Growth Performance and Survival Rates of Menz and Dorper-Menz Crossbred lambs: Insights for Synthetic Breed Development.
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ABSTRACT
This study assessed the growth performance and survival rates of Dorper crossbred lambs to inform the development of a self-sustaining Dorper-Menz sheep population. A total of 4,070 birth records were analyzed to evaluate the effects of genetic group, sex, birth type, parity, season, and year on growth traits (using SAS 2004’s General Linear Model) and mortality (via odds ratios). Genetic group exerted a significant influence on growth (P<0.001), with DxM-F1 lambs achieving the highest birth weight (3.10±0.02 kg), while DxM-F3 lambs exhibited superior weaning weight (13.88±0.27 kg) and pre-weaning average daily gain (120.92±2.89 g). Overall least squares means for body weight were 2.87±0.03 kg (birth), 12.25±0.15 kg (weaning), and 16.18±0.6 kg (six months). Birth weights for DxM-F1, DxM-F2, DxM-F3, and local Menz were 3.10±0.02 kg, 2.87±0.03 kg, 2.92±0.04 kg, and 2.06±0.03 kg, respectively. At weaning, corresponding weights were 12.92±0.17 kg, 13.11±0.22 kg, 13.88±0.27 kg, and 9.92±0.17 kg, and at six months, 17.21±0.27 kg, 16.37±0.33 kg, 17.17±0.39 kg, and 12.40±0.08 kg. Pre-weaning daily gains were 108.26±1.79 g (DxM-F1), 112.87±2.31 g (DxM-F2), 120.92±2.89 g (DxM-F3), and 86.81±1.86 g (local Menz). Survival rates at 3 and 6 months showed no genetic group differences but were significantly influenced by environmental factors, with mortality odds ratios ranging from 1.003–1.405 (3 months; χ²=0.0811–0.9717) to 0.745–4.003 (6 months; χ²=0.0205–<0.0001). These results demonstrate that Dorper-Menz crossbreeding, particularly inter se mating, enhances growth performance compared to first-generation crosses and indigenous Menz sheep. The findings highlight the viability of establishing a synthetic breed with improved productivity. Integrating these insights into genetic improvement strategies can foster sustainable livestock systems, contributing to enhanced community food security and nutritional well-being while addressing environmental influences. 
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INTRODUCTION
Sheep production is an important economic activity in Ethiopia that provides income and food security to many smallholder farmers (Tibbo, 2006; ESGPIP, 2008; Getachew et al., 2010; Gizaw et al., 2014). Although Ethiopia has a large sheep population (42.9 million heads; CSA, 2021) that is adapted to different agro-ecologies, the country's sheep industry is characterized by low productivity, which limits the sector's potential for growth and competitiveness (Tibo, 2006; Gizaw et al., 2014; Teklebrihan et al., 2014, Aleme and Lemma, 2015). Several authors (Dickerson, 1970; Mukassa-Mugerwa et al., 1994) have indicated that the low market weight of indigenous sheep breeds affects their desired market weights. Other authors (Tibbo, 2006; Sebsibe, 2009) mentioned that yearling sheep could only provide a carcass weight of 9-10 kg in Ethiopia. One such breed is the Menz sheep, which is small but adapts to harsh environments and exhibits slow growth (Gizaw, 2008). Thus, the productivity of indigenous sheep must be improved and efficient sheep genetic improvement programs must be initiated to boost the output and profitability of producers (Kosgey, 2007). Hayes et al. (2009) considered crossbreeding as an option, and it is a potentially attractive breed improvement method because of its quick benefits resulting from breed complementarity and heterosis effects. According to Bradford (1985), crossbreeding of local breeds with productive breeds is widespread in several countries, intending to increase lamb production by exploiting both the additive and non-additive effects of genes. To improve growth and survival, crossbreeding of local sheep with improved exotic sheep breeds has been identified as the most rapid method and potential strategy to improve the productivity of local sheep breeds in Ethiopia (Hassen et al., 2004; ESGPIP, 2008; Gizaw and Getachew, 2009; Getachew et al., 2013; Gizaw et al., 2014). Accordingly, a crossbreeding program using Dorper sheep has been initiated and is ongoing in Ethiopia.

Although crossbreeding was chosen as the main breeding program in Ethiopia and has been implemented for decades, designing sheep crossbreeding programs has been a challenge; as a result, the impact of crossbreeding programs has been low (Tibbo, 2006; Gizaw et al., 2014). The promising results in the formation of synthetic breeds reported elsewhere by Boujenane (2002) on Dorper and D’man-Sardi crosses have an encouraging effect. Lessons from the Awassi × Menz crossbreeding program in Ethiopia, on the other hand, indicate that upgrading village flocks to high-grade exotic blood levels is challenging. Gizaw et al. (2014) recommended that the application of less complicated designs, such as inter se mating of the first cross, could facilitate the improvement of meat production from crossbreeding. One such crossbreeding program involves the Menz and Dorper sheep breeds, with the aim of developing a Dorper-Menz synthetic breed that combines the superior meat-producing ability of the Dorper breed with the adaptability and hardiness of Menz sheep.

