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Introduction: The main purpose of a breeding program is to increase the genetic capacity of farm animals for
important economic traits. Although the success of genetic selection to increase milk production in dairy cows is
quite obvious, the fertility of herds has decreased. The heritability of lactation curve parameters has been reported
to be low, indicating that the lactation curve is highly influenced by environmental factors. As a result, direct
selection for these traits will not lead to effective genetic improvement, and selection based on correlated traits
can be investigated. Studies on the lactation curve of Holstein cows in Iran have often been performed using three-
parameter functions. The Rook function has recently been introduced as a suitable function to describe the
lactation curve of Iranian Holstein cows. The purpose of this research was to estimate the correlation between the
lactation curve parameters of the Rook function (initial production (a), the rate of reaching the production peak
(b), maximum production (c), the curve changes after reaching the peak of production (d), the peak time (pt),
amount of production at the peak (pm), and persistency (p)) with some production traits (305-d milk, fat and
protein production), somatic cell score and age at first calving and also evaluating curve parameters in different
phenotypic groups of the economic traits in Holstein cows.

Materials and methods: A total of 847129 test day records of milk production in the first lactation collected by
the Animal Breeding Center and Promotion of Animal Products of Iran from 1983 until 2017, were used. The
Rook function was fitted to the test day records and the function parameters were separately calculated for all
animals. Estimation of variance components and genetic correlation between the parameters of the lactation curve
with the production traits (305-d milk, fat, and protein), somatic cell score, and age at first calving was performed
by bivariate analysis via the Gibbs sampling method. To investigate the relationship between economic traits and
milk curve parameters, animals were divided into three phenotypic groups including high, medium, and low based
on the phenotypes of economic trait, and then the value of curve parameters was evaluated between three groups.
Results and discussion: The highest genetic correlation was estimated between milk production and peak
production (pm) (0.958). The genetic correlation between milk production and persistency was relatively high
(0.725). Genetic correlation of somatic cell score with initial production (a), maximum production (c), and amount
of production at the peak (pm) was undesirable and its correlation with parameter curve changes after maximum
yield (d) was favorable. Therefore, it is expected that selection to reduce initial production and production at the
peak and increase curve changes after maximum yield could decrease the somatic cell score. The correlation
estimates between persistency with 305-d milk, fat, and protein production were positive, and a negative
correlation was estimated between somatic cell score with age at first calving, so it can be expected that selection
for persistency will increase the production traits, and udder health could be improved by reducing the number of
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somatic cell score and age at first calving. In most cases, the values of curve parameters among the three
phenotypic groups of traits had significant differences, and in the high production group, age at first calving, the
value of initial production, peak production, and persistency were higher compared to other groups; however, an
inverse relation was observed for somatic cell score.

Conclusions: The estimated correlations showed that the selection of animals for increased initial production (a)
and production at the peak (pm) will improve milk production during 305 days. Increasing the somatic cell score
reduces the peak time (pt), and persistency (p). A comparison of persistency between different phenotypic groups
of economic traits suggested that persistency improves with increasing milk production and its components as
well as decreasing somatic cell scores.
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Table 1. Descriptive statistics of lactation curve parameters and economic traits

Trait" Record no. Mean Standard Deviation
a (kg) 506462 35.77 11.76
b 457591 5.28

c (kg) 441988 66.75
d 534466 0.83E-3 0.16E-2
pt (day) 375847 94.27 39.04
pm (kg) 515976 31.47 9.12
p (%) 354279 78.98 12.82
Milk (kg) 499599 7987.58 1772.16
Fat (kg) 395875 249.75 65.64
Protein 298823 255.96 45.37
(kg)

SCS 351743 1.35
AFC (day) 526571 789.29 94.04

*a: Milk yield at the beginning of lactation; b: Parameter related to the rate to reach peak yield; c: Parameter related to
maximum milk yield; d: Parameter related to curve changes after maximum yield; pt: Peak time; pm: Production at peak; p:

Persistency; SCS: Somatic cell score; AFC: Age at first calving
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Table 2. Genetic correlation between lactation curve parameters and some economic traits

Trait" a b c d Pt pm p

Milk 0.949 + 0.009 0.219 +0.069 0.542 + 0.080 -0.070 £ 0.003 0.526 £ 0.064 0.958 £ 0.005 0.725+0.037
Fat 0.650 £ 0.023 0.009 = 0.054 0.367 £ 0.064 -0.034 £ 0.003 0.331 £ 0.052 0.705+0.017 0.506 +0.041
Protein 0.882+0.011 0.226 +0.090 0.613+0.159 -0.004 £ 0.011 0.362 = 0.060 0.901 + 0.009 0.615+0.031
SCS 0.141 £ 0.036 -0.069 £ 0.106 0.143 +£0.078 -0.001 = 0.003 -0.263 £ 0.061 0.157 +£0.037 -0.256 £0.047
AFC -0.264 £ 0.040 -0.102 £ 0.055 -0.140 £ 0.101 0.009 + 0.003 -0.164 £ 0.063 -0.238 £0.030 -0.221 £0.049

