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Abstract
Calving records from the Animal Breeding Center of Iran collected from January 1990 to 
December 2007 and comprising 207 106 first calving events of Holsteins from 2 506 herds 
were analysed using linear sire models to estimate genetic trends for age at first calving 
(AFC) and milk traits. Genetic trends were obtained by regressing yearly mean estimates of 
breeding values on year of birth. In general, there were decreasing genetic trends for AFC, 
fat percentage and protein percentage over the years but there were increasing genetic 
trends for milk yield, mature-equivalent milk yield, fat yield, mature-equivalent fat yield, 
protein yield and mature-equivalent protein yield over the years. On the other hand, there 
was a decreasing phenotypic trend for AFC but estimates of phenotypic trends were positive 
for milk yield and compositions over the years. It seems that the decline in calving age in 
this study over time resulted primarily from increased turnover rate and increased culling 
of heifers that failed to get pregnant. On the other hand, increasing trend for yield traits 
over time in this study indicated that Iranian dairy producers were successful in choosing 
progressively better semen and sires from imported and local sources over the years.
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Zusammenfassung
Genetische und phänotypische Trends für Erstkalbealter, 
Milchleistung und Milchzusammensetzung bei Holstein Kühen

Vom Januar 1990 bis Dezember 2007 wurden vom iranischen Tierzuchtzentrum 
Kalbungsberichte gesammelt. 207106 Erstkalbungen von 2506 Holsteinherden wurden 
anhand des linearen Vatermodells ausgewertet, um die genetischen Trends bezüglich 
des Erstkalbealters (AFC) und die Milcheigenschaften abzuschätzen. Die genetischen 
Trends wurden durch jährliche mittlere Regressionsabschätzungen von Zuchtwerten im 
Jahr der Geburt erhalten. Allgemein nahmen über die Jahre die genetischen Trends für 
AFC, Fettprozente und Proteinprozente ab, aber die genetischen Trends für Milchleistung, 
Fettgehalt und Proteingehalt zu.
Andererseits bestand ein abnehmender phänotypischer Trend für AFC, aber die 
Abschätzungen phänotypischer Trends waren über die Jahre für Milchleistung und 
Milchzusammensetzungen positiv. Es scheint, dass das Sinken des Erstkalbealter im 
Wesentlichen mit einer erhöhten Reproduktionsrate sowie verstärkter Selektion nicht 
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trächtig werdennder Färsen im Zusammenhang steht. Anderseits zeigten die zunehmenden 
Trends für die Leistungsmerkmale, dass die iranischen Milchproduzenten bei der Auswahl 
von Sperma und Zuchtbullen aus importierten und heimischen Quellen Erfolg hatten.

Schlüsselwörter:	 Milchkuh, Erstkalbealter, Milchleistung, phänotypischer Trend, 		
		  genetischer Trend

Introduction
Estimation of genetic trends is necessary to monitor and evaluate selection programs. 
Evaluation of important traits other than milk yield should provide dairy producers with 
more useful information upon which to base their genetic decisions (Mahoney et al. 1986). 
Age at first calving (AFC) includes the period that a cow needs to reach maturity and to 
reproduce for the first time. Age at first calving is a one of the many factors affecting farm 
profitability, through the direct cost of rearing heifers (Tozer & Heinrichs 2001) as well as its 
potential effect on subsequent performance (Pirlo et al. 2000, Bewley et al. 2001, Nilforooshan 
& Edriss 2004, Sawa & Krezel-Czopek 2009). A younger age at first calving is beneficial in 
that it can potentially lead to a reduction in rearing costs (Tozer & Heinrichs 2001) as well as 
an earlier return on investment. Nonetheless, rearing costs may be greater when seeking 
to calve at a younger age. Furthermore, a positive association between age at first calving 
and subsequent performance has been shown in previous studies (Dobos et al. 2004) which 
may affect any potential benefits of earlier calving. Nilforooshan and Edriss (2004) reported 
a non-linear association between age at first calving and first lactation milk yield in Iranian 
Holsteins with maximum milk yield achieved in heifers calving at 24 months of age; Pirlo et 
al. (2000) documented an increase in milk yield with age at first calving from 20 to 36 months 
of age in Italian Holsteins. Age at first calving has also been shown to influence calving 
performance (Ettema & Santos 2004), fertility (Ettema & Santos 2004) and longevity (Dürr et 
al. 1999, Ojango et al. 2005, Sawa & Bogucki 2010).