Despite the potential benefits of crossbreeding, there is limited information on the growth performance and survivability of Menz and Dorper-Menz inter se mated lambs in Ethiopia. This information gap poses a challenge to the development of a viable breeding program for the Dorper-Menz synthetic breed. Therefore, the present study aimed to evaluate the growth performance and survivability of Menz and 50% Dorper × Menz crossbred lambs, and to assess the viability of developing a Dorper-Menz synthetic breed in Ethiopia. The findings of this study will provide useful insights into the potential of crossbreeding to improve sheep productivity and meat yield in Ethiopia, which could contribute to food and nutritional security. Additionally, the results will guide the development of a sustainable breeding program for the Dorper-Menz synthetic breed, which has the potential to enhance the country's sheep industry and contribute to the overall economic growth of Ethiopia.

MATERIALS AND METHODS
Description of the study area

The study was conducted at the Debre Birhan Agricultural Research Center, which is located in the Central Highlands of Ethiopia, approximately 120 km northeast of Addis Ababa, at an altitude of 2800 meters above sea level. The geographical location of Debre Birhan is from 09°35'45'' to 09°36'45'' North latitude and 39°29'40'' to 39°31'30'' East longitude (NSRC, 2006). Grazing consists of natural vegetation dominated by Andropogon lingipes grass with variable proportions of Pennisetum and Festuca species and legume Trifolium species. The climate is characterized by a long rainy season (June-September), accounting for 75% of the total rainfall, a short rainy season (February–May), and a dry season (October-January). The average monthly minimum temperature ranges from 2°C in November to 8°C in August, while the average monthly maximum temperature ranges from 18°C in September to 23°C in June (Tibbo, 2006). The average annual rainfall at the station was 920 mm.

Experimental animals, their management, and breeding procedures

The flocks used for this study were indigenous Menz sheep (sire and dam lines) to produce Menz lambs and Dorper (sire line) to produce 50% Dorper × Menz, which resulted in the initial mating between the Menz (dam line) and Dorper (sire line), resulting in 50% Dorper × Menz lambs. This is a form of crossbreeding in which two different breeds are mated to produce offspring that exhibit traits from both parental breeds.

The breeding procedure involved crossbreeding of local Menz ewes with Dorper rams to produce the 1st 50% generation of crossbreds (F1). The F1s, F2s, and F3s were inter-se mated to produce subsequent generations. Inter-se mating was carried out for four generations, and for comparison purposes, the mating of local Menz ewes with local Menz sires was performed to produce local Menz lambs.

(Debre-Birhan Agrucultural Research center (DBARC) has a total land area of 264 ha. However, approximately 30% of this area is swampy and unsuitable for grazing during the wet season due to liver fluke infestation. Additionally, 5% of the land is covered with buildings and forests, leaving only 171.6 hectares available for grazing. To protect sheep from liver flukes during the primary rainy season, all flocks were kept indoors during the main rainy season. The total number of sheep was approximately 950, along with 76 cattle, which means that there were nearly seven sheep per hectare. The experimental flocks were managed through a combination of grazing on pasture and supplementation with concentrate for pregnant and nursing ewes. In a mating system that lasted for 42 days, after being indoors for two and a half months, the sheep were allowed to graze on a relatively drained top-land. During dry periods, the bottomland was grazed. While indoors, the sheep were fed on native pasture hay ad libitum and supplemented with 200-300 grams of concentrate per head per day. The concentrate contains 12.5 MJ/kg DM and 16-18% CP. Breeding ewes and rams were supplemented with 100–300 g of concentrate for flushing, depending on availability. There is no well-developed rotational grazing system; they were kept indoors during the main rainy season and graze on the top-land during September and October and at the bottom during the dry period. When ewes leave for grazing in September and October, priority is given to ewes that have recently given birth. At lambing, lambs were identified using numbered plastic ear tags. Lambs born in this experiment were raised together with their parents until weaning (90 days).

After weaning, lambs were managed as separate flocks and grazed on natural pastures away from their mothers. To ensure the well-being of the flock, the animals were vaccinated against common diseases in the area and treated for external parasites through drenching, according to the center's protocol. The sheep were administered albendazole, a broad-spectrum treatment, four times a year to treat internal parasites, and diazinol was sprayed on them to treat external parasites. Sheep were vaccinated every year against sheep-pox, pasteurellosis, and anthrax.

Traits considered, data collection, and system of mating followed

The traits considered in this study were growth and survival rates. Growth traits included birth weight (BWT), weaning (WWT), and 6-month weight (SMWT). Pre-weaning average daily gain (PRWADG) from birth to 90 days and gain up to 6 months was calculated from the respective data. Pedigree information, dates of birth, weaning, 6 months, mortality dates, and respective body weight measurements were collected by researchers and recorded in the master breeding herd book prepared for this purpose. The birth weight of the lambs was recorded within 24 hours of birth using a salter balance. The respective weights (weaning and 6 months) were also collected and recorded as per the plan. The mating/crossbreeding system followed is indicated in Dorper sheep strategy documents and other documents (Gizaw et al., 2010; Gizaw et al., 2014).

