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Abstract

AYKUT TONK,F.,  E. ILKER and M. TOSUN, 2011. Quantitative inheritance of some wheat agronomic 
traits. Bulg. J. Agric. Sci., 17: 783-788

The objective of this study was to estimate gene effects for some agronomical traits (plant height, fertile tiller 
number, spike length, spikelet number per spike, peduncle length, flag leaf sheath length and flag leaf area) using 
six generations (P1, P2, F1, F2, BC1 and BC2) of Basribey x Atilla-12 cross in order to improve some agronomical 
traits of Basribey variety, which is widely grown in the Aegean Region. Genetic analyses were performed using 
by the joint scaling test based on three and six parameter models. In addition to additive and dominance gene 
effects, epistatic effects were significant for all measured traits due to different origins of the parents used in 
the study. It was suggested that selection for all agronomical traits should be effective in advanced segregating 
generations due to epistatic gene effects.
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Introduction

The initial stage of wheat breeding programs is 
to develop cross populations having high genetic 
variation in order to improve new wheat cultivars. 
Desired genotypes from these cross populations 
are selected using suitable selection methods. 
The success of selection in the cross populations 
depend on the knowledge of inheritance pattern 
of the desired traits. The main purpose of wheat 
breeding is to increase grain yield, however, yield 
is a quantitative trait and is affected by many ge-
netic and non-genetic factors. To increase yield, 
it is necessary to improve agronomic traits which 
affect grain yield but in order to achieve this, more 
information on the inheritance pattern of these 
traits is necessary (Singh et al., 1986). 

Generation mean analysis is a simple and useful 

method for estimating gene effects of polygenic 
traits (Singh and Singh, 1992). Some yield traits 
were analyzed using generation means analysis 
and additive, dominance and epistatic gene effects 
played role in the inheritance of all parameters 
were indicated in two crosses (Akhtar and Chow-
dhry, 2006). Besides, additive or additive x addi-
tive gene effects for plant height, dominance or 
dominance x dominance effects for flag leaf area 
and all type of epistatic effects together for number 
of tiller per plant were determined in this research. 
Sheikh et al. (2009) determined more significant 
of dominance gene effects than additive gene 
effects for grain yield and its components. Also, 
additive x additive type of epistatic interaction 
was found to be significant for number of tillers 
per plant. Pedigree method and simple selection 
were suggested for improvement of traits governed 
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by additive and additive x additive gene effects in 
some crosses.

Flag leaf is the major photosynthetic site dur-
ing grain filling period and flag leaf area plays a 
crucial role towards the grain weight (Sharma et 
al., 2003). Due to the fact that non-additive effects 
in controlling the inheritance of flag leaf were 
greater than additive effects, non-fixable gene ef-
fects were found highly (Sharma et al., 2003). In 
reciprocal crosses of some bread wheat genotypes 
and biometrical analyses of different generations’ 
data showed that early generation selection for 
plant height was possible while that for flag leaf 
area should be advanced generations because of 
significant epistatic gene effects (Toklu and Yag-
basanlar, 2005). 

Nowadays, most of the wheat cultivars possess 
one or two dwarfing genes (Rht-1 and Rht-2) de-
rived from “Norin”. The reduction of plant height 
plays crucial roles on lodging resistance, earliness 
and yield components. 

Semidwarf wheat cultivars can have more fer-
tile tiller number and grain yield than wheat variety 
with high plant height. In present study, it was 
aimed that superior spike length and some other 
yield components were introduced from Atilla-12 
to Basribey, which is a semidwarf wheat cultivar 
and well adapted in Aegean Region. In spite of 
the desirable yield components, plant height of 
Atilla-12 cultivar is higher than that of Basribey 
cultivar. Inheritances of some agronomical traits 
were analyzed with three parameter model and six 
parameter gene effects in the cross populations and 
also, identification of optimum selection periods 
for these traits were aimed.

