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ABSTRACT 

              The Comstock and Robinson design was used in this experiment, employing 

a line × tester mating system. The study involved four male wheat genotypes—Sham 

6, Jad, Barcelona, and Adana—and three female genotypes: Abu Ghraib, Aras, and 

Aba 99. A total of 12 hybrids were produced and evaluated in both F₁ and F₂ 

generations using a Complete Randomized Block Design (CRBD) with three 

replications. Among the parents, Aras outperformed the others in most of the studied 

traits, with respective values of 90.21, 5.1, 235.29, 11.19, 42.83, 66.58, 332.50, and 

20.10. The hybrids exhibited significant variation in the evaluated traits. The highest 

phenotypic variance was observed for grain yield per plant in both generations, 

reaching 30.30 in F₁ and 23.42 in F₂. Heritability for the number of effective tillers 

was high in the F₁ generation, reaching 0.76. Most hybrids showed statistically 

significant differences across the majority of traits studied. However, inbreeding 

depression was pronounced in hybrid (4×7) for the number of effective tillers (3.075), 

and in hybrid (1×5) for grain yield per plant, with corresponding harvest index values 

of 49.027 and 9.635. Additionally, hybrid (2×5) recorded a harvest index of 5.62. 

This study provides valuable insights for breeding programs and can aid in the 

development of improved wheat cultivars. 
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التحليل الوراثي لسبعة تراكيب وراثية من الحنطة وهجنها باستخدام تصميم  
 التزاوج السلالة × الكشاف 

 ³، ونقيب الله كاكار²، تشاثوريكا ويجيواردانا¹محمد إبراهيم محمد
 .قسم النباتات الطبية والصناعية، كلية النباتات الطبية والصناعية، جامعة كركوك، العراق ¹

 .، الولايات المتحدة الأمريكية14850قسم أمراض النبات وبيولوجيا الميكروبات النباتية، جامعة كورنيل، إيثاكا، نيويورك  ²

 .، الولايات المتحدة الأمريكية66506قسم المحاصيل الحقلية، جامعة ولاية كانساس، مانهاتن، كانساس  ³

 
 الخلاصة  

 × Line) بالاعتماد على نظام التزاوج السلالة × الكشاّف Comstock and Robinsonاستخُدم في هذه التجربة تصميم  

Tester). شملت الدراسة أربعة تراكيب وراثية أبوية مذكرة من الحنطة، هي: Sham 6 وJad وBarcelona وAdana ،
هجيناً وتقييمها في  12وقد تم إنتاج ما مجموعه   .Aba 99و Arasو Abu Ghraib :وثلاثة تراكيب وراثية أبوية مؤنثة، هي

على   Arasتفوق التركيب الوراثي .باستخدام تصميم القطاعات العشوائية الكاملة بثلاثة مكررات F₂و F₁الجيلين الأول والثاني 
، 66.58،  42.83،  11.19،  235.29،  5.1،  90.21 :بقية الآباء في معظم الصفات المدروسة، إذ سجل القيم الآتية على التوالي

كما أظهرت الهجن تبايناً معنوياً في الصفات المقيمة. وسجُل أعلى تباين مظهري لصفة حاصل الحبوب   .20.10، و332.50
كانت درجة التوريث لصفة عدد .  .F₂في الجيل الثاني   23.42و F₁في الجيل الأول   30.30للنبات في كلا الجيلين، إذ بلغ  

وأظهرت معظم الهجن فروقاً معنوية إحصائياً في أغلب الصفات  .0.76، إذ بلغت  F₁الأشطاء الفعالة مرتفعة في الجيل الأول  
، وفي 3.075لصفة عدد الأشطاء الفعالة، إذ بلغ   (7×4)المدروسة. ومع ذلك، كان انخفاض التربية الداخلية واضحاً في الهجين  

كما سجل الهجين   .9.635و 49.027لصفة حاصل الحبوب للنبات، في حين بلغت قيمتا دليل الحصاد المقابلتان  (5×1)الهجين 
توفر هذه الدراسة معلومات قيمة يمكن الإفادة منها في برامج تربية الحنطة، كما يمكن أن تسهم   .5.62دليلاً للحصاد بلغ   (5×2)

