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ABSTRACT 
 

Estimates of gene action for lodging related traits at Wheat Research Center during 

1999-2002 in three crosses of wheat showed different genetic control of the traits 

among the crosses. For almost all traits, additive or dominance effects or both 

components were significant in either three- or six-parameter model, indicating that 

both additive and dominance gene effects were operative for different traits 

contributing to lodging resistance. Although duplicate type of epistasis was also 

observed for second internode breaking strength, plant height and spikes per plant 

and grain yield per plant once in different crosses, additive x additive epistasis along 

with additive gene action for the aforesaid traits would improve selection of the same 

in the segregating populations. The additive x dominance gene interaction for second 

internode length, diameter and wall thickness would be useful too for improvement 

of second internode breaking strength and consequently lodging resistance, as their 

inheritance and selection in segregating populations would be relatively easier than 

the traits controlled by completely non-additive genes. For duplicate type of epistasis 

biparental mating or recurrent selection followed by conventional selection is 

suggested. 
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INTRODUCTION 

 Lodging in wheat (Triticum aestivum L) is a complex phenomenon, which is the result 

of the action and interaction of different plant characters. Several plant characters such as 

length, diameter and wall thickness of basal internodes, culm length, culm density, some 

anatomical, biochemical, physiological and mechanical characters are associated with 

lodging resistance. Stem lodging especially greatly depends upon the straw strength. Several 

mechanical devices have been developed by different workers and these measures are: 

breaking strength of straw, crushing strength, pulling resistance and bending resistance. 

Among these breaking strength got the highest importance (Pinthus, 1973). 

 Proper information on gene action of lodging and related traits as well as yield 

components is necessary for evaluation of any germplasm used in a breeding program. The 

choice of the breeding methodology depends upon the nature and magnitude of gene action. 
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A breeding population having predominantly additive and additive x additive gene action is 

more responsive to selection than a population with predominantly non-additive gene action 

with epistasis of non-fixable nature. Estimation of gene effects from generation mean 

analysis is important in understanding the relative magnitude of gene action for the 

expression of a trait. Significant additive, dominance and epistatic gene effects do exist in 

most wheat populations and their presence may vary from cross to cross and from trait to 

trait in the same cross (Singh et al., 1984). In most cases, the value of the genetic parameters 

varied with parental genotype and growing environment. Most of the researches through out 

the world have been done on lodging in winter wheat and very few of them studied the 

genetic architecture of lodging resistance. In Bangladesh, no genetical study has been 

conducted on lodging resistance in wheat. Under the circumstances the present investigation 

was undertaken to study the gene actions of traits contributing to lodging resistance in three 

selected crosses of spring wheat. 

 

MATERIALS AND METHODS  

 Gene action was studied in three selected crosses involving six parents (namely, 

Baviacora, Rayon, Seri 82, Sonora 64, Aghrani and Kheri) including their F1's, F2's and their 

back cross generations. The crosses were Baviacora x Kheri, Rayon x Agrani and Seri 82 x 

Sonora 64. Among the parents, Baviacora, Rayon and Seri 82 have Rht1 gene and Sonora 64 

and Aghrani have Rht2 gene and Kheri did not have any major dwarfing genes (Sarker, 

2003). The crosses and back crosses were made during 1999-2001 growing season. The 

parents, F1, F2, B1 and B2 of the crosses were sown on November 26, 2001 at Wheat 

Research Center Farm, Dinajpur. For a cross in each replicate, rows were 5.0m long and 17 

rows per plot were distributed serially as follows: first two rows for P1, then one row for F1, 

then 8 rows for F2, next two rows for B1, next two rows for B2 and last two rows for P2. 

Seeds were sown 10 cm apart in rows with spacing of 25cm between rows. The crosses were 

randomized within blocks and replicated three times. The crop was fertilized with NPK and 

