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  INTRODUCTION 
The criteria for cows’ adaptation to milk production tech-
nology are the realization of the genetic potential of produc-
tivity and its retaining under extreme stimuli, the ability to 
reproduce healthy offspring, the time of economic use, and 
the resistance to diseases (Ulimbashev and Alagirova, 
2016). The productive life (PL) and milk production 
(3x/305/kg/day and peak of milk production) had the main 
role in investigating adaptability in two different climates 
and management and because of that these were designed 
and done. The productive lifespan of dairy cows in the 

United States, the leading country in the dairy industry, 
averages approximately 3 years after the first calving (De-
Vriest, 2020), which means that some animals do not have 
the opportunity to develop their production potential, which 
is observed in the 3rd or higher lactation. The USDA selec-
tion indexes from USDA included yield traits beginning in 
1971, productive life and somatic cell score beginning in 
1994, conformation traits in 2000, and cow fertility and 
calving ease in 2003 (VanRaden, 2004). Cow longevity is 
recognized as an important trait for improving farm eco-
nomic performance, while concurrently reducing environ-
mental and social impacts. However, there is an economic 

 

One of the main tools of genetic improvement in developing countries is the importation of semen from 
elite bulls for special characteristics. As the biggest challenge is the adaptability of the semen progeny to 
new environmental conditions, this study was designed and carried out to investigate the effects of the envi-
ronment on the productive life of dairy cows at industrial mega-dairy farms in Iran. Data of 113584 culled 
cows from 20 industrial Holstein mega dairy farms located in 14 provinces of Iran (March 2006 to February 
2022) were collected and analyzed using the chi-square method in SAS 9.4. The results showed that the true 
productive life (TPL) was significantly affected by the amount of milk production (305/Day/3x) and the 
peak of milk production (kg/day) and a high degree of positive regression was observed. Ranchers seem to 
be more careful in keeping highly productive cows because this is a cost-effective measure. To verify the 
performance of the imported semen, 70 sires with the highest number of daughters were selected. These 
sires had 23,222 daughters (20.44% of the data) in their covered herds. It is concluded that whatever is 
mentioned in sire catalogues for the PL and the TPL in the daughters' performance is different based on 
climate and functional conditions. Thus, it is recommended that a reference population for PL and milk 
production be created based on the local farm conditions to get optimum adaptability. 
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trade-off between longevity and herd genetic improvement, 
which may influence dairy farm efficiency and productivity 
growth over time (Beshir, 2021). Sasaki et al. (2018) re-
ported that economic value was linearly correlated with 
herd-life length, the linear regression coefficients between 
these factors could be used to estimate the economic value 
of herd-life length which longer herd life means a higher 
benefit. Lurdes Kern et al. (2016), assess the most impor-
tant factors that influence the PL of Brazilian Holstein cows 
and estimate genetic parameters for PL. Since the quality of 
the PL of the animal is calculated after the end of the life of 
the animal, VanRaden and Wiggans (1995) suggested that 
multi-trait evaluations might produce higher reliabilities for 
PL by including correlated traits measured earlier in life, 
such as yield, type, and somatic cell score.  

Stevenson and Lean (1998) reported that the age at first 
calving was not a significant risk factor for culling. Milk 
production in the first lactation was greater than the popula-
tion mean and did not influence the length of productive 
life overall but was associated with a greater risk of re-
moval of disorders of the udder. The risk of culling for re-
productive failure differed significantly between farms and 
was not related to events in the previous lactation period, 
such as calving to first service interval or calving-to-
conception interval. Shorter calving intervals were associ-
ated with an increased risk of removal due to low milk pro-
duction and disorders of the udder. The main aim of this 
study was to investigate the real performance of the daugh-
ters of used sires in our mega dairy farms and compare it 
with what was mentioned in the sire’s catalogue, especially 
for the PL trait, to find a proper breeding strategy for hav-
ing more profitable and low-difficulty cows that have a 
longer stay ability in the farms. 

