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Abstract: Native Middle Egypt Rabbit breed (NMER) was crossbred with Gaint Flander rabbits to 

create a synthetic line. This study was aimed to evaluate the genetic estimates of this synthetic line 

with comparing to the purebreds. A crossbreeding was carried out by mating bucks of Gaint Flander 

(G) with does of NMER (N) to get F1 (½ N½ G), then does and bucks of F1 were mated to get F2 

(½ N½ G)2, followed by two generations of inter se-mating to get a new synthetic line is called Egy-

line with a genetic structure of ((½ N½ G)2)2. Heritability estimates for body weights were generally 

moderate and ranged from 0.10 to 0.24, while the estimates of heritability for growth rate were low 

and moderate and ranging from 0.01 to 0.23. Common little effects of body weight were large as 

weaning (0.61), then declined gradually as the rabbit grew older. Also, the same trends were ob-

served for relative growth rate (RGR). The direct additive effects were positive and highly signifi-

cant for all body weights at different ages, favoring Gaint Flander and heavier comparing with 

NMER rabbits. Most relative growth rates during different intervals were non-significant. Gaint 

Flander was highly significant and heavier in maternal additive effects it in different weeks of age 

comparing with NMER rabbits. Direct heterosis effect for most bodyweight was positive and highly 

significant, and percentages of direct heterosis increased generally with the advance of age. Mater-

nal heterosis for growth rates from 5 to 6, 8 to 10, and 10 to 12 week was positive, only. Direct 

recombination effects for most bodyweight were positive and highly significantly exclude weight 

at 5 and 6 weeks. It is concluded that a new synesthetic line (Egy-line) has proven its superiority 

and performance well in all different body weights and most growth rates compared to other par-

ents and crossbreds. 

Keywords: Rabbit; direct and maternal additive effects; direct and maternal heterosis effects; syn-

thetic line; Egypt;  

 

1. Introduction 

An Egyptian domestic rabbit is found in rural areas of Delta, Middle and Upper 

Egypt [1]. In the middle of last century, Ministry of Agriculture researchers tried to im-

prove native Egyptian rabbits(Baladi rabbit) by crossbreeding for several generations of 

Baladi with the Flemish Giant(FG)[2]. This trial produced Baladi Red (BR), Baladi Black 

(BB) and Baladi White (BW) with ⅛ Baladi and⅞ FG. The BR, BB and Gabali breeds used 

in crossing with V-line and developed by selection of synthetic lines were named APRI, 

Alexantria, and Moshtohor lines [3], receptively. The main interest in crossbreeding is to 

profit from their complementarity and the effect of heterosis [4]. Direct and maternal ad-

ditive effects and direct heterosis on post-weaning body weight traits were significant and 

favored V-line rabbits compared to Baladi Red [5]. Also, direct and maternal genetic ef-

fects were higher in V-line than Gabali rabbits for most post-weaning growth traits [6]. 

The superiority of the Gabali breed in growth was over the V-line could be because of the 
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complementary the superiority that exhibited by the V-line in prolificacy [7]. This com-

plementarity was beneficial for the cross between Gabali and V-line and for the global 

performance of the line synthesized; Moshtohor line [27]. 

Advantage of the effect of heterosis requires a complex scheme through maintenance 

and selection of the pure stocks that had seemed too complex to set up in Egypt where the 

structures were not enough developed to accompany this process. [8] reported that the 

establishment of rabbit farms had a popular target in Egypt that caused spreading the 

foreign breeds and lines; New Zealand White (NZW), California (Cal), V-Line and Hy-

plus for their fast productive and reproductive performance, but small holders discovered 

these rabbits are not suitable with small-scale production system. In 2009, Animal Produc-

tion Research Institute (APRI) established rabbit herd nucleus from three governorates in 

Middle Egypt and the collected rabbits were named NMER as abbreviation for Native 

Middle Egypt Rabbit breed [9]. NMER seemed low sensitive to the negative effects of 

summer conditions in their reproductive traits than the local lines and foreign breeds rose 

in Egypt, but the weight of the young and mature in NMER is still low[9]. We choice im-

prove the NMER rabbits by to create a synthetic line to profit from their genetic potential. 

