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Abstract: The assessment of gene effect for some yield traits and detection of epistasis in wheat was studied
in three crosses namely Gemmeiza 10 x Sakha 94 (cross I), Gemmeiza 9 x Sids 4 (cross II) and Gemmeiza 9 x
Gemmeiza 10 (cross III) involving four parents through generation mean analysis during 2010 / 2011 season at
the Experimental Farm of the Agronomy Department, Faculty of Agriculture, Al-Azhar University, Cairo, Egypt.
The analysis of gene effects was done using means of six populations, P , P , F , F , BC  and BC of the three1 2 1 2 1 2

crosses. The mean value of F  population was higher than the respective parents (P  and P ), F , BC  and BC1 1 2 2 1 2

populations for most the studied traits in the three crosses. Heterosis in F  crosses over their respective mid1

and better parents for grain yield ranged from 28.15 to 50.14% and -5.38 to 42.07%, respectively. Significant
positive values of inbreeding depression were detected for all studied traits in the three crosses, except spike
length and number of spikelets/spike in the third cross as well as 100-grain weight in the first and the second
crosses. The highest values of phenotypic and genotypic coefficient of variations were obtained for number
of spikes/plant, grain weight/spike and grain yield/ plant. While, the lowest one was recorded for number of
grains/spike. The coincidence of sign and magnitude of heterosis and inbreeding depression was detected for
most traits in the three wheat crosses. Dominance gene effects were positive and significant for most of the
studied traits in the three crosses, whereas additive gene effects were not significant except number of
spikelets/spike, number of grains/spike and grain yield/plant in the cross III and number of grains/spike in the
cross I. However, the dominance gene effects were more important than additive gene effects in the inheritance
of grain yield and most of the other studied traits. The magnitude of additive x additive gene effects was high
and positive significant whereas dominance x dominance was negative significant for most of the studied traits
in the three crosses. Additive x dominance gene effects were of minor importance in general for most of the
studied traits. It could be concluded that selection for grain yield and its components should be delayed to later
generations in breeding programs. 

Key words: Heterosis  Inbreeding depression  Phenotypic and genotypic coefficient of variations  Gene
effects  Wheat

INTRODUCTION is largely dependent on the knowledge of type and

The wheat breeders are concentrating to improve the non-allelic inter-action for different characters in the plant
yield potential of wheat by developing new varieties with materials under investigations. Generation mean analysis
desirable genetic make up in order to overcome the belongs to the quantitative biometric methods based on
consumption pressure of ever increasing population [1]. measurements of phenotypic performances of certain
Grain yield in wheat is a complex character determined by quantitative traits on as many as possible plant
several traits, direct selection for which is not effective. individuals in basic experimental breeding generations
Wheat grain yield can be improved through indirect (parental, filial, backcross and segregation generations).
selection on the basis of yield components. Increase in As it was outlined by Kearsey and Pooni [3], generation
one component might have positive or negative effect on mean analysis is a useful  technique  in  plant  breeding
the other components [2]. The choice of selection and for estimating main gene effects (additive and dominance)
breeding procedures for genetic improvement of any crop and   their    digenic    (additive    x   additive,   additive   x

relative amount of genetic component and the presence of
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Table 1: Pedigree of the studied parental wheat genotypes.
Genotypes Pedigree
Sids 4 Maya “ s/” Mans //CMH74A- 592/3/Giza157*²
Sakha 94 OPATA/RAYON//KAUZ.CMBW 90Y3180-OTOM-3Y-010M-010Y-10M-015Y-0Y-0AP-0S.
Gemmeiza 9 Ald“s”/Huac//CMH74.630/SxCGM 4583 -5GM- 1GM- OGM
Gemmeiza 10 Maya74 "S" / On // 1160-147BB/ GALL141CHAT"S" 151 CROW"S".