Litwińczuk et al. (2016) investigated the length of life 
and milk production efficiency in cows with varying lacta-
tion persistency and reported that lactation persistency sig-
nificantly influenced (P≤0.01) the length of life and milk 
production efficiency in the analyzed cow population. 
Cows with a yield of over 30 kg at the peak of lactation 
followed by a moderate decrease (40%) lived the longest 
(over 6 years) and produced the most milk (nearly 28000 
kg). The yield of primiparous cows at the peak of lactation 
and its course was found to have a significant effect on the 
length of life and lifetime of milk production. The long 
period of high peak yield (over 30 kg of milk) in the primi-
parous cows in group I (with the best lactation persistency) 
in the long term proved to be detrimental, as these cows had 
the shortest productive life (2.3 lactations on average) and 
lifetime milk yield about 4,000 kg lower than in the cows in 
groups II and II (with poor lactation persistency). 

Yamazaki et al. (2014), investigated genetic correlations 
among female fertility, 305-day milk yield and persistency 

during the first three lactations of Japanese Holstein cows 
and concluded that when selecting to increase lactation per-
sistency, indicators of female fertility must be included in 
the genetic evaluation to reduce undesirable side effects on 
fertility in cows. 

Sowula-Skrzyńska et al. (2023), inquire thermal stress in-
fluence on the productive and economic effectiveness of 
Holstein-Friesian dairy cows in temperate climate and re-
ported that with a change in microclimate conditions in the 
barn, a decrease in the daily production and changes in the 
milk chemical composition were noted, and the economic 
efficiency of the studied activity decreased. From the re-
sults of this study, it can be concluded that daughters of the 
same sperm in different climatic conditions will have dif-
ferent functions, and their economic efficiency will be dif-
ferent. 

Prastowo et al. (2019) investigated the milk production 
of imported Holstein cows in different environments and 
reported that imported cows underwent extreme adaptation 
processes to be able to live optimally in a new environment 
that would modify their physiology. We suspect that envi-
ronmental changes and resource differences between tropi-
cal and subtropical climates trigger different trait expres-
sions to explain this phenomenon. 

Clasen et al. (2024) investigated the effects of herd man-
agement decisions on dairy cow longevity, farm profitabil-
ity, and emissions of enteric methane, a simulation study of 
milk and beef production, which reported that reducing the 
number of replacement heifers needed to improve cow re-
productive performance is thus key to increasing cow lon-
gevity and profitability while reduction enteric CH4 emis-
sions from the herd without compromising milk and meat 
production. 

Because the calculation of PL is calculated after remov-
ing the cow from the herd, most studies have been carried 
out as an estimate of the PL trait using the correlation of 
this trait with other traits. In this study, the true productive 
life (TPL) was calculated using a large amount of data 
(113584 removed cows), and its correlation with the 
amount of PL estimated in sperm catalogues was compared. 
In other words, in this study, the amount of TPL in a differ-
ent climate (Iran’s industrial mega-dairy farms) was com-
pared with the PL estimated in sperm catalogues; a higher 
TPL in cattle indicates a higher adaptability of the cow, 
increasing profitability.  

 

  MATERIALS AND METHODS 
The data of culled cows from 20 industrial mega-dairy 
farms (Holstein Frisian cows) in Iran during the past 16 
years (March 2006 to February 2022) were collected, and 
finally, 113584 culled cows were analyzed.  
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The average herd size was 2179 Holstein-Frisian cows 
(maximum: 5200, minimum: 385 cows), and the farms 
were located in 14 provinces in Iran. The average standard 
3x/305/kg/day milk yield was 12342 kg in the 3rd lactation, 
and the average age of culled cows was 1890 days, with an 
average of 997 milking days. The data from 113584 culled 
cows were descriptively analyzed. Currently, 18 under-
analyzed herds have more than 1000 productive animals, 
and the average number of animals in the herds under 
analysis was 2179. The total number of breeding cows in 
the 20 herds was 43,587. The breeds of animals in these 
herds are all Holstein Friesians of North American origin, 
which produce industrial milk with 100 percent HF blood-
line or can be registered as purebred. Cows were kept in 
completely semi-closed barns and managed professionally. 
Currently, the average milk production of herds is > 40 kg 
per head of dairy cows. 

