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ABCTRACT

Wheat leaf rust is very destructive to the susceptible wheat cultivars. Breeding for resistance is still the most economic and desirable method for controlling the disease. The objective of this investigation was study the nature of inheritance of leaf rust disease resistance. This study was to carried out at the Experimental Farm of Sakha Agricultural Research Station, Kafr El-Sheikh Governorate, during the three growing seasons of 2007/08, to 2009/10. 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 leaf rust resistance. Gene action, heterosis, inbreeding depression, potance ratio, heritability and genetic advanced were estimated using Six population matting design. The study included leaf rust resistance as average coefficient of infection (ACI). The obtained results from figures of normal curve distribution and (χ2) test suggested complete dominance toward resistance in the crosses 3 and, 4; partial dominance toward susceptibility in the crosses 1 and 2; over dominance toward resistance for the cross 5 and over-dominance toward susceptibility in the cross 6. Different segregation ratios were recorded in the crosses under study for F2 generation where, 3: 1 (one dominant gene) in the crosses 3 and 4; 7:9 (two complementary recessive genes) in the crosses 2 and 6, while, 1:1 (one dominant gene) in the backcross for crosses 3 and 4; 1:3 (one recessive gene) in the backcross for the crosses 2 and 6. Dominance gene effects were generally higher in magnitude than additive effect in six crosses, indicating the important role of dominant gene in the inheritance of leaf rust resistance. Moreover, at least, two types of epstatic gene effects were important in the basic genetic mechanism. In most cases, additive × additive type of gene effects were relatively more important than additive effects in the inheritance of leaf rust resistance in six crosses, but less important than dominance ones. These results indicate that additive, dominance effects and the different types of gene interactions were important in the inheritance of leaf rust resistance under investigation. The results indicated that the genotypic variance for leaf rust resistance in all crosses was the major part of the phenotypic variance. High heritability values, in broad sense were obtained for leaf rust resistance in the six crosses. High genetic advance was associated with high heritability values for leaf rust resistance in the six crosses. Moderate to high value of predicated genetic gain were obtained for leaf rust in the six crosses. Significant heterosis was found relative to mid- and better parents

 for leaf rust resistance and inbreeding depression values, was highly significant and negative estimates except, one cross.

INTRODUCTION

 Wheat is attacked by many diseases especially rusts, which are the more destructive diseases and responsible for the colossal damage to wheat crop. In Egypt, yellow rust, leaf rust and stem rust diseases caused by Puccinia striformis tritici, Puccinia triticina and Puccinia graminis tritici, respectively, are highly destructive diseases and caused reduce yield.  El Daoudi et al. (1990) reported that, total grain yield was reduced by 1% for each 1% increase in leaf rust severity. Sayer et al. (1998) found that, average losses in grain yield due to leaf rust ranged from 6.6% to 62.7%. Menshawy and Najeeb (2004) reported that, the mean reduction (%) for grain yield caused by leaf rust and stripe rust was 26.44% and 47.37%, respectively.

Wheat leaf rust, in particular, is very destructive to the susceptible varieties. It was the cause of eliminating the cultivation of many wheat varieties i.e., Giza 139, Chenab 70, Super ×, Giza 158, Giza 160, Sakha 8, Sakha 69, Giza 163 and Sids 4. Rusts are the most economically and effectively controlled through the use of resistant cultivars. Therefore, developing new resistant cultivars became the main target of the National Wheat Research Program in Egypt as well as in many wheat breeding programs, allover the world. As a matter of fact, understanding the genetic behavior of wheat resistance to these diseases is essential for deciding the breeding method that maximizes the genetic improvement of these characters (Shehab El-Din et al., 1991).

Breeding for resistance is still the most economic and desirable method for controlling the disease (Shehab EL-Din et al.1991). Many authors proved that disease resistance is controlled by major or minor genes or both together; however, complimentary effect between major genes may enhance the response of a cultivar and give higher levels of resistance.  The resistance used is based on genes which are effective throughout the plant developmental cycle. Several of which are race specific in nature, but the most durable rust resistance worldwide is conditioned by adult plant resistance genes (Roefls, 1988 and Ezzahiri and Roefls, 1989). The inheritance of adult plant durable resistance has often been considered quantitative and complex, but there is also evidence that it is oligogenic (Barcellos et al., 2000).  Therefore, yearly evaluation of wheat varieties and lines for rust resistance is important for wheat breeding programs. The present investigation was initiated to study the inheritance of leaf rust (Puccinia triticina)disease resistance. 


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 Egyptian bread wheat parents( were used in this investigation. The name, origin and pedigree of these parental genotypes are presented in Table 1.

In the first season, 2007 / 08, the four bread wheat parents were sown. All possible parental crosses excluding reciprocals were made among the four genotypes to produce hybrid seeds of the six crosses. In the second season, the hybrid seeds were sown and the F1 plants of each cross were backcrossed to produce the two back crosses (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 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 with the high leaf rust susceptible cultivar Morocco. 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. 

  Table 1: Genotype names, pedigree and the reaction to leaf rust of four bread wheat genotypes.