So, this study aimed to evaluate the genetic estimates of a new synthetic line with com-

paring to purebreds NMER and Gaint Flander rabbits; direct and maternal additive effects; 

direct and maternal heterosis effects and direct recombination effects between for growth 

traits. 

2. Materials and Methods 

2.1. Animals and Experimental design 

This study was located at Sakha research farm belonging to Animal Production Re-

search Institute (APRI), Agricultural Research Center, Egypt for 4 years, 2016-2020. Exper-

imental procedures were conducted accordance with Animal Ethics Committee guideline 

of APRI, and the study plan was approved by the Institute’s Research Committee in De-

cember 2015 (code no. 020203429). 

A crossbreeding was carried out by mating bucks of Gaint Flander (G) and does of 

Native of Mid-Egypt rabbit (NMER) to get F1 (½ N½ G), then does and bucks of this F1 

were mated to get the F2 (½ N½ G), followed by two generations of inter se-mating to get 

a new synthetic line is called Egy-Line with a genetic structure of ((½ N½ G)2)2.  

A total of 69 sires and 338 dams used for producing 1270rabbits were used for collec-

tion the data. The traits recorded were individual body weight (BW) at 4, 6, 8, 10 and 12 

weeks of age. Also, relative growth rate (RGR) measured according to [10] as equal = (W2-

W1)/ (½ (W2-W1)) x 100, where W1 was body weight at the beginning of the period, and 

W2, body weight at the end of the period. Relative growth rates were at different age 

intervals by week (W); 5-6W, 6-8W, 8-10W, 10-12W, 12-14W, 14-16W, 16-18W, 18-20W 

and 5-20W. 

2.2. Animal Management 

Bucks and doses of rabbits were housed individually in metal cages (40 × 50 × 60 cm) 

which provided with nipple watering and metal feeders. The does introduced to buck’s 

cage and the date of service was recorded and dose palpated at about 14th day after ser-

vice. Before expected date of kindling by about 3 days, the cage of positive doses attached 

by nest boxes (40 × 40 × 40 cm) with some clean rice straw. Negative palpated does were 

reintroduced to buck's cage again after palpation. Kits were weaned at thirty days of age 

by transferring them to the fattening cages (40 × 50 × 50 cm) which were provided with 

metal feeders and nipple watering system. Kits were identified by metal numbers in ear. 

The rabbits were fed ad libitum with commercial pelleted diets had 17.5% crude protein, 

14-16% crude fibers and 2300-2500 kcal/kg diet digestible energy. The cages were daily 
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cleaned by removing the manure while maintaining a good ventilation and temperature 

as possible inside the house. 

2.4. Statistical analysis 

Variances and co-variances were obtained using REML method of VARCOMP pro-

cedure of (SAS, Cary, North Carolina, USA, and www.sas.com). Data were analyzed by 

applying the single-trait animal model of body weights and growth traits by applying 

STDFREML programs of [11].  

Values of starting mixed model were received by applying REML method of 

VARCOMP procedure of in SAS 9.3 statistical analysis software (www.sas.com). Data 

were analyzed using a single-trait animal model of body weights and growth traits using 

STDFREML programs of [11], to obtain the heritability (h2); common litter effects (c2); ran-

dom error effects (e2). Analyses were done according to the general model: y = Xb + Z1a + 

Z2p + e.(Model: 1). Where: y= Vector of record of the trait, X= Incidence matrix of fixed 

effects; b = vector of fixed effects of genetic groups of rabbits (5 levels); Z1and Z2= inci-

dence matrices corresponding to random effects of additive (a) and common litter effect 

(p), respectively. 

Data were carried out by weighted least-squares means a method in the procedure 

GLM in SAS 9.3. To obtain least-squares and used to compare means by Duncan’s multi-

ple range test for the traits characteristics. Yi = µ  + Bi + ei. (Model :2). Where: Yi = the pa-

rameters on the ith body weights and relative growth traits, µ  = the overall mean, Bi = the 

fixed effect of the ith of genetic groups of rabbits (i= 5 levels) and ei = the random deviation 

of all the other effects no specified the model. However, least-squares means were used 

as input data for the program package CBE, version 4.0 [12] that were used to estimate the 

crossbreeding parameters for every group of crossbreds and all analyzed traits. The esti-

mation was carried out by weighted least squares means according to the Dickerson 

model [13].  