Three USDA studies (USDA 2002b) on dairy health and management practices were 
compiled based on data from US herds in 1991, 1996 and 2002 that represented 83 to 85 % 
of US cows. Mean age at first calving within herd declined slightly from 25.9 months in 1991 
to 25.4 months in 2002 and declined from 25.8 to 25.0 months when weighted for cow 
numbers. Mean age at first calving in 2002 was inversely related to herd size (USDA 2002a) 
and within herd was 25.5 months when herd size was <100 cows but only 24.6 months when 
herd size was ≥500 cows. Other studies have reported decreasing ages at first calving for 
dairy populations in The Netherlands (KNRS 2005) and Spain (González-Recio et al. 2004). 
Also there were several reports of genetic trends for milk yield but there were scarce 
estimates of genetic trends for AFC in the literature. Therefore, the objective of this study was 
to document genetic trends in AFC and productive traits of the first lactation Holstein dairy 
cows in Iran over 18-year period (1990-2007), using sire model analyses.



Navid Ghavi Hossein-Zadeh: Genetic and phenotypic trends for age at first calving and milk traits340

Material and methods
Data set

Calving records from the Animal Breeding Center of Iran, collected from January 1990 to 
December 2007 and comprising 207 106 first lactation Holstein calving events from 2 506 
herds were included in the data set. The herds used in this study are among the purebred 
Holsteins which are managed under conditions similar to most other developed countries 
and are under official performance and pedigree recording. The data included animal 
registration number, herd, calving date, parity, calving age, days in milk, adjusted milk yield 
(MY), mature equivalent milk yield (MEMY), adjusted fat yield (FY), adjusted fat percentage 
(FPER), mature equivalent fat yield (MEFY), adjusted protein yield (PY), adjusted protein 
percentage (PPER) and mature equivalent protein yield (MEPY). The pedigree information 
used in this study was extracted from the database used for the national genetic evaluation 
of dairy traits in Iran, which had been provided by the Animal Breeding Center of Iran and 
reported by Ghavi Hossein-Zadeh et al. (2009) in previous study. Outliers and out of range 
productive records were deleted from the analyses. Age at calving was required to be 
between 20 and 40 months in lactation one. Only records from the first parity that had data 
for all production traits were kept. Months of birth were grouped into four seasons: January 
through March (winter), April through June (spring), July through September (summer), and 
October through December (fall).

Statistical models of analysis

The fixed effects included in the models of analysis were determined from a preliminary 
analysis where the effects were statistically significant with a linear fixed effects model 
analysed with procedure GLM of SAS (SAS 2002). Level of significance for the inclusion of 
effects into the model of analysis was P<0.05. The final model for AFC included the fixed class 
effects of herd-year-season of calving and additive genetic effect of sire. Also, the final model 
for productive traits included the fixed class effects of herd-year-season of calving, the linear 
covariate effect of age at calving and additive genetic effect of sire. The following sire model 
was fitted to estimate genetic parameters for AFC and productive traits:

y = Xb + Zss + e	 (1)

where y is a N×1 vector of observations, b denotes the fixed effects in the model with 
association matrix X, s is the vector of additive genetic effects of sires with the incidence 
matrix Zs and e denotes the vector of residual effects. 

Genetic analyses

The linear sire model analyses were run using a restricted maximum likelihood method and 
average information algorithm (AIREML) of the MATVEC program (Wang et al. 2001) to obtain 
genetic parameters of AFC and productive traits. Genetic trends were obtained by regressing 
yearly mean estimates of breeding values on year of birth. Also, phenotypic trends were 
estimated using the linear regression of average phenotypic values on calving year. 
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Results and discussion
Summary statistics for AFC and milk yield and compositions are shown in Table 1. Also, 
estimates of genetic and phenotypic trends for AFC and productive traits in Holstein dairy 
cows are presented in Table 2. In general, there were decreasing genetic trends for AFC, fat 
percentage and protein percentage over the years but there were increasing genetic trends 
for adjusted milk yield, mature equivalent milk yield, adjusted fat yield, mature equivalent 
fat yield, adjusted protein yield and mature equivalent fat yield over the years. On the other 
hand, there was a decreasing phenotypic trend for AFC but estimates of phenotypic trends 
were positive for milk yield and compositions over the years (Table 2).

