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ABCTRACT

Six population “P1, P2, F1, BC1,BC2“ and F2 of six wheat crosses: cross 1 (Sakha 69 × Line 1)), cross 2 (Sakha 69 × Sakha 94), cross 3 (Sakha 69 × Sids 12 ), cross 4 (Sids 12 × Line 1 ), cross 5 (Sids 12 × Sakha 94) and cross 6 (Line 1× Sakha 94) were evaluated for yield and its components. Gene action, heterosis, inbreeding depression, potance ratio, heritability and genetic advanced for days to heading, days to maturity, plant height, number of spikes/plant, number of grains /spike, 1000 grains weight and grain yield / plant in the six crosses were estimated. Wide differences were detected between each parent within each cross. Dominance gene effects were generally higher in magnitude than additive effect in the six crosses, indicating the important role of dominant gene in the inheritance of such traits. Moreover, at least two types of epistatic gene effects were important in the basic genetic mechanism of these traits. In most cases, additive × additive type of gene effects were relatively more important than additive effects in the inheritance of most traits studied in the six crosses, but less important than dominance ones. These results indicate that additive, dominance effects and the different types of gene interaction were important in the inheritance of the studied traits under investigation. The results indicated that, the genotypic variance for all traits in all crosses was the major part of the phenotypic variance. High heritability (h2b) values in broad sense, were obtained for all traits in the six crosses. Besides high (h2b) values were  afar obtained  for days to heading, grains/spike and 1000- grain weight. Low to moderate values were detected for days to maturity, plant height, spikes/plant and grain yield/plant. High genetic advance was associated with high heritability values for days to heading, spikes/plant, grains/spike and grain yield/plant in the six crosses. Moderate to high values of predicated genetic gain were obtained for the most studied traits in the six crosses. Significant heterotic values  were found over  mid- and better parents for grain yield per plant, days to maturity ( toward earliness), days to heading, number of spikes/plant, number of grains/spike and 1000 grains weight. 

INTRODUCTION
Wheat (Triticum aestivum L.), as a nutritive crop, is considered one of the most important cereal crops in Egypt as well as in many parts of the world. The local production of wheat is not sufficient to cover the local consumption in Egypt. 
Grain yield is a complex trait made up of the interaction between different yield

components and environmental effects. Because of these complex interaction, it is difficult to improve yield through breeding (especially in the early generation) if yield is the only factor recorded, suggesting that component traits should also be used as selection criteria for yield improvement. This is the reason why it is necessary to know the genetic architecture of yield components (Misra et al.,1994)

 Grain yield is a complexly inherited trait of low to moderate heritability and is strongly influenced by environmental conditions. Higher grain yields are usually associated with lower protein content and delayed maturity. Wheat breeders attempt to enhance grain yield without adversely affecting the protein content, which is detrimental to its marketability, and the time to maturity, that may increase the chances of production failure. Yield enhancement is often achieved by not only selecting for greater genetic potential for yield per se but also by selecting for resistance to biotic and abiotic stresses that may limit the expression of the cultivar's maximum yield potential. Breeding for enhanced yield depends on (i) the average yield potential of the selected population, (ii) selection intensity, (iii) genotypic variation for yield potential, and (iv) the degree to which genotypic differences in yield potential are expressed in the selection nursery. Visual selection and single plant evaluation for yield are not effective; hence, most breeders tend to select for maturity, photoperiod response, shattering resistance, short stature, harvest index, and numerous disease reactions in early generations of selection. These traits directly or indirectly affect the yield potential of selected genotypes.

Wheat breeders use different approaches for yield evaluation due to the genetic complexity of the trait and the considerable interaction between yield and environment. Tests across several years and locations are conducted to identify lines which are genetically superior and stable for yield. Yield trials are conducted using various experimental designs that include checks, randomization, and replications to enhance the precision and accuracy of the selection process.

Management practices that optimize the genetic yield potential in available cultivars need to be developed. Furthermore, the development of genotypes that interact positively with new crop management practices may be one means of increasing productivity, especially in more favorable environments. 

The research in this paper was carried out to provide information about gene effects and available genetic variability for the most important quantitative traits of spring wheat (Triticum aestivum L).

MATERIALS AND METHODS
This investigation was carried out at Sakha Agricultural Research Station, during the three growing seasons of 2007/08, 2008/09 and 2009/10. Four bread wheat parents( were used in this investigation. The name, origin and pedigree of these parental genotypes are presented in Table 1.

Table1: Genotype names, pedigree and origin of the four bread wheat cultivars.

	Genotypes
	Cross &Pedigree
	Origin

	Sakha 69  (P1)
	INDIA/RL4220//7C/Yr"S"
	EGYPT

	
	CM15430-2S-6S-0S-0S
	

	Sids 12    (P2)
	BUC//7C/ALD/5/MAYA74/ON//1160.147/3/BB/GLL/4/

CHAT"S"/6/MAYA/VUL//CMH74A.630/4*SX
	EGYPT

	
	SD7096-4SD-1SD-1SD-0SD
	

	Sakha 94  (P3)
	OPATA / RAYON // KAUZ
	EGYPT

	
	CMBW90Y3180-0TOPM-3Y-010M-010M-010Y-10M-015Y-0Y-0AP-0S
	

	Line 1     (P4)
	SAKHA 8 / YECOKAROJO
	EGYPT


In the first season, 2007 / 08, the four bread wheat parents were sown. All possible parental combinations excluding reciprocals were made among the four genotypes to produce hybrid seeds of the six crosses. In the second season, the four parents and hybrid seeds were sown and the F1 plants of each cross were backcrossed to produce the two backcrosses (BC1 and BC2). At the same time, pair crosses were made to produces new F1 seeds. Meanwhile, F1 plants were self-pollinated to produce F2 seeds. In the third season, all six populations of each cross (the two parents, F1, F2, BC1 and BC2) were arranged in a randomized complete block design with three replicates. Each plot consisted of 21 rows (one row for P1, P2 and F1, three rows for BC1and BC2 and ten rows for F2). In addition two border rows were planted. The rows were 3.6 m long spaced 30 cm apart and seeds were spaced 20 cm between plants. All recommended culture practices were applied at proper time. Data were recorded on individual guarded plants represented by 45 plants for each parent and F1, 140 plants for each backcrosses and 400 plants for each F2 crosses for days to heading, days to maturity, plant height, number of spikes / plant, number of grains / spike, 1000- grain weight and grain yield / plant.