Material and Methods 

The parental wheat variety Basribey was reg-
istered by Aegean Agricultural Research Institute 
in Turkey. The other parental variety Atilla-12 
is originated from Hungary. Plant height, spike 
length, peduncle length and flag leaf sheath 
length of Basribey variety have lower values than 

those of Atilla-12 variety. The parental varieties 
were grown in the research area of Field Crops 
Department, Faculty of Agriculture, Ege Univer-
sity, Izmir-Turkey and first crosses were made in 
2004-2005 growing season. F1s and their parental 
seeds were harvested separately at maturity. In 
2005-2006 growing season, a part of seed obtained 
from each of parents and the hybrid seeds were 
sown in the field to produce backcrosses (BC1 and 
BC2). At maturity, seeds from the parents, F1, BC1 
and BC2 were harvested separately. The seeds of 
all generations were sown in the field in triplicate 
by using randomized complete block design in 
2006-2007 growing season. Each plot consisted of 
two 3-m-long rows spaced 30 cm apart where the 
seeds were drill-planted at 10 cm spacing within 
the row.

Ten plants were selected randomly from each 
parent and 40 from each backcross (BC1 and BC2), 
90 from F1 generation and 120 from F2 generation 
were observed to measure plant height, fertile tiller 
number, spike length, spikelet number per spike, 
peduncle length, flag leaf sheath length and flag 
leaf area.

Analysis of variance was performed using the 
formula given by Steel and Torrie (1980) to assess 
significant differences among generation means. 
Mean of the six generations were used to estimate 
mean (m), additive (d) and dominance (h) effects 
for each character by joint scaling test presented 
by Cavalli (1952) and described by Mather and 
Jinks (1971). Significance of the differences be-
tween expected and realized mean values for each 
character of the six generations was compared to 
test validity of additive-dominance model using 
Chi-square (χ2) test. 

Where probability of the Chi-square level was 
less than 5%, it was accepted to be inadequacy of 
the additive-dominance model to explain differ-
ences of the generation means and then due to the 
presence of epistatic effects, six parameter method, 
proposed by Hayman (1958) and set out by Singh 
and Chaudhary (1985), was used to estimate epi-
static genetic interactions and main effects.
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Results and Discussion

The estimation of significant mean squares of 
Basribey x Atilla-12 cross generation for some 
agronomical traits, indicating the presence of 
genetic variability for these traits in the materi-
als studied, revealed that level of the differences 
between generation means could be subjected to 
statistical-genetic analyses (Table 1). Among the 
agronomical traits, the significances of fertile tiller 
number and flag leaf sheath length were estab-
lished at 5% level, while at 1% level of with respect 
to the other components. The results of generation 
means and standard errors of Basribey x Atilla-12 
crosses showed that Basribey parent had smaller 
values with respect to plant height, spike length, 
peduncle length and flag leaf sheath length. On the 
other hand, Atilla-12 was observed to have smaller 
values in terms of fertile tiller number, number 
of spikelet per spike and flag leaf area (Table 2). 
When considered from backcross generations, all 
traits of BC2 were observed as higher generation 
means.

The results in respect to plant height and pe-
duncle length showed that that the genes being 
responsible for increasing these traits were domi-
nant by examining F1 and F2 generations. However, 
dominance effects of these genes could not been 
observed in BC2 generations for both traits (Table 
2). This situation could result from non-additive 
gene effects for these traits. Fertile tiller numbers 
and flag leaf sheath lengths of cross generations 
were identified as less than those of the parents. 

It was emphasized that the expression of these 
traits were controlled by the genes in the parents 
hence transgressed to their hybrids (Memon et 
al., 2007). It was also understood that the envi-
ronmental impacts along with the genetic effects 
were important for expression of these traits. It is 
possible to state that codominant inheritance for 
spike length appropriates in terms of F1 generation. 
The highest spike length value was estimated in 
BC2 generation which revealed that transgressive 
segregation occurred in this generation. The dif-
ferences detected between the parents in terms 
of spikelet number per spike were not monitored 
too much among the other generations. It is likely 
that both parents had similar effective genes for 
spikelet number per spike and high values of this 
trait observed in Basribey parent could be arise 
from environmental effects. Over dominance ef-
fects were detected for flag leaf area especially in 
BC2 where significant transgressive segregations 
occurred (Table 2). 

