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Abstract. Three cultivars and one line of bread wheat with diverse genetic background namely, Yecora 
Rojo. Mexipak . Barouk, and FlO-4 were crossed to obtain a half set of a diaHel cross. The four parents 
and the six driven F2 populations were evaluated for four quantitative traits, i.e., plant height, number of 
spikes per plant, grain yield per plant, and spike weight. The half set ofthe diallel cross (6 - driven F2) was 
used to estimate the type, and relative amount of genetic variance components as well as the nature of 
gene actions that conditioning the aforementioned traits of bread wheat grown in the semiarid condition. 

Genetic differences were detected among the four parents as well as among and within the six F2 
populations for the studied traits. 

Genetic analysis indicated that both additive and dominance gene effects were important in condi­
tioning plant height. Meanwhile , additive, dominance, and interactions were involved in controlling 
number of spikes / plant, grain yield / plant , and spike weight. However, dominance gene effects was more 
important than the additive gene effects in all traits. Nature and degree of dominance were studied and 
revealed the presence of over-dominance for all traits. However, dominance with asymmetry gene distri­
bution in the four parents were estimated for plant height and grain yield. Parents FlO-4 and Mexipak pos­
sessed excess of dominant genes for plant height and grain yield per plant, while Yecora Rojo and Barouk 
possessed predponderance of recessive genes. The parents Mexipak, F10-4, and Yecora Rojo possessed 
dominant genes for number of spikes / plant. Conversely , Barouk possessed preponderance of recessive 
genes for all traits . 

Heritability in narrow sense was low for grain yield / plant which suggested selection breeding prog­
ram based on pedigree method and progeny test. Meanwhile , it was moderate for the other traits . 

Introduction 

Diallel analysis can be used as a tool to provide ample of genetic informations on an 
array of pure lines and/or cultivars, [1-3]. Moreover, the method of diallel analysis 
provides estimations on variance, covariance, relative genetic components, and use­
ful genetic ratios . In addition, nature of gene effects, distributions among the par­
ents, and heritability ratio of a quantitative character can be also estimated, [4, p. 
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255-287] . Griffing [5] stated that the parents and the data of the F1 have distant 
advantage over data from segregating generations in studying quantitative genetic 
system due to unaffected by segregation and linkage. However, similar genetic infor­
mation can be obtained in segregating generations by adapting the diallel method to 
the F2 generation, [4, p. 255-287 and 6] . 

The objective of this study were : 

1. To provide genetic informations on the genetic system that conditioning 
plant height, spikes/plant, grain yield/plant, and spike weight of bread wheat 
grown in semiarid condition . 

2. To express the nature of gene action in conditioning these traits. 

3. To estimate hertability ratios of the studied traits . 

4. To evaluate the genetic constituent of the four parents . 

Materials and Methods 

The materials used in this study iududed four parents of bread wheat with 
diverse genetic origin namely, Yecora Rojo, Barouk, Mexipak, and FlO-4 . These 
parental materials were maintained for more than eight years at Dirab Agriculture 
Research Station of the College of Agriculture, King Saud University. All possible 
crosses were made among the four parents excluding-reciprocal in 1989, and one set 
of a four parents diallel cross was obtained. Due to the small quantities of F1 seeds 
that obtained by hand pollination , the F2 generation was obtained for each cross in 
1990 season. The four parents and their six F2 segregating generation were sown in 
1991 season at Dirab Agriculture Research farm. The plant materials were arranged 
in a randomized complete block design experiment with seven replicates. Each block 
consisted of 10 plots. Each plot comprised of three rows , 2 m long and spaced 30 cm 
apart. Standard cultural practices were used as recommended for wheat production 
in the region. At maturity , data were collectd on a single plant basis of the middle row 
for the following characters : 1- Plant height 2- Number of spike per plant 3- Grain 
yield per plant, and 4- Spike weight. 

The data were subjected to the standard method of analysis of variance, [7 , p . 
195-221]. Then , data were subjected to the method of diallel analysis as described by 
Hayman [1] and links [2 and 6]. Moreover, gene action and dominance were inter­
preted from Wr, Vr regression , [4 , p. 255 - 287] . 