	Genotypes
	Cross &Pedigree
	Reaction to

leaf rust

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

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

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

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

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

	Sakha 94 (P3)
	OPATA / RAYON // KAUZ

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

	Line #1 (P4)
	SAKHA 8 / YECOKAROJO
	Susceptible


Date were recorded on individual guarded plant represented by 45 plants for each parent and F1, 140 plants for each backcross and 400 plants for F2. The infection types for leaf rusts was recorded and estimated as disease severity according to the scale adopted by Stakman et al (1962) in which resistant (R), moderately resistant (MR), intermediate (M), moderately susceptible (MS) and (S) susceptible. The rust reaction frequency distribution was performed for the six populations of the six crosses at both heading and anthesis stages under field conditions. For the quantitative analysis, field response was converted into an average coefficient of infection (ACI) using the method of Stubbs et. al. (1986). In this method, an average coefficient of infection could be obtained by multiplying infection severity by an assigned constant value namely, 0.2, 0.4, 0.6, 0.8 and 1 for R, MR, M, MS and S, infection types, respectively. 

The Chi-square test (χ2) was used to test the significance of difference between observed numbers and expected ratios in F2 populations for leaf rust reaction according to Steel and Torrie (1960). The original data of leaf rust was transformed taking square root to decrease the value of variance. A separate analysis of variance of generation mean for each studied character was carried out. 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 (1960). 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 was estimated according to Gamble (1962). 

The genetic of parameters including heterosis over the mid and better parent, inbreeding depression and genotypic and phenotypic coefficients of variability according to Allard (1960)  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 variance and environmental variance according to Falconer (1989).

RESULTS AND DISCUSSION

The inheritance mode of leaf rust resistance for each cross (six crosses) will be discussed separately in detail as follows: 

Cross Sakha 69 (S) × Line 1 (S), the data of leaf rust reaction as average coefficient of infection are presented in Table 2 and illustrated in Figure 1.

Table 2: Statistical parameters for leaf rust reaction as average coefficient of infection in the parents and the hybrid generations of wheat cross Sakha 69 × Line 1.

	Populations
	Number of plants
	Range
	Obtained mean ± SE
	Theoretical mean
	Variance
	Cv %

	Sakha 69
	45
	5.99
	4.47
	5.48
	0.82
	-
	0.67
	14.93

	Line  1
	45
	8.36
	5.47
	6.99
	0.73
	-
	0.53
	10.42

	F1
	45
	8.36
	4.47
	6.01
	1.33
	6.23
	1.78
	22.18

	BC1
	140
	9.74
	0.10
	5.45
	2.13
	5.90
	4.54
	39.09

	BC2
	140
	7.07
	0.10
	3.94
	2.01
	6.5
	4.05
	46.72

	F2
	400
	9.94
	0.10
	6.03
	2.46
	6.61
	6.03
	50.85


LSD at 5% and 1% levels were 1.59 and 1.86, respectively.

Theoretical F2 mean was calculated for a one factor-pair difference using Powers (1955) formula:                    
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The mean of the two parents were not significantly different in their reaction to leaf rust, the reaction ranged from 5.99 to 4.47 in Sakha 69 with an average of 5.48 and from 8.36 to 5.48 in Line 1 with an average of 6.99 as shown in Table 2. It was noticed that both parental  genotypes Sakha 69 and Line 1 were susceptible to leaf rust disease. The F1 mean was relatively close toward the mid-parent mean value, which were 6.01 and 6.23, respectively, suggesting partial dominance range, indicated that the effects of both variation are suscceptlle in the inheritance of this character . 

[image: image12.emf]  Fig 1: Distribution of leaf rust reaction   as average coefficient of infection in     parental and hybrid  populations of the   wheat cross Sakha 69 ×  Line 1 .  
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Variances of the non-segregating populations, i.e., P​1, P2 and F1 differed, indicating that the environmental variance varies considerably among different genotypes. However, they showed the least variations comparing with the segregating populations as shown by the lowest Cv. % values, which were 14.93, 10.42 and 22.18 for P1, P2 and F1 populations, respectively (Table 2). This indicates that they are more homogeneous than the F2, BC1 and BC2 populations which had greater variances. Support to the inheritance of leaf rust reaction as average coefficient of infection could be shown by the segregation of BC1 plants.
The F2 segregated into two classes with a ratio of 99.0: 1.0%. The first class was distributed within the range of P1 and P2 while the second class was distributed out of the range of both parents and F​1 populations. This ratio was fit a 15: 1 ratio using χ2 test with probability 0.90 – 0.75. These results are in agreement with those reported by Nawar, et al (2010). All plants of BC2, except (22 plants resistant) were distributed within the range out of F1 and P2 without any segregation toward susceptible. This is expected when the character is controlled by two independent genes and resistance to leaf rust disease in recessive.

The obtained and theoretical means were not approximately similar in the two backcrosses. The actual means of BC1 and BC2 were not significantly different, supporting the additive of the low infection type toward resistance. 

The two means of F1 and F2 populations did not significantly differ where, their means were 6.01and 6.03, respectively. Sharp decrease was noticed, and expected in this respect, it might be due to the inbreeding depression, where the value was -3.53% and that was relatively very low. Varied estimates in phenotypic variances and coefficients of variability (C.V %) among different genotypes and /or progenies were obtained. Maximum variability was obtained in F2  generation. 
Rregarding the cross Sakha 69 (S) × Sids 12 (R), leaf rust reaction as average coefficient of infection is presented in Table 3 and illustrated in Figure 2. The two parental means differed significantly in their reaction to leaf rust. The reaction to leaf rust ranged from 6.99 to 4.47 in Sakha 69 with an average of 5.48 and from 0.45 to 0.32 in Sids 12 with an average of 0.35 as shown in Table 3. It was noticed that Sakha 69 and Sids 12 had distinctly non-over lapping ranges and was noticed that, Sids 12 was resistant. 

