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The study was conducted to evaluate five female parents (lines) and eight male parents 

(testers) in a line x tester mating design at the research field of Sher-e-Bangla 

Agricultural University, Bangladesh, to estimate their gene action and heterosis for seed 

yield and yield contributing attributes in rapeseed. The data recorded on 40 F1’s and 

their parents for their combining ability indicated that the GCA effect was significant 

for primary branches per plant, secondary branches per plant, number of siliqua per 

plant, seeds per siliqua, thousand seed weight and seed yield per plant. High ratio of 

GCA and SCA variance was observed indicating a preponderance of non-additive gene 

effects in the inheritance of the yield and yield contributing characters under study. 

Among the lines Nap 9908 and Nap 94006 were found as good general combiners. 

Among 40 hybrids 16 were found as a good specific combiner for yield and yield 

contributing characters. Different types of heterosis, i.e. heterosis over mid parent 

(Hm), heterosis over better parent (Hb) and heterosis over the standard check (Hc) were 

estimated to evaluate forty hybrids for seed yield and yield contributing characters. The 

average heterosis for seed yield of forty hybrids over mid parent was 3.27% and that of 

better parent and the standard check was -9.72% and 5.60%, respectively. 
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INTRODUCTION1  

apeseed (Brassica napus L.) known as rape, 

oilseed rape, rapa and it is the most 

important oilseed crop in Bangladesh but its 

national average seed yield is only 1078.7 kg/ha 

(FAOSTAT 2019). It is positioned as the 3rd most 

important oilseed crop after soybean and palm. It is 

originated in either the Mediterranean area or 

Northern Europe. In Bangladesh, nearly 70% of the 

total cultivated mustard is the variety of either 

Brassica rapa or Brassica napus. Oilseed rape (B. 

napus L.) is usually classified as a largely self-
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pollinated species and it is a bright yellow 

flowering member of the family Brassicaceae 

(Cruciferae). It is an amphidiploid containing 2n = 

38 Chromosomes with AACC genomic 

constituents developed from Brassica rapa (AA) 

and Brassica oleracea (CC). Some botanists 

include the closely related Brassica campestris 

within B. napus (Triangle of U). The seeds of 

mustard and rapeseed contain 42% oil, 25% protein 

(Zaman et al. 2010). The oil is mainly used as an 

edible product and a source of energy (9 k. cal. g-1). 

It also contains fat-soluble vitamins A, D, E and K. 

Rapeseed (B. napus L.) plays a vital role in human 

diet but the consumption rate of oil in Bangladesh 

is far below that of balanced diet (6 g oil per day 

per capita). Currently the seed yield of mustard per 

hectare in Bangladesh is far below the level 

attained in the developed countries of the world 

(BBS 2008). The main reasons behind these are use 

of low yielding local indigenous cultivars, 

unavailability of locally developed hybrids and low 

management practices. Also, this crop is mostly 

grown under residual soil moisture in winter season 

as well as poor cultural practices; the average yield 

is quite lower than that in the developed countries 

R 
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(Hasanuzzaman and Karim 2007). The yield of 

rapeseed can be increased by expansion of 

cultivated area (skipping of fallow period, 

cultivation of marginal soils, cultivation of hillside 

locations), development of high-yielding and 

resistant varieties, use of optimum fertilizer and 

taking of plant protection measures, irrigation 

mechanization, multiple cropping and reduction of 

postharvest losses (quantitative and qualitative 

losses). Development of high-yielding and resistant 

variety are the direct ways to increase production 

and the major research thrust in the oilseed 

Brassica sp. improvement in Bangladesh has been 

to developed high yielding varieties with early to 

medium maturity, non-shattering ability, shorter 

plant with stronger stem, a better harvesting index, 

responsiveness to good management, resistance to 

diseases and pests, and improved oil and meal 

quality. Commercial hybrid cultivars become 

increasingly important for oilseed crops. Because 

mutation breeding, marker assistant breeding, 

genetic engineering, and protoplast fusion 

contribute only a little in the production of disease 

and pest-resistant plants. For commercial 

exploitation of hybrid technology in mustard, a 

cytoplasmic male sterile line (A), a maintainer line 

(B) and a restorer line (R) are required. In rapeseed 

breeding program for hybrid and open-pollinated 

varieties, general combining ability (GCA) and 

specific combining ability (SCA) effects are crucial 

indicators of the potential of inbred lines in hybrid 

combinations. The line × tester analysis is one of 

the efficient techniques of evaluating large number 

of inbreeds as well as giving information on the 

relative importance of GCA effects of lines and 

testers and also SCA effects of pairs of parental 

genotypes for interpreting the genetic basis of 

significant plant traits (Mather and Jinks 1982). In 

F1 hybrids of B. napus, the levels of heterosis were 

reported to be about 20 percent above the better 

parent (Sernyk and Stefansson 1983; Grant and 

Beversdorf 1985). With good management and 

hybrid varieties, the present yield level could be  

increased. Combining ability concepts are the basic 

tools for improved production of crops in the form 

of F1 hybrids. Identifying parental combinations 

with strong heterosis for yield and obtain genetic 

parameters are the most significant steps in the 

development of new cultivars (Diers et al.  1996; 

Becker et al.  1999), and heterosis effects are 

generally more pronounced in crosses between 

genetically distinct materials. The development of 

hybrid varieties requires the testing of inbred lines 

for general combining ability (GCA), making their 

all possible cross combinations, predicting F1 

performance constituting several experimental 

synthetics. Many workers have reported GCA and 

SCA effects for yield and yield components in 

different crops (Muraya et al. 2006; Jan et al. 

2005), whereas critical studies on gene action on 

yield and yield components in Brassica are very 

few. However, studies on combining ability in 

relation to combining ability in other traits have 

been reported by Abercrombie et al. (2005) and 

Satwinder el al. (2000). These data suggested that 

there are few works to understand the nature of 

gene effects and the inheritance of yield and yield 

components in Brassica napus under Bangladesh 

condition. Therefore, the knowledge about 

combining ability and heterosis is important in 

selecting suitable parents for hybridization, proper 

understanding of inheritance of quantitative traits 

and also in identifying the promising crosses for 

further use in breeding programs. In this 

experiment five female parents (lines) were crossed 

with eight male parents (testers) in a line × tester 

mating design. Then forty hybrids (F1) and parents 

were evaluated to estimate the combining ability 

effect and magnitude of heterosis over the mid 

parent, better parent and standard check variety. 

MATERIALS AND METHODS  

Experimental Site Details 

The Experiment was conducted at the research 

farm of Genetics and Plant Breeding of Sher-e-

Bangla Agricultural University (SAU), Dhaka-

1207, Bangladesh, during two consecutive years in 

the winter season (November to April). The 

experiment field is located at 90°33´ E longitude 

and 23°77´ N latitude at the height of 9 meters 

above the sea level. The land was medium-high and 

well-drained. The temperature during the cropping 

period ranged between 12.50°C to 36.20°C. The 

humidity varied from 47.13% to 68.14% and day 

length between 10.5-11.0 hours. The soil of the 

experimental site was Deep red Brown Terrace soil 

and belonged to the “Nodda” Cultivated series. The 

topsoil is silty clay loam in texture. Organic matter 

content was very low (0.82%) and soil pH varied 

from 5.47 to 5.63. The physical and chemical 

properties of the experimental field are presented in 

Table 1. 

Table 1. Physical and chemical properties of soil (0-

15 cm) of the experimental field 

A. Physical properties of soil  

% sand (0.2-.02 mm) 

% silt (0.02-.002 mm) 

% clay ( 0.002 mm) 

Textural class 

Consistency 

21.75 

66.60 

11.65 

Silty 

loam 

Granular 

B. Chemical properties of soil  

Soil pH 

Organic carbon (%) 

Organic matter (%) 

Total nitrogen (%) 

Available phosphorus (ppm) 

Exchangeable potassium (me/100 g soil) 

Available sulphur (ppm) 

6.4 

1.30 

1.28 

0.11 

27 

0.12 

9.00 

Source: Soil Science Department, SAU, Dhaka-1207. 
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Experimental Materials 

Five line (Seed Parents: Nap94006, Nap9908, 

Nap2037, BARI Sarisha-7 and BARI Sarisha-13); 

eight tester (Pollen Parents: Nap248, Nap179, 

Nap206, Nap2001, Nap2057, Nap2012, Nap2013 

and Nap2022) and their 40 F1s were used as plant 

materials. BARI Sharisha-13 was used as standard 

check variety. The seed of parents was collected 

from the Department of Genetics and Plant 

Breeding of Sher-e-Bangla Agricultural University, 

Dhaka-1207. These thirteen parents were grown in 

the experimental farm during the winter season to 

obtain F1 testcross progenies for the estimation of 

combining ability and heterosis. 

Crossing Among the Selected Genotypes of Rape 

Seed  

Five lines (Seed parents) were crossed with 

eight testers (Pollen Parents) of B. napus in one 

direction. Removal of sepal and petal from the 

upper portion of the bud of CMS Brassica 

genotypes was done in the evening to expose the 

stigma for pollination. Hand pollination was carried 

out in the following morning by dusting pollen 

from the fertile Brassica napus genotypes. The 

crossed buds were bagged and tagged properly. 

Bagging after pollination was continued for 3-4 

days to avoid unwanted pollination. Thus 40 test 

cross F1s were produced. After maturity, the siliqua 

was collected separately from the plant followed by 

threshing and drying the F1 and parental seeds were 

kept in the cold storage for the study in the 

following year.  

