
DOI:	https://doi.org/10.51470/PSA.2025.10.4.01Volume 10, Issue 04, 2025 |		01-06

INTRODUCTION
In our country, the leading oilseed crops include mustard, 
peanut, soybean, castor seed, sun�lower, sesame, linseed, Niger 
seed and Saf �lower. According to the Ministry of Agriculture & 
Farmers Welfare (2024–25), soybean accounts for the largest 
share of oilseed production at 35%, followed by rapeseed-
mustard at 32% and groundnut at 25%, while the remaining 
oilseed crops together contribute just 8% to the total output. In 
terms of area of production, soybeans dominate over 44% of the 
total area, which accounts to oilseed crops, rapeseed-mustard 
contributes for 24%, and groundnut accounts for 20%. 
Approximately 67% oilseed production is contributed by kharif 
crops, while the remaining 33% is produced during the rabi 
season.
Cytologically, Brassica	 juncea L. (Indian mustard) is an 
amphidiploid species with a chromosome number of 2n = 4x = 
36, developed through hybridization between B.	campestris L. 
(2n = 2x = 20) and B.	 nigra L. (2n = 2x = 16), followed by 
subsequent chromosome doubling. According to the Ministry of 
Agriculture and Farmers Welfare (DAC and FW 2024-25), third 
advance estimate, India is expected to reach a record-high 
oilseed production of 40.9 million metric tonnes (MT) this year, 
with soybean, mustard, and peanut achieving their highest 
yields to date. Soybean production is forecasted to reach 14.9 
MT, while both rapeseed-mustard and peanut are expected to 
produce 12.4 MT each, re�lecting an increase of 1.9 MT and 0.5 
MT, respectively, compared to the previous year.
India is the global leader in the area devoted to oilseed 
cultivation, though the yields of most oilseed crops in India fall 
below the global average. Although, the demand for edible oils in 
India is expected to grow substantially due to population 
increases, with projections of 28.40 million metric tonnes (MT) 
by 2030 and 41.6 MT by 2050. To boost yields further, it is crucial 
to develop improved, high-yielding varieties. Successful 
hybridization programs depend on identifying superior parent 
plants and understanding their combining abilities to produce 
desirable offspring. 
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Hybridization is a key method for overcoming yield limitations 
[21,26]. As such, the �irst step in developing high-yielding superior, 

[17,28,29]varieties are identifying the superior parent plants .
The study aimed to estimate genetic variance components, 
speci�ically general combining ability (GCA) and speci�ic 
combining ability (SCA) variances and their effects in Indian 
mustard. The combining ability analysis revealed that GCA had a 
signi�icant in�luence on seed yield and quality traits, suggesting 
the dominance of additive gene action, while notable SCA effects 
on these traits emphasized the role of non-additive gene action.

MATERIALS	AND	METHODS
Ten diverse genotypes were used to develop twenty-one hybrids 
using a line x tester crossing scheme at the Agri Farm of Lovely 
Professional University, Jalandhar, during the Rabi season 2024-
25. The details of diverse genotypes used in the experiment are 
listed in the Table 1 below, along with their sources and 
characteristics. During the Rabi season of 2024–25, twenty-one 
F₁ hybrids along with their parents were grown in a randomized 
block design with three replications. Each plot consisted of two 
rows, each 2 meters in length and spaced 45 cm apart, while a 
plant-to-plant distance of 20 cm was maintained after thinning. 
Standard agronomic practices, such as fertilizer application, 
weeding, and pest management, were followed as per 
recommended guidelines.
Data on morpho-physiological and biochemical traits were 
recorded from �ive randomly selected plants in each treatment, 
including both parents and F₁ hybrids. The traits measured 
comprised plant height (cm), length of main raceme (cm), leaf 
area index, number of primary and secondary branches, 
number of siliques per plant, seed yield per plant, biological 
yield, 1000-seed weight (g), oil content (%), and protein content 
(%).Additionally, plot-based data were recorded for days to 
50% �lowering and days to maturity. Estimation of general and 
speci�ic combining ability variances and their effects will be 
done according to the procedure of Arunachalam (1974) with 
the usage of R software packages.
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Table	1:	Parental	genotypes,	their	sources,	and	characteristic	features

