with record 65100 65320 

Number of dam with progeny 2100 2210 

Number of sire with progeny 8840 8922 

Number of HTD 16973 16989 

 
Table 2: Descriptive statistics of data sets 

DIM 5 35 65 95 125 155 185 215 245 275 305 

Mean of Milk yield (kg) 29.24 34.80 33.76 33.41 34.08 33.5 32.75 31.96 31.00 29.89 28.91 

Maximum Milk yield 59.43 70.35 65.21 60.27 56.86 56.65 59.51 58.70 57.54 56.67 54.76 

Minimum Milk yield 9.13 13.45 11.51 9.17 8.09 8.41 9.17 9.20 8.81 7.75 7.42 

Mean of SCS  
 

4.33 4.31 4.03 4.03 4.06 4.11 4.14 4.19 4.23 4.27 4.30 

Maximum SCS 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30 

Minimum SCS 9.9 9.9 9.8 9.9 9.8 9.8 9.8 9.7 9.6 9.8 9.7 

 

Mean of AFC, CI and LL was 840.2 days (28 month), 494.70 and 335.45 respectively. 

To calculate the standard DIM (d*t), the following equation was used: 

 
Where dmin and dmax are minimum and maximum, and dt, tth DIM. For the tth standardized DIM, the nth 

polynomial is given as [14]. 

 
 

Where d*i, is the ith DIM; and i, is order LP function; m, index number needed to determine the kth 

polynomial. 

 

The matrices notation of the model can be written as: y= Xb+Q+Zpe+e; where y is the a vector of 

observations, b is the a vector of fixed effects, a and pe were vectors of additive genetic and permanent 

environment effects respectively, e is the vector of residual effects and X, Q and Z are the incidence 

matrices. The (co)variance structure for random parts of the model was defined as:  

 
G is the genetic covariance matrix of the random regression coefficients,  is the kronecker product 

function, A is the additive genetic relationship matrix coefficients among animals, 2p is the variance of the 

permanent environment effects, I is the identity matrix, and R is the diagonal matrices of residual variance. 

For estimated heritability for ith DIM was calculated as:  

 
Where , where q is the vector of the associated polynomial function; G and P, 

are the (co)variance matrices for additive genetic and permanent environmental RR coefficients, 

respectively; and  and 2e are additive genetic, permanent environmental and residual 

variances for ith days in milk, respectively. 

   

Additive genetic correlation for 305-days production between LP were calculated as: 

 
Where Covg(i,j), is genetic covariance between i and j day, Varg(i,i) and Varg(j,j) are additive genetic variance i 

and j day, respectively. Goodness of fit for the models was examined using likelihood based criteria as 

LogL, AIC (Akaike΄s information criterion.) and BIC (Bayesian information criterion). AIC and BIC criteria 

are: 

 
Where, k is the number of parameters estimated, N is the sample size and r(x) is the rank of the coefficient 

matrices for fixed effects in the model.The model giving the lowest –LogL, AIC and BIC values is chosen as 
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the better approximating model. Residual variance were considered homogeneous along the lactations, 

since the use of homogeneous residual variance in the literature is cited as a good assumption for use in 

data analysis of dairy cattle [15]. Estimation of genetic parameters with REML methodology was done by 

WOMBAT program [16]. The significance of fixed effects was examined using GLM procedure of SAS 

software [17]. 

 

RESULTS 
 

Fig. 1 shows changes of the milk yield and SCS traits along lactation month and indicates that the high 

amount of milk yieldin 2 and 3 month (Peak of lactation), however, low amount of SCS During this time. 

 

 
                   1         2         3         4         5        6         7        8         9       10 

Fig. 1: Average of milk yield, and SCS along months 
………………………………………………………………………………………………………………………………………… 
 

The values of comparison criteria (logL, AIC, BIC) for the different LP of milk yield, SCS traits were given in 

Tables 3, and 4 respectively. Selection of a bestmodel depends partly on the criteria that were used. For 

milk yield and SCS the LP (3,3) model had the lowestLogL, AIC and BIC values. Therefore, among models, 

for milk yield and SCS traits the LP (3,3) model was selected as the best model (LP (3,3) is 3 and 3 order 

for additive genetic and permanent environmental effects respectively).  

