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Abstract: The effect of interaction between the farm and calving season, as 

well as the farm and group of lactations on milk performance traits (milk yield, yield of 
milk fat, 4% fat corrected milk and milk fat content) was analyzed on sample of 2805 
Simmental cows with total 9718 standard lactations, housed on dairy farm “Zlatiborski 
suvati” on Zlatibor (578 cows and 1968 lactations), dairy farm of the Agricultural 
holding Dobričevo in Ćuprija (964 cows and 3237 lactations) and dairy animals housed 
on family farms/households in the region of Kotraža (1263 cows and 4513 lactations). 
The significance of the effect of interaction between the farm and calving season, 
as well as interaction between the farm and group of lactations on all milk 
performance traits  was very high (P<0.001), which justified their inclusion into 
models for assessment of the breeding value of dairy cows. The share of variance 
of interactions in total variance of milk performance traits in standard lactations 
was low (below and around 4%), which clearly indicated even more systematic 
factors and their interactions which influence the total variability of observed 
traits of milk performance of cows in standard lactations.  
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Introduction 

 
The cattle breeding procedures used today most commonly employ linear 

methods and models that combine fixed parameters (year, farm, season, lactation) 
and random variables (age at first conception or calving, genetic effect of sire, 
genetic effect of an individual animal, etc.) which can be mutually dependent 
(related) or independent, with or without interactions, depending on the trait 
analysed. The selected model results essentially in the breeding value of an 
individual animal (Bogdanović et al., 2003). 
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Depending on the level of production, sample size and mathematical statistical 
model, non-genetic discontinuous factors (year, farm, season, lactation) can account 
for as much as above 50% of the total variations in milk production (Stojić et al., 
1996). The same authors, Stojić et al., 1995, reported that farm, year and season of 
calving induced 35.7% of total variations in milk production. A somewhat lower 
percentage of non-genetic factors (farm, year, calving season and lactation number) 
of 22.7% in the total variability of performance traits was found by Jovanovac 
(1987), whereas Hansen et al., 1983 reported a considerably higher percentage of 
about 45% (in terms of the farm-year-season effect). 

The effect of season of birth of cows and their calving, i.e. beginning of 
lactation as systematic factor, on traits of milk performance is reflected through 
various climatic circumstances and nutrition throughout the year, so it is included 
into models for evaluation of breeding value of dairy animals.  

Moat of domestic and foreign authors indicate significant and highly 
significant effect of order of lactation, i.e. groups of lactations on expression of 
production traits. Namely, maximum production of milk is achieved depending on 
the intensity of breeding in the period from the third until the fifth lactation. The 
lowest production of milk is in the first lactation, due to insufficient body 
development of animals, whereas drop in production occurring after the third i.e. fifth 
lactation often occurs due to health disorders. 

Breeding region or farm usually have significant impact on milk 
performance traits due to different rearing methods, nutrition, housing, care, climatic 
conditions, age structure and herd size, as well as series of other influences related to 
work and farm management.  

 
Material and methods 
 

The effect of systematic, non-genetic factors and their interactions on traits 
of milk performance in standard lactations was analyzed on sample of 2805 
Simmental cows with total 9718 standard lactations, housed on dairy farm 
“Zlatiborski suvati” on Zlatibor , dairy farm of the Agricultural holding Dobričevo in 
Ćuprija and dairy animals housed on family farms/households in the region of Kotraža. 

Distribution of standard lactations according to classes of systematic 
influences is presented in Table 1.  
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Table 1. Presentation of data across different classes of major systematic effects 

Farm Lactat.
No. 

Cow 
no. 

Lactat. 
group 

Lactat 
No. 

Year 
of 

birth 

Lactat.
No. 

Season 
of 

birth 

Lactat.
No. 

S. of 
calving 

Lactat. 
No. 