The mean of F1 population significantly exceeded the mean of two parents. F1 mean was 0.35, while it was 5.48 and 0.37 for the two parents, Sakha 69 and Sids 12, respectively suggesting over-dominance toward resistance. These results are in the same line with those of Shahain (2005) who indicated over dominance toward resistance in some crosses.

The over-dominance was also verified by the high estimates of the potence ratio (-1.01), (Table 8). Heterosis estimate was (-88.01%), (-5.40%) relative to mid and better parent, respectively (Table 8), supporting the over-dominance range effects. Variances of the non-segregating populations, i.e., P​1, P2 and F1 differed, indicating that the environmental variance varies considerably among different genotypes. However, they showed the least variations comparing with the segregating populations as shown by the lowest CV.% values, which were 14.93, 17.60 and 34.08 for P1, P2 and F1 populations, respectively, (Table 3). 

Backcross populations, BC1 showed high variance value (5.81) because the plants segregated into two approximately equal classes. About 46.4% and 53.6% of the plants were with an average similar to those of P1. The ratio fit a 1:1 ratio using the (χ2) test with probability of 0.250 – 0.100. This segregation ratio again suggests that, this trait is controlled by one or two dominant genes. The obtained mean (2.88) was lower than theoretical mean (2.91), indicating also over-dominance for low infection type. All plants of  BC2 population distributed within the range of P2 and F1 plants as expected, when the character is simply inherited and controlled by additive and dominance genes effect. The ratio fit a 1 : 1 ratio using the (χ2) test with probability of 0.250 – 0.100. This segregation ratio again suggests that, this trait is controlled by one dominant gene.
On the other side, mean of F2 was higher than F1 mean, although the difference between them was not significant and it was reflected on the high and considerable value of inbreeding depression which reached (-333.84.1%), as showen in Table 8 . Wide differences were obtained between the actual and the theoretical values in F2 generation. This means that the ratio 3:1 was valid and that was confirmed by chi-square test (χ2) with probability of 100  as shown in Table 5. This means that resistance to leaf rust was controlled by one dominant gene pair. Varied estimates in phenotypic variances and coefficients of variability (C.V %) among different genotypes and /or progenies were obtained. Maximum variability was obtained in the parental line, F1, BC2, BC1 and F2 generations.  

Table 3: Statistical parameters for leaf rust reaction as average coefficient of infection in parents and hybrid generations of wheat cross Sakha 69 × Sids 12.
	Populations
	Number of plants
	Range
	Obtained mean ± SE
	Theoretical mean
	Variance
	CV%

	Sakha 69
	45
	7.07
	4.47
	5.48
	0.82
	-
	0.67
	14.93

	Sids 12
	45
	0.45
	0.32
	0.37
	0.06
	-
	0.00
	17.60

	F1
	45
	1.00
	0.32
	0.35
	0.12
	2.92
	0.01
	34.08

	BC1
	140
	8.37
	0.32
	2.88
	2.41
	2.91
	5.81
	83.76

	BC2
	140
	9.95
	0.32
	0.99
	2.12
	0.261
	4.48
	214.64

	F2
	400
	9.95
	0.32
	1.52
	2.49
	1.64
	6.21
	164.46


LSD at 5% and 1% levels were 1.59 and 1.86, respectively.
[image: image13.emf]      Fig  5 : Distribution of leaf rust reaction   as average coefficient of infection in     parental and hybrid populations of the wheat cross  Sids 12   ×  Sakha 94.  
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[image: image14.emf]          Fig  3 : Distribution of leaf rust reaction   as average coefficient of infection in     parental and hybrid  populations of the   wheat cross Sakha 69 ×  S ids   12 .  
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Regarding cross Sids 12 (R) × Sakha 94 (R), the data of leaf rust reaction as average coefficient of infection are presented in Table 4 and illustrated in Figure 3. 

The two parental means were not significantly different in their reaction to leaf rust. This reaction ranged from 0.45 to 0.32 in Sids 12 with an average of 0.0.36 and from 1.41 to 0.32 in Sakha 94 with an average of 0.44 as shown in Table 4. It was noticed that both the parental lines Sids 12 and Sakha 94 were resistant to leaf rust where they had approximate means. 

The F1, BC1, BC2 and F2 means were very close to the two parental means, where their means were 0.35, 0.36, 0.44 and 0.46, respectively, suggesting the absence of segregation in the F2 generation. The distribution curve of F1 and F2 plants confirmed this result (Figure 3). In general, all means obtained from the two parents and their progenies 
Table 4: Statistical parameters for leaf rust reaction as average coefficient of infection in parents and hybrid generations of wheat cross Sids 12 × Sakha 94.

