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INTRODUCTION 
The most widespread sheep breed in Iran is Baluchi. It is predominantly found in arid areas, 
ranging from north-east to south-east of the country. In spite of its extensive use for meat, wool 
and milk productions, there has not been developed any structured breeding program, i.e., 
breeding objectives and selection criteria, for this breed. 
 
Under harsh conditions, it has been suggested that total weight of lamb weaned per ewe over 
her lifetime (TWW) is probably the best measure of the reproduction performance (Fogarty 
1995; Snyman et al. 1997). Snyman et al. (1997) reported a moderate heritability for TWW 
and advocated that it can be considered as the primary selection objective in such conditions. 
For construction of efficient breeding programs, genetic parameters are essential for 
economically important traits. Research information on genetic and phenotypic parameters for 
various traits of Iranian Baluchi sheep are rarely published (Yazdi 1997). Therefore, the 
objective of this study was to estimate genetic parameters for production and reproduction 
traits in Baluchi sheep in order to facilitate construction of an optimum breeding scheme. 
 
MATERIAL AND METHODS 
Data. Data from 12328 lambs born from 229 sires and 3671 dams, and 1428 ewes, collected 
from 1973 to 1998 at the Baluchi sheep breeding research station in north-east of Iran, were 
used to estimate genetic parameters. Five production traits, namely, birth (BW), weaning 
(WW), and 6- (BW6M), 12- (BW12M) and 18-month (BW18M) body weights, and three 
reproduction traits, namely, number of lambs born (NLB) and weaned (NLW), and total weight 
of lamb weaned (TWW) per ewe joined over three parities were considered. The structure of 
data for all traits is presented in Table 1. 
 
Analysis. Estimates of (co)variance components for each trait were obtained by single-trait 
animal model, using DFREML program (Meyer 1997). For production traits, six animal 
models were fitted involving various combinations of direct and maternal effects. In model 1, 
additive genetic effect was the only random effect besides the residual. Model 2 was the same 
as model 1, but maternal permanent environmental effect was fitted as an additional random 
effect. Model 3 included maternal additive genetic effect as a second random effect for each 
animal with no direct-maternal additive genetic covariance. Model 4 was the same as model 3, 
but it allowed for a direct-maternal additive genetic covariance. Two additional models 
considering both maternal additive genetic and maternal permanent environmental effects were 
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fitted by ignoring (model 7) and including (model 8) direct-maternal additive genetic 
covariance. All reproduction traits were analyzed using simple animal model (model 1). 
 
Table 1: Number of records, mean, standard deviation and coefficient of variation for 
body weights (kg), TWW (kg), NLB and NLWA 
 

Trait BW WW BW6M BW12M BW18M TWW NLB NLW 
No. 12328 11044 8874 6408 439 1421 1428 1421 
Mean 4.28 22.65 31.07 37.80 44.75 61.99 3.08 2.75 
S.D. 0.67 4.55 5.43 6.65 4.50 19.31 0.79 0.86 
C.V. 1578 20.12 17.49 17.59 10.07 31.15 25.76 31.20 

A S.D., Standard deviation; C.V., Coefficient of variation; TWW, Total weight of lamb 
weaned; NLB, Number of lambs born; NLW, Number of lambs weaned. 
 
Likelihood ratio test was used to determine the most suitable animal model for production 
traits. Depending on the trait, different fixed effects were fitted. The year-season, sex, type of 
birth and rearing, and age of dam effects were considered for BW, WW, BW6M, BW12M and 
BW18M. In addition to these effects, weaning date for WW and day of year born for BW6M, 
BW12M and BW18M were fitted as a covariate in the analysis. For all reproduction traits, 
fixed effects were only year-season and age of dam. TWW was calculated as described by 
Snyman et al. (1997). The NLB and NLW were calculated by adding the number of lambs born 
or weaned over the first three parities. 
 