Gene effects depend on the joint scaling test 
based on three and six parameter models were 
given in Table 3. Because the values of chi-square 
(χ2) for all agronomic traits were identified at 
5% level, epistatic effects in addition to additive 
and dominance gene effects were detected in 
the generation means. Also, it was revealed that 
inheritance of these traits could not be explained 
by additive-dominance model. Significant gene 
effects based on the joint scaling test with three 
parameters and six parameter models were par-
tially different for the same traits (Table 3). This 

Table 1         
Analysis of variance for some agronomic traits of Basribey x Atilla-12 cross  
         

Source of variation df
Plant 

height, 
cm

Fertile 
tiller 

number

Spike 
length, 

cm

Spikelet 
number 

per spike

Peduncle 
length, 

cm

Flag leaf 
sheath 

length, cm

Flag leaf 
area, cm2

Replications 2 3.3 0.7 0.1 0.5 0.9 0.1 1.8
Generations 5 93.7** 5.8* 1.6** 3.4** 25.0** 3.2* 62.6**

Error 10 3.8 1.1 0.2 0.3 1.0 0.9 4.6
* P < 0.05, ** P < 0.01        
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Table 2        
Means and standard errors for some agronomic traits in P1, P2, F1, F2, BC1 and BC2 generations of Basribey 
x Atilla-12 cross
        

Generation Plant                 
height, cm

Fertile tiller 
number

Spike               
length, cm

Spikelet 
number per 

spike

Peduncle 
length, cm

Flag leaf 
sheath 

length, cm

Flag leaf          
area, cm2

P1 79.91±0.72 11.30±1.05 11.24±0.34 23.00±0.67 25.94±0.78 20.62±0.58 23.49±1.32

P2 94.53±1.00 10.00±0.61 12.57±0.25 20.70±0.37 33.78±0.66 21.50±0.44 21.28±1.36

F1 93.30±0.72 7.92±0.51 11.77±0.11 20.09±0.20 31.71±0.45 19.95±0.19 29.85±0.57
F2 91.82±1.02 9.16±0.50 12.37±0.18 19.95±0.25 30.99±0.55 20.33±0.26 28.19±0.69
BC1 85.85±1.67 7.69±0.67 11.68±0.28 21.00±0.44 27.33±0.89 18.77±0.33 29.86±0.90
BC2 91.05±0.97 8.00±0.64 13.23±0.18 21.33±0.25 31.01±0.59 21.46±0.38 33.70±0.98
LSD (0.05) 3.53 1.91 0.76 1.00 1.84 1.73 3.90

Table 3        
Joint scaling test and six parameter results for some agronomic traits in Basribey x Atilla-12 cross
        

Para-
meter

Plant                
height, cm

Fertile            
tiller         

number

Spike                 
length, cm

Spikelet 
number per 

spike

Peduncle 
length, cm

Flag leaf 
sheath 

length, cm

Flag leaf            
area, cm2

m 86.91±0.56 10.02±0.48 12.33±0.16 21.39±0.28 29.47±0.44 20.64±0.27 25.66±0.72
d 6.83±0.57** -0.20±0.50 0.99±0.17** -0.30±0.29 3.72±0.46** 1.28±0.29** 0.44±0.0.77
h 6.14±0.94** -2.47±0.77** -0.39±0.22 -1.30±0.38** 1.90±0.68** -0.74±0.37* 5.37±0.1.04**

χ2
(3) 20.4 33.59 26.03 31.52 7.61 31.56 109.17

p <0.001 <0.001 <0.001 <0.001 <0.05-0.01 <0.001 <0.001
m 91.83±0.50 9.15±0.73 12.37±0.03 19.95±0.01 30.99±0.17 20.32±0.34 28.22±1.39
d -5.08±2.25* -0.27±0.73 -1.55±0.33** -0.33±0.25 -3.68±0.66** -2.67±0.63** -3.82±1.39*

h -7.15±5.04 -7.85±3.33* 0.26±0.72 3.19±0.68** -5.36±1.64** -1.83±1.92 21.72±6.31**

i -13.27±4.93* -5.15±3.25 0.34±0.67 4.88±0.51** -7.29±1.49** -0.77±1.85 14.25±6.21*

j 2.36±2.32 -0.84±0.84 -0.84±0.39* -1.42±0.44** 0.17±0.89 -2.11±0.81* -4.84±1.72**

l 20.15±9.47* 10.79±4.36* -2.91±1.42* -5.83±1.36** 13.55±3.08** 2.16±3.06 -36.93±8.17**

* P < 0.05, ** P < 0.01       

may be due to genotype x environment interaction 
or linkage (Sheikh et al., 2009).

