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Abstract. The effects of fixed non-genetic factors (farm, season of birth,
year of birth, total number of lactations) and a continuous non-genetic factor (age
at first conception) on the expression and variability of longevity traits such as age
at culling, length of productive life, days in milk and cow efficiency index were
investigated in 2548 Simmental cows in three farming areas. Based on the model
used for the analysis of the effects of non-genetic factors, including the
environment and cow age at first conception, on the expression and variability of
longevity traits, the overall means for age at culling, length of productive life, days
in milk and cow efficiency index were 2445.21+17.49 days, 1562.55+17.71 days,
1094.17+12.28 days and 58.68+0.32%, respectively. The effect of farming area, year
of birth and lactation group on longevity traits was very significant (P<0.01), whereas
the effect of season of birth was significant (P<0.05). Age at first conception had a
highly significant (P<0.01) effect on age at culling, length of productive life and cow
efficiency index, and no significant effect on days in milk (P>0.05). Based on the
model used, the coefficients of determination (R?) were very significant (P<0.01) for
all longevity traits, and ranged from 0.898 for age at culling to 0.959 for days in milk.
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Introduction

Research into phenotypic and genetic variability of production traits has an
immense practical importance as this variability underlies annual and generational
selection effects.

Selection work in dairy herds in the last 50 years has strongly focused on milk
performance traits. This directselection based on milk performance traits has led to
deterioration of fertility, longevity and immunity traits, which have a critical role in
profitable milk production. As reported by the United States Department of
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Agriculture, until 1994, the official selection index used in the selection of dairy cattle
included only milk performance traits in calculating the aggregate genotype (Van
Raden, 2004).

In the last decade of the 20th century and the first decade of the 21st century,
many studies (Allaire and Gibson, 1992; Dekkers, 1993; Smith et al., 2000; Harder
et al., 2006; Orpin and Esslemont, 2010) showed a negative effect of a high level
of involuntary cullings of animals from the herd on the economic efficiency of
milk production on farms. Longevity as a function of animal’s constitution and
resistance to diseases, along with high productivity and good composition of milk,
is an important trait for the economic efficiency of milk production (Pogacar et al.,
1998). Consistently with the results of these studies and to solve problems
regarding involuntarycullings, a large number of countries have included functional
traits in their models for evaluating the breeding value of animals (Sewalem et al.,
2008).This approach has led to breeding programmes which have adopted a more
balanced approach, with the selection focus moved from milk performance traits to
functional traits (Miglior et al., 2005). In terms of milk production, functional traits
have today become crucial in defining modern breeding programmes aimed at
obtaining productive cost-efficient animals. Their basic effect on the economic
efficiency of milk production is not achieved through direct increase in animal
productivity, but is evidencedby production cost reduction through animal health,
resistance, vitality and ability to last a number of lactations (Bogdanovi¢ et al.,
2012).

From its earliest beginnings, research on longevity traits has faced
difficulties with both their proper interpretation and understanding the processes
which affect them. The main problem in the analysis of longevity traits is that the
exact value for this group of traits can be obtained only after the animal has been
culled, due to which the generational interval is considerably prolonged and the
selection effect reduced. In addition, functional traits often have low variability
(occurrence of mastitis, calving ease, diseases of some organs, etc.), which
significantly complicates their analysis and proper interpretation of results. As
reported by Fuerst and Sélkner (1997), many studies have shown that the true
productive lifespan cannot be used as an indicator of cow’s biological capacity.
Therefore, careful attention has been given to functional longevity (yield
adjustment) as a better trait to be used in routine genetic evaluation. In Austria, the
breeding value of the functional length of productive life has been routinely
evaluated since June 1995. These programmes are based on the Cox proportional
hazards model.

Longevity and lifetime milk production are significantly affected by a
number of non-genetic factors, either discontinuous i.e. fixed (farming area, season
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of birth, year of birth, season of calving, year of calving, total number of lactations
and their interactions) or continuous i.e. non-categorical factors (age at first
conception or age at first calving). In many herds, major reasons for culling include
low milk production (30-35%), impaired physiological functions (30-40%)
andudder diseases (10-15%). Low production is the main culling reason for cows
after the first or second lactation, whereas older cows are commonly culled for
infertility.

Cattle breeding practices generally involve the use of linear methods and
models combining fixed parameters (year, farm, season, lactation) and random
variables (age at first conception or age at first calving, genetic effect of father,
genetic effect of an individual animal, etc.), which can be either mutually dependent
(related) or independent, depending on the trait analysed, with or without
interactions. The model selected is essentially the breeding value of the individual
(Bogdanovic et al., 2003).

