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ABSTRACT: Preweaning growth and viability traits of 
1047 lambs from a diallel cross between Texel and Corrie-
dale were recorded between 2010 and 2013. Birth weight of 
live born lambs (BWT), weaning weight at 80 days of age 
(WWT), growth from birth to weaning (GBW), lambs via-
bility at birth, at 72 hrs of age and at weaning were evaluat-
ed. Crossbreeding parameters were estimated. There were 
significant (P<0.05) effects of sex, birth type, and age of 
dam on growth traits. Females lambs presented higher 
probability of surviving than males at birth (0.94 vs. 0.89) 
and at 72 hrs (0.93 vs. 0.82). A positive additive effect of 
Texel was estimated in BWT (6.9%), WWT (14.2%) and 
GBW (16.5%), and a positive maternal effect in WWT 
(5.5%) and GBW (8.3%). Due to heterosis, crossbred lambs 
had higher probability of surviving than purebreds at 72 hrs 
and at weaning. 
Keywords: additive effect; heterosis; lamb survival 
 
 

Introduction 
 

In the last two decades, important changes took 
place in the Uruguayan sheep productive systems. Meat, 
especially lamb, has consolidated as a productive alterna-
tive, complementing and in many cases, attaining more 
relevance than wool, which was for many decades, the 
principal product of Uruguayan traditional sheep systems. 
Because of this, the use of terminal breeds in order to in-
crease meat production and quality is a technological alter-
native that could improve the efficiency of the Uruguayan 
sheep systems (Montossi et al. (2013)) 

 
Although considerable research has evaluated 

crossbreeding in farm animals, the analyses and reporting 
of the results have often been inadequate (Robinson et al 
(1981)). Generally, in those studies, breed group means and 
heterosis values have been presented. However, little atten-
tion has been paid to the evaluation of the genetic compo-
nents or the development of parameters that allow the per-
formance of breed crosses to be predicted (Robinson et al. 
(1981)), and there are important information gaps in sheep 
crossbreeding parameters (Wei et al. (2001)). In addition, 
genetic improvement and changes in farm management 
with time, makes older data less relevant for predicting 
present day performance (Wei et al. (2001)). No infor-
mation about crossbreeding parameters in sheep was re-
ported previously in Uruguay. 

 
The objective of this study was to estimate the 

crossbreeding parameters between Corriedale and Texel 
breeds for lamb growth rate and survival traits. 

Materials and Methods 
 
The data were collected at the Experimental Unit 

“La Estanzuela” of INIA, Uruguay (35º S), from spring 
lambings (August-September) between 2010 and 2013. 
Preweaning growth and viability traits of 1047 lambs from 
a full diallel cross between Texel (T) and Corriedale (C) 
breeds were recorded and analyzed. The four breed types 
evaluated were purebred Texel (T.T) and Corriedale (C.C),   
and the T-sired (T.C) or C-sired (C.T) crossbreed. The 
number of lambs recorded by trait and breed type is pre-
sented in Table 1. All lambs and mothers in each year of 
evaluation were managed together from birth to weaning. 
Birthdates were similar across the breed types (±2 days). 
Male lambs were castrated at birth. To link the biotypes 
(breed types) and the four years (genetically), some of the 
rams were used across years and biotypes. In total, 21 rams 
were used (11 T and 10 C) and from these, 3 T and 3 C 
rams connected years and 15 rams connected biotypes (i.e. 
T.T with T.C or purebred C (C.C) with C.T).   

 
Table 1. Number of lambs recorded by breed groups. 
Biotype BWT WWT GBW Viability 

C.C 300 237 235 335 
C.T 152 135 133 168 
T.C 333 281 279 362 
T.T 164 134 131 182 

Total 949 787 778 1047 
 
 

The growth traits were: birth weight of live born 
lambs (BWT), weaning weight (at 80 ± 11 days of age; 
WWT) and growth from birth to weaning (GBW). Viability 
of all lambs born was evaluated in terms of survival (0 to 1) 
at birth (SB), at 72 hrs of age (S72) and at weaning (SW). 

