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INTRODUCTION 
Meat production of ruminants is leaving intensive agricultural areas for difficult territories like 
mountains or rangeland. In France, a main consequence is the relative increase of the meat 
sheep industry in the South. Rejecting the classical choice of hardy low-performing animals in 
harsh environment, opposite to high-productive animals in favorable conditions, our proposal 
is to study some genetic strategies allowing good economical results in difficult areas. From a 
genetic point of view, the question is to understand what is coming from young lambs and 
mothers. For that we planned a crossbreeding scheme using two female breeds plus a male one, 
chosen as very different in order to estimate the genetic parameters explaining the variability. 
 
MATERIAL AND METHODS 
General experiment context. The experiment was conducted on the INRA farm of La Fage on 
the Causses-du-Larzac, a calcareous plateau in the south of France. The main characteristics of 
this high-altitude territory (800 m) is arid conditions despite of an abundant annual rainfall of 
1000 mm, due to an important permeability of the soil, which feeds deep subterranean rivers. 
Seasons are highly contrasted with cold winter due to the altitude and hot summer due to the 
southern latitude. The soil depth is generally thin, with numerous rocky areas without soil. The 
annual production of dry vegetal matter varies from 500 to 2000 kg by hectare, with a major 
peak in May and June, and a secondary one in autumn. The total surface is 300 ha, 12 ha of 
them being fertilized, with an annual production of 6000 kg/ha. Ewes are kept outside during 
all the year, even for lambing. They receive some rough forage in winter, better forage and 
concentrate at the end of pregnancy. For take account of the between-year variability, and also 
to get a sufficient number of animals, the experiment was 6 years long from 1990 to 1995. 
Breeding system. The breeding system is characterized by a short lambing period in the 
beginning of April, the suckling period taking place on the fertilized parcels. Lambs are 
weaned at 50 days of age at the beginning of summer, as vegetation becomes dry; they are 
fattened indoor, except the females belonging to a genetic type kept for reproduction. Most 
lambs are slaughtered on an average of 120 - 130 days of age at a live weight of 37.5 (males), 
and 33 kg (females), except the Romanov males at 34 kg. All lambs issued from Romanov 
mothers were slaughtered at 140 - 150 days of age. Carcass traits are adjusted for these 
weights. 
Animals. The experiment design is built around the local breed Lacaune (L) characterized by 
large-sized animals with high aptitudes for milking and growth performances, a medium 
prolificacy and a poor muscular development. The Romanov (R) is a small-sized and highly 
prolific breed; its conformation is very bad. The experiment ewes and lambs are issued of the 
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two pure breeds and the two reciprocal crossbreds RL and LR, with the first letter for the male 
type. Rams of the Berrichon-du-Cher meat breed (X or BCF) were used to procreate terminal 
crossbred lambs with ewes of the four previous types : XR, XL, XRL and XLR (table 1). 
 
Table 1. Number of animals 
 
 Ewes Lambs 
Genetic types N of 

ewes 
Mating / 
Lambing 

Suckling 
type1 

Alive at 50 
days 

Maternal 
suckled2 

Fattened 

  M L Mat Art Mal Fem Mal Fem Mal Fem 
Romanov (Rom) R 89 276 259 214 58 112 106 63 85 63 . 
Lacaune (Lac) L 144 461 443 272 17 108 120 89 110 86 . 
Rom*Lac RL 87 255 248 223 17 97 116 84 108 75 . 
Lac*Rom LR 56 152 144 194 77 110 100 59 72 95 . 
BCF*Lac XL    226 15 92 105 74 96 70 95 
BCF*Rom XR    179 64 88 85 57 58 73 74 
BCF*(Rom*Lac) XRL    490 87 235 251 194 195 213 220 
BCF*(Lac*Rom) XLR    278 46 135 146 114 119 123 138 
Total  376 1144 1094 2076 381 977 1029 734 843 798 527 
1 Suckling type : Mat=maternal suckling, Art=artificial suckling. 
2 Lambs with valid results for growth. 
 
Data analysis. Data were analyzed by ANOVA with the GLM procedure of the SAS package. 
The considered fixed effects were the sex, rearing * birth type, and genetic type of lambs, age 
of dam and year of production, with a simple additive model. The GENMOD procedure was 
used to analyze the survival rate of lambs. The direct and maternal genetic parameters between 
R and L were computed from the least square means of ANOVA, according to Foulley and 
Lefort (1978). Beyond the estimation of maternal heterosis, the Berrichon-du-Cher rams 
allowed us to estimate the global effect of a terminal crossbreeding: direct heterosis + ½ 
difference between additive genetic values of BCF and respectively R or L. 
 