S @ 100, 28, 40 and 20 kg/ha (BARC, 1997), respectively. Two-thirds of the urea and the 

entire quantity of triple super phosphate, muriate of potash and gypsum were applied at final 

land preparation. The remaining one-third of urea was top dressed at 20 days after sowing (at 

crown root initiation stage) following the first irrigation. Mulching and weeding was done 

one time at 29 days after sowing. The second and third irrigations were given at 47 and 69 

days after sowing, respectively. The number of plants selected for data recording per cross 

were 30 for P1, 30 for P2, 30 for F1, 90 for B1, 90 for B2 and 270 for F2. The plants were 

tagged randomly at heading stage and data were taken from these selected plants. Data were 

recorded on second internode length, diameter, wall thickness, breaking strength and unit 

section weight just after anthesis (termed as young stem traits) and spikes per plant, plant 

height, main shoot-weight and grains yield after harvest (termed as post harvest traits). To 

study the gene effects, data were first subjected to the scaling test of Mather and Jinks (1982) 

and joint scaling test of Cavalli (1952) to detect epistatic effect, if any. Then the data were 

analyzed for different components of generation means using additive dominance model as 

per Mather and Jinks (1982) and the digenic epistatic model described by Hayman (1958), 

Gamble (1962) and Jinks and Jones (1958) for the traits in which non-allelic interaction were 

detected. 
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RESULTS AND DISCUSSION 

Analysis of generation means    
 The parents of the crosses differed significantly (expressed as P1-P2 for each cross)  

for most the young stem as well as post harvest traits studied including second internode 

breaking strength, plant height and main shoot weight which were the most important traits 

related to lodging resistance in wheat. 

In the cross Baviacora × Kheri (Table 1), the parents differed significantly for all 

traits under study except second internode unit-stem weight and yield per plant. Significant 

positive heterosis over mid-parent in F1 was observed for plant height, main shoot weight 

and yield per plant, while negative heterosis was recorded for second internode breaking 

strength. Though significant positive heterosis over mid-parent in F2 was observed only for 

plant height but second internode wall thickness, second internode unit-stem weight and 

second internode breaking strength showed negative trend in F2. 

In the cross Rayon x Aghrani (Table 1), the parents differed significantly for all 

traits except second internode wall thickness, plant height and spikes per plant. Significant 

positive heterosis over mid-parent in F1 was observed for second internode diameter and 

main shoot weight only. Whereas, in F2 generation significant negative heterosis over mid-

parent was observed for spikes per plant and yield per plant. 

In the cross Seri 82 × Sonora 64 (Table 1), there existed significant variation for second 

internode length, second internode diameter, plant height, main shoot weight and yield per 

plant between the parents. Significant positive heterosis over mid-parent in F1 was found for 

second internode length, plant height and main shoot weight only. Whereas significant 

positive heterosis over mid-parent was observed only for plant height but second internode 

diameter, spikes per plant and yield per plant showed negative heterosis in F2. 

 

Analysis of gene effects 
In cross Baviacora × Kheri 64 (Table 2), predominantly additive gene controlled 

second internode diameter and breaking strength. These traits were fitted in the three-

parameter model, but remaining traits showed non-allelic gene interaction. Additive x 

dominance epistatic gene action controlled second internode length whereas second 

internode wall thickness was controlled by additive and additive × additive epistatic gene 

actions. The genetic control system of the second internode unit-stem weight was not much 

clear. It might be controlled by trigenic or higher order epistasis as the scale 'C' and joint 

scaling test were significant but no digenic epistatic parameters [i j l] were significant. Plant 

height was controlled by additive, dominance and dominance × dominance type gene 

actions. Spikes per plant were controlled by additive, dominance and all types of digenic 

epistatic gene effects except additive × dominance epistatic gene actions. Similarly additive, 

dominance and all types of digenic epistatic gene action controlled grain yield per plant 

except dominance × dominance epistatic gene effects. Main shoot weight was found to be 

regulated by additive × dominance and dominance x dominance type digenic epistasis.  

In cross Rayon × Aghrani (Table 2), second internode diameter, internode unit-stem 

weight and main shoot weight were predominantly controlled by additive gene action. These 

traits were fitted in the three-parameter model but rest of the traits showed non-allelic gene 

interaction. Internode breaking strength were controlled by additive, dominance and additive 

× additive and dominance × dominance type epistatic gene action whereas additive × 

dominance type epistasis was active on internode length. Dominance × dominance type 
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epistatic gene action controlled second internode wall thickness. Grain yield per plant were 

controlled by additive, dominance and additive × additive epistatic gene actions. Spikes per 

plant were controlled by dominance and additive × additive epistatic gene effects. The gene 

action for plant height was not understandable as none of the scales or any of the 

components except [m] was significant. 