I I (1)       2800 1982. 847 I 2298 I 2281 
(Zlatibor) 1968 578 II (2) 2297 1983. 565 II 2837 II 2642 

II III (3) 1715 1984. 624 III 2035 III 2269 
(Dobričevo) 3237 964 IV(4) 1213 1985. 541 IV 2552 IV 2526 

III V (5) 799 1986. 855     
(Kotraža) 4513 1263 1987. 822     

   
VI(6+7+8+9
+10+11+12) 894 1988. 791     

     1989. 839     
     1990. 786     
     1991. 627     
     1992. 612     
     1993. 306     
     1994. 467     
     1995. 516     
     1996. 342     
     1997. 76     
     1998. 102     

 
The impact of following systematic factors on expression of production traits in 

standard lactations, such as milk yield in standard lactation (MYSL, kg), milk fat 
content in standard lactations (MFCSL, %), milk fat yield in standard lactations 
(MFYSL, kg) and yield of 4 % fat corrected milk in standard lactations (4%FCMSL, 
kg), was observed:  

 
o Breeding area. The effect of three farm locations was studied (the farm on Mt. 

Zlatibor, Dobričevo farm and farms in the Kotraža region). 
o Lactation groups. Lactation groups were established in order to equalise the 

number of animals within different lactations as much as possible and reduce 
variability: 

 Group I (first lactation), 
 Group II (second lactation), 
 Group III (third lactation), 
 Group IV (fourth lactation), 
 Group V (fifth lactation), 
 Group VI (sixth and other lactations), 

o Calving season, i.e. the onset of lactation (I-spring season (March through May), II-
summer season (June through August), III-autumn season (September through 
November), IV-winter season (December through February)). 

o Year of birth x season of birth interaction (cows that calved from 1982 to 1998 x 4 
seasons (I-spring, II-summer, III-autumn and IV-winter seasons)).  
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o Breeding area x calving season interaction (3 breeding areas x 4 calving 
seasons). 

o Breeding area x lactation group interaction (3 breeding areas x 6 lactation 
groups). 

o Age at first conception.  
 

For analysis of the mentioned non-genetic factors and their interactions on 
production traits in standard lactations, a general linear model was used based on 
application of the method of least squares of the statistical software Statistica for 
Windows Release 6.0, which in this case is: 
 

yijkl = μ + Bi + Lj + Gk + Csl + BCsil + BLij + b1(x1- x 1) + eijkl ,  where: 
 

yijkl – an individual animal of the i-th breeding area, j-th lactation group, k-th 
group, l-th calving season,  
μ – population mean with equal participation of all classes of effects (B, L, G, Cs, 
BCs, BL), 
Bi – fixed effect of the i-th breeding area (1-3), 
Lj – fixed effect of the j-th lactation group (1-6), 
Gk – fixed effect of the k-th group (year of birth x season of birth) (1-68), 
Csl – fixed effect of the l-th calving season (1-4), 
BCsil – fixed effect of the i-th breeding area x l-th calving season interaction (1-12),  
BLij – fixed effect of the i-th breeding area x j-th lactation group interaction (1-18), 
b1 – linear regression coefficient of the effect of age at first conception, and   
eijkl – other undetermined effects.  
 
Results and discussion 
 

In research results only the results of the effect of interaction between 
systematic factors on expression of milk performance traits in standard lactations 
according to applied model are presented.  

Mean values of least squares, standard errors and significance of the 
influence of interaction farm and calving season on production traits of standard 
lactations according to applied model are presented in Table 2.  
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Table 2. Mean values of least squares, standard errors and significance of the influence of 
interaction farm and calving season on production traits of standard lactations 

Systematic factors MYSL 
(kg) 

MFCSL 
(%) 

MFYSL 
(kg) 

4%FCMSL 
(kg) 