RESULT	AND	DISCUSSION	
Based on the analysis of general combining ability (GCA) and 
speci�ic combining ability (SCA) effects for 14 agronomic and 
yield-related traits in 10 parents (7 female lines and 3 male 
testers) in the F  generation, several promising parental lines 1

and hybrid combinations were identi�ied. For all the traits 
studied, SCA variance was consistently higher than GCA 
variance, and both the predictability ratio and GCA/SCA ratio 
were below 1. This suggests that non-additive gene action 
played a major role in the inheritance of these traits in Indian 

 [4,15,20,30]mustard .
For earliness traits like days to 50% �lowering and days to 
maturity, several lines (RH-0749, RH-30, RGN-73, and Vaibhav) 
and testers (RGN-48 and RAJAT) showed desirable negative GCA 
effects. In terms of plant architecture, negative GCA for reduced 
plant height and shorter main raceme was observed in RH-
0749, CS-60, and Laxmi among females, with MAYA contributing 
similarly among testers. Yield-contributing traits like leaf area 
index, primary and secondary branches per plant were 
positively in�luenced by lines such as RH-0749, RL-1359, RH-30, 
Laxmi, RGN-73, and Vaibhav, while testers like RGN-48 and 

[3,14]MAYA also contributed positively . For reproductive traits, 
RH-30 was a strong combiner for siliquae per plant, while 
negative effects were noted for seeds per siliquae in CS-60, 
Vaibhav, and RGN-73, and in RAJAT among testers. Biological 
yield and 1000-seed weight largely showed negative GCA in 
several females (RH-30, Vaibhav, RGN-73, CS-60, and Laxmi) 
and in RAJAT among testers. For quality traits, Vaibhav was 
superior for oil content, while RL-1359, CS-60, RGN-73, and 
Vaibhav, along with MAYA, were favourable for protein content. 
Importantly, for seed yield per plant, RH-0749, RH-30, and RL-
1359 were good general combiners, whereas MAYA contributed 

[6,7,16,25]negatively (Table 2, Fig.1) . The consistent performance of 
good combiners re�lects stability across generations, possibly 
due to diversity in parents with signi�icant desirable and high 
gca effects (Table 4).
Based on the magnitude of Speci�ic Combining Ability (SCA) 
effects (Table 3), several cross combinations were identi�ied as 
the most promising for various traits. For earliness traits, 
crosses like RH-30 × RAJAT, CS-60 × MAYA, and LAXMI × MAYA 
showed signi�icant negative effects for days to 50% �lowering, 
while VAIBHAV × RGN-48, RH-30 × MAYA, and RL1359 × RAJAT 
were among the best for reducing days to maturity. In terms of 
plant architecture, VAIBHAV × MAYA and RL1359 × RGN-48 
increased plant height, while crosses like RL1359 × MAYA and 

[1,22,24]RH-30 × MAYA decreased it . For the length of main raceme, 
crosses such as RH-30 × RAJAT and RL1359 × RGN-48 had highly 
signi�icant positive effects. 

Signi�icant improvement in leaf area index was noted in crosses 
like RL1359 × RAJAT, CS-60 × RAJAT, and VAIBHAV × RAJAT. For 
branching traits, combinations such as RL1359 × RGN-48 and 
RH-0749 × RGN-48 enhanced the number of primary and 
secondary branches. 
Yield-contributing traits like number of siliquae per plant were 
improved by crosses like RGN-73 × MAYA and RL1359 × RAJAT, 
while number of seeds per siliqua was highest in combinations 
including RL1359 × RGN-48 and CS-60 × RAJAT. For biological 
yield, crosses such as RL1359 × RAJAT and RGN-73 × MAYA 
showed highly signi�icant positive effects. In seed quality traits, 
LAXMI × RAJAT, RH-30 × MAYA, and RL1359 × RAJAT were best 
for 1000-seed weight, while RGN-73 × RAJAT and CS-60 × MAYA 
excelled in oil and protein content. Finally, for seed yield per 
plant, RL1359 × RAJAT was the top-performing cross, followed 
by RGN-73 × MAYA, both showing signi�icant positive 