 .في استنباط أصناف محسنة ذات صفات إنتاجية ووراثية مرغوبة

 ..(Triticum aestivum) الأداء، الفعل الجيني، قوة الهجين، انخفاض التربية الداخلية، الحنطة الخبزية الكلمات المفتاحية:

 

INTRODUCTION  
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Table (2) Mean values of parents (males and females) for the studied traits 

Traits Sham 6  Jad Barcelona Adana 
Abu 

Ghraib  
Aras  Abaa 99 

Plant height (cm) 85.55a 80.39a 81.97a 83.27a 65.11b 90.21a 84.83a 

Active tillers (tiller plant-1) 5.15a 4.10b 5.65a 3.41b 3.73b 5.11a 4.05b 

Flag leaf area (cm2) 197.04ab 199.42ab 184.75ab 195.80ab 157.56b 235.29a 195.99ab 

Spike length (cm) 10.01ab 10.05ab 9.70ab 9.33ab 8.38b 11.19a 10.47ab 
Weight 100 seed (g) 34.75bc 34.36bc 27.23c 36.41ab 30.53bc 42.83a 32.10bc 

Yield (g plant-1) 35.01b 32.39b 35.09b 32.92b 35.80b 66.58a 26.42b 

Biology yield (g plant-1) 186.00b 175.16b 233.50ab 192.33b 210.00b 332.50a 233.50ab 

Harvest index (%) 18.27a 18.73a 14.98ab 16.87a 17.06a 20.10a 11.51b 
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For 

the weight of 100 grains the hybrid (1×7) was superior with an average of 43.35, unlike the hybrid 

(2×5) with an average of 36.93 in the first generation, and the hybrid (4×6) with an average of 43.60, 

unlike the hybrid (4×7) with an average of 33.20 in the second generation, in grain yield, the hybrid 

(1×5) was superior to an average of 107.48, while the hybrid (3×6) was superior to an average of 

35.04 in the first generation, while the hybrid (4×6) was superior to an average of 88.01, while the 

hybrid (4×7) was superior to an average of 43.83 in the second generation, the biological yield was 

superior to the hybrid (1×5) with an average of 384.83, unlike the hybrid (3×6) with an average of 

210.83 in the first generation, and the hybrid (2×6) with an average of 408.33, unlike the hybrid (4×7) 

with an average of 256.66 in the second generation, as the harvest index, the hybrid (1×5) was 

superior with an average of 28.04, unlike the hybrid (3×6) with an average of 16.49 in the first 

generation, and the hybrid (3×5) with an average of 22.93, unlike the hybrid (3×6) with an average 

of 16.20 in the second generation. 