Growing Test Cross (F1s) and Their Parental 

Population 

Evaluation of testcross progenies was carried 

out in the second year in the experimental field. 

Crop Management 

Seeds of 40 F1s were grown in separate lines 

in the experimental field. The seeds of 40 F1s 

(hybrids) and 13 parents were grown in 

Randomized Complete Block Design (RCBD) with 

three replications. A single row of 5 m each 

constituted the experimental unit. Respective 

parental genotypes (pollen parents) were also 

grown in alternate lines. The row spacing was 30 

cm having plant spacing 15 cm within the row. 

Fertilizers were applied @ 270: 170: 100. 150: 5 

kg/ha of Urea, TSP, MOP, Gypsum and Zinc 

sulfate, respectively. Cow dung was applied @ 10 

M ton/ha. The total amount of cow dung TSP, 

MOP, Gypsum. Zinc sulfate and half of Urea were 

applied at the time of final land preparation. The 

remaining Urea was top-dressed at 30 days after 

seedlings emergence. Necessary intercultural 

operations and crop protection measures were taken 

during the cropping period for the proper growth 

and development of the plants. 

Data collection 

Ten randomly selected competitive plants 

from each of the parents and F1s were used in each 

replication for recording data for different 

characters. 

Number of Primary Branches per Plant 

The total number of primary branches of ten 

plants were measured and averaged. 

Number of Secondary Branches per Plant 

The total number of secondary branches of ten 

plants were measured and averaged. 

Number of Siliqua per Plant 

The total number of siliqua of ten plants were 

counted and the average number of siliqua per plant 

were recorded. 

Number of Seeds per Siliqua 

All siliqua from the sample plant were 

collected and 10 siliqua were randomly selected. 

Seeds obtained from them were counted and 

recorded the average number of seeds per siliqua. 

Seed Yield per Plant (g) 

The weight of seeds harvested from the 

selected plants was recorded and then seed yield 

per plant was determined. 

Thousand Seed Weight (g) 

Thousand seed from the selected plant were 

counted and their weight was taken in an electric 

balance. 

Statistical Analysis    

To predict the hybrid performance of the 

crosses involving five lines and eight testers, 

analysis of variance for Hybrid (crosses), line, 

tester, line X tester, combining ability and other 

components were estimated through line x tester 

method as described by Klempthorne (1957). 

 

RESULTS AND DISCUSSION  

Combining Ability Analysis for Different 

Characters in Lines, Testers and Crosses 
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The analysis of variance for characters was 

found that the hybrids were significantly different 

at 1% level, for most of the characters studied 

(Table 2 and Table 3). Treatment means sum of 

squares were further partitioned into variance due 

to lines (female parents), testers (male parents) and 

interaction (line x tester). Variance due to lines was 

significant for a number of primary branches per 

plant, number of secondary branches per plant and 

seed yield per plant (g) at 1% level for a number of 

seeds per siliqua at 5% level. Variance due to 

testers for thousand seed weight (g) at 1% level. 

Variance due to interaction (line X tester) was 

found highly significant for all the characters 

except number of primary branches per plant, 

number of secondary branches per plant, number of 

seeds per siliqua and number of siliqua per plant. 

Analysis of variance exhibited wide range of 

variability for all the characters studied. The 

magnitudes of SCA variance were high for all 

characters indicating the predominance of non-

additive gene actions. The ratios of SCA and GCA 

variance for all characters were higher than unity 

suggested non-additive gene actions predominated 

over additive gene action for all the characters. The 

results of Goswami et al. (2005) were in agreement 

with the present results. This result suggests that 

the prevalence of non-additive gene action in these 

characters could be used in heterosis breeding. The 

proportional contribution of lines, testers and their 

interactions were analyzed (Table 4) and found that 

the contribution of lines was higher than 

contribution of testers to the total variances for 

primary branch per plant and number of siliqua per 

plant. These results suggested that the 

predominance of general combining ability for 

primary branches per plant and number of siliqua 

per plant. The contribution of line x tester 

(interactions) was higher than that of lines or testers 

for all characters. This indicated a positive 

indication for development heterotic hybrid (Yadav 

et al. 2005). 

Mean Performance and Combining Ability 

Effects 

Mean performance (Table 5 and Table 6), 

General combining ability (GCA) effects in respect 

of testers and lines (Table 7 and Table 8) and 

specific combining ability (SCA) effects of crosses 

(Table 9), maximum and minimum mean values of 

40 cross combinations (Table 9), inter se means of 

parents (Table 5), scoring of GCA and SCA effects 

(Table 12-14), promising specific cross 

combination with its SCA grouping and parents 

GCA grouping are presented in Table 7 and Table 

9. Results found that there was a wide range of 

variation in combining ability estimates and means. 

Forty cross combinations were categorized into two 

groups considering all characters. Sixteen (16) 

crosses were found under high (H) SCA group and 

twenty-four (24) crosses were under low (L) SCA 

group. 

Number of Primary Branches per Plant 

Mean performance 

The highest mean was observed in the cross 

Nap2037×Nap2022 (5.23) for the number of 

primary branches per plant (Table 6). Other crosses 

closer to this value were Nap94006×Nap248 (4.83) 

and Nap9908xNap248 (4.83) which were higher 

than both of its parents (Table 5) while BS-

7×Nap2057 had the lowest mean of the number of 

primary branches per plant (2.13). It was lower  

Table 2. Analysis of variance for combining ability for different characters in Brassica napus genotypes 

Source of 

variation 

Degree 

of 

Freedom 

Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 seed 

weight(g) 

Seed 

yield/plant 

(g) 

Treat 52 0.931 4.317 1753.164 10.830 1.510 15.586 

Rep 2 14.354 3.909 27143.280 3.886 0.084 250.619 

Hybrid 39 0.752 3.62* 1706.895 10.367** 1.530** 17.699** 

Line(female) 4 2.94** 12.72** 3627.433** 25.582* 1.272 72.920** 

Tester(male) 7 0.278 2.273 1931.501 2.706 3.507** 12.962 

L vs T 28 0.558 2.656 1376.381 10.109 1.072** 10.995** 

Error 104 0.546 1.763 1086.410 1.891 0.052 4.802 

 Component of variance 

𝜎2𝑔𝑐𝑎 0.003 0.015 5.162 0.004 0.007 0.105 

𝜎2𝑠𝑐𝑎 0.004 0.298 96.657 2.739 0.340 2.064 

𝜎2𝐺𝐶𝐴/𝜎2𝑆𝐶𝐴 0.800 0.051 0.053 0.001 0.021 0.051 

CV% 18.268 30.042 20.947 8.534 12.956 10.847 

** Significance at 1% level, * Significance at 5% level. 

𝜎2𝑠𝑐𝑎: Variance of specific combining ability     

𝜎2𝑔𝑐𝑎: Variance of general combining ability 
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than female parents and pollen parents. 

General combining ability effects 

A significant GCA effect for the number of 

primary branches per plant was not found in three 

female parents. One of them was positive and one 

was negative (Table 7). Nap 9908 showed the 

highest GCA effect (0.29) and it was followed by 

Nap94006 (0.27). It indicated that they were good 

general combiners due to positive GCA effects. On 

the other hand, BS-7 had shown the lowest GCA 

effect (-0.43) and it was followed by BS-13 (-0.31). 

So, they were considered poorer general combiner 

due to negative GCA values. A significant GCA 

effect for the number of primary branches per plant 

was not found in pollen parents (Table 8). 

Specific combining ability effects 

Twenty-five cross combinations showed 

significant SCA effects. Among them 12 were 

positive and 13 were negative (Table 9). The cross 

Nap 9908×Nap2013 exhibited the highest positive 

SCA effects (0.91) and it was followed by 

Nap9908×Nap2057 (0.73) and BS-7×Nap179 

(0.51), whereas Nap2037×Nap248 (-0.67) 

exhibited the highest negative SCA effects and it 

was followed by Nap94006×Nap2022 (-0.53) and 

BS-7× Nap248 (-0.47). The former crosses were 

considered as good cross combinations for the trait 

and the latter two were considered as poor specific 

cross combinations. Non-significant positive 

crosses were considered as above average and 

below-average specific cross combinations, 

respectively. The hybrid 2037×Nap2022 (0.91) was 

derived from high and high general combiners. It 

indicated that high x high general combiner parents 

produced a good specific combination of crosses 

with positive SCA effects for this trait. So additive 

x additive type of gene action was responsible for 

these good specific crosses for this trait. Singh et 

al. (2005) observed similar results for this trait in 

Indian mustard. 

