
 

 

 

 

 

Egypt. J. Plant Breed. 23(4):701– 713(2019) 

GENETIC ANALYSIS FOR YIELD, ITS COMPONENTS 

AND RUSTS RESISTANCE IN FOUR BREAD WHEAT 

CROSSES  
Thanaa H. A. Abd El-Kreem 

Wheat Research Dep., Field Crops Research Institute, ARC, Egypt 

ABSTRACT 
The present study was executed at Nubaria Agricultural Research Station 

during the three growing seasons from 2014/2015 to 2016/2017 to estimate the type of 

gene action using the six populations (P1, P2, F1, F2, BC 1 and BC2) of four wheat crosses 

cross #1 (Sakha 93×Giza 171); cross #2 (Shandaweel 1× Giza 171); cross #3 

(Shandaweel 1×Gemmeiza 11) and cross #4 (Shandaweel 1×Gemmeiza 12). The studied 

characters were grain yield and its components, resistance to yellow rust and leaf rust 

diseases. Results indicated significant positive heterotic effects relative to better and mid 

parents for number of spikes/plant, number of kernels/spike, 100-kernel weight in cross 1 

and grain yield/plant in cross #3. Results indicated the presence of non-allelic 

interaction for most studied characters in all crosses under the study. Meanwhile, the 

relative importance of additive, dominance and epistatic effects varied among characters 

and crosses, the relative importance of dominance and epistatic effects were shown for 

number of spikes/plant and number of kernels/spike. The additive and epistatic effects 

were important for 100-kernels weight and grain yield/plant characters. Average degree 

of dominance was less than unity for all characters in all crosses, indicating the presence 

of partial dominance except for number of spikes/plant and grain yield in cross #3 which 

indicated the presence of over dominance. Significant positive values of inbreeding 

depression were detected for yield and its components in all crosses, except for grain 

yield in crosses # 2 and 3 which were not significant. Heritability estimates in broad 

sense were high to medium for all studied characters in all crosses, but in narrow sense, 

estimates were high to low for all characters in all crosses. The expected genetic advance 

as a percent of F2 ranged from high to low in all crosses for all characters. Based on 

these results, cross # 4 (Shandweel 1 x Gemmeiza 12) showed  high  genetic advance 

associated with high heritability and thus could be promising in breeding programs of 

wheat and selection for obtaining  high grain yield plants and resistance to rusts.  

Key words: Gene effects, Heritability, Genetic advance, Heterosis, Wheat. 

INTRODUCTION 

Bread wheat (Triticum aestivum L.) is the most important cereal 

crop in Egypt. The productivity of wheat is influenced by various biotic or a 

biotic stresses (Abdelaal et al 2017). Wheat yellow rust (Puccinia 

striiformis f. sp. Tritici,) is one of the most important diseases in the world; 

it causes high losses in the production of most Egyptian wheat cultivars. 

Leaf rust (Puccinia recondita) is considered the most common and widely 

distributed of the three wheat rusts and become a more serious problem on 

wheat. Draz et al (2015) found yield losses up to 50% due to leaf rust. 

Development of new high yielding cultivars and resistant to rust diseases is 

the main objectives of wheat breeders. The success of any breeding program 

depends on the genetic variability and gene action included in the 

inheritance of different characters in the used materials. 
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Heritability determined in broad and narrow senses are very useful 

for breeding programs, while high heritability is not always associated with 

high genetic advance, but in order to make effective selection, high 

heritability should be associated with high genetic gain (Mahgoub 2006). 

Gene effects have been examined in wheat by several researchers 

(Menshawy 2004, Abd El-Rahman 2013 and Kumar et al 2017) who found 

that additive, dominance and epistatic gene effects were involved in the 

expression of yield and its component. The present work aims to estimate 

the genetic parameters: heterosis, genetic variance, type of gene action, 

heritability and the predicted genetic gain from selection for grain yield and 

its components as well as resistance to yellow and leaf rusts for four crosses 

of wheat. These genetic parameters would be used in the approval of 

efficient breeding strategies in wheat breeding to develop high yielding 

wheat genotypes resistant to rusts.   