Table (3) Mean values of hybrids for the studied traits 

Hybrids 
Plant height (cm) Active tillers  Flag leaf area  Spike length 

F1 F2 F1 F2 F1 F2 F1 F2 

1×5 91.56a 85.07 6.42de 9.07c 219.79bc 258.57ab 11.16ab 12.13a 

1×6 86.91de 89.58bcd 7.23cd 9.12bc 221.83b 282.47a 10.15b 12.18a 

1×7 88.39cd 92.20ab 6.22e 7.72d 220.58bc 223.15bc 10.53b 12.00a 

2×5 89.55bc 93.58a 6.35de 8.90c 198.10cd 263.07ab 10.10b 11.81a 

2×6 88.44cd 87.92cde 7.05de 9.62b 229.39b 254.24ab 10.33b 11.05b 

2×7 90.58ab 91.39abc 7.87bc 8.95c 210.85bc 240.57abc 10.48b 12.00a 

3×5 82.05fg 89.71bcd 8.32b 8.22d 216.41bc 203.14c 11.16ab 11.03b 

3×6 81.24g 90.56abc 7.92bc 7.70d 207.29bc 208.21c 10.91ab 10.83bc 

3×7 82.56fg 85.37e 7.91bc 8.27d 179.29d 208.95c 10.51b 10.05d 

4×5 83.43f 86.62de 8.49b 7.85d 221.48bc 205.31c 10.96ab 10.40cd 

4×6 92.28a 86.39de 9.42a 10.35a 255.39a 235.19bc 11.89a 11.95a 

4×7 85.92e 80.77e 9.32 a 6.25e 216.90bc 236.94bc 11.94a 10.66bc 

Hybrids 
Weight 100 seed Yield Biology yield Harvest index 

F1 F2 F1 F2 F1 F2 F1 F2 

1×5 39.33abc 40.18ab 107.48a 58.45abc 384.83a 317.66ab 28.04a 18.41ab 

1×6 41.36ab 41.45a 58.70bcd 76.55ab 281.16abc 381.00ab 20.99b-e 20.29ab 

1×7 43.35a 42.63a 67.53bc 68.91abc 292.16abc 303.33ab 23.15a-d 22.87a 

2×5 36.93bc 41.61a 60.90bcd 76.75ab 233.66bc 392.16a 25.24ab 19.48ab 

2×6 37.96abc 40.85a 48.41cd 77.10ab 248.33bc 408.33a 19.37cde 19.13ab 

2×7 41.56ab 43.43a 58.59bcd 82.98ab 264.00bc 382.50ab 22.01bcd 21.77ab 

3×5 37.95abc 37.40ab 53.53cd 76.89abc 259.33bc 328.16ab 20.76b-d 22.93a 

3×6 34.63c 38.21ab 35.04d 53.17abc 210.83c 328.00ab 16.49e 16.20b 

3×7 39.45abc 37.61ab 46.14cd 63.42abc 245.83bc 357.66ab 18.91de 17.87ab 

4×5 37.38abc 38.20ab 56.68cd 63.85abc 245.33bc 309.00ab 23.13a-d 20.96ab 

4×6 39.26abc 43.60a 87.10ab 88.01a 355.83ab 391.50a 24.49abc 22.51a 
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4×7 37.18bc 33.20b 47.52cd 43.83c 269.16bc 256.667b 17.66de 16.75b 

Table (4) shows the variance estimates for the general combining ability s2g.c.a, the specific 

combining ability s2s.c.a, the variance of the additive genetic s2A, the dominance s2D, the genetic 

s2G, the phenotypic s2P, and the environmental s2e for all the studied traits and the coefficient of 

variation for all the genetic parameters above, The values of the dominant genetic variation with the 

values of the additive genetic variation found that the dominance variation was greater in plant height, 

flag leaf area, spike length, grain yield, biological yield, and harvest index, as it reached 20.59, 

378.51, 0.20, 264.88, 1189.43, and 7.47, respectively, per first generation, the number of actives 

tillers, flag leaf area, and grain yield, which reached 1.40, 413.15, and 90.23, respectively, in the 

second generation, is evidence of its importance in the inheritance of these traits while the additive 

genetic variation is greater in the dominance of these traits, in contrast to the number of actives tillers 

and the weight of 100 grains, which reached 14.99,in first generation, plant height, spike length, and 

harvest index were 2.58, reaching 14.99, 0.67, and 8.91, respectively, in the second generation. When 

comparing the genetic variance values with the environmental variance values, the genetic variance 

values were higher than the environmental variance value only in the number of active tillers, grain 

yield, and harvest index in the first generation, the number of active tillers, and spike length in the 

second generation. As for the rest of the traits, the environmental variance was greater than the genetic 

variance for the first and second generations. The explanation is that these characteristics are affected 

by the environment. It was observed that the highest coefficient of variation was dominance from an 

additive coefficient of variation in plant height, flag leaf area, spike length, grain yield, biological 

yield, and harvest index in the first generation, while plant height, number of active tillers, flag leaf 

area, weight 100 grains, grain yield, and biological yield in the second generation, while the opposite 

is the additional coefficient of variation was greater than the dominance coefficient of variation in 

the number of active tillers, weight of 100 grains in the first generation, spike length, and harvest 

index in the second generation.  