Number of Secondary Branches per Plant 

Table 4. Proportional contribution of line tester and their interactions to the total variance in Brassica  napus hybrids 

Source Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 seed 

weight(g) 

Seed 

yield/plant 

(g) 

Due to lines 40.141 36.051 21.797 25.309 8.532 42.256 

Due to testers 6.634 11.272 20.311 4.684 41.156 13.145 
Due to line × tester 53.225 52.676 57.893 70.007 50.313 44.599 

       

Table 3. Analysis of variance for combining ability for different characters in Brassica napus hybrids and parents 

Source of 

variation 

Degree 

of 

Freedom 

Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 

seed 

weight 

(g) 

Seed 

yield/plant 

(g) 

Treatment 52 0.932 4.320* 1765.221 10.830** 1.512** 15.603** 

Replication 2 14.866 3.781 26768.790 3.741 0.072 258.817 

Error 104 0.560 1.796 1093.844 1.971 0.052 4.839 

** Significance at 1% level * Significance at 5% level 
 

Table 5. Inter se (estimated) mean of thirteen Brassica napus L. genotypes 

Parents Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 seed 

weight(g) 

Seed 

yield/plant 

(g) 

Nap 94006 4.10 6.00 89.30 19.40 3.20 8.10 

Nap 9908 3.53 2.56 113.10 18.70 3.00 7.06 

Nap 2037 3.87 6.10 160.40 24.10 4.00 10.40 

BARI Sarisha-

7 
3.73 3.20 118.70 21.87 4.00 7.33 

BARI Sarisha-

13 
2.93 3.73 130.00 22.20 3.10 9.43 

Nap 248 2.73 2.77 105.20 23.67 4.30 11.03 

Nap 179 3.63 5.13 101.40 20.33 3.20 11.50 

Nap 206 2.93 3.07 120.70 23.23 4.20 8.13 

Nap 2001 2.50 3.00 122.20 22.17 2.90 11.00 

Nap 2057 3.33 4.83 153.50 21.57 4.33 10.43 

Nap 2012 2.88 3.63 138.10 22.83 3.40 12.40 

Nap 2013 3.13 5.93 156.30 22.50 3.80 12.00 

Nap 2022 2.63 4.77 99.90 24.20 2.20 11.23 

Mean 3.30 4.30 124.29 22.26 3.51 10.00 

Max 3.87 6.10 160.40 24.20 4.33 12.40 

Min 2.50 2.56 89.30 18.70 2.20 7.06 
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Mean Performance 

The highest mean for the number of secondary 

branches per plant (7.27) was observed in the cross 

combination Nap94006×Nap2001 followed by 

Nap94006×Nap248 (5.83) and Nap9908×Nap248 

(5.83) which were higher than both of its parents. 

On the other hand, the lowest mean (2.43) was 

found in cross combination BS-7×Nap206 and it 

was followed by Nap2037×Nap179 (2.47), BS-

13×Nap2001 (2.47) and BS-13xNap2057 (2.47) 

which were lower than female parents and pollen 

parents (Table 5 and Table 6). 

General combining ability effects 

Out of five female parents, four exhibited 

significant GCA effects, of which two were 

positive and two were negative. Nap 9908 had a 

highly significant positive GCA effect (0.68) 

followed by Nap 94006 (0.60). On the other hand, 

BS-7 and BS-13 had the lowest significant negative 

GCA value (- 0.78) (Table 7). The genotypes with 

significant positive GCA effects were considered as 

good general combiners and significant negative 

GCA effects were poor general combiners. Non-

significant positive and negative GCA effects 

indicated average and below-average combiners. 

Positive significant GCA effects were observed in 

pollen parent Nap 248 (0.76) and non-negative 

GCA effects were observed in pollen parent Nap 

2013 (-0.29) (Table 8). Sincik et al. (2011) and Turi 

et al. (2011) reported a significant result for GCA 

effect for this trait. 

Specific combining ability effects 

Out of 40 crosses, 30 cross combinations 

showed significant SCA effects of them 16 had 

positive and 14 had negative GCA effects. The 

highest positive significant SCA effect (1.70) was 

found in the cross BS-7×Nap2012 and it was 

followed by Nap94006×Nap2001 (1.15) and 

Nap9908×Nap2057 (1.03). The lowest negative 

GCA effect (-1.43) was found in the hybrid 

Nap2037×Nap248 and Nap2037xNap179 followed 

by cross combinations Nap94006×Nap2012 (-1.24) 

and Nap9908×Nap2022 (-1.18) (Table 9). The best 

specific cross for the trait was produced by low x 

high combiner parents. The lowest specific 

combination was produced by low x high general 

combiner parents. These results indicated that 

additive x no additive gene action governed this 

character. Yadav et at. (2005) found additive and 

non-additive types of gene action in the expression 

Table 6. Per se performance (mean) of forty crosses in Brassica napus L. 

Cross Number of primary 

branches/plant 

Number of secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 seed 

weight (g) 

Seed yield/plant 

(g) 

Nap 94006 x Nap 248 4.83 5.83 121.10 23.83 2.33 11.47 

Nap 94006 x Nap 179 3.20 5.10 146.60 22.80 4.33 9.10 

Nap 94006 x Nap 206 3.00 3.58 115.70 23.43 3.17 9.47 

Nap 94006 x Nap 2001 3.70 7.27 161.20 24.60 2.10 9.27 

Nap 94006 x Nap 2057 2.83 3.40 111.90 24.57 4.13 7.40 

Nap 94006 x Nap 2012 3.37 3.03 123.90 23.33 2.53 8.87 

Nap 94006 x Nap 2013 3.13 5.10 146.60 22.67 4.00 11.50 

Nap 94006 x Nap 2022 2.87 3.80 87.20 25.80 3.10 10.27 

Nap 9908 x Nap 248 4.83 5.83 121.10 23.83 2.33 11.47 

Nap 9908 x Nap 179 3.10 5.00 98.80 20.27 2.17 9.13 

Nap 9908 x Nap 206 3.37 5.10 175.40 23.53 2.33 10.83 

Nap 9908 x Nap 2001 2.97 4.80 123.30 22.47 3.03 16.87 

Nap 9908 x Nap 2057 3.83 5.40 129.80 20.33 4.10 14.73 

Nap 9908 x Nap 2012  2.63 3.37 143.70 21.10 3.00 14.83 

Nap 9908 x Nap 2013 3.33 3.90 105.70 22.50 3.06 15.07 

Nap 9908 x Nap 2022 3.00 3.23 100.10 24.43 2.13 8.43 

Nap 2037 x Nap 248 2.67 3.50 71.73 19.57 3.80 10.73 

Nap 2037 x Nap 179 2.67 2.47 90.51 23.40 3.13 12.13 

Nap 2037 x Nap 206 3.37 5.07 120.90 20.73 3.17 8.10 

Nap 2037 x Nap 2001 3.73 5.40 116.90 23.83 2.10 9.40 

Nap 2037 x Nap 2057 2.87 4.47 79.53 21.13 4.33 7.47 

Nap 2037 x Nap 2012 2.80 4.40 139.60 20.47 3.33 10.93 

Nap 2037 x Nap 2013 2.97 3.47 126.00 18.23 2.17 10.07 

Nap 2037 x Nap 2022 5.23 4.60 128.80 20.70 3.10 8.33 

BARI Sarisha-7 x Nap 248 2.23 3.47 82.67 23.20 3.10 6.07 

BARI Sarisha-7 x Nap 179 2.97 2.97 87.27 23.83 4.10 8.17 

BARI Sarisha-7 x Nap 206 2.30 2.43 87.83 23.20 3.10 6.37 

BARI Sarisha-7 x Nap 2001 2.37 2.97 107.30 20.33 3.17 9.17 

BARI Sarisha-7 x Nap 2057 2.13 2.67 75.73 21.90 4.10 7.90 

BARI Sarisha-7 x Nap 2012 2.60 4.60 142.30 24.10 4.03 11.00 

BARI Sarisha-7 x Nap 2013 2.57 2.43 113.00 20.37 2.33 8.73 

BARI Sarisha-7 x Nap 2022 3.07 3.73 113.40 19.63 3.03 8.73 

BARI Sarisha-13 x Nap 248 3.17 4.63 99.70 20.30 3.20 9.27 

BARI Sarisha-13 xNap 179 2.50 2.97 96.70 21.27 4.13 8.86 

BARI Sarisha-13 xNap 206 3.03 2.93 99.93 20.50 3.17 10.30 

BARI Sarisha-13 xNap 2001 2.53 2.47 79.45 19.10 2.10 8.50 

BARI Sarisha-13 xNap 2057 2.40 2.47 100.30 23.27 4.10 10.37 

BARI Sarisha-13 xNap 2012 2.63 3.00 104.80 23.27 2.53 10.33 

BARI Sarisha-13 xNap 2013 2.27 3.10 125.70 24.00 3.97 8.23 

BARI Sarisha-13 xNap 2022 2.47 3.33 116.80 24.83 3.10 8.70 

Mean 2.96 3.90 112.97 22.27 3.15 9.91 

Max 5.23 7.27 175.40 25.80 4.33 16.87 

Min 2.13 2.43 71.73 18.23 2.10 6.07 
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of this trait. 

Number of Siliqua per Plant 

Mean performance 

The highest three cross combinations for the 

number of siliqua per plant were Nap 9908 × Nap 

206 (175.40), Nap 94006 × Nap 2001(161.20) and 

Nap 94006 × Nap 179 (146.60) (Table 6); all of 

which exceeded their estimated parental means 

(Table 5). The lowest three cross combinations 

were Nap2037×Nap248 (71.73), BS-7×Nap2057 

(75.73) and BS-13×Nap2001 (79.45). These values 

were lower than their inter se (estimated) pollinator 

means. 

General combining ability effects 

The general combining ability of eight testers 

ranged from 18.36 to -13.27. GCA effect of 3 

testers out of 8 was significant of them one is 

positive and two were negative. Nap2012 had the 

highest positive GCA effects (18.36). Nap 248, 

showed negative GCA effect viz. -13.27 (Table 8). 