MATERIALS AND METHODS 

The present work was carried out at the newly reclaimed land 

research experimental farm of Nubaria Agricultural Research Station, 

(ARC), and Egypt during the three successive seasons from 2014/2015 to 

2016/2017. The plant materials of this study were five parental cultivars of 

bread wheat and the in crosses, namely cross #1 (Sakha 93 × Giza 171); 

cross #2 (Shandaweel1 × Giza 171); cross #3 (Shandaweel 1 × Gemmeiza 

11) and cross #4 (Shandaweel 1 × Gemmeiza 12). Names and pedigree of 

parental cultivas are given in Table (1). 

Table 1. Names and pedigree of the five bread wheat cultivars. 

No. Cultivars Pedigree and selection history  

1 Sakha 93 Sakha 92/TR 810328.  S 8871-1S-2S-1S-0S 

2 Shandaweel 1 
SITE//MO/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC. 

CMSS93B00567S-72Y-010M-010Y-010M-3Y-0THY-0SH. 

3 Gemmeiza 11 
B0W"S"/KVZ"S"//7C/SERI82/3/GIZA168/SAKHA61. 

CGM7892-2GM—1GM-2GM-1GM0GM 

4 Gemmeiza 12 
OTUS/3/SARA/THB//VEE. CCMSS97Y00227S-5Y-010M-010Y-

010M-2Y-1M-0Y-0GM 

5 Giza 171 Sakha 93 / Gemmeiza 9. GZ2003-101-1GZ- 4GZ-1GZ-2GZ-0GZ 

In the first season 2014/2015 the parental cultivars were crossed to 

obtain F1 seeds. In 2015/2016 season the hybrid seeds of the four crosses 

were sown to give F1 plants, after that, these plants were selfed to produce 

F2, while some of the F1 plants of each cross were backcrossed to each of 

the two parents to give the backcrosses (BC1 and BC2). In 2016/2017 season 

the six populations P1, P2, F1, F2, BC1 and BC2 of the four crosses were 
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sown in a randomized complete block design with three replications to 

represent the final experiment. Each plot consisted of two rows for two 

parents, one row for F1, three rows for each of the two backcrosses and 8 

rows for the F2 population. Length the row was 3 m, 30 cm apart and 15 cm 

between seeds within a row. The recommended cultural practices were 

applied during the growing season. Data were recorded on 30, 30, 180 and 

60 plants taken at random for both parents, F1, F2 and backcrosses of each 

cross, respectively. The characters studied were number of spikes per plant, 

number of kernels per spike, 100-kernel weight, kernels weight per spike, 

grain yield per plant and response to  yellow and leaf rust diseases which 

was estimated as infection severity multiplied by assigned constant values 

ranging from 0, 0.2, 0.4, 0.6, 0.8 and 1 according to Stakman et al (1962).   

Statistical and genetic analysis 

Heterosis was determined as the percentage of the deviation of F1 

hybrid over mid and better parent values. Inbreeding depression was 

calculated as the difference between the F1 and F2 means expressed as a 

percentage of the F1 mean. Average degree of dominance were estimated 

according to Mather and Jinks (1982).    

The population means and the variances were used to calculate 

scaling test as outlined by Mather (1949) and Hayman and Mather (1955) to 

estimate the presence of non-allelic interactions. The six populations means 

in each cross were used to calculate  the six parameters of gene effects, 

according to Gamble  (1962).The standard error of additive (a), dominance 

(d), additive x additive (aa), additive x dominance (ad) and dominance x 

dominance (dd) were obtained by calculating the square root of their 

respective variance. T–test values were calculated by dividing the effects of 

a, d, aa, ad and dd on their respective standard errors. 

Heritability estimates were computed in both broad (h2
b) and narrow 

senses (h2
n) for F2 generation according to Allard (1960) and Mather 

(1949).  The expected genetic advance under selection (Δg) was computed 

according to Johnson et al (1955). Also, this expected gain was expressed as 

a percentage of F2 mean (Δg%) according to Miller et al (1958) and 

genotypic variance and environmental variance according to Falconer 

(1989). 

