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ABSTRACT 

This investigation was carried out to study heterosis, combining 

ability and genotypic and phenotypic correlation coefficients in a 

diallel mating among 6 wheat varieties. The varieties used in this 

study were Gemmeiza 9 (P1), Gemmeiza11 (P2), Gemmeiza12 (P3), 

Giza171 (P4), Sids 12 (P5), and Shandaweel 1 (P6). The studied traits 

in this work were number of spikes / plant, spike length, number of 

grains/spike, grain weight/spike, 100-grain weight, grain yield/plant, 

and harvest index %. 

The experiment was conducted at the Experimental Farm of 

Faculty of Agriculture Al-azhar University Cairo Egypt and El- 

Hamoul, Kafr El- Sheikh Governorate during 2016/2017 and 

2017/2018 growing seasons. 

The results revealed that the genotypes were highly significant in 

all studied traits. Positive and highly significant percentages of 

heterosis were with great interest in the most of traits during this 

study. The crosses (p1× p2) and (p2× p6) showed positive and 

significant heterosis for mid and better parent for most studied 

characters, while the crosses (p4× p6) and (p3× p6) were negative and 

significant for mid and better parent heterosis for most studied traits. 

The parents (Gemmeiza 9), (Gemmeiza 11) and (Giza171) were 

good general combiner for most yield and its component traits. The 

crosses (p2× p6) and (p3× p4) were positive and significant for specific 

combining ability effects for most studied traits while the crosses (p3× 

p5) and (p5× p6) recorded negative and significant values for specific 

combining ability effects for most studied traits. 
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Grain yield/plant exhibited significant and positive genotypic 

and phenotypic correlation with number of spikes / plant, 100-grain 

weight, and harvest index%. 

Keywords:combining ability, correlate, diallel analysis, 

heterosis,wheat. 

INTRODUCTION 

Wheat (Triticum aestivum L.) is one of the most important and 

strategic crops all over the world. In Egypt, wheat is the main cereal 

crop used as a stable food for urban and rural societies and the major 

source of straw for animal feeding. However, total wheat consumption 

has drastically increased due to over population growth by about 2.5% 

per year. Egypt imports about 45% of its wheat requirement. This 

reflects the size of the problem and the efforts needed to increase 

wheat production. Thus, increasing production per unit area appears to 

be one of the important factors for narrowing the gap between wheat 

production and consumption. In 2016, world production of wheat was 

749 million tonnes, making it the second most-produced cereal after 

maize. (FAO 2016).                                                                                                             

Wheat breeding programs played the major role in developing 

new high yielding varieties, early maturing, resistant to pest and 

diseases as well as tolerant to different environmental stress. In order 

to achieve such goals, choice of the best parents are very important to 

obtain the most desired genetic recombinants followed by effective 

selection in segregating generations until homozygesity is reached and 

desired genotypes are selected and assessed. 

The diallel analysis programs provide detailed genetically 

information about specific genotypes before including in breeding 

programs. Many researches indicated the importance of diallel 

technique to obtain genetically information about yield and yield 

component characters in wheat, in this respect Al-Kaddoussi (1996), 

Esmail (2002), and Sultan et al (2005).  

Knowledge of the degree of heterosis plays a decisive role 

towards the choice of breeding methodology.  Exploitation of 

heterosis is considered to be one of the outstanding achievements of 

plant breeding. In a self-pollinated crop like wheat, the scope for 

utilization of heterosis depends mainly upon its direction and 

magnitude. Estimation of heterosis over the better-parent 

https://en.wikipedia.org/wiki/Tonne
https://en.wikipedia.org/wiki/Cereal
https://en.wikipedia.org/wiki/Maize
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(heterobeltiosis) is useful in identifying truly heterotic cross 

combinations (Sindhu and Singh 1975).  

Combining ability analysis of Griffing (1956) is most widely 

used as biometrical tool for identifying parental lines in terms of their 

ability to combine in hybrid combination. With this method, the 

resulting total genetic variation is partitioned into the variance effects 

of general combining ability, as a measure of additive gene action and 

specific combining ability, as measure of non-additive gene action. 

Complete knowledge on interrelationship of plant character like 

grain yield with other characters are of paramount importance to the 

breeder for making improvement in complex quantitative character 

like grain yield for which direct selection is not much effective. 