In the case of five lines, one had a positive 

significant GCA effect. Nap94006 showed the 

highest positive GCA effects (14.25) (Table 7). 

These facts indicated that among the tester 

Nap2012 with significant positive GCA values are 

good general combiner for the trait and possessed 

more positive alleles for the trait. These materials 

could be utilized for evolving more siliqua per 

plant. On the other hand, the genotype showing a 

negative GCA effect considered as poor general 

combiner and possessed more negative alleles for 

the trait. Singh et al. (2005) and Shweta et al. 

(2005) found good general combiners in their 

experiments in Indian mustard and cited similar 

interpretations. 

Specific combining ability effects 

Twenty-six combinations showed significant 

SCA effects (Table 9) in 40 cross combinations. 

Among significant values 13 were positive and 13 

were negative. The cross combination 

Nap9908×Nap2057 (43.30) followed by 

Nap94006×Nap2001 (29.29) and 

Nap94006×Nap179 (28.34) showed highest value. 

The above said hybrids were considered as the best 

specific combiners for the trait number of siliqua 

per plant in Brassica napus. The best specific 

combination was evolved from low x low general 

combiners for the trait. It revealed that the additive 

x additive type of gene action governed this trait. 

Chaudhary et al. (1997) suggested that both 

additive and non-additive type of gene action were 

present in the expression of the trait. 

Number of Seeds per Siliqua 

Table 7. GCA effects along with their combining ability status for different Characters in five line of Brassica napus L. 

Parents No. of primary 

branches/plant 

No.  of secondary 

branches/plant 

No. of 

siliqua/plant 

No.  of 

seeds/siliqua 

1000 seed 

weight 

(g) 

Seed 

yield/plant (g) 

GCA 

Group 

Nap 94006 0.27 0.60* 14.25* 1.61** 0.04 -0.30 H 

Nap 9908 0.29 0.68* 12.22 0.04 -0.38** 2.95** H 

Nap 2037 0.19 0.27 -5.52 -1.26** -0.03 -0.32 L 

BARI 

Sarisha-7 -0.43** -0.78** -11.37 -0.20 0.22** -1.70** L 

BARI 

Sarisha-13 -0.31* -0.78** -9.59 -0.20 0.14** -0.64 L 

SE(±) 0.15 0.27 6.72 0.28 0.04 0.44  

SE(gi-gj)L 0.21 0.38 9.51 0.39 0.06 0.63  

Max 0.29 0.68 14.25 1.61 0.22 2.95  

Min -0.43 -0.78 -11.37 -1.26 -0.38 -1.7  
* Significance at 5%level, ** Significance at 1%level, SE: Standard error, SE(gi-gj): Standard error difference between GCA effect of two 
lines, H: GCA group-High, L: GCA group- low. 

 

Table 8. GCA effects of testers for different Characters in Brassica napus L. 
Parents Number of primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 seed 

weight (g) 

 

Seed yield/plant 

(g) 

GCA 

Group 

Nap 248 0.17 0.76** -13.27* -0.12 -0.19** -0.16 L 

Nap 179 -0.08 -0.26 -8.55 0.05 0.39** -0.48 L 

Nap 206 0.04 -0.07 7.38 0.01 -0.17** -0.95* H 

Nap 2001 0.09 0.45 5.12 -0.20 -0.65** 0.68 H 

Nap 2057 -0.15 -0.21 -13.06* -0.03 0.97** -0.39 L 

Nap 2012 -0.16 -0.21 18.36** 0.19 -0.06 1.59** H 

Nap 2013 -0.07 -0.29 7.28 0.81 ** 0.04 0.78 H 

Nap 2022 0.15 -0.15 -3.26 -0.71* -0.25** -1.07* L 

SE (±) 0.19 0.34 8.51 0.35 0.05 0.56  

SE(gi-gj)T 0.26 0.48 12.03 0.50 0.08 0.80  

Max 0.17 0.76 18.36 0.81 0.97 1.59  

Min -0.16 -0.29 -13.27 -0.71 -0.65 -1.07  

* Significance at 5%level, ** Significance at 1%level, SE: Standard error,  SE(gi-gj): Standard error difference between 

GCA effect of two testers,  

 H: GCA group-High, L: GCA group- low. 
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Mean performance 

The highest mean for a number of seeds per 

siliqua (25.80) was observed in the cross 

Nap94006×Nap2022 and it was followed by BS-

13×Nap2022 (24.83), Nap94006× Nap2001 (24.60) 

where the range was 18.70 to 25.80 (Table 5). So, 

the cross combinations produced a higher number 

of seeds per siliqua than both of the respective 

parents.  

General combining ability effects 

Among the CMS lines, two (2) showed 

significant GCA effects. Two of them, one (1) 

showed positive and another one showed  

negative GCA effects. Nap94006 was the best 

combiner due to the highest significant positive 

GCA value (1.61) for no. of seeds per siliqua. On 

the other hand, Nap2037 had the lowest significant 

GCA value (-1.26) hence, it was a poor general 

combiner (Table 7). Among eight (8) pollen 

parents, two (2) showed significant GCA effects. Of 

them one (1) showed positive and one showed 

 negative GCA effects. Nap2013 had 

significant positive GCA value (0.81) and Nap2022 

(-0.71) had significant negative GCA value (Table 

8). It indicated that good general combiners 

possessed more positive alleles but poor general 

combiners possessed less positive alleles (Ghosh et 

al. 2002). 

Specific combining ability effects 

Among the hybrids, 34 cross combinations 

showed a significant SCA effect. Among them 17 

Table 9. SCA effects along with their combining ability status of B. napus hybrids (cross) for different 

Characters 

Hybrids (cross)  Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/ 

Plant 

Number of 

seeds/ 

siliqua 

1000 seed 

weight 

(g) 

Seed 

yield/pla

nt (g) 

