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Abstract: The effect of systematic and continuous environmental factors on 4% fat-
corrected milk (FCM) yield in 2805 Simmental cows over whole and standard lactations
was evaluated using the general linear model. The test systematic or fixed factors
included the effect of farm or breeding area, calving season, year of birth, season of birth,
lactation group and interactions between year of birth and season of birth, breeding area
and calving season, and breeding area and lactation group. The continuous factor
analysed was the effect of age at first conception.

The effect of breeding area, lactation group and calving season on 4%FCM yield over
whole and standard lactations was found to be very highly significant (P<0.001).

The interactions of fixed i.e. systematic factors involved in the model, including those
between year and season of birth, breeding area and calving season, and farm and lactation
group had a very highly significant effect (P<0.001) on 4% FCM yield over both whole and
standard lactations.

The age at first conception, as a continuous factor, showed a very highly significant effect
(P<0.001) on 4% FCM yield over both whole and standard lactations.

The model used to correct the 4%FCM yield over whole and standard lactations for the effect
of systematic factors was very highly significant (P<0.001). The variance of the model
accounted for 15.93% and 21.55% of the total variance in 4% FCM yield over whole and
standard lactations, respectively. The resulting coefficient of determination (R?) in 4% FCM
yield was 0.159 over whole lactations and 0.216 over standard lactations.
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Introduction

Given the fact that milk production is a polygenic quantitative trait dependent
upon genotype (25%) and non-genetic factors (75%), its variability is extremely
high. Studies on phenotypic and genetic variability of production traits are of high
practical importance in that variability underlies selection effects across years and
generations.

The cattle breeding procedures used today most commonly employ linear
methods and models that combine fixed parameters (year, farm, season, lactation)
and random variables (regression effect, random variables effect) 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 (Bogdanovi¢ et al., 2003).

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
(Stoji¢ et al., 1996). The same authors, Stoji¢ 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 production 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).

Most authors agree that milk and fat yields over whole and standard
lactations increase with advancing age at first conception (Fiss and Wilton 1989,
Michel et al., 1989, Perisi¢ 2002).

A thorough analysis of production traits in cows requires determination of the
milk performance of dairy cattle based on yields of milk corrected to 4.0% fat,
and evaluation of the effect of non-genetic factors on the trait.

Material and methods
Material
This study on the effect of systematic factors on 4% fat-corrected milk

yield over whole and standard lactations involved 2805 Simmental cows housed
on three farms i.e. in three different breeding areas, including the following:
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-"Zlatiborski Suvati" dairy farm on Mt. Zlatibor, employing a free-stall
housing system with lying and resting boxes (lige boxen), located at about
1000m a.s.l. (n=578),

- Dobri¢evo dairy farm in the lowlands in Cuprija, using tie-stall housing
(n=964), and

- individual tie-stall farms in the Kotraze region, located at 400 - 700 m
a.s.l. (n=1263).

The traits analysed

The following production traits were analysed:

- 4% fat-corrected milk yield over whole lactations (4%FCMWL),(kg) and

- 4% fat-corrected milk yield over standard lactations (4%FCMSL),(kg).
Methods

Data preparation for statistical analysis

The correction of milk yield for the fat content of 4% (4%FCM) over

whole and standard lactations was made using the following Gaines-Davidson
formula:

4%FCM = 0.4M + 15F

M — amount of milk (kg)
F — amount of milk fat (kg)

Systematic environmental factors

The yield of 4% fat-corrected milk over whole and standard lactations was

affected by the following systematic factors tested in this study:
0 Breeding area. The effect of three farm locations was studied (the farm on Mt.

(0]

Zlatibor, Dobri¢evo farm and farms in the Kotraza region).

Lactation groups. Lactation groups were established in order to equalize 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),
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O Calving season, i.c. the onset of lactation (I-spring season (March through May), 1I-
summer season (June through August), Ill-autumn season (September through
November), [V-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, [I-summer, [II-autumn and [V-winter seasons)).