Hence, association analysis was undertaken to determine the direction 

of selection and number of characters to be considered in improving 

grain yield. 

The main objectives of this work were to detect the magnitude of 

both general and specific combining ability (GCA and SCA), heterosis 

and genotypic and phenotypic correlation coefficients for yield and its 

component characters in 15 wheat crosses made among six bread 

wheat genotypes using one way diallel crosses. 

MATERIALS AND METHODS 

The present investigation was carried out at the Experimental 

Farm of Agronomy Department, Faculty of Agriculture, Al-Azhar 

University, Cairo. Egypt and  El- Hamoul, Kafr El- Sheikh 

Governorate Egypt during 2016/2017 and 2017/2018 growing seasons 

to estimate heterosis, combining ability, of some wheat genotypes 

(varieties) in respect to some quantitative traits. These traits were 

number of spikes / plant, spike length (cm), number of grains/spike, 

grain weight/spike (gm) 100-grain weight (gm), grain yield/plant 

(gm), and harvest index %. The six varieties in this study were 

Gemmeiza 9 (P1), Gemmeiza11 (P2), Gemmeiza12 (P3), Giza171 (P4), 

Sids 12 (P5), and Shandaweel 1 (P6). Pedigree of the six parental 

genotypes were presented in (Table 1). 
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Table 1: Parental wheat genotypes and its pedigree. 

 
These varieties represented a wide range of diversity in several 

of studied characters. In 2016/2017 season, the tested varieties were 

crossed in all possible combinations excluding reciprocals, to generate 

15 hybrids (F1 crosses) at the Experimental Farm of Agronomy 

Department, Faculty of Agriculture, Al-Azhar University, Cairo. In 

2017/2018 season F1 crosses and their parents were evaluated at El- 

Hamoul, Kafr El- Sheikh Governorate, Egypt in a randomized 

complete block design (RCBD) with three replications. Each entry 

was grown in one row 3 m. long and the plants were individually 

spaced 15 cm and 25 cm between rows. 

The recommended agronomic practices for wheat were applied. 

Data were recorded on 10 random guarded plants chosen from each F1   

crosses and parents in each replication. The data were statistically 

analyzed by using the ordinary analysis of variance to test the 

significant of differences among the twenty one genotypes under 

study. Snedecor and Cochran (1982). General and specific 

combining ability estimates were obtained by (Griffing, 1956) model 

1 method 2.  
Heterosis is expressed as percent (%) deviation from the mid and 

better parents estimated by (Turner, 1953). 

   Genotypic and phenotypic correlation coefficients among the 

characters under study were estimated according to the statistical 

techniques outlined by Kwon and Torrie (1964).  
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RESULTS AND DISCUSSION 

Analyses of variance  

Data in Table (2) shows that the mean square values among 

genotypes and the partitioning of genetic variance into general and 

specific combining ability were highly significant differences among 

entries for all studied traits indicating the wide diversity between the 

parental materials used in the present study. Similarly the results 

indicated that, there were highly significant estimates for general and 

specific combining ability effects indicating the relative importance of 

additive and non-additive genetic variances for all studied characters. 

Similar results obtained by El-Hossary et al (2000), Meana and 

Sastry (2003) and Awan et al (2005) reported that, the combining 

ability analysis indicated significant general and specific combining 

ability variances for all studied traits. The ratios of GCA/SCA were 

more than unity for spike length, grain weight/spike, grain yield/plant 

and harvest index indicating that additive gene effects were more 

important than dominance gene effects. These results are in agreement 

with those reported by Koumber et al (2006). 

Table 2: Mean squares of genotypes, general combining ability 

(GCA) and specific combining ability (SCA) and their ratios for 

all studies traits in wheat.  
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Mean performance : 

The mean performance of the six parental genotypes and their F1 

crosses are presented in Table (3). 

