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  INTRODUCTION 
 

Nowadays, genetic evaluation of dairy cows using day milk 
yield test and random regression method has been officially 
adopted in several countries (Jensen, 2001). The use of test 
day records in random regression method has several bene-
fits including flexibility to account for the environmental 
and genetic components of the shape of lactation curve 
(Costa et al. 2008), reducing generation interval and cost of 
recording by making fewer measurements, increasing the 
accuracy of genetic evaluation, direct correction for fixed 

effects (especially of fixed effects whose impact change 
along lactation trajectory) (Swalve, 2000) and allowing 
curve to be estimated for each lactation of every cow. Kirk-
patric et al. (1994) demonstrated the use of Legendre poly-
nomial (LE) in modeling the covariance structure of test 
day records for additive genetics and permanent environ-
mental effects. The order of the Legendre polynomial in the 
random regression model is important in that estimates of 
genetic parameters can differ. Moreover, the order of Leg-
endre polynomial does not need to be equal for additive 
genetics and permanent environmental effects (Liu et al. 
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2006). Based on the shape of the lactation curve after peak, 
it is possible to describe the potential of maintaining the 
level of milk production or persistency. Nowadays calcula-
tion of persistency is based on by-products of random re-
gression test day model.  

Persistency of lactation is ability of animal to continue 
producing milk at a high level after the peak of lactation 
(Jamrozik and Schaeffer, 1997). In other words, high per-
sistency is associated with a slow rate of decline in produc-
tion and in this situation the lactation curve would be flat-
ter. Cows with higher persistency use better and cheaper 
roughage around peak yield (Sölkner and Fuchs, 1987), 
improvement of health (less metabolic stress) and fertility 
(Zimmermann and Sommer, 1973). It's better to calculate 
persistency in primiparous cows because first parity cows 
showed an initial and peak milk yield lower than second 
and third parity cows, however together with greater persis-
tency (Togashi et al. 2008). 

There is no clear consensus on the best way of measuring 
persistency but generally it refers to the rate of decline in 
production after peak milk yield (Dzomba et al. 2010). 
Grossman et al. (1999) and Gengler (1996) classified per-
sistency measures into three groups: 1) measures based on 
ratios of yield 2) measures based on variation of test day 
yields and 3) measures developed by mathematical lactation 
curve function.  

According to Jakobsen et al. (2002) a good persistence 
measure should have high heritability and it must be uncor-
related with 305 d yield because there is antagonist rela-
tionship between persistency and 305 d yield. Biassus et al. 
(2010) evaluated some measures of persistency using 
higher order of Legendre polynomials and reported that 
persistence measurement proposed by Jakobsen et al. 
(2002) [it was based on partial estimation breeding value 
from 106 to 205 d subtracted by partial estimation breeding 
value from 6 to 105 d] is useful for further genetic evalua-
tion for milk yield persistency.  

The lower the genetic correlation between persistence 
measures and EBV305 d milk yield, the better the evaluation 
of persistency. This means that animals with higher estima-
tion breeding value (EBV) for persistency are not necessar-
ily the same as those with larger EBV for this trait (Cobuci 
et al. 2007). Togashi and Lin (2006) showed that the first 
three eigenvector of additive covariance matrix are enough 
to maximize milk yield and genetic response for persistency 
together.  

The object of this study was the evaluation of different 
unequal order of LE and parametric function of Ali and 
Schaeffer for fixed and random effects in random regres-
sion analysis, finding the optimal model for genetic evalua-
tion and comparison of different measures based on EBV 

for describing persistency of lactation in Iranian primipa-
rous Holsteins. 

 

  MATERIALS AND METHODS 
The originally used data included 298990 records of test 
day milk yield of primiparous Holstein in Iran. The number 
of records per cow was from 3 to 10, three milking per day, 
both parents were known and age at calving was between 
18 and 29 month. The contemporary groups (CG) were 
defined by grouping the variables herd, year and season of 
milk production. After editing, data were 227118 test day 
records for milk yield of 31258 first cows calved from 1999 
to 2008. The structure of data set and pedigree after editing 
is summarized in Table 1. 
 