	Populations
	Number of plants
	Range
	Obtained mean ± SE
	Theoretical mean
	Variance
	CV%

	Sids 12
	45
	0.45
	0.32
	0.36
	0.06
	-
	0.00
	17.6

	Sakha 94
	45
	1.41
	0.32
	0.44
	0.28
	-
	0.08
	62.7

	F1
	45
	0.45
	0.32
	0.35
	0.06
	0.41
	0.00
	16.9

	BC1
	140
	3.32
	0.32
	0.44
	0.49
	0.355
	0.24
	112.0

	BC2
	140
	3.61
	0.32
	0.46
	0.52
	0.395
	0.27
	112.4

	F2
	400
	4.80
	0.32
	0.46
	0.57
	0.38
	0.33
	125.0


LSD at 5% and 1% levels were 1.59 and 1.86, respectively.


in F1 and F2 were approximately the same, indicating that Sids 12 and Sakha 94 had the same genes conferring resistance to leaf rust disease.

On the other hand, the heterotic effect and potence ratio values were – 12.7 % and 1.39 (as shown in Table 8), respectively, indicating that over-dominance was excited and had responsible effect on heterosis expression. Moreover, mean value of F2 was relatively higher than in F1 mean, suggesting the negligible effects in the segregated generations. 

Small differences were detected between the actual and the theoretical values in F2 generation. This means that, the ratio 15:1 with a probability of 0.55 – 0.50 was valid and that was confirmed by chi-square test (χ2) as shown in Table 5. Livinder and Saini (2001) found that F2 plants segregated into two classes ratio 15:1, suggesting the two dominant genes controlling the inheritance to leaf rust resistance. Varied estimates in phenotypic variances and coefficients of variability (C.V %) among different genotypes and /or progenies were obtained. Maximum variability was obtained in the parental line Sakha 94 and F2 generation.. While, Singh et al (2001) indicated, some genotypes carried two genes in adult plant resistant to leaf rust. 
Genotypes reaction to leaf rust disease.

With respect to resistance × susceptible crosses, Table 5. shows reaction of the F1, F2 and test cross population of the resistance parent P2 (Sakha 94) and P3 (Sids 12) with the susceptible parent P1 (Sakha 69) and P4 (Line 1).

For the first resistant parent P2 (Sakha 94), the percent of resistance in F1 population of the two crosses P1 × P2 (Sakha 69 × Sakha 94) and P4 × P2 (Line 1 × Sakha 94) was 0.0%. The F2 population of the two crosses to susceptible parent P1 (Sakha 69) and P4 Line 1 segregated into 180 resistant plants and 220 susceptible plant for P1 × P2 (Sakha 69 × Sakha 94). While the F2 for P4 × P2 (Line 1× Sakha 94) segregated into 187 resistant and 213 susceptible. These distributions of the reaction types fitted 7:9 ratios, (Table 5). suggesting that the parental genotype P2 (Sakha 94) have two complementary recessive genes for the two populations. The dominance or recessive state of resistant genes in P2 (Sakha 94) depending upon the genetic background of P1 (Sakha 69) and P4 (Line 1). The two populations of the test cross were differentiated into resistant and susceptible plants, which fitted 1:3 ratio in the two crosses. For the test cross populations, this parent (Sakha 94) have one or two recessive gene. Similar results were obtained by Zhang and Knott (1990) who reported that Stewart 63 and Medora cultivars each carry two genes one dominant and one recessive. Dyck (1991), Gupta et al. (1992), and Khaleeque and Alam (1995) reported that two independent / or complementary genes conferring leaf rust disease resistance.

Table 5: Reaction of the F1, F2 and test cross population of the resistance parent, P1 and P2 with the susceptible parents P3 and P4 to leaf rust disease

	Population
	Number of plants
	Total
	Percentage 

of Resistance
	Expected Ratio
	χ2
	P. Value

	
	Res
	Sus
	
	
	Res.
	Sus.
	
	

	(P1×P2) F1
	-
	45
	45
	0
	ـ
	ـ
	ـ

	(P1×P2) F2
	180
	220
	400
	45
	7  :  9
	0.25
	0.75- 0.50

	(F1× P1)
	36
	104
	140
	26
	1  :  3
	0.38
	0.50- 0.25

	(P1×P3) F1
	45
	-
	45
	100
	ـ
	ـ
	ـ

	(P1×P3) F2
	300
	100
	400
	75
	3  :  1
	0
	100

	( F1×P1)
	65
	75
	140
	46.4
	1  :  1
	0.71
	0.25 - 0.10

	(P3×P4) F1
	45
	-
	45
	100
	ـ
	ـ
	ـ

	(P3×P4) F2
	302
	98
	400
	76
	3  :  1
	0.05
	0.97 - 0.90

	( F1 ×P4)
	73
	67
	140
	52
	1  :  1
	0.25
	0.75- 0.50

	(P4×P2) F1
	-
	45
	45
	0
	ـ
	ـ
	ـ

	(P4×P2) F2
	187
	213
	400
	47
	7  :  9
	1.46
	0.25 - 0.10

	( F1×P4)
	43
	97
	140
	31
	1  :  3
	2.43
	0.25 - 0.10


(P1) Sakha 69 (S), (P2) Sakha 94 (R), (P3) Sids 12 (R) and (P4) Lien 1 (S).

