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Introduction Material and methods

Age at first calving is an important trait both from biological and The study has been carried out with cows of the Bulgarian 
economic point of view, but as specified by a number of authors, it is black-and-white cattle. A total of 10 farms are included in it from 
greatly influenced by a number of environment factors. Moreover, Sofia, Stara Zagora, Plovdiv and Targovishte regions. The cows 
very often it depends on the subjective opinion of the owners or is the calved in the period 1995–2006. A total of 1460 cows are included 

-st -rdfocus of certain managerial decisions. All that makes it unsuitable to with 2852 lactations from І  to ІІІ  and respectively 27228 controls. 
be used as a selection trait by which to assess the breeding value of The cows are daughters of 125 sires. The data about origin, 
animals. Regardless of that, due to its great influence on productive traits have been taken from the breeding cards, books 
productivity, reproductive features fertility (Еttema and Santos, and files at the respective Regional Offices for Selection and 
2004) and productive life of dairy cows (Ojango et al., 2005; Berry Reproduction in Animal Husbandry.
and Cromie, 2008), in most selection programs it is included as a The relevant modules of the software packages MS EXCEL and 
factor (either fixed or random) in the models for evaluation of STATISTICA of StatSoft have been used for the basic statistical 
breeding value by productivity. processing, phenotypic and Spearman rank correlations. Linear 

In recent years more and more countries shift from the models used for defining the variance components, genetic 
traditional evaluation of the breeding value of dairy cattle based on correlations, heritability and estimations of the breeding value of 
productivity for 305-day lactation to evaluation of test day animals for the studied productive traits are of the type:
productivity (Jensen, 2001; Schaeffer et al., 2000). The evaluation of 1) For age at first calving:
test day breeding value contributes to the more accurate reporting y =  h + yrb + animal  + pe +  eijklm i j k l ijklm

both of the effect of external factors and modeling the lactation curve •  у  – the productive trait observation; ijklm

(Ptak and Schaeffer, 1993). The effect of age at first calving on •  h   –  fixed herd effect;i

productivity at normal lactation has been the object of study by many •  yrb – fixed year of birth effect;j 
authors (Nilforooshan and Edriss, 2004; Berry and Cromie, 2008; •  animal   –  random animal additive genetic effect; k
Haworth et al., 2008). However, there are no data on its effect on test 

• e  – random residual effect.ijklmday productivity. 
The fixed effects included in the model are:

The objective of the study is to establish the effect of age at first 
Herd – 10 herds, year of birth – 12 years, from 1992 to 2003.

calving on the evaluation of breeding value of dairy cattle by using 
2)  For Test day milk yield and % of fat:

Test day models and to assess the phenotypic and genetic 
y =  h+ yr + mes  + lak + (age )*+ b (D/c)+ b (c/D) + animal  ijklmns i j k l m  k1 k2 ncorrelations with test day productivity.

+ pe + es ijklmns

• у  – the productive trait observation; ijklmnst

• h   – fixed herd effect;i

•  yr – fixed Test year effect;j 

* e-mail: gergovskaz@abv.bg

Abstract. The research has been carried out with cows of the Bulgarian black-and-white cattle in 10 farms from various regions in the country. The cows 
-st -rdcalved in the period 1995 – 2006. A total of 1460 cows with 2852 lactations from І  to ІІІ  and respectively 27228 controls have been included. The cows 

are daughters of 125 sires. Heritability for age at first calving is 0.37 and its values for test day milk yield and % of fat are 0.10 and 0.08, respectively. Both 
phenotypic and genetic correlations between the age at first calving and test day productivity have values around 0. The genetic correlation between the 
age at first calving and test day milk yield is very low and has positive value r  = 0.07 whereas with % of fat it is negative r  = –0.09. The age at first g g

calving of cows has to be included in the models for evaluation of the breeding value of dairy cattle as a factor for obtaining more precise scores.