RESULTS AND DISCUSSION 

Mean performance 

Mean and variance of the studied characters in the four crosses for 

the six populations P1, P2, F1, F2, BC1 and BC2 are presented in Table (2).  
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Table 2. Mean (X) and variance (S2) of the P1, P2, F1, F2, BC1 and BC2 

populations of four wheat crosses for characters. 

Characters Crosses 
Statistical 

P1 P2 F1 F2 BC1 BC2 
Parameter 

No. of 

spikes/ 

plant 

#1 X¯ 12.40 15.20 16.10 13.69 15.95 13.30 

 S2 9.60 7.50 12.49 18.99 13.60 16.69 

#2 X¯ 15.80 14.40 15.00 18.98 14.22 14.41 

 S2 4.84 9.02 08.91 18.98 13.29 14.41 

#3 X¯ 16.31 16.67 14.93 14.54 16.85 18.42 

 S2 19.81 13.10 09.92 32.06 28.44 27.11 

#4 X¯ 14.83 14.51 18.63 13.78 13.26 13.97 

 S2 5.24 4.81 06.65 27.43 13.93 23.64 

No. of 

kernels/ 

spike 

#1 X¯ 81.70 79.50 89.67 77.77 69.10 76.78 

 S2 34.24 38.29 41.47 176.60 89.36 187.00 

#2 X¯ 83.20 84.40 87.80 75.00 68.55 76.95 

 S2 46.70 17.77 22.70 146.75 89.33 90.58 

#3 X¯ 87.94 82.42 86.45 80.62 78.00 78.12 

 S2 68.87 86.95 75.47 193.00 121.80 149.11 

#4 X¯ 76.40 72.40 80.78 85.62 83.00 77.63 

 S2 63.70 96.80 88.49 335.40 275.00 188.20 

100-kernel 

weight 

(g) 

#1 

 

X¯ 3.76 4.18 4.26 4.00 3.59 3.99 

S2 0.52 0.55 0.65 1.20 0.98 0.85 

#2 

 

X¯ 4.55 4.82 4.19 4.42 4.07 4.30 

S2 0.72 0.54 0.38 1.19 1.11 0.94 

#3 

 

X¯ 4.59 4.04 3.90 4.00 4.11 4.00 

S2 0.17 0.98 0.43 1.00 0.96 0.78 

#4 
X¯ 4.09 4.89 4.25 3.76 4.03 4.25 

S2 0.35 0.37 0.60 0.60 0.42 0.63 

Kernels 

weight/spike 

(g) 

#1 X¯ 3.27 3.80 3.67 3.56 2.69 3.19 

 S2 0.64 0.83 0.66 1.23 1.10 1.23 

#2 X¯ 3.66 4.00 3.53 3.66 2.93 3.40 

 S2 0.65 0.90 1.10 1.56 1.20 1.56 

#3 X¯ 4.48 3.43 3.00 3.62 3.63 3.74 

 S2 0.72 1.33 1.32 1.75 1.58 1.75 

#4 X¯ 3.02 3.27 3.30 3.31 3.84 3.59 

 S2 0.70 0.79 1.31 1.25 1.253 1.25 

Grain  

yield/ 

plant 

(g) 

#1 X¯ 26.44 34.43 34.11 32.34 30.30 31.14 

 S2 58.47 37.10 51.55 118.55 84.72 98.10 

#2 X¯ 32.40 34.83 35.87 36.10 29.03 33.80 

 S2 37.00 20.56 23.11 178.00 99.15 108.50 

#3 X¯ 33.30 30.53 36.21 34.27 36.64 39.63 

 S2 43.00 43.70 126.97 306.94 276.27 244.99 

#4 X¯ 32.54 37.96 37.04 31.00 28.04 38.31 

 S2 37.46 34.64 55.41 323.40 150.00 273.00 
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Table 2. contd.  

