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ABSTRACT 
 
Breeding values (BV) for some productive and reproductive traits of Holstein 

Friesian under Libyan conditions were estimated and compared with those estimated 
under, European, and North American conditions in an attempt to assess the 
genotype environment interaction. To investigate the effect of managerial conditions 
on the same traits, the heritability coefficients were also estimated under Libyan and 
Dutch managements. The trait's variance and covariance components and the 
breeding values of sires were computed using the REML method based on mixed 
model containing the fixed effects of month of calving, year of calving, management 
and generation and the random effect of sires. The lactation period and age at calving 
were used as covariates. Genetic correlation values of EBV for the milk yield traits 
were less than 1. Differences in heritability estimates due to the management system 
and or to environmental factors reflect Genotype x Environment interaction.  Milk yield 
traits except dry period had a higher EBV during the Libyan than Dutch management. 
Reproductive traits except Age at first calving also had a higher EBV during Dutch 
than Libyan management. Correlations between EBV for milk yield ranged between 
0.16 and 0.56 during Libyan, European and North American conditions. EBV of both 
North American and European sires were medium, low and negatively ranked under 
Libyan environment. EBV of milk yield traits showed higher variability under the 
Libyan environment. Sires with low EBV (> 500) revealed negative ranking under the 
Libyan conditions. 
Keywords: Genotype x environment interaction, Holstein Friesian, EBV, Correlations  

 

INTRODUCTION 

 
There are four types of interactions as suggested by McBride (1958) 

and Dunlop (1962). Two of them are expected to be of economic importance 
in livestock production and can be assessed experimentally.  That is, when 
environmental differences are large and genetic differences are either large 
or small. 

Holsteins Friesian dairy cows imported from Germany to Libya 
represent a good model for the present study.  Semen was also imported to 
inseminate the first generation of the dairy cows born in Libya. In the later 
generation, local sires were selected too and used for insemination. 

There are significant differences between the imported Holsteins 
Friesian and the first generation born in Libya as suggested by Ahmed et al. 
(1996). Therefore, it is interesting to estimate the Breeding value among sires 
imported from Germany under the Libyan environment, and to see if their 
progeny whose performance was well in Germany still have the same 
superiority in Libya. It is also interesting to test the effect of inbreeding 
depression among sires. 
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MATERIALS AND METHODS 
 

Two approaches were used in this study for testing genotype 
environment interaction. One approach was through daughters of sires from 
Libya, Europe and North America. The ratio test was used if rg between 
regions was different from one another. The other one was the regression in 
the milk production of daughters under Libyan conditions of the estimated 
breeding value that was estimated under Europe and North American 
conditions. The factors studied included year of calving, month of calving, 
management and generation as fixed effects and sire as a random effect. 
Analysis of variance, variance component estimation and covariance was 
performed using StatSoft (2007) according to the following mixed model: 
 

Yijklm   = µ + Si + Rj + Dk + Ol + Bm + Gl + G2+eijklm 
Where: 
Yijklm 

µ 
Si  
Rj  
Dk 
Ol  
Bm 
Gl  
G2 
eijklm 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

the trait studied (milk yield traits or reproductive traits), 
the   overall mean,  
the  effect of the ith  month of calving, 
the fixed effect of the  jth year of calving, 
the fixed effect of the kth management,  
the fixed effect of the lth generation, 
the random effect of the mth sire,  
the  regression  coefficients  of  milk  yield  on  lactation  period,  
the regression coefficients of milk yield on age at calving and the 
residual error. 

Source of data, management system were fully described by Elmasli (2003). 
 
 

RESULTS AND DISCUSSION 
 

Heritability Estimates 
Table (1)  shows a different  estimates  of  heritability  for milk  yield  

traits  and  some  reproductive  traits during  Dutch  and Libyan  
management.  It  is  obvious  that, the  heritability  estimates  for milk yield  
traits  were  generally  high  during  Dutch  management  compared  with  
those  during  Libyan  management  period. 
 
Table (1): The estimates of heritability with their standard errors of milk 

yield and reproductive traits for Dutch and Libyan 
management systems. 
Traits Dutch 

   h2       ±     SE 
Libyan 

h2          ±     SE 

Yield 100 day   0.103   ±  0.080 0.056   ±  0.073 
Yield  205  day 0.226   ±  0.096 0.023   ±  0.070 
Yield  305  day   0.298   ±  0.105 0.001   ±  0.066 
Dry  Period 0.042   ±  0.071 0.000   ±  0.000 
Age  at   Calving 0.042   ±  0.071 0.002   ±  0.066 
Calving  Interval 0.068   ±  0.075 0.000   ±  0.000 
Days  Open 0.068   ±  0.075 0.000   ±  0.000 
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Correlations: 
The correlations  between  EBV for  sires in USA, Canada, Germany 

and Holland with their EBV under  Libyan  condition  are shown  in  Table (2). 
The  correlations  between  EBVs were  medium  and  highly significant ( p < 
0.001) for  milk  yield  traits  except  for milk  yield for  100 day  where  it was 
low and  not significant. The higher estimate (0.563) between EBV under two 
environment was found in total milk yield, whereas the lowest (0.165) in 100 
day milk yield. Still a negative correlation is observed for dry period, calving 
interval and days open but not significant. In general, correlations between 
EBVs for milk yield traits under two environmental conditions are less than 
unity. 
 