Data sets and evaluation of the breed groups

Data used in this study were collected between 2010 and 2022. A birth weight of 4770 lambs was used. The genotype groups produced were Dorper × Menz 50%, first generation (DxM-F1), Dorper × Menz (inter se mated; 2nd-4th generations), and local Menz breed. A small number of 4th generation crossbred lambs were merged with the DxM-F3 lambs. The performance of the inter se mated populations was evaluated based on the merits of the three filial generations (DxM-F1, DxM-F2, and DxM-F3) and the local Menz lambs.

Data Management and Analysis

Analysis of growth data

Analysis of the variance of fixed effects was employed using the General Linear Model (GLM) procedure of the Statistical Analysis System (SAS, 2004). The fixed effects considered in the model were lamb genotype (DxM-F1, DxM-F2, DxM-F3, and Menz); sex (male, female); birth season (dry-season: October to January, long-rainy season: June to September, and short-rainy season: February to May); birth type (single, twin); birth year (2010-2022); parity of birth (1-=>6). Growth weights were adjusted to the corresponding 90 (WWT) and 180 (SMWT) days before analysis (Inyangala et al., 1996).
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Where W1 = birth weight, W2 = weight at a given age, D = number of days between weighing date and date of birth.

Similar patterns were followed to calculate the adjustment and gain up to 180. The growth rate for each period was calculated using the formula ADGt2-t1 = (Wt2-Wt1)/(t2-t1), where ADGt2-t1 is the weight gain between periods t1 and t2, Wt2 is the weight at age t2, and Wt1 is the weight for ages t1 and t2-t1. In cases where the analysis of variance showed significance, the Tukey-Kramer test was used to separate the least-squares means. The statistical model used was 
Yijklmn = µ + Gi + Sej + Tk + Snl + Pm + Yn + eijklmn, where Yijklmn represents the weight and weight gain at different ages for each animal. The variables in the model are defined as follows: µ = overall mean, Gi = fixed effect of breed/blood group (i = 4; 50% DxM-F1, 50% DxM-F2, 50% DxM-F3, Menz), Sej = fixed effect of lamb sex (j = 2; male, female), Tk = fixed effect of lamb birth type (k = 2; single, twin), Snl = fixed effect of lamb birth season (l = 3; dry season, long rainy season, short rainy season), Pm = fixed effect of birth parity (m= 1-6), Yn = fixed effect of lamb birth year (n = 13; 2010-2022), and eijklmn = effect of random error.

Analysis of mortality data

The dependent variable (yi) can assume a value of 1 with a survival probability pi or a value of 0 with a death probability of 1-pi for observation i. The logit link function is expressed as:

Log (pi/1-pi) = logit (pi) = [image: image3.jpg](BO+ B1X1+ B2X2+ B3X3+ [4X4..B6X6)




The corresponding model expression with its probability value is:
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where pi is the probability of lamb survival up to 3 months and 6 months, x1 is the effect of lamb blood breed/blood group, x2 is the effect of lamb sex, x3 is the effect of lamb birth type, x4 is the effect of lamb birth season, x5 is the effect of birth parity, x6 is the effect of lamb birth year, and β0, β1,..., β6 is a regression parameter. Model comparisons were performed using the likelihood ratio test and chi-square test.

RESULTS AND DISCUSSION
Growth performances of lambs

Pre-Weaning growth performances of lambs

The overall least squares means for birth and weaning weights were 2.87±0.03 and 12.25±0.15 kg, respectively (Table 1). Pre-weaning body weights were significantly affected by lamb genotype/blood group, lamb sex, birth type, parity of birth, season, and year of lambing (p<0.001 to p=0.006). The birth and weaning weights of 50% DxM-F1, 50% DxM-F2, 50% DxM-F3, and Menz lambs were 3.10±0.02, 2.87±0.03, 2.92±0.04, 2.06±0.03, 12.92±0.17, 13.11±0.22, 13.88±0.27 and 9.92±0.17 kg, respectively, indicating the superiority of DxM crossbred lambs over the Menz breed under different filial groups (generations). It was noted that DxM-F1 (first generation) lambs were heavier at birth than the DxM inter se mated groups (2nd and 3rd generations).

Crossbreeding using Dorper sires improved Menz sheep birth and weaning weights by 39-50 and 30-40%, respectively (Table 2). Our results are inconsistent with the reports by Lakew et al. (2014), indicating the superiority of Dorper crossbred lambs over the local to be 37 and 75% for birth and weaning, respectively. In his study, Hassen (2002) reported an advantage of 19% for Awassi x Menz crossbred lambs over local lambs at birth under the smallholder management system in Ethiopia. Ayichew (2019), in his review report, mentioned that Dorper crossbreds often outperformed their local contemporaries. On the other hand, the superiority of DxM-F1 lambs at birth over DxM-F2 and DxM-F3 lambs was 8.0 and 6.2%, respectively. These results agree with the reports by Boujenane et al. (1999), who found that the birth weight of D’man x Sardi-F1 was higher than that of D’man-Sardi-F2-F4. Contrary to our results, Gizaw et al. (2013) reported lower birth weight for the Awass-Menz-F1 generation than for the F2 and F3 filial generations. However, the advantage gained in birth weight in this study was reversed in weaning weight, with DxM F2 and F3 lambs exhibiting a 1.5 and 7.4% advantage over DxM F1 lambs, respectively (Table 2). Similarly, Boujenane et al. (1999) reported the superiority of D’man-Sardi-F2 inter se mated lambs over D’man-Sardi-F1 generation lambs. This may be due to the milk production ability of crossbred ewes compared to local ewes in nursing their lambs. 