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 Linear regression effect

Table 1. Presentation of data across different classes of major systematic effects

Farm Lact. | Cow Lactation Lact. Y:;lr Lact. | Season | Lact. Segsfon Lact.
No. No. group No. birth No. | ofbirth | No. calving No.
I I(1) 2800 | 1982 | 847 I 2298 I 2281
. 1968 | 578
(Zlatibor) I1(2) 2297 | 1983 | 565 II 2837 I 2642
11 111 (3) 1715 | 1984 | 624 1 2035 1 2269
- 3237 | 964
([Dobricevo) V(4) 1213 | 1985 | 541 v 2552 v 2526
11 V() 799 | 1986 | 855
4513 | 1263
(Kotraza) VI(6+7+8+9 294 1987 | 822
+10+11+12) 1988 | 791
1989 | 839
1990 | 786
1991 | 627
1992 | 612
1993 | 306
1994 | 467
1995 | 516
1996 | 342
1997 76
1998 | 102

Evaluation of systematic environmental effects

The effect of systematic environmental factors was analysed by the GLM
(general linear model) using the statistical software Statistica for Windows
Release 6.0. (StatSoft, 1995). This procedure enables simultaneous analysis of a
number of different effects, regardless of their being either categorical or
continuous factors by nature. To estimate effects and test hypotheses, the least
squares method is used to fit the general linear model.

The effect of non-genetic factors on 4% fat-corrected milk yield over whole
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and standard lactations was analysed according to the following model:
Vi =+t B+ Lj + Gy + Cs; + BCs; + BLij + bl(Xl- X))+ Cijkl » where:

yij — an individual animal of the i-th breeding area, j-th lactation group, k-th
group, I-th calving season,

p — population mean with equal participation of all classes of effects (B, L,
G, Cs, BCs, BL),

B; — fixed effect of the i-th breeding area (1-3),

L; — fixed effect of the j-th lactation group (1-6),

Gy — fixed effect of the k-th group (year of birth x season of birth) (1-68),

Cs,— fixed effect of the 1-th calving season (1-4),

BCs; — fixed effect of the i-th breeding area x I-th calving season interaction (1-
12),

BL;; — fixed effect of the i-th breeding area x j-th lactation group interaction (1-
13),

b; — linear regression coefficient of the effect of age at first conception, and

ejjii — other undetermined effects.

As part of further analysis of 4% fat-corrected milk yield over whole and
standard lactations, presented below are the results of the analysis of variance,
including the significance of test factors, sum of squares, and % of the total sum,
as well as the coefficients of determination (R*) which denote the residual of the
variance i.e. the model variance divided by 100.

Results and discussion

Table 2. outlines the results on the effect of systematic factors on 4% fat-
corrected milk yield over whole and standard lactations, including least squares
means (LSM), standard errors of the means (SE;sy) and significance of the
effects analysed.

The table 2 shows a very high significant effect of the systematic factors
along with calving season on 4%FCM yield over whole and standard lactations,
which suggests the necessity to correct the yield for the effect of the systematic
factors analysed.

The effect of breeding area on 4% fat-corrected milk yield over whole and
standard lactations was very highly significant (P<0.001). The high intensity of
the production technology used on the Zlatibor and Dobri¢evo farms resulted in a
higher 4% FCM yield as compared to individual farms in the Kotraze region. The
cows on the Zlatiborski Suvati farm gave the highest yield of 4% FCM, which was
attributable to the more favourable effect of free-stall housing system on
production traits as compared to the tie-stall system employed on the Dobri¢evo
farm. Most authors report significant and very significant effects of farm on milk,
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fat and 4% FCM yields (Petrovi¢ et al., 1997 and 2006, Perisi¢ 1998, Rychen 1999,
Chladek and Kucera 2000, PBurdevi¢ 2001, DPurdevi¢ et al., 2002, Pani¢ 2005,
Petrovi¢ D.M. et al., 2016).