Table (2): The correlation between EBV in Europe and North America 

and under Libyan environments for milk yield and some 
reproductive traits 

      Traits r  ± SE 

Yield 100 day   0.1653 ± 0.0273 
Yield  205  day     0.4861 ± 0.0123*** 
Yield  305  day  M .E     0.5633 ± 0.1212*** 
Dry  Period -0.1138 ± 0.0123 
Age  at   Calving  0.0304 ± 0.0122 
Calving  Interval -0.4943 ± 0.2443 
Days  Open -0.1138 ± 0.0412 

 
Table (3) shows the EBVs under Dutch and Libyan managements. 

There is a highly significant differences (p < 0.001)  between the two 
managements for milk  yield and  reproductive  traits, except  for  day  
production  and yield 205 day. Under  the  two  management  systems  milk  
yield  traits  generally  had higher  EBV under  Libyan  management  than  
Dutch  management  except  for  dry  period . Age  at  calving  had higher  
EBV under  Libyan  management  than  in  Dutch management (-0.42). In  
contrary, reproductive  traits  had  higher  EBV (10.47)  than  those  under  
Libyan  management (- 34.92) . 
 
Table (3): Estimated breeding value for productive and reproductive 

traits under Dutch and Libyan management systems 
Trait Dutch 

Mean   ±   S.E ( n = 45 ) 
Libyan 

Mean    ±     S.E  ( n = 36 ) 

Yield 100  day 101.76  ±    23.38 179.46  ±   30.13*** 
Yield  205  day 119.31  ±    48.44 227.50  ±   44.42ns 
Yield 305 day  121.19  ±    66.19 259.47  ±   61.91ns 
Dry  period 10.47    ±     2.54 - 34.92  ±   5.57*** 
Day  open 10.47    ±     2.54 - 34.92  ±   5.57** 
Calving  interval 10.47    ±     2.54 - 34.92  ±   5.57** 
Age  at  calving   - 0.42     ±     0.018         0.10  ±   0.047*** 

 
The  means  of  EBV of sire with different  origin for milk yield  and  

reproductive  traits  are  presented  in  Table (4). It  is  clearly  indicated  that  
the  European  sires  had  higher  EBV for milk  yield  and  reproductive  traits  
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than  North  American  sires. The  EBV in North American sires  were 
negative and opposite in the direction as compared to those of Libyan sires. 
This gives clear evidence for   genotype environment   interaction for North 
American sires in milk yield and reproductive traits under Libyan 
environmental condition. 
 
Table (4):  Means, minimum and maximum of estimated breeding value 

for sires of different origin. 
 
Traits 

 
Total 

North American European Libyan 

Mean Max. Min. Mean Max. Min. mean Max. Min. 

Yield 100 day 122.21 -110.2 0.46 -167 112.2 420.4 -49.7 139.3 420.4 -26.20 

Yield 205 day 330.72 -363.6 -736.4 -343.6 308.7 687.5 -584.3 229.2 526.0 -192.9 

Yield 305 day 433.01 -769 -939.4 -338.3 425.6 928.9 -907.2 307.4 125.5 -370.00 

Dry  period 22.884 -51.2 -47.6 -13.8 22.5 99.5 -57.8 9.30 2.00 -21.80 

Age  at  calving 0.083 -0.34 0.01 -0.20 0.07 0.04 -0.26 0.06 0.04 -0.13 

Caving interval 22.884 22.50 -47.6 -13.8 9.33 1.60 -57.50 9.33 2.00 -15.20 

Days  open 22.884 -46.00 -47.50 -13.80 22.50 1.60 -57.5 9.33 2.00 -15.20 

 
The  estimated  breeding value for  sires  under  Libyan  

environmental  conditions  according  to  level  of  EBV in  Europe  and  North 
America at different time of lactation period are  presented  in  Table  5 . 
 