The birth weights of DxM-F2 and F3 (2.87 and 2.92 kg) lambs were higher than the 2.74 kg birth weight for DS synthetic lambs (Boujenane, 2002). It is comparable to the birth weight of the ‘INRA 180’ new composite breed (3.01 kg) created from Timahdite (50%) and D’man (50%) breeds at the INRA of Morocco (Fadili, 2011), as well as the birth weight of 3.11 and 3.04 kg for Awassi-Menz filial groups (Gizaw et al., 2010). However, the weaning weight of the corresponding blood group we obtained (13.11 and 13.88 kg) is lower than that of the ‘INRA 1800’ synthetic breed (17.4 kg) and the 15.66 kg weaning weight for DS synthetic lambs. However, it was comparable with the weaning weights reported by Gizaw et al. (2013) for Awassi-Menz (F2 and F3), which were 12.71 and 14.71, respectively. This difference could be due to variations in the dam and sire lines used in the different mattings.

PRWADG (up to 90) days for DxM-F1, 50% DxM-F2, 50% DxM-F3, and Menz lambs was 108.26±1.79, 112.87±2.31, 120.92±2.89 and 86.81±1.86 g/h/d, respectively, indicating that the DxM-50%-F1, DxM-50%-F2, and DxM-50%-F3 crossbred lambs gained 24.7, 30.0 and 39.3% more weight than their contemporary Menz lambs. On the other hand, the PRWADG of inter se mated lambs was comparable and even better than that of first-generation crossbred lambs; DxM-F2 and DxM-F3 inter se mated lambs grew 4.3 and 11.7% more, respectively, than the first-generation crosses (Table 2). Our findings are consistent with those of Gizaw et al. (2013) for the Awassi-Menz filial generations.

The sex of lambs was a significant factor in the observed variation. Male lambs were significantly (P<0.001) heavier at birth and weaning, and they gained more weight compared to their female counterparts (Table 1). This finding is consistent with the results reported by various authors (Teklebrihan et al., 2014; Abebe et al., 2016; Alemu et al., 2018; Ayichew, 2019; Habtegiorgis et al., 2022). The observed superiority of males over females may be due to hormonal differences in their endocrinological and physiological functions (Ebangi et al., 1996).

Litter size significantly affected the birth weight, weaning weight, and PRWADG (p<0.001). Lambs born singly had higher birth and weaning weights and gained more weight up to 90 days than twins do. The weaning weight and PRWADG of single and twin lambs were 13.42, 11.50 kg, 115.01, and 99.42 g/h/d, respectively, showing a 16.7% advantage for single-born lambs at weaning and a 15.7% advantage at 90 days compared to their twin-born counterparts. These results are consistent with those of previous studies from various authors (Teklebrihan et al., 2014; Lakew et al., 2014; Abebe et al., 2016; Alemu et al., 2018; Habtegiorgis et al., 2022). In line with our findings, Robinson et al. (1977) found that as the number of fetuses increased, the number of caruncles attached to each fetus decreased, thus reducing the feed supply to the fetus and hence the birth weight of the lambs. Conversely, single-born lambs exclusively benefit from their dam resources, resulting in higher weaning weight and PRWADG (Teklebrihan et al., 2014).

Table 1: Least squares means and standard errors of pre-weaning growth performance of 50% Dorper x Menz crossbred and Menz

	Factors
	BWT (kg)
	WWT (kg)
	PRWADG (g/d)