Results and Discussion 

The analysis of variance of the experimental design showed highly significant dif­
ferences among genotypes (Four parents and six driven F2) for plant height and grain 
yield/plant. Significant differences were also estimated for spike numbr/plant and 
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spike weight , (Table 1) . Moreover, parents and all F2 generations exhibited signifi­
cant differences amongst themselves for all the studied characters. 

The parent Yecora Raja exhibited a shorter plant height (81.06 cm) and the line 
FlO-4 was a tall parent (103.14 cm) . These two parents produced high number of 

Table 1. The analysis of variance for plant height, spike No. per plant, grain yield per plant and spike 
weight in the 4 x 4 diallel cross in wheat. 

Plant Spike No. Grain yield Spike 

S.D.V. d.f height per plant per plant weight 

Blocks 6 56.50 3.30 1.30 0.14 

TRT. 9 583.83" 5.50' 16.95" 0.17 ' 

Error 54 24.75 1.48 1.44 0.04 

., •• indicate significant and highly significant 
at 0.05 and 0.01 levels respectively . 

spike/plant 8.19 and 8.24 spikes for Yecora Raja and FlO-4, respectively, (Table 2). 
Higher grain yield/plant was produced by Maxipak (11.37 g) followed by Yecora 
Raja (11.20 g), and FlO-4 (10.84 g). Barouk was lower in grain yield/plant (9.62 g). 
The Maxipak parent produced heavy spike weight (1.54g) followed by Barouk (1.46 
g) , and Yecora Raja (1.39 'g) . F10-41ine produced a light spike weight (1.31 g). 

Table 2. Mean performance of cultivars and their F2 for plant height, spike No. per plant, grain yield per 
plaut and spike weight in the 4 x 4 diallel crosses in wheat 

Plant Spike No. Grain yield Spike 
Genotypes height per plant per plant weight 

Yecora Rojo 81.06 8.19 11.20 1.39 

F1O-4 103.14 8.24 10.84 1.33 

Barouk 98.57 6.83 9.82 1.46 

Mexipak 98 .10 7.42 11.37 1.54 

Yecora x F1O-4 105.23 9.49 14.10 1.51 

Yecora x Barouk 76 .24 8.71 10.66 1.23 

Yecora x Mexipak 95.05 8. 31 13.21 1.59 

Fl0-4 x Barouk 97.00 9.44 13.28 1.47 

F10-4 x Mexipak 96.87 7.21 11.31 1.61 

Barouk x Mexipak 98 .39 7.77 13.86 1.79 

LSD 0.05 5.32 1.30 1.28 0.21 

LSDO.Q1 7.07 1.73 1. 71 0.28 



232 M.O. Ghandorah el al. 

The average plant height in centimeters of the F2 generations is given in Table 
2. Higher plants were obtained in the F2 from the cross involved Yecora Rojo X FlO-
4 (105.23 cm), and shorter plants from the cross of Yevora Rojo X Barouk (76.34 
cm). The range among the 6 F2generations was 28.89 cm. The F2 of the cross Yecora 
Rojo X FlO-4 produced high number of spikes/plant (9.49 spikes). Meanwhile, low 
number of spikes/plant was produced in the F2 from cross involved FlO-4 X Mexipak 
(7.21 spikes). The range of spike number/plant among F2 generations wa s (2.28 
spikes). Average grain yield/plant ranged from (14.10 g) in F2 of Yecora Rojo X FlO-
4, and (10.66 g) in the F2 of Yecora Rojo X Barouk, (Table 2). The average spike 
weight ranged from (1.79 g) in the F2 driven from the crossing Barouk by Mexipak 
to (1.2 g) in F2 of Yecora Rojo X Barouk. 

The obtained results indicated that there were considerable genetic differences 
among the four parents. Moreover, high genetic variations among and within the six 
F2 generations would be expected since segregation occurred in the F2 generation. 

The diallel cross analysis as proposed by Hayman [1], links [2] and adapted for 
F2 generation by links [6] provided valuable information about the nature of genetic 
system affecting plant height, spike number/plant, grain yield and spike weight of 
bread wheat grown under the semiarid weather condition in the central region of the 
Kingdom. 