 

Table 1. Mean (mean ± SE) of traits contributing to lodging resistance in different 

generations of three crosses of wheat 
Cross Genera-

tion 

Second 

internode 

length 
(cm) 

Second 

internode 

diameter 
(mm) 

Second 

internode 

wall 
thickness 

(mm) 

Second 

internode 

unit-stem 
weight 

(mg) 

Second 

internode 

breaking 
strength 

(kg) 

Plant 

 height 

(cm) 

Spikes 

 per 

plant  
(no.) 

Main 

shoot 

weight 
 (g) 

Yield 

 per 

plant 
  (g) 

B
av

ia
co

ra
 ×

 K
h
er

i 
 c

ro
ss

 

P1    6.18          

± 0.32  

   4.94          

± 0.13 

   0.64          

± 0.02 

  27.44    

± 1.59 

  1.867          

± 0.16 

  88.37           

± 0.81  

    8.03            

± 0.66 

    6.51           

± 0.21 

  16.77           

± 1.46 
P2   10.50          

± 0.32 

   4.04          

± 0.13 

   0.51          

± 0.01 

  24.44    

± 0.97 

  1.347          

± 0.07 

125.90           

± 1.49 

 10.67            

± 0.67 

   5.11            

± 0.16 

  14.57           

± 0.92 

F1    8.68          
± 0.39 

   4.45          
± 0.10 

   0.56          
± 0.02 

  23.44    
± 1.21 

  1.280          
± 0.10 

119.13           
± 1.34 

   9.13            
± 0.48 

   6.29            
± 0.12 

  18.86           
± 0.99 

F2    8.60          

± 0.33 

   4.22          

± 0.12 

   0.51          

± 0.01 

  21.28    

± 1.11 

  1.270          

± 0.09 

114.46           

± 1.09 

   9.39            

± 0.29 

   5.56            

± 0.09 

  14.57           

± 0.49 
B1    8.86          

± 0.40 

   4.41          

± 0.17 

   0.58          

± 0.02 

  25.67    

± 1.30 

  1.413          

± 0.09 

108.46           

± 1.15 

   9.42            

± 0.39 

   5.44            

± 0.11 

  15.52           

± 0.75 
B2    9.46          

± 0.41 

   4.25          

± 0.14 

   0.52          

± 0.01 

  22.44    

± 1.37 

  1.440          

± 0.14 

124.72           

± 1.48 

 11.76            

± 0.50 

   5.67            

± 0.14 

  18.54            

± 0.94 

F1 – MP   0.34  -0.04  -0.01  -2.50  -0.33*  11.99**  -0.22  0.48*  3.19* 
F2 – MP   0.26  -0.27  -0.06**  -4.66**  -0.34**     7.32**   0.04  -0.25  -1.10 

P1 - P2  -4.32**   0.90**   0.13**   3.00   0.52**  -37.53**    -2.64**     1.40**   2.20 

R
ay

o
n

  
×

  
A

g
h

ra
n

i 
 c

ro
ss

 