Keywords: age at first calving, test day milk yield, black-and-white cows, heritability, phenotypic and genetic correlations
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• mes  – fixed Test month effect; calving for all cows included in the study is 892.1 days or 29.7 k

months. This is a rather old age at first calving for cows of the black-• lak – fixed number of lactation effect;l

and-white breed. It is different for the various farms and economic •  (age )*– effect of the age at first calving depending on the m  

years. The causes about that are varied due mainly to different views model used (Model I, Model II);
of owners and nutrition and rearing of replacement animals. The • animal  – random animal additive genetic effect; n

values of test day productivity are not high, 14.35 kg of milk yield and • pe  – random permanent environment effect of the cow s
3.85% of fat, respectively. That corresponds to average milk yield of during lactation; 
a little over 4000 kg and there is rather high variation of milk yield per • b  and b  – regression linear effect ratios of D/c (D k1 k2 lactation of cows in the various herds.

lactation days ; c=305) and of c/D for the relevant lactation;
Table 2 presents the LS-means for age at first calving and milk 

• e  – random residual effect.ijklmnst yield for normal lactation of the daughters of 10 sires with over 50 
To select the model for evaluation of the breeding value the daughter lactations which equals not less than 20 daughters. On the 

variance components of two Test day models have been assessed basis of these means the ranks of sires have been determined and 
for productive traits: for age at first calving we have assumed the highest (1-st) rank to be 

Model І – as above, age at first calving is not included; the ones with the youngest age of the daughters. With milk yield, the 
Model ІІ – the same model, with age at first calving, coded; highest rank is for the highest productivity, respectively. The 
The fixed effects included in the model are: submitted data show that there is a rather wide difference among the 
Herd – 10 herds; year of test – 12 years, from 1995 to 2006; age at first calving of the sires' daughters. The youngest is the age of 

month of test – 12 month from January to December; lactation – 3 the daughters of sire No. 3664 – 765.1 days, and the highest is the -st -dlactations from I  to III ; age at first calving – 6 classes (up to 720 one of sire No. 3325 – 1066.4 days. The productivity scores 
days, from 720 to 810 days, from 811 to 900 days, from 901 to 990 achieved reveal that the daughters of both sires have relatively low 

th thdays, from 991 to 1080 days and over 1081 days, respectively). productivity. They are 8  and 9 , respectively, by milk yield for 305 
The estimations of variance components have been obtained days lactation. 

through the REML procedure implemented in the program VCE 5.0 The highest milk yield – over 4000 kg per lactation have the 
(Kovac and Groeneveld, 2002). The breeding value estimations daughters of sires No. 3508 and 3384. The age at first calving of their 
(BVE) have been obtained through the Pest software package daughters is about 29-30 months, respectively, or the same as the 
(Groeneveld, 1990). average age at first calving of cows included in the study. The 

daughters of the first three sires, No. 3161, 3664 and 3325 have the 
youngest and the oldest age at first calving, respectively, milk yield 
per lactation is the lowest for both the ones at young age and the Results and discussion
ones at old age – within 3616.1 and 3594.9 kg. 

The correlation between rank of sires for age at first calving and Average values of traits included in the study as dependent and 
milk yield per 305 days lactation of daughters is r = -0.33. That shows sindependent variables are given in Table 1. The average age at first 

NTraits 

Age at І-st calving (days)

Test day milk yield (kg)

Test day fat, %

1460

27228

27228

891.21

14.35

3.85

137.84

4.65

0.62

Means SD

15.03

32.53

16.13

CV

Table 1. Descriptive statistics for basic reproductive and productive traits for all farms for first three lactations.

