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Abstract 

Hayman diallel analysis was performed excluding reciprocals in Indian mustard. The experimental 

material consisted of 10 genetically diverse parents and their 45 F1’s and 45 F2’s which were evaluated 

under two environments namely E1 (normal) and E2 (moisture stress) in CRBD design with three 

replications during Rabi 2015-16. Observation were recorded on various quantitative characters viz; 

Observations were recorded on days to flowering, days to maturity, plant height (cm), primary branches 

per plant, length of main raceme (cm), number of siliqua on main raceme, number of seeds per siliqua, 

1000-seed weight (g), seed yield per plant (g) and oil content (%). The additive dominance model was 

adequate for days to 50% flowering in E1F1 and length of main raceme in E1F2 only as indicated by non-

significant difference of b Wr-Vr from unity but significant from zero. Analysis of components of variation 

suggested that recessive genes were more frequent than dominant genes for length of main raceme in 

E1F2 and except days to 50% flowering in E1F1. Symmetrical distribution of positive and negative genes 

were observed for length of main raceme, while asymmetrical proportions of positive and negative genes 

was observed for days to 50% flowering in E1F1. Graphical analysis reflected the over dominance and 

partial dominance for all the characters in both the generations and in both the environments except for 

plant height in E1F1 and oil content in E2F1 which reflected the complete dominance. 
 

Keywords: Diallel analysis, Graphical analysis, Over and partial dominance, Additive and non- gene 

effects 

 

1. Introduction 

Indian mustard (Brassica juncea) is a naturally autogamous species, yet in this crop frequent 

out-crossing occurs which varies from 5 to 30% depending upon the environmental condition 

and random variation of pollinating insects. It is major rabi oilseed crop of the India 

subcontinent occupies more than 80% of the total rapeseed-mustard cultivated area 

contribution nearly 27% of edible pool in India and accounts for more than 13% of the global 

edible oil production (Meena et al. 2014 and Pratap et al. 2014) [2, 4]. Moisture stress is major 

limiting factor in productivity of rapeseed-mustard. Majority of the cultivation is still 

dependent on rainfall and conserved moisture. Brassica species are mostly grown on light 

texture soil using conserved moisture from monsoon rains. Crop inevitably suffers from 

drought stress during the reproductive period of growth after depletion of stored water. Hence 

development of drought tolerant/ resistant varieties of Indian mustard is essential to increase 

the production. 

The success of breeding programme depends upon choice of superior parents for hybridization 

and the information on the nature and magnitude of genetic components. In the present 

investigation, efforts have been made to understand the genetic components and features based 

on graphical approach.  

 

Materials and methods 

The experimental material comprised ten genetically diverse parents of Indian mustard viz; 

CS-52, GM-3, PBR-357, Vardan, RH-30, Bio-902, Kranti, NRCDR-2, RGN-229 and RN-393. 

The parents were crossed in diallel fashion (excluding reciprocal) to develop the hybrid seeds 

of 45 crosses. All the 100 genotypes (10 parents + 45 F1’s + 45 F2’s) were grown in 

randomized block design with three replications under two environments namely, normal (E1) 

and moisture stress (E2) at Agronomy farm S.K.N. College of Agriculture, Jobner, Jaipur.  
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In both the environments pre-sowing irrigation was given to 

facilitate germination of seeds. In normal environment (E1) 

and moisture stress environment (E2), one irrigation was 

given at 45 days after sowing i.e. at about initiation of 

flowering. Moisture stress environment was created by 

stopping further irrigation in E2 i.e. no irrigation was given 

after 45 days in E2. In normal environment, the second and 

last irrigation was given at 70 days after sowing. The parents 

and F1’s were grown in two row and F2’s in four row of 1.5 

meter length. Observations were recorded on days to 

flowering, days to maturity, plant height (cm), primary 

branches per plant, length of main raceme (cm), number of 

siliqua on main raceme, number of seeds per siliqua, 1000-

seed weight (g), seed yield per plant (g) and oil content (%). 

The data obtained were subjected to analysis of variance as 

per standard procedures. The graphical analysis was based on 

variance and covariance (Vr-Wr graph) following the 

procedure of Hayman (1954a) [1]. 

 

Results and discussion 

Hayman’s approach was pursued to obtain the components of 

genetic variances and graphical analysis. The occurrence of 

significant deviation of regression coefficient “b” from zero 

but non-significant deviation of “b” from unity suggested the 

adequacy of additive-dominance model (Hayman, 1954a) [1]. 

Additive-dominance model fitted for days to 50% flowering 

in E1F1 and length of main raceme in E1F2 (Table-1). These 

results revealed that assumptions of diallel were fulfilled for 

these traits only; therefore, the component analysis was 

carried out only for these traits. But where additive-

dominance model was inadequate, only graphical analysis 

was performed, which indicated the existence of epistatic 

interactions. This showed the importance of testing the 

genetic material in more than one environment in order to 

obtain unbiased estimates of various components. Adequacy 

of additive-dominance model for days to 50% flowering was 

earlier reported by Shrimali et al. (2017) [7]. Inadequacy of 

additive-dominance model was also reported by Shweta et al. 