dominance and dominance x dominance) interactions Gemmeiza 9 x Gemmeiza 10 (cross III). In the second
responsible for inheritance of quantitative traits. It helps season 2009/2010, F 's plants of each cross were selfed
us in understanding the performance of the parents used and backcrossed to the two parents to obtain F , BC  and
in crosses and potential of crosses to be used either for BC  generations. The six populations, i.e. P , P , F 's, F ,
heterosis exploitation or pedigree selection [4]. The basic BC  and BC  of the three wheat crosses were grown
work carried out by Gamble [5] clearly indicated the role of during the third season 2010/2011 in a randomized
epistatic gene actions besides additive and dominance complete blocks design with three replicates in rows with
types in controlling the inheritance of yield and yield 3.5 m long and  30 cm apart with 15 cm between plants.
associated traits in different crops. Cavalli [6] reported The six  populations  of each cross were planted in 39
that accuracy of gene effects increases with increasing rows, i.e. three for each of P , P  and F , ten rows for each
number of segregating generations and number of of BC  and BC  as well as F .
observational plants. Besides gene effects, breeders In each replicate, 30 plants for non-segregating
would also like to know how much of the variation in a populations and 160 plants for segregating populations
crop is genetic and to what extent this variation is were selected randomly for recording observations on
heritable, because efficiency of selection mainly depends seven traits, namely: spike length (cm), number of
on additive genetic variance, influence of the environment spikes/plant, number of spikelets/spike, grain
and interaction between genotype and environment [7]. weight/spike (g), number of grains/ spike, 100-grain
The study of gene effect not only tells about the relative weight (g) and grain yield/plant (g).
importance of various kinds of gene effect in the control
of a character but also provides information about the Statistical and Genetic Procedures: Heterosis and
causes of heterosis [8]. Knowledge of the degree of inbreeding depression (%) were estimated according to
heterosis and inbreeding depression plays a decisive role Miller et al. [10]. Phenotypic coefficient of variation (PCV)
towards the choice of breeding methodology. Exploitation and genotypic coefficient of variation (GCV) were
of heterosis is considered to be one of the outstanding estimated using the formula suggested by Dudley and
achievements of plant breeding. In a self-pollinated crop Moll [11]. The analysis was proceeded to estimate the
like wheat, the scope for utilization of heterosis depends various gene effects using the six parameters genetic
mainly upon its direction and magnitude. Estimation of model of Jinks and Jones [12] and Hayman [13] as follows:
heterosis over the better-parent (heterobeltiosis) is useful
in identifying  truly  heterotic  cross  combinations  [9]. m = Mean effect.
The present investigation was conducted to determine the d = Additive gene effects.
extent of heterosis, phenotypic and genotypic coefficient h = Dominance gene effects.
of variations and the nature of gene action involved in the i = Additive x additive epistatic gene effects.
inheritance of grain yield and some agronomic characters j = Additive x dominance epistatic gene effects.
of three wheat crosses. l = Dominance x dominance epistatic gene effects. 

MATERIALS AND METHODS RESULTS AND DISCUSSION

A field experiments were conducted at the Mean Performances: Generation means of the six
Experimental Farm of the Agronomy Department, Faculty populations (P , P , F , F , BC  and BC ) for yield and yield
of Agriculture, Al-Azhar University, Cairo, Egypt. In the components are presented in Table 2. The results of
first season 2008/2009, the four parental lines Gemmeiza 9, generation means for all studied traits in the three crosses
Gemmeiza 10, Sakha 94 and Sids 4 (Table 1) were revealed significant differences among all six generations,
intercrossed to produce three F 's crosses i.e. Gemmeiza indicating the presence of genetic variability for these1

10 x Sakha 94 (cross I), Gemmeiza 9 x Sids 4 (cross II) and traits in the studied materials. The F  population was

1

2 1

2 1 2 1 2
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higher than the respective parents, F , BC  and BC Significant heterobeltiosis in wheat is attributed to the2 1 2

populations in the three cross for most the studied traits. major combined effects of additive x dominance and
The mean value of the F  population comparing with their dominance× dominance gene effects. Absence of2

parents was higher than the highest parent for spike significant heterosis in other cases could be due to the
length and number of spikelets/spike in the cross I internal cancellation of heterosis components. The results
(Gemmeiza 10 x Sakha 94) and for all studied traits in the of heterosis suggested that hybrid vigour is available for
cross III (Gemmeiza 9 x Gemmeiza 10), except number of the commercial production of wheat and selection of
spikes/plant and grain yield/ plant indicating appreciable desirable hybrids among the crosses having heterotic and
amount of genetic variability for these characters in the heterobeltiotic effects in other characters is the best way
corresponding crosses. to improve the grain yield of bread wheat [17]. 