3. Results and Discussion 

3.1. Means and coefficients of variation (CV %) of traits 

Means estimates of body weights increase with age while relative growth rates (RGR) 

at different ages decrease with age (Table 1). This may be due to the rapid growth of rab-

bits at young ages, and within the range noted by [14]. With the previous results, improve-

ment in growth rates may be achieved by applying phenotypic selection. Estimates of co-

efficient of variation (CV%) for body weights decreased with age and this trend may be 

reflected with the bunnies' advance in age, and they become progressively less sensitive 

to non-genetic maternal effects [15]. CV% in the relative growth rates estimates during all 

periods were not at the same pace and were ranged between 13.3 to 39.4 and this is in 

agreement with findings [14] while they higher than coefficient of variation of the growth 

traits in findings [16] that ranged between 21% to 28%.  
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Table 1. Means ±S.E and coefficients of variation (CV%) of body weights and relative growth rates 

(RGR) 

Traits 
Means(g) ±S.E CV% 

Body weights: 

5 weeks 467.0 3.6 27.2 

6 weeks 584.2 4.3 25.9 

8 weeks 803.6 5.8 24.9 

10 weeks 1088.3 7.7 22.8 

12 weeks 1329.6 9.3 21.1 

14 weeks 1558.7 11.0 19.6 

16 weeks 1735.2 12.6 19.1 

18 weeks 1923.0 13.9 18.5 

20 weeks 2127.3 15.2 17.9 

RGR at age intervals:     

5-6 week  21.8 0.25 39.3 

6-8 week   31.2 0.36 39.4 

8-10 week   28.1 0.33 37.7 

10-12 week   18.8 0.22 34.4 

12-14 week   15.3 0.14 25.5 

14-16 week   11.8 0.14 32.0 

16-18 week   10.3 0.11 33.4 

18-20 week   10.2 0.10 26.6 

5-20 week   125.2 0.67 13.3 

RGR = Relative growth rate (%) 

 

3.2. Heritabilities and common litter effects 

Heritabilities estimates for body weights and relative growth rate were generally 

moderate and ranged from 0.10 to 0.24 (Table 2). Values of the heritabilities in body weight 

are nearly to the estimates obtained by [17, 18]. The estimates of heritabilities for RGR 

were low and moderate and ranged from 0.01 to 0.23 (Table 2). These heritabilities are 

higher than the heritabilities estimated by [16] with ranges 0.033 - 0.059 in growth traits. 

The estimates of heritability can be indicators for the selection procedure to improve the 

body weight in different ages. However, the variations in heritability estimates could be 

attributed to changes in estimation methods, as well as the role of diverse environmental 

factors. The moderate heritabilities found here for body weights could indicate that body 

weight improvement could be accomplished through selection [14]. 

Common little effect (c2) of body weight and relative growth rate were large as wean-

ing then declined gradually as the rabbit grew older at 20 weeks of age (Table2). There is 

evidence that the maternal and common environmental effects are a rapid reduction with 

over time, so the estimates are higher for growth at weaning than at the end of the fatten-

ing period in rabbits. These result in agreement with[19, 20, 17, 14].  
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Table 2. Heritabilities (h2), common little effect (c2) and error (e2), relative to phenotypic variance 

for body weights and relative growth rate (RGR) traits with their standard errors (±SE) 

Traits 
h2± SE c2 ± SE e2 ± SE 

Body weights at: 

5 weeks 0.19 ± 0.08 0.61 ± 0.04 0.21± 0.05 

6 weeks 0.21 ± 0.08 0.58 ± 0.04 0.22 ± 0.05 

8 weeks 0.12 ± 0.08 0.49 ± 0.05 0.39 ± 0.05 

10 weeks 0.16 ± 0.09 0.39 ± 0.05 0.45 ± 0.07 

12 weeks 0.10 ± 0.08 0.36 ± 0.05 0.54 ± 0.06 

14 weeks 0.14 ± 0.10 0.30 ± 0.06 0.56 ± 0.08 

16 weeks 0.24 ± 0.01 0.18 ± 0.05 0.58 ± 0.04 

18 weeks 0.18 ± 0.01 0.25 ± 0.03 0.58 ± 0.04 

20 weeks 0.17 ± 0.01 0.27 ± 0.05 0.55 ± 0.04 

RGR at age intervals:    