SCA 

group 

Nap 94006 x Nap 248 0.41** 0.57** 7.56 0.07 -0.66** 1.96** H 

Nap 94006 x Nap 179 0.04 0.87** 28.34** -1.13** 0.56** -0.08 H 

Nap 94006 x Nap 206 -0.28* -0.83** -18.42** -0.46* 0.15** 0.75* L 

Nap 94006 x Nap 2001 0.36** 1.15** 29.29** 0.92** -0.44** -1.08** H 

Nap 94006 x Nap 2057 -0.25* -0.88** -1.78 0.71** -0.02 -1.88** L 

Nap 94006 x Nap 2012 0.28* -1.24** -21.23** -0.73** -0.60** -2.39** L 

Nap 94006 x Nap 2013 -0.03 0.89** 12.57* -0.50* 0.85** 1.06** H 

Nap 94006 x Nap 2022 -0.53** -0.54* -36.31** 1.11** 0.17** 1.67** L 

Nap 9908 x Nap 248 0.39** 0.49* 9.59 1.65** -0.25** -1.28** H 

Nap 9908 x Nap 179 -0.07 0.69** -17.39** -2.09** -0.99** -3.29** L 

Nap 9908 x Nap 206 0.06 0.56** 18.11** 1.21** -0.27** -1.13** H 

Nap 9908 x Nap 2001 -0.38** -0.22 -6.57 0.36 0.91** 3.28** L 

Nap 9908 x Nap 2057 0.73** 1.03** 43.30** -1.95 0.36** 2.21** H 

Nap 9908 x Nap 2012 -0.46** -0.99** 0.62 -1.40** 0.29** 2.13** L 

Nap 9908 x Nap 2013 0.91** -0.38 -26.32** 3.02** 0.33** 1.48** H 

Nap 9908 x Nap 2022 -0.41** -1.18** -21.35** 1.31** -0.39** -3.41** L 

Nap 2037 x Nap 248 -0.67** -1.43** -21.98** -1.32** 0.88** 1.25** L 

Nap 2037 x Nap 179 -0.41** -1.43** -7.94 2.35** -0.37** 2.97** L 

Nap 2037 x Nap 206 0.15 0.97** 6.52 -0.29 0.22** -0.60 L 

Nap 2037 x Nap 2001 0.47** 0.77** 4.81 0.90** -0.37** -0.92** L 

Nap 2037 x Nap 2057 -0.14 0.50* -14.40** 0.15 0.05 -1.79** L 

Nap 2037 x Nap 2012 -0.20 0.44* 14.24** -0.73** 0.28** -0.30 H 

Nap 2037 x Nap 2013 -0.12 -0.41* -6.27 -2.06** -0.91** -0.36 L 

Nap 2037 x Nap 2022 0.15 0.58** 25.03** -1.12** 0.24** -0.24 H 

BARI Sarisha-7 x Nap 248 -0.47** -0.40* -5.21 1.25** -0.07* -2.04** L 

BARI Sarisha-7 x Nap 179 0.51** -0.24 -5.33 1.72** 0.35** 0.38 L 

BARI Sarisha-7 x Nap 206 -0.27* -0.60** -21.03** 1.12** -0.13** -0.95** L 

BARI Sarisha-7 x Nap 2001 -0.25* -0.59** 1.05 -1.54** 0.45** 0.22 L 

BARI Sarisha-7 x Nap 2057 -0.24* -0.23 -12.35* -0.14 -0.23** 0.02 L 

BARI Sarisha-7 x Nap 2012 0.23* 1.70** 22.82** 1.84** 0.73** 1.14** H 

BARI Sarisha-7 x Nap 2013 0.11 -0.38 4.57 -0.99** -0.99** -0.31 L 

BARI Sarisha-7 x Nap 2022 0.37** 0.77** 15.47** -3.25** -0.08* 1.54** H 

BARI Sarisha-13 x Nap 248 0.33** 0.76** 10.04* -1.65** 0.11** 0.11 H 

BARI Sarisha-13 x Nap 179 -0.06 0.12 2.32 -0.85** 0.46** 0.03 H 

BARI Sarisha-13 x Nap 206 0.33** -0.10 -10.37* -1.58** 0.05 1.93** L 

BARI Sarisha-13 x Nap 2001 -0.20 -1.09** -28.58** -2.77** -0.54** -1.50** L 

BARI Sarisha-13 x Nap 2057 -0.09 -0.43* 10.43* 1.23** -0.15** 1.43** H 

BARI Sarisha-13 x Nap 2012 0.14 0.10 -16.45** 1.01** -0.70** -0.58 L 

BARI Sarisha-13 x Nap 2013 -0.10 0.28 15.45** 2.65** 0.72** -1.87** H 

BARI Sarisha-13 x Nap 2022 -0.34** 0.37 17.16** 1.95** 0.07 0.45 H 

SE(±) 0.11 0.20 5.21 0.21 0.03 0.34  

SE(sij-kl) 0.60 1.08 26.91 1.12 0.18 1.78  

Max 0.91 1.70 43.30 3.02 0.91 3.28  

Min -0.67 -1.43 -36.31 -3.25 -0.99 -3.41  

* Significance at 5%level, ** Significance at 1%level, SE: Standard error SE(sij-kl):Standard error of difference between 

for any two SCA effect of hybrids 

H: SCA group-High L: SCA group- low. 
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were positive and 17 were negative. The cross 

combination Nap9908×Nap2013 showed the 

highest SCA effect (3.02). It was a good specific 

cross combination for the trait (Table 9). The other 

two cross combinations closer to this value were 

BS-13× Nap2013 (2.65) and Nap2037×Nap179 

(2.35). On the other hand, the cross BS-7× 

Nap2022 showed the lowest SCA effect (-3.25) for 

the number of seeds per siliqua. It was the poorest 

specific cross combination. Two other specific 

crosses nearer to this value were BS-13×Nap2001 

(-2.77) and Nap9908 × Nap179 (-2.09). In this 

experiment, high x low and high x high general 

combiner parents produced best specific 

combination of crosses with positive SCA effects 

for this character. It indicated that additive x 

dominance and additive x additive type of gene 

action is exhibited here. Singh et al. (2005) 

observed the best specific cross combination from 

high x low, low x low and high x high general 

combiner parents and they proposed that both 

additive and non-additive type of gene action were 

predominant for the trait. 

Thousand (1000) Seed Weight 

Mean performance 

The highest mean for the 1000-seed weight 

(4.33) was observed in the cross combination 

Nap94006×Nap179 and Nap2037xNap2057 which 

was higher than both of the parent’s inter se mean 

(Table 5). Contrary to the lowest mean (2.10) was 

found in cross combination Nap94006xNap2001. 

However, the mean value of forty cross 

combinations was higher than their both parents, 

inter se means except pollen parent Nap2057 

(Table 6). 

General combining ability effects 

Among five female parents, three showed 

significant GCA effect, of the two were positive 

and one was negative for 1000 seed weight (Table 

7). BS-13 had a highly significant positive GCA 

effect (0.22) followed by BS-7 (0.14). On the other 

hand, Nap9908 had the lowest significant negative 

GCA value (- 0.38) (Table 7). The genotypes with 

significant positive GCA effects were considered as 

good general combiners and significant negative 

GCA effects were poor general combiners. Non-

significant positive and negative GCA effects 

indicated average and below-average combiners. 

Among the eight (8) Testers six parents exhibited 

significant GCA effects, of which two were 

positive and four were negative. Highest Positive 

Table 10. Estimation of heterosis over mid parents, better parents and standard check for number of primary 

branches per plant, number of secondary branches per plant and number of siliqua per plant in Brassica napus 

Hybrids Number of primary 

branches/plant 

Number of secondary 

branches/plant 

Number of siliqua/Plant 

H(m) H(b) H(c) H(m) H(b) H(c) H(m) H(b) H(c) 
Nap 94006 x Nap 248 12.75 -5.74 30.68*** 32.93*** -2.94 56.25*** 24.47*** 35.57*** -6.87 

Nap 94006 x Nap 179 -16.88 -21.31 9.09 -8.47 -15.14 36.61*** 53.74*** 64.13*** 12.74** 

Nap 94006 x Nap 206 -14.29 2.27 2.27 -21.19 -40.49 -4.20 10.20*** -4.14* -10.97* 

Nap 94006 x Nap 2001 12.69 -9.02 26.14*** 35.41*** 1.50 63.39*** 52.46*** 80.52*** 34.95*** 

Nap 94006 x Nap 2057 -23.42 -15.00 -3.41 -37.29 -43.43 -8.93 -7.79*** -27.06*** -13.90** 

Nap 94006 x Nap 2012 -3.02 -17.21 14.77 -37.09 -49.53 -18.75 8.96*** 38.75*** -4.69 

Nap 94006 x Nap 2013 -12.96 0.00 6.82 -14.60 -15.14 36.61 19.41*** -6.18*** 12.79** 

Nap 94006 x Nap 2022 -14.43 -29.51 -2.27 -29.48 -36.77 1.79 -7.84*** -2.35 -32.92*** 

Nap 9908 x Nap 248 22.34*** 8.49 30.68*** 118.75*** 110.84*** 56.25*** 10.90*** 7.04** -6.87 

Nap 9908 x Nap 179 -13.49 -12.26 5.68 29.87*** -2.60 33.93*** -7.86*** -12.64*** -24.00*** 

Nap 9908 x Nap 206 4.12 -4.72 14.77 79.88*** 65.22*** 35.71*** 50.05*** 45.31*** 24.00*** 

Nap 9908 x Nap 2001 -1.66 -16.04 1.14 72.46*** 60.00*** 28.57*** 4.82** 9.02*** -5.15 

Nap 9908 x Nap 2057 11.65 8.49 30.68*** 45.95*** 11.72*** 44.64*** -2.61 -15.42*** -0.15 

Nap 9908 x Nap 2012 -17.84 -25.47 -10.23 8.60 -7.34 -9.82 14.42*** 27.09*** 10.56* 

Nap 9908 x Nap 2013 0.00 5.66 13.64 -8.24 -34.27 4.46 -21.53*** -32.37*** -18.69*** 

Nap 9908 x Nap 2022 -2.70 -15.09 2.27 -11.82 -32.17 -13.39 -5.99** -11.46*** -22.97*** 

Nap 2037 x Nap 248 -29.82 -45.21*** -9.09 -30.23 -51.83 -6.25 -47.38*** -57.15*** -44.82*** 

Nap 2037 x Nap 179 -37.25 -45.21 -9.09 -60.22*** -66.06*** -33.93 -32.66*** -45.94*** -30.38*** 

Nap 2037 x Nap 206 -13.68 -30.82 14.77 -1.94 -30.28*** 35.71*** -16.08*** 0.14 -7.00 

Nap 2037 x Nap 2001 1.36 -23.29 27.27*** 5.19 -25.69 44.64*** -19.24*** -30.15*** -10.05* 

Nap 2037 x Nap 2057 -30.08 -41.10 -2.27 -26.17 -38.53 19.64 -50.43*** -48.18*** -38.82*** 

Nap 2037 x Nap 2012 -27.68 -42.47 -4.55 -19.27 -39.45 17.86 -8.62*** -16.61*** 7.38 

Nap 2037 x Nap 2013 -25.83 -39.04 1.14 -47.47 -52.29 -7.14 -33.27 -35.48 -16.92 

Nap 2037 x Nap 2022 12.89 -13.01 44.32*** -23.55 -36.70 23.21*** -3.67* -23.08*** -0.95 

BARI Sarisha-7 x Nap 248 -30.93 -40.18 -23.86 16.20*** 8.33 -7.14 -26.16*** -30.34*** -36.41*** 

BARI Sarisha-7 x Nap 179 -19.46 -20.54 1.14 -37.60 -49.35 -30.36 -20.68*** -26.46*** -32.87*** 

BARI Sarisha-7 x Nap 206 -31.00 -38.39 -21.59 -22.34 -23.96 -34.82*** -26.90*** -27.53*** -32.69*** 

BARI Sarisha-7 x Nap 2001 -24.06 -36.61 -19.32 -4.30 -7.29 -20.54 -10.87*** -12.14*** -17.44*** 

BARI Sarisha-7 x Nap 2057 -39.62*** -42.86 -27.27*** -33.61 -44.83 -28.57 -44.34*** -50.65*** -41.74*** 

BARI Sarisha-7 x Nap 2012 -21.33 -30.36 -11.36 34.63*** 26.61 23.21*** 10.85*** 3.04 9.49* 

BARI Sarisha-7 x Nap 2013 -25.24 -31.25 -12.50 -46.72 -58.99 -34.82*** -17.81*** -27.70*** -13.08** 

BARI Sarisha-7 x Nap 2022 -3.66 -17.86 4.55 -6.28 -21.68 0.00 3.72 -4.47* -12.79** 

BARI Sarisha-13 x Nap 248 11.76 15.85*** 7.95 42.56*** 24.11 24.11*** -15.23*** -23.31** -23.31*** 