Table 2. Least squares means (LSM), standard errors (SErsy) of the means and
significance of the effect of systematic factors and age at first conception on 4%
FCM yield over whole and standard lactations

Systematic Milk production traits
4%FCMWL 4%FCMSL
effects
N (kg) (kg)
Farm LSM SE; s LSM SE;gu
I 1968 4333.7 29.81 41322 21.27
I 3237 37634 25.77 39229 18.39
111 4513 37734 22.02 3911.1 15.71
Few 183.427" 52.89"
Calving season
I 2281 3968.5 28.70 4004.0 20.49
I 2642 3869.6 26.80 3875.8 19.13
11 2269 3999.6 26.04 4016.5 18.59
v 2526 3989.7 25.86 4058.8 18.46
Fexp 7327 25477
Lactation group
I(1) 2800 3685.5 23.27 3613.6 16.61
I 2) 2297 3905.3 2586 39269 18.46
I1I (3) 1715 4067.8 29.56 4091.8 21.10
IV (4) 1213 4083.6 34.25 4154.1 24.44
V (5) 799 4070.7 40.55 4143.5 28.94
VI(6andonwards) 894 39282 39.85 4002.8 28.44
Fewp 4148 143.03
Group (Yr of birth x Season of
birth)
Fexp 560" 595"
Farm x Calving season
Feyp 743" 9.71""
Farm x Lactation group
Feyp 35.95" 50.14"
Age at 1* conception
Fexp 14.14™ 28.29""

N.S.—-P>0.05; *-P<0.05;

*¥*_.P<0.01; ***-P<0.001;
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Calving season had a very highly significant effect (P<0.001) on 4% fat-
corrected milk yield over both whole and standard lactations, primarily through the
types of roughage used in the diet (green forage or dry roughage) and temperature.
The lowest yield of 4%FCM, as induced by the unfavourable effect of high
temperatures, was obtained in the summer season, whereas the yield during the
other three seasons (autumn, winter and spring seasons) was almost identical.
Accordingly, the effect of calving season should be included in the model used to
estimate the breeding value of dairy cows. Most authors (Petrovic M.M. €t al.,
1997, Saveli 1997, Peri8i¢ 1998, Kucera et al., 1999, Rychen 1999, Purdevi¢ 2001,
Gaydarska et al., 2001, Singh et al., 2002, Petrovi¢c D.M. et al., 2005, 2006 and
2010, Pani¢ 2005) report significant, very significant and very highly significant
effects of calving season on milk production, as opposed to Chladek and Kucera
(2000), Panteli¢ et al. (2005), and Petrovi¢ D.M et al. (2016), who found a non-
significant effect of (P>0.05) the factor analysed.

The effect of lactation number on 4% fat-corrected milk yield over whole and
standard lactations was very highly significant (P<0.001). The yield was lowest in
the first whole and standard lactations (LSM= 3685.5 kg and LSM= 3613.6 kg,
respectively), and highest in the fourth lactation (LSM= 4083.6 kg and LSM=
4154.1 kg, respectively). Highly significant and very highly significant effects of
lactation number on the yield of non-corrected and 4% fat-corrected milk over
both whole and standard lactations were reported by most authors (PerisSi¢ 1998,
Rychen 1999, Purdevi¢ 2001, Gaydarska et al., 2001, Petrovi¢ D.M. et al., 2005,
2006, 2010 and 2016, Panteli¢ et al., 2005 and Pani¢ 2005).

Group defined as the year of birth x season of birth, farm x calving season
and farm x lactation group interactions exhibited a very highly significant effect
(P<0.001) on 4% fat-corrected milk yield over whole and standard lactations.
Therefore, the inclusion of both the above individual systematic factors and their
interactions into the models used to estimate the breeding value of cows was
found to be justified. Stoji¢ (1996) determined that the effect of farm-year-season
was the most dominant effect for all milk production parameters analysed
(P<0.01). A study conducted by Petrovi¢c M.M. et al. (1997), on active Simmental
cattle population in Serbia suggested that the breeding area x calving season
interaction contributed to highly significant variations in milk yield (P<0.01).