5-6 week  0.23 ± 0.11  0.40 ± 0.06 0.37 ± 0.07 

6-8 week 0.20 ± 0.09 0.28 ± 0.04 0.52 ± 0.06 

8-10 week 0.18 ± 0.07 0.25 ± 0.04 0.57 ± 0.06 

10-12 week 0.06 ± 0.05 0.25 ± 0.05 0.68 ± 0.06 

12-14 week 0.01 ± 0.07 0.16 ± 0.05 0.83 ± 0.06 

14-16 week 0.01 ± 0.07 0.15 ± 0.05 0.84 ± 0.05 

16-18 week 0.09 ± 0.11 0.14 ± 0.06 0.77 ± 0.08 

18-20 week 0.02 ± 0.07 0.16 ± 0.06 0.82 ± 0.06 

5-20 week 0.13 ± 0.14 0.59 ± 0.08 0.28 ± 0.08 

RGR = Relative growth rate (%) 

 

3.3.Genetic groups and comparisons 

The least-square means and standard errors for body weight and relative growth rate 

traits in purebreds and crossbreds are given in Table 3. Highly significant differences were 

observed among different genotypes for almost all traits. In general, the crossbred rabbits 

were somewhat higher than the purebreds and they are within the range observed by [21, 

22, 23, 24, 25]. However, the new rabbit line resulting from the crossing program called 

Egy-line proved to be superior in all different body weights and was the highest compared 

to the parents. The crossbreed showed superiority in growth rate comparing to the parents 

except for RGR16-18 and RGR18-20. From these results, it is recommended to increase the 

new line (Egy-line) and use it as a line for producing meat. 
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Table 3. Least-square means body weights (g), relative growth rate (RGR) and their standard er-

rors (S.E) in different genetic groups. 

Genetic groups NXN GXG ½N½G 
½N½G X 

½ N½G 
Egy-line 

Traits 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE 

Body weights: 

5 weeks 444.0 ±  6.4b 456.7 ± 8.9 b 499.0 ± 9.8 a 441.4 ± 9.4 b 489.0 ± 13.5ab 

6 weeks 542.9 ±  7.2 c 576.2 ± 10.2 cb 616.9  ± 11.2 b 575.2 ± 11.3 b 655.1 ± 15.2 a 

8 weeks 713.7 ±  9.7 d 804.8 ± 14.5 c 872.5 ± 16.3 b 850.2 ± 15.2 cb 949.6 ± 20.9 a 

10 weeks 959.8  14.8 d 1086.0 ± 18.4 c 1152.4 ± 21.2 cb 1175.7 ± 19.0 b 1262.8 ± 26.2 a 

12 weeks 1169.4 ± 18.7d 1327.7 ± 21.3 c 1367.3 ± 25.7 c 1421.1 ± 21.3 b 1529.9 ± 29.6 a 

14 weeks 1388.2 ± 22.7 d 1554.0 ± 31.5 cb 1539.2 ± 29.5 c 1632.9 ± 23.9 b 1783.4 ± 33.8a 

16 weeks 1541.6 ± 30.3 d 1705.5 ± 37.0 b 1644.5 ± 26.7 c 1802.8 ± 26.6 b 1985.4 ± 37.8a 

18 weeks 1744.4 ± 35.3 c 1893.8 ± 40.2 b 1801.7 ± 37.2 b 1980.0 ± 28.7 c 2170.7 ± 28.7a 

20 weeks 1982.6 ± 41.4 c 2101.5 ± 41.1 b 1975.7 ± 40.1 c 2170.1 ± 44.0 b 2379.1 ± 44.0a 

RGR in intervals:      

5-6 week 20.2 ± 0.40 c 23.5 ± 0.56 b 21.1 ± 0.62 c 29.9 ± 0.62 b 28.1 ± 0.83a 

6-8 week 27.9 ± 0.61 c 31.8 ± 0.91 b 30.4 ± 1.0 b 39.2 ± 0.96 a 36.3 ± 1.3a 

8-10 week 26.9 ± 0.64 d 29.6 ± 0.80 ab 27.2 ± 0.92 cd 31.8 ± 0.83a 29.9 ± 1.1bc 

10-12 week 18.5 ± 0.48 ab 19.3 ± 0.55ab 17.1 ± 0.66 b 19.5 ± 0. a 55a 19.4 ± 0.77a 