[10,13,27,29]contributions . The speci�ic combining ability (SCA) 
effects, which re�lect the non-additive portion of genetic 
variance, are particularly useful in distinguishing crosses based 
on their genetic potential as breeding materials. However, in 
self-pollinated crops, SCA effects generally have limited impact 
on improvement, except in cases where heterosis can be 

[5,9,12,17].commercially utilized 
The contribution of lines and testers to genetic variation is 
re�lected by the contribution of lines and testers, while non-
�ixable effects are shown by the lines x testers component. The 
relative contribution of the lines x testers was also higher than 
their corresponding contribution of testers for all the 
characters. The proportional contribution of lines, testers, and 
their interactions for fourteen traits is represented in Table 5. 
Lines showed maximum contribution for leaf area index and 
length of main raceme, while testers contributed most to 
number of siliquae per plant and main raceme length. Line × 
tester interaction contributed substantially, particularly for 
plant height. Overall, the results indicate the predominance of 
non-�ixable genetic variation, as also supported by the higher 
SCA variance compared to GCA variance for most traits. These 
cross combinations are most likely to give transgressive 

[7,17,19,23,25] segregants in subsequent generations .

Conclusion	
The recent experiment highlights the critical role of both 
general combining ability (GCA) and speci�ic combining ability 
(SCA) in selecting parent lines for hybrid breeding programs. 
Parents exhibiting strong GCA, such as RH-0749, RH-30, 
VAIBHAV, and RL-1359, are valuable for developing superior 
varieties through selection in segregating populations, as they 
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Table	2:	Estimates	of	GCA	effects	for	fourteen	characters	in	Indian	mustard

Fig.	1.	Visual	representation	of	GCA	estimates	for	different	genotypes	and	traits,	with	signi�icance	levels	(*	at	5%	and	**	at	1%	probability)

Table	3:	Estimates	of	SCA	effects	for	fourteen	characters	in	Indian	mustard
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contribute positively to multiple traits. Hybrids like RL1359 × 
RAJAT, RH-30 × RAJAT, and RGN-73 × MAYA demonstrated high 
SCA, indicating their potential for enhancing early maturity, 
yield, and quality traits through heterosis breeding. Further 
evaluation of hybrids with signi�icant SCA effects across various 
desirable traits is recommended to improve seed yield and 
quality for commercial applications.

Fig.	2.	Visual	representation	of	SCA	effects	of	for	key	traits
(Note:	Extreme	values	are	not	represented	which	are	above	6)

Table	4.	Estimate	of	components	of	genetic	variance	and	related	parameter	through	combining	ability	for	14	characters	in	F 	generation	of	7	x	3-line	x	tester	cross	in	Indian	mustard	1

(Brassica	juncea	L.):	mean	sum	of	square	

	sˆ	2g=GCA	variance,	sˆ	2s	=	SCA	variance,	sˆ	2A=additive	genetic	variance,	sˆ	2D=Dominance	genetic	variance,	GPR=General	predictability	ratio	

Table	 5:	 Proportional	 contribution	 of	 lines,	 testers	 and	 their	 interactions	 to	 total	
variance	in	a	set	of	line	x	tester	crosses	in	Mustard

ACKNOWLEDGEMENT
We are grateful to the Department of Genetics and Plant 
Breeding, LPU, Punjab, India, for his valuable advice and support 
necessary to conduct the research work.

CONFLICT	OF	INTEREST	
The authors declare that they have no con�lict of interest.

REFERENCES

Akabari, V.R. and Sasidharan, N. (2016). Evaluation of the 
heterotic potential for seed yield and its attributing traits in 
Indian mustard (Brassica	juncea L.). J.	Oilseed	Brassica,7(2): 
180-185.

Arunachalam, V. (1974). The fallacy behind the use of 
modi�ied line × tester design. Indian	Journal	of	Genetics	and	
Plant	Breeding, 34, 280–287.

Barfa, D., Tripathi, M. K., Kandalkar, V. S., Gupta, J. C., & 
Kumar, G. (2017). Heterosis and combining ability analy sis 
for seed yield in Indian mustard [Brassica Juncea (L.) Czern 
& Coss.]. Ecology, Environment and Conservation, 23, 75-
83.

1.

2.

