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ABSTRACT

This study aimed to evaluate the genetic and phenotypic trends of heifer and first-lactation cow traits
using a multi-trait animal model. Data were obtained from 2,914 performance and pedigree records of Friesian
heifers and first-lactation cows collected between 1979 and 2013 at the Saka and El-Karada experimental stations,
Kafr EI-Sheikh Governorate, under the Animal Production Research Institute, Ministry of Agriculture, Egypt.
Linear regression of breeding values on year of first breeding revealed unfavorable genetic trends for age-related
reproductive traits, with annual increases of 2.51, 0.18, and 0.09 days/year for age at first breeding (AFB), age at
successful service (ASB), and age at first calving (AFC), respectively. In contrast, favorable improvements were
observed for heifer fertility traits, including number of services per conception (NSCO; —0.01 unit/year),
conception rate (CRO; +0.16%/year), and service period (SPO; —0.34 days/year). For cows, desirable genetic
changes were detected for NSC1 (-0.09 unit/year), CR1 (+0.19%/year), and SP1 (-0.69 days/year), whereas
unfavorable trends were noted for calving to first service interval (CFS1; +0.49 days/year) and days open (DO1;
+0.44 dayslyear). Milk yield traits demonstrated consistent positive genetic progress, with annual increases of
241 kg, 14.9 kg, and 1.71 kg for 305-day milk yield (M3051), total milk yield (TMY1), and daily milk yield
(DMY1), respectively. However, an unfavorable decline of —1.7 days/year was recorded for lactation period
(LP1). Phenotypic trends closely paralleled the genetic results, confirming the observed patterns of change across

the study period.
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INTRODUCTION

The estimation of genetic trends represents a
fundamental approach to monitoring genetic improvement in
dairy cattle populations (Potocnikl et al., 2007). A genetic
trend, defined as the change in breeding values of traits over
time, provides an effective measure of the efficiency of
selection programs (Falconer and Mackay, 1996). However,
achieving genetic progress in dairy cattle is often constrained
by several factors, including low reproductive performance,
extended generation intervals, and the high costs and time
demands associated with large-scale selection programs.
Consequently, the evaluation of genetic improvement should
encompass multiple traits simultaneously, as this provides a
more powerful and comprehensive assessment of selection
efficiency (Yaeghoobi et al., 2011).

Previous studies have reported estimates of genetic
trends over relatively short time spans, typically less than 20
years (Lee et al., 1985; Van Vleck et al., 1986; Meinert and
Pearson, 1992). It has been established that extending the
study period enhances the precision of genetic trend
estimates (Burnside and Legates, 1967).

In this context, the present study was undertaken to
estimate the genetic and phenotypic trends of heifer and
first-lactation cow traits in Friesian cattle, using long-term
data spanning more than three decades.

MATERIALS AND METHODS

Data for this study were obtained from Friesian cows
maintained between 1979 and 2013 at the Sakha and El-
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Karada Experimental Stations, Kafr EI-Sheikh Governorate,

under the Animal Production Research Institute (APRI),

Ministry of Agriculture, Dokki, Giza, Egypt. Historical

records were extracted from herd files and used for genetic

and phenotypic analyses.

Traits Considered

Heifer traits included:

o Age at first breeding (AFB): the interval from birth to
first breeding (days).

o Age at successful breeding (ASB): the interval from birth
to conception (days).

o Age at first calving (AFC): the interval from birth to first
calving (days).

o Number of services per conception (NSCO).

o Conception rate (CRO): calculated as 1/NSCO.

e Service period (SP0): the interval from first service to
conception (days).

First-lactation cow traits included:

o Number of services per conception (NSC1).

o Conception rate (CR1): calculated as 1/NSC1.

¢ Calving to first service interval (CFS1): interval from
calving to first service (days).

e Service period (SP1): interval from first service to
conception (days).

o Days open (DOY): interval from calving to conception (days).

o 305-day milk yield (M3051, kg).

o Total milk yield (TMY1, kg).

o Lactation period (LP1): interval from calving to drying
off (days).


http://www.jappmu.journals.ekb.eg/

Anas A. A. Badr and S. M. Zahed

o Daily milk yield (DMY1, kg): calculated as TMY1 + LP1.