12-14 week 15.0 ± 0.47 a 14.7 ± 0.44 cb 14.0 ± 0.41 c 15.0 ± 0.33 cb 16.5 ± 0.32b 

14-16 week 11.8 ± 0.47a 11.5 ± 0.46 cb 10.5 ± 041 c 11.8 ± 0.33 cb 13.02 ± 0.38 b 

16-18 week 11.6 ± 0.36a 10.5 ± 0.41 b 9.2 ± 0.38 b 10.0 ± 0.29b 9.9 ± 0.41b 

18-20 week 11.1 ± 0.32a 9.7 ± 0.31 b 9.8 ± 0.34 b 9.9 ± 0.23 b 10.9 ± 0.33a 

5-20 week 120.2 ± 1.7 b 127.7 ± 1.7 b 114.8 ± 1.6 c 132.1 ±  1.3a 130.8 ± 1.8a 

RGR = Relative growth rate (%) 

 

3.4.Comparing synthetic Egy-line with purebreds 

Deviations of Egy-line from the parent purebreds (NMER and Gaint Flander) were 

positive and highly significant P < 0.01) for all body weights at different ages (Table 4). 

The new synthetic line was superior for the NMER (N) in body weights and the largest 

superiorities were by 45.0, 112.2, 235.9, 303.0, 360.5, 395.2, 443.8, 426.3 and 396.5 at 5, 6, 8, 

10, 12, 14, 16, 18 and 20 weeks of age. Also, the same trends were observed for growth rate 

during different intervals except for growth rate during 10 to 12 weeks and 18 to 20 weeks 

(Table 4). 

From these results, the Egy-line rabbits performed well for body weights and growth 

rates. Egy-line is characterized by rapid growth in obtaining hybrid rabbits and it involves 

in a crossbreeding program with other local rabbits under Egyptian conditions. Many re-

searchers have worked on the crossing between breeds, and their results are almost con-

sistent with the results of this study. [17] established the synthetic line between the V line 

and Baladi Red (BR) breed rabbits and named APRI-line that appears intermediate be-

tween the founders in growth traits when raised in environmental conditions of experi-

ments in the Delta-Egypt. In these conditions, the APRI was a better alternative for the BR 

breed but worse than V line and they suggested more studies are needed to know the 

performance of APRI-line under different Egyptian regions’ conditions. [24] reported that 

synthetic rabbit line by crossing V-line and Saudi Gabali breed rabbits as a project to be 

convenient in hot climate areas of Saudia. So, these synthetic lines could be used in com-

mercial farms. 



El-Sayed Abdel-Kafyet al. 7 of 12 
 

 

 

Table 4. The improvement in synthetic line, (Egy-line) comparing to purebreds for body weights 

and relative growth traits. 

 Improvement in Egy-line relative to 

Traits NMER (N) Ganit Flander (G) 

Body weights at  age: Contrast ± SE Contrast ± SE 

5 weeks    45.0 ± 14.9 ** 32.0 ± 16.2 ** 

6 weeks 112.2 ± 16.8** 78..9 ± 18.3** 

8 weeks 235.9 ± 23.0** 144.8 ± 25.4** 

10 weeks 303.0 ± 30.1** 176.8 ± 32.0** 

12 weeks 360.5 ± 34.9** 202.2 ± 36.5** 

14 weeks 395.2 ± 40.7 ** 229.4 ± 46.2** 

16 weeks 443.8 ± 48.8 ** 279.9 ± 52.9** 

18 weeks 426.3 ± 45.5** 276.9 ± 49.4** 

20 weeks 396.5 ± 60.7 ** 277.6 ± 60.2** 

RGR at age intervals:   

5-6 week 7.9 ± 0.92 ** 4.6 ± 1.0** 

6-8 weeks 8.4 ± 1.4** 4.5 ± 1.6** 

8-10 week 3.0 ± 1.6* 0.30 ± 1.9ns 

10-12 week 0.90 ± 0.91ns 0.10 ± 0.95ns 

12-14 week 1.5 ± 0.57 ** 1.8 ± 0.54** 

14-16 week 1.2 ±0.60* 1.5 ± 0.59** 

16-18 week -1.7 ± 0.55** -0.60 ± 0.58ns 

18-20 week -0.20 ± 0.46 ns 1.2 ± 0.45 ** 

5-20 week 10.6 ±2.5** 3.1 ± 2.4 ns 

NS= not significant at P > 0.05; * = P < 0.05; ** = P < 0.01; RGR = relative growth traits 