Number of daughter
lactations

Sire No.
Age at I-st calving, days

LS-means RankLS-means Rank

58

54

87

53

98

88

57

51

75

107

3161

3664

3325

3782

3195

3604

3621

3617

3384

3508

3594.9

3616.1

3647.0

3828.8

3762.1

3900.2

3965.2

3959.1

4205.2

4532.1

10

9

8

6

7

5

3

4

2

1

799.3

765.1

1066.4

787.7

903.9

891.4

809.5

829.1

886.2

917.9

3

1

10

2

8

7

4

5

6

9

Milk yield per normal lactation, kg

Table 2. LS-means and sire ranks for age at first calving and milk yield for 305 days lactation of daughters
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that a selection is done on the basis of productivity only, without test day productivity. Age at first calving has highly reliable effect on 
taking into account the age at first calving of the cows, it is possible to milk yield (P<0.001) and on fat percentage (P<0.01).
undervalue both cows and sires with good reproductive traits – own By using a model with all significant factors, evaluation of the 
ones or those of the daughters which have not been revealed, breeding value of sires, fathers of cows included in the study, 
though, due to the fact that they had calved for the first time at an heritability and genetic correlations between test day productivity 
unsuitable age. and age at first calving has been made, (Table 4). The heritability of 

World practice in recent years shifts to scoring the breeding age at first calving is 0.37. Heritability values about that trait 
value of dairy cattle based on test day productivity or employing Test according to different authors vary a lot – from 0.05 to 0.74 
day models. Table 3 presents the variance analysis for effect of the (Allaireand and Lin, 1980; Moore et al., 1991). Some authors think 
controlled factors on test day milk yield and fat percentage. All that the cause about that is the contradiction between genetic value 
factors included in the model have statistically significant effect on of animals and actual managing decisions for earlier or later heifer 

Degrees of freedom (n -1)Variation sources
Test day productivity

Milk yield, kg
F       P

% fat
F      P

27228

1

11

11

9

2

1

Total for the model

µu - yµ

Test year

Test month

Herd

Number of lactation

Age at І-st calving

578.33 ***

17.29 ***

60.99  ***

45.90 ***

721.31 ***

213.93 ***

10.68 ***

70.69 ***

24.89 ***

23.93 ***

84.96 ***

109.86 ***

4.35 *

4.62 **

Table 3. Variance analysis for reporting the effect of controlled factors on test day productivity

* - P<0.05; ** - P<0.01; *** - P<0.001

Age at first calving, daysTraits 

Age at first calving, days

Test day milk yield, kg

Test day % fat

0.37

-0.05

+0.03

0.07

0.10

-0.15

-0.09

-0.34

0.08

Test day milk yield, kg Test day % fat

2 Table 4. Phenotypic (below diagonal) and genetic (above diagonal) correlations and h (diagonal) for the studied traits

All correlations are significant at significance level P<0.001

conception. Ruiz-Sanches et al. (2007) report that heritability values genetic correlation between age at first calving and test day milk 
vary in rather wide ranges depending on conditions of rearing. The yield is very low, although positive of 0.07, and the % fat - negative, -
average value is 0.474, but for very high level herd it is 0.329 and for 0.09. With phenotypic correlations a reverse relationship is 
low level herd it is 0.195. Ojango and Pollot (2001) obtain values observed in the sign, but values are also around 0. This means that 
similar to the ones obtained by us concerning heritability for age at selection aimed mainly at productivity will be almost unrelated to the 
first calving – 0.36, for Holstein-Friesian cows in Kenya. Heritability age at first calving of cows. Evans et al. (2006) establish although 
values of test day milk yield and % fat are rather low, respectively with lower values, positive phenotypic correlation (0.055) between 
0.10 and 0.08. Similar values are reported by other authors. age at first calving and the percentage of fat in milk. Nilforooshan and 
Verkamp and Goddard (1998) obtain heritability of about 0.17 for test Edriss (2004) obtain similar values for phenotypic correlations 
day milk yield. Gengler and Wiggans (2001) point out that in herds of between the age at first calving and productivity, though for lactation. 