 

Table 3: Criteria used for comparison of the models and  

their levels for the milk yield (best model in bold) 
Model K logL AIC BIC 

LP (2,2) 7 -915.327 -922.327 -940.059 

LP (3,3) 13 -906.304 -919.304 -952.225 

LP (4,4) 21 -1007.456 -1028.456 -1081.618 

LP (5,5) 31 -960.737 -991.737 -1070.188 

LP (6,6) 43 -963.850 -1006.850 -1115.631 

LP (i,j) is i and j order for additive genetic and permanent environmental effects respectively;  

BIC: Bayesian information criterion and AIC: Akaike΄s information criterion 
 

Table 4: Criteria used for comparison of the models and  

their levels for the SCS (best model in bold) 
Model K logL AIC BIC 

LP (2,2) 7 -2998.460 -3005.460 -3023.724 

LP (3,3) 13 -2985.576 -2998.576 -3032.485 

LP (4,4) 21 -3068.138 -3089.138 -3143.898 

LP (5,5) 31 -3074.508 -3105.508 -3186.321 

LP (6,6) 43 -3088.152 -3131.152 -3243.216 

 

The additive genetic (AG), permanent environmental (PE)and phenotypic variances of milk yield and SCS 

traits as a function of DIM are shown in Fig 2 and 3 respectively. Estimated genetic parameters based on 

the best model. AG, PE and phenotypic variances of milk yield was higher at the beginning and end of 

lactation. AG variance of SCS was higher at the beginning of lactation (0.8) and then decreased until about 

75 days of lactation also AG highest (0.95) in 160 DIM. AG and phenotypic variances was higher at the 

beginning of lactation (25.7 and 26.7 respectively) and then decreased until about 95 days of lactation 

andthis trend continued up to 245 DIM and then increased at the end of lactation. 
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             5       30      60       90     120    150    180     210    240    270   300   DIM 
                                                               

Fig. 2: Trajectory of additive genetic (AG), permanent environmental (PE) and phenotypic (P) variances of 

milk yield as a function of DIM 
………………………………………………………………………………………………………………………………………… 

 
                 5       35      65     95     125    155   185    215    245   275    305   DIM 

 

Fig. 3: Trajectory of additive genetic (AG), permanent environmental (PE)andphenotypic (P) variances of SCS 

as a function of DIM 
………………………………………………………………………………………………………………………………………… 
 

Heritabilities of milk yield and SCS traits as a function of DIM are shown in Fig 4 and 5, respectively. The 

estimate of heritabilitiesfor different DIM obtained ranged from 0.45±0.04 to 0.60±0.05 and 0.04±0.01 

to 0.31±0.03, for milk yield and SCS traits, respectively. The changes in heritability estimates for TD milk 

yield was high in the early lactation and then sudden drop in 90th DIM and then trend increased up to 

210th DIM and the end of lactation was lower observed. The heritability of SCS in the early lactation was 

obtained lower than other periods. The estimates of repeatability obtained in the current study were 

ranged from 0.62 to 0.86 and 0.54 to 0.96 by milk yield and SCS traits, respectively [Fig. 5]. 

 

 

 
        5     30    60   90  120  150  180  210  240  270  300                        5     30   60   90   120  150  180   210  240  270  300 

Fig. 4: Estimated heritability (h2) of milk 

yield(MY) and SCS as a function of DIM          Fig. 5: Estimated repeatability (r) of milk yield (MY) and SCS as a    

function of DIM 
………………………………………………………………………………………………………………………………………… 

 
The estimated heritabilitiesfor AFC, CI and LL were 0.02, 0.04 and 0.10, respectively [Table 5]. The genetic 

correlation coefficients ranged from -0.31(the lowest) between AFC and LL to -0.15 (the highest) between 

AFCand CI. The phenotypic correlations ranged from 0.62 (the lowest) between LL and AFC to 0.93 (the 

highest) between CI and AFC [Table 4]. 
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Table 5: Heritability (diagonal), Genetic (above diagonal) and phenotypic (below diagonal) correlations 

between age at first calving (AFC), interval between first and second calving (CI)  and lactation  

length (LL) traits 

Traits AFC (day) CI (day) LL (day) 

AFC (day) 0.02±0.01 -0.15 -0.31 

CI (day) 0.93 0.04±0.01 -0.28 

LL, (day) 0.62 0.68 0.10±0.01 

 

 

Estimates of additive genetic correlation between TD milk yield, and TD SCS at different stages of lactation 

estimated in RRM are shown in Fig. 6. As it is shown, the (co)variance structure of TD data during 

trajectory was considering RRM, therefore, with this method separate (co)variance components for 

different days of lactation are estimating that by using them genetic correlation between different days can 

be calculated. The values of genetic correlations ranged between TD from 0.40 to 0.99 and 0.21 to 0.99 

for milk yield and SCS traits respectively. 