When gene effects were evaluated using by 
the joint scaling test, it was seen that additive and 
dominance gene effects were significant for plant 
height and peduncle length and also epistatic gene 
effects existed. Significant additive x additive and 

dominance x dominance epistatic gene effects 
were detected as complementary interaction for 
both traits. Because of the significance of epistatic 
gene effects, selection in order to increase plant 
height and peduncle length should be initiated 
for next generations. Novoselovic et al. (2004) 
identified that significant additive and additive x 
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additive type gene effects could be fixed in their 
studied population. Besides, opposite values of 
dominance and dominance x dominance gene ef-
fects indicated the presence of duplicate epistatic 
effects. This situation complicates using epistatic 
gene effects in breeding programmes. Similar find-
ings were pointed out by Sheikh et al. (2009) that 
some sort of intermating followed by selection in 
later generations can be advisable to improve of 
traits governed by dominance gene effects with 
prevalence of duplicate epistasis. However, Nanda 
et al. (1982) reported that partial dominance was 
observed for peduncle length. 

In addition to epistatic gene effects, signifi-
cant dominance gene effects were identified for 
fertile tiller number, which is an important yield 
component to increase grain yield. From epistatic 
gene effects, only dominance x dominance type 
interaction was significant for fertile tiller num-
ber. Selection for increasing tiller number per 
plant should be effective for next generations due 
to significant epistatic gene effects. Akhtar and 
Chowdhry (2006) implied that the positive interac-
tion of dominance x dominance effects could be 
fixed for enhancing fertile tiller number. Also, the 
researchers indicated that the inheritance of this 
trait was polygenic and not found to be so simple. 
Besides, there exist duplicate gene interaction for 
this trait in case of opposite values of dominance 
and dominance x dominance gen effects. The 
results for fertile tiller number were conformed 
to the findings of Singh et al. (1986) and Sheikh 
et al. (2009). 

For spike length trait, additive gene effects were 
detected as significant and also epistatic gene ef-
fects were identified. Additive x dominance and 
dominance x dominance gene interactions of epi-
static effects were found to be significant. Because 
of the additive and epistatic gene effects, it was 
suggested that selection for longer spike length 
should be done in early generations. Nanda et al. 
(1981) emphasized that inheritance of spike length 
was highly affected by additive variance. Akhtar 
and Chowdhry (2006) reported that the dominance 

gene effects were greater than additive effects and 
over dominance, unidirectional dominance or dis-
persion of genes in parents caused reduce estimates 
of additive component in relation to dominance 
component. These results are in accordance with 
the previous findings of Asif et al. (1999) and 
Akhtar and Chowdhry (2006).

In this study, dominance gene effects and epi-
static interactions were observed significantly for 
spikelet number per spike and flag leaf area. Be-
sides, epistatic gene effects that were additive x 
additive, additive x dominance and dominance x 
dominance effects were also important for both 
traits. However, the dominance gene effects were 
greater than additive gene effects. This situation 
may arise from over dominance or unidirectional 
dominance or dispersion of genes in parents. Ow-
ing to the fact that additive x dominance interac-
tions have negative value, it is expected to obtain 
less spikelet number per spike and smaller flag leaf 
area in infinity generations (Akhtar and Chowdhry, 
2006). Selection should be continuous for next 
generations for these traits. Also, the values of 
dominance and dominance x dominance digenic 
interactions were detected as opposite direction for 
flag leaf area, which showed that the genes, acts 
expression of this trait, have duplicated epistatic 
effects. The use of these types of epistatic effects is 
quite difficult in wheat breeding programmes. The 
results for flag leaf area are in accordance with the 
previous findings of Sharma et al. (2003), Toklu 
and Yagbasanlar (2005), and Akhtar and Chowdhry 
(2006). For spikelet number per spike, Nanda et al. 
(1981) informed significant additive gene effects 
and Sheikh et al. (2009) indicated both significant 
additive and additive x additive gene effects. How-
ever, Ketata et al. (1976) notified non-additive gene 
effects. Besides, Nanda et al. (1982) and Asif et al. 
(1999) emphasized complete dominance and over 
dominance for this trait, respectively.

The results showed that additive and dominance 
gene effects were significant and also epistatic 
gene interactions appeared for flag leaf sheath 
length. Only additive x dominance type interaction 
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of epistatic effects were detected significantly. For 
flag leaf sheath length, selection should be started 
in following generations because of the significant 
epistatic genetic effects.