	
	N
	LSM+SE
	N
	LSM+SE
	N
	LSM+SE

	Overall
	4770
	2.87+0.03
	2945
	12.25+0.15
	2945
	103.89+1.65

	CV (%)
	4770
	21.25
	2945
	25.01
	2945
	31.66

	Lamb breed group
	
	P<0.001
	
	P <0.001
	
	P <0.001

	DxM-F1
	2274
	3.10+0.02a
	1263
	12.92+0.17b
	1263
	108.26+1.79b

	DxM-F2
	480
	2.87+0.03b
	336
	13.11+0.22b
	336
	112.87+2.31b

	DxM-F3
	271
	2.92+0.04b
	210
	13.88+0.27a
	210
	120.92+2.89a

	Menz
	1745
	2.06+0.03c
	1136
	9.92+0.17c
	1136
	86.81+1.86c

	Lamb Sex
	
	P <0.001
	
	P <0.001
	
	P <0.001

	Male
	2359
	2.79+0.03
	1536
	12.69+0.16
	1536
	108.91+1.75

	Female
	2411
	2.68+0.03
	1409
	12.23+0.16
	1409
	105.53+1.76

	Birth Type
	
	P <0.001
	
	P <0.001
	
	P <0.001

	Single
	4374
	3.02+0.02
	2748
	13.42+0.13
	2748
	115.01+1.35

	Twin
	396
	2.45+0.04
	197
	11.50+0.24
	197
	99.42+2.58

	Parity of birth
	
	P <0.001
	
	P =0.006
	
	P =0.017

	1st 
	2497
	2.53+0.02b
	1458
	12.14+0.16b
	1458
	105.95+1.67ab

	2nd 
	1037
	2.74+0.03a
	694
	12.05+0.18b
	694
	103.14+1.90b

	3rd 
	592
	2.71+0.03a
	413
	12.70+0.20a
	413
	110.34+2.18a

	4th 
	339
	2.80+0.04a
	198
	12.67+0.25b
	198
	109.75+2.71ab

	5th 
	174
	2.78+0.05a
	109
	12.53+0.32b
	109
	107.56+3.47ab

	6th & above
	131
	2.86+0.06a
	73
	12.67+0.38b
	73
	106.57+4.09ab

	Birth Season
	
	P <0.001
	
	P <0.001
	
	P <0.001

	Dry-season
	1673
	2.78+0.03a
	1084
	11.62+0.16c
	1084
	96.99+1.75c

	Long-rainy
	1965
	2.77+0.03a
	1225
	12.59+0.18b
	1225
	108.11+1.91b

	Short-rainy
	1132
	2.66+0.03b
	636
	13.17+0.20a
	636
	116.54+2.17a

	Birth year
	
	P <0.001
	
	P <0.001
	
	P <0.001

	2010
	69
	2.91+0.08ab
	56
	11.93+0.45c
	56
	100.37+4.87cd

	2011
	91
	2.74+0.07b
	76
	13.19+0.40b
	76
	114.80+4.25b

	2012
	189
	2.46+0.05c
	164
	12.69+0.28c
	164
	112.91+3.05c

	2013
	412
	2.66+0.04b
	261
	12.50+0.25c
	261
	109.67+2.70c

	2014
	137
	2.68+0.06b
	53
	14.64+0.46ab
	53
	129.70+4.94ab

	2015
	286
	2.78+0.04b
	221
	14.94+0.26a
	221
	134.13+2.84a

	2016
	879
	3.07+0.03a
	544
	12.22+0.20c
	544
	101.18+2.12c

	2017
	409
	2.75+0.04b
	191
	11.70+0.26c
	191
	99.34+2.82cd

	2018
	563
	2.63+0.03b
	370
	10.66+0.21d
	370
	88.44+2.25cd

	2019
	455
	2.74+0.03b
	351
	12.67+0.21bc
	351
	109.10+2.24bc

	2020
	507
	2.89+0.03a
	362
	12.93+0.21b
	362
	111.03+2.21b

	2021
	515
	2.73+0.03b
	218
	10.78+0.24d
	218
	88.40+2.61cd

	2022
	258
	2.54+0.04c
	78
	11.15+0.37d
	78
	94.76+3.99cd


Mean values with different superscripts (a,b) across columns are significantly different (p<0.05), LSM-Least squares means, SE-Standard error, BWT-birth weight, WWT-weaning weight (in kilogram), PRWADG-pre-weaning average daily gain (in gram), N- number

Lamb parity influenced birth weight (p<0.001), weaning weight (p=0.006), and PRWADG (p=0.017) in lambs. Although inconsistent, the birth weight of lambs tended to show an increasing pattern as parity progressed. Lambs born to first parities had lower birth weights and were significantly lower than those born to older parities. According to Stobart et al. (1986), milk production increases with parity, and older ewes produce more milk because of their larger body size. Previous studies have produced similar findings (Teklebrihan, 2014; Abebe et al., 2016). Contrary to our results, other authors (Tesema et al., 2021) reported no significant effect of parity on birth and weaning weight of Dorper crossbred lambs up to 5th parity; on the other hand, the same authors reported that parity influenced the PRWADG of Dorper crossbred lambs.

The lambing season significantly affected the birth weight, weaning weight, and PRWADG (p<0.001). Lambs born during the long rainy and dry seasons had higher birth weights than those born during the short rainy season. Conversely, lambs born during the short rainy season had a higher weaning weight and PRWADG than those born during the dry and long rainy seasons. Previous studies have also reported a significant influence of season on lamb birth, weaning, and pre-weaning gain. Our findings support previous studies (Abebe et al., 2004; Lakew et al., 2014; Teklebrihan et al., 2014; Abebe et al., 2016; Alemu et al., 2018; Tesema et al., 2021). According to Hassen et al. (2004), weaning weight and daily gain varies with rainfall, forage quality and quantity, and milk availability, although the dam's condition indirectly influences birth weight.

Birth year significantly affected the birth weight, weaning weight, and PRWADG in lambs (p < 0.001). The highest weights for birth, three months, and weight gain were recorded in 2016 and 2010 (Table 1). The heaviest weaned lambs and the best PRWADG were recorded in 2014 and 2015. Other researchers have found that birth year affects lamb birth weight, weaning weight, and weight gain (Hassen et al., 2002; Lakew et al., 2014; Teklebrhan, 2014; Abebe et al., 2016; Alemu et al., 2018; Tesema et al., 2021; Habtegiorgis et al., 2022). 