The objective of the present research was to contribute to a better
understanding of variability of longevity traits in Simmental cattle in Serbia caused
by different non-genetic effects. This research can serve as the basis of initial
endeavours in including this group of traits in the breeding programme for
Simmental cattle in Serbia, as well as in evaluating the breeding value of bulls for
these traits.

Material and methods

The effect of non-genetic factors on the phenotypic expression and
variability of longevity traits was analysed in 2548 Simmental cows born from
1995 to 2008, which were housed in three farming areas:

1. Zlatiborski Suvati (Mt. Zlatibor Pastures) Dairy Cow Farm on Mt. Zlatibor
(n=502), loose housing system,

2. Dairy cow farm at the Dobri¢evo farm in Cuprija (n=956), tie-stall housing
system, and

3. Private dairy cow farms in the region of Kotraza (n=1090), tie-stall
housing system.

The distribution of data on cows across classes of major non-genetic effects
is presented in Table 1.



232 Petrovi¢ Milun et al.

Table 1. Distribution of data across classes of major non-genetic effects

= No. of | Season of | No. of | Year of | No.of | Total no. of No. of
arm ; A .
COWS birth COWS birth COWS lactations COWS
| 502 | 589 1995 164 1 396
(Zlatibor) 1 127 1996 129 2 512
| 11 570 1997 184 3 466
(Dobrigevo) 956 v 662 1998 169 4 385
Il ) 1090 1999 246 5 314
(KotraZa) 2000 250 6 217
2001 192 7 143
2002 213 8 81
2003 187 9 23
2004 167 10 11
2005 172
2006 106
2007 168
2008 201

Based on the data obtained from birth records of cows housed in three
farming areas, the following longevity traits were analysed:
- age at culling (days),
- length of productive life (days),
- days in milk,
- cow efficiency index (%).

Preparation of data for statistical analysis

Longevity traits were calculated using data obtained from birth records of cows, as
follows:

Age at culling — by summing up the length of productive life in days and age at
first calving.

Length of productive life — by subtracting age at first calving in days from age at
culling.

Days in milk — by summing up the lengths of all full lactations during the cow’s
lifetime i.e. productive life.

Cow efficiency index (%) as a relative measure of longevity, calculated by dividing
the length of productive life by cow’s age at culling, and multiplying by 100.

Non-genetic effect of the environment

The effect of the following non-genetic factors on lifetime production traits
was analysed:
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Farming area (farm): The research was conducted at three farming locations, two
in the uplands (dairy cow farm on Mt. Zlatibor, which employed loose housing system, and
private farms, which used tie-stall housing systems, in Kotraza) and a farm at Dobri¢evo in
the low lands, which employed tie-stall housing system.

Season of birth:

I — spring season (March, April, May),

Il — summer season (June, July, August),

111 — autumn season (September, October, November),
IV — winter season (December, January, February).

Year of birth: cows born from 1995 to 2008.

Total number of lactations: 1-10.

Age at first conception.

Evaluation of non-genetic effects of the environment

The effect of non-genetic environment-related factors on longevity traits
(arithmetic means (X), standard errors of arithmetic means (Sx), significance of the
effect of non-genetic factors and coefficients of determination (R?) was analysed
using the general linear model of the Statistica 6.0 statistical software. This
procedure ensures a simultaneous analysis of a number of different effects, either
categorical factors (farming area, total number of lactations, season of birth and
year of birth) or continuous factors (age at first conception).

The analysis of the effect of some non-genetic factors on lifetime production
traits was performed by the following model:

Yijk = L+ FR; + SBJ +YB,+ L+ bl(Xl-; 1) + €iji where:

Yij — individual of the i-th farming area, j-th season of birth, k-th year of birth and
I-th total number of lactations,

u — general mean value of population when all classes of effects (FR, SB, YB, L) are
equally present

FR; — fixed effect of the i-th farming area(1-3),

SB; - fixed effect of the j-th season of birth (1-4),

YBy — fixed effect of the k-th year of birth (1-14),

L, — fixed effect of the I-th total number of lactations (1-10),

b, — linear regression coefficient of the effect of age at first conception, and
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eijxi — other non-determined effects.

Further analysis of longevity traits presents coefficients of determination
(R?) for each trait analysed, which are proportions of residual variance i.e.
variance of the model divided by 100.

Results and discussion

The results of the analysis of the effect of non-genetic environment-related
factors on longevity traits (cow’s age at culling, length of productive life, days in
milk and cow efficiency index) are presented in Table 2. Depending on the effect
of non-genetic factors (farming area, season of birth, year of birth, total number of
lactations and cow’s age at first conception), the table presents arithmetic means
and standard errors of arithmetic means (X+Sx),the significance of the effect of
non-genetic factors and coefficients of determination (R?) for all longevity traits
analysed.