Heterosis and Inbreeding Depression: Data presented in F , the results revealed that highly significant positive
Table 3 showed heterotic effect calculated as percentage inbreeding depression for most studied traits in the three
over mid and better parents and inbreeding depression for crosses (Table 3). However, inbreeding depression
studied traits in the three crosses. The results denoted exhibited insignificant for spike length in the cross III,
significant or highly significant positive heterosis relative number of spikes/ plant in the cross II, number of
to mid-parents for all studied traits in the three crosses. spikelets/spike in the cross I, grain weight/spike in the
Highly significant positive heterosis relative to better two crosses I and III and 100 grain weight in the three
parent was obtained for most studied traits in the three crosses. Sharma et al. [14] reported that significant
crosses. While, the second cross was produced negative negative inbreeding depression was recorded frequently
highly significant decrease below their better parent for for yield and yield contributing traits indicating that the F

was superior to the F . Sharma et al. [15] stated that
significant and positive heterosis over the mid-parents inbreeding depression was not commonly observed in
and better parent were observed for yield and yield spike length trait. Significant inbreeding depression was
components. Sharma et al. [15] reported that significant observed for yield and yield components in the wheat
heterosis over better parent was not observed in spike cross [4].The coincidence of sign and magnitude of
length trait; however, Yao et al. [16] mentioned that heterosis and inbreeding depression was detected for
heterosis and heterobeltiosis occurred in spike length. most traits in the three crosses. This is logic and expected
Sharma and Sain [4] mentioned that significant positive since the expression of heterosis in F  will be followed by
heterosis over the better parent was  observed  in  wheat. a considerable reduction in F  due to homozygosis. 

With respect to the inbreeding depression relative to
1

2

number of spikes/plant. Sharma et al. [14] stated that 1

1

2

Table 2: Means of the studied traits in the three wheat crosses Gemmeiza 10 x Sakha 94 (cross I), Gemmeiza 9 x Sids 4 (cross II) and Gemmeiza 9 x
Gemmeiza 10 (cross III).

Traits Spike No. of No. of Grain weight No. of 100 grains Grain yield
Crosses generation length (cm) spikes/plant spikelets/spike / spike (g) grains/spike weight (g) /plant (g)
Cross I P 11.60 ± 0.41 9.47 ± 0.12 19.13 ± 0.24 3.75 ± 0.21 75.43 ± 0.58 4.87 ± 0.08 28.64 ± 0.641

P 11.78 ± 0.43 9.40 ± 0.38 18.93 ± 0.53 3.67 ± 0.04 73.40 ± 0.23 4.79 ± 0.09 29.20 ± 0.572

F 14.10 ± 0.17 11.17 ± 0.09 23.07 ± 0.24 4.20 ± 0.08 81.77 ± 0.41 5.23 ± 0.05 37.06 ± 0.941

F 12.13 ± 0.44 8.62 ± 0.52 20.35 ± 0.46 3.51 ± 0.28 71.39 ± 0.96 4.64 ± 0.24 22.17 ± 1.372

BC 12.93 ± 0.33 10.37 ± 0.35 22.13 ± 0.37 4.16 ± 0.18 80.13 ± 0.82 5.06 ± 0.20 28.99 ± 1.001

BC 12.20 ± 0.35 10.67 ± 0.41 22.40 ± 0.40 4.21 ± 0.24 82.53 ± 0.68 5.07 ± 0.17 30.63 ± 1.302

Cross II P 12.50 ± 0.21 9.67 ± 0.20 21.67 ± 0.07 3.66 ± 0.13 75.30 ± 0.91 4.69 ± 0.09 26.68 ± 1.051