Growth performances of lambs up to 6 months of age

The overall adjusted weight of the lambs at six months was 16.18 ± 0.26 kg. The corresponding overall gain up to 6 months of age was 73.52 ± 1.35 g/h/d (Table 2). The lamb weight at six months and weight gain up to six months were significantly influenced by the lamb blood group, sex, birth type, season, year of birth (p<0.001), and birth parity (p = 0.001, p = 0.005), respectively. All groups of DxM-50% crossbred lambs had higher body weight at six months of age and gained more weight than Menz lambs, with an advantage of 32–38.8% and 31.9–37.9%, respectively, over their contemporary Menz lambs (Table 2). The 6-month weight of DxM-50%-F1 crossbred lambs was higher than that of DxM-50%-F2 but similar to that of DxM-50%-F3. In contrast to our results, Gizaw et al. (2013) reported a lower 6-month weight for the Awassi-Menz F1 generation than for the 2nd and 3rd generation filial. It was noted that weight gain up to 6 months of age was similar between the first-generation crosses and the inter se mated groups. The six-month weight of Dorper × Local crossbred lambs observed in this study is consistent with the results obtained by Abebe et al. (2016), with 17.25 kg for 50% Dorper x Menz crossbred lambs under semi-intensive management. Current results were similar to those reported by Tesema et al. (2021) for Dorper × Tumelie (25 and 37.5%) under smallholder management systems. The results reported by Hassen et al. (2002) for Awassi × Indigenous and Indigenous sheep (15.28 and 14.58 kg, respectively) were lower than the current results (16.37–17.21 kg).

Male lambs had higher body weight at 6 months and gained more weight than female lambs (p<0.001); they had an advantage of 9% body weight and gain at 6 months compared to female lambs, which could be attributed to the hormonal effects favoring male lambs. This result was consistent with the findings of Lakew et al. (2014), Abebe et al. (2016), Alemu et al. (2018), and Habtegiorgis et al. (2022).

Lambs born as singletons had a higher body weight and grew better (p < 0.001) than contemporary twin-born lambs. 

The year and season of birth were significant sources of variation for the differences in the six-month weight of lambs and their gain up to six months. Lambs born in 2014 and 2015 had the highest 6-month weight, and those born in 2015 gained the most weight up to six months of age. The reason for such differences could be associated with the differences in rainfall patterns that dictate pasture growth and quality. Different authors (Lakew et al., 2014; Abebe et al., 2016; Habtegiorgis, 2022) have reported similar results. 

Parity of birth was also noted as an environmental factor affecting lamb body weight at 6 months and the corresponding body weight gain (p = 0.001 and p = 0.005, respectively). Lambs with better body weights at 6 months were born in Parities 3, 4, and 6. The highest body weight gain was recorded at parity 4.

Table 2: Least squares means and standard errors of post-weaning growth performance of Menz and 50% Dorper x Local crossbred lambs.

	Factors
	SMWT (kg)
	Gain-180d (g/d)

	
	N
	LSM+SE
	N
	LSM+SE

	Overall mean
	1930
	16.18+0.26
	1930
	73.52+1.35

	CV (%)
	1930
	21.38
	1930
	25.07

	Lamb breed group
	
	P <0.001
	
	P <0.001

	DxM-F1
	834
	17.21+0.27a
	834
	78.08+1.45a

	DxM-F2
	222
	16.37+0.33b
	222
	74.99+1.77a

	DxM-F3
	161
	17.17+0.39ab
	161
	78.38+2.06a

	Menz
	713
	12.40+0.28c
	713
	56.85+1.50b

	Lamb Sex
	
	P <0.001
	
	P <0.001

	Male
	989
	16.43+0.27
	989
	75.28+1.43

	Female
	941
	15.14+0.26
	941
	68.85+1.41

	Birth Type
	
	P <0.001
	
	P <0.001

	Single
	1803
	17.09+0.22
	1803
	77.70+1.16

	Twin
	127
	14.48+0.37
	127
	66.43+1.95

	Parity of birth
	
	P =0.001
	
	P =0.005

	1st 
	813
	15.30+0.26b
	813
	70.75+1.39bc

	2nd 
	522
	15.43+0.27b
	522
	70.69+1.46bc

	3rd 
	303
	16.03+0.32ab
	303
	73.85+1.70bc

	4th 
	150
	16.55+0.37a
	150
	76.37+1.97a

	5th
	90
	15.29+0.44b
	90
	68.79+2.33c

	6th & above
	52
	16.09+0.53ab
	52
	71.94+2.82bc

	Birth Season
	
	P <0.001
	
	P <0.001

	Dry-season
	662
	14.53+0.27b
	662
	64.70+1.43c

	Long-rainy
	859
	15.01+0.28b
	859
	67.94+1.51b

	Short-rainy
	409
	17.82+0.32a
	409
	83.55+1.72a

	Birth year
	
	P <0.001
	
	P <0.001

	2010
	50
	15.62+0.57bc
	50
	70.77+3.03c

	2011
	68
	16.21+0.49b
	68
	73.93+2.62b

	2012
	126
	16.95+0.38b
	126
	79.55+2.03b

	2013
	30
	16.26+0.69b
	30
	75.76+3.70b

	2014
	4
	15.08+1.76c
	4
	68.19+9.39c

	2015
	109
	19.18+0.41a
	109
	90.81+2.18a

	2016
	350
	17.70+0.27ab
	350
	80.86+1.47b

	2017
	147
	14.14+0.35c
	147
	62.05+1.87d

	2018
	232
	14.05+0.30c
	232
	62.88+1.59c

	2019
	297
	17.03+0.28bc
	297
	78.72+1.47b

	2020
	322
	15.66+0.26b
	322
	70.82+1.40c

	2021
	165
	13.70+0.32c
	165
	60.80+1.72d

	2022
	30
	13.65+0.67c
	30
	61.73+3.58d


Mean values with different superscripts (a,b) across columns are significantly different (p<0.05), LSM-Least squares means, SE-Standard error, SMWT-six month weight, (in kilogram), Gain 180 days ((in gram), N- number.

