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Abstract 

An experiment was done at Department of Plant Breeding & Genetics, Ghazi University, D. G. 

Khan to find out genetic effects for some quantitatively inherited plant traits using six generations 

viz., parents, their first and second filial generations and their backcrosses of two wheat crosses 

like Mairaj-08 × Blue Silver as cross-I and Faisalabad-08 × DH-60 as cross-II. Through scaling, 

analysis on generation means was performed and involvement of epistasis was found for many 

plant traits in both cross combinations. So, a model of six parameters was applied for estimation 

of nature of genetic interaction in all plant characters excluding 1000-grains weight. Additive gene 

action was controlling yield and yield related traits in both cross combinations. So, it was found 

that many plant traits in cross combination like Faisalabad-08 × DH-60 were controlled by additive 

genetic effects so this cross can be utilized in future wheat improvement program for high yield. 

Keywords: Additive gene action; Epistasis; Generation mean analysis; Gene action; Grain yield; 

Plant traits; Wheat

Introduction 

Among all cereal crops, wheat is an 

imperative and diversified grain crop. 

Globally, it provides dietary requirements 

of about 30% people and about 50% food 

calories and protein requirements were 

provided for the humans. Due to its 

importance, wheat is consumed as food on 

daily basis in Pakistan. As wheat is a major 

crop in Pakistan but it was grown on 9.05 

million hectares with average yields 2. 845 

kg per hectare [1] which requires to be 

improved for swiftly growing population. 

So, it is crucial to increase per acre yield by 

exploring and utilizing existing wheat 

germplasm to produce new and improved 

genetic material having potential for wider 

adaptability [2-4] and it can be effectively 

utilized in Pakistan.  

Yield is a plant attribute that is controlled 

by multigenes and these features are 

integrated in connections of genotypic and 

natural change. In a hereditary populace, 

hereditary variations and genetic study 
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decides the behavior and expression of 

genes [5]. Breeding for improved grain 

yield is a complex process if yield is the 

only factor, so it is recommended that its 

related characteristics can be utilized as 

determination criteria for yield change. So, 

knowledge about inheritance of yield 

related traits is also important in this case 

[6]. Impacts of genes including mean (m), 

additive (d) and predominance (h) and three 

different non-allelic interactions viz., 

additive × additive (i), additive × 

dominance (j) and dominance × dominance 

(l) are vital. Generation means 

investigation is one of the consistent 

biometrical techniques. It is an extremely 

valuable to calculate genetic effects and 

genetic interactions controlling yield and 

its related traits [7]. Acquiring of genetic 

information from many generations are 

more consistent than those taken from one 

generation. So, all six generations including 

both parents, first and second filial 

generations and back cross-1 and back 

cross-11 provide detailed genetic 

information for varieties under study. [8, 9] 

found that additive-dominance model were 

adequate for revealing the inheritance of 

grain yield and its components. With A, B, C 

and D. scaling tests, additive, dominance and 

epistatic effects were important for yield and 

its components characters. Some studies on 

generation mean analysis found additive and 

dominance genetic factors were important for 

most of plant traits in wheat [10]. 

Present study was made to get information 

about genetic heritability and genetic 

effects and gene action for different plant 

attributes in two wheat cross combinations. 

This information can be utilized for further 

wheat development program to improve 

grain yield. Thus, present study was carried 

out to get information about genetic 

variability, gene action and genetic 

interaction for various plant traits in two 

wheat crosses. Findings of these studies can 

be used for further wheat breeding program 

to enhance grain yield. 

Materials and methods 

Plant materials 

Two spring wheat (Triticum aestivum L.) 

cross combinations like Mairaj-08 × Blue 

silver and Faisalabad-08 × DH-60 were 

grown as experimental materials in this 

experiment.  

Seeds of all parental varieties and their first 

filial generations for both crosses were 

supplied by the Department of Plant 

Breeding and Genetics, Ghazi University, D. 

G. Khan and F2 (by selfing of F1 plants), BC1 

and BC2 plant populations were developed by 

hybridization process between plants of F1 

and P1 and P2. When plants become mature, 

seeds of each generation were kept separately 

for next year. In this way, seeds of each of the 

six populations (parent cultivars (P1, P2), first 

and second filial progenies (F1, F2), first and 

second backcrosses (BC1, BC2) of both 

crosses were planted in a complete 

randomized block manner in three 

replications at Department of Plant Breeding 

& Genetics, Faculty of Agricultural Sciences, 

Ghazi University, D. G. Khan. Every line 

consisted of 2 meter length and distance 

between plants and rows were maintained 10 

cm and 30 cm respectively. During maturity, 

information were gathered on different plant 

characteristics like days to heading, days to 

maturity, plant height (cm), number of 

tillers/pant, peduncle length (cm), spike 

length (cm), number of spikelet per spike, 

spike density, number of grains per spike, 

1000-grain weight (g), grain yield per plant 

(g).  