P1    7.13          

± 0.30  

   3.83          

± 0.14 

   0.53          

± 0.01 

  21.11   

± 0.85 

  1.233           

± 0.06 

  86.47             

± 0.81 

    9.43          

± 0.52 

    5.06          

± 0.13 

  15.15          

± 1.10 
P2    6.07          

± 0.28 

   4.33          

± 0.04 

   0.53          

± 0.01 

  30.00    

± 1.34 

  1.727          

± 0.11 

  88.77             

± 0.94 

    8.93          

± 0.41 

    6.81          

± 0.17 

  22.99          

± 1.28 

F1    7.06          

± 0.29 

   4.32          

± 0.04 

   0.55          

± 0.01 

  26.00   

± 1.36 

  1.613          

± 0.13 

  88.23             

± 1.07 

    8.93          

± 0.63 

    6.45          

± 0.16 

  20.78          

± 1.52 

F2    6.47          

± 0.19 

   3.90          

± 0.12 

   0.52          

± 0.01 

 25.00    

± 1.02 

  1.593          

± 0.06 

  88.33             

± 0.40 

    7.47          

± 0.19 

    6.00          

± 0.07 

  16.06          

± 0.47 
B1    5.98          

± 0.29 

   3.97          

± 0.15 

   0.51          

± 0.01 

  24.11    

± 1.33 

  1.187          

± 0.05 

  86.95             

± 0.84 

    8.16          

± 0.37 

    5.70          

± 0.11 

  16.31          

± 0.89 

B2    6.54          
± 0.22 

   3.96          
± 0.12 

   0.51          
± 0.01 

 26.44    
± 1.30 

  1.460          
± 0.07 

  88.76             
± 0.58 

    8.51          
± 0.29 

    6.43          
± 0.10 

  19.92          
± 0.81 

F1 – MP   0.46  0.24**   0.02    0.44     0.13    0.61   -0.25   0.51*   1.53 

F2 – MP  -0.13  -0.18  -0.01   -0.56    0.11    0.71  -1.71**    0.07  -3.19** 
P1 - P2   1.06*  -0.50**   0.00  -8.89**    -0.49**  -2.30   0.50    -1.75**  -7.48** 

S
er

i 
8

2
  

×
  

S
o

n
o

ra
 6

4
  
cr

o
ss

 

 

P1    6.38          

± 0.19  

   4.20          

± 0.11 

   0.57          

± 0.01 

  22.89       

± 0.71 

  1.127          

± 0.09 

  81.47             

± 0.87 

    8.37             

± 0.49 

   5.72              

± 0.16 

  17.08          

± 1.19 
P2    5.58          

± 0.21 

   3.75          

± 0.13 

   0.52          

± 0.01 

  22.11    

± 0.56 

  1.193          

± 0.07 

  76.43             

± 0.91 

   8.27              

± 0.56 

   4.48              

± 0.12 

  13.57          

± 1.17 

F1    6.90          
± 0.25 

   4.11          
± 0.12 

   0.54          
± 0.01 

  21.56   
± 0.94 

  1.167          
± 0.06 

  82.60             
± 0.92 

   7.73              
± 0.38 

    5.63             
± 0.14 

  15.20          
± 0.86 

F2    6.00          

± 0.21 

   3.70          

± 0.10 

   0.56          

± 0.01 

  23.50    

± 0.77 

  1.103          

± 0.06 

  83.68             

± 0.92 

   6.84              

± 0.17 

   5.33              

± 0.08 

  12.32          

± 0.40 

B1    5.86          

± 0.28 

   3.93          

± 0.12 

   0.59          

± 0.01 

  23.33    

± 0.87 

  1.207          

± 0.05 

  81.01             

± 1.13 

    8.22             

± 0.34 

   5.56              

± 0.11 

  16.28          

± 0.74 

B2    5.97          
± 0.30 

   3.87          
± 0.12 

   0.52          
± 0.01 

  23.44   
± 1.43 

  1.247          
± 0.07 

  81.36             
± 0.79 

    7.30             
± 0.31 

   5.32              
± 0.12 

  13.99          
± 0.74 

F1 – MP   0.92**    0.14    0.01  -0.94    0.01  3.65**   -0.59  0.53**   -0.13 

F2 – MP    0.02   -0.27*    0.03   1.00   -0.06  4.73**    -1.48**  0.23 -3.01** 
P1 - P2   0.80**    0.45*    0.03   0.78   -0.07  5.04**     0.10  1.24** 3.51** 

 * P < 0.05,  ** P < 0.01,  MP = Mid  parent 
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Table 2. Gene effects for traits contributing to lodging resistance in  three wheat 

crosses. 
Cross Tests 

 
 

Para- 

meter 

Second 

internode 
length 

(cm) 

Second 

internode 
diameter 

(mm) 

Second 

internode 
wall 

thickness 

(mm) 

Second 

internode 
unit-stem 

weight 

(mg) 

Second 

internode 
breaking 

strength 

 (kg) 

Plant 

 height 
(cm) 

Spikes 

 per 
plant  (#) 

Main 

 shoot 
weight 

(g) 

Yield 

 per 
plant 

  (g) 

B
av

ia
co

ra
  

×
  

K
h

er
i 

 c
ro

ss
 

Scaling   

test 

A   2.86**  -0.57  -0.04    0.46  -0.32 9.42**  1.68  -1.92**    -4.59 

B -0.26  0.01  -0.03   -3.00   0.25  4.41  3.72*  -0.06  3.65 

C   0.36 -1.00  -0.23** -13.64* -0.69  5.31   0.60  -1.96**  -10.78** 

Additive- 

dominance  

model 

m   6.10**  4.05**  0.42** 14.84**  0.98*  98.61**  4.55* 5.83**   5.83 

d -2.16**  0.45**   0.06**   1.50  0.26** -18.76**   -1.32** 0.70**   1.10 

h   7.42  0.28   0.23 17.16  0.86  42.87**  14.78**   -1.54 21.93* 

Joint 

scaling test 
 2   9.88*  5.03  9.86*   7.51  4.41  11.89**  11.56**  37.08** 19.98** 