BARI Sarisha-13 x Nap 179 -23.86 -31.19 -14.77 -33.08 -42.21 -20.54 -16.41*** -25.62*** -25.62*** 

BARI Sarisha-13 x Nap 206 3.41 3.41 3.41 -13.73 -21.43 -21.43 -20.29*** -23.13*** -23.13*** 

BARI Sarisha-13 x Nap 2001 -6.75 -13.64 -13.64 -26.73 -33.93 -33.93 -36.97*** -38.87*** -38.87*** 

BARI Sarisha-13 x Nap 2057 -23.40 -28.00 -18.18 -42.41 -48.97 -33.93 -29.23*** -34.64*** -22.85*** 

BARI Sarisha-13 x Nap 2012 -9.35 -10.23 -10.23 -18.55 -19.64 -19.64 -21.81*** -24.11*** -19.36*** 

BARI Sarisha-13 x Nap 2013 -18.68 -21.28 -15.91 -35.86 -47.75 -16.96 -12.21*** -19.60*** -3.33 

BARI Sarisha-13 x Nap 2022 -11.38 -15.91 -15.91 -21.57 -30.07 -10.71 1.62 -10.13*** -10.13* 

Mean -12.02 -19.92 1.19 -4.93 -19.06 4.27 -7.46 -16.19 -13.45 

Maximum 22.34 15.85 44.32 118.75 110.84 63.39 53.74 45.31 34.95 

Minimum -39.62 -45.21 -27.27 -60.22 -66.06 -34.82 -50.43 -57.15 -44.82 

* Significance at 5%level, ** Significance at 1%level, ***Significance at 0.1%level 

H(m): Heterosis over mid parent, H(b): Heterosis over better parent, H(c): Heterosis over standard check variety. 
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significant GCA effects were observed in pollen 

parent Nap 2057 (0.97) and the highest negative 

significant GCA effects were observed in pollen 

parent Nap 2001(-0.65) (Table 8). Turi et al. (2011) 

and Sincik et al. (2011) reported significant results 

for GCA effect for this trait. 

Specific combining ability effects 

Among the cross combinations, 36 crosses 

exhibited significant SCA effects for 1000 seeds 

weight. 18 cross combinations were found with 

positive and 18 with negative SCA effects (Table 

9). The cross combination Nap9908×Nap2001 

showed the highest (0.91) positive SCA effects, 

followed by Nap2037×Nap248 (0.88) and 

Nap94006×Nap2013 (0.85). The lowest SCA value 

was found in the cross Nap9908×Nap179 (-0.99) 

and BS-7xNap2013 (-0.99). It was the poorest 

cross for the trait. The cross Nap2037× Nap2013 (-

0.91) and BS-13×Nap2012 (-0.70) was with SCA 

values Closer to the lowest (Table 8). Best specific 

cross combination Nap9908×Nap2001 was evolved 

from the parents having negative GCA effects (-

0.65 and -0.38 respectively) (Table 7-8). However, 

the cross combinations Nap2037×Nap248 (0.88) 

and Nap94006×Nap2013 (0.85) showed high SCA 

effects. The two hybrids were evolved from the 

parents with low and low (-0.03 and -0.06) and high 

and high (0.04 and 0.14) GCA effects (Table 7-8).  

It revealed that a good specific combination could 

be obtained from low x low, low x high or high x 

low general combiner parents. It indicated additive 

x additive, dominant x additive, and dominant x 

dominant gene interaction acted upon the character 

1000 seeds weight (Yadav et al. 2005). 

Seed yield per plant 

Mean performance 

The highest mean seed yield per plant (16.87 

gm) was observed in the hybrid Nap9908×Nap2001 

and it was followed by Nap9908×Nap2013 (15.07) 

and Nap9908×Nap2012 (14.83). The seed yields 

per plant of the above crosses were higher than 

both of their parents (Table 5 and Table 6). Seed 

yield per plant (6.07gm) was produced by the cross 

BS-7×Nap248 which was lower than both female 

and male. 

General combining ability effects 

Among the five female parents two were with 

significant GCA effects, of them one was positive 

and one was negative. Nap 9908 had a highly 

significant highest positive GCA effect (2.95). On  

Table 11. Estimation of heterosis over mid parents, better parents and standard check for number of seeds per 

siliqua, 1000 seed weight and seed yield per plant in Brassica napus 
 

Hybrids Number of seeds/siliqua 1000 seed weight (g) Seed yield/plant (g) 

H(m) H(b) H(c) H(m) H(b) H(c) H(m) H(b) H(c) 
Nap 94006 x Nap 248 10.77 0.70 7.36 -37.78 -45.74 -23.91 18.01 0.88 21.55 

Nap 94006 x Nap 179 14.86 12.13 2.70 29.84 29.17 34.78 -6.98 -20.87 -3.53 

Nap 94006 x Nap 206 10.02 0.86 5.56 -14.03 -24.00 3.26 16.87 16.39 0.35 

Nap 94006 x Nap 2001 18.46 10.98 10.81 -30.77 -34.38 -31.52 -2.80 -15.76 -1.77 

Nap 94006 x Nap 2057 20.03 13.91 10.66 9.73 -4.62 34.78 -20.00 -29.07 -21.55 

Nap 94006 x Nap 2012 10.58 2.19 5.11 -22.84 -24.75 -17.39 -13.21 -28.30 -6.01 

Nap 94006 x Nap 2013 8.37 0.89 2.10 14.83 6.19 30.43 14.62 -4.17 21.91 

Nap 94006 x Nap 2022 11.77 -3.73 16.22*** 14.81 -3.13 1.09 6.39 -8.61 8.83 

Nap 9908 x Nap 248 12.60 0.70 7.36 -36.07 -45.74 -23.91 24.64 0.88 21.55 

Nap 9908 x Nap 179 3.93 -0.33 -8.71 -29.73 -31.58 -29.35 -1.44 -20.58 -3.18 

Nap 9908 x Nap 206 12.33 1.29 6.01 -34.88 -44.00 -23.91 42.86 33.20 14.84 

Nap 9908 x Nap 2001 10.04 1.35 1.20 3.41 1.11 -1.09 87.06*** 53.33* 78.80** 

Nap 9908 x Nap 2057 1.08 -5.72 -8.41 11.82 -5.38 33.70 68.70** 41.21 56.18 

Nap 9908 x Nap 2012 1.69 -7.59 -4.95 -5.76 -10.89 -2.17 71.48** 34.50 76.33** 

Nap 9908 x Nap 2013 9.40 0.15 1.35 -9.36 -18.58 0.00 59.37** 26.39 60.78** 

Nap 9908 x Nap 2022 7.48 -8.83 10.06 -17.95 -28.89 -30.43 -7.66 -24.93 -10.60 

Nap 2037 x Nap 248 -18.07* -18.81 -11.86 -8.43 -11.63 23.91 -1.38 -5.57 13.78 

Nap 2037 x Nap 179 5.33 -2.90 5.41 -12.56 -21.67 2.17 10.81 5.51 28.62 

Nap 2037 x Nap 206 -12.39 -13.97 -6.61 -22.45 -24.00 3.26 -12.59 -22.12 -14.13 

Nap 2037 x Nap 2001 3.03 -1.11 7.36 -38.83 -47.50 -31.52 -12.15 -14.55 -0.35 

Nap 2037 x Nap 2057 -7.45 -12.31 -4.80 -0.80 -4.62 34.78 -28.32 -28.43 -20.85 

Nap 2037 x Nap 2012 -12.78 -15.08 -7.81 -9.50 -16.67 8.70 -3.95 -11.59 15.90 

Nap 2037 x Nap 2013 -21.69* -24.34* -17.87* -44.21 -45.83 -29.35 -10.12 -16.11 6.71 

Nap 2037 x Nap 2022 -18.66* -22.76* -6.76 0.00 -22.50 1.09 -22.96 -25.82 -11.66 

BARI Sarisha-7 x Nap 248 1.90 -1.97 4.50 -25.30 -27.91 1.09 -35.12 -46.63 -35.69 

BARI Sarisha-7 x Nap 179 12.95 8.99 7.36 14.42 2.50 33.70 -13.27 28.99 -13.43 

BARI Sarisha-7 x Nap 206 2.88 -0.14 4.50 -24.90 -23.33 0.00 -17.67 -21.72 -32.51 

BARI Sarisha-7 x Nap 2001 -7.65 -8.27 -8.41 -7.77 -20.83 3.26 0.00 -16.67 -2.83 

BARI Sarisha-7 x Nap 2057 0.84 0.15 -1.35 -1.60 -5.38 33.70 -11.07 -24.28 -16.25 

BARI Sarisha-7 x Nap 2012 7.83 5.55 8.56 9.50 0.83 31.52 11.68 -11.05 16.61 

BARI Sarisha-7 x Nap 2013 -8.12 -9.35 -8.26 -39.91 -38.05 -23.91 -9.66 -27.22 -7.42 

BARI Sarisha-7 x Nap 2022 -19.32* -26.74** -11.56 -2.15 -24.17 -1.09 -5.92 -22.26 -7.42 

BARI Sarisha-13 x Nap 248 -11.48 -14.23 -8.56 -13.12 -25.58 4.35 -10.90 -18.48 -1.77 

BARI Sarisha-13 x Nap 179 0.00 -4.20 -4.20 32.62 30.53 34.78 -15.29 -22.90 -6.01 

BARI Sarisha-13 x Nap 206 -9.76 -11.76 -7.66 -12.44 -24.00 3.26 17.27 9.19 9.19 

BARI Sarisha-13 x Nap 2001 -13.90 -13.96 -13.96 -29.21 -31.52 -31.52 -16.80 -22.73 -9.89 

BARI Sarisha-13 x Nap 2057 6.32 4.80 4.80 10.81 -5.38 33.70 4.36 -0.64 9.89 

BARI Sarisha-13 x Nap 2012 3.33 1.90 4.80 -21.24 -24.75 -17.39 -5.20 -16.44 9.54 

BARI Sarisha-13 x Nap 2013 7.46 6.82 8.11 16.10 5.31 29.35 -23.17 -31.39 -12.72 

BARI Sarisha-13 x Nap 2022 1.36 -7.34 11.86 17.72 1.09 1.09 -15.81 -22.55 -7.77 

Mean 1.38 -4.05 0.30 -9.20 -17.26 2.58 3.27 -9.72 5.60 

Maximum 20.03 13.91 16.22 32.62 30.53 34.78 87.06 53.33 78.80 

Minimum -21.69 -26.74 -17.87 -44.21 -47.50 -31.52 -35.12 -46.63 -35.69 

* Significance at 5% level, ** Significance at 1% level, *** Significance at 0 .1% level. 