When comparing the coefficients of genetic variation with the environmental coefficient of 

variation, it was found that the coefficient of genetic variation was greater in the number of active 

tillers, grain yield, and harvest index in the first generation, the number of active tillers, and the spike 

length in the second generation. The opposite was true for the flag leaf area, the spike length, and 100 

weight grains in the first generation, plant height, and flag leaf area, 100 weight grains, grain yield, 

biological yield, and harvest guide in the second generation. From the above, we can selection for 

those traits that showed high genetic coefficients of variation, because it expresses the extent of 

dispersion in the trait, which was reflected in the phenotypic variation. The highest phenotypic 

coefficient of variation was in the number of active tillers, grain yield, and biological yield in the first 

generation, flag leaf area, grain yield, and harvest index in the first and second generation. The 

heritability in the broad sense was high in plant height, number of active tillers, grain yield, and 

harvest index in the first generation, and in plant height, number of active tillers, flag leaf area, spike 

length, and harvest index in the second generation, while it was between medium and low in the rest 

of the traits and for the first and second generations, and this may explain high degrees of broad 

heritability indicate a high value of genetic variation compared to phenotypic variation. As for 

heritability in the narrow sense, it was high in the number of active tillers in the first generation, plant 

height, and spike length in the second generation, while the rest of the traits were low for the first and 

second generations, those traits in which the heritability in the narrow sense was low for some traits 

are that most of the genetic influences on them were of the type, not additive, but those that were 

high, this means that there were additive effects of the genetic action in them . As for the average 

degree of dominance, it was greater than one for spike length, grain yield, biological yield, and 

harvest index in the first generation, flag leaf area, and weight of 100 grains in the second generation, 

and it was less than one for the rest of the traits and for the first and second generations, this indicates 

that the genes are under superior dominance, if it is less than one, this indicates that the genes are 
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under partial dominance. The expected genetic advance as a percentage was moderate in the number 

of active tillers, and biological yield in the first generation, and was low in the rest of the traits and 

for the first and second generation. 