The method of calculating the true productive life (TPL) 
of animals is to calculate the number of days the animal has 
been in the herd and given milk, which has been reported 
for each animal (Kharitonov et al. 2022). In other words, all 
the days after the first calving of the animal until the time 
of removal from the herd by removing the dry days of the 
animal in each lactation period were calculated using com-
puterized software, and the output was reported as the TPL 
of the animal. In international reports, the lifespan of live-
stock is reported in units of months, as in this report. 
 

  RESULTS AND DISCUSSION 
The descriptive statistics for the TPL of livestock as a main 
factor of adaptability were obtained by the univariate com-
mand in SAS 9.4 software (SAS, 2014) as shown in Table 
1. 

 
 
 
 
 
 
 
 
 
 

 
 
As shown in Table 1, 113584 data points were analyzed, 

and there were no missing data. The average TPL of the 
animals under investigation was 33.57 ± 20.77 months, 
which shows that the animals had an average of 33.57 
months of milk production (not counting dry days during 
the milk production period) till they were removed from the 
herd.  

These results were supported by those reported by Hare 
et al. (2006). As is clear from the data distribution diagram 
of the real lifespan of livestock (Figure 1), the distribution 
of this data is different from the bell diagram, and the ex-
pectation of complete normality of these data may not be a 
good expectation owing to the large volume of data and the 
fact that one side of the diagram is broken. Therefore, the 
measures taken to normalize the data were not successful. 
Figure 1- Distribution of true productive life (months). To 
investigate adaptability, linear regressions between TPL, 
milk production (3X/305/kg/day) and peak milk production 
(kg/day) (Table 2) were performed.  

In this analysis, the variable of TPL was considered as a 
dependent variable, and the variables of milk production 
(3x/305/kg/day) and peak milk production (kg/day) were 
considered as independent variables. The amount of R 
square for this analysis was calculated as 12.15%, which 
according to the high amount of data under analysis and the 
number obtained from the data output shows the rejection 
of the null hypothesis that the variable of TPL is independ-
ent, as well as the production of milk (3X/305/kg/day) and 
the peak of milk production (kg/day). In other words, TPL 
is significantly affected by the amount of milk produced 
and peak milk production. 

As seen in Figure 1, there is a high degree of regression 
between TPL (as a dependent variable) and milk production 
and the peak of milk production. The regression formula is 
calculated as below: 
 
TPL= 1.8058 + 0.0017 Milk Production + 0.2905 peak of 
Milk Production. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 Regression between the TPL (as a dependent variable) and milk 
production (3x/305/kg/day) and the peak of milk production 
(3x/305/kg/day) 

 
The TPL of livestock production increases with a higher 

amount of standard milk production (3x/305/kg/day) and 
also with a higher peak of milk production (kg/day, Table 
2).  

Table 1 Descriptive statistics of the true productive life (month)

Moments 

N 113584 Sum weights 113584 

Mean (month) 33.6 Sum observations 3813436 

Std deviation 20.8 Variance 432 

Skewness 0.80 Kurtosis 0.650 

Uncorrected SS 177049714 Corrected SS 49018536

Coeff variation 61.9 Std error mean 0.0616 
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In other words, cows with higher milk production 

(3x/305/kg/day) and higher peak milk production (kg/day) 
will have a longer TPL. To investigate the effect of interac-
tion between environment and genetics in the data under 
investigation, the number of 70 sires that had the highest 
number of daughters were selected. These sires had 23222 
daughters (20.44% of data) in the covered herds. The aver-
age number of daughters in these sires in the data was 332 
(maximum 798 and minimum 220 daughters), as shown in 
Table 3. The latest evidence of these sires (CDCB & HA-
USA Genetic Evaluations 12/2023) was gathered. TPL data 
were classified into 22 classes (8 to -13), and the PL data in 
the catalogue were classified into nine classes (3-5). The 
difference between the daughters’ performance and PL 
claimed in the catalogue was analyzed using SAS 9.4 soft-
ware with the chi-square method. As shown in Table 4, 
daughters' performance under the climatic and functional 
conditions of the industrial herds of dairy cows in Iran is 
significantly different from the figures mentioned in the sire 
catalogues. 