Characters Crosses 
Statistical 

parameter 
P1 P2 F1 F2 BC1 BC2 

Resistance  

to yellow 

rust disease 

#1 X¯ 3.42 5.44 4.60 4.24 4.49 6.75 

 S2 0.34 0.56 0.48 3.65 1.82 2.56 

#2 X¯ 1.86 5.48 2.26 4.63 5.86 6.81 

 S2 0.01 0.01 0.34 6.91 4.45 3.88 

#3 X¯ 1.00 7.75 7.87 4.51 5.02 5.09 

 S2 0.01 0.01 0.08 5.51 5.00 3.81 

#4 X¯ 1.49 0.63 1.77 5.0 4.00 1.39 

 S2 0.45 0.01 0.10 5.5 3.59 2.30 

Resistance  

to leaf rust 

disease 

#1 X¯ 4.52 1.00 1.00 1.70 3.02 0.96 

 S2 0.01 0.01 0.01 4.98 5.48 0.40 

#2 X¯ 0.08 1.00 0.57 2.00 0.81 0.45 

 S2 0.01 0.01 0.24 1.00 0.70 0.37 

#3 X¯ 0.10 0.10 0.46 1.00 0.81 0.49 

 S2 0.01 0.01 0.24 0.86 0.58 0.74 

#4 X¯ 0.10 0.79 1.00 1.70 0.45 0.50 

 S2 0.01 0.02 0.01 0.62 0.38 0.29 

The F1 mean values exceeded the mid values of the two parental 

means for most of the studied characters in the four crosses. The F2 

population mean values were intermediate between the two parents and less 

than F1 mean  values for most of yield and its components, indicating the 

importance of non-additive components of genetic variance for the studied 

characters; such results as in harmony with these Darwish et al (2018). 

While, the two backcrosses (BC1 and BC2) mean performance values varied 

in each trait towards the mean of its recurrent parent. Similar results were 

obtained by Abd El-Rahman and Hammad (2009). 

Heterosis, inbreeding depression and potence ratio 

Heterosis was determined as the percentage deviation of F1 mean 

performance from the better and mid parents for all charcters. In this 

concern, percentages of heterosis over better and mid parent values are 

presented in Table (3).  
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Table 3. Heterosis, inbreeding depression and potence ratio in four 

crosses for all characters. 

Characters Crosses 
Heterosis% Inbreeding 

depression% 

Potence ratio% 

H/D MP BP 

No. of 

spikes/ 

plant 

#1 16.67** 5.92** 14.97** 0.43 

#2 -0.66 -5.06 4.67** 0.33 

#3 -9.43 -10.40 2.65** 1.04 

#4 28.57** 25.62** 26.00** 0.51 

No. of 

kernels/ 

spike 

#1 11.25** 9.74* 13.27** 0.90 

#2 4.77 1.58 14.58** 0.91 

#3 1.49 -1.69 7.16* 0.08 

#4 8.58** 5.73 5.99* 0.46 

100-kernel 

weight 

(g) 

#1 7.35** 1.94** 6.10** 0.31 

#2 -10.52 -12.98 5.49** 0.98 

#3 -38.57 -45.67 11.65** 0.91 

#4 -5.35 13.09 11.55** 0.28 

Kernels weight 

/spike 

(g) 

#1 3.82** -3.42 3.00** 1.39 

#2 -7.94 --11.85 3.80** 0.30 

#3 -24.15 -33.00 20.67** 0.98 

#4 22.13** 17.46** 13.82** 1.72 

Grain yield/ 

plant 

(g) 

#1 4.33** -0.93 2.13* 0.53 

#2 6.71* 2.99 0.64 0.14 

#3 13.47** 8.75* 5.37 1.24 

#4 5.08 -2.42 17.32** 0.42 

Resistance to 

yellow rust 

disease 

 

#1 3.87** -15.36 7.83** 0.30 

#2 -38.56 -58.83 22.88** - 

#3 - -1.60** 42.69** 1.21 

#4 66.35** 18.46** 141.70** 0.20 

Resistance to 

leaf rust disease 

#1 -63.79 -77.86 70.00** 0.47 

#2 5.82** -42.70 - - 

#3 - 36.00** 49.57 0.96 

#4 124.97** 26.74** 29.0** 0.21 

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively. 