Table (4) Values of some genetic parameters for the traits studied 

Parameter 
Plant height Active tiller Flag leaf area Spike length 

F1 F2 F1 F2 F1 F2 F1 F2 

s2g.c.a -3.54 3.74 0.70 -0.20 -72.21 78.90 0.05 0.16 

g.c.a CV - 9.43 10.85 - - 3.77 2.06 3.52 

s2s.c.a= s2D 20.59 7.02 0.19 1.40 378.51 413.15 0.20 0.33 

D CV 5.22 12.92 5.65 13.92 8.98 8.64 4.12 5.06 

s2A -7.07 14.99 1.40 -0.82 -144.42 315.62 0.11 0.67 

A CV - 4.38 15.34 - - 7.56 3.05 7.21 

s2G 13.52 22.01 1.59 0.58 234.09 728.77 0.31 1.00 

G CV 4.23 5.31 16.35 8.95 7.06 11.48 5.13 8.81 

s2E 27.23 29.60 0.23 0.17 502.59 880.81 0.68 0.66 

E CV 6.00 6.16 6.22 4.85 10.35 12.62 7.60 7.16 

s2P 40.75 51.61 1.82 0.75 736.68 1609.58 0.99 1.66 

P CV 7.34 8.13 17.49 10.18 12.54 17.07 9.17 11.36 

h2.b.s% 0.91 0.42 0.87 0.77 0.31 0.45 0.31 0.60 

h2.n.s% - 0.29 0.76 - - 0.19 0.11 0.40 

Á - 0.96 0.52 - - 1.61 1.90 0.99 

DG - 3.64 1.79 - - 13.3 0.19 0.90 

DG% - 4.12 23.21 - - 5.65 1.75 7.93 

Parameter 
Weight 100 seed Yield Biology yield Harvest index  

F1 F2 F1 F2 F1 F2 F1 F2 

s2g.c.a 1.29 0.06 30.65 -4.80 93.26 -620.78 1.15 2.22 

g.c.a CV 2.92 0.61 9.12 - 3.52 - 4.94 7.47 

s2s.c.a= s2D 0.22 4.21 264.88 90.23 1189.43 1715.75 7.47 -1.57 

D CV 1.20 5.14 26.83 13.73 12.57 11.96 12.60 - 

s2A 2.58 0.26 61.30 -19.23 186.53 -2483.14 2.31 8.91 

A CV 4.13 1.27 12.91 - 4.98 - 7.00 14.97 

s2G 2.8 4.47 326.18 71.00 1375.96 - 9.78 7.34 

G CV 4.30 5.30 29.78 12.18 13.52 - 14.41 13.59 

s2E 11.49 15.50 11.49 191.46 3366.86 3926.33 7.39 7.79 

E CV 8.72 9.87 5.58 20.00 21.16 18.09 12.53 14.00 

s2P 14.29 19.97 337.67 262.46 4742.82 - 17.17 15.13 

P CV 9.72 11.20 30.30 23.42 25.11  19.10 19.51 

h2.b.s% 0.19 0.22 0.96 0.27 0.29 - 0.56 0.48 

h2.n.s% 0.18 0.01 0.18 - 0.03 - 0.13 - 

Á 0.41 5.69 2.93 - 3.57 - 2.54 - 

DG 1.19 0.07 5.78 - 3.61 - 0.94 - 

DG% 
3.06 0.17 9.53 - 13.16 - 4.33 - 

       (-) Variance values are negative due to sampling error 

 

Table (5) shows the significance of the heterosis calculated based on the best parents in plant 

height, the heterosis was significant in the desired direction in the first generation for (1×5), (2Ĭ5), 

(2Ĭ6), (2Ĭ 7), (4×6) and (4×7) its values reached (1.84), (1.78), (2.25), (4.93), (5.56), and (1.21), 

respectively, as for the second generation, the hybrid superior (1×7), (2×5), (3×7), and (4Ĭ5), whose 

values reached (0.92), (3.43), (2.72), and (0.90), respectively. As for the number active of tillers, it 

was significantly superior in the first generation and the desired direction, the hybrids (1×5), (1×6), 

(3×5), (4×6), and (4×7) took values of (0.45), (0.52), (0.25), (0.35), and (0.38), respectively, while in 
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the second generation, the hybrids (1×6), (2×5), (2×6), (2×7), and (4Ĭ6), with values reaching (0.28), 

(1.088), (0.51), and (1.90), respectively. In the flag leaf area, the hybrids (1×5), (1×6), 2×6, (4×6), 

and (4×7) outperformed in the first generation, taking values of (11.66), (5.14), (20.35), (22.77) and 

(7.64), respectively, but in the second generation, the hybrids (1×6), (2×6), (4×6), and (4×7) took 

values of (17.85), (22.10), and (28.08) and (14.25) respectively. As for the spike length trait, the 

hybrids (1×5) and (4×7) excelled, taking values of (0.85) and (0.47) respectively in the first 

generation, and the hybrids (1×5), (2×7), (4×6) and (4×7) took values of (0.36), (0.58), (0.86) and 

(0.13) respectively. The hybrids (1×7), (2×7), and (4×7) excellent in weight of 1000 grains, and their 

values reached (1.78), (2.29), and (1.47), respectively, in the first generation, while in the second 

generation, the hybrids superior were (2×5), (2×7), and (4×6), with values reaching (2.33), (2.29), 

and (4.10), respectively. In grain yield, the hybrids (1×5), (2×7), and (4×6) were significantly superior 

in the first generation, taking values of (27.11), (12.34), and (18.98), respectively, and the hybrids 

(2×5) (2×6) and (4×6) in the second generation took values of (17.882), (7.40), and (14.46), 

respectively. The hybrids (1×5), (2×7), (4×6), and (4×7) excelled in the biological yield, with values 

reaching (68.08), (29.088), (48.55), and (26.44) in the first generation, the hybrids (2×5), (2×6), and 

(4×6) reached of (64.34), (31.69), and (68.12) in the second generation, respectively. 

As for the harvest index, the hybrids (1×5), (2×5), (2×7), (4×5), and (4×6) excelled, taking values of 

(3.26), (2.777), and (1.99). ) and (1.72) and (2.33) in the first generation, respectively, while the 

hybrid (2×5) was only in the second generation, as its value reached (1.67). 