P 13.95 ± 0.08 2.67 ± 0.03 22.93 ± 0.37 4.50 ± 0.14 79.35 ± 0.91 5.46 ± 0.13 10.94 ± 0.512

F 15.77 ± 0.12 7.10 ± 0.25 23.67 ± 0.27 4.87 ± 0.10 80.40 ± 1.18 5.57 ± 0.05 25.24 ± 1.521

F 13.49 ± 0.25 5.74 ± 0.35 20.89 ± 0.34 3.80 ± 0.20 71.41 ± 1.30 5.16 ± 0.25 15.62 ± 1.132

BC 14.81 ± 0.21 7.17 ± 0.20 23.27 ± 0.27 4.13 ± 0.12 80.50 ± 0.81 5.09 ± 0.21 21.43 ± 1.061

BC 15.31 ± 0.20 7.10 ± 0.29 23.13 ± 0.24 4.24 ± 0.19 78.73 ± 1.08 5.40 ± 0.18 22.19 ± 0.832

Cross III P 12.12 ± 0.17 9.10 ± 0.26 21.13 ± 0.24 3.92 ± 0.06 75.33 ± 0.27 4.77 ± 0.05 30.12 ± 0.281

P 11.65 ± 0.10 9.13 ± 0.52 19.53 ± 0.47 3.69 ± 0.10 72.57 ± 0.44 4.83 ± 0.04 26.89 ± 0.382

F 13.73 ± 0.09 10.17 ± 0.09 24.47 ± 0.18 5.12 ± 0.19 89.00 ± 0.78 5.41 ± 0.08 42.79 ± 0.461

F 12.43 ± 0.51 8.19 ± 0.43 22.26 ± 0.44 4.21 ± 0.17 77.43 ± 0.61 4.93 ± 0.20 26.04 ± 0.592

BC 12.90 ± 0.46 9.50 ± 0.31 22.87 ± 0.35 4.29 ± 0.18 81.03 ± 0.54 5.03 ± 0.23 30.82 ± 0.441

BC 13.12 ± 0.29 9.57 ± 0.29 24.53 ± 0.28 4.51 ± 0.10 82.70 ± 0.61 5.07 ± 0.10 34.11 ± 0.442
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Table 3: Heterosis, inbreeding depression (%) and phenotypic (PCV) and genotypic (GCV) coefficient variability for yield and yield components of the three
wheat crosses.

Heterosis
-----------------------------------------

Traits Crosses MP % BP % Inbreeding depression PCV GCV

Spike length (cm) I 20.59** 19.66** 14.00** 6.24 3.60
II 19.22** 13.02** 14.43** 3.20 2.59
III 15.57** 13.34** 9.52 7.13 6.90

No. of spikes/plant I 18.37** 17.96** 22.85** 10.53 9.14
II 15.14** -26.55** 19.15** 10.59 8.96
III 11.52** 11.31** 19.48** 9.10 5.51

No. of spikelets/spike I 21.19** 21.83** 11.79** 3.91 2.38
II 6.13** 3.19 11.69** 2.78 1.69
III 20.33** 15.77** 9.02 3.41 2.33

Grain weight/spike (g) I 13.27** 12.06** 16.51** 13.78 12.11
II 19.45** 8.18** 22.03** 9.34 7.39
III 34.68** 30.82** 17.86** 7.06 4.53

No. of grains/spike I 9.87** 8.39** 11.69** 2.32 2.07
II 3.98** 1.33 11.19** 3.14 1.97
III 20.35** 18.14** 13.00** 1.37 0.65

100 grains weight (g) I 8.13** 7.31** 11.14** 8.92 8.50
II 9.86* 2.09 7.38 8.43 7.81
III 12.70** 12.00** 8.76 7.06 6.74

Grain yield/plant (g) I 28.15** 26.90** 40.18** 10.67 8.98
II 34.21** -5.38 38.10** 12.54 2.73
III 50.14** 42.07** 39.15** 3.89 2.93

* and ** denote significance at 0.05 and 0.01 levels of probability, respectively.

Table 4: Estimates of six parameter gene effects for yield and yield components of the three wheat crosses.

