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Abstract 
Generation mean analysis through 6 parameter model for three parents along with four 

generations viz F1, F2, BC1 and BC2 of two crosses of Brassica campestris was studied 

and evaluation was done in Randomized Complete Block Design (RCBD) with three 

replications in 2019.  Additive variance was noted for 1000 seed weight in cross Span × 

Toria and for days to 50% flowering in cross TR8 × Toria. Hence selection at early 

generation may be helpful for the improvement of these traits. Negative dominance 

effect was present for glucosinolate in cross TR8×Toria which might be supportive for 

the reduction of this trait. Genetic interactions were found fixable for plant height, 

siliqua length, days to 50% flowering, days to maturity, number of seeds per siliqua, 

yield, oleic acid and erucic acid in cross Span × Toria and for plant height, siliqua length, 

days to 50% flowering, days to maturity, oil contents, oleic acid, linoleic acid, erucic 

acid and glucosinolate in cross TR8 ×Toria. The traits showed fixable interaction mass 

selection and progeny selection would be effective while for others exploitation of 

heterosis breeding may be effective and selection would be delayed to attain 

homozygosity. 
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Introduction 

Brassicaceae is among the ten families having species supplying humanity food and 

enjoy great popularity among growers due to their greater economical return throughout 

the world (Caballero et al., 2003). The production of brassica was increased throughout 

the world due to development of varieties with low erucic acid and glucosinolates called 

as “LEAR” or double zero and marketed with brand name called as “CANOLA” 

(Abdelsatar et al., 2021). 

Pakistan produced only 21 percent of total edible oil demand while remaining 79 percent 

was imported from various countries including Malaysia and Argentina which was of 

worth 1 billion $ (MINFAL, ???). In Pakistan, oilseeds brassicas are cultivated in wheat 

growing areas, therefore its competition is not only with wheat but also with fodder for 

the use of water and other resources. Farmer prefer to grow wheat because it is staple 

food and get more support price. As a result, oilseeds brassicas faces shortage of water 

and other inputs. Oilseeds crops are cultivated on marginal lands, therefore their 

production is not meeting the demand of people. This alarming situation demands the 

breeders to develop local varieties with high oil contents and better quality to fill this 

gap.  

The understanding of genetics or type of genetic variability associated with economical 

traits is important which may help to apply specific population program to develop elite 

breeding material in Brassica species  

The study of genetic behaviour for the enhancement of yield as well as yield contributing 

traits is utmost breeding objective in oilseed brassicas. Oil contents, protein contents, 

oleic acid, linolenic acid, linoleic acid, erucic acid and glucosinolate (in oil free meal) 

are the important traits of brassica oilseeds. The objectives of present study were to 

understand the genetic mechanisms governing the inheritance of plant performance and 

oil quality traits as well as to develop high yielding along with high oil content lines with 

double characteristics. 

Materials and Methods 
The experiments were sown in the field area of the department of Plant 

Breeding and Genetics at University of Agriculture, Faisalabad for the period of 2016-

2019. The research material consisted of four parental lines of Brassica rapa. Among 

these two have low erucic acid and one with high erucic acid contents but high yielding. 

The parents were sown in the field and during flowering, hybridization was done by 

utilizing hand emasculation technique and controlled pollination by Span (Canola type) 

× Toria (Non canola type) and TR-8 (Canola type) × Toria (Non canola type). In the next 

season F1 were sown in the field. F1 plants were covered to control pollination and back 

crosses were made for each mentioned cross. Seeds were harvested and kept them 

separately to grow them next year.  Some F1 plants were covered at flowering to avoid 

foreign pollination and obtained pure F2 seeds that was sown in the following growing 

season.  

Three parents along with four generations viz F1, F2, BC1 and BC2 were sown in 

Randomized Complete Block Design (RCBD) as replicated three times. A distance of 

15cm between plants and 45cm between rows was maintained. Recommended dose of 

fertilizers and three number of irrigations were applied. Different rows were allocated for 

different generations. One row was sown by each parent and their subsequent F1, ten 
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rows for F2 and three rows for BC1 and BC2. The length of each row was 500 cm. Ten 

plants were selected randomly and tagged for each of parents and F1, hundred plants of 

F2 and fifty plants each of BC1 and BC2 generations from each replication for recording 

the observations on different characters (Pandey et al., 2013).  