With respect to the second resistant parent P3 (Sids 12), the percent of resistant in F1 population of the two crosses (P1 × P3) (Sakha 69 × Sids 12) and (P3 × P4) (Sids 12 × line 1) was 100.0%. The F2 population of the two crosses between the resistant parent P3 (Sids12) with the two susceptible parents P1 (Sakha 69) and P4 (line 1) segregated into 300 resistant: 100 susceptible and 302 resistant: 98 susceptible, respectively. These distributions of reaction types fitted 3:1. These results suggested that, parental genotype P3 (Sids 12) have one dominant resistant gene. Some researches The two test cross populations were 1 resistant: 1 susceptible ratio. These results suggested that these parental genotypes P3 (Sids 12) have one dominant genes for resistance. These results were the in same line with Bai et al (1997). On other hand Barcellos et al. (2000) reported two complementary genes in greenhouse experiment and single gene in field experiment.

Mean values for ACI and tests of significance. 
The mean values of leaf rust (ACI) in the six populations, t- test for the differencd between parents, and F-test for the significance of genetic variance among F2 plants, of the six crosses, are present in Table 6. The data in Table 6 revealed that the differences between the two susceptible parents of cross 1, Sakha 69 (moderate disease severity) × Line 1 (high disease severity), were highly significant due to the differences in their disease severity. The genetic variance within F2 population was found to be significant. The F1 mean value (6.01) was between the low and the high (ACI) parents indicating partial dominance toward the low severity parent. The F2 population recorded disease severity higher than the F1, suggesting the importance of  additive component in the inheritance of this trait.  BC1 and BC2 population recorded disease severity lower than the two parents, suggesting the importance of non-additive component in the inheritance of this trait. Nawar, et al (2010)  found partial dominance for the six crosses and over-dominance toward susceptibility for leaf rust.

Table 6: Mean values ACI 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 leaf rust.

	Trait
	Cross
	T-test
	F – test
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	Leaf rust diseases
	1
	**
	**
	5.99
	6.99
	6.23
	6.01
	6.22
	5.45
	3.95

	
	2
	**
	**
	5.99
	0.44
	2.96
	1.34
	2.25
	2.82
	0.90

	
	3
	**
	**
	5.99
	0.37
	2.92
	0.35
	1.52
	2.88
	0.99

	
	4
	**
	**
	0.41
	6.99
	3.73
	0.38
	1.97
	1.47
	3.02

	
	5
	**
	**
	0.37
	0.44
	0.41
	0.35
	0.46
	0.44
	0.46

	
	6
	**
	**
	6.99
	0.44
	3.71
	2.35
	1.97
	2.65
	0.80


(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×Sakha94)

The data in Table 6 revealed that the difference between the two parents of crosses 2 and 3 Sakha 69 (5.99) (S) / Sakha 94 (o.44) (R) and Sakha 69 (5.99) (S) × Sids 12 (00.33) (R) were highly significant due to the difference in their disease severity respectively. The genetic variance within F2 population was found to be significant. Consequently, The F1 mean value (1.34) and (0.35) were less than the respective mid-parent indicating, over dominance toward the parent of low disease severity. The F2, Bc1 and Bc2 populations recorded disease severities lower than mid-parent, suggesting the importance of non-additive component in the inheritance of this trait. Kolomer and Dyck (1994) and Said (2003) indicated that the F1 mean value was less than the mid-parent indicating over dominance toward the parent of low disease severity.

In cross 4 Sids 12 (0.33) R × Line 1 (6.99) S, the two parents of each cross were significantly different in resistance for leaf rust.  F test indicated also that the F2 plants were genetically different. F1 mean value (0.35) was less than mid-parent closer to the resistant parent, indicating the direction of over- dominance towards resistance. The F2 population means were (1.97) more than the F1 mean, indicating the importance of additive component of genetic variance for the studied crosses. With regard to the two backcross populations the segregation pattern took the direction of their resistance parent.

Regarded cross 5 Sids 12 (0.37) (R) × Sakha 94 (0.44) (R) the result indicated that F2 plants were not different genetically, despite of insignificant mean values of the two parents. The F1 (0.35) was less than the mid-parent (0.41), indicating almost over dominance for resistance. The F2 mean value (0.46) was higher than their F1 and the two parents, Bc1 and Bc2 mean values indicated that segregation was in the direction of their respective recurrent parents.

The data in Table 6 revealed that the difference between the two parents of cross 6 Line 1 (6.99) (R) / Sakha 94 (0.44) (S) were highly significant due to the difference in their disease severity. The genetic variance within F2 population was found to be significant. Consequently, The F1 mean value (2.35) was less than the mid-parent indicating partial dominance toward the parent of low disease severity. The F2, BC1 and BC2 populations recorded disease severities lower than mid-parent, suggesting the importance of non-additive component in the inheritance of this trait. Shain (2005) and Said (2003), found a partial dominance toward the parent of low disease severity for leaf rust resistances in some crosses.

Generally, the most desirable and lowest mean values were obtained from P1, P2, F1, F2, BC1 and BC2 in cross 5 (Sids 12 × Sakha 94); P2 and BC2 in cross 2 (Sakha 69 × Sakha 94); P2 and F1 and BC2 in cross 3 (Sakha 69 × Sids 12); P1 and F1 in cross 4 (Sids 12 × Line 1) and P2 and BC2 in cross 6 (Line1 × Sakha 94).

 Generation means analysis:

Generation mean analysis is a simple but useful technique for estimating gene effects for a polygenic trait. Its greatest merit lies in the ability to estimate epistatic gene effects such as additive × additive, dominance × dominance and additive × dominance effects (Singh and Singh, 1992). 