A separate analysis of variance of generation mean for each studied character was estimated. In each cross, the mean and the variance were calculated for (P1, P2, F1, BC1, BC2 and F2) generations. The population means and variance were used to estimate the type of gene action. One tail F ratio was calculated to test the significance of F2 variance according to Allard (1999). To determine the presence or absence of non-allelic interaction, scaling test as outlined by Mather (1949) was used. The type of gene action effects were estimated according to Gamble (1962).

The genetic of parameters indicating heterosis over the mid and better parent, inbreeding depression and genotypic and phenotypic coefficients of variability according to Allard (1999)  and heritability in broad and narrow sense according to Mather (1949); potence ratio was also calculated according to Smith (1952) and predicted genetic advance from selection ((Δg) according to Johanson et al (1955). Likewise, the predicted genetic gain represented of the F2 mean performance (Δg%) was estimated using the method of Miller et al (1958) and genotypic and environmental variances according to Falconer (1989).

RESULTS AND DISCUSSION

The results obtained on analyzing the data of the six crosses are presented in Tables 2, throgh 4. The main values of the six populations, the t-test and F test are presented in Table 2. 

Table 2: Means of the six populations, t-test of differences between parents and F-test for   significance of genetic variance among F2 plants of the six crosses for days to heading, days to maturity and plant height. 

	Trait
	Cross
	T- test
	F- test
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	Days to heading (day)
	1
	**
	**
	88.02
	83.6
	87.60
	89.23
	88.69
	89.17

	
	2
	**


	**


	88.02
	93.73
	89.58
	90.69
	89.22
	91.48

	
	3
	**


	**


	88.02
	84.69
	86.16
	85.93
	87.42
	85.69

	
	4
	**


	**


	84.53
	83.56
	83.08
	85.89
	85.17
	87.74

	
	5
	**


	**


	84.53
	93.73
	86.64
	88.92
	86.04
	91.02

	
	6
	**


	**


	83.56
	93.73
	87.82
	90.85
	88.83
	89.17

	
	1
	**


	**


	142.20
	140.44
	140.87
	141.40
	141.76
	140.64

	Days to maturity (day)
	2
	**


	**


	142.20
	141.56
	141.42
	142.42
	143.19
	142.82

	
	3
	**


	**


	142.20
	135.64
	137.62
	139.55
	140.14
	138.25

	
	4
	**


	**


	135.42
	140.44
	137.97
	139.08
	136.17
	138.10

	
	5
	**


	**


	135.42
	141.51
	137.58
	139.06
	137.49
	139.58

	
	6
	**
	**
	140.44
	141.51
	138.73
	138.92
	138.32
	140.59

	Plant height (cm)
	1
	**


	**


	109.89
	89.78
	100.67
	101.23
	104.57
	97.50

	
	2
	**


	**


	109.89
	110.44
	114.89
	108.42
	109.36
	109.18

	
	3
	**


	**


	109.89
	100.89
	105.67
	105.03
	104.06
	103.96

	
	4
	**


	**


	100.22
	89.78
	100.14
	98.18
	100.14
	97.52

	
	5
	**


	**


	100.22
	110.33
	105.31
	103.93
	103.14
	106.13

	
	6
	**
	**
	89.78
	110.33
	104.33
	102.17
	97.02
	104.12

	Number of spikes /plant
	1
	**
	**
	26.29
	25.13
	21.91
	22.51
	20.65
	18.66

	
	2
	**
	**
	26.29
	29.91
	23.27
	23.62
	21.51
	20.41

	
	3
	**


	**


	26.29
	11.76
	18.11
	19.57
	19.98
	13.51

	
	4
	**


	**


	11.76
	25.13
	12.43
	14.42
	11.31
	16.53

	
	5
	**


	**


	11.76
	29.91
	20.27
	17.97
	12.44
	18.34

	
	6
	**
	**
	25.13
	29.91
	23.11
	21.62
	19.71
	19.93

	Number of grains /spike
	1
	**


	**


	66.3
	58.4
	66.8
	59.4
	65.3
	63.6

	
	2
	**


	**


	66.3
	81.3
	72.5
	69.9
	64.8
	72.5

	
	3
	**


	**


	66.3
	1o5.4
	80.6
	77.1
	68.9
	89.7

	
	4
	**


	**


	105.4
	57.8
	76.3
	82.7
	88.7
	70.7

	
	5
	**


	**


	105.4
	74.1
	105.4
	77.7
	83.9
	74.5

	
	6
	**
	**
	58.4
	81.3
	67.7
	66.1
	62.3
	72.3

	1000-grain weight (g)
	1
	**
	**
	46.81
	48.83
	49.18
	42.78
	45.30
	49.88

	
	2
	**
	**
	46.81
	43.39
	42.83
	42.47
	43.29
	41.62

	
	3
	**
	**
	46.81
	54.81
	52.05
	49.67
	44.20
	49.77

	
	4
	**
	**
	54.81
	48.83
	62.58
	55.60
	65.36
	56.63

	
	5
	**
	**
	54.8
	43.39
	54.8
	42.2
	40.0
	40.0

	
	6
	**
	**
	48.83
	43.39
	47.56
	49.44
	50.34
	43.94

	Grain yield/plant (g)


	1
	**
	**
	53.84
	44.37
	48.35
	38.56
	38.58
	39.24

	
	2
	**
	**
	53.84
	62.38
	54.26
	47.17
	43.33
	43.55

	
	3
	**
	**
	53.84
	57.04
	53.58
	47.84
	42.74
	41.76

	
	4
	**
	**
	57.04
	44.37
	53.14
	45.90
	40.27
	45.58

	
	5
	**
	**
	57.04
	62.38
	53.39
	47.45
	41.38
	47.42

	
	6
	**
	**
	44.37
	62.38
	55.45
	46.19
	42.09
	46.41


 (*) and (**) significant at 0.05 and 0.01 levels of probability, respectively. (Cross1) Sakha 69 × Line 1, ( Cross 2) Sakha 69 ×  Sakha 94, (Cross 3) Sakha 69   ×  Sids 12, (Cross 4) Sids 12 ×  Line 1, (Cross5) Sids 12  ×  Sakha 94 , (Cross 6) Line 1  ×  Sakha 94.