Six parameter gene effects
-------------------------------------------------------------------------------------------------------------------------------------------

raits Crosses m d h i j L
Spike length (cm) I 12.13** 0.73 4.17** 1.76 0.83 -0.45

II 13.49** -0.50 8.80** 6.26** 0.23 -8.51**
III 12.43** -0.22 4.17 2.33 -0.45 -3.13

No. of spikes/plant I 8.61** -0.30 9.34** 7.60** -0.33 -8.47**
II 5.74** 0.07 6.51** 5.57** -3.43** -7.57**
III 8.19** -0.07 6.44** 5.39** -0.05 -4.96*

No. of spikelets/spike I 20.35** -0.27 11.71** 7.68** -0.37 -12.55**
II 20.89** 0.13 10.58** 9.21** 0.77 -10.08**
III 22.26** -1.67** 9.89** 5.76** -2.47** -10.96**

Grain weight/spike (g) I 3.51** -0.05 3.20* 2.71* -0.09 -3.6*
II 3.80** -0.11 2.33* 1.54 0.31 -0.36
III 4.21** -0.22 2.11** 0.79 -0.33 -0.55

No. of grains/spike I 71.39** -2.40* 47.11** 39.76** -3.42** -52.72**
II 71.41** 1.77 35.92** 32.85** 3.79** -35.87**
III 77.43** -1.67* 32.81** 17.76** -3.05** -19.33**

100 grains weight (g) I 4.64** -0.01 2.08 1.69 -0.05 -1.84
II 5.16** -0.31 0.81 0.31 0.08 0.02
III 4.93** -0.05 1.08 0.47 -0.02 -0.26

Grain yield/plant (g) I 22.17** -1.63 38.69** 30.55** -1.35 -17.84*
II 15.62** -0.75 31.19** 24.76** -8.62** -23.91**
III 26.04** -3.29** 39.99** 25.71** -4.91** -12.97**

* and ** denote significance at 0.05 and 0.01 levels of probability, respectively.
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Phenotypic and Genotypic  Coefficient  of  Variations: mentioned that the estimates of additive gene effects and
Data of phenotypic coefficient of variation (PCV) and dominance gene effects were highly significant. Additive
genotypic coefficient of variation (GCV) for yield and x additive epistatic type of gene effects were highly
yield component traits in the three crosses are presented significant for number of spikes/plant, number of
in Table 3. The PCV was greater than GCV for all the traits spikelets/spike, number of grains/spike and grain
studied in the three crosses. These results indicated that, yield/plant traits in all studied crosses, while spike length
the environment had an important role in the expression and grain weight/spike were highly significant and
of these traits. There is enough scope for selection based significant  in  the  two  crosses  II  and  I,  respectively.
on these characters and the diverse genotypes can The epistatic effect of additive x dominance was highly
provide  materials  for a sound breeding programme. significant for number of grains/spike in the three crosses,
These results are in harmony with those obtained by for number of spike/plant and grain yield/plant in the
Kotal et al. [18]. In the three crosses, the highest values cross II and for number of spikelets/spike and grain
of PCV and GCV were recorded for number of yield/plant in the cross III. The type of digenic epistatic
spikes/plant, grain weight/spike and grain yield/plant. interaction dominance x dominance was significant or
While, the lowest one was shown by number of highly significant for number of spikes/plant, number of
grains/spike. Genetic coefficient of variation indicates the spikelets/spike, number of grains/spike and grain
genetic variability present in various quantitative traits yield/plant in the three crosses. Spike length and grain
without the level of heritability. Genetic coefficient of weight/spike were highly significant and significant in the
variation together with heritability estimates would give two crosses II and I, respectively. The estimates of d, h,
the best indication of the amount of gain due to selection. i, j and l were found insignificant for 100 grain weight trait
Kalim et al. [19] and Wani et al. [20] stated that, the in the three crosses.
estimates of GCV and PCV were high for yield/plant, 100 The dominance gene effect was higher than additive
grains weight, number of spikes/plant and number of gene effect for all studied traits in the three crosses
grains/spike, whoever, the remaining yield components indicating predominant role of dominant component of
traits recorded moderate to low PCV and GCV estimates. gene action in inheritance of these traits, so the selection