 

 
 
 
 
 
 
 
 
 
 

Description of the dataset1Table  
No. of cows 31258 No. of records 227118 

No. of sire 2064 No. of CG 8597 

Average No.     

15.14 No. of dam 28887 
(progeny/sire) 

Average No.     

1.08 Year of calving 1999-2008 
(progeny/dam) 

  Age at calving: Milk yield: 

Average (day) 742.68 Average (kg) 28.88 

SD (day) 43.52 SD (kg) 7.05 

Maximum (day) 931 Maximum (kg) 64.60 

Minimum (day) 542 Minimum (kg) 2.10 
CG: contemporary group and SD: standard deviation. 

Models 
Several different functions have been applied for fixed re-
gression model as well as additive and permanent environ-
mental effects including Ali and Schaeffer (AS) and differ-
ent unequal orders of Legendre polynomial. Table 2 shows 
the characteristics of the models used for different random 
regression analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 

or fixed Characteristics of the order of Legendre or functions used f2Table 
and random regression effects 

Model Fixed regression AD PE 

LE334 3 3 4 

LE434 4 3 4 

AS34 AS 3 4 

LE345 3 4 5 

LE445 4 4 5 

AS45 AS 4 5 

LE356 3 5 6 

LE456 4 5 6 

AS56 AS 5 6 

AS AS AS AS 
AD and PE: order of Legendre for additive genetic and permanent environmental 
effects, respectively.

Ali and Schaeffer (1987), a function with five parame-
ters, which is a regression model of yields on day in lacta-
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tion (linear and quadratic) and log of 305-day yield divided 
by day in lactation (linear and quadratic) fitted: 
 
Y = a + b (t/305) + c (t/305)  + d ln (305/t) + ƒ ln  (305/t) t

2 2

 
1. In this function ‘a’ is an intercept, parameters d and f are 
connected with the increasing slope, parameters b and c 
with the decreasing slope of lactation curve and t is time of 
milking. 
2. Legendre Polynomial (LE). In calculation of Legendre 
polynomials it is assumed that P (χ)= 1 and P (χ)= χ. 0 1 Then 
in general, n+1 polynomial is described by the following 
function: 
 
P (χ)n + 1 = (1/n+1)((2n+1)χ P (χ)-nP (χ)n n + 1 ) 
 
These quantities are normalized using 
 
Φ (χ)= (2n+1/2)  P (χ) n

0.5
n

 
Where: 
n: the order of the polynomials. 
 

Test day records in the interval 5 to 305 days were stan-
dardized to the interval -1 to +1. In other words, ages or 
time periods have to be standardized (converted) to the in-
terval between -1 to +1 with the following formula: 

 
α i= -1 + 2 (ti-tmin/tmax-tmin) 

 
Where: 
 tmin and tmax: the earliest and latest age represented in data 
(Schaeffer, 2004).  

Based on power of Legendre, Random regression analy-
sis provides different coefficients (b) for each animal. For 
example for animal ‘i' in days in milk ‘t’ it can be written as 
below: 

 
λ= b0i + b1i + b2i + b3i +… 

4×plg4) 

 

standardized based on unite of time and b0, b1… b4 are 

s.  

 
Models for different power of Legendre (k=2, 3 and 4) 

with three, four and five coefficients can be written as be-
low: 

 
Г= (b0×plg0) + (b1×plg1) + (b2×plg2)  
Г= (b0×plg0) + (b1×plg1) + (b2×plg2) + (b3×plg3)  
Г= (b0×plg0) + (b1×plg1) + (b2×plg2) + (b3×plg3) + 
(b

In these functions Г is estimation breeding value, plg0, 

plg1… plg4 are Legendre polynomial coefficients, which 

coefficients of Legendre estimated by VCE6 for each ani-
mal in different model

The model in matrix notation can be represented as: 
 
Y= Xb + Za + Wp + e 
 
Where:  
Y: the vector of observations measured in animals. 
b: vector of fixed effect.  
a and p: vectors of additive genetic and permanent envi-
ronmental effects.  
X, Z and W: incidence matrixes of fixed, additive genetics 
and permanent environmental effects.  
e: the vector of residual.  
 