Farm Calving 
season N LSM SELSM LSM SELSM LSM SELSM LSM SELSM 

I  I 374 4460,4 41,734 3,66 0,008 162,79 1,582 4226,0 40,220 
I II 425 4245,2 39,206 3,67 0,007 155,21 1,486 4026,2 37,783 
I  III 593 4320,1 33,228 3,68 0,006 158,64 1,260 4107,6 32,022 
I IV 576 4394,5 33,430 3,67 0,006 160,76 1,267 4169,2 32,217 
II I 705 4007,8 31,350 3,79 0,006 151,64 1,188 3877,7 30,212 
II II 771 3860,7 30,003 3,77 0,005 145,50 1,137 3726,8 28,914 
II III 908 4168,7 28,327 3,78 0,005 157,60 1,074 4031,5 27,299 
II IV 853 4182,3 29,103 3,80 0,005 158,85 1,103 4055,7 28,047 
III I 1202 3962,4 24,988 3,91 0,005 154,89 0,947 3908,4 24,081 
III II 1446 3925,9 22,548 3,91 0,004 153,60 0,855 3874,4 21,729 
III III 768 3962,3 29,093 3,91 0,005 155,02 1,103 3910,2 28,037 
III IV 1097 4005,9 25,476 3,91 0,005 156,61 0,966 3951,5 24,551 

Fexp 9.39*** 4.60*** 9.82*** 9.71*** 
N.S. - P > 0.05;  * - P < 0.05;   ** - P < 0.01;   *** - P < 0.001; 

 
The effect of interaction between the farm and calving season on all milk 

traits of standard lactations was highly significant (P<0.001), therefore, inclusion 
not only of these individual systematic factors but also their interactions into 
models for evaluation of breeding value of cows is justified. The effect farms-
year-season, according to research by Stojić (1996), was the most dominant effect 
for all studied milk performance indicators in standard lactation (P<0.01). Petrović 
M.M. et al., 1997 and Petrović D.M. et al. 2009, in their study of the active 
population of Simmental cattle in Serbia, indicated that interaction between 
breeding region and calving season contributed to significant variation in the 
milk yield and yield of milk fat  (P<0.01). Very significant (P<0.01) and significant 
(P<0.05) effect of breeding region, as individual systematic factor, on production 
traits of Simmental cows is indicated by Petrović et al., 1997 and 2006, Perišić, 
1998, Rychen, 1999, Chladek and Kucera, 2000, Đurđević, 2001, Đurđević et al., 
2002, Panić, 2005 and Petrović D.M. et al., 2009.  

Share of interaction between farm and calving season in total variance of milk 
traits in standard lactations was very low and ranged from only 0.18% in case of milk 
fat yield to 0.49% in case of production of 4% fat corrected milk, which clearly 
indicated the high contribution of other systematic factors in variability of these traits 
which are included into presented model and were not considered in this study. Low 
level of share of variance of certain systematic factors in total variability of production 
of 4% fat corrected milk is stated in the research of Petrović D.M. et al., 2010. 
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Results of the analysis of the effect of interaction between breeding region 
and groups of lactation on production traits of standard lactations, i.e. means of 
least squares (LSM), standard errors of means (SELSM) and significance of 
observed effects are presented in Table 3.  

 
Table 3.  Means of least squares, standard errors of means and significance of the effect of interaction 
between farm and groups of lactation on production traits of standard lactations  

Systematic factors MYSL 
(kg) 

MFCSL 
(%) 

MFYSL 
(kg) 

4%FCMSL 
(kg) 