3.

https://plantarc.com/
https://plantarc.com/


Sayooj	M	et	al.,	/	Plant	Science	Archives	(2025)

05. plantarc.com

Prajapati, K.P., Patel, A.M., Khule, A.A. and Patel, L.P., 2014. 
Combining ability analysis for seed yield and its attributes 
in Indian mustard [Brassica juncea (L.) Czern & Coss.]. J 
Oilseeds Res, 31, pp.70-72

Prasad, D., Yadav, R. K., Shrivastav, S. P., Amir. M., Gurjar. D., 
Lal. K. (2025). Identi�ication of most prominent parents 
and cross combinations in indian mustard for seed yield 
and quality traits. Journal of Applied and Natural Science, 
17(1), 277 - 284.

Prasad, D., Yadav, R. K., Singh, M., & Jaiswal, S. A. (2021). 
Genetic variability, heritability and genetic advance for 
quantitative traits in Indian mustard (Brassica juncea L. 
Czern and Coss.). Pharma Innovation, 10(12), 2627-2630.

Rout, S., Roy, S. K., Mandal, R., Singla, S., Rahimi, M., Sur, B., ... 
& Ghimiray, T. S. (2025). Genetic analysis and heterosis 
breeding of seed yield and yield attributing traits in Indian 
mustard (Brassica juncea (L.) Czern & Coss.). Scienti�ic	
Reports, 15(1), 2911.

Sahib, S.F. (2019). Genetic Analysis of Indian mustard for 
Yield by Calculating Heterosis and Combining Ability.

Sheera, A., Dey, T., Pandey, M. K., Singh, T., Sandhu, R., 
Dhillon, L., Chikkeri, S. S., Kumawat, S., & Kumar, R. (2024). 
Deciphering combining behaviour and magnitude of 
heterosis in bread wheat cross combinations under sub-
tropical region. Electronic Journal of Plant Breeding, 15 (2). 
https://doi.org/10.37992/2024.1502.039

Shrivastava.A., Tripathi.M.K., Solanki.R.S., Tiwari.S., 
Tripathi .N. ,  Singh.J .and Yadav.R.(2023).  Genetic 
Correlation and Path Coef�icient Analysis of Yield 
Attributing Parameters in Indian Mustard. Journal of 
Applied Science and Technology. Volume 42, Issue 7, Page 
42-58.

Singh.V., Pandey.S. and Synrem.G.(2022) Line x Tester 
analysis for seed yield and its components in Indian 
mustard (Brassica	juncea). The Pharma Innovation Journal 
2022; 11(5): 393-398

Thanmichon, S., Ullah, Z. and Baruah, P.K. (2018). 
Combining ability and heterobeltiosis for yield and yield-
attributing traits in Indian mustard (Brassica juncea L.). 
Journal of Oilseed Brassica; 132-138.

Tomar, A., Singh, M., & Singh, S. K. (2015). Genetic analysis of 
yield and its components based on heterotic response and 
combining ability parameters in Indian mustard (Brassica 
juncea L. Czern & Coss). Progressive Agriculture, 15(1), 85-
91.

Vaghela, P. O., Bhadauria, H. S., & Thakor, D. M. (2014). 
Combining ability for seed yield and quality components in 
Indian mustard. International Journal of Multidisciplinary 
Research and Development, 1(2), 45–47.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chand, S. P., Debnath, S., Rahimi, M., Ashraf, M., Bhatt, P., & 
Rahin, S. A. (2022). Contextualization of trait nexus and 
gene action for quantitative and qualitative characteristics 
in Indian mustard. Journal of Food Quality, 22, 1-24. 
https://doi.org/10.1155/2022/4387318.

Chaurasia, R.K. and Bhajan, R. (2014). Heterosis and 
combining ability studies in Indian mustard (Brassica 
juncea L.). Trends in Biosciences, 7(22): 3687 3690.

Chaurasiya, J.P.; Singh, M.; Yadav, R.K. and Singh, L. (2018). 
Heterosis and combining ability analysis in Indian mustard 
[Brassica	 juncea  (L.) Czern and Coss]. Journal	 of	
Pharmacognosy	and	Phytochemistry,7(2): 604-609.