Information collected for these traits was 

subjected for analysis of variance as 

portrayed by [11] to find variations between 

all six generations of both cross 

combinations. Means for each of six 

generations were assessed by LSD test for all 

studied traits before biometrical investigation 

and then scaling tests (A, B, C and D) were 
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carried out to identify involvement of 

epistasis as indicated by [12]. If epistasis was 

present, analysis for estimation of non-allelic 

interaction was done for estimation of six 

parametric models of inheritance viz., M, D, 

H, I, J, and L as mentioned by [13]. The basic 

genetic model (M, D, and H) was used when 

there was no epistasis in any trait.  

Results and discussion 

Analysis of variance (ANOVA) was done on 

the basis of data collected for both crosses for 

different plant qualities. Mairaj-08 × Blue 

Silver cross in (Table 1) indicated significant 

variant for each of six families (P ≤ 0.01) for 

different plant characteristics viz., days to 

heading, plant height, number of tillers per 

plant, peduncle length, spike length, number 

of spikelets per spike, spike density, number 

of grains per spike, 1000-grain weight, grain 

yield per plant excluding days to maturity. 

Table 2 demonstrated presence of hereditary 

variation in Faisalabad-08 × DH-60 for all 

plant traits studied. Both crosses along with 

all six generations indicated that they were 

genetically different for plant traits under 

discussion.   

Genetic variability was also found in wheat 

for various quantitative plant traits by [14-

25]. Presence of genetic variation indicated 

for proceedings of genetic analysis for 

studied plant traits. 

Scaling tests 

As analysis of variance for both crosses 

indicated dissimilarities for all genotypes for 

plant traits studied, generation men analysis 

was carried out for assessment of gene action 

for different plant attributes. Analysis of 

generation means having scaling test is very 

important to find out either non-allelic gene 

action is present or not and which model for 

this analysis is suitable. Four kinds of scaling 

tests were suggested by [12]. In case of 

significance of any scaling test, it shows the 

presence of epistasis for that plant trait. 

While a situation in which all scaling tests are 

not significant so epistasis is absent and a 

model of three parameters is applicable. A 

model of six parameters is applicable in this 

situation for determination of heredity effects 

and gene action.  

Results in (Table 3) also indicated that in 

Mairaj-08 × Blue Silver cross, every one of 

four scaling tests (A, B, C and D) were 

important for plant attributes like days to 

heading, number of tillers per plant, number 

of spikelets per spike, spike length and spike 

density. But scaling tests A, B and D with 

values (27.03*,14.61*,-19.83*) were 

significant for days to maturity and plant 

height had significant A, C and D scaling 

tests with values 5.96*, 13.57* and 3.62* 

respectively. 

While in grain yield per plant, both scaling 

tests A and C were important. Similarly, for 

number of grains per spike, ‘C and D scaling 

tests were essential while significant scaling 

tests ‘A and D’ were found for peduncle 

length. Each of these attributes showed 

epistasis type of gene action because of 

significance of scaling tests for all traits 

except for 1000-grains weight which 

possessed non-significant results for scaling 

tests. So in 1000-grains weight, epistasis was 

absent. 

 Scaling tests in cross Faisalabad-08 × DH-

60 for plant height and peduncle length 

(Table 4) indicated that all types of scaling 

tests (A, B, C and D) were found important. 

While scaling tests A, B and C were proved 

crucial for days to heading and days to 

maturity plant traits. A, C and D types of 

scaling tests were observed as vital for spike 

density. Similarly, A and D scaling tests were 

important for number of tillers per plant and 

spike length. But scaling tests like B and C 

were important for plant traits like number of 

spikelets per spike, number of grains per 

spike and 1000-grains weight. But grain yield 

per plant trait was important due to 

significance of A and C types of scaling tests. 

Similar results were found by [26, 27] when 

they worked on wheat. 
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Estimation of genetic components 

To determine the genetic effects like additive, 

dominance and their interactions with each 

other, generation means analysis is mostly 

utilized. So, scaling tests were utilized to find 

out to appraise the existence of epistasis. Any 

scaling test found significant for any plant 

trait it corroborates involvement of epistasis. 