Table (5): Estimated breeding value for sires under Libyan conditions at 

different time of lactation period. 
E B V 100 day 205 day 305 day 

Low >  500 20.29 - 157.35 (-137.06 ) - 176.49 (-19.14 ) 
Medium < 500 ≥ 1000 122.77 143.23 ( 20.46 ) 354.00 ( 210.77 ) 
High  > 1000 91.01 277.45 ( 186.44 ) 477.00 ( 199.55 ) 
( ) differences between period 

 
Sires  with  low  EBV ( > 500 ) shows  negative  EBV under  Libyan  

environment  condition. However, sires  with  medium  or  high  EBV show  a 
positive  EBV  under  Libyan  environmental  conditions . It  is  interesting  to  
note  that  the differences between lactation  period  shows  a different  
manner  for  medium  and  high  EBV, while  its  inconsistent  for  medium 
EBV (20.46 vs 210.77) . It shows steadily increase in case of high EBV 
(186.44 vs 199.55). 

Figure 1 shows the Estimated Breeding Value for sires of different 
origin under the two environmental conditions. It appeared that the most 
North American sires ranked negatively under Libyan environment. However, 
European sires have a lower EBV, but still positive. This indicates the 
presence of genotype environment interaction for milk yield  

Correlation values between EBV under different environmental 
conditions were between 0.37  and 0.56 for  milk  yield  traits  except  for milk  
yield for  100 day  where  it was  0.17.  These estimated values were similar 
to those obtained by Cienfuegos-Rivas et al. (1999) in Mexico, Goddard and 
Wiggans (1999) in Australia and New Zealand and Costa et al. (2000) in 
Brazil.  In all of the countries mentioned, the Holstein-Friesian cows were 
imported from North America and Europe. Weigel et al. (2001) indicated that 
genetic correlations are high between countries of the same system and low 
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between countries of different systems. Hammami et al. (2008) reported very 
close estimate (0.6) for Holstein Friesian imported from Luxumbourg.  
Correlations  between  EBV for  milk  yield  traits  less  than  1.00, indicate  
the  existence of  genotype  and  environment  interaction.  Zwald and Weigel 
(2001) stated that when genetic correlations are less than unity and 
heritability estimates are different, then each sire receives a productive 
transmitting ability (PTA) for each unique production system. Goddard and 
Wiggans (1999) concluded that, different genes are required for a high 
performance in North America and Europe than those required in Australia 
and New Zealand. The  correlations  between  EBV of  dry  period , age  at  
first  calving, calving  interval  and  days  open  were  generally  low. This 
might reflect the importance of environmental conditions for these traits. Milk  
yield  traits  generally  had  a higher  EBV  under  Libyan  management  than 
the Dutch  management,  except,  for  dry  period. The EBV value for age at 
first calving   under Libyan management was 10. This value was higher than 
that during the Dutch management that was -0.42. In contrary, reproductive 
traits had higher EBV (10.5) than those under Libyan management (- 34.9). 
Boettcher et al. (2001) indicated that, genotype x environment interaction was 
small between two types of management. Kearney et al. (2001) emphasized 
on the importance of production level and management system. Beerda, et 
al. (2007) found effects of milking frequency and genetic merit were 
significant only in the groups that were fed rations with high caloric density 
compared with low caloric density. Fulkerson et al. (2008) found in Australia, 
genetic merit and level of feeding were had significant effect on fat and milk 
yield. 
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Fig.1: Estimated breeding values of milk yield for North American (NA) 

and European (EU) sires under two environments 

 
The differences in EBV in addition to different estimates of heritability 

under two managements clearly  indicate  that, the existence of  genotype  
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and  management  interaction  in  milk  yield as well as  reproductive  traits. 
This is in agreement with the results obtained by Castillo_Juarez et al. 
(1998), who showed that the genetic correlations between mature equivalent 
yield were lower in high than in low management groups. The results 
obtained in this study for different estimates of heritability under two 
management are in agreement with Stanton, et al.., (1991), Dimov et al. 
(1995), Valencia et al. (1999), Tawfik et al. (2000), Fikse et al. (2001) and 
Mulder (2004). Many studies reported smaller sire variance for imported 
Holstein-Friesian in local environment compared to those in a country of 
origin Santon et al. (1991) Costa et al. (1998) Cienfuegos- Rivas et al. (1999) 
costa et al. (2000) Tawfik et al. (2000) Miglior et al. (2001). 

It  is  quite obvious  that European  sires  had  a higher  estimated 
breeding value in both milk  yield  and  reproductive  traits  than  North  
American  sires that were negative and in opposite direction Table (4). This 
gives evidence for   genotype  environment   interaction  for  North American  
sires  in  milk  yield  and   reproductive   traits  under  Libyan environmental  
condition. Simm and Veerkamp (1996) suggested that, genotype x 
environment interaction may become important at least in a relatively low 
input system that tend to be lower than those in a high input system. 