 
Fixed effects and breed type. The breed type 

means were estimated by analysis of variance with the fixed 
effects of the breed type (4 levels), year of birth (4 levels: 
2010 to 2013), sex (female or male), birth type (single or 
twin and triplet) and dam age (hogget or adult ewe).  For 
the analysis of the WWT and GBW, the age at weaning was 
used as a covariate. In addition, an alternative model (in-
cluding stillbirths and lambs that died during birth) with 
BWT as a linear covariate was used to evaluate viability. 
Growth traits were analyzed assuming a normal distribution 
using the procedure MIXED of SAS (SAS Inst., Inc., Cary, 
NC). Records with studentized residuals ≥ to 3.0 or ≤ to -
3.0 were eliminated as outliers (less than 0.8% of the data). 
For viability traits a binomial distribution with a logit trans-



formation function was used to model the probability of 
success (lamb survival) by GENMOD procedure of SAS 
(SAS Inst., Inc., Cary, NC). 

 
Crossbreeding parameters. An alternative model 

based on Dickerson (1969) and Robinson et al. (1981) was 
used to estimate the crossbreeding parameters: additive 
effect (gI), maternal additive effect (gM) and heterosis (hI). 
These effects were included as covariate in place of breed 
biotype effect. Since the model results in a singular matrix, 
additive effects were computed as deviations from the Cor-
riedale breed, as has been previous described by Robinson 
et al. (1981). 

 
Results and Discussion 

 
Fixed effects. Year of birth, birth type (BT), sex of 

lamb and age of dam (DA) had significant effect on the 
three growth traits evaluated (P<0.05). Age at weaning had 
a highly significant effect (P<0.0001) on WWT and GBW. 
Least squares means contrasts between levels for sex, BT 
and DA, are presented in Table 2. As expected, male lambs 
were heavier at birth (4.8 vs. 4.6 kg, P<0.0001), at weaning 
(20.8 vs. 20.0 kg, P=0.0009) and showed a higher growth 
rate than females (15.9 vs. 15.4 kg, P=0.0182). Dickerson et 
al. (1975) and Boujenane et al. (1991, 1999) reported simi-
lar results. Likewise, lambs from single litters or from adult 
ewes were heavier than multiple born lambs or born from 
hogget ewes. The largest difference was for WWT between 
single and multiple born lambs (i.e. 22.7 vs. 18.1 kg). 
Lambs born from adults ewes had the heaviest weights. The 
differences between lambs born from adult or hogget ewes 
represent 8.2, 6.6 and 6.5% of the mean BWT, WWT and 
GBW, respectively. Several authors have found a signifi-
cant effect of sex, BT and DA on growth traits (e.g. Dicker-
son et al. (1975), Boujenane et al. (1991, 1999)). Indeed, 
Jafaroghli et al. (2010) have attributed the DA effect on 
birth weight partially to a limited uterine space (especially 
in young dams), insufficient availability of nutrients during 
pregnancy, and on postnatal body weights due to differ-
ences in maternal behavior and mothering ability of dams. 
Consequently, it is important to adjust performance records 
of the animals for the non-genetic sources of variation dur-
ing the estimation of breed differences or crossbreeding 
parameters. 

 
Table 2.  Least Squares Means contrasts (s.e.) of fixed 
effects Sex, Birth Type (BT) and Dam Age (DA) for 
growth traits: birth (BWT) and weaning weight (WWT) 
and growth to weaning (GBW). 
 Effect BWT, kg WWT, kg GBW, kg 
Sex (F-M1) -0.29(0.06)*** -0.79(0.24)*** -0.52(0.22)* 
BT (S-M2)  1.13(0.06)*** 4.54(0.25)*** 3.42(0.23)*** 
DA (A-H3) 0.40(0.11)*** 1.35(0.47)** 1.02(0.44)* 
1F-M: female vs. male 
2S-M: Single vs. Multiple birth 
3A-H: Adult vs. hogget ewe 
* (P < 0.05), ** (P < 0.01), *** (P < 0.001)  
 