The high correlation between the TPL and the peak of 
milk production indicates that the animal that had a higher 
production peak also had a higher PL in the herd, and this is 
contrary to the claim made regarding the reduction of live-
stock longevity due to pressure on production.  

 
 

 
 
 
 
 
 
 

Table 2 Linear regression between TPL, milk production (3x/305/kg/day) and peak of milk production (kg/day) 

Variable df Parameter estimate Standard error t Value Pr > |t| 

1.81 0.382 4.72 <0.0001 Intercept 1 

0.0017 0.0000 44.3 <0.0001 Milk production (3X/305/kg/day) 1 

0.291 0.0099 29.4 <0.0001 Peak of milk production (kg/day) 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Correlation between the TPL with milk production of 305 days, and peak of milk production

Pearson Correlation Coefficients  
Prob > |r| under H0: Rho=0  

Number of Observations 

  Milk Production 3x/305/kg Peak of milk production kg/day True productive life month 

1.00 0.747 0.333 
 

Milk production 
 <0.0001 <0.0001  (3x/305/kg/day)  

78036 78014 78036 
   

0.747 1.00 0.479  

<0.0001  <0.0001 Peak of milk production (kg/day)  

78014 111 76 2
 

111 76 2
  

0.333 0.479 1.00  

<0.0001 <0.0001  True productive l month) ife ( 

78036 111 76 2
 

113 84 5
  

 
 
 
 
 
 
 
 
 
 
 
 

Table 4 Descriptive statistics of the number of sire daughters 

Moments 

70 70 N Sum weights 

332 23222 Mean Sum observations 

113 12751 Std deviation Variance 

1.52 2.93 Skewness Kurtosis 

8583558 879825 Uncorrected SS Corrected SS 

34.0 13.5 Coeff variation Std error mean 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Table 5 Chi-Square of difference between TPL and PL in the catalogue 

Statistics for Table of NAAB code by CLASIFIED_DIFFERENCE 

Statistic df Value Prob 

Chi-Square 552 2812 <0.0001 

Likelihood Ratio Chi-Square 552 3188 <0.0001 

Mantel-Haenszel Chi-Square 1 3.40 0.0651 

Phi coefficient  0.329  

Contingency coefficient  0.123  

Cramer's V    

Sample size= 23222
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The results of this research are consistent with those of 
VanVleck (1964), Mendes et al. (2021), Jenko et al. 
(2015),and Rodríguez-Godina et al. (2021), but conflict 
with those of Dallago et al. (2021), Ulimbashev and Alagi-
rova (2016), and Ajili et al. (2007). De Vries and Marcon-
des (2020) also reported other factors that affect the produc-
tive life of cows. However, the following factors can be 
considered influential in this regard: 

 
• Paying more attention to the ration and quality of the feed 
along with the comfort of the high-producing cows 
• More diagnosis and more appropriate treatment for high-
yielding cows. 
• More attention in deciding to remove cows with high milk 
production. 
 

The high correlation between TPL and milk production 
shows the animals with better milk persistency, as a result, 
have a higher milk production in a lactation period and 
have a higher TPL. The result of this review can lead to the 
recommendation that when the milk production in cows is 
high, she will have higher adaptability or TPL too. How-
ever, the reason for this can be attributed to the following: 

 

 In commercial milk production herds, keeping 
cows with high milk production is the main goal of that 
herd. 

 Considering the high production of these cows, 
spending on good nutrition and animal welfare is 
economically justified. 

 Faster detection of sick and estrous cows in the 
pens of cows with high milk production 
 

From the results of this study, it can be concluded that 
the adaptability of sires' offspring is low and claim in the 
sire catalogues for the PL performance of the cows under 
investigation has a significant difference with the real TPL 
observed in the performance of the daughters of those sires 
in the climate and functional conditions of the industrial 
dairy herds of Iran. In other words, the interaction between 
the environment and genetics causes significant differences 
between figures mentioned in the sire catalogues and their 
true performance in different geographical and manage-
mental conditions like industrial dairy farms of Iran. This 
result was supported by Sowula-Skrzyńska et al. (2023). 
This study is one of the few studies in which the real 
adaptability of more than 110000 removed cows was calcu-
lated and evaluated with the claim made in the catalogues 
for the PL trait. Because the number of sperms used in the 
herds under investigation was very high, only the sperms 
that had the highest number of daughters in the herds and  

 

had a minimum performance of 200 daughters were used in 
the performance comparison with the catalogues. 