Epistatic 

model 

m   8.60** -   0.51** - - 114.46** 9.39** 5.56** 14.57** 

d  -0.60 -   0.06** - - -16.26**   -2.34**   -0.23 -3.02** 

h   2.58 -   0.14 - -  20.51** 4.58* 0.46 13.03** 
i   2.24 -   0.15* - -  8.52    4.80**   -0.02 9.84** 

j   1.56* -  -0.00 - -  2.50   -1.02  -0.93**   -4.12** 
l  -4.84 -  -0.08 - -  -22.35* -10.20** 2.00*  -8.90 

R
ay

o
n

 ×
 A

g
h

ra
n
i 

cr
o

ss
 

Scaling     

test 

A -2.23**  -0.21 -0.06*  1.11 -0.47**  -0.80 -2.04  -011   -3.67 

B -0.05 -0.73** -0.07* -3.12 -0.42   0.52 -0.84  -0.40   -3.93 

C -1.44 -1.20* -0.08 -3.11  0.19   1.62   -6.34**  -0.77 -15.82** 

Additive- 

dominance 

model 

m  7.44**  3.82**  0.58** 24.45**  2.56**  89.52** 5.72**   5.68**  11.03** 

d  0.53** -0.25**  0.00 -4.44** -0.25**  -1.15  0.25 -0.88**  -3.74** 

h -3.50 -0.18 -0.20  0.63 -2.92**  -3.47  3.79  0.52  10.37 

Joint 

scaling test 
 2  10.49* 14.62**   8.12*  1.42 17.46**   0.80   19.92**  3.06  18.55** 

Epistatic 

model 

m  6.47**  3.90**  0.52** -  1.59** - 7.47** -  16.06** 

d -0.56  0.01  0.00 - -0.27** - -0.35 -  -3.61** 

h -0.38  0.50 -0.03 - -0.95** -  3.21* -   9.75** 

i -0.84  0.26 -0.05 - -1.08** - 3.46** -   8.22** 

j -1.09*  0.26  0.00 - -0.03 - -0.60 -   0.13 
l  3.12  0.68  0.17* -  1.97** - -0.58 -  -0.62 

S
er

i 
8

2
 ×

 S
o
n

o
ra

 6
4

 c
ro

ss
 

 

Scaling     

test 

A -1.56* -0.45   0.09**   2.21  0.12   -2.05 -0.34 -0.23 0.28 

B -0.54 -0.12  -0.03   3.21  0.13 1.69 -1.40  0.53   -0.79 
C -1.76 -1.37**   0.09   5.88 -0.24  11.62**   -4.74**   -0.14 -11.77** 

Additive- 

dominance 

model 

m  6.32**  3.17**   0.56** 22.96**  0.66*  90.93** 4.64** 4.66** 4.06 

d  0.40**  0.22**   0.01   0.39 -0.03 2.52** 0.05 0.62** 1.76* 
h -1.86  1.16   0.01   3.56  1.25  -20.67 5.71  1.71  21.89** 

Joint 

scaling test 
 2   7.32  8.94* 12.96**   3.40  3.28    9.31*  19.82**  4.85  26.65** 

Epistatic 
model 

m -  3.70**   0.56** - -  83.68** 6.84** -  12.32** 
d -  0.06   0.07** - - 0.65    0.92* -   2.29* 

h -  0.93  -0.02 - -   -8.33 3.09* -  11.14** 

i -  0.80  -0.03 - - -11.98** 3.68** -  11.26** 

j - -0.16   0.06** - -   -1.87 0.87 -    0.54 

l - -0.23  -0.03 - -  12.34   -2.62 - -10.75* 

 * P < 0.05,   ** P<0.01, level of probability 

 
In cross Seri 82 × Sonora 64 (Table 2), second internode length and main shoot 

weight were predominately controlled by additive gene action. These traits fitted in the 

three-parameter model but rest of the traits showed non-allelic gene interaction. The second 
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internode diameter was predominantly controlled by additive gene and trigenic or higher 

order epistasis as the scale 'C' and joint scaling test were significant but no digenic epistatic 

parameters [i, j, l] were significant. The second internode wall thickness expressed additive 

and additive x dominance type digenic epistatic gene actions. Plant height expressed additive 

x additive epistatic gene effect. Grain yield per plant were controlled by additive, dominance 

gene effects as well as by additive × additive and dominance × dominance epistatic gene 

actions. Spikes per plant were controlled by additive, dominance and additive × additive 

epistatic gene actions. The genetic control system of the second internode unit-stem weight 

and internode breaking strength were not clear as none of the scales or any of the 

components except [m] was significant. 