Mean estimation of genetic variance components were calculated for all the 
studied traits, (Table 3). Plant height was the only trait that exhibited significant 
value of the additive genetic variance (D). This suggested that additive gene effect 
was important in the inheritance of plant height. This was confirmed by the regres­
sion of the parent-offspring covariance (Wr) on the array variances (Vr), Fig. 1 which 
indicated that the regression coefficient of (Wr, Vr) was significantly deviated from 
zero, but not significantly different from unity for plant height (b=0.55 + 0.13). Simi­
lar finding was reported by Tandon et aI., [8]. However, dominance gene effects (HI) 
was more important in controlling plant height, the value of HI was significant and 
greater than the additive gene effects (HI> D). This was in accordance with Hanna 
[9]. 

The additive gene effects obtained for spike number/plant, grain yield/plant and 
spike weight showed insignificant value. The dominance gene effects were also insig­
nificant except for grain yield/plant which showed significant value. However the 
values of HI were greater than the values of D which indicated that dominance gene 
effects was more important in controlling these traits. However, non allelic gene 
interactions were involved since the regression coefficients were insignificantly dif­
ferent from zero, but significantly different from unity (b=0.31 + 0.33, b=0.60 + 
0.35, and b=0.33 + 1.22) for spikes/plant, grain yield/plant, and spike weight, 
respectively), (Fig. 2-4). Similar findings were reported by Tandon et al. [8] for grain 
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b = 0.55 ± 0.13 

-( 1) 

1- Yecora Rojo 
2- F10-4 
3-Barouk 
4- Mexipak 
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Fig. 1. Wr, Vr regression analysis for plant height. 

Table 3. Estimates of genetic variance components of a 4 x 4 diallel crosses in bread wheat 

Parameters 

D 

F 

HI 

H2 

h2 

E 

Plant. 
height 

87.S39±37.69 

47.896±190.7 

939.10±437.6 

82S.89±400.7 

26.91±273.99 

3.S±16.83 

D = Additive effects of genes. 
HI = Dominance effects of genes. 

Spike No. Grain yield 
'per plant per plant 

0.2IS±0.406 0.284±0.38 

-O.03±2.06 0.288±2.76 .. 
7.808±4.72 38.64±4.41 .. 
6.332±4.36 39.17±4.07 .. 

71. 988±2. 96 407.2±2.76 

0.237±0.18 0.200±0.170 

H2 = Dominance indicated asymmetry of positive and negative effects of genes . 
F = Covariance of dominance and additive effects. 
E = Error. 
h2 = The ova rail dominance effects of heterozygous loci 
• •• indicate significant and highly significant at O.OS and 0.01 levels respectively . 

400 

Vr 

Spike 
weight 

0.003±0.011 

-0.024±0.06 

0.260±0.13 

0.216±O.l2 .. 
1.116±0.08 

0.006±0.OOS 
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b = 0.31 ± 0.33 
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Fig. 2. Wr, Vr regression analysis ror spikes/plant. 
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Fig. 3. Wr, Vr regression analysis ror grain yield/plant. 

1- Yecora Rojo 
2- F10-4 
3-Barouk 
4- Mexipak 

6 7 

Vr 

8 9 

Wr 



A Diallel Cross Analysis of Some Quantitative Traits in . 

Wr 
0.03 

b = 0.23 ± 1 .22 
0.02 -

0.01 

.. -(1) 

0_-\ ~(4) 

-001 ~ 

-0.02 
o 0.01 0.02 0.03 

Fig. 4. Wr, Vr regression analysis for spikes/weight. 
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yield and ear number/plant in the F2 generation. Moreover, additive, dominance, 
and epistatic gene effects were found to be important in the inheritance of spike pro­
duction, Merrit, [10). 

The significant estimated values of H2 for plant height and grain yield/plant, 
(Table 3), showed dominance with asymmetrical gene distribution in the four parents 
for these two traits . However, the estimates of overall dominance effects (h2) of the 
heterozygous loci were highly significant and positive for spikes/plant, grain yield! 
plant , and spike weight , (Table 3). These could indicate the prevalence of positive 
genes that control these traits. 