The data revealed that the parental mean showed highly significant difference among all the studied characters. The results showed that, all F1 hybrids exceeded either its respective smaller or better parent for all traits in the six crosses in most cases. Also, F1 plants were higher than F2 plants, indicating that inbreeding depression has been occurred. The genetic variances among F2 plants were genetically different for all the studied characters in the six wheat crosses. This could be attributed to the new recombination resulted in the F2 and the gene dispersion in the tow parents. Data of backcrosses indicated that segregation was in the direction of their respective recurrent parent. These results were in the same line with Tallbert et al (2001) and Abd El-Aty et al. (2005).

Scaling test and gene action in the six crosses for days to heading, days to maturity, plant height, spikes/plant, grains/spike, 1000 grain weight and grain yield/plant in the six crosses are illustrated in Table 3. 
The results of scaling test indicated that each of A, B and C were significant or highly significant in the six crosses for all traits. These results indicate the adequancy of the six-parameter model to explain the type of gene action controlling the trait in these crosses. These results were in the same line with Sharma et al (1996), Abd El-Rahaman, and Hammad (2009), Aboshosha and Hammad (2009) who reported that scaling tests were significant for days to heading, days to maturity and plant height. .On the other hand, A, B and C scaling test for heading date of cross 3 were insignificant, indicating the validity of the three parameter model to explain the type of gene action.

Knowledge of the type of gene action involved in the expression of the character is helpful in deciding breeding procedures to be used for improvement of the character. The estimated F2 mean effect parameter (m) which reflects the contribution due to the overall mean plus the locus effects and the interaction of the fixed loci was found to be highly significant. The estimates of additive gene (a) and dominance gene effects (d) are small in magnitude relative to parameter (m) in the six crosses.

The additive gene effect in crosses 4 and 5 for days to heading, days to maturity, plant height, spikes/plant and grains yield/plant, in crosses 2 and, 3 for grains/spike and 1000- grain weight, and cross 6 for grains/spike and grain yield/plant were highly significant in negatively direction. While, crosses 1 and 3 for days to heading, days to maturity, plant height, spikes/plant, cross 1, 4, and 5, for grains/spike and crosses 2, 4, and 6 for 1000- grain weight were also highly significant in positive direction. These results indicated the importance of additive gene effects in the inheritance of these traits.
Dominance gene effects were significant or highly significant for all the studied characters, except for days to heading, days to maturity, plant height and grain yield per plant in cross 1, 1000- grain weight in cross 2, plant height and grains/spike in cross 3, 
Table 3: Scaling test, nature of gene action and types of epistasis for days to heading, days to maturity, plant height, spikes/plant, grain/spike, 1000- grain Weight and grain yield/plant in the six crosses. 

	Traits
	Cross
	Scaling test
	Type of gene action

	
	
	A
	B
	C
	(m)
	(a)
	(d)
	(aa)
	(ad)
	(dd)

	Days to heading
	1
	1.75**
	6.32**
	9.27*
	89.23**
	-0.49
	0.18
	-1.20
	-2.29**
	-6.87**

	
	2
	0.84
	-0.35
	1.86*
	90.69**
	-2.26**
	-2.67*
	-1.37
	0.60
	0.88

	
	3
	0.67
	0.54
	-1.30
	85.93**
	1.73**
	2.31*
	-
	-
	-

	
	4
	2.73**
	8.85**
	9.29**
	85.89**
	-2.57**
	1.33
	2.29*
	-3.06**
	-13.87**

	
	5
	0.91
	0.06*
	4.12**
	88.92**
	-4.98**
	-4.04*
	-1.55
	-0.38
	-1.03

	
	6
	6.28**
	-3.21**
	10.47**
	90.85**
	-0.34
	-8.22**
	-7.40**
	4.75**
	4.33*

	Days to Maturity
	1
	0.45
	-0.03
	1.24 *
	141.40**
	1.11**
	-1.27
	-0.82
	0.24
	0.39

	
	2
	2.75**
	2.66**
	3.08**
	142.42**
	0.37
	1.87*
	2.32*
	0.04
	-7.73**

	
	3
	0.45
	3.32**
	5.13**
	139.55**
	1.89**
	-2.75*
	-1.45
	-1.39**
	-2.22

	
	4
	-1.05*
	-2.21**
	4.52**
	139.08**
	-1.93*
	-7.74**
	-7.78*
	0.58
	11.04**

	
	5
	1.99**
	1.67
	4.14**
	139.06**
	-2.08**
	-2.98*
	-2.10
	0.96*
	0.05

	
	6
	-2.54**
	0.94
	-3.73 **
	138.92**
	-2.28**
	-0.11
	2.13*
	-1.74**
	-0.53

	Plant Hight
	1
	18.70**
	-15.56**
	3.92*
	101.23**
	7.07**
	0.05
	-0.78
	-2.98**
	-2.36