The assumptions of this model are: 
 
 
          A          G  A      0        0                Y          Xb 
var     p    =        0       P  I    0                 a   =     0 
          e               0          0        R                P           0 
                                                                    e           0 

 
G and P are (co)variances of additive genetic and perma-

nent environmental effects, R= I δ  2
e is diagonal matrix (re-

sidual) with elements related to days in milk and  is Kro-
necker product between matrices.  

In this study residual variance is assumed to be heteroge-
neous thorough the lactation (10 residual classes) to evalu-
ate the parameters and variance components over DIM 
more accurately. The following model shows the parts of 
the models were used in random regression analysis: 

 

 
 
 

 
 

 

Where: 
Yijlnp: observation of test day n of cow l obtained in herd-
year-season ‘i' of a cow calved in season’ p’. 
HYSi: fixed effect of herd-year season of production (i= 
1,…., 8597). 
CSp: fixed effect of season of calving (p=1 to 4 for spring, 
summer, autumn and winter, respectively). 
bj: regression coefficient of age at calving as covariate (Li-
near and Quadratic form). 
ßm: the coefficient of fixed regression for an average popu-
lation curve (Legendre polynomial or Ali and Schaeffer 
functions). 
Φ  (t ): m mL the mth standardized lactation age of the lth animal 
in DIM (t= 5,… , 305). 
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q: the order of orthogonal Legendre polynomial.  
a ln: additive genetic random regression coefficient. 
p ln: permanent environmental random regression coeffi-
cient. 
e ijlnp: random residual effect.  
 
Persistency 
Different measures of persistency based on EBV were used 
in literature. In this study four different measures of persis-
tency (PSY1, PSY2, PSY3, and PSY4) were used: 
1. The difference between estimation breeding value be-
tween day 290 and 90: 
 

PSY1= (EBV290-EBV90)                        (Cobuci et al. 2007) 
 

2. The difference between estimation breeding value be-
tween day 280 and 60: 
 

PSY2= (EBV280-EBV60)     (Jamrozik and Schaeffer, 1997) 
 
3. Selection based on partial EBV during lactation: (cumu-
lative EBV from DIM 106-205 subtracted from cumulative 
EBV from DIM 6-105). 
 

 
                                                      (Jakobsen et al. 2002) 
 
4. Selection based on partial EBV during lactation: (cumu-
lative EBV from DIM 206-305 subtracted from cumulative 
EBV from DIM 6-105). 
 
 

                                                             (Cobuci et al. 2007) 
  

 

In PSY1 and PSY2 measures, persistency was defined as 
difference in yield between days in milk 280 or 290 and 
peak DIM. Moreover, Estimation breeding value for a 
complete 305 DIM for all animals obtained by the sum of 
EBV of each time of days in milk, and the other criteria 
(EBV5-100, EBV101-200 and EBV201-305) are calculated with 
the following formulas: 

 
 
 
 

 
According to different measures of persistency, lower 

values of PSY1, PSY2, PSY3 and PSY4 indicate higher 
persistency because it is associated to slow rate of decline 
in production. Comparisons of the models were done by 
eigenvalues and associated eigenvectors and residual vari-
ance across days in milk. For evaluation of fixed effects and 
fitting of lactation curve, proc GLM in SAS package (SAS, 
2005) was used. The PEST software (Groeneveld et al. 

2002) was used for coding the original data and then the 
VCE6 software package (Kovac and Groeneveld, 2008) 
was applied for estimation of covariance components and 
obtaining solutions (random regression coefficients of addi-
tive genetic and permanent environmental effects of each 
animal) based on restricted maximum likelihood (REML). 
Using IML procedure in SAS package (SAS, 2005) the 
eigenvalues, corresponding eigenfunction and the other 
parameters were calculated for covariance matrices of ran-
dom regression coefficients. Finally, calculations of differ-
ent persistency criteria for each animal using mentioned 
models were evaluated with SAS programming.  