 

 
Fig. 6: Additive Genetic correlation (rg) milk yield and SCS traits as a function of DIM 
………………………………………………………………………………………………………………………………………… 

 

The phenotypic correlations of milk yield and SCS traits of between different TD were given in Tables 6. 

The estimates of phenotypic correlations obtained in this study were ranged from 0.09 to 0.95 and 0.02 to 

0.24 by milk yield and SCS traits, respectively. 

 

Table 6: Phenotypic correlations of milk yield (diagonal) and SCS (below diagonal)  

305 275 245 215 185 155 125 95 65 35 5 TD 

0.45 0.44 0.47 0.51 0.63 0.68 0.71 0.80 0.84 0.87 - 5 

0.45 0.44 0.47 0.50 0.63 0.69 0.71 0.81 0.84 ­ 0.24 35 

0.31 0.28 0.4 0.42 0.60 0.64 0.68 0.91 ­ 0.20 0.22 65 

0.09 0.21 0.32 0.51 0.55 0.78 0.84 ­ 0.21 0.15 0.18 95 

0.15 0.30 0.64 0.76 0.87 0.92 ­ 0.10 0.16 0.10 0.12 125 

0.16 0.20 0.61 0.71 0.88 ­ 0.11 0.10 0.15 0.11 0.14 155 

0.22 0.32 0.71 0.77 ­ 0.14 0.09 0.08 0.11 0.09 0.11 185 

0.51 0.71 0.95 ­ 0.15 0.07 0.06 0.07 0.08 0.05 0.08 215 

0.79 0.90 ­ 0.18 0.10 0.07 0.03 0.05 0.09 0.04 0.07 245 

0.93 ­ 0.14 0.15 0.10 0.04 0.02 0.03 0.04 0.02 0.04 275 

­ 0.12 0.09 008 0.06 0.02 0.02 0.04 0.03 0.03 0.05 305 

 
 

Regression coefficients for estimated animal breeding value on animal birth year as the indicator of 

genetic trend were estimated for milk yield and SCS traits [Fig. 7]. The results showed positive genetic 

trend for both traits during previous years. 

 

 
                 60         64        68        72         76        80         84        88       92   Brith year 
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             60         64         68        72         76        80         84         88        92   Brith year 

Fig. 7: Genetic trends of milk yield and SCS traits 
………………………………………………………………………………………………………………………………………… 

 

DISCUSSION 

 
In this study, LP with different orders was compared for better fitting performance of TD milk yield and 

SCS. The results showed that the criteria of values changed when the order of fit the effects (AG and PE 

variances) considered to be various, agreeing with the results presented by Mohammadi et al. (2014a); 

Bignardi et al. (2009); Albuquerque et al. (2005) [10,18,19]. 

 

The trends in the AG and PE variances in this study in the first lactation are consistent with other studies 

[17,18,20]. On the other hand, inconsistent the results achieved in this study, AG and PE variances of milk 

yield was increased as lactation progressed and was highest in middle lactation and subsequently 

decreased at the end of lactation for Iranian Holsteins [21] and Turkish Holstein-Friesian [22]. We 

speculated that the differences between results may be due to the effects of some parameters such as 

environmental effects, number of data, software, the method and the breeds. The results of this current 

study showed that estimates of heritability of SCS were lowest than milk yield. The trend of heritabilities of 

yield traits in this study, were similar to results obtained in the Iranian Holsteins, by Mohammadi et al. 

(2014b); Shadparvar and Yazdanshenas (2005) [11,21]. 

 

The heritability estimates of first lactation milk yield reported from 0.28 Iranian Holsteins [10] to 0.51 in 

Holstein–Friesian cows [23]. Some authors reported higher heritabilities at the beginning and at the end of 

lactation [23]. This increase in heritabilities estimate is associated not only with the increases on the 

values of AG components but also with the reductions in values of PE components between models. 

Because heritabilities is low in early lactation for both traits, is obtained PE at this stage of lactation high 

and given that AG variance was higher in late lactation. The small differences in heritabilities estimate 

between models do not indicate a preferred order of the LP[10,11]. Estimates for additive genetic variance 

of fertility traits were less than residual variance; therefore, estimates for heritability for these traits were 

low. It was very close to most of estimates reported in other studies [8,24,25].  

 

The results indicating that AFC has a relatively low heritability alike other reproductive traits. Thus, under 

the current conditions, changes in environmental factors would likely have a higher impact than the 

selection for these traits. The estimate of heritability for AFC in the present study is within the range (0.086 

to 0.15) for those estimated for Angus-Blanco Orejinegro Zebu multi-breed cattle populationin Colombia 

[26] and Iranian Holstein [24,27,28]. The estimate of heritability for AFC was lower than Vergara et al. 