Numerous plant traits i.e., Days to 50% flowering, days taken to maturity, plant 

height (cm), number of branches per plant, siliqua length, number of seeds per 

siliqua,1000 Seed weight, seed yield per plant (g), oil contents (%), protein contents(%), 

oleic acid contents (%), linolenic acid contents (%), linoleic acid contents (%), erucic 

acid contents(%), glucosinolate contents (%) were noted. Data was analysed statistically 

to determine genetic variability as described by Steel et al., (1997). Every character was 

genetically analysed by using Generation Mean Analysis (Mather and Jinks, 1982). 

Scaling tests A, B and C were used to determine presence or absence of non- allelic 

interactions as described by Mather (1949).  

Results  
The data were subjected for the analysis of variance. The results showed significant to 

highly significant differences among parents and their generations (P1, P2, F1, F2 BC1, 

BC2) in both crosses studied (Tables 1-2). 

Table 1. Mean Square values of six generations from Analysis of Variance for various 

morpho-phenological, yield related and biochemical traits in Span × Toria of Brassica 

campestris 

 
Source of variation REP GEN P1 vs  

P2 

P  s vs 

F1 

BC1 vs 

BC2 

F2 vs 

 C   s 

P  S , F1 

vs  

 C  s 

,F2 

Error 

Traits DF 2 5 1 1 1 1 1 10 

M
o

rp
h
o

-

p
h
en

o
lo

g
ical 

traits  
PH 0.8 452** 303** 1734** 77** 74.** 69** 0.9 

Bran. 0.5 1750** 4940** 1697** 3* 4* 2104** 0.5 

SL 0.0 1** 0** 2** 2** 0** 0** 0.0 

DTF50% 9* 185** 14* 412** 100** 190** 211** 1 

DTM 7* 30** 28** 6. 19** 85** 14* 2 

Y
ield

 

related
 

traits 

NSS 0 7** 2** 16** 7** 1* 11** 0 

1000-

SM 

0 0** 1** 0* 0** 0* 0** 0 

SYP 0 26** 0 105** 0** 2** 24** 0 

B
io

ch
em

ical traits. 

(q
u

ality
 traits) 

OC (%) 0 24** 4** 38** 30** 1** 46** 0 

PC(%)  0 28** 62** 27** 0** 1** 47** 0 

Ol (%) 0 319** 69** 570** 55** 156** 746** 0 

Lino (%) 0 1** 1** 3** 1** 1** 0** 0 

Lin (%) 0 3** 1** 1** 3** 0* 12** 0 

Eruc (%) 0 495** 1378** 69** 415** 119** 493** 0 

Gluco 0 3622** 2318** 1764** 857** 138** 130** 0 

*=Significant (p<0.05); **highly significant (p<0.01)Rep = Replication, GEN = Generation, P1= Parent-1, P2 = 

Parent-2, BC1 = Backcross-1, BC2 = Backcross-2, vs = Verses, P’s = Parents, F1 = First Filial Generation, F2 = 
Second Filial Generation. 
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Table 2. Mean Square values of six generations from Analysis of Variance for various 

morpho-phenological, yield related and biochemical traits in TR8 × Toria of Brassica 

campestris 
Source of variation REP GEN P1 vs  P2 P   s vs 

F1 

BC1 vs 

BC2 

F2  vs 

 C   s 

P   S , F1 

vs 

 C   s 

,F2 

Error 

Traits DF 2 5 1 1 1 1 1 10 

M
o

rp
h
o

-

p
h
en

o
lo

g
ical traits 

PH 4 118.17** 303.31** 12* 72** 125** 79** 2 

Branches 1 1600.17** 4825.74** 1570** 1 2 1603** 1 

Siliquae 

length 

0 2** 0.06 4** 0** 1** 4** 0 

DTF50%   10** 256** 915** 73** 130** 56** 109** 1. 

DTM 3* 268** 924** 21** 342** 51** 4* 1 

Y
ield

 

related
 

traits 

NSS 0 27** 2** 121** 7** 1** 2** 0 

1000SM 0 0** 1** 0** 0 0 1** 0 

SYP 0 0* 0 0** 0 0. 0 0 

B
io

ch
em

ical traits. 