 

  RESULTS AND DISCUSSION 

For choosing the best model in this study, eigenvalues, as-
sociated eigenvectors and mean square error were used. The 
eigenvalues and their proportion for additive genetic and 
permanent environment coefficient matrices are presented 
in Table3. The first genetic eigenvalue in LE334, LE434, 
AS34 and LE445 models accounted for about 93% of sum 
of all eigenvalues, although these percentages for the other 
models were less than 90%. Eigenvalues represent the 
amount of variation explained by the corresponding eigen-
function (Kirkpatrick et al. 1990). For each eigenfunction, a 
specific eigenvalue is associated. The size of the first ei-
genvalue indicated that selection would produce rapid 
change if this kind of alternation in the mean trajectory was 
favored (Kirkpatrick et al. 19904; Olori et al. 1999). Ac-
cording to the result (Table 3) three eigenvalues for additive 
genetic effect in LE334, LE434 and AS34 models ac-
counted around 99.9% of genetic variation of milk yield. 
Moreover, the intercept and the linear coefficient accounted 
for the most of variance in these models, while the remain-
ing eigenvalues accounted for less variation and were less 
important. Fourth and fifth eigenvectors play a minimal role 
for genetic improvement of milk production and persis-
tency. Togashi and Lin (2006) also reported that when the 
goal was to maximize milk yield and persistency, the first 
three eigenvectors were needed for modeling additive ge-
netic effects.  

For permanent environmental effect, the first three ei-
genvalues accounted for less than 97% of total variation, so 
consequently four eigenvalues and associated eigenvectors 
needed to account for more than 99.9% of variation. Using 
equal order of Legendre polynomial for additive genetics 
and permanent environmental effects in this study showed 
that the results were not optimal, especially the error vari-
ance (data was not shown). Considering these results, it 
seems that LE334, LE434 and AS34 were optimal models 
for random regression analysis and the results were the 
same in this study. Moreover, mean square error variances 
over DIM in these models were smaller than the other mod-  
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els. In optimal models the only difference was related to the 
fixed regression part and the results were similar together. 
It means that the effect of fixed regression function on the 
best RRM models is negligible. Jamrozik and Schaeffer 
(1997) reported that functions used for random regression 
analysis had more impact than the functions used for the 
fixed regression. Comparison of the residual variance in 
these models showed that the AS34 model had the lowest 
residual variance along DIM and this model was more par-
simonious compared to other models. The average of resid-
ual variance during DIM in LE334, LE434 and AS34 mod-
els were 10.393, 10.594 and 9.903, respectively. Difference 
in these models was related to fixed part of the model. It 
seems that Ali and schaeffer function was better than Leg-
endre polynomial with order of three and four in fitting of 
average lactation curve. Eigenvectors for additive genetic 
effect estimated by additive genetic random regression co-
efficient matrix of AS34 model was shown in Figure 1. The 
eigenvalues associated to these eigenvectors for additive 
genetic effects in AS34 model explained 93.85, 3.90 and 
2.23% of the variation of the random regression coeffi-
cients, respectively. The first eigenvector was the largest 
and positive and selection based on this eigenvector in-
creased average of milk production during days in milk 
(DIM). The second eigenvector was negative at the first of 
lactation up to 180 d and positve during the later days. In 
this case, a selection before 180 d of days in milk for in-
creasing milk yield, led to a negative effect on this trait 
from 185 to 305 d of lactation. For increasing the maximum 
average milk yield and persistency, the first three eigenvec-
tors are needed (Togashi and Lin 2006).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Eigenvalues and their proportions (%) (in parenthesis) for additive genetic and permanent environmental covariance functions

Additive genetic effect  

Model 
λ1 λ2 λ3 λ4 λ5 λ6 

LE334 14.2 (93.79) 0.57 (3.81) 0.36 (2.38)    

The first and second eigenvectors are more important, al-
though the third eigenvector increases when economic 
weight on persistency is desirable. In this study, selection of 
animal between 180 and 210 days will improve both milk 
yield and persistency.  