Mortality of lambs

The survival rates of lambs at 3 and 6 months of age were high, with overall mean rates of 81.4% and 75.7%, respectively. The survival rates of DxM-F1, DxM-F2, DxM-F3, and Menz lambs at the same ages were 74.3, 73.9, 80.0, 78.5, 69.4, 68.2, 71.5, and 72.4%, respectively. These values were higher than those reported by Gizaw et al. (2013) for Awassi × Menz-F1 (57%), Awassi × Menz-F2 (63%), and Awassi × Menz-F3 (45%) under semi-intensive management. The pre-weaning survival rates were comparable to those reported by Gemiyu et al. (2017) for Dorper × indigenous sheep breeds under semi-intensive management. However, Belete (2014) reported a lower pre-weaning mortality rate (2.93%) for Dorper crossbred lambs, which was far lower than our findings. In contrast, the survival rate of the DxM-F3 crossbreeds in the present study was similar to that reported by Abebe et al. (2016) for 25–50% Awassi × Menz crossbreeds, which was 80.69% under semi-intensive management. This result indicates the survival potential of Dorper × local crossbred lambs.

The survival rates of male and female lambs, and lambs born to different parities, were similar at three and six months of age (OR = 1.006 and 1.003, and χ2 = 0.9316 and 0.9717, respectively). Similarly, lambs born to different parities also had similar survival rates, with OR = 1.024–1.405 and χ2 = 0.0626-0.9702 at three months, and OR = 0.999–1.332 and χ2 = 0.0776-0.8508 at six months. Contrary to our findings, Abebe et al. (2023) reported a lower risk of mortality for lambs born from 1st to 4th parity than those born from 5th parity and above, with an OR of 1.562 at six months of age.

Twinborn lambs had a higher risk of mortality than their single-born counterparts at 3 and 6 months of age (OR = 2.315; χ2 ≤ 0.0001, OR = 2.140; χ2 ≤ 0.0001, respectively), while the season of birth also affected the survival of lambs at weaning and six months of age. Accordingly, lambs born in the dry season had a higher risk of mortality than those born in the short rainy season (OR = 0.816 and 0.745; χ2 = 0.0067 and 0.0300, respectively), which is consistent with the findings of Taye et al. (2011) and Getachew et al. (2015) that dry season birth posed a risk for mortality at weaning and six months. However, lambs born in the long rainy season showed similar survival rates to those born in the short rainy season, with ORs of 1.082 and 0.795 and χ2 = 0.0677 and 0.3471, respectively. This difference could be due to the availability of pastures during the rainy season, which favors the strength and health of lambs.

The lambing year had a significant influence on the survival of lambs at three months of age. According, lambs born in 2012, 2013, 2015, 2016, 2017, and 2021 had a lower risk of mortality compared to those born in the base year 2022 (OR = 1.262-4.003; χ2 < 0.0001-0.0350). Likewise, lambs born in 2012, 2015, 2016, 2017, 2020, and 2021 had better survival rates than those born in 2022 (OR = 1.226–3.860; χ2 <0.0001-0.0485). In contrast, lambs born in 2013 had a higher risk of mortality than those born in 2022 (OR = 0.760; χ2 < 0.0001). Previous studies have also documented variability in survival rates across years (Vatankhan and Talebi, 2009; Getachew et al., 2015).

At six months of age, the survival risk of DxM-F2, DxM-F3, and Menz lambs was comparable to that of the baseline DxM-F1 lambs (OR = 0.959-1.462; χ² = 0.0527-0.1286). These results suggest that inter-se mated Dorper × local crossbred lambs have a promising potential for survival, on par with both first-generation crosses and local Menz lambs. This indicates that the genetic diversity and adaptability of these crossbred lambs may enhance their resilience, supporting the viability of breeding programs aimed at developing robust synthetic breeds.
Table 3: Survivability analysis of DxM crossbred and Menz lambs using logistic regression with various predictor variables at 3 & 6 months of age.