H(m): Heterosis over mid parent, H(b): Heterosis over better parent, H(c): Heterosis over standard check. 
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the contrary, BS-7 had the lowest (highly 

significant negative) GCA value (-1.70) (Table 7). 

The genotypes with significant positive GCA 

effects were considered as a good general combiner 

and with significant negative GCA effect were poor 

general combiners. Goswami et al. (2005) and 

Sheoran et al. (2000) reported good and well 

general combiner parents in rapeseed for yield. 

Both significant positive and negative GCA effects 

were observed in pollen parents. The positive GCA 

effect was observed in Nap 2012 (1.59) and the 

negative GCA effect was observed in Nap2022 (-

1.07) followed by Nap 206 (-0.95) (Table 8). 

Specific combining ability effects 

Among 40 crosses, 27 cross combinations 

showed significant SCA effects, of them 14 had 

positive and 13 had negative effects (Table 9). The 

cross combination, Nap9908×Nap2001 had the 

highest SCA value (3.28) and two of its closest 

values were 2.97 and 2.13 for cross combination 

Nap2037×Nap179 and Nap9908×Nap2012 

respectively. The cross combinations with positive 

significant SCA value were good specific cross for 

the trait and it was produced by poor x good, good 

x good and good x poor general combiner parents. 

The lowest SCA value (-3.41) was observed in the 

cross combination Nap9908×Nap2022 and it was 

followed by Nap9908×Nap179 (-3.29) and 

Nap94006×Nap2012 (-2.39). The poorest specific 

combination was produced by good x good general 

combiners. It indicated that dominant x dominant 

and dominant x additive gene action was 

responsible for producing good hybrid for seed 

yield per plant in Brassica napus (Ghosh et al. 

2002; Sood et al. 2000). 

Heterosis Analysis 

Analysis of variance 

The analysis of variance is presented in Table 

2. It revealed highly significant differences for all 

characters except the number of primary branches 

per plant and the number of siliqua per plant among 

the hybrids and parents. Heterosis study or average 

performance of the hybrids (F1s) as percent 

increases or decreases over the mid parent (Hm), 

over better parents (Hb) and over standard check 

variety (Hc) are presented in Table 10 and Table 

11. 

Heterosis for Different Characters 

Number of primary branches per plant 

Two hybrids out of forty were exhibited 

significant positive and negative mid parent 

heterosis for the number of primary branches per 

plant. The maximum estimate was obtained from 

Nap9908×Nap248 (22.34%). The range was -

39.62% to 22.34%. One hybrid had significant 

negative value and one had zero heterosis, others 

had non-significant positive and negative values. In 

case of better parent heterosis, one hybrid showed 

positive and one negative significant value with a 

range of -45.21% to 15.85%. The maximum 

estimate was obtained by BS-13×Nap248 

(15.85%). The hybrids Nap2037×Nap248 and 

Nap2037xNap179 showed the highest significant 

negative better parent heterosis (-45.21%). On the 

other hand, when the heterosis was measured 

against standard check variety, six hybrids showed 

significant positive and one negative heterosis. 

Others were non-significant negative and positive 

values.  Nap2037×Nap2022 showed the highest 

significant positive standard heterosis (44.32%). 

The range of rendered heterosis was -27.27% to 

44.32% with a mean of 1.19% whereas the mean of 

mid parent heterosis and better parent heterosis 

were -12.02% and -15.57% respectively (Table 10). 

Result revealed that. there was significant positive 

heterosis for the number of primary branches per 

plant (higher number of pods) (Gupta et al. 2010). 

Saurabh et al. (2005) observed both positive and 

negative heterosis for the trait in Indian mustard 

(Braissica juncea L.). 

Number of Secondary Branches per Plant 

Out of forty hybrids ten showed significant 

positive and one significant negative mid parent 

heterosis for the number of secondary branches per  

Table 12. Scoring of GCA effects of six line (Male sterile) for different Characters in Brassica napus L. 

 

Parents Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 seed 

weight (g) 

Seed 

yield/plant 

(g) 

GCA 

Group 

Nap 94006 0 1 1 1 0 0 6H 

Nap 9908 0 1 0 0 -1 1 3H 

Nap 2037 0 0 0 -1 0 0 -2L 

BARI 

Sarisha 7 

-1 -1 0 0 1 -1 -3L 

BARI 

Sarisha 13 

-1 -1 0 0 1 0 -3L 

Total 

significance 

2 4 1 2 3 2 Average 

High score 1 2 1 1 2 1 0.20 

Low score 1 2 0 1 1 1  
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plant and the rest showed non-significant 

positive and negative estimates. The hybrid 

Nap9908×Nap248 exhibited the highest significant 

positive (118.75%) mid parent heterosis for number 

of secondary branches per plant. In the case of 

better parent heterosis, Nap9908×Nap248 showed 

the highest (127.27%) significant heterosis. The 

hybrid Nap2037×Nap179 showed the lowest (-

66.06) significant negative heterosis are presented 

in (Table 10). During the estimation of standard 

heterosis thirteen of forty hybrids exhibited 

significant positive and two were significant 

negative heterosis for the number of secondary 

branches per plant. However, the range of standard 

heterosis was -34.82% to 63.39% with a mean of 

4.27%. The hybrid Nap94006 x Nap 2001 showed 

the highest (63.39 %) significant positive and the 

hybrid BS-7xNap2013 (-34.82) showed the highest 

significant negative standard heterosis for the trait. 

Saurabh et al. (2005) also observed both positive 

and negative heterosis for number of secondary 

branches per plant in Indian mustard (Brassica 

juncea L.) 

Number of Siliqua per Plant 

37 hybrids showed significant heterosis over 

mid (Hm) parent for the number of siliqua per plant 

(Table 10). 11 had positive significant value. The 

hybrid Nap94006×Nap179 had the highest value of 

heterosis over mid parent (53.74%) and it was 

followed by the hybrid Nap94006×Nap2001 

(52.46%). The hybrid Nap9908×Nap206 (45.31%) 

had the highest value over the better parent. On the 

other hand, when compared to the heterosis with 

standard check six hybrids exhibited significant 

positive heterosis. The hybrid Nap94006×Nap2001 

had the highest (34.95%) estimate but BS-

7×Nap2012 exhibited the lowest (9.49%) 

significant estimate. It indicated that the hybrid 

Nap94006×Nap2001 produced the highest number 

of siliqua per plant and the hybrid BS-7xNap2012 

produced the lowest. Shen et al. (2005) and 

Saurabh et al. (2005) also observed positive 

heterosis for the number of siliqua per plant. 

Number of Seeds per Siliqua 

Three hybrids showed significant positive and 

one negative over mid parent heterosis for seeds 

per siliqua (Table 11). The hybrids showed mid 

parent heterosis with the range -21.69% to 20.03% 

and mean 1.38%. In the case of better parent 

heterosis the hybrid Nap94006×Nap2057 also 

showed maximum significant positive heterosis 

(13.91%) which was followed by 

Nap94006×Nap179 (12.13%), and 

Nap94006×Nap2001 (10.98%). The range of better 

parent heterosis was -26.74% to 13.91% with a 

mean of -4.05%. On the other hand- one hybrid 

exhibited significant positive and one significant 

negative standard heterosis for the trait. The rests 

were non-significant positive and negative. The 

hybrid Nap94006×Nap2022 exhibited the highest 

(16.22%) standard heterosis which was followed by 

BS-13×Nap2022 (11.86%), Nap94006×Nap2001 

(10.81%). The range of standard heterosis was -

17.87% to 16.22% with a mean 0.30%. The result 

revealed that most of the hybrids exhibited 

significant positive heterosis for the trait (Saurabh 

et al. 2005). 

Thousand (1000) Seed Weight 

Out of forty hybrids, twelve showed non-

significant positive mid parent, nine exhibited the 

positive better parent and 23 positive standard 

heterosis for 1000-seed weight. Mid parent 

heterosis ranged from -44.21% to 32.62% with a 

mean of -9.20 % (Table 11). Better parent heterosis 

ranged from -47.50% to 30.53% with a mean of -

17.26% and standard heterosis ranged from -31.52 

% to 34.78% with a mean of 2.58% for the trait. 