Table 1
Summary statistics for AFC and productive traits in Holstein dairy cows from 1990 to 2007

Trait	 N	 Mean	 SD	  

Age at first calving, months	 204 232	 26.48	 4.64	  
Adjusted milk yield, kg	 207 106	 6 535.99	 1 489.58	  
Mature equivalent milk yield, kg	 207 106	 7 503.26	 1 729.10	  
Adjusted fat yield, kg	 189 609	 206.76	 51.65	  
Fat percentage	 189 609	 3.19	 0.51	  
Mature equivalent fat yield, kg	 189 609	 237.32	 59.74	  
Adjusted protein yield, kg	 92 349	 216.53	 39.35	  
Protein percentage	 92 349	 3.10	 0.26	  
Mature equivalent protein yield, kg	 92 349	 249.12	 45.46

Table 2
Estimates of genetic and phenotypic trends (±SE) for AFC and milk yield and compositions in Holstein dairy 
cows*

Trait	 Trend
	 Genetic	 Phenotypic

Age at first calving, month	 −0.013±0.005	 −0.083±0.013
Adjusted milk yield, kg	 4.205±1.105	 136.4±4.93
Mature equivalent milk yield, kg	 4.428±1.137	 160.5±5.69 
Adjusted fat yield, kg	 0.051±0.023	 5.062±0.34
Fat percentage	 −0.001±0.0001	 0.011±0.003
Mature equivalent fat yield, kg	 0.047±0.027	 5.957±0.39
Protein yield, kg	 0.053±0.024	 5.429±0.97
Protein percentage	 −0.001±0.0001	 0.011±0.009
Mature equivalent protein yield, kg	 0.055±0.024	 6.401±1.13

*All estimates were significant at P<0.05.

Phenotypic trend and mean estimated breeding values for AFC by year of birth are shown 
in Figure 1. There was an increasing genetic trend for AFC from 1992 to 1997 but there was a 
decreasing genetic trend for AFC from 1998 onwards. Also, there was a decreasing phenotypic 
trend for AFC from 1996 to 2007. Mean estimated breeding values for MY, FY, MEMY and FPER 
by year of birth are shown in Figure 2. In addition, mean estimated breeding values for MEFY, 
PY, PPER and MEPY by year of birth are presented in Figure 3. There was an increasing trend 
for the mean estimated breeding values of MY, MEMY, FY, PY, MEPY and MEFY from 1998 to 
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Figure 1
Phenotypic trend (1a) and mean estimated breeding values (1b) for AFC by year of birth in Holstein dairy cows

Figure 2
Mean estimated breeding values for MY (2a), FY (2b), MEMY (2c) and FPER (2d) by year of birth in Holstein 
dairy cows
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2007, but a decreasing genetic trend was observed for FPER and PPER from 1998 onwards 
(Figures 2 and 3). Phenotypic trends of MY, MEMY, FY and MEFY by year of birth are shown in 
Figure 4. Also, phenotypic trends of PY, MEPY, FPER and PPER by year of birth are presented in 
Figure 5. Phenotypic means of MY, MEMY, FY and MEFY increased over the years. Phenotypic 
means of FPER had a large variation but there was an increasing trend from 1997 onwards. 
On the other hand, there was an increasing phenotypic trend for PY and MEPY from 1994 to 
2007. For PPER, there was an increase in the means of PPER from 1991 to 1995, but there was 
no obvious variation in the concentrations of PPER thereafter. 