	Factors
	Survival at 3 months
	Survival at 6 months

	
	OR
	95% Wald  confidence limits
	OR
	95% Wald  confidence limits

	Lamb breed group
	χ2=0.0079
	Lower
	Upper
	χ2=0.1830
	Lower
	Upper

	DxM-F2 vs DxM-F1
	0.959**
	0.801
	1.358
	0.932
	0.840
	1.370

	DxM-F3 vs DxM-F1
	1.462
	0.483
	0.970
	1.+134
	0.641
	1.213

	Menz vs DxM-F1
	1.335
	0.609
	0.921
	1.194
	0.695
	1.009

	Lamb sex
	χ2=0.9316
	
	
	χ2=0.9717
	
	

	Male vs Female
	1.006
	0.856
	1.153
	1.003
	0.871
	1.142

	Birth type
	χ2<0.0001
	
	
	χ2<0.0001
	
	

	Single vs Twin
	2.315***
	0.341
	0.546
	2.140***
	0.373
	0.585

	Ewe parity
	χ2=0.1098
	
	
	χ2=0.0811
	
	

	Parity 1 vs Parity 6
	1.024
	0.635
	1.501
	0.999
	0.664
	1.511

	Parity 2 vs Parity 6
	1.206
	0.532
	1.292
	1.252
	0.523
	1.220

	Parity 3 vs Parity 6
	1.405
	0.447
	1.134
	1.332
	0.483
	1.167

	Parity 4 vs Parity 6
	1.391
	0.440
	1.175
	1.061
	0.597
	1.487

	Parity 5 vs Parity 6
	1.184
	0.491
	1.454
	1.081
	0.553
	1.545

	Birth season
	χ2<0205
	
	
	χ2=0.0105
	
	

	Short rain vs Dry season
	0.816**
	0.994
	1.510
	0.745**
	1.104
	1.633

	Long rain vs Dry season
	1.082
	0.734
	1.163
	0.795
	1.023
	1.549

	Birth year
	χ2<0.0001
	
	
	χ2<0.0001
	
	

	2010 vs 2022
	3.124
	0.143
	0.714
	2.625
	0.191
	0.762

	2011 vs 2022
	3.654
	0.132
	0.566
	2.250
	0.243
	0.814

	2012 vs 2022
	4.003**
	0.145
	0.422
	3.860***
	0.157
	0.429

	2013 vs 2022
	1.622**
	0.421
	0.902
	0.760***
	0.932
	1.856

	2014 vs 2022
	1.983
	0.301
	0.846
	1.588
	0.391
	1.013

	2015 vs 2022
	3.345*
	0.190
	0.472
	3.655***
	0.177
	0.422

	2016 vs 2022
	3.931***
	0.178
	0.363
	2.555**
	0.282
	0.544

	2017 vs 2022
	1.635**
	0.421
	0.889
	1.226**
	0.573
	1.162

	2018 vs 2022
	2.319
	0.300
	0.618
	1.864
	0.383
	0.752

	2019 vs 2022
	2.131
	0.322
	0.682
	2.238
	0.313
	0.638

	2020 vs 2022
	2.529
	0.270
	0.580
	2.401*
	0.290
	0.596

	2021 vs 2022
	1.262***
	0.561
	1.120
	1.289**
	0.558
	1.079


OR, odds ratio; DxM, Dorper x Menz crossbred. * = χ2<0.05, **= χ2<0.01, ***= χ2<0.001

CONCLUSIONS
This study successfully highlights the significant impact of genetic factors on the growth and survival of Dorper crossbred lambs, particularly in the context of developing a self-replacing Dorper-Menz crossbred sheep population. The findings indicate that the genetic group, specifically the DxM-F1, DxM-F2, and DxM-F3, demonstrates superior growth rates and body weights compared to the local Menz breed.

In terms of specific metrics, the data reveals that the DxM-F1 group has the highest birth weight at 3.10 kg, while the DxM-F3 group excels in weaning weight (13.88 kg) and pre-weaning average daily gain (120.92 g). At six months of age, the body weights for the genetic groups further illustrate this trend: the DxM-F1 group reaches 17.21 kg, the DxM-F2 group achieves 16.37 kg, and the DxM-F3 group attains 17.17 kg, all significantly higher than the local Menz, which weighs only 12.40 kg. The similarity among the Dorper crossbreds of different filial levels in most traits considered is noteworthy. This consistent performance across various growth stages underscores the advantages of crossbreeding compared to the local Menz breed. Moreover, the analysis of growth parameters and mortality rates emphasizes the importance of both genetic and environmental factors in lamb productivity. While survival rates were comparable across genetic groups, environmental influences significantly affected survival, particularly during the critical early months of life. This underscores the necessity of considering external factors when designing breeding strategies.

Overall, the results revealed the potential of creating a robust synthetic breed through Dorper-Menz crossbreeding, with inter-se mating showing promising outcomes. The implications of this research extend to policy development for genetic improvement initiatives, which should prioritize sustainability and community food security. By integrating these findings into breeding strategies, stakeholders can improve lamb productivity while addressing environmental challenges, ultimately enhancing the nutritional well-being of communities reliant on sheep farming.

In summary, the study not only demonstrates the advantages of Dorper crossbreds in terms of growth and survival but also emphasizes that inter-se mating can yield equal or superior performance compared to first-generation crosses. The six-month weights of 17.21 kg for DxM-F1, 16.37 kg for DxM-F2, and 17.17 kg for DxM-F3 further reinforce the efficacy of these breeding strategies. This positions crossbreeding as a viable strategy for advancing sheep production, thereby contributing to sustainable agricultural practices and improving food security in the community.
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