(q
u

ality
 traits) 

OC(%) 0 38** 3** 87** 2** 29** 71** 0 

PC (%)  0 29** 61** 59** 0** 2** 25** 0 

Ol % 0 523** 64** 1225** 304** 220** 804** 0 

Lino% 0 2** 1** 5** 2** 1** 0* 0 

Linol% 0 9** 1** 4** 32** 5** 4** 0 

Eru% 0 503** 1378** 395** 569** 160** 15** 0 

Gluc% 0 2020** 2318** 57** 2529** 2076** 3120** 0 

*=Significant (p<0.05); **highly significant (p<0.01)Rep = Replication, GEN = Generation, P1= Parent-1, P2 = 

Parent-2, BC1 = Backcross-1, BC2 = Backcross-2, vs = Verses, P’s = Parents, F1 = First Filial Generation, F2 = 
Second Filial Generation. 

Mean square values of six generations were found highly significant when comparison 

was made between parents for all morpho-phenological and yield related traits i.e., days 

to 50% flowering, days to 70% maturity, plant height, number of branches, siliqua 

length, number of seeds per siliqua, 1000 seed weight and seed yield in both crosses 

except siliqua length and seed yield in cross TR8 × Toria.  

When parents were compared with first filial generation, significant mean squares 

appeared to be pronounced for days to 50% flowering in two crosses, days to maturity in 

cross TR8 × Toria except in cross Span × Toria, plant height, number of branches in both 

crosses, while siliqua length remained non-significant in cross TR8 × Toria, for yield 

related traits i.e., number of seeds per siliqua, 1000 seed weight and seed yield/ plant for 

both crosses 

In cross Span × Toria, all significant differences were found for all morpho-phenological 

and yield related traits when BC1 was compared to BC2;F; F2 was compared  C’s and 

P’s; F1 was compared to  C’s and F2. In cross TR8 × Toria showed significant 

differences for days to 50% flowering, days to 70 % maturity, plant height and for 

number of seeds per siliqua when BC1 was compared with BC2 and F2 was compared 
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with  C’s. When a comparison was made between P’s, F1 vs  C’s, F2 significant 

differences were found for all morpho-phenological and yield related traits except seed 

yield. 

Both crosses showed highly significant differences when comparisons were made 

between parents, backcrosses, P’s vs F1, F2 vs  C’s and P’s, F1 vs  C’s, F2 for all 

biochemical traits studied . The Scaling Tests (A, B, C) for both crosses (Table 3-4) 

studied indicated the existence of epistasis for all the traits studied except for the seed 

yield in TR8 × Toria.  

Five and six genetic parameter models were found to be fit for the inheritance of days to 

50% flowering in both crosses studied. Both additive and non-additive gene action was 

responsible for the said trait while dominance effects was higher in two crosses studied. 

In cross Span × Toria while TR8 × Toria had more magnitude of additive effects than 

dominance effects and additive × additive gene effects have greater value than others. It 

also has the negative sign which indicated the presence of negative genes in parents. 

Results from analysis of gene effects showed existence of additive and non-additive 

components for expression of number of days to maturity in both crosses studied. 

Dominance with greater magnitude was present and opposite sign of (h) and (l) revealed 

the existence of duplicate epistasis in both crosses. 

Table 3. Gene action for various morpho-phenological, yield related and biochemical 

traits in Span × Toria, where plant height (PH), number of branches (Branc.), silique 

length (SL), days to 50% flowering (DTF 50%), days to maturity (DTM), number of 

seed silique
-1

 (NSS), 1000-seed mass (1000-SM), seed yield plant
-1

 (SYP)   

 
Traits Scaling Test Genetic Effects χ

 2
(df) 

 A B C [m] [d] [h] [i] [j] [l] 

PH -28** 

±3 

1* 

±3 

-52** 

±3 

124** 

±1 

7** 

±1 

55** 

±2 

26** 

±2 

-14 

±2 

 0(1) 

Bran -62** 

±1 

-7** 

±1 

-63** 

±2 

41** 

±0 

29** 

±0 

-95** 

±2 

 -27** 

±1 

65** 

±1 

10 

(1)  

SL 0 

±0 

-1** 

±0 

-2** 

±0 

4** 

±0 

0 

±0 

2** 

±0 

1** 

±0 

1* 

±0 

 0 

(1) 

