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Class 3  
0.05 

Class 2  
0 0.05 

Class 1  
0F = 

Trait 

 0.742± 106.59b   0.048±114.27b 0.052±122.99a ADG1(g) 

 0.691± 100.23a  0.062±94.15b 0.093± 92.83b ADG2(g) 

 0.700±81.85a  0.065±70.32b 0.074± 70.78b ADG3(g) 

0.742 ± 13.75b  0.048± 15.38a 0.052±14.89a KR1 

0.691 ± 9.48a  0.062± 9.59a 0.093 ± 9.43a KR2 

0.700 ± 7.90a 0.065  ±7.16ab 0.074±6.85b KR3 
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Table 2.  Average daily gain in different inbreeding classes grouped by the litter size 
 ADG3 (g)  ADG2 (g)  ADG1 (g)   

Mean±SE N Mean±SE N Mean±SE N Inbreeding 
class 

Litter 
size 

0.04 b ±  71 3239 0.03 b ± 92   2700 0.03 a ± 123    4764  0F =  

0.03 b ±   70 4398  0.02 b± 94  4973 0.04 b ± 114  6172 0 0.05F< ≤ Single 

0.02 a  ± 82 22 0.02 a   ± 100 24 0.03 b ± 108  27 0.05F >  

0.03 a  ± 75 83  0.02 a± 106   69 0.04 a ±  126  116  0F =  

0.03 a  ± 70 222 0.02 b ±  93  242 0.03 a ± 117   292 0 0.05F< ≤ Twin 

 - -  -  - 0.00 b  ±  74 1 0.05F >    
The means within a column with different superscript are significantly different (P < 0.05). 
ADG1= average daily gain from birth to 3 months; ADG2= average daily gain from birth to 6 months; ADG3= 

average daily gain from 3 months to 6 months; SE= Standard error. 
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Table 3.  Average daily gain in different inbreeding classes grouped by the lamb sex 
 ADG3 (g)  ADG2 (g)  ADG1 (g)   

Mean±SE N Mean±SE N Mean±SE N Inbreeding 
class 

Lamb sex 

 0.04ab ± 76 1447 0.03 a ± 96  1235 a  0.03±125  2317 0F =  

 0.03 b ± 73 2000 0.02 a ± 97  2275  0.04a ± 118  2993 0 0.05F< ≤ Male 

0.03 a  ± 89 10 0.01 a  ± 98 11  0.03b± 103  14 0.05F >  

 0.04 a ± 67 1875  0.02b ± 89 1534  0.03 a± 121  2564 0F =  

 0.03 a ± 68 2621 0.02 b ± 92  2941    0.03 ab   ±    111 3477 0 0.05F< ≤ Female 

0.02 a   ± 76 12 0.02 a ±  102  13  0.03b±  110  14 0.05F >    
   The means within a column with different superscript are significantly different (P < 0.05).  
ADG1= average daily gain from birth to 3 months; ADG2= average daily gain from birth to 6 months; ADG3= 

average daily gain from 3 months to 6 months; SE= Standard error.   
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Table 4.  Kleiber ratios in different inbreeding classes grouped by the litter size 
 KR3  KR2  KR1   

Mean±SE N Mean±SE N Mean±SE N Inbreeding 
class 

Litter 
size 

0.00b  ± 6.8 3239 0.00a  ± 9.4 2700 0.00a  ± 15  4764 0F =  

0.00ab  ±7.2   4398 0.00a  ± 9.6 4973 0.00a ± 15      6172 0 0.05F< ≤ Single 

0.00a  ± 7.9    22 0.00a ± 9.5     24 0.00b  ± 14 27 0.05F >  

0.00a ± 7.1  83 0.00a ± 9.9  69 0.00a  ± 15   116 0F =  

0.00a ± 7.0  222 0.00b  ± 9.5 242 0.00a  ± 16  292 0 0.05F< ≤ Twin 

 - -  -  - 0.00a  ± 13 1 0.05F >    
The means within a column with different superscript are significantly different (P < 0.05). 
KR1=  Kleiber ratio from birth to 3 months; KR2= Kleiber ratio from birth to 6 months; KR3= Kleiber ratio from 3 
months to 6 months; SE= Standard error.   
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Table 5.  Kleiber ratios in different inbreeding classes grouped by the lamb sex 
 KR3  KR2  KR1   