The parental variety P5 (Sids 12) gave the highest value for spike 

length While, P3 (Gemmeiza12) recorded the lowest value. The 

parental variety (Shandaweel 1) gave the highest value for number of 

spikes/plant spike length. However, the parent P5 (Sids 12) recorded 

the lowest value. For number of grains/spike the parental variety P5 

(Sids 12) gave the highest value while the P1 (Gemmeiza 9) gave the 

lowest value. The parental variety P5 (Sids 12) gave the highest value 

for grain weight/spike (gm) while the P2 (Gemmeiza 11) gave the 

lowest value. The P1 (Gemmeiza 9) variety record the highest value 

for the 100-grain weight, however the (Shandaweel 1) gave the lowest 

value. For grain yield cultivar d/plant, the parental cultivar (Giza 171) 

gave the highest value, while the cultivar (Sids 12) gave the lowest 

value. At last, for the harvest index trait (Giza 171) gave the highest 

value, while, the (Gemmeiza 12) gave the lowest value. Concerning F1 

crosses, the mean performances for spike length trait ranged from 

16.90 cm for the cross ( P2 × P5 ) to 13.85 cm for the cross  (P3 × P6 

).for the number of spikes/plant trait the cross( P1 × P3 ) recorded the 

highest value 13.59 while, the cross (P2 × P4 ) recorded the lowest 

value 7.16. For number of grains/spike values ranged from 94.41 for 

the cross ( P2 × P6 ) to 69.35 for the cross( P1 × P3 ) .  

The cross (P1× P5) recorded the highest mean value of 5.46 gm 

for100-grain weight while, the cross (P4× P6) showed the lowest mean 

value of 4.36 gm. For the grain yield/plant the crosses (P3×P4), (P2×P6) 

and (P1×P2) gave the highest mean values of 37.79,36.41 and 36.33 

gm ,respectively, while the crosses (P3 ×P6), (P5 ×P6) and (P2 ×P4) 

gave the lowest mean values of 22.28,22.72 and 23.57 gm 

,respectively. Regarding harvest index (%) the mean performances of 

F1 crosses ranged from 40.18 % for the cross     (P4× P5) to 33.31 % 

for the cross (P1× P3). 
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Table (3): Mean performances for all studied traits of the six 

parents and their 15 F1 crosses in wheat. 
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Heterosis : 

Table 4 Useful heterosis, expressed as the percentage deviations 

of the 15 F1 crosses mean performance from mid and better–parents 

for studied traits are presented in Table 4 and Table (4) cont. For the 

spike length percentage of mid and better parents heterosis showed 

highly significant positive values for four crosses ranged from 14.05 

and 11.70 for the cross P2 × P5 to 9.15 and 8.91 for the cross P1 × P6 

respectively while the cross P5 × P6 gave the highest significant 

negative values for the heterosis over mid and better parents. Qaisar 

et al (2005) obtained significant heterosis over mid and better parent 

in most studied crosses for spike length. For number of spikes/plant, 

six crosses showed highly significant positive heterosis over mid and 

better parents. The crosses (P1 × P3), (P4 × P5) and (P1 × P2) gave the 

highest significant positive values while the cross P2 × P4 gave the 

highest significant negative values for the heterosis over mid and 

better parents. For number of grains/spike the crosses (P1 × P6), (P2 × 

P4) and (P2 × P6) showed highly significant positive heterosis over mid 

and better parents. On contrast, three crosses showed highly 

significant and negative heterosis over mid and better parents. Five 

crosses exhibited highly significant and positive heterosis and four 

crosses exhibited highly significant and negative heterosis over mid 

and better parents for grain weight/spike. The results on the heterotic 

effects relative to the mid-parents of 100- grain weight indicated that, 

seven crosses showed significant and highly significant and positive 

heterotic effects which ranged from 4.52 for the cross P2 × P3 to 8.86 

for the cross( P4 × P5). Three crosses displayed positive and highly 

significant heterobeltiosis for 100- grain weight which gave values 

ranged from 3.85 for the cross( P1 × P4 ) to 7.83 for the cross (P4 × P5). 

Thomas et al (2017) found that, the estimates of heterosis and 

heterobeltiosis were positive and significant for 1000-grain weight in 

some wheat crosses.  Heterosis for grain yield and its components is 

very important consideration in heterosis breeding. Yield is a complex 

trait and ultimate aim of plant breeding. Highly significant and posi-

tive heterosis as a deviation from mid and better parents was observed 

for grain yield/plant in five crosses under study. The crosses (P2  ×P6), 

(P3  ×P4) and (P1  ×P2) recorded the highest positive heterosis values 

over mid and better parents. Consequently, these crosses might be 

used in breeding programs for producing hybrid wheat. A high 
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percentage of heterosis as percentage from mid and better-parents for 

grain yield /plant in wheat crosses were reported by Singh et al. 