For further study, a six parametric model for 

analysis of generation means is functional in 

case of significance of any scaling test.    

Result for estimation of genetic effects in 

model of six parametric was given in (Table 

5). As scaling tests were valuable for plant 

traits studied in first cross (Mairaj-08 × Blue 

Silver). So, six parametric model was 

desirable for all plant traits except for 1000-

grains weight which was non-significant for 

scaling tests so a model of three parameters 

was applied for estimation of genetic 

interaction and genetic effects. Similarly in 

2nd cross (Faisalabad-08 × DH-60) as scaling 

tests for all traits under study were found vital 

so for these traits, a six parametric model was 

used for determination of genetic effects.  

The results in (Table 5) indicated that mean 

effects (M) for studied plant traits were 

important and additive genetic effects (D) 

were also significant either these are in 

positive or negative values most of plant 

traits like days to heading, peduncle length, 

spike length, number of spikelets per spike, 

1000-grains weight in first cross. But in 

second cross, additive type genetic effects 

(D) were crucial for most of plant traits 

including days to heading, days to maturity, 

plant height, peduncle length, spike density. 

Many plant characters were found to be 

important for dominance genetic effects in 

Mairaj-08 × Blue Silver cross. While in 

second cross, many plant traits were vital for 

dominance genetic effects. It suggests that 

possible progress in wheat can be made by 

selecting progenies of the cross (Faisalabad-

08 × DH-60). Similarly, the values of ‘H’ was 

greater than that of ‘D’ in this cross which 

proposed utilization of pedigree method of 

selection after hybridization as best method 

for population improvement in self-

pollinated crop plants. Similar findings were 

given by [28-31]. 

Estimates of non-allelic genetic effects were 

also observed where significant additive × 

additive type (I) of epistasis was found for all 

studied traits except for 1000-grains weight 

and grain yield per plant in cross-1 (Mairaj-

08 × Blue Silver). It is important to mention 

here that six parameters model was not 

applied on 1000-grain weight trait due to 

non-significance of all scaling tests in this 

cross so, indirect selection of plant for this 

traits is recommended but ‘I’ type genetic 

effects for second cross were played an 

important role in inheritance of days to 

maturity, plant height, peduncle length and 

spike density and it showed that these plant 

traits had increasing the genes selection of 

plants for these trait can be effectual. Gene 

effect ‘J’ (Additive × dominance epistasis) 

exhibited significant result for most of plant 

traits in both crosses but some plant traits like 

number of spikelets per spike and grain yield 

per plant were found non-significant and was 

also found as negative in days to heading, 

number of spikelets per spike, spike density 

for same cross. 

Number of tillers per plant, spike length, 

number of spikelets per pike, number of 

grains per spike and 1000-grains weight for 

cross-II were also found negative in gene 

effect ‘J’ which showed genes for these traits 

were dispersed for these traits in parents.

.
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Table 1. Analysis of variance for yield and its related traits in Mairaj-08 × Blue silver cross 

*significant at t = 0.025; ns = non-significant; DF = degree of freedom 
 

Table 2. Analysis of variance for yield and its related traits in Faisalabad-08 × DH-60 cross 

*significant at t = 0.025; ns = non-significant; DF = degree of freedom 

 

Table 3. Scaling tests for yield and its related traits in Mairaj-08 × Blue silver cross 

*significant at t = 0.025; ns = non-significant; DF = degree of freedom 

 

 

 

 

 

S.O.V DF 
Days to 

heading 

Days to 

maturity 

Plant 

height 

Peduncle 

length 

No. of 

tillers/ 

Plant 

Spike 

length 

No. of 

spikelet/

spike 

Spike 

density 

No. of 

grains/ 

spike 

1000-

grain wt. 

Grain 

yield/ 

plant 

Blocks 2 14.57** 7.60** 2.31ns 1.57ns 0.30ns 2.89ns 2.50ns 0.01ns 1.03ns 0.52ns 1.32ns 

Generations 5 43.80** 20.64 9.97** 4.89* 4.78* 14.91* 16.11** 8.79** 25.50** 9.68** 21.85** 

Error 10 1.78 1.67 26.27 8.21 5.22 0.34 0.62 0.007 3.09 2.81 5.76 

Total 17 461.78 214.00 1694.07 308.49 180.18 30.76 60.15 0.39 432.56 166.81 703.07 

S.O.V DF 
Days to 

heading 

Days to 

maturity 

Plant 

height 

Peduncle 

length 

No. of 

tillers/ 

plant 

No. of 

spikelet/ 

spike 

No. of 

grains/ 

spike 

1000-

grain wt. 