Conclusion

From a breeders point of view, who take as a 
goal to improve the varieties desired by growers, 
occurrence of epistatic effects in cross popula-
tions are undesirable for the traits, which selection 
would be done. However, the epistatic effects 
may be observed in most cross populations. The 
breeding goal of this study was to improve the 
genotypes which have close plant height values of 
Basribey and favorable agronomic traits of Atilla-
12 in Basribey x Atilla-12 cross populations. On 
the other hand, the results of genetic analyses in 
the study showed that epistatic gene effects were 
found to be significant for all traits. The epistatic 
genetic effects could arise from different origins 
of the parents used in the study. Due to these 
results, it is concluded that for all studied traits, 
selection in order to improve of desired genotypes 
should be done for next generations in these cross 
populations. 

References 
Akhtar, N. and M. A. Crowdhry, 2006. Genetic analysis of yield 

and some other quantitative traits in bread wheat. International 
Journal of Agriculture and Biology, 8 (4): 523-527.

Asif, M., I. Khaliq, M. A. Chowdhry and A. Salam, 1999. 
Genetic mechanism for some spike characteristics and grain 
yield in bread wheat. Pakistan Journal of Biological Sciences, 
2 (3): 948-951.

Cavalli, L. L., 1952. An Analysis of Linkage of Quantitative 
Inheritance. In: E.C.R. Reeve and C.H. Weddington (Editor), 
Quantitative inheritance. HMSC, London, pp. 135-144.

Hayman, B. I., 1958. The separation of epistatic from additive 
and dominance variation in generation means. Heredity, 12: 
371-390.

Ketata, H., E. L. Smith, L. H. Edwards and R. W. McNew, 
1976. Detection of epistatic, additive and dominance varia-
tion in winter wheat (Triticum aestivum L. em Thell). Crop 

Science, 16: 1-4.
Mather, K. and J. L. Jinks, 1971. Biometrical Genetics. Chapman 

and Hall, London.
Memon, S., M. Qureshi, M. A., Ansari and M. A. Sial, 2007. 

Genetic heritability for grain yield and its related characters in 
spring wheat (Triticum aestivum L.). Pakistan Journal Botany, 
39 (5): 1503-1509.

Nanda, G. S., G. N. Hazarika and K. S. Gill, 1981. Inheritance 
of heading date, plant height, ear length and spikelets per spike 
in varietal cross of wheat. Theoretical and Applied Genetics, 
60: 167-171.

Nanda, G. S., P. Singh and K. S. Gill, 1982. Epistatic, additive 
and dominance variation in a triple test cross of bread wheat 
(Triticum aestivum L.). Theoretical and Applied Genetics, 62: 
49-52.

Novoselovic, D., M. Baric, G. Drenzer, J. Gunjaca and A. La-
lic, 2004. Quantitative inheritance of some wheat plant traits. 
Genetics and Molecular Biology, 27 (1): 92-98.

Saleem, M., M. A. Chowdhry, M. Kashif and M. Khaliq, 2005. 
Inheritance pattern of plant height, grain yield and some leaf 
characteristics of spring wheat. International Journal of Agri-
culture and Biology, 7 (6): 1015-1018.

Sharma, S. N., R. S. Sain and R. K. Sharma, 2003. The genetic 
control of flag leaf length in normal and late sown durum wheat. 
The Journal of Agricultural Science, 141: 323-331.

Sheikh, S., R. K. Behl, S. S. Dhanda and A. Kumar, 2009. Gene 
effects for different metric traits under normal and high temper-
ature stress environments in wheat (T. aestivum L. Em. Thell). 
The South Pacific Journal of Natural Science, 27: 33-44.

Singh, R. K. and B. D. Chaudhary, 1985. Biometrical Methods 
in Quantitative Genetic Analysis. Kalyani Publishers, New-
Delhi-Ludhiana.

Singh, G., G. S. Bhullar and K. S. Gill, 1986. Genetic control 
of grain yield and its related traits in bread wheat. Theoretical 
and Applied Genetics, 72: 536-540.

Singh, R. P. and S. Singh, 1992. Estimation of genetic parameters 
through generation mean analysis in bread wheat. Indian Jour-
nal of Genetics, 52: 369-375.

Steel, R. G. D. and J. H. Torrie, 1980. Principles and Procedures 
of Statistic. McGraw-Hill Book Company, New York.  

Toklu, F. and T. Yagbasanlar, 2005. Heritability studies of plant 
height, heading date, flag leaf area and grain weight in bread 
wheat (Triticum aestivum L.). Turkey VI. Field Crops Congress, 
Vol. II, pp. 689-694, 5-9 September, Antalya, Turkey.

Received April, 12, 2010; accepted for printing February, 12, 2011.