(2009) for Angus Blanco Orejinegro Zebu cattle in Colombia (0.15±0.13); Wasike et al. (2009) for Boran 

cattle in Kenya (0.04±0.06); Chegini et al. (2015) for Iranian Holstein (0.133) and Suarez et al., 2006) 

[24,26,29,30] but close to Farhangfar and Naeemipour Younesi (2007), Chookani et al. (2010) for Iranian 

Holstein (0.014±0.005) [27,31]. Estimates of heritability for CI is similar to that in the reported in the 

South African cattle by Makgahlela et al. (2008), in the Iranian Holstein Cows by Faraji- Arough et al. 

(2011); [8,25]. On the other hand, inconsistent the results achieved in this study with results Ghiasi et al.  

(2011); Vergara et al. (2009); Toghiani Pozveh and Shadparvar (2009) [5,26,32] showed that heritability 

for CI was between 0.11 and 0.18. The results obtained heritability of LL (0.10±0.01) are supported by 

previous research, such as Berry and Cromie (2009) in Irish Cattle; Froidmontet al. (2012) [33,34] in 

Holstein cows but inconsistent with by results Chegini et al. (2015) and Haile-Mariam et al. (2003) [24,35] 

Different values estimated for heritability of fertility traits in this study could be due to several factors such 

as: breed of animal, management system, environmental factors, size and structure of data, model of 

analyses, nutrition or health care and statistical methods employed. The AFC had negative genetic 

correlations with CI and LL. This suggested that selection for smaller AFC would improve the lactation 

curve traits and also adversely lengthen CI (Chegini et al. 2015) [24]. The estimated negative genetic 

correlationsof fertility traits Ghiasi et al. (2011)  and zero genetic correlationsfor Iranian Holstein dairy 

cattleby Farhangfar and Naeemipour (2007); Pozveh and Shadparvar (2009); for Nellore cattle in Brazil by 

Gressler et al. (2005) [2,27,32,36]. Conversely, Vergara et al. (2009) reported a moderate and positive 

genetic correlation between AFC and CI (0.33) [26]. Suggested that the differences in sign and value of 

genetic correlations may be due to differences in breed of animal, environmental conditions, methods of 

estimation, and accuracies of variance and covariance components [25,26]. The results showed that the 
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phenotypic correlations between fertility traits (AFC, CI and LL) were positive, agreeing with the results 

presented by Faraji-Arough et al. (2011) [25]. Generally, an genetic correlations between TD yields was 

highest when periods closer to each other and the lowest was observed between distant TD. These results 

are in agreement with previous studies which have reported the effect of parity on the estimation of 

genetic parameters in Holstein-Friesian [11,15,20,37]. According to the results it was observed that 

phenotypic correlation decreased with increasing distance TD. Phenotypic correlation of SCS was 

estimated to be lower than of milk yield. These results are in agreement with those obtained by 

(Shadparvar and Yazdanshenas 2005) [21]. 

 

Estimating genetic and environmental trends in a population allows the assessment of the effectiveness of 

the selection procedure and gives the opportunity for monitoring management conditions. It also supplies 

the animal breeder with essential information to develop more successful programs in the future [38]. The 

results obtained of genetic trends,similar trends were reported by Sahebhonar (2010) [39] using the 305 

day measures of the traits and Abdullahpour and Moradi Sahrbabak (2010) [17] for milk yield and 

Cheginiet al. (2015) [24] for SCS. The indicated that Iranian Holstein dairy cattle population genetically 

improved for milk yield and SCS traits. The interest of farmers to use sperms from genetically superior 

bulls could be the main factor which caused these changes. 

 

CONCLUSION 
 

It is assumed that all mates are of similar genetic merit and this can result in bias in the predicted 

breeding values if there is preferential mating. Among the different models in this research, it seems that 

the LP (3,3) might be sufficient to capture most of the genetic and permanent environmental variability 

observed in the shape of daily milk production. The results obtained in this study (Heritabilities, genetic 

and phenotypic correlation and Etc. parameters of traits) provided population specific parameters with a 

higher accuracy that could be used in order to develop the national selection index of Holstein dairy cows. 

Although favourable positive genetic trends obtained for milk yield and SCS traits in Iranian Holstein cows, 

this could not lead to improvement in the fertility performance.The low heritability for fertility traits 

suggested that their genetic improvement would be slow. For improving these traits, improvements in 

nutrition and reproductive management could be useful. The genetic trend was positive for milk yield and 

SCS traits during previous years. 
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