DTF 

50% 

9** 

±1 

-4** 

±1 

44** 

±1 

89** 

±1 

2** 

±0 

-59** 

±4 

-39** 

±1 

7** 

±1 

34** 

±2 

0  

(0) 

 

DTM -0 

±1 

-3** 

±1 

23** 

±1 

128** 

±2 

2** 

±0 

-53** 

±4 

-26** 

±2 

 29** 

±3 

5 

(1) 

NSS 5** -1 6** 14** -1  -3** 3**  1  

(2)  ±1 ±1 ±1 ±0 ±0  ±0 ±1  

1000-

SM 

0 

±0 

0** 

±0 

0 

±0 

2** 

±0 

0* 

±0 

0 

±0 

  -0 

±0 

2 

(2) 

SYP -7** 

±0 

-8** 

±0 

-12** 

±0 

10** 

±1 

0 

±0 

-15** 

±2 

-2** 

±0 

 19** 

±1 

1  

(1)  

OC% 2* 

±0 

9** 

±1 

8** 

  ±1 

39** 

±0 

-1* 

±0 

14** 

±1 

 -4** 

±1 

-9** 

±1 

3  

(1) 

PC% -8** 
±0 

-1** 
±0 

-12** 
±0 

24** 
±0 

3** 
±0 

-15** 
±0 

 -3** 
±0 

11** 
±0 

25 
(1)**   

Ol% 23** 

±1 

29** 

±1 

17** 

±2 

-7** 

±2 

-4** 

±0 

138** 

±6 

35** 

±2 

 86** 

±4 

8  

(1)** 

Linolei -3** 

±0 

0 

±0 

1 

±0 

6** 

±0 

0 

±0. 

 -0 

±0 

-2** 

±0 

1* 

±0 

16 

(1)**  
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Lino. -2** 

±0 

-4** 

±1 

-6** 

±1 

15** 

±0 

0 

±0 

-7** 

±1 

 1 

±0 

6** 

±1 

1  

(1) 

Eur % 14** -50** -66** -18** 15** 39** 33** 32**  10  

(1)**  ±1 ±0 ±1 ±0 ±0 ±0 ±0 ±0  

Gluc  136** 

±2 

49** 

±3 

218** 

±3 

63** 

±0 

-20** 

±0 

235** 

±2 

 41** 

±2 

-205** 

±2 

67  

(1)** 

 

Table 4. Gene action for various morpho-phenological, yield related and biochemical 

traits in TR8 × Toria 
Traits Scaling Test Genetic Effects χ

 2
 

(df) A B C [m] [d] [h] [i] [j] [l] 

PH -16** 

±2 

12** 

±2 

-36** 

±3 

133** 

±1 

8** 

±1 

15** 

±2 

18** 

±1 

-15** 

±2 

 22 

(1)** 

Bran. -55** 

±1 

-0 

±2 

-60** 

±1 

41** 

±0 

28** 

±0 

-86** 

±1 

 -27** 

±1 

58** 

±1 

4  

(1)* 

SL -22** 

±0 

-1** 

±0 

-6** 

±0 

3** 

±0 

0 

±0 

 2** 

±0 

-1 

±0 

3** 

±0 

1  

 (1) 

DTF 

50%  

1 7** 30** 74** 12** -8** -14** -3**  26  

(1) ±1 ±1 ±1 ±1 ±0 ±1 ±1 ±1  

DTM 9** 

±1 

4** 

±1 

-8** 

±1 

92** 

±1 

12** 

±0 

49** 

±3 

20** 

±1 

3** 

±0 

-33** 

±2 

0.00  

(0) 
NSS -6** -3** -6** 11** -1   -2* 8** 6  

(2) ±1 ±1 ±1 ±0 ±0   ±0 ±0 

1000 

SM 

1** 

±0 

1** 

±0 

2** 

±0 

2** 

±0 

0 

±0 

2** 

±0 

 -0 

±0 

-2** 

±0 

0.02 

(1) 

SYP 0 -0 -0 6**   0   3  
(4) ±0 ±0 ±0 ±0   ±0   

OC 

(%) 

10** 6** 1** 23** -1* 56** 16**  -33** 31.