The average age at culling and length of productive life in all tested cows
were 2445.21+17.49 and 1562.55+17.71 days, respectively. The total number of
days in milk was 1094.17+12.28, and cow efficiency index was 58.68+0.32%.

Farming area or farm commonly has a significant effect on longevity traits
due to housing system, nutrition, animal care, climate, age structure, herd size and
other factors associated with farm operation and management practices. The
interaction of these factors is characteristic of each farm. Hence, there are
differences across herds and farms even when the genetic potential for milk
production is similar. The effect of farming area on all longevity traits in this
research was very significant (P<0.01). The highest expression of these traits was
observed at the farm on Mt. Zlatibor as the result of loose housing system and
grazing during the summer season, whereas their lowest values were recorded for
cows at the Dobri¢evo farm, which employed tie-stall housing without grazing.
The values of these traits in cows in the Kotraza region were higher than Dobriéevo
cows, as the result of more relaxed farming conditions, including a small number
of animals and more extensive farming, which favoured the longevity traits
analysed.
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Table 2. Arithmetic means (X), standard errors of arithmetic means (Sx), significance of the
enetic factors and coefficients of determination (R?) for longevity traits

effect of non-

Length of productive

Cow efficiency

Mo | | I e, @y i index, 96
- ¥+ST - XaS¥
Mean-u  [2548| 2445.21+17.49 1562.55+17.71 1094.17+12.28 58.68+0.32
Farming area (A)
Zlatibor 502 2495.51+36.10° 1601.12+36.86° 1246.08+29.99° 59.99+0.64°
Dobricevo 956 2373.89+25.40° 1500.59+25.93° 1000.49+18.06° 58.70+0.49°
Kotraza 1090| 2484.59+29.89 1599.14+30.07° 1106.36+19.13° 58.05+0.55°
Season of birth (B)
Spring (1) 589 2433.46+36.47° 1557.60+36.82° 1101.11+25.89° 58.70+0.68"
Summer (2) | 727 2516.28+34.09° 1627.19+34.39° 1126.31+22.50° 59.49+0.60°
Autumn (3) 570 2345.59+35.24° 1468.69+35.90° 1025.15+24.89° 57.31+0.69°
Winter (4) 662 2463.37+33.76° 1576.81+34.29° 1112.11+25.05% 58.95+0.63"
Year of birth (C)
1995 164 3081.19+64.50° 2220.41+64.75° 1593.35+46.95° 69.67+0.81°
1996 129 | 2736.03+67.75" 1866.03+68.84° 1365.29+50.57° 65.23+1.06°
1997 184 2315.73+55.90° 1434.43+56.77" 1048.67+43.28 57.50+1.13°
1998 169 2234.38+67.95 1359.22+67.51¢ 989.55+46.23° 54.68+1.36
1999 246 2337.93+52.02° 1452.05+52.35" 1071.16+38.29" 57.43+0.98°
2000 250 2226.55+56.84 1346.46+58.08° 989.04+41.66° 54.29+1.11%
2001 192 2683.18+75.36° 1822.41+75.10° 1243.71+48.64° 62.31+1.19°
2002 213 2559.71+77.88° 1724.62+76.47° 1183.60+49.82° 59.82+1.29"
2003 187 2770.21+66.77° 1891.78+65.94° 1222.17+43.55° 64.61+0.91°
2004 167 2544.93+60.93° 1672.02+61.51¢ 1135.57+41.50° 61.86+1.06°
2005 172 2516.76+56.36° 1602.60+59.92° 1110.46+43.26° 59.46+1.18°
2006 106 2220.41+66.91" 1298.53+68.44%" 864.29+43.63" 53.88+1.56f
2007 168 2183.40+41.74 1240.21+43.90" 805.98+31.17' 53.51+1.13°
2008 201 1980.93+40.79° 1080.47+42.37' 758.44+29.18' 50.25+1.15"
Total number of lactations (D)
1 396 1328.37+10.66 413.82+8.64 312.15+3.82 30.43+0.40'
2 512 1774.40+12.86' 875.86+11.66' 619.45+5.23' 48.69+0.29"
3 466 2225.93+15.44" 1343.13+14.48" 917.19+6.65" 59.90+0.23°
4 385 2668.70+17.73° 1789.88+16.67° 1206.49+8.42° 66.760.22
5 314 3044.55+18.98" 2170.70+17.21 1515.83+10.027 71.13+0.19°
6 217 3414.48+23.15° 2563.61+21.46° 1813.07+13.90° 74.95+0.19°
7 143 3788.22+27.82° 2947.81+26.42° 2081.24+17.27° 77.72+0.21°
8 81 4138.84+38.22° 3284.18+35.67° 2361.94+21.66° 79.28+0.24°
9 23 4450.74+70.70° 3621.13+66.82° 2758.56+37.29° 81.31+0.42°
10 11 4987.18+118.48° 4120.82+119.47° 3042.646+5.04° 82.55+0.73°
Age at first conception (E)
by S 0.992+0.002" -0.993+0.002" 0.000+0.002™ 0.009+0.056™
Anova df
A 2 *%x *% *%x *%
* * * *
(B: fa *x ** *x **
D 9 **% *% *%x *%
E ** ** ns **
Coefficient of
determir;ation - 0.898™ 0.901™ 0.951" 0.9197
R