	
	2
	-6.62**
	-6.42**
	-16.43**
	108.42**
	0.18
	8.11**
	3.39*
	0.46
	9.65**

	
	3
	1.56
	-7.63**
	-2.01
	105.03**
	0.09
	-3.78
	-4.06
	-4.41*
	10.12

	
	4
	10.37**
	-5.32*
	2.46
	98.18**
	2.62*
	7.73*
	2.59
	-2.60*
	-7.65

	
	5
	-9.16**
	6.93*
	-5.06
	103.93**
	-2.99*
	2.66
	2.83
	2.07
	-0.60

	
	6
	-0.62**
	14.14**
	-0.11
	102.17**
	-7.10**
	-2.09
	-6.37**
	3.18**
	12.86**

	Number of spikes / plant


	1
	-5.7*
	10.8*
	-5.1*
	22.5**
	1.9*
	-5.2**
	-11.4**
	1.4*
	28.0**

	
	2
	-10.1**
	-8.7**
	-8.2**
	23.6**
	1.0
	-5.4**
	-10.6**
	2.9**
	29.5**

	
	3
	10.0**
	-17.3**
	4.0*
	19.5**
	6.4**
	-2.2**
	-11.2**
	-0.8
	18.5**

	
	4
	-14.9**
	8.8**
	-4.0*
	14.4**
	-5.2**
	-8.0**
	-2.0
	1.4*
	8.0*

	
	5
	-25.2**
	4.6**
	-10.3**
	17.9**
	-5.8**
	-0.9**
	-10.3**
	3.1**
	30.9**

	
	6
	-13.5**
	-8.3**
	-14.7**
	21.6**
	-0.2
	-1.6**
	-7.2**
	2.1**
	29.1**

	Number of grains / spike


	1
	-2.4*
	2.0
	-20.8**
	59.3**
	1.6*
	24**
	20.4**
	-2.2*
	-9.9**

	
	2
	-9.1**
	-8.7**
	-12.9**
	69.9**
	-7.7**
	-6.2*
	-4.9
	-0.2
	22.8**

	
	3
	-9.0**
	-11.2**
	-29.3**
	77.1**
	-0.8**
	1.1
	8.8*
	1.2
	11.5**

	
	4
	-9.2**
	6.8**
	9.6**
	82.7**
	17.9*
	-20*
	-12.0*
	-8.0
	14.4

	
	5
	-47.8**
	-37.7**
	-91.6**
	77.7**
	9.4**
	15**
	6.0
	-5.0**
	79.5**

	
	6
	-1.5
	-4.4*
	-10.7**
	66.0**
	-10.0**
	2.6
	4.7
	1.4
	1.25

	1000 – grain weight


	1
	-5.3**
	1.7
	-22.8**
	42.7**
	-4.5**
	20.**
	19.2**
	-3.5**
	-5.6**

	
	2
	-3.0*
	-2.9*
	-5.9**
	42.4**
	1.6*
	-2.3
	-0.0
	-0.0
	6.0

	
	3
	-10.4**
	-5.1**
	-4.8
	49.6**
	-5.5**
	-8.3**
	-10.7**
	-2.6*
	26.3**

	
	4
	14.8*
	1.8
	-4.9
	55.6**
	8.7*
	33.*
	21.5*
	6.4*
	-38.2*

	
	5
	-28.3**
	-18.1**
	-37.6**
	42.2**
	-0.0
	-2.5
	-8.8*
	-5.1**
	55.3**

	
	6
	4.2**
	-3.0*
	10.4**
	49.4**
	6.3**
	-7.7**
	-9.2**
	3.6**
	7.9*

	Grain yield/Plant


	1
	-22.4**
	-38.7 **
	-15.7 *
	38.5**
	-0.6
	0.6
	1.3
	-5.4**
	37.8**

	
	2
	-29.9**
	-21.0**
	-36.0**
	47.1**
	-0.2
	-8.7**
	-14.9**
	4.0*
	65.9**

	
	3
	-25.1**
	-23.8**
	-26.6**
	47.8**
	0.9
	-4.2**
	-22.3**
	2.5
	71.4**

	
	4
	-16.9**
	-17.8**
	-22.9**
	45.9**
	-5.3*
	-8.8
	-11.8*
	-1.0**
	46.6**

	
	5
	-33.0**
	-15.6**
	-36.4**
	47.4**
	-6.0*
	-8.5**
	-12.1*
	-3.3
	60.8**

	
	6
	-33.6**
	-7.0 *
	-32.9 **
	46.1**
	-4.3*
	-5.6
	-7.7
	4.6*
	48.4**


(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively. (Cross1) Sakha 69×Line 1, (Cross 2) Sakha 69× Sakha 94, (Cross 3) Sakha 69 × Sids 12, (Cross 4) Sids 12 × Line 1, (Cross5) Sids 12 × Sakha 94, (Cross 6) Line 1× Sakha 94).

days to heading and grain yield/plant in cross4, for 1000 -grain weight and plant height in cross 5 and grain yield/plant, plant height and days to maturity in cross 6, pointing out the importance of dominance gene effects in the inheritance of all characters. Significant (a) and (d) components indicated that, both additive and dominance gene effects were important in the inheritance of these characters. Therefore, selecting desired characters could be practiced in the early generation, but would be more effective in late ones. Sharma et al (1996) Abdel-Nouer (2006), Ahmadi et al. (2007) and Aboshosha and Hammad (2009) found that the dominance effect was more important and greater than additive effect for number of spikes/plant, grain yield/plant in the crosses under normal treatment.

Significant estimates for epistatic gene effects for one or more of the three types of epistasis were detected in the three crosses in most traits. The magnitude of the epistatic parameters relative to the mean effects is small. Generally, the magnitude and significance of the estimates for (aa), (ad) and (dd), indicate that the epistatic gene effects are present and important in the basic genetic mechanism of yield inheritance in the wheat population studied in the most crosses. These results also indicate that, genetic models assuming negligible epistasis may be biased to a greater or lesser extent. Srivastava et al. (1992) and Yadav et al (1999)  who indicated that the additive, dominance and epistasis gene effects were important in controlling the inheritance of number of spikes/plant, grains/spike, 1000- grain weight and grain yield/plant. 