 

(1)** 
±0 ±1 ±1 ±1 ±0 ±2 ±1  ±2 

PC (%)  -7** 0 -3** 24** 3** -10**  -4** 5** 3.83 

(1) ±1 ±1 ±1 ±0 ±0 ±1  ±1 ±1 

Ol. (%) 29** -6** 65** 59** -3** -7** -31** 16**  18 

(1)** ±1 ±2 ±2 ±1 ±0 ±1 ±1 ±1  

Linol. 

(%) 

1 -1 -2** 5** 0 2.58** 1 1  2.23 

(1) ±0 ±1 ±1 ±0 ±0 ±0.32 ±0 ±0  

Lino.  

(%) 

1 -8** -0.47 21.66** -19**  -6** 5** 14** 7 

(1)** ±1 ±1 ±1 ±1 ±3  ±1 ±0 ±2 

Eur. 

(%) 

3** 11** -22** -17** -15** 61** 32**  -43** 152 

(1)** ±0 ±1 ±1 ±1 ±0 ±2 ±1  ±1 

Gluco. 12** 54** 195** 158** -20** -102** -95** -26**  21 

(1)** ±4 ±5.41 ±5.49 ±2.71 ±0.16 ±3.80 ±2.72 ±2.93  

 

Fixable interaction (i) was present in both crosses. Five and six parameters model 

elaborated the genetic differences in this trait. The number of parameters that explain the 

genetic differences were four and five in crosses studied for the plant height. This trait 

was controlled by both additive and non-additive gene effects in both crosses. So it 

becomes the complex. The magnitude of dominance effects was higher than the additive 

effects. 

Five components of generation mean showed genetic variation for number of branches. 

Both additive as well as non-additive gene effects explained gene actions with higher 

magnitude of dominance effects. Duplicate epistasis was found in both crosses studied. 

In epistatic interactions, (i) was found missing while (j) and (l) was present in both 
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crosses. Selection should be delayed. Siliqua length in cross TR8 × Toria showed 

significant dominance effects while TR8 × Toria showed epistatic interactions with non-

dominance effects. Additive × additive was found in both crosses. Span × Toria and TR8 

× Toria showed (i) and (j) interactions of epistasis. TR8 × Toria showed a little high 

magnitude of (l) than (i) that expressed importance of dominance x dominance 

interaction for controlling the trait under discussion Four and five parameter model were 

the best fit for number of seeds per siliqua. Significant value of dominance × dominance 

(l) for TR8 × Toria showed that parents had dispersal of alleles for number of seeds per 

siliqua. Cross Span × Toria had (i) and (j) interactions with high but negative magnitude 

of (i) for number of seeds per siliqua. Seed yield per plant results showed that additive 

and dominance model were prevalent in expressing the trait in two crosses with high 

degree of dominance. Dominance effect was many times more than additive effect in 

cross Span × Toria and showed duplicate epistasis while cross TR8 × Toria showed only 

(i) interaction. 

In both crosses, five parameter model explained the genetic variability of oil content. 

Additive and non-additive genetic components were found significant. Additive and 

dominance effects along with epistasis effect were observed in both crosses. The 

magnitude of dominance effect was found greater than additive and epistatic effects in 

both crosses, suggesting hybrid breeding for the improvement in the character. 

Dominance × dominance (l) was present in both crosses. Duplicate type of epitasis was 

found in both crosses. 

Additive and dominance gene effects with epistatic interactions were found significant 

for protein contents in both crosses. The amount of dominance effects was greater than 

additive effects in both crosses. The opposite signs of dominance (h) and dominance × 

dominance (l) effects showed the existence of duplicate epistasis. The additive × 

dominance (j) interaction effect was found in both crosses. Five parameter model 

justified the genetic variability for oleic acid. Additive main effects and dominance main 

effects along with additive × additive (i) and dominance × dominance (l) was observed 

for oleic acid in Span × Toria. In this cross, magnitude of dominance main effects was 

found higher than other effects. TR8 × Toria had complimentary type of gene action. 

TR8 × Toria fixable epistasis i.e., additive × additive (i) effects showed high magnitude. 

Additive main effects were observed negative sign illustrated that lower value alleles 

were over dominant. 

Linolenic acid had five parameter models to illustrate genetic variability in both crosses. 