Singh and Pawar (2006) mentioned that the use of biometrical genetics procedures may help the wheat breeders in detection and estimation of gene effect following methods based on generation means and variances and covariances. Also, biometrical genetics help in detection and estimation of components of variance by methods like diallel, line × tester and triple test cross. In addition, heritability and genetic advance are two important genetic parameters in the hands of the plant breeder and help in deciding selection procedures to be followed to improve plant characters. The obtained data were subjected to genetic analysis using Gambles  (1962) procedure to estimate types of gene action i.e. mean effect (m), additive(a), dominance (d), additive × additive (aa), additive × dominance (ad) and dominance × dominance (dd) gene effects. Types of gene action for leaf rust disease in the six crosses are shown in Table 10.

Scaling test, nature of gene action and types of epistasis:

Scaling test and genetical analysis of generation means to give estimates of additive (a), dominance (d), and three epstatic effects additive × additive (aa), additive × dominance (ad) and dominance × dominance (dd) according to the relationship illustrated by Gamble (1962) are presented in Table 7. Scaling test was significantly different from zero in the six crosses, indicating that the additive-dominance model is inadequate to interpret the gene effects. 

Knowledge of the type of gene action involved in the expression of the character is helpful in deciding on the 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 effects (a), dominance gene effects (d) and epistatic gene effects aa, ad, and dd are small in magnitude relative to parameter (m) in most of crosses. 

Table (7): Scaling test, nature of gene action and types of epistasis by generation means for leaf rust diseases in the six crosses.

	Cross
	Scaling test
	Type of gene action

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

	1
	-2.10**
	-3.60**
	0.41
	6.22**
	1.50**
	-6.32**
	-6.10**
	2.26**
	11.80**

	2
	3.85**
	-5.02**
	0.41
	2.25**
	1.92**
	-3.21**
	-1.58*
	-0.60*
	2.75*

	3
	5.03**
	-3.86**
	-0.49
	1.52**
	1.89**
	-0.91
	1.66**
	-0.66**
	-2.84**

	4
	-4.49**
	5.25**
	-0.33
	1.97**
	-0.55**
	-2.27*
	1.09
	1.78**
	-1.85

	5
	0.08
	0.20*
	0.31**
	0.46**
	-0.02
	-0.08*
	-0.03
	0.02
	-0.25

	6
	2.52**
	-7.74 **
	-4.27 **
	1.97**
	1.85**
	-2.32**
	-0.95*
	-1.42**
	6.18**


(*) 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, (Cross 5) Sids 12  ×  Sakha 94 , (Cross 6) Line # 1  ×  Sakha 94.

The estimates of parameter (a), additive gene effects are quite small in magnitude compared with parameter (d) dominance gene effects. Generally, additive gene effects were detected to be highly significant and positive direction for leaf rust diseases resistance except, cross 5 (Sids 12 × Sakha 94) which was insignificant and negative in direction. However, the relative magnitude of these effects to the mean effects suggested that they are of minor importance in the explanation of leaf rust disease resistance. 

The dominance effects were negative and significant for leaf rust except, cross 3 (Sakha 69 × Sids 12) was negative and insignificant, indicating that negative dominance gene effects were important in the inheritance of leaf rust disease resistance in the generation means studied. The relative value of these effects to the mean effects was higher in magnitude than the additive one. This would indicate that the dominance gene effects were relatively important in the inheritance of this trait.

In some cases the three types of gene effects, i. e., aa, ad, and dd were found to be highly significant, therefore, the three digeic epistasis were much more important than either additive or dominance. It is noteworthy that the three types of epistasis were accopained with significant estimates for E1 and E2. in addition, the heterotic effect in six crosses for these case may be mainly due to epstatic gene action and dominance effect (Table 7). It could be observed that the significant additive x additive type of gene effects appeared to contribute more to the performance of this trait than do the significant (ad) and (dd) gene effects. However (aa) gene effects were relatively more important than the additive effects, but is less important than the dominance effects. Moreover, (aa) gene effects are mostly negative indicating an enhancing effects on performance of the studied trait. These results were in accordance with the findings of Modan et al (1992) who found that, resistance to leaf rust disease was based on two genes with additive effect. Yadav et al (1999) and Awaad et al (2003) reported highly significant additive genetic variance and considered it prevalent type controlling leaf rust disease resistance. 

   In cross 4, additive, dominance, and additive × dominance gene effects were important in the inheritance of leaf rust. These results supported those obtained from the narrow sense heritability. Yadav et al (1998), Awaad et al (2003) and Said (2003) reported that, the additive, dominance and their digenic interaction types (additive × additive and dominance × dominance) were highly significant. 