Average degree of dominance [114 (H1fD)1I2] was greater than unity (1.6) for 
plant height. High ratios were obtained for spikes/plant (3.01), grain yield/plant 
(5.83), and spike weight (4.66), (Table 4). These high estimated values are likely in 
flated by non allelic gene interaction which are confirmed by Wr, Vr regression as 
mentioned above. Hayman [1] indicated that the estimation of the degree of domi­
nance could be in flated by genic interaction. 

The crude estimate of the frequency of negative versus positive alleles (H2/ 
4H1), at loci which exhibit dominance in the parents was 0.25 for grain yield/plant, 
(Table 4). Meanwhile, plant height, spikes/plant and spike weight exhibited ratios of 
0.22,0.20, and 0.21, respectively. Therefore, plant height was the only trait that exhi-
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Table4. Estimates of various ratios derived from a 4 x 4 diaUel crosses for plant height, spike no.lpant, 
grain yield/plant and spike weight of bread wheat 

Plant Spike No. Grain yield 
height per plant per plant 

(l/4(H1/D))112 1.60 3.01 5.83 

H214H1 0.22 0.20 0.25 

K=h21H2 0.03 11.37 10.40 

H (n.s) 0.28 0 .35 0.04 

[l/4(H1/D)] = Average degree of dominance 
H214H1 = Average frequency of negative vs . positive alleles 
K = h21H2 = Estimated number of groups of genes exhibiting dominance 
H (n.s) = Narrow sense heritability . 

Spike 
weight 

4.66 

0.21 

5.17 

0.38 

bited symmetric distributions of positive and negative alleles at the " non - additive" 
loci in the parents as suggested by Crumpaker and Allard [11] . The estimates of gene 
groups (ratio of h2/H2) showed that spikes/plant, grain yield, and spike weight were 
under the control of large number of dominant gene groups . 

The inspection of Wr, Vr graphs (Figs . 1-4) revealed that the line of the unit 
slope intercepts the Wr - axis below the origin in all traits suggesting overdominance 
and this was in harmony with that obtained in Table 4. Moreover, the parents FlO-4 
and Mexipak expressed high frequencies of dominant genes for plant height, and 
grain yield/plant (Figs. 1 and 3), while parents Yecora Raja and Barouk possessed 
preponderance of recessive genes . Parents Mexipak . FlO-4, and Yecora Raja were 
responsible for the excess of dominant genes of spikes/plant, (Fig. 2). The array point 
for parent Barouk indicated a preponderance of recessive gene for spike weight, (Fig. 
4) as well as the other traits, (Figs. 1-3) . 

The narrow sense heritability ratio was low for grain yield/plant (4 %). However, 
moderate estimates were obtained for spike weight (38%) , spikdes/plant (35%), and 
plant height (28%) . Similar results were reported by Hanna [9] for plant height and 
by Hucl and Baker [12] for spikes/plant in the F2 generation. However, Hanna [9] 
found moderate narrow sense heritability for grain yield/plant under both stress and 
non stressed for drought in bread wheat. 

The low value of narrow sense heritability for grain yield/plant in this study could 
implicate breeding program based on pedigree method of breeding, while moderate 
heritability estimate for the other traits suggested that the selection would be approp­
riate using the mean of each plat. 



A Diallel Cross Analysis of Some Quantitative Traits in ... 237 

References 

[1) Hayman, B.1. "The Theory and Analysis of Diallel Crosses ." Genetics, 39 (1954) , 789-809. 

[2) Jinks, J.L. "Analysis of Continuous Variation in a Diallel Cross of Nicotiana Rustica Varieties ." 
Genetics, 39 (1954) , 767-788 . 

[3) Griffing, B. "A Generalized Treatment of the Use of Diallel Crosses in Quantitative Inheritance." 
Heredity, 10 (1956),31-50. 

[4) Mather , K. and Jinks, J.L. BiometricalGenetics. 3rd ed. Ithaca, N.Y.: Cornell Univ. Press, 1982. 

[5) Griffing, J .B. "Analysis of Quantitative Gene Action by Constant Parent Regression and Related 
Techniques. " Genetics, 35 (1950) , 304-321. 

[6) Jinks, J.L. "The F2 and Backcross Generations from a Set of DiaUel Crosses." Heredity, 10, (1956), 
1-30. 