To minimize selection bias, heifer records were
matched with their corresponding first-lactation records.
Statistical Analysis

Preliminary statistical analyses were conducted using
the GLM procedure of SAS (2011) to identify the most
appropriate fixed models for genetic evaluation (Table 1).
Heifers were classified into age-at-first-breeding (AFB)
groups at three-month intervals: 12, 15, 18, 21, 24, 27, and
30-32 months. Similarly, age-at-first-calving (AFC) was

classified into seven categories: <23, 23, 26, 29, 32, 35, and
>37 months.

Genetic parameters were estimated using VCE6
software (Groeneveld et al., 2010), fitting a multivariate
animal model with animal and residual effects considered
random, and the fixed effects specified in Table 1. Pedigree
information was incorporated to estimate breeding values
(BV) using PEST software (Groeneveld et al., 2001).

Genetic and phenotypic trends were derived as the
regression of breeding values and least square means on
year, respectively.

Table 1. Model®* summary for multivariate analysis of heifer and cow traits.

Heifer Trait? F M1s Y1s FMY1s AFBc NSCO0 Model No.
AFB X X X X 1
NSCO0, CRO, ASB, AFC X X X X X 2
SPO X X X X X X 3
Cow Trait? F Milc Yic FMY1c AFCc NSC1 DO1 LP1 Model No.
NSC1, CR1, CFS1 X X X X X 4
SP1, DO1 X X X X X X 5
LP1, DMY1 X X X X X X 6
M3051, TMY1 X X X X X X X 7

a: F: farm, M1s: month of first breeding, Y1s: year of fist breeding, FMY1s: farm-month-year of first breeding, AFBc: age at first breeding classes,
NSCO: heifer number of service per conception, M1c : month of first calving, Yic: year of fist calving, FMY1c: farm-month-year of first calving,
AFCc: age at first calving classes, NSC1: first lactation number of service per conception, DOL1: first lactation days open as a covariate, LP1:

lactation period of first lactation as a covariate.

b: AFB: age at first breeding, ASB: age at successful breeding, AFC: age at first calving, NSCO: heifer number of service per conception, CRO: heifer
conception rate, SPO: heifer service period, NSC1: first lactation number of service per conception, CR1: first lactation conception rate, SP1: first
lactation service period, DOL.: first lactation days open, M3051: first lactation 305-day milk yield, TMY1: first lactation total milk yield, LP1:

lactation period of first lactation, DMY1: first lactation daily milk yield.

RESULTS AND DISCUSION

Genetic Trends

The mean breeding values (BV) of heifers for age-
related reproductive traits (AFB, ASB, and AFC) increased
between 1979 and 2013 (Figure la—c). These increases
correspond to unfavorable annual genetic changes of +2.51
days (P<0.005) for AFB, +0.18 days (P>0.05) for ASB, and
+0.09 days (P>0.05) for AFC (Table 2). In contrast,
favorable genetic improvements were observed for fertility
traits, as indicated by the reductions in NSCO (-0.01
services/year, P<0.05) and SPO (-0.34 days/year, P<0.01)
(Figure 1d, f). Similarly, CRO showed a favorable annual
increase of +0.16% units (P>0.05) (Figure 1e). These
findings are consistent with Andersen-Ranberg et al. (2005),
who reported an annual increase of 0.14% units in CRO
(P<0.01) between 1980 and 1998. Conversely, Fogh et al.
(2003) found that SPO increased by three days during 1980—
1996, while Zahed and Anas (2020) reported overall genetic
improvements in heifer fertility traits, with annual reductions

of -0.01, -0.01, and —0.002 months/year for AFB, ASB, and
AFC, respectively, as well as declines of —0.01 services/year
in NSCO0 and —0.21 days/year in SPO.