 For almost all traits investigated, the additive or dominance or both components 

were significant in either three- or six-parameter models (Table 2). These results indicated 

that both additive and dominance gene effects were operative for different traits related to 

lodging as well as yield but that their level of significance and magnitude changed with each 

cross. Dolinski et al. (1996a, 1996b) reported epistatic gene action for inheritance of length 

of the second internode and stem diameter. Zalewski et al. (1999a, 1999b) found that stem 

length, average outer diameter of the stem and average stem wall thickness were conditioned 

by additive gene action.  

It was noticed that the dominance × dominance interaction effect was a major 

component of epistasis and significant for most of the traits in different crosses. In respect of 

magnitude and significance level, additive × additive gene interaction followed dominant x 

dominant type epistasis. On the contrary, the additive × dominance interaction effect was 

found to be a minor component of epistasis as its magnitude was lowest in the majority of 

cases. The dominance × dominance type epistasis exerted the greatest influence upon most 

of the traits in all crosses, where evidence of epistasis was found present. Similar results 

were corroborated by the findings of Singh and Singh (1978) while studying five traits in 

three wheat crosses. 

When both dominance and dominance x dominance epistasis were significant and 

had an opposite sign that indicates duplicate epistasis. Such duplicate epistasis was found for 

plant height and spikes per plant in cross Baviacora × Kheri. Such duplicate epistasis was 

also found for the second internode breaking strength in cross Rayon × Aghrani, for yield 

per plant in cross Seri 82 × Sonora 64. Dhanda and Sethi (1996) reported duplicate epistasis 

for all traits they studied in nine generations. Delayed selection (Sharma and Sharma, 1995) 

or selection after biparental intermating (Misra et al., 1994) would be more effective to get a 

good response in such cases. Amawate and Behl (1995) suggested that duplicate epistasis 

might restrict the expression as well selection of a trait in early segregating generations. The 

selection in early generations of wheat crosses would not be effective for want of fixable 

components of variation. Such gene effects can however be exploited by intermating the 

selected segregants and delaying the selection to the advanced generations (Jindal et al., 

1993). 

Inadequacy of the additive-dominance model and significant epistatic gene 

interactions for plant height, tillers per plant and yield per plant were also reported by Jindal 

et al. (1993). The additive × additive type epistasis played second important role regarding 

its magnitude and significance level along with dominance gene action effecting for most of 

the traits. Bhullar et al. (1979) reported additive gene action for tillers per plant, while others 

(Jain and Singh, 1976; Sayeed, 1978; Sharma et al., 1996) found predominance of non-
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additive gene action including different types of epistasis for inheritance of the trait. Bhatt 

(1972) reported additive gene action for plant height, while Chapman and McNeal (1971) 

reported the involvement of dominance and epistasis for this trait, in addition to additive 

genetic effect. Epistasis of duplicate type was found for plant height by Law et al. (1978) in 

winter wheat. 

However, the role of additive × additive epistasis along with additive gene action for 

the aforesaid traits would be important for inheritance of the traits and would make easier 

selection of the traits in the early segregating populations. Similarly, the additive × 

dominance gene interaction for some traits (internode length, internode wall thickness etc.) 

those are contributing to internode breaking strength and might be useful too for 

improvement of internode breaking strength consequently lodging resistance, as their 

inheritance and selection in segregating populations would be relatively easier compared to 

traits controlled by duplicate epistatic gene action. Biparental intermating between selected 

recombinants as well as mating of selected segregants between crosses in early segregating 

generations or recurrent selection generates more heritable variation. In case of duplicate 

type of non-allelic interaction biparental intermating or recurrent selection followed by 

conventional selection method is suggested to be more appropriate for the improvement of 

the traits related to lodging resistance. 
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