Gene Effects: The estimates of the six parameters, i.e. dominant effect is diminished. Other studies also had
additive (d), dominance (h), additive x additive (i), additive similar conclusions [7]. However, the importance of both
x dominance (j) and dominance x dominance (I) and means additive and non-additive gene effects in governing the
(m) are presented in Table 4. The mean effects were highly inheritance of these traits was also earlier reported by
significant for all studied traits in the three crosses, Menon and Sharma [23]. Estimates of additive effects can
indicating that these traits are quantitatively inherited. be small due to a high degree of dispersion of increasing
The additive gene effects were negative and highly alleles between parents and dominance can be small due
significant for number of spikelets/spike and grain to its bi-directional nature [21]. Though the major
yield/plant  in  the  cross  III.  It  was  also  negative  and contribution is expected from the additive genetic
significant for number of grains/spike only in the first and component in self-pollinated crops, the dominance
third crosses. The estimate of dominance gene effects component is usually also important [24]. The magnitude
were found highly significant for number of spikes/plant, of additive x additive gene effects was high and positive
number  of   spikelets/spike,   number  of  grains/spike whereas dominance x dominance was negative [22].
and grain yield/ plant in the three crosses. Spike length Akhtar and Chowdhry [25] reported that, the additive or
and grain weigh/spike were highly significant and additive x additive gene effects were found for number of
significant, respectively in the two crosses I and II, while grains/spike, while dominance or dominance x dominance
grain weight/ spike was highly significant in the cross III. effects were noticed for 100 grains weight. Number of

The magnitude of additive gene effects were small spikes/plant showed [i], [j] and [l] type of epistatic effects
relative to the corresponding dominance effects in all together which indicated complex inheritance for this trait.
cases, suggesting that pedigree selection method is a The generation means analysis of the data revealed that
useful breeding program for improving these these traits show all types of gene actions (additive,
populations[21]. Dominance gene effects were significant dominance and epistasis) and suggested that complex
in yield and yield components, while additive gene effects epistatic effects are important in controlling these traits
were not significant [14]. Hasabnis and Kulkarni [22] [26].  Fethi  and  Mohamed  [27]   noted   that   dominance

for these traits should be delayed to later generation when
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effects and dominance x dominance epistasis were more 8. Shekhawat, U.S., R.P. Bhardwaj and V. Prakash,
important than additive effects and other epistatic 2000. Gene action for yield and its components in
components for grains/spike.  Kaur  and  Singh  [28] wheat (Triticum  aestivum  L.).  Indian  J.   Agric.
stated that the nature and magnitude of gene effects vary Res., 34(3): 176-178.
within the different crosses for different characters, 9. Sindhu, J.S. and R.P. Singh, 1975. Heterosis in
necessitating specific breeding strategy’s need to be wheat. Indian J. Genet., 35: 467- 469.
adopted for particular crosses to obtain improvement. 10. Miller,   P.A., J.C.  Williams,  H.F.  Robinson  and

CONCLUSION environmental variances and covariances in upland

The traits examined in the present study have shown 50: 126-131.
complex genetic behavior. The simple selection procedure 11. Dudley, J.W. and R.H. Moll, 1969. Interpretation and
in the early segregating generation may not play role use of estimates of heritability and genetic variances
significantly  for   the   improvement   of   these   traits. in plant breeding. Crop Sci., 9(3): 257-262.
The complex genetic behavior particularly additive and 12. Jinkes, J.L. and R.M. Jones, 1958. Estimation of the
dominance components could be successfully exploited components of heterosis. Genetics, 43: 223-234.
in later generation. It is suggested that selection for the 13. Hayman, B.I., 1958. The separation of epistatic from
improvement of the examined traits should be delayed to additive and dominance variation in generation
later generation of segregation population in wheat. After mean. Heredity, 12: 371-390.
attaining homozygosity for maximum heterozygous loci in 14. Sharma, S.N., R.S. Sain and R.K. Sharma, 2002.
bulk method of selection is recommended. Genetic control of quantitative traits in durum wheat

REFERENCES SABRAO J. Breeding and Genetics, 34(1):  35-43.