 

Table (5) The heterosis values of the hybrids at the mid-parents for the studied traits 

Hybrids 
Plant height Active tiller Flag leaf area Spike length 

F1 F2 F1 F2 F1 F2 F1 F2 

1×5 16.23** 9.74** 1.98** 4.63** 42.49** 81.27** 1.97** 2.94** 

1×6 -0.97 1.69 2.10** 4.00** 5.66 66.31** -0.45 1.59** 

1×7 3.19** 7.00** 1.63** 3.13** 24.06* 26.64 0.29 1.76** 

2×5 16.80** 20.83** 2.43** 4.98** 19.61* 84.58** 0.89* 2.60** 

2×6 3.14** 2.62 2.45** 5.02** 12.03 36.89* -0.28 0.44 

2×7 7.97** 8.77** 3.80** 4.88** 13.15 42.86* 0.23 1.74** 

3×5 8.51** 16.17** 3.63** 3.53** 45.26** 31.98 2.12** 1.99** 

3×6 -4.85** 4.47** 2.55** 2.32** -2.73 -1.81 0.47 0.39 

3×7 -0.84 1.97 3.06** 3.43** -11.07 18.58 0.42 -0.04 

4×5 9.25** 12.44** 4.91** 4.28** 44.80** 28.63 2.11** 1.55** 

4×6 5.54** -0.35 5.17** 6.09** 39.84** 19.64 1.64** 1.69** 

4×7 1.86* -3.28* 5.59** 2.52** 21.01* 41.05* 2.04** 0.77** 

S. E 1.28 2.37 0.56 0.36 13.95 27.54 0.63 0.36 

Hybrids 
Weight 100 seed Yield Biology yield Harvest index 

F1 F2 F1 F2 F1 F2 F1 F2 

1×5 6.69** 7.54* 72.07** 23.05* 186.83** 119.67* 10.38** 0.74 

1×6 2.58 2.66 7.91 25.76* 21.92 121.75* 1.81 1.11 

1×7 9.93** 9.21** 36.81** 38.19** 82.42 93.58 8.26** 7.98** 

2×5 4.48 9.17** 26.80* 42.65** 41.08 199.58** 7.34** 1.58 

2×6 -0.63 2.25 -1.08 27.62* -5.50 154.50** -0.04 -0.28 

2×7 8.33** 10.20** 29.19* 53.58** 59.67 178.17** 6.89** 6.65** 

3×5 9.07** 8.52** 18.09 41.44** 37.58 106.42* 4.73* 6.91** 

3×6 -0.40 3.18 -15.79 2.34 -72.17 45.00 -1.05 -1.34 

3×7 9.78** 7.95** 15.39 32.66** 12.33 124.17* 5.67** 4.63* 

4×5 3.91 4.73 22.31 29.48* 44.17 107.83* 6.16** 3.99 

4×6 -0.36 3.97 37.35** 38.27** 93.42* 129.08* 6.00** 4.03 

4×7 2.93 -1.06 17.85 14.16 56.25 43.75 3.47 2.56 

S.E 3.59 4.51 18.25 17.67 68.72 75.16 3.27 3.32 

﷒  
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   Table (6) shows the value of the deterioration inbreeding coefficient in the second generation, for 

the plant height trait, which is superior to the hybrid (1×5) and (4×6), with significant values for 

inbreeding coefficient, which are (6.489*) and (5.890*), respectively, this is due to the general 

combining ability to the parents, which he inheritance to his hybrids, these results were consistent 

with the results of (Jaiswal et al, 2018), and some values were positive and negative, but did not reach 

the limits of significance. As for the number of active tillers, the hybrid (4×7) was significantly 

superior to the inbreeding coefficient value, which amounted to (3.075*), while the rest of the hybrids 

were non-significant, some positive and others negative. Due to the flag leaf area, no hybrids reached 

the significant limits, but some of them were positive and some were negative, they did not reach the 

significant limits for all hybrids, and this indicates that there was no genetic deterioration in the 

second generation, accompanied by a superiority of the hybrids in the second generation over what 

they were in the first generation, resulting from the additive genetic action, the segregation of the 

above trait did not occur, while the rest of the hybrids did not reach the limits of significance. The 

value of the hybrid (4×7) was found to be inbreeding coefficient, as it reached (1.273*) and the rest 

of the hybrids did not reach the significant limits for the trait of spike length, this indicates the fixation 

of the genes with additive action in this hybrid and their distinction in the second generation for the 

trait of spike length. For the weight of 100 grains, the inbreeding coefficient values were not 

significant for all hybrids, but some were positive and some were negative, they did not reach the 

level of significance for all hybrids, and this indicates that there was no genetic deterioration in the 

second generation, accompanied by a superiority of the hybrids in the second generation over what 

they were in the first generation, resulting from additive active inheritance. As for the grain yield, the 

hybrid (1x5) excelled with the highest significant inbreeding coefficient value, reaching (49.027*). 