The hybrid BS-13×Nap179 showed the highest 

estimate (32.62%) mid parent and the hybrid BS-

13×Nap179 showed the highest estimate (30.53%) 

better parent heterosis. The hybrid BS-13×Nap179 

showed the highest estimate (34.78%) for standard 

Table 13. Scoring of GCA effects of three tester for different Characters in Brassica napus L. 

 

Parents Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 

seed 

weight 

(g) 

Seed 

yield/plant (g) 
 

Nap 248 0 1 -1 0 -1 0 -2L 

Nap 179 0 0 0 0 1 0 3H 

Nap 206 0 0 0 0 -1 -1 -1L 

Nap 2001 0 0 0 0 -1 1 1H 

Nap 2057 0 0 -1 0 1 0 -1L 

Nap 2012 0 0 1 0 0 1 2H 

Nap 2013 0 0 0 -1 0 0 2H 

Nap 2022 0 0 0 1 -1 -1 -2L 

Total 

Significance 

0 1 3 2 6 3 Average 

High Score  0 1 1 1 2 1 0.25 

Low score 0 0 2 1 4 2  
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heterosis. Many researchers observed heterosis in 

1000-seed weight (Shen et al. 2005; Saurabh et al. 

2005). 

Seed Yield per Plant 

Out of forty hybrids, four exhibited significant 

positive mid parent heterosis for seed yield per 

plant. One exhibited significant zero heterosis and 

others are non-significant negative. The range of 

mid parent heterosis was -35.12% to 87.06% with a 

mean of 3.27 %. The hybrid Nap9908×Nap2001 

had the highest (87.06%) estimate. In the case of 

better parent heterosis, two hybrids exhibited 

significant positive values with a range of -46.63% 

to 53.33%, where mean heterosis was -9.72%. The 

hybrid Nap9908×Nap2001 showed the highest 

(53.33 %) better parent heterosis for seed yield per 

plant and it was followed by Nap9908×Nap2057 

(41.21%) and Nap9908×Nap2012 (34.50%). On the 

other hand, in case of standard hcterosis three 

hybrids had significant positive estimates. The 

hybrid Nap9908×Nap2001 showed the highest 

(78.80%) significant positive standard heterosis for 

the trait and it was followed by Nap9908×Nap2012 

(76.33%) and Nap9908×Nap2013 (60.78%) in 

(Table 11). The mean of standard heterosis was 

5.60% with a range of -35.69% to 78.80% for seed 

yield per plant. Saurabh et al. (2005) observed 

similar heterosis in Indian mustard hybrids for this 

trait. They observed 63.19% - 104.40% better 

parent heterosis. In India Katiyar et al. (2004) 

observed standard heterosis of 43.38% and best 

parent heterosis of 150.33% for yield yellow sarson 

(Brassica campestris). In India Chander and Verma 

(2004) found heterosis over both better parent and 

mid parent for seed yield per plant in cabbage. 

Kishor et al. (2006), Shen et al. (2005), Sood et al. 

(2000) and Katiyar et al. (2000) found heterosis for 

seed yield per plant. In the present study most of 

the hybrids showed positive heterosis for seed yield 

per plant. It might be due to the selection of good 

specific cross combinations for yield and yield-

related characters as promising hybrids. 

CONCLUSIONS 

Analysis of combining ability exhibited that the 

GCA effect was significant for primary and 

secondary branches per plant, the number of siliqua 

per plant, seeds per siliqua, thousand seed weight 

and seed yield per plant and the specific combining 

ability (SCA) effect was significant for all the 

characters. Estimates of GCA effect for different 

characters suggested that among lines Nap9908 

was best general combiner for number of primary 

branches per plant, number of secondary branches 

per plant and seed yield per plant respectively. BS-

Table 14. Scoring of SCA effects of Hybrids (cross) for different Characters in Brassica napus L. 
 

Parents Number of 

primary 

branches/plant 

Number of 

secondary 

branches/plant 

Number of 

siliqua/plant 

Number of 

seeds/siliqua 

1000 

seed 

weight 

(g) 

Seed 

yield/plant 

(g) 

SCA 

Group 

Nap 94006 x Nap 248 1 1 0 0 -1 1 3H 

Nap 94006 x Nap 179 0 1 1 -1 1 0 2H 

Nap 94006 x Nap 206 -1 -1 -1 -1 1 1 -5L 

Nap 94006 x Nap 2001 1 1 1 1 -1 -1 4H 

Nap 94006 x Nap 2057 -1 -1 0 1 0 -1 -2L 

Nap 94006 x Nap 2012 1 -1 -1 -1 -1 -1 -2L 

Nap 94006 x Nap 2013 0 1 1 -1 1 1 1H 

Nap 94006 x Nap 2022 -1 -1 -1 1 1 1 0 

Nap 9908 x Nap 248 1 1 0 1 -1 -1 3H 

Nap 9908 x Nap 179 0 1 -1 -1 -1 -1 -4L 

Nap 9908 x Nap 206 0 1 1 1 -1 -1 4H 

Nap 9908 x Nap 2001 -1 0 0 0 1 1 1H 

Nap 9908 x Nap 2057 1 1 1 0 1 1 5H 

Nap 9908 x Nap 2012 -1 -1 0 -1 1 1 -3L 

Nap 9908 x Nap 2013 0 0 -1 1 1 1 4H 

Nap 9908 x Nap 2022 -1 -1 -1 1 -1 -1 -8L 

Nap 2037 x Nap 248 -1 -1 -1 -1 1 1 -1L 

Nap 2037 x Nap 179 -1 -1 0 1 -1 1 1H 

Nap 2037 x Nap 206 0 1 0 0 1 0 -2L 

Nap 2037 x Nap 2001 1 1 0 1 -1 -1 2H 

Nap 2037 x Nap 2057 0 1 -1 0 0 -1 1H 

Nap 2037 x Nap 2012 0 1 1 -1 1 0 1H 

Nap 2037 x Nap 2013 0 -1 0 -1 -1 0 -3L 

Nap 2037 x Nap 2022 1 1 1 -1 1 0 7H 

BARI Sarisha-7 x Nap 248 -1 -1 0 1 -1 -1 -4L 

BARI Sarisha-7 x Nap 179 1 0 0 1 1 0 2H 

BARI Sarisha-7 x Nap 206 -1 -1 -1 1 -1 -1 -4L 

BARI Sarisha-7 x Nap 2001 -1 -1 0 -1 1 0 -1L 

BARI Sarisha-7 x Nap 2057 -1 0 -1 0 -1 0 -3L 

BARI Sarisha-7 x Nap 2012 1 1 1 1 1 1 8H 

BARI Sarisha-7 x Nap 2013 0 0 0 -1 -1 0 -2L 

BARI Sarisha-7 x Nap 2022 1 1 1 -1 -1 1 0 

BARI Sarisha-13 x Nap 248 1 1 1 -1 1 0 0 

BARI Sarisha-13 x Nap 179 0 0 0 -1 1 0 0 

BARI Sarisha-13 x Nap 206 1 0 -1 -1 0 1 2H 

BARI Sarisha-13 x Nap 2001 0 -1 -1 -1 -1 -1 -7L 

BARI Sarisha-13 x Nap 2057 0 -1 1 1 -1 1 1H 

BARI Sarisha-13 x Nap 2012 0 0 -1 1 -1 0 -5L 

BARI Sarisha-13 x Nap 2013 0 0 1 1 1 -1 2H 

BARI Sarisha-13 x Nap 2022 -1 0 1 1 0 0 5L 

Total Significance 25 30 26 34 36 27 Average 

High Score 12 16 13 17 18 14 0.075 

Low Score 13 14 13 17 18 13  
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7 was best for thousand seed weight. Line 

Nap94006 was best general combiner for number 

of silique per plant and number of seed per siliqua. 

Among the testers, Nap2057 was a general 

combiner for thousand seed weight. Tester 

Nap2012 was best general combiner for number of 

siliqua per plant and seed yield per plant. Tester 

Nap2013 was best general combiner for number of 

seeds per siliqua. Tester Nap248 was best general 

combiner for number of secondary branches per 

plant. A high ratio of SCA and GCA variance was 

observed, indicating preponderance of non-additive 

gene effects in the inheritance of the yield and yield 

relating characters under study. Estimates of SCA 

effect for different characters revealed that the 

cross Nap9908xNap2001 was best specific 

combiner for thousand seed weight and seed yield 

per plant. Cross Nap9908×Nap2013 was best for 

number of primary branches per plant, number of 

seeds per siliqua. Cross Nap9908×Nap2057 

exhibited best SCA effect for number of siliqua per 

plant. The cross BS-7×Nap2012 was best specific 

combiner for number of secondary branches per 

plant. Different types of heterosis i.e. heterosis over 

mid parent (Hm), heterosis over better parent (Hb) 

and heterosis over standard check (Hc) were 

estimated to evaluate forty hybrids for seed yield 

and yield contributing characters; where BARI 

Sharisha-13 was taken as check. The average 

heterosis for seed yield of forty hybrids over mid 

parent was 3.27% and that of better parent and 

standard check was -9.72% and 5.60% 

respectively. The crosses Nap9908×Nap2001, 

Nap9908×2057, Nap9908×Nap2012 and 

Nap9908×Nap2013 could be used for the 

development of hybrid variety in mustard. 
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