(2013) , Garg et al. (2015) and Kalhoro et al. (2015). Consenting, 

harvest index trait, three crosses showed highly significant positive 

heterosis over mid and better parent. The cross (P2  ×P4) recorded the 

highest positive values over mid and better parents. Al-Ashkar (2007) 

reported that, most crosses showed positive significant heterosis over 

mid and better parent in wheat. 

Table 4: Heterosis as percentage of mid-parent (M.P) and better 

parent (B.P) in the F1 crosses for studied characters in wheat. 
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Table 4: cont. 

 
Data in Table (5) revealed the estimates of general combining 

ability effects for all parents under study. The promising general 

combiners for spike length was Gemmeiza11 which attained highly 

significant positive general combining ability effects while highly 

significant and  negative general combining ability effects were 

Shandaweel 1 and Gemmeiza12. Moreover, the parents Gemmeiza 9 

and Gemmeiza12 gave the highest positive general combining ability 

estimates for number of spikes/plant .Concerning number of 

grains/spike Gemmeiza11 exhibited positive and significant GCA 

effects towards increasing number of grains/spike while the cultivar 

Gemmeiza 9 was negative and significant GCA. For100-grain weight 

results indicated that the cultivar Gemmeiza 9 proved to be a good 

combiner followed by Giza 171 but the three parents Gemmeiza 11, 

Gemmeiza 12 and Shandaweel 1 exhibited significant negative GCA 

for this trait. The cultivars Gemmeiza 9, Gemmeiza 11 and Giza 171 
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exhibited significant positive general combining ability effects for 

grain yield/plant and Harvest index (%), in contrast Shandaweel 1 

exhibited highly significant negative effects for grain yield/plant and 

Harvest index (%). The crosses involving these good general 

combining ability genotypes should produce promising sergeants with 

higher mean performance of those traits. Consequently, the results of 

the average performance of the respective traits are in agreement with 

those reported by Kumar et al. (2011) and Ashraf et al. (2015). 

Table 5: Estimates of general combining ability effects for the 

studied traits in wheat.  

 
The estimates of specific combining ability effects for all F1 

crosses are presented in Table (6). The crosses P2 × P5, P1 × P6, P3 × 

P5 and P2 × P4 showed positive highly significant specific combining 

ability effects for spike length.  For the number of spikes/plant, eight 

crosses showed positive and significant specific combining ability 

effects whereas four crosses showed significant negatively ones. The 

crosses P1×P6, P3×P5  P2×P6  and P2×P6 gave the highest significant 

positive values for the estimates of specific combining ability effects 

for number of grains/spike therefore; these crosses could be of great 

values for varietal improvement programs. Regarding grain 

weight/spike seven crosses exhibit positive and significant specific 

combining ability effects whereas; five crosses showed negative 

significant values. For 100-grain weight, the crosses P1 × P5, P4 × P5 , 
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P2 × P6 and P3 × P6 gave the highest significant positive values for the 

estimates of specific combining ability effects, therefore the choice of 

the best crosses combinations could be based on specific combining 

ability effects. The crosses P2×P6 P3×P4 and P1×P2 are considered 

promising for grain yield improvement as they showed highly 

significant positive combining ability effects. These crosses could 

account for the highest average performance of the respective traits. 

Similar results were obtained by Akinci (2009), Kumar et al. (2011), 

Aida Rizkalla et al. (2012) and Ashraf et al. (2015). Five crosses 

exhibited positive and significant specific combining ability effects for 

harvest index (%), the crosses P1×P6 and P2×P3   gave the highest 

positive values for this trait. 

Table 6: Estimates of specific combining ability effects for the 

studied traits in wheat. 
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Estimates of genotypic and phenotypic correlation coefficients 

Genotypic and phenotypic correlation coefficients among the 

seven characters were assessed and presented in Table (7). Spike 

length exhibited significant and positive genotypic and phenotypic 

correlation with number of grains/spike, grain weight/spike and 

harvest index %. Grain yield/plant was significant and positive 

genotypic and phenotypic correlated with number of spikes/plant, 

100-grain weight and harvest index % indicating the importance of 

these traits as selection criteria in yield enhancement programmes. 

Significant and positive correlation among number of productive 

tillers per plant and grain yield/plant was also noticed by Ali et al. 