RESULTS AND DISCUSSION 
Production traits. Estimates of phenotypic variance ( ), direct heritability (h2), maternal 
permanent environmental variance as a proportion of phenotypic variance (pe2), maternal 
heritability (m2) with their standard errors (s.e.), and direct-maternal additive genetic 
correlation (ram) from the best model for each production traits are presented in Table 2. Very 
low standard error (ranging from 0.02 to 0.05) for parameters of all traits, except BW18M, 
demonstrated that they were estimated accurately. 
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The results showed that maternal effects, both additive genetic and environment, together with 
the covariance between direct and maternal additive genetic effects ( ) were of importance 
for production traits up to and including body weight at 6 months of age. Also, for all traits, 
especially for WW, pe2 accounted more variation of phenotypic variance than m2 (Table 2). 
Tosh and Kemp (1994) and Snyman et al. (1995) have reported the higher relative importance 
of pe2 than m2 for BW. For BW12M, the model including m2 and  gave the best fit to the 
data. Estimates of h2, m2 and ram under this model were 0.27, 0.02, and 0.65, respectively. The 
influence of maternal effects as a carry-over effect on body weight following weaning has been 
reported by many studies (Vaez Torshizi et al., 1996; Notter and Hough, 1997). For BW18M, 
neither pe2 nor m2 were important, indicating that this trait is largely controlled by direct 
additive genetic effect. However, these results should be treated with some caution due to its 
large standard error (0.15), which can be attributed to the small number of observations. 

amσ
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Table 2. Phenotypic variances and genetic parameters (±s.e.A) for production traits 
 

 Traits 
Parameter BW WW BW6M BW12M BW18M 

2
Pσ  0.304 11.691 17.042 21.279 17.635 
2h  0.125±0.020 0.067±0.017 0.109±0.022 0.274±0.045 0.322±0.150 

2pe  0.110±0.015 0.099±0.015 0.047±0.019 - - 
2m  0.080±0.017 0.035±0.015 0.020±0.015 0.021±0.016 - 

amr  0.473 0.345 0.904 0.645 - 
A s.e. = Standard error 
 
The diminishing of the relative importance of maternal effects with increasing the age of 
animal, as observed in this study, was in accordance with the results of Snyman et al. (1995) 
and Vaez Torshizi et al. (1996). Also, except for BW6M, the moderate and positive estimates 
of in the present study for BW, WWT and BW12M fall within the reported ranges. 
Different results, from strong negative (Maria et al. 1993) to strong positive (Snyman et al., 
1996) for have been reported in literature. 

amr
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Reproduction traits. Estimates of phenotypic variance ( ), and direct heritabilities (h2) with 
their standard errors (s.e.) for reproduction traits are presented in Table 3. Variation duo to the 
direct additive genetic effect in all traits found to be quite low, ranging from 0.80% to 2.40% of 
total phenotypic variance (Table 2). Among reproduction traits, TWW had higher h2 than NLB 
and NLW. In general, these results indicate that there exists a little potential for genetic 
improvement in reproduction traits by selection, despite the high phenotypic variation (Table 
1) for these traits (25.76%, 31.20% and 31.15% for NLB3, NLW3 and TWW, respectively). 
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Table 3: Phenotypic variances and direct heritabilities (±s.e.) for reproduction traits 
 

 Traits 
Parameter NLB NLW TWW 

2
pσ  0.577 0.699 334.355 
2h  0.011±0.035 0.008±0.035 0.024±0.038 

 
There are no published reports dealing with estimates of genetic parameters of reproduction 
traits for Iranian sheep breeds. Also, a few estimates under an animal model have been reported 
for these traits. The estimate of heritability in the present study for NLB was within the range 
of those estimates reported in literature (Brash et al, 1994; Snyman et al. 1998). However, the 
corresponding estimates for NLW and TWW, did not accord with the previous studies. The 
estimates of heritability found in the literature for NLW and TWW were substantially higher 
than the results reported in this study, and ranged from 0.03 (Brash et al., 1994) to 0.22 
(Snyman et al, 1997). 
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The lower heritability for NLW than for NLB, which may be attributed to maternal 
environmental variation, was in accordance with most literature reported. Fogarty (1995) has 
reviewed the available studies and concluded that animal model estimates of heritability were 
marginally higher for NLB ( 0.06) than for NLW (0.04).  Similar results, but higher estimates 
(0.26 for NLB and 0.17 for NLW), have also been reported by Snyman et al. (1998) in Afrino 
sheep. 
 
CONCLUSION 
The results of the present study indicate that 12-month body weight is probably a suitable 
criterion for selection. Also, since there is positive genetic correlation between direct and 
maternal effects for this trait, optimal response may be obtained. For reproduction traits, low 
level of direct additive genetic effects indicate that improvement could be achieved by 
improving the environment and management. 
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