In case  of  European  sires, the  Estimated  Breeding Value under 
Libyan conditions were  lowered   nearly  to  half   of   that  under European  
conditions for  milk yield . The Estimated Breeding Value for Libyan sires was 
nearly similar to those of European sires. Djemali and Berger (1992), 
reported that European Friesian yielded more than a cattle developed locally, 
but still about 6% less yield than North American Holstein. This in agreement 
with the Results obtained in this study, except, for North American Holsteins 
that had less EBV than European Holstein-Friesian. 

Sires were ranked from lowest to highest EBV for the North American 
and Europe (un-tabulated data). North American sires ranked negatively 
under Libyan environmental conditions. Whereas, European sires with low 
EBV ranked negatively, but as the EBV in Europe increases the   EBV   in 
Libya increases too. The Estimated Breeding Value of 305 - day milk yield M. 
E. shows  variability  ranged  from – 910.6  to 1267.9 which  clearly indicate  
the  importance  of  sire selection  under  Libyan  environmental  condition. In  
some  sires, the  EBV  start  with  negative  value  at  100  day  milk  yield  
and  later  turn  to  positive value. This  may  reflect  the  importance  of  
persistency of  lactation  for  cows  to  show  positive  EBV . Libyan sires 
generally show a positive EBV, except, two which had negative values. This  
indicate  the  importance  of  selection  even  when  this  selection  applied  
within  the  herd  that is  relatively  small . 

Sire with low EBV (> 500) in North America and Europe shows 
negative EBV under Libyan environment   Table (5). However, sire  with  
medium  or  high  EBV  shows   positive  EBV  under  Libyan  environmental  
condition.  It  is  interesting,  to  note  that,  the  differences between   the  
lactation  period  shows  a different  manner  for  medium  and  high  ETA. 
While they were inconsistent for medium EBV, they showed steady increase 
in case of high EBV. The  latter  is  in a agreement  with  the  idea  that,  the  
high  producing  cow  had  a high  persistency  in  lactation  curve . 
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The  North American  sires  ranked  negatively  under  Libyan  
environment  which  indicate  the  presence  of  genotype  environment  
interaction figure (1). However, European sires had a lower EBV, but still 
positive under Libyan environment. The  European  sires  had  lower  EBV, 
but  still  positive  compared  with  North American  sire  that  had  a negative 
EBV. This reflects the presence of genotype environment interaction for 
European and North American sires.  Valencia Rosadas et al. (1999) 
indicated that, differences in ranking of sires by different region in Mexico. 
Powell and Van Raden (2001) reported that there was re-ranking for sires 
EBV according to management and climate variables. They conclude that, 
separate regional country or cluster ranking would still be needed to provide 
selection tools adapted to local conditions. 
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 عضقم صممت اقمتات ةلمم ق م تا  ممهل ق هن   ممتلنقتقل لمم نقت مماق ممتممتقتيممالققم يمملتقم تق  لمم ق
م ظق فقم هل ل ق مي قاتن ق مثللاتن قم مياقةقت ماقم ظمق فقمر ق  لم ق يمقلام قم يمم  ل قتملقم    م ق

 علق لنقم  قمث ق م  لئ ق.ق  اقم  قتمثثلققم ظمق فقمتامقلم قعهمسقاتمفقم صمت اقققثمتقتيمالقق تيللتقم تت
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ق.covariatesر لقم  تقم  هلبق م عمققعااقم  تعقكق
اتم لقم هم نقيرملقممنق م ماقا ااقرلتقماقت  رقم م قمثلق ملنقم يملتقم تق  لم قم ميماقةق صمت اق 

 تعافقمايتلات اقتلقتيالققم ما تاقم  قمثلق  م بقمتامقةقي قم ع ممملقم  لئلم قم تت عملق ملنقم  قمثم ق
 م  لئ ق.ققا ااقتيالقماقم يلتقم تق  ل قيعهسق ةملمعقصمت اق اتم لقم هم نقمم قعمامقتتمقةقم تةتلمفقيملالق

القماقم يلتقم تق  لم ق هصمت اقم تا  مهل قمم قعمامقم عممققمتامقةقم هل ل قمي قا ق   ن  اال .قتلق لنقينقتي
عااقي لق تعقا ااقيعهسقيملالقمتامقةقم ن  االم قمي قام ق   هل لم ق ا اماقماقت  رم اق ملنقتيمالقماق

يلالقم ظق فقم هل ل ق مر ق  ل ق يمقلا قم يمم  ل قق61.0 قق61.0م يلتقم تق  ل قتات لقم ه نقم ق لنق
 تق  لم ق ا م  قمرمقلالم ق مر ق  لم قمت  مر ق مايتتم ق تقت ماق مه ل قت ماقا ااقتيالقماقم يملتقم

ظممق فقم  لئمم قم هل لمم .ق يظنممقاقمن مم  قم مايتتمم قتمملقتيممالقماقم يمملتقم تق  لمم قتقتل مم ق مم    قت مماق
قم ظق فقم هل ل .
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