[7) Steel , R.G. and J.H., Torrie. "Principales and Procedures of Statistics." 2nd ed . New York: Mac­
Graw Hill Book Co. Inc ., 1980. 

[8) Tandon , J .P. ; Joshi , A.B., and Jain, K.B.L. "Comparison of Graphic and Combining Ability 
Analysis of Diallel Crosses in Wheat." Indian J. Genet., 30, (1970) , 91-103. 

[9) Hanna, N.S. "Genetic Studies on Drought Resistance in Wheat". Ph.D. Thesis in Genetics 
Moshtoher Faculty of Agric., Zagazig Univ., Benha Branch , (1990). 

(10) Merrit, R.G. "Inheritance of Culm Mumber in Two Uniculm x Multiculm Wheat Crosses. " 
Euphytica, 38, (1988), 105-111. 

[11) Crumpaker, D.W. and Allard, R.W . "A Dillel Cross Analysis of Heading Date in Wheat. " Hilgar-. 
dia, 32, (1962), 375-381. 

(12) Hue! , P. and Baker, R.J. "Effectiveness of Early-Generation Selection for Tillering Capacity in 
Spring Wheat. " Crop Sci., 31, (1991) , 938-942 . 



238 M.O. Ghandorah el al. 

~ ..l.i'-i..ul>-J ~..JI~I ~If,! ~IA ~O)J..c,S. r-s- J..,J. 

,~ ..!LLl1 w~ ,4&-0)1 ~ ,~~I d;;yl ~ 
i.-~. II i... .1/ ~I 'L)I - r--' -,.r-' if -

(-'" \ t \ t / v / Y'" J ..r-u JJ-, \ -'" \ t \ r / \ . / Y'" J ..r-u r..li) 

J>-bJ ~ d!iSJ ~~I ~~ \II ~ ~I)J .:..It')b:.l ,)~J LI)..u1 ~J! ,~I ~ 

iJjJ .la......f-"J .:..~I J~ iJjJJ':"L::J.l ~L:....JI ,)Js.J .:..~I J.,1>.:..U ~~ I)I!lI ..v.-I )\..!.&. 

,~I 

u.... ~I)J J .:..~ -,?')L:-lG ~I Jo-.ill E-'"I)I ~~I ~! JbJI J:.l>..:ll ~~ 

~I)J J ~! .:..I~ ~ ~lA;j1 ~~I d!iSJ o')l:-il ~~G ~I ~~I iJ15 k ,.:..L::J.l J)all 

.:..~ ~I iJ! LI)..u1 ~J! 12 ,~I iJjJ .la......f-"J .:..~I J~J ~L:....JI ,)Js. Lr" JS 

.:..UI ~ 4Zlt 0,) L:-l I ~15J ,LJ).ll1 .:..UI UI)J J ~I J.-oo..4lI Lr' ~ o,)L:-l~ 

d!~ iJ15 k .:..~I J.,1> 4...i...al ~~ ~~ \II ~ JL:.. ~G o..lSWI .:..~I t:..Jf iJ15J LJ).ll1 

~ A.:-i J&- iJy !.I~JFI0-4 ~~\l1 iJ~ LI)..u1 ~J! ~ . .:..UI W Jl-;:.A~ . . 
J&- iJL~ !.IJ)LJ~J) I)fiy. iJ15 k J~G .:..~I J.,1> ~ o..lSWI ~I))I Jo~1 Lr' 

Lr' oJJFl0-4 ;j')L.JG~J) I)fiy-, ,!.I~ ..J~\lI':"R~ .~I Jo~1 Lr' o.r.-:S' ~ 

jSJ ~I .:..~I Lr' oJJ !.IJ)~ ~I R! k . .:..L::J.l ~L:....JI ,)Js. 4...i...al o..lSWI Jo~1 

. .:..UI 

iJ~ ~J ~ J~I 4...i...al J:...4l1 (.$..u.1 J ~....)'pi Jot.... iJ! LI)..u1 ~J! 12 
W \J.l:A,o ~....)'pi Jot.... ~15 k ,~I .:..~ ~)o il~~ ~lt .fS'I ~jJl ~ljf, 

. .:..UI 