The dominance effect and dominance × dominance epistatic effect played major roles in the inheritance of plant height, spikes/plant, 1000- grain/weight and grain yield/plant in most crosses (Table 3). Both of these effects are expected to increase the value of the F1 (Hayman, 1958). Since both are positive, heterosis may be explained by both (d) and (dd), but their relative importance cannot be clearly determined in wheat.  The presence of both additive and non additive gene action for most traits in the third, fourth and fifth crosses would indicate that selection procedures based on the accumulation of additive effects could be very successful in improving these characters.

Heterosis percentage relative to mid and better parents, inbreeding depression, potance ratio, variances, heritability percentage in broad (H2) and narrow (h2) senses, and expected genetic advance from selection (Δg) and predicted genetic gain (Δg%) for seven traits in the six crosses are illustrated in Table 4. 

 Complementary to the phenomenon of inbreeding depression is its opposite, "hybrid vigor" or heterosis. When inbred lines are crossed, their progeny shows an increase of those traits that previously suffered a reduction from inbreeding. In general terms, the fitness which was lost by inbreeding depression can be restored by crossing. The amount of heterosis is the difference between the cross bred and inbred means (Falconer, 1989). Wheat shows hybrid vigor when hybridization occurs between varieties. Heterosis refers to the superiority of F1 hybrid in one or more traits over its parents. The desirable heterosis for days to heading and days to maturity was the negative. 

The results showed highly significant negative heterotic effects over mid-parents for days to heading and maturity in crosses 2, 3, 5 and 6.  Days to heading date indicated that heterotic effects estimated from the better-parent value were negative and highly significant for cross 4 and 2, 3 and 6 for days to maturity. These results were in the same line with Abd-El Aty (2002), Salgotra et al (2002) and Abd El-Rahman and Hammad (2009). 

With respect to days to maturity the results showed highly significant and positive heterosis over the better-parent, except crosses 2 and 6. Toward earliness, number of days to maturity in F1 generation, heterotic estimates relative to mid- parent were found to be significantly negative and / or desirably negative for all crosses while, this estimate was insignificant in cross 4. Hence, it could be concluded that, these populations are valuable for breeding earliness programs. These results were in the same line with Hamada (2003), Shehab El-Deen (2008) and El-Hawary (2010).

Plant height, estimates of heterotic the resulted indicated that, significant positive hetrotic effects relative to mid-parent were found and ranged from 0.26 in cross 3 to 5.41 in cross 4. El-Shami et al. (1996), Abd El-Aty (2002) and Darwish and Ashoush (2003) found similar results, while, the estimate was significant and negative (toward dwarfness) relative to mid-parent in cross 6. The useful heterosis over the better parent was showed in crosses 1, 3 and 5, which had significant negative hetroteic effect. These results were in the same line with Salgotra et al (2002), Farooq and Khaliq (2004) El-Hawary (2006) and Shehab El-Deen (2008) who reported significant negative heterotic effects over the mid and better parents in many cases for plant height. 

In other word, the increasing rates of the mean performances in different traits (hybrid vigor) in the F1 generation are proportional with the decreasing rates excited in the F2 generation and that due to the inbreeding depression. The desirable inbreeding depression for days to heading in cross 4, days to maturity in cross 3 and plant height in cross 1 was the negative

Significant heterosis and insignificant inbreeding depression were obtained in the six crosses for all traits. This observed discrepancy in this case could be explained on the basis suggested by El-Rawi and Kohel (1970) who reported that the major portion of the genetic effect of the low level of heterosis and absence of inbreeding depression is due to additive gene effects and the locked validity values for dominance and most of epstiatic types. Another explanation for this contradiction between heterosis and inbreeding depression estimates may be due to the presence of linkage between genes in this material (Van Der Veen, 1959). Therefore, the operation and / or the probable linkage need to be justified.  Generally, the results indicated that the useful heterosis over both mid and better parents was showed at cross 4 for days to heading, crosses 3 and 6 for days to maturity and cross 5 for plant height. 
Concerning spikes/plant, No. of grains / spike, 1000-grain weight and grain yield per plant in the six crosses, data are illustrated in Table 4.  The results showed that heterosis over mid-parent were negative and highly significant for all yield and its components traits in all crosses (Table 4) except, few cases. Heterosis over the better parent values estimated were negative and highly significant for all yield and its components traits except, cross 4 for spike/plant, crosses 1, 2, 4 and 6 for grain/spike, crosses 1, 4 and 5 for 1000-grain weight and cross 1 for grain yield/plant. These results were in the same line with Abd-El-Nour and Mosherf (2006),  Salem (2006), Darwesh (2007) and Shehab El-Deen (2008). Also they reported significant positive heterotic effects over the mid and better parents in many cases of yield and its components under normal treatment. On the other hand, the results showed that inbreeding depression values were negative and significant for number of spikes/plant at crosses 2 and 4. The high level of heterosis and inbreeding depression present in this study were evidence of the relative important of dominance gene effects in these materials. 

With respect to potence ratio estimates for days to heading, partial dominance range was defined in four crosses and those represented 63% of the total studied crosses. While, over-dominance range was detected in two crosses and those represented 35% of the total studied crosses. In general, as known, the over-dominance range played the major contribution in the expression of hybrid vigor and heterotic effects, followed by dominance range. Consequently, the highest values of potence ratio were detected for days to heading and plant height in the crosses 3 and 6. Their values were -10.47.and -17.0, respectively, indicating over-dominance, this mean that selection for these traits could be delayed to later generations. Ismail et al (2000) found similar results. 

With respect to potence ratio estimates for number of spikes/plant, partial dominance range was defined in three crosses and those represented 50% of the total studied crosses. While, over-dominance range was detected in one cross only and represented 16% of the total studied crosses. For grains/spike, partial dominance range was defined in all crosses, except the cross 1 which gave over-dominance. Regarding 1000- grain weight, partial dominance range was defined in tow crosses and which represented 33% of the total studied crosses. Each of, over-dominance a range was detected for four crosses and represented 66% of the total studied crosses.