(2007) [8] for days to maturity, plant height, 1000-seed weight 

and seed yield per plant.  

The evaluation of components of genetic variations 

manifested that both additive (D) and dominance (H1 and H2) 

components of genetic variance were significant for days to 

50% flowering in E1F1 and length of main raceme in E1F2 

which indicated that both components were operating in the 

expression of the trait [Table 2]. The magnitude of dominance 

(H1 and H2) components as compared to additive (D) 

component were found greater for both the characters thus 

indicating predominance of non-additive gene action for both 

the characters. These finding are in conformity with reports 

from Patel et al. (1996) [3], Sharma and Singh (1994) [6] and 

Singh and Sachan (2003) [11] for different level. Significant 

and positive values (F) were observed for length of main 

raceme in E1F2, suggested that dominant genes were more 

frequent than the recessive, except days to 50% flowering in 

E1F1. The value of (H1/D) 1/2 more than unity indicated over 

dominance for days to 50% flowering in E1F1 and length of 

main raceme in E1F2. Symmetrical distribution of positive and 

negative genes (H2/ 4 H1) was observed for length of main 

raceme in E1F2, while asymmetrical proportion of positive 

and negative genes was observed for days to 50% flowering 

in E1F1. The ratio [(4DH1)½ +F / (4DH1)½-F] which reflect the 

relative value of dominant and recessive gene were less than 

unity for both the characters indicating recessive genes were 

more pronounced for both the characters. Narrow sense 

heritability estimates obtained in component analysis ranged 

from low to high for different traits. The lower value of 

heritability clearly indicated that it was much influenced by 

environment. 

In the present investigation, graphical analysis was carried out 

as given by (Hayman 1954b). The results revealed partial, 

complete and over dominance for different characters in both 

the environments. Such discrepancy in the results may be 

partly attributed to the partial failure of diallel assumptions. 

For instance, in case days to 50% flowering, over dominance 

was exhibited in both the generation of E1 and E2F1, partial 

dominance was exhibited in E2F2 (Figure 1). In the present 

investigation, all the three type of dominance was observed 

for none of the traits. Both partial and over dominance was 

observed for days to 50% flowering, days to maturity, number 

of primary branches per plant, length of main raceme, siliqua 

on main raceme and seed yield per plant, while complete and 

over dominance was observed for plant height and oil content. 

Number of seeds per siliqua depicted only over dominance 

and test weight indicated partial dominance. Similar findings 

were obtained by Thakral el al. (2000) [12], Rai et al. (2005) [5] 

Shweta et al. (2007a) [9] and Shweta et al. (2007b) [10]. 

The scattering of array points indicated the existence of 

genetic diversity among the parents for most of the traits. An 

overall appraisal revealed that among the parents for days to 

50 % flowering; PBR-357 in E1F1, NRCDR-2 in E1F2, GM-3 

in E2F1 and CS-52 in E2F2 for days to maturity; GM-3 in E1F1 

and E1F2, RH-30 in E2F2 for plant height; RH-30 in both the 

generations of E1 and E2F1 and PBR-357 in E2F2 for number 

of primary branches per plant; RH-30 in both the generations 

of E1, PBR-357 in E2F1 and CS-52 in E2F2 for length of main 

raceme; Bio-902 in E1F1, GM-3 in E1F2 and both the 

generations of E2 for siliqua on main raceme; RGN-229 in 

both the generations in E1, GM-3 in E2F1 and Bio-902 in E2F2 

for number of seeds per siliqua; PBR-357 in E1F1 and E2F1, 

Vardan in E1F1and E2F2 for test weight; CS-52 in E1F1, RN-

393 in E1F2, Kranti in E2F1 and RN-393 in E2F2 for seed yield 

per plant; Kranti in E1F1, GM-3 in E1F2, NRCDR-2 in E2F1 

and RH-30 in E2F2 for oil content; Kranti in E1F1, GM-3 in 

E1F2, Bio-902 in E2F1 and Cs-52 in E2F2 had relatively 

maximum dominant genes. These parents may be used in 

crossing programme for the improvement of different yield 

components for tangible advancement of mustard. 