 

3.5. Direct (GI) and maternal additive (GM) effects 

Estimates of direct additive effect were positive and highly significant P < 0.01) for 

all body weights at different ages, favoring Ganit Flander and heavier by 45, 112.2, 235.9, 

303, 360.5, 395.2, 443.8, 426.3, and  396.5g at 5, 6, 8, 10, 12, 14, 16, 18 and 20 weeks of age 

comparing with NMER rabbits (Table 5). The obtained results for most relative growth 

traits during different intervals except between 10 to 12 and 18 to 20 weeks, were non-

significant and between16 to 18 were negative and significant.  

As well Ganit Flander was highly significant and heavier in maternal additive effects 

by 32, 78.9, 144.8, 176.8, 202.2, 229.4, 279.9, 276.9 and 277.6 g at 5, 6, 8, 10, 12, 14, 16, 18, and 

20 weeks of age comparing with NMER rabbits. Also, Ganit Flander was highly significant 

and heavier in maternal additive effects for most growth rates during different intervals. 

These results are in agreement with many researchers, [26]noted that direct and maternal 

additive effects on post-weaning body weight traits were significant (P<0.01) and favour-

ing V-line rabbits comparing Baladi Black ones. [27]reported that Gabali breed was supe-

rior in direct and maternal additive effects over the V line for body weights at 8 and 12 

weeks and daily gains in 4-8 and 8-12 week. They reported that percentages of these esti-

mates relative to the averages of Gabali and V line were 5.2, 6.6, 5.3, 11.1 and 21.3% for 

W4, W8, W12, DG4-8, and DG8-12, respectively. 

Likewise [7] found that the superiority of the Gabali breed in growth was over the V 

line while the superiority in prolificacy exhibited in V line. So, crossing between Gabali 

and V line was carried out to appear the beneficial complementarity in the global perfor-

mance and producing synthesized line named Moshtohor. [17] reported that the differ-

ences in direct additive effects among the V-line and Baladi Red rabbits were in favor of 

V line rabbits for reaching 15.0% (76 g) at 4 weeks and 13.3% (195 g) at 12 weeks and 
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estimates of daily gains reaching 35.7% (7.19 g/d) in the interval of 10–12 weeks. [24] re-

ported that most estimates of direct genetic effects for body weights and daily gains were 

in favour of V-line rabbits, and differences in direct and maternal genetic effects among 

the two lines were moderate and reaching 13.1% for daily gain in the interval of 10–12 

weeks. For direct genetic effects, V line rabbits were significantly heavier by 28.6, 31.1, 

62.6, 114.8, and 189.4 g than the Saudi Gabali at 4, 6, 8, and 10 and 12 weeks of age, respec-

tively[24]. 

Also, V line rabbits were significantly heavier in maternal genetic effects by 43.8, 46.4, 

70.9, 78.5 and 81.6 g than Saudi Gabali at the same ages. Furthermore, both direct and 

maternal genetic effects were significantly heavier in daily gain weight by values ranging 

from 0.9 to 3.37 g at all age intervals studied [24,25] reported that the direct genetic effect 

of New Zealand White (NZW) was positive for all growth traits studied while the body 

weight (BW) at 8th week, growth rate at 4-6 and at 6-8 weeks of age were negative, their 

values -37g,-64g,-1.62% and-4.71%, respectively. The estimates for Californian (Cal) breed 

were negative for all growth traits with the exception of BW at 4th week and growth rate 

at 8-10, and at 10-12 weeks of age. Rex (RR) rabbits showed nearly equal distribution of 

negative and positives estimates of direct genetic effect among traits under investigation. 

This study reported that additive sire effect is higher in NZW rabbit for weaning and post-

weaning growth traits and it is better to be used as sire breed than Cal and RR. 

Table 5. Direct (GI) and maternal (GM) additive effects and their standard errors ( SE) for body 

weights and relative growth rate (RGR). 