Age at first conception, as a continuous factor, had a statistically very highly
significant (P<0.001) effect on 4% fat-corrected milk yield over both whole and
standard lactations. Lin et al. (1988) and Perisi¢ et al. (2002) reported significant
(P<0.05) and very significant (P<0.01) effects of age at first conception, as a fixed
factor, on the first lactation production traits, with the effect being further lost,
resulting in a non-significant effect of age at first conception on milk production in
the second and third lactations. A non-significant (P>0.05) random effect of age at
first conception on milk production traits was observed by Purdevi¢ (2001),
DPurdevic¢ et al. (2002) and Petrovi¢ D.M. et al. (2006).

The significance of systematic effects and age at first conception on 4% fat-
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corrected milk yield over whole and standard lactations, the sum of squares of
individual effects, the model and residual variance used and their percentage of
the total sum of squares, and coefficients of determination (R?) are presented in
Table 3.

Table 3. Analysis of variance for milk production traits in standard lactations.
Significance of factors, sums of squares, % of the total sum and coefficients of
determination (R?)

Traits Degrees of  4%FCMWL 4%FCMSL
Source of variation freedom (kg) (kg)
ok stokok
Farm 2 571 837 300 159 053 100
5.05 2.57
""""""""""""""""""""""""""""""""""""""""""""" wxx wkx
Calving season 3 32805310 46 649 360
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 029 075
sokok skokk
Lactation groups 5 268 655 500 472 824 200
2.37 7.65
””””””””””””””””””””””””””””””””””””””””” ek wEkx
Group (Year of birth x Season of birth) 67 518 729 300 358 487 500
__________________________________________________________________ 458 58
ek *kk
Farm x Calving season 6 45 158 960 30 568 050
__________________________________________________________________ 040 049
skeskosk skesksk
Farm x Lactation group 10 353 330 400 250920 900
3.12 4.06
""""""""""""""""""""""""""""""""""""""""" wEk wEkk
Age at first conception 1 13979 180 14 248 220
__________________________________________________________________ 012 023
* ok okl
Model 94 1 804 496 000 1332751 000
_________________________________________________________________ 1593 2155
Residual variance 9623 513252 000 4 846 860 000
_________________________________________________________________ 8407 7845
R’ - 0.159 0.216

N.S.-P>0.05;*-P<0.05; **-P<0.01; ***-P<0.001;
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The percent contribution of the tested continuous and discontinuous
systematic factors and their interactions to the total variability of the traits
analysed ranged from 15.93% to 21.55% in 4%FCM yield over whole and
standard lactations, respectively, denoting the variance of the model used. The
highest percent contribution to the model variance in 4%FCM yield over whole
lactations and standard lactations was accounted for by the effect of breeding
area (5.05%) and lactation group i.e. lactation number (7.65%), respectively.
Among the non-genetic factors analysed, the lowest variability in 4%FCM yield
was caused by age at first conception, accounting for as low as 0.12% and 0.23%
of the model variance in whole and standard lactations, respectively. The very
low percent contribution of the variance of age at first conception to the total
variance of the model — below 0.5%, in 4% FCM yield over whole and standard
lactations was reported by Petrovi¢ D.M. et al. (2005, 2006 and 2010). Calving
season also accounted for a low percentage (below 1%) in the total variance of
the model for 4% FCM yield over whole lactations (0.29%) and standard
lactations (0.75%). A higher percent contribution of the calving season variance
to the total variability of production traits was found by Mchau and Syrstad
(1991). Milk production control in Norway suggested that month of calving made
up 2-3% of the total variability of production traits.

The model used to correct milk yield to 4% fat-corrected milk over whole and
standard lactations for the effect of systematic factors and their individual
interactions was very highly significant (P<0.001), suggesting adequate selection
of the systematic factors included in the model and the necessity to correct
production traits for their effect.