Toledo et al. (2024) mentioned that increasing cow com-
fort by making management adjustments to decrease expo-
sure to high temperatures during the hot months allows 
farmers to decrease culling risk factors and possibly in-
crease cow productive life. Perhaps the warmer climatic 
conditions of Iran are one of the main reasons for the dif-
ference between the calculated TPL and the PL claimed in 
the catalogues. 

Based on the obtained results, it can be suggested that to 
evaluate the adaptability and better performance of sire in 
the conditions of industrial herds of dairy cows in Iran, it is 
advisable to repeat the study with more data which led to 
having a safe margin with higher accuracy when choosing a 
sire for proper traits viz, TPL as a national reference base or 
index. VanRaden (2004) advised that breeding programs 
should estimate future costs rather than current costs and 
prices. De-Vriest (2020) was advised that increases in ge-
netic gain, reproductive efficiency, cow comfort, and health 
care will increase the opportunity for herd managers to 
change true productive life to increase profitability, im-
prove societal acceptance of dairy production, or both. 
Adamczyk et al. (2018), he suggested taking milking tem-
perament into account in breeding practice, as this trait is 
closely related to the longevity characteristics of dairy 
cows. 
 

  CONCLUSION 

From this study, it can be concluded that with the idea of 
more pressure selection on milk production in cows, the PL 
of cows will decrease, not only is it not correct, but cows 
with high milk production will also have a longer PL. From 
the high positive regression between milk production and 
the peak of milk production with TPL, it can be concluded 
that farmers are more careful in keeping highly productive 
cows because this is a cost-effective measure for them. Due 
to the low heritability of the adaptability trait, it is sug-
gested to determine a special selection index in future stud-
ies by using traits related to adaptability, so that by using it 
in the selection of future sperms, it is possible to increase 
the improvement in adaptability of the next generation of 
cows. 

 

  ACKNOWLEDGEMENT 
The authors thank Pars Holding Company in Iran for sup-
porting this article with farm data. This research did not 
receive any specific grant from funding agencies in the pub-
lic, commercial, or not-for-profit sectors. 
 

 

16-11, )1(15 )2520(Animal Science Applied  ofIranian Journal   15 



Verification of Adaptability in Dairy Cattle  
  
  

16-11, )1(15) 2520(Animal Science Applied  ofIranian Journal   16 

  REFERENCES Mendes L.B., Coppa M., Rouel J., Martin B., Dumont B., Ferlay 
A., Espinasse C. and Blanc F. (2021). Profiles of dairy cows 
with different productive lifespan emerge from multiple traits 
assessed at first lactation: the case of a grassland-based dairy 
system. Livest. Sci. 246, 104443-104451. 

Adamczyk K., Jagusiak W. and Makulska J. (2018). Analysis of 
lifetime performance and culling reasons in Black-and-White 
Holstein-Friesian cows compared with crossbreds. Ann. Anim. 
Sci. 18(4), 1-9.  Prasowo S., Nugroho T., Mahfudhoh N., Putra F., Subiakti Y., 

Ratriyanto A., Susilowati A., Sutarno S. and Widyas N. 
(2019). Milk production of imported Holstein cows over the 
different environments. IOP Conf. Ser. Materials Sci. Engin. 
633, 12021-12029. 

Ajili N., Rekik B., Ben Gara A. and Bouraoui R. (2007). Relation-
ships among milk production, reproductive traits, and herd life 
for Tunisian Holstein-Friesian cows. African J. Agric. Res. 
2(2), 47-51. 

Rodríguez-Godina I., García J., Mellado J., Morales-Cruz J., 
Contreras V., Macías-Cruz U., Avendaño-Reyes L. and Mel-
lado M. (2021). Permanence time in the herd and milk produc-
tion of Holstein cows with up to five successive extended lac-
tations. Trop. Anim. Health Prod. 53(1), 1-7. 