Spike 

length 

Grain 

yield/plant 

Spike 

density 

Blocks 2 1.63ns 0.86ns 20.25** 2.16ns 0.17ns 8.40** 0.73ns 0.28ns 3.70ns 5.93* 0.42ns 

Generations 5 32.88** 41.42** 7.01* 12.69** 8.63** 12.65** 15.43** 5.45** 7.98** 12.46** 41.42** 

Error 10 6.83 6.25 18.07 8.99 3.54 0.32 12.77 5.88 0.53 2.62 0.004 

Total 17 1214 1368.94 2267.62 699.67 189.49 28.74 1131.35 222.52 30.36 220.93 0.72 

Scaling 

tests 
DF 

Days to 

heading 

Days to 

maturity 

Plant 

height 

No. of 

tillers 

/plant 

Peduncle 

length 

Spike 

length 

No. of 

spikelet 

/spike 

Spike 

density 

No. of 

grains/ 

spike 

1000- 

grains 

wt. 

Grain 

yield 

/plant 

A 89 12.91* 27.03* 5.96* -2.15* 4.95* 2.42* 4.43* 3.04* 1.67ns 0.13ns 2.64* 

B 89 23.33* 14.61* 1.12ns -5.64* 1.29ns -3.20* 2.68* 11.05* 1.25ns 0.80ns 1.27ns 

C 239 5.61* 0 13.57* -2.32* -1.45ns 8.41* 9.63* -5.21* -2.21* 0.57ns 6.30* 

D 209 -24.24* -19.83* 3.62* 3.24* -5.80* 8.13* 2.29* -13.88* -3.68* -0.28ns 1.84ns 
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Table 4. Scaling tests for yield and its related traits in Faisalabad-08 × DH-60 cross 

*significant at t = 0.025; ns = non-significant; DF = degree of freedom 

 

Table 5.  Six-parameter model for estimation of genetic parameters in Mairaj-08 × Blue silver (1) and Faisalabad-08 × DH-60 (2) for 

various plant studied traits 

Plant Traits Cross Genetic effects 

  Mean (M) Additive (D) 
Dominance 

(H) 

Additive×Additive 

(I) 

Additive×Dominance 

(J) 

Dominance×Domianace 

(L) 

DF  239 299 629 539 359 629 

Days to heading 1 2234.50* -4.15* 20.91* 24.24* -3.69* -24.98* 
 2 269.44* 8.36* -2.57* 1.34 21.04* -18.34* 

Days to maturity 1 528.32* -1.00 16.32* 19.83* 3.57* -26.28* 
 2 441.44* 6.71* -5.12* 1.49* 20.79* -18.32* 

Plant height 1 134.43* -0.07 -3.86* -3.62* 3.77* -0.65 
 2 88.82* -2.56* -13.03* -11.91* 2.76* 10.94* 

No. of 

tillers/plant 
1 28.38* 3.52* -2.62* -3.24* 2.61* 4.68* 

 2 30.67* -4.92* -3.25* -4.23* -5.40* 4.93* 

Peduncle length 1 89.96* 2.57* 7.07* 5.80* 3.34* -5.46* 
 2 70.25* -3.00* -11.50* -11.27* 2.83* 10.19* 

Spike length 1 79.32* 3.21* -6.28* -8.13* 4.31* 5.23* 
 2 114.63* -7.67* -5.17* -5.46* -7.71* 5.16* 

Number of 

spikelet per spike 
1 136.42* 2.36* -1.28 -2.29* -0.09 -1.17 

 2 124.32* 1.16 1.07 -0.24 -0.61 -1.07 

Scaling 

tests 
DF 

Days to 

heading 

Days to 

maturity 

Plant 

height 

No. of 

tillers 

/plant 

Peduncle 

length 

Spike 

length 

No. of 

spikelet 

/spike 

Spike 

density 

No. of 

grains/ 

spike 

1000- 

grains 

wt. 