For first-lactation cows, mean BV for NSC1 declined
favorably over the study period (Figure 2a), with an annual genetic
improvement of —0.09 services (P<0.02) (Table 2). CR1 increased
significantly (+0.19% units/year, P<0.001) (Figure 2b). In contrast,
CFS1 and DOL1 exhibited unfavorable increases of +0.49 days/year
(P<0.01) and +0.44 daysfyear (P<0.001), respectively (Figure 2c, e).
Favorable improvement was observed for SP1, which decreased by
—0.69 daysfyear (P<0.001) (Figure 2d). These findings corroborate
Andersen-Ranberg et al. (2005), who reported genetic
improvement in CR1 but unfavorable lengthening of CFS1.
Similarly, Fogh et al. (2003) observed increases in SP1 (+12 days)
and CFS1 (+8-9 days) during 1980-1996, while CR1 decreased by
3-4%. In the United States, VanRaden (2003) documented an
unfavorable genetic increase of 17 days in DO. Liu et al. (2007) also
reported unfavorable genetic trends in Holsteins between 1990 and
2001, including reductions in CR1 (-2.77%), increases in SP1
(+4.53 days), and increases in DOL (+7.4 days).

Table 2. Genetic and phenotypic trends for heifer and cow fertility traits and first lactation production traits.

Traits? Genetic Trend Sig. Phenotypic Trend Significant®
Heifer Traits
AFB (d) -5005X +2.51 el -2768.5X + 1.72 *
ASB (d) -366.0 X +0.18 ns. -2391.3X +1.55 *
AFC (d) -181.3X +0.09 ns. -2196.7X + 1.59 *
NSCO (No.) 17.2X -0.01 * 275X -0.01 *x
CRO (%) -314.4X +0.16 ns. -320.3X +0.20 *
SPO (d) 683.8X-0.34 ool 2158.6X —1.06 ookl
First lactation cow Traits

NSC1 (No.) 22.6X-0.09 * 305X -0.04 *
CR1 (%) 725X +0.19 il 78.8X +0.12 falae
CFS1(d) -986.3X +0.49 wx -1016.7X +0.54 *
SP1(d) -1382.9X -0.69 il -1294.7X - 0.49 wx
DO1 (d) 2881.4X +0.44 el 983.1X +0.45 ns.
M3051 (Kg) -4808.7X +2.41 ik -368.6X +0.27 ns
TMY1 (Kg) -29904.4X +14.9 * -13403.3X+7.8 ns.
DMY1 (Kg) 3418.3X +1.71 Fokk 2781.4X +1.24 *
LP1 (d) -49298.4X -1.7 ol -20717.4X-16 ns.

a: n.s.= non significant, * = significant at P<0.05, ** = significant at P<0.01,
***=significant at P<0.001.
b: abbreviations as described in table 1.
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Figure 1. Genetic trend for (a) AFB, (b) ASB, (c) AFC, (d) NSCO, (e) CRO, (f) SPO.
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Figure 2. Genetic trend for (a) NSC1, (b) CR1, (c) CFS1, (d) SP1, (e) DO1.

Milk production traits demonstrated clear favorable  (P<0.001) for M3051, +14.9 kg (P<0.02) for TMY1, and
genetic progress. Annual improvements were +2.41 kg +1.71 kg (P<0.001) for DMY1 (Figure 3a, b, d; Table 2).
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However, LP1 showed an unfavorable decline of -1.7
days/year (P<0.001) (Figure 3c). Similar positive changes

were reported by Andersen-Ranberg et al. (2005), who
found an annual increase of 0.63 kg in PY1 (P<0.01).
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Figure 3. Genetic trend for (a) M3051, (b) TMY1, (c) LP1, (d) DMY1.
Phenotypic Trends (Figure 4d, f). CRO exhibited a favorable increase of +0.20%

Phenotypic means for AFB, ASB, and AFC
increased unfavorably over the study period, with annual
changes of +1.72 days (P<0.05), +1.55 days (P<0.05), and
+1.59 days (P<0.05), respectively (Figure 4a—c; Table 2). In
contrast, NSCO and SPO showed favorable decreases of —
0.01 services/year (P<0.01) and —1.06 days/year (P<0.001)

units/year (P<0.05) (Figure 4e). These findings are in line
with Van Doormaal et al. (2004), who reported little
phenotypic change for AFB and CRO in Canadian Holsteins,
and with Zahed and Anas (2020), who observed positive
phenotypic trends for AFB, ASB, and AFC but negative
trends for NSCO and SPO.