Variance components and heritability of milk yield dur-
ing lactation by AS34 model are presented in Figure 2. Ac-
cording to the results, residual variance was high at the be-
ginning of lactation and slightly constant till the end of lac-
tation. Also, the additive genetic variance was the highest at 
the middle of lactation (between 180 and 210 days) and 
estimates were especially lower at the beginning of lacta-
tion.  

Permanent environmental variance showed different 
trend, with peak value at the end of lactation. The range of 
heritability changed from 0.08 to 0.29 in this model. The 
highest heritability was observed in the middle of lactation 
and the lowest at the beginning of lactation. Our findings 
confirmed the results of other authors with the highest 
heritability in the middle of lactation (Jakobsen et al. 2002; 
Druet et al. 2003). Biassus et al. (2010) reported the same 
range and trend of heritability for milk yield in primiparous 
holstein cows in Brazil, however heritability estimates were 
lower in this study than those reported by Jamrozik and 
Schaeffer (1997) and Costa et al. (2008), because they as-
sumed constant permanent environmental and residual vari-
ance during DIM respectively.  

Genetic correlation (ranged from 0.47 to 0.98) between 
test days were higher value (close to unity) in adjacent pe-
riod but decreased with increasing period among test day 
yield.  

LE434 14.10 (93.86) 0.58 (3.88) 0.34 (2.24)    

AS34 14.17 (93.85) 0.59 (3.90) 0.34 (2.23)    

LE345 15.14 (84.56) 1.94 (10.81) 0.53 (2.93) 0.30 (1.68)   

LE445 14.44 (93.71) 0.56 (3.60) 0.32 (2.06) 0.09 (0.61)   

AS45 14.41 (92.96) 0.58 (3.76) 0.34 (2.20) 0.16 (1.06)   

LE356 15.09 (85.18) 1.65 (9.29) 0.55 (3.12) 0.34 (1.89) 0.09 (0.50)  

LE456 14.51 (81.89) 2.44 (13.77) 0.46 (2.58) 0.23 (1.30) 0.08 (0.43)  

AS56 14.43 (88.61) 1.18 (7.26) 0.42 (2.60) 0.20 (1.25) 0.04 (0.26)  

AS 68.60 (89.50) 6.47 (8.44) 1.57 (2.04) 0.00 (0.00) 0.00 (0.00)  

 Permanent environmental effect 

LE334 26.87 (74.53) 4.98 (13.81) 2.77 (7.68) 1.43 (3.96)   

LE434 26.12 (78.93) 4.36 (13.17) 1.98 (5.99) 0.63 (1.89)   

AS34 26.43 (76.98) 2.15 (6.26) 1.10 (3.21)   4.65 (13.53) 

LE345 25.4 (74.42) 5 (14.63) 2.27 (6.65) 1.48 (4.28) 0.00 (0.00)  

LE445 25.34 (71.71) 4.95 (14.01) 2.64 (7.47) 1.45 (4.09) 0.95 (2.69)  

AS45 25.54 (75.20) 4.81 (14.15) 1.83 (5.39) 1.20 (3.53) 0.58 (1.71)  

LE356 26.28 (75.13) 4.93 (14.10) 1.96 (5.60) 1.25 (3.55) 0.56 (1.59) 0.00 (0.00) 

LE456 26.37 (75.87) 4.73 (13.60) 1.87 (5.39) 1.08 (3.10) 0.70 (2.20) 0.00 (0.00) 

AS56 26.20 (76.87) 4.59 (13.46) 1.73 (5.08) 0.76 (2.24) 0.51 (1.50) 0.28 (0.82) 

