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Introduction 

The phenomenon of a genotype × environment interaction (G×EI) is a classic topic in animal 

breeding which in recent years has received even more attention due to the availability of 

modern methods of its estimation like animal models including all relationships. G×EI is 

present when different genotypes are not equally affected by different environments 

(Falconer, 1952). The existence of G×EI might lead to a re-ranking of genotypes in different 

environments which may have consequences for breeding stock selection.  A useful way to 

quantify GxEI is estimation of genetic correlation between the traits expressed in different 

environments (Falconer and Mackay, 1996). Correlation coefficient below 0.8 gives an 

indication of G×EI (Robertson, 1959). The aim of the present study was to evaluate GxEI for 

305 days yield of milk in Tunisia dairy cattle. 

 

Material and methods 

Data. Production data of 57547 lactations from 30785 cows enrolled in the National milk 

recording system were used in this study, covering a period from 2000 to 2009. All cows 

have a total of 1683 common sires. For the study of G×EI, sires with at least 10 daughters at 

different herds within each environment were chosen leading to a subset data including of 31 

sires and 15383 cows with 27750 lactations.  

 

 

Statistical analyses. A total of 4 bioclimatical regions were identified and model (1) was 

used to test effect of genotype × environment interaction: 
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Where Yijk is milk yield; µ is the population mean; Gi is the effect of the i
th

 sire; Ej is the 

effect of the j
th

 environment; GEij is the interaction between the i
th

 sire and the j
th
 

environment and eijk is the random error.  
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Yijk= µ + Gi + Ej +GEij +eijk 



Genetic parameters intra environment were estimated using model (2) intra environment: 

 

                                                                                                                                                 (2) 

 

Where Yijk is milk yield; Gij is the effect of the i
th

 sire within the j
th

 environment and eijk is 

the random error.  

 

 

Results and discussion 

The main sources of variation indicated that genotype, environment and G×EI were highly 

significant (P<0.001) (Table 1). Since the G×EI was significant, the interaction became the 

focus of this study. Presence of the G×EI indicated that the phenotypic expression of one 

genotype might be superior to another genotype in one environment but inferior in a different 

environment (Falconer and Mackay, 1996). A plot of the interaction means showed trends of 

each genotype exposed to the 4 diverse environmental conditions (Figure 1).  

 

Variance components were estimated based on model (2). Variance components (additive 

and phenotypic) showed differences among the 4 regions. Heritability estimates were 0.55, 

0.15, 0.11 and 0.32 in North-West, North-East, Centre and South respectively (Table 2). 

These results showed that milk yield is not the same trait for the 4 bioclimatical regions. 

 

 

Table 1: Milk yield sources variation  
 

Source DF MS Pr>F 

Sire 30 15827666.8 <0.0001 

Region 3 20543315.4 0.0006 

Sire*Region 123 5299289.3 0.0009 
 

 

Table 2:  Estimates of additive genetic variance (ϭ a
2
), phenotypic variance (ϭ y

2
), and 

heritability (h
2
) for milk yield in North-East, North-West, Center and South regions of 

Tunisia  

 
           

 
 

 

 
 

 

 

North-West North-East Center South 

 σa
2 

  

2245198.8 582182 351825.6 1103990 

 σY
2 

  

4078810.2 3819702.9 3303870.7 3466809.2 

 h
2 

  

0.55 0.15 0.11 0.32 

Yijkl= µj + Gij + eijk      



                      

           

                             

 

Figure 1: Least square means for 31 genotypes (G1-G31) in 4 regions (Center, North-

East, North-West and South) 

Conclusion 

Results of this study showed that milk yield under North African conditions are affected by 

regional differences leading to the existence of GxEI. 
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