 
Table 1: Estimates of regression coefficient ‘b’ their standard errors, deviation from zero and unity for different characters under normal (E1) 

and moisture stress (E2) environments 
 

Character 

 

E. B SE b [b-0]/SE b [1-b]/SE b 

 F1 F2 F1 F2 F1 F2 F1 F2 

Days to 50% flowering 

 

E1 0.66 0.457 0.192 0.205 3.438* 2.229 1.771 2.649* 

E2 0.124 0.062 0.279 0.171 0.444 0.363 3.140* 5.485** 

Days to maturity 

 

E1 -0.278 0.112 0.31 0.1 -0.897 1.120 4.123** 8.880** 

E2 0.474 -0.008 0.177 0.176 2.678* -0.045 2.972* 5.727** 

Plant height (cm) 

 

E1 0.18 -0.191 0.138 0.141 1.304 -1.355 5.942** 8.447** 

E2 0.142 0.52 0.333 0.175 0.426 2.971* 2.577* 2.743* 
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Number of primary Branches per plant 

 

E1 -0.354 0.642 0.155 0.155 -2.284 4.142** 8.735** 2.310* 

E2 -0.185 0.046 0.269 0.383 -0.688 0.120 4.405** 2.491* 

Length of main raceme (cm) 

 

E1 0.568 0.815 0.274 0.265 2.073 3.075* 1.577 0.698 

E2 -0.034 -0.009 0.081 0.057 -0.420 -0.158 12.765** 17.702** 

Siliquae on mian raceme 

 

E1 -0.03 0.047 0.084 0.184 -0.357 0.255 12.262** 5.179** 

E2 0.022 -0.034 0.169 0.126 0.130 -0.270 5.787** 8.206** 

No. of Seeds/Siliqua 

 

E1 0.307 0.574 0.176 0.175 1.744 3.280* 3.938** 2.434* 

E2 0.558 0.264 0.149 0.228 3.745** 1.158 2.966* 3.228* 

1000-seed weight (g) 

 

E1 0.099 -0.004 0.166 0.261 0.596 -0.015 5.428** 3.847** 

E2 -0.279 -0.335 0.237 0.186 -1.177 -1.801 5.397** 7.177** 

Seed yield/Plant (g) 

 

E1 0.058 -0.028 0.117 0.099 0.496 -0.283 8.051** 10.384** 

E2 0.115 0.111 0.133 0.1 0.865 1.110 6.654** 8.890** 

Oil content (%) 

 

E1 0.602 0.546 0.326 0.135 1.847 4.044** 1.221 3.363* 

E2 0.433 0.241 0.222 0.252 1.950 0.956 2.554* 3.012* 

 
Table 2: Estimates of components of genetic variances for different characters in the E1 for F1 and F2 generation 

 

Components 
Days to 50 % flowering Length of main raceme 

E1F1 E1F2 

D 2.375* 48.902* 

 ± 0.464 ± 9.136 

H1 5.105* 491.778* 

 ± 0.988 ± 77.789 

H2 5.456* 309.988* 

 ± 0.839 ± 66.112 

h2 3.581* -7.788 

 ± 0.562 ± 44.253 

F -1.685 157.116* 

 ± 1.071 ± 42.16 

E 1.014* 6.523* 

 ± 0.139 ± 2.754 

(H1/D)1/2 1.46 1.58 

H2/ 4 H1 0.26 0.157 

[(4DH1)½ +F / (4DH1)½-F] 0.61 -153.13 

h2/ H2 0.656 -0.025 

h2 (NS) 0.438 0.305 

*, **Significant at 5 percent and 1 percent levels of significance, respectively 
 

 
 

Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 1: Wr-Vr graph for days to 50 % flowering in normal (E1) and moisture stress (E2) for F1 and F2 diallels  
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Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 2: Wr-Vr graph for days to maturity in normal (E1) and moisture stress (E2) for F1 and F2 diallels  

 

 
 

Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 3: Wr-Vr graph for plant height in normal (E1) and moisture stress (E2) for F1 and F2 diallels  
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Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 4: Wr-Vr graph for number of primary branches per plant in normal (E1) and moisture stress (E2) for F1 and F2 diallels  

 

 
 

Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 5: Wr-Vr graph for length of main raceme in normal (E1) and moisture stress (E2) for F1 and F2 diallels  
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Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 6: Wr-Vr graph for number of siliqua on main raceme in normal (E1) and moisture stress (E2) for F1 and F2 diallels  

 

 
 

Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 7: Wr-Vr graph for number of seeds per siliqua in normal (E1) and moisture stress (E2) for F1 and F2 diallels  
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Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 8: Wr-Vr graph for 1000-seed weight in normal (E1) and moisture stress (E2) for F1 and F2 diallels  

 

 
 

Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 9: Wr-Vr graph for seed yield per plant in normal (E1) and moisture stress (E2) for F1 and F2 diallels  
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Where P1 : CS-52, P2 : GM-3, P3 : PBR-357, P4 : Vardan, P5 : RH-30, P6 : Bio-902, P7 : Kranti, P8 : NRCDR-2, P9 : RGN-229, P10 : RN-393, 

Fig 10: Wr-Vr graph for oil content in normal (E1) and moisture stress (E2) for F1 and F2 diallels 
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