AS 281.69 (77.24) 74.98 (20.56) 7.97 (2.18) 0.03 (0.008) 0.00 (0.00)  
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Jakobsen et al. (2002) reported that the genetic correla-
tion between test days were higher than 0.4. Indeed, perma-
nent environmental correlations were lower than genetic 
correlations as permanent environmental correlation be-
tween two ends of lactation was 0.26.  
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Figure 1 Eigenvectors of additive genetic effect in AS34 model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2 Variance components (GV: additive genetic; PEV: permanent 
environment; RV: residual and PV: phenotypic) (above) and heritability 
(below) across DIM in model AS34 for first parity 

In other words, increasing the time between test days, the 
rate of decrease in permanent environmental correlation 
was higher than additive genetic effect (Figure 3). 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Additive genetic and permanent environmental correlations in 
AS34 model 
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Persistency is an economic trait with an important impact 

on milk production. The daily estimated breeding values 
changed across the whole lactation period, which showed 
differences among animals for persistency. The average, 
standard deviation, minimum and maximum of different 
measures of persistency with estimation breeding values 
from 5 - 100, 101 - 200, 201 - 305 and total 305 days for 
sires of dairy cows are presented in Table 4. PSY1 measure 
had lower standard deviation and variation. The average 
amount EBV for PSY3 and PSY4 were higher than PSY1 
and PSY2 because they were calculated based on EBV from 
different lactation period but PSY1 and PSY2 were based 
on subtraction of two EBV values during days in milk. The 
difference between PSY1 and PSY2 is related to peak time 
of milk production. In PSY1 it was assumed that peak of 
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milk production was after 90 days as observed in some 
tropical conditions but in PSY2 the peak time of milk pro-
duction it was assumed to be on 60 days. The difference 
between average of PSY1 and PSY2 was negligible (-0.050 
vs -0.080), however standard deviation of these means was 
completely different (Table 4). 

 
 
 
 
 
 
 
 
 
 
 

 
Correlation between estimated breeding values for persis-

tency measures and parts of lactation in sires and cows are 
given in Table 5. Correlations among different persistency 
measures were positive and larger than 0.557 for both sires 
and cows. This indicated that differences between the per-
formances of persistency measures were high. Moreover, 
ranking of animals based on these measures ddid not pro-
vide similar ranking. 

The range of correlation in sires and cows were similar. 
Correlation between persistency measures and EBV305 d in 
both sires and cows was ranges from 0.340 to 0.971. Both 
the highest and lowest correlation between persistency 
measures and EBV305 d in sires attributed to PSY3 and 
PSY1. Higher correlation between EBV305 d and persis-
tency measures (PSY1, PSY2, PSY3 and PSY4) suggests 
that ranking of animals based on these criteria provides 
similar results. 

SY2. 

Estimation breeding value for 305 days milk yield di-
vided into three parts of nearly equal length in top five sires 
and cows (the first, second and third 100 DIM). Correlation 
between EBV305 d and different parts of lactation showed 
the highest correlation for EBV101 - 200 and EBV201 - 305 re-
spectively (Table 5). In agreement with previous results, the 
middle part of lactation had a higher correlation with 
EBV305 d milk yield.  

The higher correlation between these parts of lactation 
and 305 - d milk yield indicated that these parts of lactation 
could be more affected by genetic variation differences 
between animals than the other parts of lactation. The low-
est correlation was obtained between PSY1 and EBV305 d 
compare to other persistency measures in cows and sires 
(0.523 and 0.340). The correlation between PSY3 and PSY4 
in sires and cows was bigger than correlation between 
PSY1 and P