Mean±SE N Mean±SE N Mean±SE N Inbreeding 
class 

Lamb 
sex 

0.00a ± 7  1447  0.00a± 9.5  1235 0.00a ± 15   2317 0F =  

0.00a ± 7  2000  0.00a± 9.7  2275 0.00a ± 16   2993 0 0.05F< ≤ Male 

0.00a ± 8  10  0.00a± 9.3  11 0.00b ± 13  14 0.05F >  

0.00a ± 6  1875  0.00a± 9.3  1534  0.00ab± 15    2564 0F =  

0.00a ± 7  2621  0.00a± 9.5  2941 0.00a ± 15  3477 0 0.05F< ≤ Female 

0.00a ± 7  12  0.00a±9.6  13 0.00b ± 14  14 0.05F >    
The means within a column with different superscript are significantly different (P < 0.05). 
KR1=  Kleiber ratio from birth to 3 months; KR2= Kleiber ratio from birth to 6 months; KR3= Kleiber ratio from 3 
months to 6 months; SE= Standard error.   
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Table 6.   Regression coefficients (±SE) of average daily gains on inbreeding of lambs for a change of 1% in 
inbreeding 

ADG3 ADG2 ADG1 Item 
0.049* ± 0.074      0.033** ±  0.105    0.045** ±  0.131-  Single 
1.056* ±  1.795- 0.735*  ±  1.392- 0.257* ±  0.379- Twin 
0.074 ±  0.045     0.049*  ±  0.061    0.065*±  0.141- Male  
0.064* ± 0.092     0.043**±  0.138 0.062*  ± 0.133 - Female 
0.048*  ±0.071           0.033**±  0.101 0.045** ±  0.138 - All 

ADG1= average daily gain from birth to 3 months; ADG2= average daily gain from birth to 6 months; ADG3= 
average daily gain from 3 months to 6 months.  

*Significant at P<0.05; ** Significant at P<0.01 and *** Significant at P<0.0001. 
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Table 7.  Regression coefficients (±SE) of Kleiber ratios on inbreeding of lambs for a change of 1% in 
inbreeding  

KR3 KR2 KR1 Item 
 0.004*± 0.0096   0.001**±  0.0053   0.004± 0.0023  Single 
 0.091±0.0459 -  0.039*±0.0387   0.021 ± 0.0010    Twin 
 0.006*±0.0071     0.003*±0.0029   0.006± 0.0026  Male  
0.006* ± 0.0117   0.002**± 0.0075   0.006± 0.0017  Female 

  0.004* ±  0.0096     0.002**± 0.0053   0.004± 0.0023  All 
KR1=  kleiber ratio from birth to 3 months; KR2= kleiber ratio from birth to 6 months; KR3= kleiber ratio from 3 
months to 6 months. 
*Significant at P<0.05; ** Significant at P<0.01 and *** Significant at P<0.0001. 
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Abstract 

The objective of the present study was to evaluate the effects of inbreeding on growth traits in Guilan province 
sheep. Traits included average daily gain from birth to 3 months (ADG1), average daily gain from birth to 6 
months (ADG2), average daily gain from 3 months to 6 months (ADG3) and corresponding Kleiber ratios (KR1, 
KR2 and KR3, respectively). Data and pedigree information used in this study were collected during 1994 to 
2011 by the Agriculture Organization of Guilan Province. The effects of inbreeding rate on the traits 
investigated (for a change of 1% in inbreeding) were analyzed using the Reg procedure of SAS for type of birth, 
lamb’s sex and all lambs. The effects of inbreeding on all traits except ADG1 were positive. The regression 
coefficients of ADG1, ADG2 and KR2 were estimated to be -0.138, 0.101 and 0.0053 g, respectively (P<0.01). 
The regression coefficients of ADG3 and KR3 were estimated to be 0.071 and 0.0096 g, respectively and were 
significantly (P<0.05) and also the regression coefficients of KR1 was estimated to be 0.0023 and was non-
significant. Inbreeding depression was not observed in the performance of growth traits of Guilan province 
sheep until now, therefore, it seems that the utilization of mating strategies at the flock could be a suitable 
approach to maintain the rate of inbreeding under control. 

Keywords: Inbreeding depression, Inbreeding coefficient, Guilan province sheep, Average daily gain, Kleiber 
ratio 
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