Farm Gr.lac. N LSM SELSM LSM SELSM LSM SELSM LSM SELSM 
I  I 574 3941,7 31,915 3,70 0,006 144,82 1,210 3749,0 30,757 
I II 472 4384,6 35,782 3,65 0,007 159,56 1,357 4147,2 34,484 
I  III 336 4563,3 42,249 3,65 0,008 166,13 1,602 4317,3 40,716 
I IV 233 4548,4 50,146 3,66 0,009 166,17 1,901 4311,9 48,326 
I V 172 4489,0 58,154 3,66 0,011 163,91 2,205 4254,2 56,044 
I VI 181 4203,2 56,921 3,71 0,010 155,50 2,158 4013,7 54,856 
II I 964 3916,1 26,285 3,81 0,005 149,20 0,996 3804,5 25,331 
II II 793 4167,7 28,559 3,80 0,005 158,18 1,083 4039,7 27,522 
II III 593 4179,5 32,534 3,79 0,006 158,03 1,233 4042,2 31,353 
II IV 402 4154,0 38,776 3,77 0,007 156,40 1,470 4007,6 37,369 
II V 240 4044,7 49,276 3,77 0,009 152,48 1,868 3905,2 47,488 
II VI 245 3867,5 49,082 3,78 0,009 146,09 1,861 3738,4 47,300 
III I 1262 3313,3 23,349 3,94 0,004 130,80 0,885 3287,3 22,501 
III II 1032 3633,3 25,211 3,93 0,005 142,69 0,956 3593,6 24,296 
III III 786 3970,1 28,574 3,91 0,005 155,18 1,083 3915,7 27,537 
III IV 578 4208,3 32,819 3,90 0,006 163,96 1,244 4142,8 31,628 
III V 387 4338,5 39,479 3,90 0,007 169,04 1,497 4271,0 38,046 
III VI 468 4321,1 36,825 3,90 0,007 168,52 1,396 4256,2 35,488 

Fexp 49.41*** 4.10*** 49.87*** 50.14*** 
N.S. - P > 0.05;  * - P < 0.05;   ** - P < 0.01;   *** - P < 0.001; 

 
Significance of the effect of interaction between breeding region and group 

of lactations on all milk traits of standard lactations was highly significant 
(P<0.001), which justified its inclusion into evaluation of breeding value of dairy 
animals, as confirmed by research of M.M. et al., (1997) and Petrović D.M. et al. 
(2009). 

Share of variance of interaction between breeding region and group of 
lactations in total variance of production traits of whole lactations was slightly 
higher and ranged from 0.25% in milk fat content to 4.12% in milk fat yield in 
standard lactations. However, the share of variance in total variability 
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unambiguously indicates even more systematic factors and their interactions 
which influence total variability of observed milk traits of standard lactations, as 
confirmed by Petrović M.M. et al., (1997) and Petrović D.M. et al. (2009 and 
2010).  
 
Conclusion 
 

Based on presented results the following can be concluded:  
• The significance of the effect of interaction between farm and calving season, 

as well as interaction between farm and group of lactations on all milk traits of 
standard lactations was very high (P<0.001), which justifies their inclusion 
into models for evaluation of breeding value of dairy cows.  

• The share of variance of interactions in total variance of milk traits of 
standard lactations was low, which clearly indicated presence of more 
systematic factors and their interactions which have influence on total 
variability of observed milk traits of standard lactations.   
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Rezime 
 

Uticaj interakcije farme i sezone telenja kao i farme i grupe laktacija na 
osobine mlečnosti (proizvodnja mleka, mlečne masti, 4% mast-korigovanog mleka 
i sadržaj mlečne masti) analizirano je kod 2805 krava simentalske rase sa ukupno 
9718 standardnih laktacija koje su bile smeštene na farmi muznih krava 
“Zlatiborski suvati” na Zlatiboru (578 krava i 1968 laktacija), farmi muznih krava 
na Poljoprivrednom dobru Dobričevo u Ćupriji (964 krava i 3237 laktacija) i 
području Kotraže na individualnim gazdinstvima (1263 krava i 4513 laktacija). 

Značajnost uticaja interakcija farme i sezone telenja, kao i interakcije 
farme i grupe laktacija na sve osobine mlečnosti standardnih laktacija bila je vrlo 
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visoka (P<0.001), što opravdava njihovo uključivanje u modele za ocenu 
priplodne vrednosti muznih krava. 

Udeo varijanse interakcija u ukupnoj varijansi osobina mlečnosti 
standardnih laktacija bio je nizak (ispod i oko 4%), što jasno ukazuje na još veliki 
broj sistematskih faktora i njihovih interakcija koji utiču na ukupnu varijabilnost 
posmatranih osobina mlečnosti krava u standardnim laktacijama. 
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