Similar to the current results, Vergara et al. (2009) reported trend was negative for predicted 
cow yearly means for AFC in an Angus-Blanco Orejinegro-Zebu multibreed cattle population. 
Consistent with the results of this study, Hare et al. (2006) reported the decline in calving 
age across years for first parity dairy breeds in the United States. The decline in calving age 
in this study over time resulted primarily from increased turnover rate and increased culling 
of heifers that failed to get pregnant. Also, the decreases in AFC might represent earlier 

Figure 3
Mean estimated breeding values for MEFY (3a), PY (3b), PPER (3c) and MEPY (3d) by year of birth in Holstein 
dairy cows
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maturity from better calf-raising practices or from intense selection for high milk yield during 
the first parity. Similar reductions in age at first calving were also found in The Netherlands 
(Nederlands Rundvee Syndicaat 2005) and Spain (González-Recio et al. 2004).

Elzo et al. (2004) reported upward trends between 1990 and 2000 existed for mature 
equivalent milk yield and mature equivalent fat yield and a downward trend for MEPY in 
the Chilean multibreed dairy cattle population. Also, Abdallah & McDaniel (2000) reported 
the greatest genetic changes were after 1980 (FCM, 94.7 kg/year; fat yield, 3.46 kg/year) 
in North Carolina experimental dairy herds. Similar to the current results, Katkasame et al. 
(1996) reported positive genetic and phenotypic trends for adjusted milk and fat yields 
but negative genetic and phenotypic trends for fat percentage in dairy cows in Thailand. 
Michailowskaja et al. (2001) reported a substantial increase in quantity traits, whereas 
a negative trend has been observed for the milk content merits. Mohsen et al. (2000) 
studied the genetic and phenotypic trends in estimated transmitting ability on Friesian 
herds raised in Egypt and Germany and concluded that sires used in the later years were 

Figure 4
Phenotypic trends of MY (4a), MEMY (4b), FY (4c) and MEFY (4d) by year of birth in Holstein dairy cows
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of superior genetic value than those used in the earlier years. Peixoto et al. (2006) reported 
the annual genetic trend in estimated breeding values of cows for 305-d milk yield was 
7.09±0.71 kg between 1987 and 2004, and 6.47±2.35 kg between 1997 and 2004 in Guzerat 
herds. Estimate of genetic trend for milk yield in this study (4.2 kg/year) was lower than 
the reports of Peixoto et al. (2006), Abdallah & McDaniel (2000). Also, current estimate of 
genetic trend for milk yield was lower than the 13.88 kg/year obtained by Verneque et al. 
(1996) for the Gyr breed in Brazil. The lower estimates of genetic trends for yield traits in 
the current study compared to other reports can be attributed to the continuous entry of 
new sires and cows in the milk recording program, a more advanced age at first calving and 
the long calving interval, as well as the low frequency of use of sires proven and positive 
for milk yield. Some of these aspects are related to dairy operations such as fulfilment 
of nutritional needs and diet formulation, and milking management (Akers 2000). On the 
other hand, increasing trend for yield traits over time in this study indicated that Iranian 
dairy producers were successful in choosing progressively better semen and sires from 

Figure 5
Phenotypic trends of FPER (5a), PY (5b), PPER (5c) and MEPY (5d) by year of birth in Holstein dairy cows
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imported and local sources over the years. It seems that dairy producers in Iran benefited 
from genetic trends for milk traits in the US and Canadian Holstein populations because 
60 % to 80 % of semen used for artificial insemination in Iranian dairy herds is usually of US 
and Canadian proven sires (Ghavi Hossein-Zadeh et al. 2009). 

In conclusion there were decreasing genetic trends for AFC, fat percentage and protein 
percentage over the years in general but there were increasing genetic trends for milk 
yield, mature-equivalent milk yield, fat yield, mature-equivalent fat yield, protein yield and 
mature-equivalent protein yield over the years. On the other hand, there was a decreasing 
phenotypic trend for AFC but estimates of phenotypic trends were positive for milk yield 
and compositions over the years. Estimates of yield traits in this study were lower than those 
of other reports but increased trend for yield traits over time indicated that Iranian dairy 
producers were successful in choosing progressively better semen and sires from imported 
and local sources over the years. On the other hand, decreased genetic and phenotypic 
trends for AFC resulted primarily from increased turnover rate and increased culling of heifers 
that failed to get pregnant. Also, the decreases in AFC might represent earlier maturity from 
better calf-raising practices or from intense selection for high milk yield during the first parity.
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