RESULTS AND DISCUSSION 
The overall results are rather good with a fertility of 95 % : 1094 lambing ewes among 1144 
mated (table 1). Because of this very high value, in accordance with the favorable conditions of 
a mating period in autumn and a first lambing at two years of age, this trait is not further 
studied. The mean litter size at birth is 225 % with a survival rate of 81.8 % (table 2). The 
average daily gains are around 200 g before weaning on rangeland, and increase up to 282 g 
during the indoor fattening period. The dressing percentage of 45.3 % is a current but not so 
good value. A similar remark can be done for the conformation score of 3.95, corresponding to 
an intermediate value between the “O” and “R” notes in the French “EUROP” grading system. 
Inversely the mean back fat depth, slightly less than 3 mm indicates rather lean carcasses. 
Some significant genetic effects, and consequently significant direct or maternal genetic 
parameters, are found for each trait (table 3). Prolificacy mainly depends on maternal effect : it 
is quite normal, but it is amazing to see that the difference of 129 % between R and L is exactly 
the same (128 %) that in the national performance control program. Viability of lambs depends 
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on direct effects and both maternal and direct heterosis, with a clear superiority of R genes 
(11.6 %) and a larger than 5 % superiority for crossbred lambs and ewes. Weight at birth firstly 
depends on ewes, with 760 g more for the maternal L effect, but the BCF crossbred lambs 
suggest a direct effect of 500 g and 1 kg in comparison with R and L respectively. Otherwise 
there is a progressive decreasing of the maternal effects during the development of lambs, 
which are progressively replaced by direct effects. So, during the first month the difference of 
maternal effect on daily weight gain between L and R is 63 g with a maternal heterosis of 24 g; 
during fattening the mainly effects are a direct heterosis value of 23 g, and a BCF effect of 
around 50 g. The carcass traits depend on direct effects with a good expression of the known 
hierarchy: BCF, L, R. There are small differences for the dressing percentage. 
 
Table 2. Means, standard deviations and tests of significance 
 
 Litter Surviv. Live Growth1 : ADG (g) Carcasses traits 
 Size at 

Birth 
(n) 

LSB 

Rate at 
50days 

(%) 
SR50 

Weigh
t at 

birth 
(kg) 

LWB 

0-30 
days 

 
0-30 

30-50 
days 

 
30-50 

70-120 
days 

 
70-120 

Dres-
sing % 

DR 
(%) 

Conf. 
Score  
Conf 
(1-9) 

B Fat  
Depth  
BFD2 

(mm) 

Means 225 81.8 3.24 217 197 282 45.3 3.95 2.88 
Residual SD 66 - 0.53 41 40 62 2.1 0.91 1.57 
Sex - * *** *** *** *** *** NS *** 
Rearing type - *** *** *** *** *** *** NS *** 
Age of dam *** *** *** *** *** NS - - - 
Year *** *** NS *** *** *** *** *** *** 
Genetic type *** *** *** *** *** *** *** *** *** 
Direct R-L NS ** NS * NS NS * *** *** 
Maternal R-L *** NS *** *** *** NS NS NS NS 
Dir. heterosis * ** * ** *** ** NS NS ** 
Mat. heterosis * *** NS *** *** NS NS NS NS 
BCF on R * * *** NS ** *** *** *** *** 
BCF on L NS NS *** NS *** *** NS *** ** 
1 Average Daily Gains of maternal-suckled lambs. 
2 Back Fat Depth. 
NS : P>0.05 - * P< 0.05 - ** P< 0.01 - *** P <0.0001 
 
CONCLUSION 
The local Lacaune breed appears as non-adapted, especially for the viability of lambs and 
growth during fattening. This probably comes from a general weakness of lambs : the direct 
effects from birth weight to growth during fatness are not different of the Romanov, despite a 
very large difference of size. This probably comes from poor maternal and social behavior 
(Boissy et al., 2002) and also a not sufficiently protecting fleece for lambs at birth (Jacquin et 
al., 2002). In the opposite, the BCF type appears as well adapted, with neutral or slightly 
positive effects before weaning on rangeland, allowing a further complete expression during 
fattening. So, the choice of a well-adapted breed remains a primordial important question. 
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On an other hand, as we pointed it in the previous experiment at La Fage (Bouix et al., 1985), 
maternal aptitudes are kept, and heterosis effects, as well direct as maternal, simultaneously or 
not, significantly contribute to the results. 
 
Finally, taking care of the genetic determinisms, and considering the requirement of ewes and 
lambs as completely different, it is possible to imagine some accurate genetic strategies, as well 
within as between-breeds. So, the 3-ways crossbreeding with RL or LR ewes, and BCF rams is 
highly performing. The final result is : near of 2.5 born lambs, 90 % alive at weaning, a daily 
gain of 250 g with mothers, near of 300 g during fattening, and finally ½ note of the 5-levels 
‘EUROP” score, better than pure breeds. However, this needs an appropriate management 
system, with an optimal combination of the available resources (Hubert et al., 2001). 
 
Table 3. Least square means 
 
    Growth : ADG (g) Carcasses traits 
 LSW 

(n) 
SR50 
(%) 

LWB 
(kg) 

0-30 
 

30-50 
 

70-120  DR 
(%) 

Conf. 
 (1-9) 

BFD 
(mm) 

Genetic types 
R 306 91.3 2.66 189 164 223 45.1 2.56 1.25 
L 174 73.7 3.49 237 208 247 45.8 3.51 2.53 
XL 188 77.5 3.92 248 234 292 45.9 4.15 3.20 
RL 188 87.4 3.55 255 229 269 45.0 3.08 2.44 
LR 318 91.0 2.79 192 175 248 45.4 3.07 2.43 
XR 329 86.0 2.91 197 179 276 46.3 4.28 3.03 
XRL 249 89.0 3.40 244 218 284 46.0 4.33 3.05 
XLR 240 90.0 3.52 249 218 291 45.6 4.09 3.11 
Genetic parameters 
Direct R-L 2 11.6 -0.08 15 10 -2 -0.1 -0.94 -1.27 
Maternal R-L 129 4.2 -0.76 -63 -53 -21 0.37 -0.01 -0.01 
Dir. heterosis 13 5.4 0.09 11 16 23 -0.26 0.04 0.54 
Mat. heterosis -14 7.4 0.05 24 12 4 -0.28 0 -0.04 
BCF on R 23 -6.0 0.25 8 15 53 1.13 1.73 1.78 
BCF on L 14 2.6 0.44 11 26 45 0.09 0.64 0.67 
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