For grain yield per plant, partial dominance range was defined in three crosses and those represented 50% of the total studied crosses. While, over-dominance range was detected in three crosses and those represented 50% of the total studied crosses. Consequently, the highest values of potence ratio were detected for grain yield per plant in the crosses 6 and 5. Their values were -32.9, and -2.37, respectively. While for yield components the over-dominance values were predominated.

Phenotypic and genotypic coefficients of variability for all the studied traits are presented in Table (4). Genotypic coefficients of variability measure the variability of any trait. Moreover, the genotypic coefficients of variability together with the heritability estimates would seem to give the best picture of the amount of genetic advance to be expected from selection. The extent of the environmental influence on any trait indicated by the magnitude of the differences between the phenotypic and genotypic coefficients of variability. Large differences reflect high environmental influence, while small differences reveal high genetic influence. 

Results indicated that, phenotypic coefficients of variability were slightly higher than the genotypic coefficients of variability for all the studied traits. This indicates the presence of environmental influence to some degree in the phenotypic expression of the studied traits. Moderate to Low phenotypic and genotypic coefficients of variability were obtained for days to heading and days to maturity in six crosses, plant height in 2, 3 and 6 crosses. These results may be due to the presence of both positive and negative alleles in the population. These finding were supported by Akinwale et al. (2011). They obtained low phenotypic and genotypic coefficients of variability was days to heading and days to maturity. While, high to moderate phenotypic and genotypic coefficients of variability were obtained for the other traits. Small differences between genotypic and phenotypic coefficients of variability were found for all the studied traits in six crosses, indicating the presence of sufficient genetic variability for these traits which may facilitate selection.

Heritability is very important in any breeding program. It should be recognized as a first step starting hence genetic advance through selection depends on the magnitude of heritability value of the trait under study. Heritability value indicates whether progress from selection for a plant characters is relatively easy or difficult to make in breeding program.

Table 4: Heterosis, inbreeding depression, potence ratio, coefficients of variability, heritability percentage in broad (H2) and narrow (h2) senses, expected (Δg) and predicted (Δg%) genetic advance from selection in six crosses for all traits studied. 

	Traits
	Cross
	Heterosis
	ID
	PR%
	PCV%
	GCV%
	Heritability
	Expected genetic advance
	Predicted

Genetic gain

	
	
	MP
	BP
	
	
	
	
	(H2)
	(h2)
	∆g
	∆g%

	Days to Heading
	1
	1.60**
	5.09 **
	-1.86
	-0.77
	4.83
	4.76
	97.16
	30.95
	2.70
	3.03

	
	2
	-1.43**
	1.77**
	-1.24
	0.46
	5.46
	5.39
	97.39
	81.88
	8.25
	9.10

	
	3
	-0.32
	1.74**
	0.26
	0.12
	5.37
	5.21
	93.99
	46.73
	4.45
	5.18

	
	4
	-1.14**
	-0.57**
	-3.37
	1.97
	6.45
	6.38
	98.03
	42.55
	4.69
	5.46

	
	5
	-2.79**
	2.50**
	-2.63
	-0.54
	6.06
	5.92
	95.41
	66.05
	7.14
	8.03

	
	6
	-0.92*
	5.00**
	-3.21
	-10.47
	4.80
	4.71
	96.38
	30.94
	2.68
	2.95

	Days to Maturity
	1
	-0.318*
	0.36**
	-0.38
	0.52
	2.50
	2.43
	94.92
	34.92
	2.53
	1.79

	
	2
	-0.32*
	-0.32*
	-0.71
	1.41
	2.79
	2.73
	95.19
	63.14
	5.14
	3.61

	
	3
	-0.94**
	-0.93**
	-1.40
	0.40
	3.47
	3.40
	96.10
	58.88
	5.79
	4.15

	
	4
	0.223
	1.89**
	-0.81
	-0.02
	3.20
	3.13
	95.64
	36.35
	3.30
	2.37

	
	5
	-0.64**
	1.61**
	-1.08
	0.29
	3.46
	3.37
	94.94
	37.65
	3.69
	2.02

	
	6
	-1.59**
	-1.18**
	0.94
	-3.73
	2.95
	2.88
	95.39
	36.37
	3.07
	2.21

	Plant height
	1
	0.84*
	-8.315**
	-0.56
	0.08
	7.36
	7.23
	96.56
	37.54
	5.73
	5.66