Gupta, A., Chauhan, S., Tyagi, S. D., & Singh, S. (2024). 
Estimation of Heterosis for Plant Growth, Oil Content and 
Yield Related Traits in Indian Mustard [Brassica juncea (L.) 
Czern and Coss] Using Half Diallel. International	Journal	of	
Plant	&	Soil	Science, 36(9), 525-535.

Kapadia, V.N., Sasidharan, N. and Parmar, D.J., 2021. Genetic 
consequence through combining abilities for yield and its 
components traits of Brassica species. Journal of 
Pharmacognosy and Phytochemistry, 10(1), pp.690-698.

Kaur, S., Kumar, R., Kaur, R., Singh, I., Singh, H., & Ku mar, V. 
(2019). Heterosis and combining ability analysis in Indian 
mustard (Brassica juncea L.). Journal of Oilseed Brassica, 
10(1), 38–46.

Kumar, A., Verma, S., Yadav, R. B., Verma, S. K., & Kumar, M. 
(2024). Heterosis for Seed Yield and its Component Traits 
in Indian Mustard [Brassica juncea (L.) Czern. & Coss.]. 
Journal	of	the	Andaman	Science	Association	Vol, 29(2), 165-
171.

Kumar, B., Pandey, A. and Kumari, A. (2018). Heterosis and 
combining ability of F1 and F2 generations of Indian 
mustard for seed yield and its attributes. Journal of Oilseed 
Brassica, 9(1): 33-39.

Meena, H. S., Arun Kumar, A. K., Swarnim Kulshrestha, S. K., 
Meena, P. D., Bhagirath Ram, B. R., Anubhuti Sharma, A. S., & 
Dhiraj Singh, D. S. (2017). Line × tester analysis for 
combining ability and heterosis in Indian mustard 
(Brassica juncea). Journal	of	Oilseed	Brassica,	8(1), 18–26. 

Parmar, A. S., Jaimini, S. N., & Ram, B. (2016). Combining 
ability analysis for seed yield and its components over 
environments in Indian mustard (Brassica juncea L.). 
Journal of Oilseed Brassica, 2(2), 61-66.

Patel, A. M., Arha, M. D., & Khule, A. A. (2013). Combining 
ability analysis for seed yield and its attributes in Indian 
mustard [Brassica juncea (L.) Czern and Coss]. Asian 
Journal of Bio Science, 8(1), 11-14.

Patel, R., Solanki, S. D., Gami, R. A., Prajapati, K. P., Patel, P. T., 
& Bhadauria, H. S. (2015). Genetic study for seed yield and 
seed quality traits in Indian mustard [Brassica juncea L. 
Czern & Coss.]. Electronic Journal of Plant Breeding, 6(3), 
672-679.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

https://plantarc.com/
https://plantarc.com/
https://doi.org/10.1155/2022/4387318


Sayooj	M	et	al.,	/	Plant	Science	Archives	(2025)

06. plantarc.com

Vineet, K., Pant, D.P., Usha, P. and Verma, J.S., 2016. 
Combining ability and heterosis for seed yield and its 
components in Indian mustard [Brassica juncea (L.) Czern 
and Coss]. Environment and Ecology, 34(3B), pp.1382-
1388.

Yadav, V.N., Singh, M., Yadav, R.K., Singh, H.C., Maurya, A.K., 
Singh, A.K. and Singh, S.G., 2020. Genetics of seed yield in 
Indian mustard [Brassica juncea (L.) Czern. & Coss.] under 
late sown environment. Journal of Pharmacognosy and 
Phytochemistry, 9(4), pp.249-254.

29.

30.

Vaghela, P. O., Thakkar, D. A., Bhadauria, H. S., Sutariya, D. A., 
Parmar, S. K., & Prajapati, D. V. (2016). Heterosis and 
combining ability for yield and its component traits in 
Indian mustard [Brassica juncea (L.)]. Journal of Oilseed 
Brassica, 1, 39-43.

Vanukuri.A.R and PandeyM.K.(2022). Genetic variability 
and genetic diversity studies in Indian mustard (Brassica 
juncea L.). The Pharma Innovation Journal; 11(7): 1357-
1360

27.

28.

https://plantarc.com/
https://plantarc.com/

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