Mean values followed by the same letters across columns are not different (P>0.05) according to LSD test
F-test (Anova) and t-test (coefficient of linear regression —b,y): N.S. — P > 0.05; *-P <0.05; **-P <0.01;
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The effect of season of birth on longevity traits in cows is the result of
changes in climate, primarily temperature and precipitation, leading to changes in
housing system (barn-based and pasture-based) and cow health as major factors
determining the expression of these traits. Longevity traits were significantly
affected by season of birth (P<0.05). The highest values were recorded for cows
born in the summer season, and the lowest for cows born in autumn. The most
possible reason lies in the fact that calves born in the summer season were initially
raised in pastures, as opposed to calves born in autumn which were raised in poorer
barn-based conditions immediately after calving, which adversely affected their
immunity and health in general, as well as the expression of longevity traits.

The effect of year of birth on the expression of longevity traits is evidenced
through climate conditions across production years and feed quality and quantity.
Moreover, farming technology and health management have been improving over
the years, and there has been more or less annual selection success. Year of birth in
the present experiment had a very significant (P<0.01) effect on longevity traits
(age at culling, length of productive life, days in milk and cow efficiency index).
Despite improvement in farming technology and health management, longevity
traits across years of birth in this research exhibited a decreasing trend. This was
associated with increased selection criteria and intensified production, which
directly affected the relationship between planned and unplanned cullings and,
hence, the expression of longevity traits and milk production profitability. Most
cows are culled from production for undesirable reasons, which can be up to 2.5
times more common than planned culling reasons (Pinedo et al., 2010). Major
causes of involuntary culling include reproductive disorders, mastitis, hoof and leg
diseases and injuries (Nienartowicz-Zdrojewska et al., 2009; Pinedo et al., 2010;
Chiumia, 2011; Ansari-Lari et al., 2012, Stoji¢ et al., 2012).

The effect of total number of lactations on longevity traits was very
significant (P<0.01). The increase in lactation numbers directly and indirectly led
to an increase in longevity traits. The same finding was reported by Petrovi¢ D.M.
et al., (2004). In 143 Simmental cows housed at the Zlatiborski Suvati (Zlatibor
Pastures) farm, the author used the general linear model procedure and determined
a very highly significant (P<0.001) effect of total number of lactations on longevity
traits such as age at culling, length of productive life, days in milk, and cow
efficiency index. The analysis of the effect of lactation number on culling reasons
showed that dominant culling reasons varied with lactation. Dominant reasons for
culling of first-calversare selection issues (primarily low production) and
reproduction problems (Seegers et al., 1998; Stoji¢ et al., 2012). First-calvers
account for 20-35% of the total number of animals culled per year (Maher et al.,
2008; Pinedo et al., 2010; Chiumia, 2011). First-calvers that become pregnant late
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for the first time and those that have less expressed standard characteristics are
culled earlier due to the higher risk of low production (Durr, 1997).

Age at first conception had a highly significant effect (P<0.01) on age at
culling and length of productive life. The coefficient of linear regression was
b.y=0.992 for the first trait, and negative b,,=-0.993 for the second trait. Age at
first conception had no significant effect (P>0.05) on days in milk and cow
efficiency index.

The effect of age at first conception or age at first calving on longevity
traits was examined in a number of studies. In their research on the regression
effect of non-genetic factors on longevity traits in Simmental cows, Petrovié D.M.
et al., (2004; 2008), found a highly significant (P<0.001) effect of age at first
conception on age at culling and cow efficiency index (b,,=1.386 andb,,=-0.020),
whereas their effect on length of productive life and days in milk was non-
significant (P>0.05). Considerable research has documented that the risk of culling
increases (i.e. animals are culled earlier) with increasing age at first calving
(M'hamdi et al., 2010; Raguz, 2012; Zavadilovd and Stipkova, 2013). When
evaluating the effect of age at first calving on functional longevity in Hostein cows
in Tunisia, M'hamdi et al., (2010) found that culling risk increased linearly with
increasing age at first calving. Specifically, age at first calving of 27 months was
set as basal age, with the risk set to 1 for this age. In animals that calved at an
average age of 21 months, the risk was 0.96, whereas the risk for the calving age of
39 months was significantly hither — 1.43.