Traits Direct additive (GI) Maternal additive(GM) 

Body weights: Units ± SE GI% Units ± SE GM% 

5 weeks 12.7 ±  6.4** 2.8 31.1 ± 9.1** 6.9 

6 weeks 33.3 ± 12.5** 6.0 52.1 ± 10.4** 9.3 

8 weeks 91.1 ± 17.4** 12.0 122.6 ± 14.5** 16.1 

10 weeks 126.2 ± 23.6** 12.3 153.5 ± 20.3** 15.0 

12 weeks 158.3 ± 28.1 ** 12.7 171.2 ± 24.6 ** 13.7 

14 weeks 165.8 ± 38.8** 11.3 155.7 ± 31.3** 10.6 

16 weeks 163.9 ± 47.8** 10.1 105.1 ± 37.1 ** 6.5 

18 weeks 149.4 ± 53.5** 9.0 69.0 ± 44.5** 3.8 

20 weeks 118.9 ± 58.6** 5.8 28.3 ± 50.5** 1.4 

RGR at  age intervals     

5-6 week 3.3 ± 0.69** 15.1 2.2 ± 0.58** 10.1 

6-8 weeks 3.9 ± 1.1** 13.1 3.3 ± 0.91** 11.1 

8-10 week 2.7 ± 1.0** 9.6 1.7 ± 0.88ns 6.0 

10-12 week 0.80 ± 0.73ns 4.2 -0.11 ± 0.64 ns -0.58 

12-14 week -0.30 ± 0.64ns -2.0 -1.0 ± 0.55ns -6.7 

14-16 week -0.29 ± 0.65 ns -2.5 1.1± 0.56 * 9.4 

16-18 week -1.1 ± 0.54* -10.0 -1.8 ± 0.45 ** -16.3 

18-20 week -1.4 ± 0.45** -13.5 -1.4 ± 0.38** -13.5 

5-20 week 7.5 ±  2.3** 6.1 0.60 ± 2.0ns 0.48 

 

3.6. Direct (HI ) and maternal heterosis (HM ) effects 

Estimates of direct heterosis effect for most the body weights were positive and 

highly significant (P < 0.01), and percentages of direct heterosis increased generally with 

the advance of age (Table 6). Direct heterosis effects for mostly RGR during different in-

tervals were negative and not significant. 
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Generally, estimates of maternal heterosis for body weight were positive and highly 

significant (P < 0.01), and percentages of maternal heterosis ranged from 3.9 to 16.0%. Ma-

ternal heterosis for growth rates from 5 to 6, 8 to 10, and 10 to 12weeks was positive and 

highly significant while the restated of the periods they were between negative, positive 

and significant. These results are within the scope of the results obtained by many re-

searchers, such as [26], who reported that direct and maternal heterosis effects on post-

weaning body weight traits were significant. [27]noted that estimates of direct heterosis 

effects were positive and significant for several of the studied traits and percentages were 

6.9, 3.6, 5.4, 9.7, and 6.1% for BW4, BW8, BW12, DG4-8 and DG8-12, respectively. Percent-

ages of maternal heterosis for the same traits were the same trends for BW4 and DG4-8. 

[17] observed that the estimates of direct heterosis were positive and significant, ranging 

from 4.9 to 16.7% for body weights and 14.4 to 29.5% for daily gains, while the estimates 

for maternal heterosis were mainly negative, ranging from -4.5 to -5.2% for body weights 

and from 20.6 to -36.9% for daily gains. [24] reported that direct heterosis for body weights 

and daily gains were significantly positive and ranged from 4.5 to 9.6%. Estimates of ma-

ternal heterosis were mainly significantly positive and ranged from 1.5 to 6.0%. Estimates 

of direct (maternal) heterosis in grams were 29.1 (34.3), 61.4 (17.5), 69.7 (36.1), 98.6 (52.9), 

and 124.4 (74.8) for body weights at 4, 6, 8, 10, and 12 weeks of age, respectively. [25] noted 

that strong individual heterosis was estimated for NZW X Cal crossbreds for all body 

weights, especially at 6thweek of age (20.24%) and most of BWG, especially at 4-6 weeks 

of age (25.89%). However, negative estimates were recorded for most of RGR. In contrast, 

NZW × Cal and RR crossbreeding, they showed negative estimates for all studied traits at 

most ages and age intervals [25]. Through the results of this study and other research, it 

is possible to improve growth traits by crossing. 