*a: Milk yield at the beginning of lactation; b: Parameter related to the rate to reach peak yield; ¢: Parameter related to maximum milk yield; d: Parameter related to curve changes after maximum

yield; pt: Peak time; pm: Production at peak; p: Persistency; SCS: Somatic cell score; AFC: Age at first calving
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Table 3. Environmental correlation between lactation curve parameters and some economic traits

Trait" a b c d pt pm p

Milk 0.354 £ 0.002 0.024 £ 0.002 0.064 = 0.002 -0.114 £ 0.002 -0.012 +£0.003 0.449 + 0.002 0.271 £ 0.003
Fat 0.263 = 0.002 0.022 £ 0.002 0.048 = 0.002 -0.072 £ 0.002 -0.011 £0.003 0.319+0.002 0.207 £+ 0.003
Protein 0.361 +£0.002 0.029 £+ 0.003 0.060 £+ 0.002 -0.115+0.002 -0.014 £ 0.003 0.423 +0.002 0.240 £+ 0.003
SCS -0.048 + 0.002 -0.007 + 0.002 -0.017 £0.002 0.054 £ 0.002 -0.020 = 0.003 -0.048 £0.002 -0.081 £0.003
AFC 0.069 + 0.002 0.001 + 0.001 0.005 £+ 0.002 0.020 £ 0.002 -0.017 £0.002 0.090 = 0.003 -0.019 £ 0.003

*a: Milk yield at the beginning of lactation; b: Parameter related to the rate to reach peak yield; c: Parameter related to maximum milk yield; d: Parameter related to curve changes after maximum

yield; pt: Peak time; pm: Production at peak; p: Persistency; SCS: Somatic cell score; AFC: Age at first calving
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Table 4. The least-squares means + standard error of the lactation curve parameters between different phenotypic groups of economic traits

Trait" Group a b c d pt pm p
Milk Low 30.919 + 0.528° 0.718 £ 0.370 -66.999 + 4.470* 0.00092 + 7.90e-5* 90.386 + 3.002° 28.051 £0.397° 77.028 £0.790°
Average  34.641 £0.526" 0.841 +0.369 -59.765 £+ 4.458° 0.00060 = 7.93e-5° 88.933 +2.995¢ 31.527 £ 0.395° 81.084 + 0.787°
High 37.636 + 0.527* 0.863 +0.370 -60.163 = 4.467° 0.00038 + 7.92e-5¢ 92.378 + 3.000? 34.995 + 0.396° 82.538 + 0.789*
Fat Low 33.232 £ 0.526° 0.714 £ 0.369° -65.199 + 4.465¢ 0.00067 + 7.92¢-5* 91.587 £2.999* 30.659 + 0.396°¢ 79.199 £ 0.789°
Average  34.669 £ 0.525° 0.847 £ 0.369* -61.863 + 4.457° 0.00062 =+ 7.90e-5° 90.083 + 2.994° 31.668 + 0.395° 80.604 + 0.787°
High 35.295 + 0.526* 0.861 + 0.369* -59.865 + 4.460* 0.00061 + 7.91e-5P 90.027 + 2.996° 32.246 £ 0.396* 80.849 + 0.787*
Protein Low 32.181 £ 0.526° 0.626 +0.369° -64.450 £ 4.461¢ 0.00062 + 7.91e-5% 91.091 £2.997 29.846 £+ 0.396¢ 79.472 £0.788°¢
Average  34.028 £0.526° 0.808 = 0.369° -62.785 £ 4.459° 0.00062 = 7.90e-5° 90.293 +2.995 31.216 £ 0.395° 80.456 + 0.788Y
High 36.988 + 0.528* 0.988 + 0.370* -59.692 +4.471? 0.00065 + 7.93e-5* 90.316 + 3.002 33.510+0.3972 81.023 +0.7902
SCS Low 34,401 £0.526 0.814 + 0.369 -62.593 + 4.457 0.00056 + 7.90e-5°¢ 92.062 £ 2.994* 31.481 £0.395 80.931 + 0.787¢
Average  34.480+0.526 0.837 +0.369 -61.742 £ 4.458 0.00064 + 7.90e-5° 90.215 + 2.995% 31.514 £0.395 80.264 + 0.787°
High 34.315+£0.525 0.770 = 0.369 -62.592 + 4.457 0.00069 + 7.89¢-5° 89.419 + 2.994¢ 31.578 £0.395 79.457 £0.787¢
AFC Low 34.460 + 0.526 0.862 +0.370 -62.354 £ 4.461 0.00065 +7.91e-5* 91.191 £2.997° 31.392 + 0.396° 80.021 + 0.788Y
Average  34.460 % 0.525 0.796 = 0.368 -61.833 +4.456 0.00064 + 7.90e-5* 90.072 + 2.994° 31.563 £0.395° 80.215 + 0.787°
High 34.276 £0.528 0.764 + 0.370 -62.741 £4.471 0.00060 =+ 7.93¢-5P 90.434 + 3.003° 31.618 +0.3972 80.415 + 0.7902

*a: Milk yield at the beginning of lactation; b: Parameter related to the rate to reach peak yield; ¢: Parameter related to maximum milk yield; d: Parameter related to curve changes after maximum

yield; pt: Peak time; pm: Production at peak; p: Persistency; SCS: Somatic cell score; AFC: Age at first calving
¢ Within a column, least-squares means without a common superscript differ significantly (P<0.01).
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