Beshir M. (2021). The effect of cow longevity on dynamic pro-
ductivity growth of dairy farming. Livest. Sci. 250, 104582-
104590.  

Clasen J.B., Fikse W.F., Ramin M. and Lindberg M. (2024). Ef-
fects of herd management decisions on dairy cow longevity, 
farm profitability, and emissions of enteric methane – a simu-
lation study of milk and beef production. Int. J. Anim. Biosci. 
18(2), 101051-101059.  

SAS Institute. (2013). SAS®/STAT Software, Release 9.4. SAS 
Institute, Inc., Cary, NC. USA. 

Sasaki O., Takeda H. and Nishiura A. (2018). Estimation of the 
economic value of herd-life length based on simulated changes 
in survival rate. Anim. Sci. J. 90, 323-332.  

Dallago G.M., Wade K.M., Cue R.I., McClure J.T., Lacroix R., 
Pellerin D. and Vasseur E. (2021). Keeping dairy cows for 
longer: A critical literature review on dairy cow longevity in 
high milk-producing countries. Animals. 11(3), 808-815. 

Sowula-Skrzyńska E., Borecka A., Pawłowska J. and Andrzej 
Kaczor A. (2023). Thermal stress influence on the productive 
and economic effectiveness of Holstein-Friesian dairy cows in 
temperate climate. Ann. Anim. Sci. 23(3), 1-9. 

De Vries A. (2020). Symposium review: Why revisit dairy cattle 
productive lifespan? J .Dairy Sci. 103(4), 3838-3845. 

De Vries A. and Marcondes M. (2020). Overview of factors af-
fecting productive lifespan of dairy cows. Animal. 14(1), 155-
164. 

Stevenson M.A. and Lean I.J. (1998). Risk factors for culling and 
deaths in eight dairy herds. Australian Vet. J. 76, 7-12. 

Toledo I.M., Cattaneo L., Santos J.E.P. and Dahl G.E. (2024). 
Birth season affects cow longevity. J. Dairy Sci. 5, 674-678. Hare E., Norman H. and Wright J. (2006). Survival rates and pro-

ductive herd life of dairy cattle in the United States. J. Dairy 
Sci. 89(9), 3713-3720. 

 Ulimbashev M.B. and Alagirova Z.T. (2016). Adaptive ability of 
Holstein cattle introduced into new habital conditions. Agric. 
Biol. 51(2), 247-254.  Jenko J., Perpar T. and Kovač M. (2015). Genetic relationship 

between the lifetime milk production, longevity and first lacta-
tion milk yield in Slovenian Brown cattle breed. Mljekarstvo: 
časopis za unaprjeđenje proizvodnje i prerade mlijeka. 65(2), 
111-120. 

VanRaden P. and Wiggans G. (1995). Productive life evaluations: 
Calculation, accuracy, and economic value. J. Dairy Sci. 
78(3), 631-638. 

VanRaden P. (2004). Invited Review: Selection on net merit to 
improve lifetime profit. J. Dairy Sci. 87, 3125-3131. Kharitonov E., Cherepanov G. and Ostrenko K. (2022). In silico 

predictions on the productive life span and theory of its devel-
opmental origin in dairy cows. Animals. 12(6), 684-695. 

VanVleck L. (1964). First lactation performance and herd life. J. 
Dairy Sci. 47(9), 1000-1003. 

Litwińczuk Z., Żółkiewski P., Chabuz W. and Jankowski P. 
(2016). Length of life and milk production efficiency in cows 
with varying lactation persistency. J. Ann. Anim. Sci. 16(3), 1-
8. 

Yamazaki T., Hagiya K., Takeda H., Yamaguchi S., Osawa T. and 
Nagamine Y. (2014). Genetic correlations among female fer-
tility, 305-day milk yield and persistency during the first three 
lactations of Japanese Holstein cows. Livest. Sci. 168, 26-31.  

Lurdes Kern E., Cobuci J.A., Costa C.N. and Ducrocq V. (2016). 
Survival analysis of productive life in Brazilian Holstein using 
a piecewise Weibull proportional hazard model. Livest. Sci. 
185, 89-96.  

 
 
 

 