4.7. Direct recombination effects (RI) 

Direct recombination effects (RI) for most bodyweight were positive and highly sig-

nificantly exclude wight at 5 and 6 weeks (Table 6). Also, RI for growth rates during dif-

ferent intervals exclude during from 16 to 18 and from 18 to 20 were not significant (Table 

6). These results are consistent with [28], who studied the RI for body weight at 4, 8, 12, 

and 14 weeks and daily gain during intervals 4 -14. on the contrary, the results are in 

finding of [29] who reported that RI loss was negative and highly significant for body 

weights (from -14.72 g to 493.51 g). [24] observed that RI was not significant. They sug-

gested that these estimates gave the impression to indicate that the crossbred dams, in-
cluding the V-line genes, could be effective in improving growth performance after wean-

ing by crossing the V-line with the native rabbits. 
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Table 6. Direct (H I) and maternal (H M) heterosis and direct recombination effect and their stand-

ard errors (±SE) for growth traits. 

Traits 
Direct heterosis 

(HI ) 

Maternal heterosis 

(HM ) 

Recombination 

(RI) 

Body weights: Units ± SE H I% Units ± SE H M% Units ± SE 

5 weeks -12.4 ± 10.2ns -2.8 48.7 ± 10.9 ns 10.8 -35.5 ± 19.1 ns 

6 weeks 57.4 ± 12.8** 10.3 21.9 ± 12.1ns 3.9 30.8 ± 22.2ns 

8 weeks 113.2 ± 18.5 ** 14.9 100.1 ± 16.4** 13.2 137.4 ± 30.7** 

10 weeks 129.5 ± 24.3** 12.7 163.7 ± 21.1 ** 16.0 236.1 ± 39.2** 

12 weeks 118.8 ± 29.3** 9.5 192.5 ± 24.2** 15.4 300.6 ± 45.0** 

14 weeks 68.1 ± 35.3 ns 4.6 194.0 ± 28.2 ** 13.2 355.8 ± 52.6** 

16 weeks 20.9 ± 36.8 ns 1.3 229.4 ± 32.2** 14.1 458.5 ± 56.2** 

18 weeks -17.4 ± 45.8ns -0.96 225.7 ± 36.0** 12.4 529.9 ± 61.2** 

20 weeks -66.9 ± 49.7 ns -3.3 252.9 ± 49.2** 12.4 532.1 ± 61.2** 

RGR at age intervals:      

5-6 week -0.75 ± 0.70 ns -3.4 6.3 ± 0.66 ** 28.8 11.7  ± 1.2 ** 

6-8 weeks 0.54 ± 1.1ns 1.8 10.0 ± 1.0** 33.5 16.1 ± 1.8** 

8-10 week -1.0 ± 1.1ns -3.5 4.1 ± 0.92** 14.5 6.8 ± 1.7** 

10-12 week -1.8 ± 0.75** -9.5 ± 1.1±.62 ns 5.8 2.9 ± 1.2** 

12-14 week -0.81 ± 0.52 ns -5.5 0.51 ± 0.43ns 3.4 2.6 ± 0.69 ** 

14-16 week -1.2 ± 0.52 * -10.3 0.52 ± 0.43ns 4.5 2.5 ± 0.72** 

16-18 week 1.9 ± 0.47** 17.2 -0.74 ± 0.37* -6.7 -0.34 ± 0.67ns 

18-20 week -0.59 ± 0.37 ns -5.7 -0.48 ± 0.30ns -4.6 0.25 ± 0.53ns 

5-20 week -9.2 ± 2.0** -7.4 11.7 ± 1.6** 9.5 24.6 ± 2.9** 

NS= not significant at P > 0.05; * = P < 0.05; ** = P < 0.01; RGR= relative growth rate 

4. Conclusions 

Growth traits were affected by direct genetic effects and the maternal effects were 

less important. By heterosis, the new line (Egy-line)was synthesized, that has proven its 

superiority and performance well in all different body weights and most growth rates 

compared to the parents. Success combining the NMER as native genetic resource and the 

high productive breeds or line for forming a synthetic line could encourage more uses for 

NMER in crossbreeding schemes to synthetic line could perform well in Egypt. 1. Subsec-

tion. 
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