 

 

 

 

 

 

 

 

 

 

 

707 

Positive and significant or highly significant heterosis over mid and 

better parent values were obtained for number of spikes/plant in cross 1 and 

cross 4; number of kernels/spike and 100-kernele weight in cross 1, grain 

yield/plant in cross 3 and kernels weight/spike and resistance to the two 

rusts in cross 4. Also, heterosis relative to mid parent was highly significant 

for number of kernels/spike in cross 4, grain yield/plant in all crosses except 

for cross 4 and kernels weight/spike in the first cross might be due to the 

dominance and/or dominance x dominance effects. Similar results were 

obtained by Zaazaa et al (2012), Abd El-Rahman (2013) and Kumar et al 

(2017).  

Inbreeding depression recorded as reduction in performance of F2 

generation relative to F1 is shown in Table (3). Results showed highly 

significant and positive values for all traits in all studied crosses, except for 

grain yield/plant in cross 2 and cross 3 and leaf rust in cross 3. Potence ratio 

values were less than unity in most crosses for all characters, indicating 

partial dominance in these crosses. While, it was more than unity for 

number of spikes/plant, grain yield/plant and yellow rust resistance in cross 

3 and kernels weight/spike in cross 1 and 4. These results indicated the 

presence of over dominance, suggesting early selection might improve these 

characters in these crosses. Similar results were obtained by Sultan et al 

(2011) and El-Shaarawy (2012). 

Genetic effects for studied characters 

Types of gene action for the studied characters are presented in 

Table (4).The mean effects (m) were highly significant in the four crosses 

for all characters, except for number of spikes/plant and grain yield in cross 

3,  yellow and leaf rusts resistance in crosses 1 and 3. The additive gene 

effect (a) was quite small in magnitude relative to the dominance gene 

effects. Additive gene effect was positive and significant or highly 

significant for 100-kernel weight and kernel weight/spike in cross 3 and leaf 

rust resistance in cross1. These results indicated that selection could be 

effective for traits in early segregating generations. On the other hand, 

significant or highly significant and negative additive effects were obtained 

for; 100-kernel weight in cross 4, grain yield/plant in cross 1 and 4, yellow 

rust resistance in all crosses, except for cross 4 as well as for leaf rust 

resistance in cross 2 and 4, indicating that the additive effects were less 

important in the inheritance of these characters. Similar results were 

obtained by Abd El-Rahaman (2013). 
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Table 4. Type of gene action estimated by generation means in four 

crosses for all studied characters. 

Characters Crosses 
Gene action 

(m) (a) (d) (aa) (ad) (dd) 

No. of 

spikes/plant 

#1 10.06** -1.40 8.48 3.74 8.10** -2.44 

#2 16.10** 0.70 -6.10 -1.00 -0.72 5.00 

#3 4.46 -0.18 29.84** 12.03** -2.42 -19.37** 

#4 15.14** 0.34 -8.94 -0.65 -2.09 12.43** 

No. of 

kernels/Spike 

#1 99.93** 1.11 -78.37** -19.32** -17.57** 68.11** 

#2 92.80** -0.6 -66.20** -9.00 -15.60* 61.20** 

#3 93.98** 2.76 -47.35* -8.80 -5.76 39.82** 

#4 95.62** 2.00 -25.16 21.22* 6.74 10.32 

100-kernel 

weight 

(g) 

#1 04.81** -0.21 -2.69 -0.84 -0.38 2.14* 

#2 05.62** -0.13 -3.38 -0.94 -0.19 1.95 

#3 04.09** 0.28* -0.18 0.22 -0.33 -0.01 

#4 02.97** -0.40** 1.87 1.52** 0.36 -0.60 

Kernel 

weight/spike 

(g) 