(2008). Number of grains/spike exhibited significant and positive 

genotypic and phenotypic correlation with grain weight/spike (gm), 

similar findings were also reported by Khan et al (2013).Also, harvest 

index % exhibited significant and positive genotypic and phenotypic 

correlation coefficients with grain weight/spike  and 100-grain weight. 

Table (7): Estimates of genotypic (rg) and phenotypic (rp) 

correlation coefficients between the studied traits in wheat.            
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ه باستخذاو انهجن انذائريت تقذيربعض انًقاييس انىرائيت نهًحصىل ويكىنات

 فى انقًح 

 انًتىنى يحًذ عهى عبذ انقادر عسانذين ابراهيى زعسع و

 جايعت الأزهر بانقاهرة -كهيت انسراعت –قسى انًحاصيم 

جايعت  -بكهيت انضساعت  -أجشيج ْزِ انذساست بانًضسعت انبحثيت نقسى انًحاصيم 

نشيخ ٔرنك خلال يٕسًى انضساعت ٔيُطقت انحايٕل يحافظت كفش ا انقاْشة  –الأصْش 

و نذساست قٕة انٓجيٍ ٔانقذسة عهى انخآنف نهًحصٕل ٔيكَٕاحّ 2012/2012ٔ  2012/2012

 9بإسخخذاو انٓجٍ انذائشيت ) يا عذا انٓجٍ انعكسيت( نسخت أصُاف يٍ انقًح ْى:      جًيضة 

 .1شُذٔيم  – 12سذط  – 121جيضة  – 12جًيضة  -11جًيضة  –

عذد انحبٕب -عذد انسُابم /َباث  –انًذسٔست ْى طٕل انسُبهت )سى(  ٔكاَج انصفاث

ٔصٌ يحصٕل  ––حبت )جشاو(  100ٔصٌ  -ٔصٌ حبٕب انسُبهت )جشاو(   –/ انسُبهت 

 دنيم انحصاد % .   –انحبٕب/َباث )جشاو( 

كاَج  .َخائج انخحهيم أٌ الآباء ٔانٓجٍ أظٓشث يعُٕيت عانيت فى كم انصفاث انًذسٔست

انًٕجبت ٔانًعُٕيت نقٕة انٓجيٍ راث أًْيت كبيشة فى يعظى انصفاث انًذسٔست. ٔأظٓشث انقيى 

يٕجبت ٔيعُٕيت  قٕة ْجيٍ   1شُذٔيم ×   11ٔ  جًيضة   11جًيضة ×  9انٓجٍ  جًيضة 

 1شُذٔيم ×  121بانُسبت نًخٕسظ الأبٕيٍ ٔبانُسبت لأفضم الأبٕيٍ بيًُا سجهج انٓجٍ جيضة 

قٕة ْجيٍ سانبت ٔيعُٕيت بانُسبت نًخٕسظ الأبٕيٍ ٔبانُسبت لأفضم  1شُذٔيم ×  12ٔجًيضة 

 الأبٕيٍ فى يعظى انصفاث . 

ء  بانُسبت نخؤثيشاث انقذسة أفضم الآبا 121ٔجيضة  11جًيضة   9كاَج الآباء جًيضة 

انعايت عهى الإئخلاف فى يعظى انصفاث انًذسٔست يًا يذل عهى أًْيت إسخخذاو ْزِ الآباء فى 

 بشايج انخشبيت نخحسيٍ صفاث يكَٕاث انًحصٕل فى انقًح . 

قيًاً يٕجبت   121جيضة ×  12ٔجًيضة   1شُذٔيم ×  11أظٓشث انٓجٍ جًيضة 

 نخاصت عهى الائخلاف فى يعظى انصفاث انًذسٔست .ٔيعُٕيت نخؤثيشاث انقذسة ا

قيًا سانبت   1شُذٔيم ×  12ٔ سذط  12سذط × 12كًا اظٓشث انٓجٍ جًيضة 

 ٔيعُٕيت نخؤثيشاث انقذسة انخاصت عهى الائخلاف فى يعظى انصفاث انًذسٔست. 

 اظٓشث صفت يحصٕل انحبٕب /انُباث اسحباطاً يٕجباً ٔيعُٕياً يع عذد انسُابم/َباث 

 حبت بانجشاو ٔدنيم انحصاد .  100ٔصٌ 

 