The rest of the hybrids did not reach the significant limits, but some values were positive and some 

negative, the reason for the inbreeding coefficient of this hybrid in the second generation is due to 

the presence of non-additive genetic action, to control the inheritance of this trait, while the rest of 

the hybrids did not reach the level of significant deterioration, and these results were similar to the 

results of (Kumar et al, 2018). The biological yield was significantly superior to the hybrid (1x5) with 

the inbreeding value amounting to (67.167*) and the rest of the hybrids did not reach the significance, 

this means that there was no segregation of the trait in the third generation as a result of the influence 

of the additive genes that control this trait, while the rest of the hybrids caused a deterioration, 

negative and positive, but it did not reach significance. As harvest index, the hybrids (1×5) and (2×5) 

were superior with inbreeding values reaching (9.635**) and (5.762**), respectively. The rest of the 

hybrids did not get the significance, the reason for the deterioration of these two hybrids in the second 

generation is due to the presence of Non-additive genetic action controls the inheritance of this trait, 

while the rest of the hybrids did not reach the level of significance for deterioration, and these results 

were similar to the results of (Kumar et al, 2018). 

This is due to the fixation of genes with additive genetic action, which means that there is an 

additive genetic action that controls the trait, as happens in most traits with non-significant 

deterioration, inbreeding works to increase the genetic similarity of the genes, and thus the expression 

of bad phenotypic traits as a result of those genes increases, which makes selection more effective to 

exclude harmful genes from a population with inbreed lines by excluding weak progeny, and thus 

they can be selected and made into a new variety after being adopted in subsequent generations until 

they reach the stage of genetic stability. 
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Table (6) Genetic deterioration through breeding in the F2 generation 

Hybrids Plant height Active tiller Flag leaf area Spike length 

1 X 5 6.489* -2.650 -38.782 -0.963 

1 X 6 -2.667 -1.898 -60.645 -2.033 

1 X 7 -3.811 -1.500 -2.580 -1.467 

2 X 5 -4.033 -2.550 -64.973 -1.717 

2 X 6 0.522 -2.575 -24.855 -0.720 

2 X 7 -0.806 -1.075 -29.717 -1.513 

3 X 5 -7.659 0.100 13.277 0.133 

3 X 6 -9.325 0.225 -0.922 0.083 

3 X 7 -2.808 -0.365 -29.658 0.460 

4 X 5 -3.192 0.635 16.167 0.567 

4 X 6 5.890* -0.925 20.202 -0.053 

4 X 7 5.139 3.075** -20.038 1.273* 

S.E 1.52 0.71 17.42 0.519 

Hybrids Weight 100 seed grains yield g.plant-1 Biology yield Harvest index % 

1 X 5 -0.850 49.027** 67.167* 9.635** 

1 X 6 -0.083 -17.848 -99.833 0.697 

1 X 7 0.717 -1.378 -11.167 0.280 

2 X 5 -4.683 -15.848 -158.500 5.762** 

2 X 6 -2.883 -28.695 -160.000 0.238 

2 X 7 -1.867 -24.390 -118.500 0.243 

3 X 5 0.550 -23.350 -68.833 -2.175 

3 X 6 -3.583 -18.137 -117.167 0.291 

3 X 7 1.833 -17.278 -111.833 1.044 

4 X 5 -0.817 -7.170 -63.667 2.170 

4 X 6 -4.333 -0.912 -35.667 1.974 

4 X 7 3.983 3.693 12.500 0.913 

S.E 2.209 8.798 31.686 1.618 
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