#1 06.02** -0.27 -7.48** -2.48** -0.47 5.13** 

#2 05.81** -0.17 -6.32** -1.98** -0.60 4.03** 

#3 03.70** 0.53** 0.39 0.26 -1.27 -1.09 

#4 02.40** -0.13 2.21 0.75 -0.10 -0.76 

Grain  

yield/plant 

(g) 

#1 36.92** -4.00* -15.50 -6.48 6.31 12.69 

#2 52.36** -1.22 -48.54* -18.74* -7.11 32.05* 

#3 16.45 1.39 51.53 15.47 -8.75 -31.76 

#4 24.82** -2.71* 11.00 10.43 -14.88 1.22 

Resistance to 

yellow rust 

disease 

#1 -01.08 -1.01** 15.60** 5.51** -2.51* -9.92** 

#2 -14.71** -1.81** 48.84** 18.38** 1.71 -31.87** 

#3 02.18 -3.37** 3.62 2.19 6.6** 2.07 

#4 07.35** 0.43 -6.74 -6.28** 4.36** 1.16 

Resistance  

to leaf rust 

disease 

#1 01.60 1.76** 1.01 1.16 0.61 -1.61 

#2 16.53** -0.46** -31.67** -15.99** 1.65* 15.71** 

#3 00.25 0.00 1.55 -0.15 0.64 -1.34 

#4 03.70** -0.34** -6.94** -3.25** 0.59 4.24** 

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively. 

The dominance gene (d) effects are presented (Table 4). They were 

significant or highly significant and positive for number of spikes/plant in 

cross 3 and yellow rust resistance in cross 1 and cross 2, indicating the 

importance of the role of the dominance gene effects in the inheritance of 

these characters and the selection could be effective in late segregating 

generations. Meanwhile, significant or highly significant and negative 

dominance effects were obtained for number of kernels/spike in crosses 1, 2 
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and 3, kernels weight /spike in cross 1 and 2, grain yield/plant in crosses 2 

and leaf rust resistance in crosses 2 and 3. These results are in harmony with 

those obtained by Abd El-Rahaman and Hammad (2009) and Khattab et al 

(2010). 

Additive × additive (aa) type of gene action (Table 4) was 

significant to highly significant and positive for number of spikes/plants in 

cross 3, number of kernels/spike in the cross 4, 100-kernel weight in cross 4 

and yellow rust resistance in the crosses 1 and 2. So, early generation 

selection for these traits might be effective for wheat breeding program. On 

the other hand, significant or highly significant and negative additive × 

additive (aa) type of gene effects were detected for number of kernels/spike 

in cross 1, kernels weight /spike in crosses 1 and 2, grain yield/spike in 

cross 2, yellow rust resistance in cross 4 and leaf rust resistance in crosses 1 

and 4. Similar results were obtained by koumber and El-Gammal (2012) 

and Darwish et al (2018).   

Additive × dominance (ad) types of epistasis were positive and 

significant or highly significant for number of spikes/plant in the cross 4, 

yellow rust resistance in crosses 3 and 4 also and were positive and 

significant for leaf rust resistance in cross 2. Meanwhile, the other crosses 

showed negative significant or highly significant and insignificant values. 

The dominance × dominance (dd) epistasis gene effect were positive and 

significant or highly significant for number of spikes/plant in cross 4, 

number of kernels/spike in all crosses, except for cross 4, 100-kernel weight 

in cross 1, kernels weight/spike in crosses 1 and 2, grain yield/plant in cross 

2 and leaf rust resistance in crosses 2 and 4. While, the other crosses 

showed negative and highly significant or insignificant values. These results 

indicated the importance of dominance x dominance gene action in the 

genetic system which control these characters. Similar results were reported 

by Tonk et al (2011), Zaazaa et al (2012) and Darwish et al (2018).  

Phenotypic and genotypic coefficient of variation 

Data of phenotypic coefficient of variation (PCV) and genotypic 

coefficient of variation (GCV) for studied traits in the four crosses are 

presented in Table (5). The results indicated that PCV values were larger 

than GCV for all characters in all crosses. These results indicated that the 

environment had an important role in the expression of these characters. 