Higher proportion of EBV305 d was associated to EBV101-

200 and EBV201 - 305 in sires and cows (Table 5). Thus, based 
on EBV the correlation of persistency with the second and 
third parts of lactation could be used as a criterion to evalu-
ate the persistency criteria regarding improving both persis-
tency and 305 d milk yield using random regression me-
thod. High correlations are caused by selection of animals 
based on the first three eigenvalues and associated eigen-
vectors which increase milk yield and persistency together. 
This means that EBV305 d is less affected by difference 
between estimation breeding value 290 and 90 days. 
Jamrozik and Schaeffer (1997) proposed difference be-
tween day 60 and 280 lactation for measure persistency 
which used in Canada. Herd Management and climate 
might influence the wide variability in length and time of 
peak yield and persistency. Production peak is not 60 days 
in all cases especially tropical countries. The real peak time 
in dataset and prediction of peak time using Ali and 
Schaeffer function were 90 and 86 days, respectively. This 
shows that peak time of milk production is different with 60 
DIM in Iranian first parity cows. Cobuci et al. (2007) and 
Gengler, (1996) reported that the best persistency criteria 
should be independent from 305d milk production and also 
it should have lower genetic correlation with EBV305 d. 
Dekkers et al. (1996) recommended the use of differential 
yield between days in milk 60 and 280 for genetic evalua-
tion for persistency because it was less correlated with 305 
d yield. Strabel et al. (2001) also reported that low correla-
tion between persistency and milk yield meant it was possi-
ble to select quite independently for both traits. In our study 
PSY1 was much less correlated with EBV305 d in sires and 
cows, meant that PSY1 less affected by peak yield than the 
other measures. Moreover, PSY1 was more independent 
from EBV305 d. Respect to the results of Table 4 and Table 
5, PSY1 shows the best result for the persistency in animals 
because sires or cows were assumed to be more persistent 
when the EBV290 - EBV90 was smaller than on average. 
This indicated that in Iranian Holsteins, lactation curves for 
milk yields tended to peak after 60 DIM. Ranking of top 5 
cows and top 5 sires based on estimated breeding values for 
305 d of their daughters is shown in Table 6. Ranking of 
top five sires based on PSY1 and EBV305 d was completely 
different because of lower genetic correlation. This indi-
cated that the best animals for EBV305 d are not necessarily 
the same that the best animals based on PSY1 measure and 
these two traits are independent. Estimated breeding value 
of five top cows during 305 d milk yield was shown in Fig-
ure 4. The range of breeding values in these cows was be-
tween 0.90 and 5.14. This figure demonstrates that the cows 
producing highest milk yield and consequently highest 
EBV305 d, did not have the same curve of breeding value 
during lactation.  

Table 4 Means, standard deviation (SD), minimum and maximum of 
EBV for milk yield using different persistency criteria for the sires of 
Holstein cows 

Variable Mean SD Min Max 

PSY1 -0.050 0.102 -0.309 0.298 

PSY2 -0.080 0.267 -0.950 0.668 

PSY3 -12.183 38.368 -132.571 113.972 

PSY4 -11.177 35.879 -126.592 98.332 

EBV5-100 -18.241 59.182 -181.048 201.400 

EBV101-200 -31.415 99.197 -316.178 326.141 

EBV201-305 -32.377 101.816 -330.522 330.267 

EBV305 d -82.033 259.585 -820.729 857.809 
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This means that the lactation curves of these animals are 

different. Cow number 5 (C5) had the highest breeding val-
ue for 305 d milk yield but ranking of top cows based on 
PSY1 showed that this cow had the highest persistency. So 
ranking of animals based on these criteria were completely 
different. The same result was shown for sires (Figure 5). 
Sire one (S1) was the best animal based of EBV305 d but 
ranking of these animals for PSY1 showed that the lactation 
curve of daughters of sire three (S3) was steeper than the 
other sires. Overall, these results indicated that an increase 
in EBV305 d ddid not mean the higher level of persistency 
of lactation. In other words, higher EBV305 d might not lead 
to improvement in level of persistency in sires and cows. 
Our findings confirmed the weak association between 
EBV305 d and the best persistency measures in Iranian pri-
miparous Holstein. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 Estimation breeding values of five top cows across 305 days 
milk yield 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Estimation breeding values of five top sires based on estimation 
breeding value of their daughters for PSY1 measures 
 

 
  
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6 The trend of Estimation breeding values of cows for 305 d milk 
yield in different birth years 

Table 5 Correlation between estimated breeding values for different persistency criteria in sires (lower diagonal) and cows (upper diagonal) 