	
	2
	4.28**
	3.65**
	5.63
	17.00
	5.73
	5.66
	97.84
	65.84
	8.92
	8.23

	
	3
	0.26**
	-3.76**
	0.61
	0.06
	15.43
	15.36
	99.04
	22.20
	7.46
	7.11

	
	4
	5.41**
	-0.059
	1.95
	0.98
	15.58
	15.55
	99.64
	62.02
	19.93
	20.30

	
	5
	-0.028
	-4.54**
	1.12
	-0.01
	17.42
	17.39
	99.72
	57.84
	21.86
	21.03

	
	6
	4.26**
	-5.43**
	14.14
	0.11
	6.15
	5.98
	94.78
	53.60
	7.08
	6.93

	Spike/plant


	1
	-14.78**
	-16.65**
	-2.75
	-6.58
	36.08
	35.75
	98.20
	51.86
	8.44
	37.51

	
	2
	-17.20**
	-22.21**
	-1.54**
	-2.67
	32.60
	32.35
	98.47
	34.70
	5.42
	22.95

	
	3
	-4.79**
	-31.11**
	-8.04
	-0.13
	45.92
	45.35
	97.50
	59.71
	10.23
	52.28

	
	4
	-32.60**
	-50.53**
	-15.99*
	-0.90
	70.65
	70.30
	99.01
	45.34
	8.20
	56.88

	
	5
	-2.72**
	-32.24**
	11.32
	-0.06
	37.47
	37.08
	97.90
	48.31
	7.56
	42.06

	
	6
	-16.63**
	-22.73**
	-8.39
	-14.79
	33.50
	33.39
	99.38
	46.95
	7.49
	34.63

	Grain/spike


	1
	7.26**
	0.84*
	11.16
	1.14
	16.79
	16.44
	95.81
	70.75
	16.35
	27.53

	
	2
	-1.75**
	-10.80**
	3.56
	-0.17
	17.58
	17.27
	96.53
	61.78
	16.22
	23.20

	
	3
	-8.77**
	-26.97**
	4.29
	-0.35
	21.81
	21.46
	96.81
	69.76
	25.26
	32.77

	
	4
	-6.28**
	-27.70**
	-8.46
	-0.31
	24.73
	24.48
	97.98
	76.15
	29.60
	35.38

	
	5
	12.97**
	-0.04
	26.31
	0.66
	19.21
	19.10
	98.82
	95.16
	39.70
	51.10

	
	6
	-2.98**
	16.07*
	2.43
	-0.18
	18.72
	17.71
	89.48
	54.14
	14.13
	21.39

	1000-grain Wight


	1
	2.84**
	0.71
	13.01
	1.34
	22.75
	22.61
	98.73
	36.27
	8.36
	19.54

	
	2
	-5.03**
	-8.50**
	0.84
	-1.33
	23.30
	22.90
	96.60
	61.44
	12.63
	29.74

	
	3
	4.07**
	-1.09*
	4.58
	0.08       0.80
	21.85
	21.07
	92.93
	91.61
	21.47
	43.22

	
	4
	22.50**
	17.33**
	11.16
	5.11
	33.67
	33.37
	98.22
	85.15
	36.96
	66.48

	
	5
	11.46**
	00
	22.92
	1.23
	35.38
	35.14
	98.64
	54.22
	21.65
	51.26

	
	6
	3.15**
	-2.60**
	-3.95
	0.53
	21.91
	21.36
	95.35
	55.25
	11.87
	24.02

	Grain yield/plant


	1
	-1.53**
	-10.19**
	20.24
	-0.16
	38.91
	37.97
	95.263
	48.847
	18.93
	49.099

	
	2
	-6.62**
	-13.01**
	13.06
	-0.90
	33.61
	33.17
	97.41
	81.74
	30.70
	65.09

	
	3
	-3.36**
	-6.08**
	10.71
	-1.16
	43.62
	43.25
	98.28
	50.82
	24.47
	51.15

	
	4
	6.05**
	-4.85**
	13.63
	0.53
	45.92
	45.66
	98.88
	41.91
	21.07
	45.90

	
	5
	-10.53**
	-14.41**
	11.14
	-2.37
	42.86
	41.72
	94.79
	23.20
	10.94
	23.05

	
	6
	-3.89**
	-11.11**
	-7.01
	-32.91
	37.31
	36.73
	96.94
	42.68
	18.19
	39.38


(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively. (Cross1) Sakha 69 × Line 1, (Cross 2) Sakha 69 × Sakha 94, (Cross 3) Sakha 69   × Sids 12, (Cross 4) Sids 12 × Line 1, (Cross5) Sids 12 × Sakha 94, (Cross 6) Line 1 × Sakha 94.

Johanson et al. (1955) reported that heritability estimates along with genetic gain are usually more useful in predicting the resultant effect of selection than heritability values alone. On the other hand, heritability is not always associated with high genetic advance, but to make effective selection, high heritability should be associated with high genetic gain. High heritability alone is not enough to make sufficient improvement through selection generally in advance generations unless accompanied by substantial amount of genetic advance. In the present investigation, the estimation of heritability in broad sense was high for all traits in all crosses. These results are in agreement with those obtained by El-Sayed and El-Shaarawy (2006) and Hammad and Abd El-Aty (2007). 

Heritability estimates in broad and narrow sense were high and nearly of similar magnitudes for days to heading and grain yield per plant in cross 2 and 1000-grain weight in crosses 3 and 4, where the h2 was smaller, revealing that genetic variance in this case was mostly attributed to the additive effects.   

Heritability in narrow sense for the studied traits was estimated, which is the portion of the additive genetic variance to the total variance, and the obtained results are presented in Table 4.

Heritability estimates in narrow sense were low for days to heading and 1000-grain weight in crosses, 3 for plant hight, spikes per plant in cross 2 and grain yield per plant in cross 5. While, the narrow sense heritability estimates for all traits were high in other in crosses. These results are in agreement with those obtained by Abdel-Hafez et al. (2003).

The expected genetic advance for characters in this study was derived by using heritability in narrow sense, therefore, high genetic advanced was found to associated with high to moderate heritability in narrow sense for most traits in crosses 3, 4 and 5. Low genetic advanced was found in the first, second and 5 crosses to be associate with low heritability in narrow sense for days to heading, days to maturity and 1000-kerenal weight, plant height and spike per plant and grain yield per plant, respectively. The minimum increase in grain yield reached 10.94, 18.19 g. per plant if the top of 5% of the F2 plants were selected for the 5 and 6 crosses, respectively. The maximum increase was 30.70g.per plant in the second cross. According to the genetic advanced under selection, the lowest grain yield per plant would reach 54.48, 52.58 and 45.78 g. per plant for the 6, 5 and Scand crosses, respectively. The second and third crosses for grain yield per plant (g). in F3 population will increase from 47.1 and 47.7 g. in the F2 to 61.55 and 59.49 g. in F3 population. The above results mean that promising grain yield increase can be achieved in F3. Therefore, selection for this trait in this particular population should be effective and satisfactory for successful breeding purposes. 

The genetic advance  as percent of the F2 mean (∆g %) for all the studied traits presented in Table 4. It was high for spike/plant, grain/spike, 1000-grain weight and grain yield per plant. Relatively, low genetic advance (∆g %) was obtained for days to heading, days to maturity and plant height. Generally, high values of (Δg%) were obtained from cross 3,  4 and cross 5 indicating possibility of using these crosses in wheat breeding program  to improve this trait. It could be concluded that selection for grain yield ant its components would be effective in early generations.   