These results are in harmony with those obtained by Kotal et al (2010) and 

Darwish et al (2018). 
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Table 5. Heritability percentage in broad (h2b) and narrow (h2n) senses 

and expected genetic advance from selection (Δg) in four 

crosses for all the studied characters. 

Characters 

 

 

Crosses 

 

GCV 

 

PCV 

Heritability percentage Expected genetic advance 

H2(b) H2(n) Δg Δg % 

No. Of 

spikes/ 

plant 

#1 18.99 9.13 48.06 40.49 3.630 26.55 

#2 18.98 11.39 60.01 54.06 4.850 33.93 

#3 32.06 17.78 55.47 26.75 3.120 21.46 

#4 27.43 21.86 79.71 63.04 6.800 49.35 

No. Of 

kernels/ 

spike 

#1 176.60 138.60 78.48 43.51 11.910 15.32 

#2 146.75 117.69 80.20 77.40 19.310 25.75 

#3 193.00 115.90 60.05 59.63 17.060 21.26 

#4 335.40 252.90 75.25 61.90 23.350 27.27 

100-kernel 

weight 

(g) 

#1 1.20 0.62 51.94 47.50 1.070 26.80 

#2 1.19 0.65 54.34 27.73 0.623 14.10 

#3 1.00 0.48 47.57 26.00 0.535 13.39 

#4 0.60 0.16 26.22 24.37 0.387 10.30 

Kernel weight 

/spike 

(g) 

#1 1.23 0.52 58.63 45.79 10.260 31.76 

#2 1.56 0.68 84.89 83.34 22.900 63.45 

#3 1.75 0.63 76.80 30.17 10.880 31.78 

#4 1.25 0.32 86.86 69.20 25.630 82.71 

Grain yield/ 

plant 

(g) 

#1 118.55 69.51 42.28 14.48 0.330 9.29 

#2 178.00 151.11 43.38 39.74 1.022 27.94 

#3 306.94 235.71 35.81 18.29 0.418 13.77 

#4 323.40 280.90 25.36 6.40 0.147 4.45 

Resistance to 

yellow rust 

disease 

 

#1 3.65 3.19 87.34 80.11 3.150 74.36 

#2 1.00 0.88 98.26 79.41 1.630 75.43 

#3 5.51 5.48 99.10 40.61 1.940 43.06 

#4 5.50 5.31 96.50 92.89 4.480 89.74 

Resistance to 

leaf rust 

disease 

 

 

#1 4.98 4.97 99.20 50.84 2.330 86.57 

#2 6.91 6.82 98.26 93.70 3.530 76.42 

#3 0.86 0.78 89.84 46.70 0.893 89.3 

#4 0.62 0.61 97.82 87.10 1.410 83.1 

Heritability and expected genetic advance from selection 

Heritability in both broad and narrow sense and expected genetic 

advance from selection for studied characters are presented in Table (5).  

Heritability estimates in broad sense were relatively high for all 

studied characters in all crosses. Except for 100-kernel weight and weight 
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kernels/spike in cross 4, but they were medium according to Ali (2017). 

While, heritability estimates in narrow sense were low to high for all studied 

characters in all crosses, ranging from 6.4% in cross 4 for kernels 

weight/spike to 93.7 % in cross 2 for leaf rust resistance, indicating that 

these traits were affected by additive and non-additive effects. Similar 

results were obtained by Menshawy and Najeeb (2004), Khattab et al 

(2010) and Farshadfar et al (2013). 

The expected genetic advance as percent of F2 ranged from 4.45% 

for kernels weight/spike in cross 4 to 89.74% for yellow rust resistance in 

cross 4. The highest values of narrow sense heritability were associated with 

highest genetic advance for most of the studied characters in most crosses 

indicating sufficient improvement of different traits. So it is possible to 

practicing selection in early segregating generations for these traits. 

Generally, the results indicated that cross # 4 could be used for selecting 

plants with high grain yield and resistance to yellow and leaf rusts. 
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