Heterosis, inbreeding depression, potance ratio, coefficients of variability, heritability and expected genetic advance from selection. 
The variance, heritability and expected genetic advance of each of the six studied crosses are presented in Table 8. Heterosis percentage relative to better parent (BP), mid-parent (MP),  inbreeding depression (ID) and potence ratio (PR) for leaf rust resistance are also presented in Table 8. Highly significant negative heterotic effects relative to better and mid-parent toward low infection type were detected in all crosses except crosses 1 (Sakha 69 × Line 1), 6 (Line 1 × Sakha 94) and cross 2 (Sakha 69 × Sakha 94) which showed significantly positive values for better parent. Said (2003) and Nawar, et al (2010). obtained highly significant heterotic effects in negative direction for resistance to leaf rust disease. On the other hand, Aglan (2003) obtained highly significant heterotic effects in positive direction in most other crosses. In this concern, unfortunately few information are available in the review of literature about the magnitude of heterosis effects, but Singh et al. (1999) obtained significant heterosis towards resistance. This result is in accordance with our findings. Meanwhile, in Egypt, Aglan (2003) and Nawar, et al (2010). studied the nature of inheritance of leaf rust disease. They obtained negatively considerable heterotic effects relative to mid parent for leaf rust resistance.
With respect to inbreeding depression values, most crosses showed highly significant and negative estimates, while cross 1(Sakha 69 × line 1) were not significant. As previously shown, there were relationship between heterosis and inbreeding depression in the leaf rust diseases .The high heterosis in F1 was followed by considerable reduction in F2 performances. On the other hand, the highest heterotic effect values were associated with the highest values of potence ratio indicating the important role of over dominance in the inheritance of these diseases resistance. These results were in were in the same line with Nawar, et al (2010).. 
Potence ratio was equal to unity in cross 3 (Sakha 69 × Sids 12) and cross 4 (Sids 12 × Line 1) indicating complete dominance effects, while it was more than unity in cross 5 (Sids 12 × Sakha 94) and cross 6 (Line 1 × Sakha 94). Aglan (2003) obtained over dominance for leaf rust resistance in three crosses. In this respect, some investigators recorded considerably inbreeding depression value such as Singh et al. (1999). On the other hand, Awaad et al (2003) and Menshawy and youssef (2004) obtained partial dominance. Gupta et al. (1992) and Khaleeqe and Alam (1995) obtained complete dominance, Awaad et al (2003) and Said (2003) obtained similar results such they found partial dominance toward resistance.

Table (8). Heterosis, inbreeding depression, potance 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  leaf rust resistance. 

	Crosses


	Heterosis
	ID%
	PR
	GCV
	PCV
	Heritability
	Expected

genetic advance
	Predicted

genetic gain

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

	1
	-3.54**
	0.33
	-3.53
	0.29
	33.88
	38.15
	78.88
	47.43
	2.32
	44.76

	2
	-54.72**
	204.50**
	-68.36**
	-0.64
	102.70
	106.11
	93.57
	86.03
	4.23
	187.89

	3
	-88.01**
	-5.40**
	-330.84**
	-1.01
	161.69
	163.95
	97.18
	71.22
	3.66
	241.29

	4
	-89.92**
	-7.31**
	-423.03**
	1.01
	180.83
	183.02
	97.61
	72.31
	5.37
	272.25

	5
	-14.63**
	-5.40**
	-29.47**
	1.39
	121.04
	124.88
	93.28
	44.66
	0.53
	115.08

	6
	-36.65**
	434.09**
	-7.74**
	-4.27
	64.81
	69.23
	87.27
	67.75
	1.91
	96.95


(*) 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.

Phenotypic and genotypic coefficients of variability for leaf rust disease are presented in Table  8. 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 is 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 leaf rust disease. This indicates the presence of environmental influence to some degree in the phenotypic expression of the studied trait. High to moderate phenotypic and genotypic coefficients of variability were obtained for leaf rust resistance. Small differences between genotypic and phenotypic coefficients of variability were found for leaf rust resistance in six crosses indicating the presence of sufficient genetic variability for this trait which may render selection effective.

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 character is relatively easy or difficult to make in breeding program. In crosses 3 and 4 the estimated values of heritability in broad sense were (97.18) and (97.61) respectively.  The values of heritability in narrow sense being intermediate in crosses 1 and 5 indicate the importance of both additive and dominance gene actions in the expression of wheat resistance to leaf rust. On the other hand, leaf rust in crosses 2, 3 and 4 heritability values in narrow sense were high in magnitude and were nearly equal to their corresponding values of broad ones. Obtained results reflect the presence of dominant gene effect and also there is an indication for the presence of additive genes manifesting their effects for this in that genetic behavior of resistance to leaf rust disease in these crosses. The expected genetic advance for cross 5 was 5.37 %  and 4.23 in cross 2, revealing that selection for early lines could be possible in early generations. In the present work, high predicted genetic advance was found to be associated with high heritability values for leaf rust resistance in crosses 2, 3 and 4. Therefore, selection for leaf rust resistance in this particular population should be effective and satisfactory for successful breeding purposes. This conclusion can be supported by the high estimates of the expected genetic advance from selection in cross 3 (4.23%) and cross 5 (5.37). Johnson 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. 

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 work, high genetic advanced was found to be associated with high heritability values for leaf rust resistance in crosses 2, 3 and 4. Therefore, selection for this trait in these particular populations should be effective and satisfactory for successful breeding purposes. Similar results were obtained by Menshawy and Najeeb (2004) who reported high values in both broad and narrow sense heritability. Meanwhile Das et al. (1992) and Modan, et al (1992) reported narrow sense heritability estimates ranging from 45% to 92% and it's dependce upon cross combination. As previously mentioned, cross 5 (Sids 12 × Sakha 94) is considered as the best cross and may be used in breeding program for improvement of leaf rust disease resistance.