Trait PSY1 PSY2 PSY3 PSY4 EBV5-100 EBV101-200 EBV201-305 EBV305 d 

PSY1 - 0.754 0.557 0.663 0.232 0.355 0.390 0.340 

PSY2 0.851 - 0.965 0.991 0.814 0.881 0.898 0.874 

PSY3 0.710 0.974 - 0.991 0.937 0.974 0.981 0.970 

PSY4 0.789 0.994 0.992 - 0.882 0.935 0.947 0.929 

EBV5-100 0.415 0.831 0.935 0.886 - 0.991 0.986 0.993 

EBV101-200 0.537 0.900 0.975 0.942 0.990 - 0.999 0.999 

EBV201-305 0.570 0.916 0.983 0.954 0.984 0.999 - 0.998 

EBV305 d 0.523 0.892 0.971 0.936 0.992 0.999 0.998 - 

Table 6 Estimated breeding values for different measures of persistency for five top sires (upper) and five top cows (lower) based on EBV305 d

Sire PSY1 PSY2 PSY3 PSY4 EBV5-100 EBV101-200 EBV201-305 EBV305 d 

S1 0.089 0.668 113.972 98.332 201.400 326.141 330.267 857.809 

S2 0.019 0.434 80.201 66.652 154.223 242.615 243.527 640.366 

S3 -0.159 0.026 30.875 15.772 108.132 144.548 137.170 389.852 

S4 0.117 0.384 54.926 51.773 75.4339 134.492 139.906 349.832 

S5 0.129 0.397 55.464 52.933 72.9577 132.437 138.414 343.809 

Cow PSY1 PSY2 PSY3 PSY4 EBV5-100 EBV101-200 EBV201-305 EBV305 

C1 0.419 1.374 196.232 185.083 268.919 479.885 499.319 1248.1245 

C2 0.402 1.320 188.783 177.943 259.227 462.209 480.814 1202.252 

C3 0.426 1.263 173.893 167.242 222.337 408.504 428.248 1059.091 

C4 0.330 1.084 155.020 146.130 212.868 379.548 394.838 987.255 

C5 -0.003 0.576 111.309 90.667 223.125 346.247 346.077 915.449 
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Figure 6 shows genetic trend of the cows for milk yield 
in birth year of 1996-2006, which interprets that breeding 
value for milk yield improved gradually from 1996 to 2006; 
however this trend is lower comparing to the other coun-
tries (Canada and Netherland). The mean of milk yield 
from birth year 1996 to 2006 increased gradually from 
22.30 to 31.17 kg (data not shown) but the rate of increas-
ing EBV was low. This means that improvement in envi-
ronmental effects like changes in management; feeding 
regime and other environmental factors are responsible for 
increasing milk yield in different birth years. 

 

  CONCLUSION 
In this study, modeling of test day records using different 
random regression models was conducted for evaluation of 
milk yield in Iranian first parity cows. Different functions 
including unequal orders of Legendre polynomial (quad-
ratic, cubic and quartic) for random effects and parametric 
function of Ali and Schaeffer were used in this study. Using 
the coefficients of Legendre polynomials produced by VCE 
software, estimation breeding values of animals in 305 
DIM, partial lactation (EBV5-100, EBV101-200 and EBV201-305 
days) and different persistency measures (PSY1, PSY2, 
PSY3 and PSY4) were calculated by SAS programming. 
Comparison of the RRM models was done by eigenvalues 
and associated eigenvectors as well as residual variance 
along lactation. Based on these criteria, model with quad-
ratic and cubic orders of Legendre polynomials for additive 
genetic and permanent environmental effects with fixed 
function of Ali and Schaffer (AS34) showed the best qual-
ity of adjustment of this productive trait. The highest and 
lowest heritability was observed in the middle (0.29) and 
beginning (0.08) of lactation respectively. Evaluation of 
lactation curve of the cows with Ali and Schaeffer function 
showed that the peak time of milk production in Iranian 
first parity cows is in around 85 days and not at 60 days. 
Hence, the persistency measure PSY1 (EBV290-EBV90) is a 
good option for persistency evaluation because of lower 
correlation with EBV305 d in Iranian primiparous Holsteins. 
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