The calculated coefficients of determination, indicating the level of variation in
4%FCM that can be explained by the model used, ranged from 0.159 in 4%FCM
over whole lactations to 0.216% over standard lactations. In their 2010 and 2016
study, the same authors Petrovi¢ D.M. et al (2010. and 2016) obtained somewhat
higher values for the coefficients of determination — 0.206 and 0.623 in
4%FCMWL to 0.301 and 0.474 in 4%FCMSL, regardless of the small number of
systematic effects included in the model. The low values of the coefficients of
determination undoubtedly show that the variability of the traits was affected not
only by genetic factors but also by a large number of other non-genetic factors that
were not included in the model used in this study, but will be covered by further
research.
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Conclusion

The model used to evaluate the effect of systematic environmental factors,
their interactions and cow age at first conception on 4% fat-corrected milk yield
and its variability over whole and standard lactations suggests the following:

e The effect of breeding area, lactation group and calving season on 4% FCM
yield over whole and standard lactations was very highly significant (P<0.001).

e The interactions between fixed systematic factors included in the model,
such as year of birth x season of birth, farm x calving season, and farm x lactation
group interactions had a very highly significant (P<0.001) effect on 4% FCM yield
over both whole and standard lactations.

e Age at first conception as a continuous factor showed a statistically very
highly significant (P<0.001) effect on 4% fat-corrected milk yield over whole and
standard lactations as well as on milk fat content, and a non-significant effect
(P>0.05) on milk fat production.

e The model used to correct 4% FCM yield over whole and standard lactations
for the effect of systematic factors was very highly significant (P<0.001). The
percent contribution of the model variance to the total variance of the traits analysed
ranged from 15.93% in 4%FCM over whole lactations to 21.55% in 4%FCM over
standard lactations.

e The coefficients of determination (R?) obtained by means of the model
ranged from 0.159 to 0.216 in 4%FCM yield over whole and standard lactations,
respectively.
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UTICAJ SISTEMATSKIH FAKTORA NA PROIZVODNJU 4%
MAST KORIGOVANOG MLEKA KOD KRAVA SIMENTALSKE
RASE
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Rezime

Analiza uticaja sistematskih i1 kontinuelnih faktora okoline na proizvodnju 4%
mast-korigovanog mleka u celim i standardnim laktacijama kod 2805 krava
simentalske rase izvrSena je primenom opsteg linearnog modela. Od sistematskih
odnosno fiksnih faktora analiziran je uticaj farme ili odgajivackog podrucja,
sezone telenja, godine i sezone rodenja, grupe laktacija i interakcije izmedu
godine i sezone rodenja, odgajivackog podrucja i sezone telenja i odgajivackog
podrucja i grupe laktacija. Od kontinuelnih faktora posmatran je uticaj uzrasta pri
prvoj oplodnji.

Uticaj odgajivackog podrucja, grupe laktacija i sezone telenja na proizvodnju
4%MKM u celim i standardnim laktacijama bila je vrlo visoko znacajna (P<0.001).
Interakcije fiksnih, odnosno sistematskih faktora, uklju¢enih u model, kao Sto su
interakcija izmedu godine i sezone rodenja, zatim odgajivackog podrucja i sezone
telenja i farme i grupe laktacija, na proizvodnju 4%MKM kako u celim tako i u
standardnim laktacijama imale su vrlo visoko znac¢ajan uticaj (P<0.001).

Uzrast pri prvoj oplodnji, kao kontinuelni faktor, statisticki vrlo visoko znacajno
(P<0.001) je uticao na proizvodnju 4% mast-korigovanog mleka i u celim i u
standardnim laktacijama.

Primenjeni model za korekciju proizvodnje 4%MKM u celim i standardnim
laktacijama na dejstvo sistematskih faktora bio je vrlo visoko znacajan (P<0.001).
Udeo varijanse modela u ukupnoj varijansi kretao se od 15.93% kod proizvodnje
4%MKM u celim laktacijama do 21.55% kod proizvodnje 4%MKM u standardnim
laktacijama. Dobijeni koeficijenti determinacije (R*) kod proizvodnje 4%MKM u
celim i standardnim laktacijama iznosili su 0.15910.216.

Kljuéne redi: simentalska rasa, 4% mast-korigovano mleko, sistematski uticaji,
koeficijent determinacije.