Grain 

yield 

/plant 

A 89 33.91* 31.14* -3.24* -9.13* -3.25* -8.10* 1.12ns 30.80* -0.03ns 0.68ns 2.39* 

B 89 18.44* 19.01* -7.44* -0.05ns -6.67* 1.52ns 2.30* 1.21ns 2.55* 2.17* 1.56ns 

C 239 26.41* 30.34* 5.96* -0.70ns 4.03* 0.85ns 3.53* 7.01* 4.34* 2.39* 4.09* 

D 209 -1.34ns -1.49ns 11.91* 4.23* 11.26* 5.46* 0.24ns -24.38* 1.69ns -0.63ns 1.76ns 
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Spike density 1 159.57* -0.89 11.95* 13.87* -9.10* -13.76* 
 2 1000.90* 32.84* 27.17* 24.37* 22.53* -25.65* 

Number of grains  

per spike 
1 46.92* 2.37* 4.91* 3.85* 0.20 -3.22* 

 2 65.67* -1.26 0.71 -1.68 -1.97* -0.02 

1000-grains 

weight 
1 10.24* 7.07* 0.99*    

 2 66.28* -0.57 1.75 0.63 -1.59 -1.44 

Grain yield per  

plant 
1 66.73* 2.62* 0.60 -1.84 1.31 -0.47 

 2 20.44* 1.63 -0.96 -1.76 0.72 -0.02 

*significant at t =0.025; ns =non-significant; DF = degree of freedom 

 

Table 6. Temperature, rain fall and humidity data during wheat growing season at D. G. Khan 

 
 

 

 

 

 

 

Month Temperature oC Relative Humidity 
Screen Pan 

Evaluation 

Wind Speed 

(Km/month) 

Rainfall 

(mm) 

 Max Min 0800hrs 1400hrs    

Oct, 2013 33 21 78 47 4.05 46 5.5 

Nov, 2013 26 10 79 41 2 2 6 

Dec, 2013 22 06 82 51 097 1.69 01 

Jan, 2014 21 4 73 50 1.64 1.90 - 

Feb, 2014 21 7 82 45 1.70 2.0 38 

Mar, 2014 24 12 83 49 2.39 2.32 50 

Apr, 2014 31 18 67 44 4.30 2.63 69 

May, 2014 36 22 52 30 6.77 2.91 8 

Average 27 13 75 45 15 8 25 
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‘L’ type of genetic effect known as 

dominance × dominance epistasis was found 

significant for many plant traits in both 

crosses either positively or negatively. These 

results are in agreement with findings of [32-

35] while some researcher found moderate to 

high environmental variations in 1000-grains 

weight in wheat for segregating generations 

revealed that it was under influence of the 

environmental fluctuations [36]. 

Difference in signs for ‘H” and “L” was 

observed in the results for many plant traits 

studied and it was proposed that duplicate 

type of epistasis was involved to control the 

traits but complementary non-allelic gene 

interaction was also observed in many plant 

traits. Results also showed that all studied 

traits were controlled additive as well as non-

additive genetic effects with higher value of 

dominance gene effects in cross-1 while 

many plant traits with greater value of 

additive gene effects was observed in cross-

II. Similar findings were given by [37-40]. 

Table 6 indicated temperature, rain fall and 

humidity data during wheat growing season 

at D.G. Khan. 

Conclusion 

Results of present study exhibited that 

genetic variability was found as an important 

factor for all plat traits like days to heading, 

days to maturity, spike length, number of 

spikelets per spike and other plant traits 

studied in cross Mairaj-08 × Blue silver 

except for days to maturity while significant 

differences were observed in all six 

generations of Faisalabad-08 × DH-60 for all 

studied traits. As all traits exhibited 

genetically differences for both crosses, so 

generations mean analysis through scaling 

tests was functional for estimation of gene 

action for these traits. Scaling tests (A, B, C 

and D) in Mairaj-08 × Blue Silver cross were 

found to be important for all plant attributes 

except for 1000-grains weight. So, epistasis 

played a role in inheritance of these traits. 

Faisalabad-08 × DH-60 also exhibited 

significant scaling tests for most of plant 

traits and indicated presence of epistasis to 

control these traits. Similarly, in cross 

(Mairaj-08 × Blue Silver), epistasis was 

prominent in all traits except for 1000-grains 

weight. While in second cross Faisalabad-08 

× DH-60, epistasis was important to control 

all traits including 1000-grains weight. As 

1000-grains weight is an important yield 

component which enhance grain yield per 

plant. So, it is suggested that cross-II 

(Faisalabad-08 × DH-60) showed promising 

performance having plant traits with additive 

gene effects than dominance type of gene 

effects and epistasis was controlling the 

inheritance of plant traits so selection of 

plants at early generations is effective for 

improving grain yield and this cross can be 

utilized in future wheat breeding program. 
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