[a) Age at first breeding (AFBd)

1357 9111315171921232527293133
Year of first breeding
=B-PAFBd =—=Linear [PAFEBd)

(b} Age at successful breeding [ASBd)
000 -
2500 -
2000 -
7 7500 |
F000
650.0 -
600.0

135 7 9111315171921 232527293133
Year of first breeding
—B-PASEd ——Linear (PASEd)

(c) Age at first calving (AFCd)

1 357 9111315170921 232527293133

(d) Number of services per conception
(NSCO)

1357 9111315171921232527293133

NSCO
Bhbohb

Year of first breeding Year of first breeding
“B-PAFCd ===Linear [PAFC) = PN SO0 =L inear [PNSCO)
e} Conception rate (CROa) |f) Service period [SPO)

1357 9111315171921232527293133
Year of first breeding
=E-PCROa

1357 91112051719 20 222527 X031 32
Year of first breeding
~B-PSP0 ——Linear [PSPO)

Figure 4. Phenotypic trend for (a) AFB, (b) ASB, (c) AFC, (d) NSCO, (e ) CRO, (f) SPO.

For first-lactation cow traits, NSC1 declined
favorably (—0.04 services/year, P<0.05) (Figure 5a; Table 2),

while CR1 increased (+0.12% units/year, P<0.001) (Figure
5b). In contrast, CFS1 and DO1 showed unfavorable
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phenotypic increases of +0.54 days/year (P<0.01) and +0.45
days/year (P>0.05), respectively (Figure 5c, €). SP1
decreased favorably (—0.49 days/year, P<0.001) (Figure 5d).
Van Doormaal et al. (2004) similarly reported a phenotypic
decline in CR1 (-0.23%/year) and an increase in CFS1
(+0.77 days/year) in Canadian Holsteins.

For milk yield traits, phenotypic means increased
favorably by +0.27 kglyear (P>0.05) for M3051, +7.8
kg/year (P>0.05) for TMY1, and +1.24 kg/year (P<0.04) for
DMY1 (Figure 6a, b, d; Table 2). LP1, however, declined
unfavorably by —1.6 days/year (P>0.05) (Figure 6c).
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Figure 5. Phenotypic trend for (a) NSC1, (b) CR1, (c) CFS1,(d) SP1, (e ) DOL.
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Figure 6. Phenotypic trend for (a) M305, (b) TMY1, (c) LP1, (d) DMY1.

CONCLUSION

The analysis of genetic and phenotypic trends from
1979 to 2013 demonstrated consistent improvements in
fertility efficiency—specifically, reduced services per
conception, improved conception rates, and shorter service
periods—in both heifers and first-lactation cows. Substantial
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genetic and phenotypic progress was also observed in first-
lactation milk yield traits, including 305-day milk yield, total
milk vyield, and daily milk vyield, highlighting the
effectiveness of the selection program.

Nonetheless, unfavorable trends were evident for
age-related reproductive traits in heifers (AFB, ASB, AFC),
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as well as for postpartum fertility indicators in cows (CFS1,  Liu, Z., Jaitner, J., Pasman, E., Rensing, S, Reinhardt, F. and

DO1) and lactation length (LP1). These results suggest that Reents, R. (2007). Genetic evaluation of fertility
while genetic selection was successful in enhancing traits of dairy cattle using a multiple trait model.
productivity, environmental and management factors—such Interbull Bull., 37: 134-139.
as inadequate culling policies, suboptimal nutrition, and  Meinert, T.R. and R.E. Pearson (1992). Estimates of genetic
limitations in reproductive management—Ilikely contributed trend in an artificial insemination progeny test
to the observed unfavorable changes. program and their association with herd
The findings underscore the importance of characteristics. J. Dairy Sci., 75: 2254-2264.
incorporating both reproductive and production traits into a  Potocnikl, K., Stepec, M. and J. Krsnik (2007). Genetic
comprehensive selection index to achieve sustainable trends for production and non-production traits in
genetic improvement in Friesian cattle populations. Simmental breed in Slovenia. Biotecnol. Anim.
Husbandry, 23: 47-53.
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