Generally, from these results, it could be concluded that the cross (Sakha 69×Line 1) gave the highest heterotic values relative to mid- and better parents for grain yield per plant. Their values were -1.53%** and 8.98%** in the first cross. Moreover, for days to maturity ( toward earliness) based on heterotic effects relative to mid and better parents, the most earlier cross was Sids 12 ×Line1, where their values were -1.15%**, -0.57%*, respectively. 
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وراثة المحصول ومكوناتة فى بعض هجن القمح الربيعى   
                  سعيد محمد حماد1، السيد حامد السيد الصعيدي2 و محمد عبد الكريم حسن درويش1
1  قسم بحوث القمح - معهد بحوث المحاصيل الحقلية -  مركز البحوث الزراعية – مصر.
2 قسم المحاصيل – كلية الزراعة -  جامعة طنطا
تم أأأجراء هذه البحث في المزرعة البحثية لمحطة البحوث الزراعية بسخا خلال ثلاثة مواسم 2007/2008،2008/ 2009و2009/2010 لدراسة تاثير الفعل الجينى باسخدام نظام العشائر الست (كلا الابوين والجيلين الاول والثانى والجيلين الرجعين) وكانت الستة هجن من قمح الخبز هى: ( سخا 69×  سلالة 1, سخا 69 × سخا 94, سخا 69×  سدس 12, سدس 12×  سلالة 1, سدس 12 × سخا 94 و سلالة 1×  سخا 94). وذلك لدراسة وراثة الصفات المحصولية متضمنة المحصول ومكوناته وهى عدد الأيام من الزراعة حتى طرد السنابل، عدد الأيام من الزراعة حتى النضج الفسيولوجي، ارتفاع النبات، عدد السنابل /نبات،  عدد حبوب السنبلة، وزن ألف حبة ومحصول النبات الفردي. وذلك في تصميم قطاعات كاملة العشوائية فى ثلاثة تكررات. ويمكن تلخيص أهم النتائج المتحصل عليها كالأتي: 

 أعطى الهجين الرابع (سدس 12 × سلالة 1) أعلي محصول (47,84 جرام / نبات) ثم الهجين الخامس (سدس 12 × سخا 94) حيث أعطى 47,45 جرام/نبات . كان الهجين الرابع (سدس 12 × سلالة 1) الأكثر تبكيرا  في تاريخ الطرد حيث تم الطرد بعد 83.08 يوما، بينما كان الهجين الخامس (سدس 12 ×  سخا 94) الأكثر تبكيرا في النضج (139.06 يوم). أعطى الهجين الرابع (سدس 12 × سلالة 1) اعلي قيم لكل من عدد حبوب السنبلة         ( 42,1) حبة / سنبلة ووزن ألالف حبة (55,6جم). بينما أعلى قيمة لعدد السنابل/نبات تم الحصول عليها من الهجين الأول (سخا 69 × سلالة 1) والذى أعطى (23,62) سنبلة/نبات. أعطى الهجين الاول (سخا 69 × سلالة 1) والرابع  (سدس 12 × سلالة 1) قوة هجين في الاتجاه المرغوب لمتوسط وأفضل الابوين لمحصول الحبوب علي الترتيب. بالإضافة إلي ذلك فقد أظهر الهجين الرابع (سدس 12 × سلالة 1) قيما مرغوبة لصفة تاريخ الطرد، عدد السنابل لكل نبات، عدد حبوب السنبلة، ووزن ألف حبة لافضل الابوين ومحصول النبات الفردى لمتوسط الابوين. كما أعطى الهجين السادس (سلالة 1 × سخا 94) قوة هجين مرغوبة في اتجاه التبكير من حيث طرد السنابل بقيم  مبكرة عن الأب المتوسط والأب المبكر. أشارت النتائج الى اهمية الفعل المضيف والسيادى والتى اختلفت تبعا للصفات والهجن. أما بالسبة لمكونات التفاعل السيادى × السيادى فقد كان ذو تاثير أكبر من تأثير الفعل الوراثى المضيف × المضيف والمضيف × السيادى. أوضحت الدراسة أن درجة التوريث علي النطاق الواسع كانت مرتفعة لكل الصفات تحت الدراسة للمحصول ومكوناتة فى الهجن تحت الدراسة. في حين كانت قيم درجة التوريث علي النطاق الضيق تتراوح بين المرتفعة والمتوسطة لكل الصفات تحت الدراسة في كل الحالات ماعدا تاريخ الطرد، تاريخ النضج, وارتفاع النبات ووزن الف حبة، التي كانت منخفضة القيم في الهجين الاول(سخا 69 × سلالة 1). كانت قيم التحسين الوراثي المتوقع في الجيل الثالث نتيجة انتخاب أحسن 5% من نباتات الجيل الثاني منخفضة لصفات عدد الأيام حتى الطرد، عدد الأيام حتى النضج ووزن حبوب السنبلة في معظم الهجن. بينما كانت قيم التحسين مرتفعة لصفات عدد السنابل/نبات و محصول الحبوب/نبات في معظم الهجن تحت الدراسة. حققت ثلاثة هجن الثانى (سخا 69 × سخا 94) والثالث (سخا 69 × سدس 12) والرابع (سدس 12 × سلالة 1) قيما عالية للتحسين الوراثي (كنسبة مئوية من المتوسط) نتيجة الانتخاب لهذه الهجن هي 0.65%,0.51% و 0.46%  لمحصول الحبوب على الترتيب، وأيضا سجلت هذه الهجن قيما مرغوبة لمعظم الصفات المدروسة.
من خلال الدراسة يمكن القول ان الهجين الرابع (سدس 12× سلالة 1) والخامس (سدس 12 × سخا 94) كانا أعلي الهجن في أهم صفتين مهمتين للمربى وهى التبكير فى النضج و محصول الحبوب/نبات. 

( Based on national wheat research program data
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