In Span × Toria dominance effects were absent. Although additive main effects were 

found in this cross but their share was found smaller than (j) i.e., additive × dominance 

and showed complementary type of epistasis. In cross TR8 × Toria, dominance effects 

were found significant so heterosis breeding may be adopted. Additive and non-additive 

effects along with interactions effects were found responsible for expression of linoleic 

acid in both crosses. Dominance main effect showed high magnitude value in Span × 

Toria and also showed epistasis of duplicate nature as dominance (h) and dominance × 

dominance (l) showed the opposite signs. So heterosis breeding method may be followed 

for improvement of this trait. Four parameter model fits for the expression of this trait in 

both crosses under studied. In TR8 × Toria, additive main effects showed high 

magnitude than others. Dominance main effects was not observed in this cross. So 
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selection should be done at early stage in this cross. Negative sign of additive main 

effects in TR8 × Toria showed that alleles controlling less value traits were found over-

dominant than high values.Five parameter model described in both crosses studied for 

erucic acid. i.e; anti nutritional components in human diet. Additive and dominance 

effects were found in both crosses. Dominance effects have high magnitude than additive 

effects. Duplicate type of epistasis was found in TR8 × Toria. In epistatic interactions 

additive x additive (i) were found in both crosses. Dominance × dominance (l) was found 

in TR8 × Toria.  

In both crosses, five parameter model were found the best for determination of genetic 

variability of glucosinolate contents. Additive and dominance main effects along with 

epistatic effects were found in both crosses. Dominance main effects showed many times 

high magnitude than additive in both crosses. Duplicate non allelic interaction was found 

in Span × Toria.  

Discussion  
 Presence of variability in breeding material is the prerequisite for the improvement of a 

trait. Results revealed that days to 50% flowering was under the control of additive gene 

action in cross TR8 × Toria which suggested that selection at early generation may be 

effective for earliness in flowering. Negativity in the trait of days to 50% flowering 

showed earliness in flowering. As early flowering varieties was desired so it is very 

valuable trait for a breeder, and selection should be done at early stage because fixable 

epistatic effects were present in TR8 × Toria. Kemparaju et al., (2009) and Maurya et al., 

(2012) also observed the same effects. Akanksha et al., (2017) noted duplicate epistasis 

and value of dominance effect was found more than the others for days to 50% 

flowering. Kant et al., (2001) and Shrimali et al., (2017) reported that additive gene 

effects was more important for days to flowering. Hybrid breeding for early maturing is 

suggested because dominance effects had the greater magnitude. The results of 

Kemparaju et al., (2009) were in corroboration while Singh and Yadeve (1980) and 

Cheema and Sadaqat (2003) found presence of non-additive effects for the trait. Patel et 

al., (1996) reported additive type of gene action for days to maturity. Sachan and Singh 

(1987) found di-genics model and duplicate epistasis for maturity. They also found all 

interactions of epistasis significantly for this trait. Kant et al., (2001) found additive × 

additive effects for days to 75% maturity. Shrimali et al., (2017) reported that days to 

maturity was controlled additively. . Reciprocal recurrent selection is suggested for the 

improvement of plant height. Singh and Singh (1994) and Sabaghnia et al., (2010) also 

reported non-additive type of genetic components for the control of plant height.  

Akanksha et al., (2017) depicted that duplicate epistasis is responsible for plant height. 

Shrimali et al., (2017) reported that plant height was controlled additively. 

Preponderance of dominance effects for number of branches as demonstrated by Singh et 

al., (2007). Akanksha et al., (2017) reported duplicate epistasis for number of branches 

per plant. It also showed dispersal of alleles for siliquae length in particular cross. Five 

parameter model was fitted for genic variation of siliquae length in both crosses. Results 

were supported by Singh et al., (2007). Results of Sheikh and Singh (1998) contradicted 

the present research and detected additive gene action for this traits. Akanksha et al., 

(2017) reported presence of duplicate epistasis for this trait. Singh et al., (2003) showed 
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that additive gene effects were responsible for the number of seeds per siliqua. Selection 

in early generation could be successfully performed.  

Results of Thakur and Sagwal (1997), Varsha et al., (1999), Ghosh et al., (2001) and 

Rameeh (2012a) were in corroboration to present study. While Kemparaju et al., (2009) 

concluded that duplicate epistasis was more powerful for controlling the seed yield. 