Finally, it is worth to note that the crosses Sakha 69 (S) × Sids 12 (R), Sids 12(R) × Sakha 94 (R) and Line 1 (S) × Sids 12 (R) were more resistant to leaf rust disease, where their average coefficient of infection was 1.5. At the same time, they gave the highest mean values of grain yield per plant, where their values were 47.84, 47.45 and 46.19, respectively. These valuable genetic materials especially (Sids 12 and Sakha 94) may be used in the future in wheat breeding programs to improve the potentiality of resistance to leaf rust disease and yielding ability.
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توارث مقاومة صداء الاوراق فى ستة هجن من القمح
السيد حامد السيد الصعيدي1،  سعيد محمد حماد2 و محمد عبد الكريم حسن درويش2

1قسم المحاصيل – كلية الزراعة  - جامعة طنطا.  
2 قسم بحوث القمح- معهد بحوث المحاصيل الحقلية  مركز البحوث الزراعية.

أجريت هذه الدراسة في المزرعة البحثية لمحطة البحوث الزراعية بسخا التابعة لمركز البحوث الزراعية- بمحافظة كفر الشيخ في ثلاثة مواسم من الفترة من 2007 الى2010. بهدف دراسة وراثة مقاومة مرض صدأ الأوراق والذي  يسببه فطر Puccinia triticina فى ستة من هجن القمح هى : الهجين ألاول (سخا 69×  سلالة 1), الهجين الثاني (سخا 69 × سخا 94), الهجين الثالث (سخا 69×  سدس 12), الهجين الرابع (سدس 12×  سلالة 1),الهجين الخامس (سدس 12 × سخا 94) والهجين السادس (سلالة 1×  سخا 94). تم دراسة قراءة صدأ الأوراق بحساب الـ  Average Coefficient of Infection(ACI) أي متوسط معامل الإصابة.  وقدرت الثوابت الوراثية الآتية لكل صفة, المتوسط الحسابى, التباين, نوع الفعل الجيني باستخدام طريقتين الأولى متوسطات الأجيال Generation mean Gamble (1962) والثانية تباينات الأجيال Generation variance, Mather (1949) , قوة الهجين , التأثر بالتربية الذاتية , درجة السيادة , درجة  التوريث , التحسين الوراثي المتوقع نتيجة الانتخاب بالإضافة إلى دراسة وراثة المقاومة للصداء. أوضحت النتائج وجود اختلافات كبيرة ومعنوية بين جميع الأباء تحت الدراسة وكذلك الهجن الناتجة منها في كل الصفات المدروسة.  وقد أظهر ت نتائج التحليل الوراثى لصفة وراثة المقاومة لصداء  الاوراق البرتقالي ما يلى: ان كل من الفعل الجينى المضيف والسيادى كان لهم الدور الاكبر فى وراثة صفة المقاومة لمرض صداء الاوراق إلا ان الفعل الجينى السيادى كان لة الدور الاهم فى وراثة تلك الصفة وذلك فى الهجين الاول والثانى والرابع والسادس. كذلك فان التفاعل من النوع السيادى × السيادى كان ايضا لة الدور الاكبر عن باقى التفاعلات فى ذات الهجن فى المقابل اظهر التفاعل من النوع المضيف × المضيف اهمية اكبر من الفعل الجينى المضيف لمقاومة مرض صداء الاوراق. كانت هناك قوة هجين  في اتجاه المقاومة فى بعض الهجن. كانت القيم للكفاءة الوراثية بمعناها الواسع عالية في معظم الهجن. كما أن قيم الكفاءة الوراثية بمعناها الضيق كانت عالية مما يعطي مؤشرا بأهمية الدور الذي يلعبه التباين المضيف في وراثة مقاومة صدء ألاوراق. أظهر تحليل مربع الانعزالات لمقاومة صدأ الأوراق ما يلي:- سجلت الأصناف (سخا 94 و سدس 12) مستوى عالي من المقاومة، وكذلك الهجن  )سدس 12 × سخا 94,( )سدس 12 × سلالة (1 و (سخا 69 ×  سدس 12) مستوى عالي من المقاومة في كل من الجيل الأول والثاني والهجن الرجعية. يمكن تلخيص أهم النتائج المتحصل عليها من هذه الدراسة فيما يلي أوضحت النتائج أن الهجين الرابع (سدس 12× سلالة 1) والخامس (سدس 12 × سخا 94) كانا أعلي الهجن في أهم صفة مهمة للمربى وهى المقاومة العالية لمرض صداء الاوراق. لذا من خلال نتائج هذة الدراسة يوصى بادخال تلك الهجن في برنامج التربية الخاص بمقاومة صدأ ألأوراق. كذلك فأن الاصناف سدس 12 و سخا 94 تحتوى على جينات مقاومة لمرض صدأ ألأوراق فهي أباء عالية المقاومة وتنقل صفة المقاومة الى انسالها لذا يوصى باسخدامها فى عمل الهجن لمقاومة هذا المرض بالإضافة إلى تميزها بالمحصول العالي والتبكير في النضج
Fig 2 :Distribution of leaf rust reaction as average coefficient in parental and hybrid populations of the wheat cross Sakha 69 × Sids 12 





Fig 3 :Distribution of leaf rust reaction as average coefficient in parental and hybrid populations of    the wheat cross  Sids 12 × Sakha 94








( Based on national wheat research program data
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