Coefficients of determination, which indicate the degree of explanation of
variations of longevity traits by the model employed, were very high, above 0.9 i.e.
over 90% of variability in longevity traits was induced by the effect ofnon-genetic
environment-related factors and age at first conception. Such high coefficients of
determination for longevity traits were mostly due to total number of lactations.
The lowest coefficient of determination 0.898 (89.8%) was obtained for age at
culling, and the highest 0.951 (95.1%) for days in milk. Somewhat lower
coefficients of determination for longevity traits, due to fewer non-genetic factors
analysed, were reported by Petrovi¢ D.M. et al., (2004). In their study on the effect
of lactation number and season of calving as fixed non-genetic factors and age at
first conception as a continuous factor on longevity traits in 143 Simmental cows,
the coefficients of determination ranged from 0.823 for cow efficiency index to
0.894 for days in milk.
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Conclusion

Based on the model for analysing the effect of non-genetic environment-
related factors and age at first conception on the expression and variability of
longevity traits, the following conclusions are drawn:

The general mean values for age at culling, length of productive life, days in
milk and cow efficiency index in 2548 tested cows were 2445.21+17.49 days,
1562.55+17.71 days, 1094.17+£12.28 days and58.68+0.32%, respectively.

The effect of farming area, year of birth and lactation group on longevity traits
was very significant (P<0.01), whereas the effect of season of birth was significant
(P<0.05).

Age at first conception as a continuous factor had a highly significant (P<0.01)
effect on age at culling, length of productive life and cow efficiency index, and no
significant effect on days in milk (P>0.05).

The coefficients of determination (R?), obtained by the model, were very
significant (P<0.01) for all longevity traits and ranged from 0.898 for age at culling to
0.959 for days in milk.

Given that non-genetic factors, both fixed and continuous, had a generally
highly significant effect on longevity traits, and were largely responsible for their
variations, they should necessarily be included in models for evaluating the breeding
value of dairy cows i.e. these traits should be corrected for the effect of these non-
genetic factors.

Uticaj sistematskih faktora na osobine dugovecnosti kod
krava simentalske rase

Milun Petrovi¢, Simeon Rakonjac, Vladan Bogdanovi¢, Snezana Bogosavijevic-
Boskovi¢, Radojica Pokovié, Radica Pedovic, Milos Petrovic

Rezime

Uticaj fiksnih (farma, sezona i godina rodenja, ukupan broj laktacija) i
kontinuelnih (uzrast pri prvoj oplodnji) sistematskih faktora na ispoljenost i
varijabilnost osobina dugovecnosti kao S$to su uzrast pri izlucenju, duzina
produktivnog Zivota, ukupan broj muznih dana i indeks iskori§¢avanja krava
proucavan je na uzorku od 2548 simentalskih krava rasporedenih na tri odgajivacka
podrucja. Na osnovu primenjenog modela za analizu uticaja sistematskih faktora
okoline i uzrasta krava pri prvoj oplodnji na ispoljenost i varijabilnost osobina
dugovecénosti opsti prosek za uzrast pri izlu¢enju, duzinu produktivnog zivota, ukupan
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broj muznih dana i indeks iskoriS¢avanja krava iznosio je 2445,21+17,49 dana,
1562,55+17,71 dana, 1094,17+12,28 dana i 58,68+0,32%. Uticaj odgajivackog
podrudja, godine rodenja i grupe laktacija na osobine dugovec¢nosti bio je vrlo znacajan
(P<0.01), dok je uticaj sezone rodenja krava bio znacajan (P<0.05). Uzrast pri prvoj
oplodnji visoko znaajno (P<0.01) je uticao na uzrast pri izluéenju, duzinu
produktivnog Zivota i indeks iskoris¢avanja krava, dok na ukupan broj muznih dana
nije imao zna&ajan uticaj (P>0.05). Dobijeni koeficijenti determinacije (R), na osnovu
primenjenog modela, za sve osobine dugoveCnosti bili su vrlo znacajni (P<0.01) i
kretali su se od 0,898 kod uzrasta pri izluenju do 0,959 kod ukupnog broja muznih
dana.

Kljuéne redi: dugovecnost, fiksni uticaji, kontinuelni uticaji, simentalske
krave.
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