2 Between age at first calving and milk yield -0.089 and between age lower average milk yield (about 23 kg) h  has lower values – from 
at first calving and % fat 0.055, between milk yield and % fat –0.424. 0.10 to 0.15 for the various controls, whereas in herds with higher 
The phenotypic correlation between test day milk yield and % fat has average milk yield it is comparatively higher – from 0.15 to 0.30. The 
low and negative value of –0.15. The genetic one is also negative but great variation of values presented by various authors may result 
with an average value of –0.34. Most authors point out that genetic from numerous reasons – oversimplified model, relatively low 
correlations between age at first calving and productive traits are number of recorded data resulting in unreliable results, non-
positive, but with very low values (Pantelic et al., 2008). Between representative data and result of random regressions which has very 
age and milk quantity – 0.003, between age and % fat – 0.535 and high effect on scores (Misztal et al., 2000; Cobuci et al., 2005). 
between age and milk fat – 0.082. Both phenotypic and genetic correlations between age at first 

Breeding value estimation (BVE) of sires that have daughters in calving and test day productivity have values of around 0. The 



Age at І-st calving
-st Test day milk yield – I model

-ndTest day milk yield – IІ  model
-stTest day fat % – I  model

Test day milk yield, kg

Table 5. Spearman correlations between ranks of sires with over 50 daughters by BVE for age at first calving and test day 
milk yield and fat % obtained by using models

All correlations are significant at significance level P<0.001

- 0.45

-

-

-

- 0.29

0.94

-

-

-stI  model -ndII  model
-stI  model -dII  model

Test day fat %

 0.37

- 0.26

- 0.12

-

0.32

- 0.24

- 0.07

0.92
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the studied herds has been conducted for the three traits – age at certain change has been observed in the values of the breeding 
first calving, test day milk yield and % fat. For the two productive scores and respectively the sire ranks. More marked is the change in 
traits scores have been made by means of two models, respectively the sire ranks for test day milk yield and age at first calving, The 
with and without age at first calving as a factor. Table 5 presents the correlation value between ranks is 1.5 times lower when model II is 
correlations (Spearman) between ranks of sires with over 50 used, r = -0.29. The biggest change has been observed in the ranks s

daughters for the three traits and the two scoring models. The ranks of sires whose daughters had calved at a very young age. The 
of sires for age at first calving are in a descending order and for the incorporation of the age at first calving in the model for evaluation of 
productive traits – in an ascending order of scores, respectively. The the breeding value will contribute to obtaining more accurate scores 
correlation between sire ranks and age at first calving and test day of animals and will considerably reduce the consequences from 
milk yield is high and has negative value r = -0.45, whereas with test various managing decisions and other factors related to age at first s

day % fat it has positive value r = 0.37. These relations reveal a well- calving. The results obtained point unmistakably that the age at first s

calving of cows has to be included in the models for evaluation of the marked tendency for higher milk yield and lower fat of the daughters 
breeding value of dairy cattle as a factor for obtaining more accurate of older age at first calving and lower % fat. 
scores.After the age at first calving is included in the score model, 

dairy cows. Livestock Science. 100,  216-230.Conclusion
Gengler N and Wiggans G, 2001. Adjustment for heterogeneous 
genetic and non-genetic (co)variance structures in test day models Heritability for age at first calving is 0.37 and its values for test 
using a transformation on random regression effect regressors. day milk yield and % of fat are 0.10 and 0.08, respectively. 
Interbull, Bulletin 29, 79-83.Both phenotypic and genetic correlations between the age at 
Groeneveld E, 1990. PEST User's Manual. Institute of Animal first calving and test day productivity have values around 0. The 
Husbandry and Animal Science, Mariensee, Germany.genetic correlation between the age at first calving and test day milk 
Jensen J, 2001. Genetic evaluation of dairy cattle using test-day yield is very low and has positive value r  = 0.07, whereas with % fat it g

models. Journal of Dairy Science, 84, 2803 – 2812.is negative r  = – 0.09. g
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