Survival at birth and at 72 hrs were influenced by 
sex (P=0.0036 and P=0.0025, respectively) and BT 
(P=0.0220 and p<0.0001, respectively). Survival to wean-
ing was affected by year of birth (P=0.0200) and BT 
(P<0.0001). Various authors found significant effects of 
sex, DA, and BT on survival traits (e.g. Dickerson et al. 
(1975), Gama et al. (1991), Boujenane et al. (1999), Co-
nington et al. (2012)). In the alternative model, BWT co-
variate had a significant effect on the three viability traits 
(P<0.0001). These results are in concordance with those 
reported by Gama et al. (1991) and Conington et al. (2012). 
An increase of 1 kg BWT reflects an odds ratio of 2.18, 
2.10 and 1.77 on SB, S72 and SW, respectively. Odds ratios 
of contrast between levels of sex, BT and DA, are shown in 
Table 3.  

 
Table 3.  Odds ratios (exponential of effects) (s.e) of 
contrast between fixed effects: Sex, Birth Type (BT) and 
Dam Age (DA) on viability traits, survival at birth (SB), 
to 72 hrs (S72) and to weaning (SW).  
 Effect SB S72 SW 
Sex (F-M1) 1.93(0.44)** 1.75(0.33)** 1.22(0.18) 
BT (S-M2) 1.72(0.41)* 2.67(0.54)*** 2.44(0.39)*** 
DA (A-H3) 1.08(0.51) 0.73(0.29) 1.05(0.31) 
 1F-M: female vs. male 
2S-M: Single vs. Multiple birth 
3A-H: Adult vs. hogget ewe 
 * (P < 0.05), ** (P < 0.01), *** (P < 0.001) 

 
 
No effects of DA on viability traits were observed, 

maybe because we have only two categories since, many 
authors found a curvilinear effect for this factor (Dickerson 
et al. (1975), Conington et al. (2012)). Moreover, Bouje-
nane et al. (1991) found differences between DA levels for 
viability at 30 days of age but not for 90 days. 

 
Lamb survival was greatly influenced by BT 

(P=0.020, <0.0001 and <0.0001 for SB, S72 and SW, re-
spectively). Mortality was higher in multiple born lambs, 
which is in part due to the light birth weight found in larger 
litters. The probability of surviving to weaning was 0.83 
and 0.67 for single and multiple born lambs, respectively.  
When BWT was included as a covariate in the model, BT 
was not significant (p>0.05). Females lambs presented a 
higher probability of surviving compared to males at birth 
(0.94 vs. 0.89) and at 72 hrs (0.93 vs. 0.82). Nevertheless, 
the inclusion of BWT as a covariate increased the differ-
ences between sex levels on all survival traits (SB 
P=0.0003, S72 P=0.0002, SW P=0.039), due to the lighter 
weight of females. In this case, odds ratios of contrast be-
tween levels of sex were 2.32, 2.05 and 1.37 for SB, S72 
and SW, respectively. These values represent probabilities 
of surviving (females vs. males) of 0.96 vs. 0.91, 0.94 vs. 
0.88 and 0.82 vs. 0.77, respectively. Gama et al. (1991) 
found higher mortality up to weaning in male lambs, mostly 
due to higher postnatal mortality. The higher incidence of 
postnatal mortality in males was primarily due to increased 
respiratory diseases and starvation (including metabolic and 



nutritional disorders), possibly as an indirect result of more 
dystocia problems in males due to larger body dimensions 
than females with the same weight (Gama et al. (1991)). In 
addition, Dutra and Banchero (2011) found that males have 
longer parturition duration, which increased the risk of 
asphyxia, decreased the viability score, and increased the 
latency to suckle. 

 
Breed type and crossbreeding parameters. Least 

squares means for breed groups and crossbreeding parame-
ters of growth traits are presented in Tables 4 and 5. Breed 
type had a significant effect on all growth traits. The big-
gest differences were between pure breeds for WWT and 
GBW (4.0 and 3.9 kg, respectively) due to a combination of 
additive and maternal effects.  