1. Memon,  S.M.,  M.U.  Qureshi,  B.A.  Ansari  and Genetics of spike length in durum wheat. Euphytica,
M.A. Sial, 2007. Genetic heritability for grain yield 13(2): 155-161.
and its related character in spring wheat. Pak. J. Bot., 16. Yao, J.B., H.X. Ma, L.J. Ren, P.P. Zhang, X.M. Yang,
39(5): 1503-1509. G.C. Yao, P. Zhang and M.P. Zhou, 2011. Genetic

2. Chandra, D., M.A. Islam and N.C.D. Barma, 2004. analysis of plant height and its components in diallel
Variability and interrelationship of nine quantitative crosses of bread wheat (Triticum aestivum L.).
characters in F  bulks of five wheat crosses. Pak. J. Australian J. Crop Sci., 5(11): 1408-1418.5

Bio. Sci., 7(6): 1040-1045. 17. Memon, J., 2010. Genetic basis of heat tolerance in
3. Kearsey, M.J. and H.S. Pooni, 1996. The Genetical bread wheat (Triticum aestivum L.). Ph.D. Thesis,

Analysis of Quantitative Traits. Chapman and Hall, University of Agriculture, Faisalabad.
1 Edition, London, pp: 46. 18. Kotal, B.D. Arpita Das, A. and B.K. Choudhury,st

4. Sharma, S.N. and R.S. Sain, 2004. Genetics of awn 2010. Genetic variability and association of
length of durum wheat under normal- and late-sown characters in wheat  (Triticum   aestivum  L.).  Asian
environments.   Sabrao  J.  Breeding  and  Genetics, J.  Crop  Sci., 2: 155-160.
36(1): 23-34. 19. Kalim Ullah, K., S.J. Khan, S. Muhammad, M. Irfaq

5. Gamble, E.E., 1962. Gene effect in corn (Zea mays L.). and T. Muhammad, 2011. Genotypic and phenotypic
Separation and relative importance of gene effects variability, heritability and genetic diversity for yield
for yield. Can. J. Pl. Sci., 42: 339 -348. components in bread wheat (Triticum aestivum L.)

6. Cavalli, L.L., 1952. Quantitative Inheritance. In: germplasm. African J. Agric. Res., 6(23): 5204-5207.
Reeves, Waddington, London, pp: 135-144. 20. Wani, B.A., M. Ram, A. Yasin and E. Singh, 2011.

7. Novoselovic, D., M. Baric, G. Drezner, J. Gunjaca Physiological traits in integration with yield and
and A. Lalic, 2004. Quantitative inheritance of  some yield components in wheat (Triticum aestivum L.)
wheat  plant  traits. Genetics and Molecular Biol., study of their genetic variability and
27(1): 92-98. correlation. Asian J. Agric. Res., 5: 194-200.

R.E. Comstock, 1958. Estimates of genotypic and

cotton and their implications in selection. Agron. J.,

under normal and late-sowing environments.

15. Sharma, S.N., R.S. Sain and R.K. Sharma, 2003.



Am-Euras. J. Agric. & Environ. Sci., 12 (4): 456-462, 2012

462

21. Snape, J.W., 1987. Conventional Methods of Genetic 25. Akhtar, N. and M.A. Chowdhry, 2006. Genetic
Analysis in Wheat. In: Lupton FGH (Ed) Wheat analysis of yield and some other quantitative traits
breeding, its scientific basis. Chapman and Hall, in bread    wheat.   International   J.   Agric.   and
London, New York, pp: 109-128. Bio., 4: 523-527.

22. Hasabnis,  S.N.  and S. Kulkarni, 2004. Genetics of 26. Hussain, F., M. Ashraf, A.M. Hameed, N. Hussain
leaf  rust  resistance  in  wheat. Indian J. Agric, Res., and R.A. Sial, 2011. Genetic studies in wheat for leaf
38(2): 135-138. rust resistance (Puccinia recondite). African J. of

23. Menon, U. and S.N. Sharma, 1995. Inheritance Bio., 10(16): 3051-3054.
studies for yield and yield component traits in bread 27. Fethi, B. and E. Mohamed, 2010. Epistasis and
wheat over  environments.  Wheat  Information genotype-by environment interaction of grain yield
Services, 80: 1-5. related traits in durum wheat. Plant Breeding and

24. Gill, K.S., G.S. Nanada and G. Singh,  1977. Crop Sci., 2(2): 24-29.
Inheritance of plant height, tiller number, ear length 28. Kaur, N. and P. Singh, 2004. Gene effect for grain
and number of spikelets in two winter x spring yield and related attributes in Triticum durum.
crosses of wheat. Genet. Agrar., 31: 227-237. Indian J. Genet., 64(2): 137-138.