Results showed that selection should be postponed to later generations and suggested 

heterosis breeding would be rewarding. Kant et al., (2001) found additive x additive 

effects more important for seed yield per plant. 

The quality characters of oilseed brassicas showed that genetic variation was due to 

significant and non-significant variation. The presence of these variations are very 

precious for oilseed breeder to develop high quality varieties especially for double low 

varieties in brassica. Oil contents, protein contents, oleic acid, linolenic acid, linoleic 

acid, erucic acid and glucosinolate (in oil free meal) are the important traits of brassica 

oilseeds. F2 population showed significantly genetic variation for linolenic acid, oil 

content, erucic acid, glucosinolate and oleic acid (Khan et al., 2008). In both crosses 

negative sign of additive main effects (d) showed that alleles responsible for less oil 

content trait were over dominant over the alleles controlling the high value. Sheikh and 

Singh (1998), Rameah et al., (2003) and Wang et al., (2010) reported the same results. 

Some researchers reported that oil contents were governed additively or dominance gene 

action was responsible. (Iqbal et al., 2003, Zaho et al., (2006).  Kant et al., (2001) found 

additive × additive non-allelic interaction for oil contents. Ahmad et al., (2015) reported 

additive effects were dominated for oil contents. Reciprocal recurrent selection or 

heterosis for the improvement of protein contents may be useful. High magnitude of 

dominance (h) showed that genes are dispersed in the parent and association was not 

found. Heterosis may lead to improve this trait. Turi et al., (2010) confirmed the non-

additive effects for protein contents. Ahmad et al., (2015) noted that protein contents 

were non-additively controlled in one cross studied while non-additively controlled in 

the other cross and selection in early generation may be productive in that cross and it 

was additively controlled and heterosis breeding may be useful in other crosses.   Results 

suggested reciprocal recurrent selection procedure for improvement in oleic acid traits. 

Coonrod et al. (2008) concluded that this trait was controlled additively. Harvey and 

Downey (1964) and Kondra and Stefansson (1965) confirmed the present results. Ahmad 

et al., (2015) depicted non-additive type of gene action for the control of oleic acid and 

proposed selection in later stages for the oleic acid. So these crosses should be taken 

forward for development of low linolenic varieties. Ahmad et al. (2015) reported 

negative dominance for the control of linolenic acid. Coonrod et al. (2008) and Shrimali 

et al., (2017) discovered that this trait was additively controlled. Results of Coonrod et 

al., (2008) was in contradictory to this research as they mentioned additive as well as 

additive × additive epistatic interactions for linoleic acid and additive effect had 

profound effect than interaction. High magnitude of dominance effect suggest either 

selection should be done in later stages or hybrid breeding for development of low erucic 

acid varities. Zhang et al. (1996) and Iqbal et al. (2003) reported that erucic acid was 

under the control of additive effects. Ahmad et al. (2015) reported additive gene action in 

one cross and non-additive in other cross for erucic acid. Ze-su et al. ( 2012) reported 
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that erucic acid did not follow the additive-dominance model and was under control of 

two major genes. Chauhan et al., (2002) concluded that erucic acid was under the control 

of additive and additive x additive interactions and selection may be fruitful in early 

generations either for low or high erucic acid. Negative sign of additive main 

components in both crosses illustrated lower value alleles are dominant and it may help 

in breeding for low value parent. The results showed that this trait was controlled by 

additive as well as non-additive genetic attributes. Ahmad et al. (2015) reported negative 

dominance for the control of glucosinolate. He also reported persistence of negative 

dominance for glucosinolate and for linolenic acid. One to more non allelic interactions 

and three major genes were reported by Ze-su et al. ( 2012) for glucosinolate contents. 

Conclusion  

Genetic interactions were found fixable in both crosses i.e. Span × Toria  

and TR8 ×Toria for the traits, plant height, siliqua length, days to 50% flowering, days to 

maturity, number of seeds per siliqua, yield, oleic acid and erucic acid except 

glucosinolate, oil contents and linoleic acid in cross TR8 ×Toria  

 Therefore mass selection and progeny selection may be useful for improvement in these 

traits. All other traits studied showed non fixable interactions and exploitation of 

heterosis breeding may be effective through biparental crosses.  
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