 
Table 4.  Least squares (s.e.) breed groups means of 
growth traits: birth (BWT) and weaning weight (WWT) 
and growth to weaning (GBW).  
 Biotype BWT, kg WWT, kg GBW, kg 

C.C 4.58 (0.08)b 18.41 (0.33)d 13.67 (0.31)d 

C.T 4.65 (0.07)a,b 20.95 (0.30)b 16.26 (0.28)b 

T.C 4.80 (0.07)a 19.83 (0.32)c 14.97 (0.30)c 

T.T 4.75 (0.07)a,b 22.45 (0.31)a 17.53 (0.29)a 

Within a column, means without a common superscript differ (P < 0.01). 
 
Table 5.  Crossbreding parameters (s.e.) on growth 
traits: birth (BWT) and weaning weight (WWT) and 
growth to weaning (GBW).  
 Effect BWT, kg WWT, kg GBW, kg 
hI 0.06 (0.06) -0.04 (0.25) 0.01 (0.23) 

gI 0.32 (0.12)** 2.91 (0.50)*** 2.57 (0.47)*** 

gM -0.16 (0.10) 1.13 (0.42)** 1.29 (0.39)*** 

hI : individual heterosis 
gI: Texel individual additive effect 
gM Texel maternal additive effect 
** (P < 0.01), *** (P < 0.001) 

 
 
The individual additive effect was significant for 

all growth traits (P<0.01). A significant maternal additive 
effect was observed in WWT (P=0.007) and GBW 
(P=0.0009), but not on BWT. However, no individual het-
erosis effect was found in any growth trait. The Texel breed 
presented a positive individual additive effect (against Cor-
riedale) with a magnitude of 6.9, 14.2 and 16.5% (in rela-
tion with pure breed average) for BWT, WWT and GBW.  
The positive maternal additive effect of Texel breed was of 
5.5 and 8.3% (in relation with pure breed average), for 
WWT and GBW.  Other authors (Boujenane et al. (1991, 
1999), Dickerson et al. (1975)) also found significant addi-
tive effects and no heterosis in growth traits. In contrast, 
Nitter (1978) reported average estimates of individual het-
erosis of 3.2, 5.0 and 5.3 % for BWT, WWT and GBW, 
respectively. 

 
Table 6.  Odds ratios (exponential of effects) (s.e) of 
crossbreding parameters on viability traits: survival at 
birth (SB), to 72 hrs (S72) and to (SW).  
 Effect SB S72 SW 

hI 1.18(0.28) 1.50(0.30)* 1.45(0.23)* 
gI -0.71(0.34) -0.77(0.31) -0.91(0.29) 
gM -1.18(0.47) -1.45(0.49) -1.18(0.32) 
hI : individual heterosis 
gI: Texel individual additive effect 
gM Texel maternal additive effect 
* (P < 0.05) 

 
 
Breed type did not affect any survival trait 

(p>0.05). In a crossbreeding parameters model, only indi-
vidual heterosis presented a significant effect, and this was 
found for S72 (P=0.0411) and SW (P=0.0191) (Table 6). 
When BWT was included as a covariate in the model, the 
individual heterosis effect was no significant for S72 
(P=0.0842) but maintained significance for SW (P=0.0376). 
Conversely, Boujenane et al. (1991, 1999), did not found 
any individual heterosis effect on survival traits. In the 
present experiment, a positive maternal effect in Corriedale 
is shown, however it was no significant (p>0.05). Crossbred 
lambs present higher probability of surviving than pure-
breds at 72 hrs (0.90 vs. 0.86) of age and at weaning (0.79 
vs. 0.73) (odds ratio of 1.5). These results indicate that 
individual heterosis can play an important role in lamb 
survival, as also found by various authors (Nitter (1978), 
Dickerson et al. (1975), Gama et al. (1991)).  
 

Conclusion 
 
The accurate estimation of crossbreeding parame-

ters is a key issue for the proper design of crossbreeding 
systems that maximize sheep farmers’ income. In order to 
obtain more kg of lamb weaned per lambed ewe, it is rec-
ommended to take advantage of the heterosis effect on 
survival between T and C and the direct and maternal effect 
on growth of Texel. This means that under Uruguayan 
farming systems focused in meat production, it would be 
more beneficial to keep T.C ewe lambs in the flock and 
breed them with T rams. 
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