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Abstract  

The study was performed to estimate genetic variability, selection parameters, principal component analysis (PCA) and radar plot (spider) 

analysis using 55 genotypes which were evaluated during Rabi season 2023-2024 at the Crop Research Centre, Sardar Vallabhbhai Patel 
University of Agriculture and Technology, Meerut, for 13 traits with three replications. The analysis of variance (ANOVA) revealed highly 

significant differences for all traits. A higher phenotypic coefficient of variation (PCV) was observed compared to the genotypic coefficient 

of variation (GCV) for the respective traits. High PCV and GCV values were recorded for seed yield and harvest index. High genetic advance 

coupled with high heritability was observed for seed yield, number of branches on the main raceme, test weight and siliqua length. Radar 
plot analysis revealed significant multi-trait variability among the traits. At both genotypic and phenotypic levels, seed yield revealed a 

positive significant association with number of siliquae on the main raceme, length of main raceme, siliqua length, seeds per siliqua and 

test weight. A high direct effect on seed yield was observed through harvest index and biological yield in path coefficient analysis. The 

cumulative percentage of explained variance by the three principal components with Eigenvalues greater than one was 80.15 %. Radar 
plot analysis revealed that the genotype RH-725 × Pusa Agrani and Pusa Agrani × CS-60 were identified as promising high-yielding and 

high oil content, respectively. The study revealed that traits such as seed yield, test weight, harvest index, siliqua length and genotypes RH

-725 × Pusa Agrani, RH-725 × Kranti, Pusa Agrani × CS-60 and Pusa Bold × CS-60 can be further used for breeding programs.   

Keywords: correlation; genetic variability; path analysis; PCA; radar plot  

Introduction 

Indian mustard (Brassica juncea L. Czern & Coss) is widely 

cultivated in Australia, Canada, India, Pakistan, China and a few 

European countries as an important oilseed crop belonging to 

the Brassicaceae (Cruciferae) family, having a genome size of 

around 922 Mb (1, 2). B. juncea is an amphidiploid crop (2n = 36, 

AABB), originated through natural hybridization between B. 

campestris (2n = 20, AA) and B. nigra (2n = 16, BB), followed by 

spontaneous chromosome duplication. This amphidiploid 

nature, along with its large and complex genome, contributes 

significantly to its broad genetic diversity and enhances its 

breeding potential by enabling the incorporation of alleles from 

both ancestral genomes (3-5). The oil has been used in 

cosmetics (e.g. hair care), pickles, traditional medicines and 

culinary flavoring (6). It contains protein (26 g/100 g), 

carbohydrates (28 g/100 g), fibre (12g/100 g) and fat (36 %) with 

oil content (OC) ranging from 37 % to 49 %. Along with major 

components, it also has significant levels of vitamins (C and K), 

minerals (Cu, Fe, Ca, Zn, Mn, Se and Mg) (7-9). A major breeding 

objective is the development of high-yielding genotypes with 

superior oil quality (e.g., oil composition and fatty acid profile). 

The effective utilization of diverse germplasm through 

hybridization plays a crucial role in the genetic improvement (10, 

11). 

 Genetic variability includes the phenotypic coefficient 

of variation (PCV), the genotypic coefficient of variation (GCV) 

and heritability, which allows understanding the ability of 

traits to transfer into the next generation, whereas genetic 

advance helps to know the portion of genetic traits gained 

from their respective parents. Character association analyses 

(correlation and path coefficient) help in understanding traits 

relationships and categorizing into direct and indirect effects, 

respectively, whereas PCA allows easy understanding the 

variation by compressing the total variation into a principal 

component. Multivariate graphical techniques, like radar plots 

(spider plots), provide an intuitive visualization for comparing 

multiple traits in plant breeding such as days to maturity, plant 

height, number of primary and secondary branches, siliqua per 

plant, test weight, seed yield, biological yield and harvest 

index, simultaneously across genotypes, aiding in genotype 

selection for breeding programs (12, 13). Such tools aid in 

identifying superior genotypes based on yield and associated 

agronomic traits. The aim of the present study is to understand 

genetic variability, selection parameters, principal component 

analysis and radar plot analysis.  

http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.9222&domain=horizonepublishing.com
https://doi.org/10.14719/pst.9222
mailto:rajkumarmtg@gmail.com
https://doi.org/10.14719/pst.9222


RAJ ET AL  2     

https://plantsciencetoday.online 

Materials and Methods  

Ten diverse genotypes, namely, RH-725, Pusa Jai Kisan, PM-28, 

Pusa Bold, Pusa Agrani, PM-29, CS-60, Kranti, Giriraj and RH-

749 were used for hybridization. Genotype used in 

hybridization aimed to address the different aspects of crop 

improvement, like Pusa Agrani and RH-725 used for short-

duration and early sowing, respectively. PM-29 was used in 

crossing as it has lower erucic acid, which plays a crucial role in 

oil quality. Kranti has resistance to Alternaria blight and aphids, 

whereas CS-60 has tolerance to salinity and alkalinity. Pusa 

Bold, PM-28, Pusa Jai Kisan have bold seed size, high oil 

content whereas Giriraj have high yield as yield improvement is 

the main research objective for breeders and it can be 

improved by improving yield and its related components like 

bold seed size, high oil content and high yield (14, 15). The 

details of genotypes including their pedigree and features are 

presented in supplementary material (Table S1). 

Experimental details          

The ten genotypes of Indian mustard were hybridized using a 

half-diallel design to produce 45 hybrids at the Crop Research 

Centre of Sardar Vallabhbhai Patel University of Agriculture 

and Technology, Meerut, during Rabi 2022-23. The complete 

set of experimental materials comprised 55 genotypes, such as 

10 parents and 45 hybrids that were evaluated in a randomized 

complete block design (RCBD) with three replications. 

Observations recorded          

Thirteen quantitative characters were recorded during the 

experiment: i) days to 50 % blooming (DFB), ii) days to maturity 

(DM), iii) plant height (PH), iv) branches on a main raceme 

(BMR), v) siliquae on a main raceme (SMR), vi) length of a main 

raceme (LMR), vii) siliqua length (SL), viii) seeds per siliqua 

(SPS), ix) biological yield per plant (BY), x) harvest index (HI), xi) 

oil content (OC), xii) test weight (TW) and xiii) seed yield per 

plant (SY). Five plants from each genotype in each replication 

were randomly selected and tagged before maturity except for 

DFB and DM, which were assessed on a population basis. 

Statistical analysis           

Analysis of variance (ANOVA) was based on the model:    Pijk = µ 

+ vij + bk + eijk. (i, j = 1...t; k = 1...b). PCV and GCV were calculated 

(16). 

 

 

 

 

 
 

 Where, PCV is the phenotypic coefficient of variation. 
GCV is the genotypic coefficient of variation and is the 

population means of the characters. 

 

 

 Heritability broad sense (bs) was calculated as per the 

following formula (17).  

  

 Where, H 2 is the heritability in broad sense, σ2 g is the 

genotypic coefficient of variance and σ2 p is the phenotypic 

coefficient of variance. 

 Classifications were done as: >80 % high, 60-80 % 

medium and <60 % low (18). Genetic advance and genetic 

advance over percent mean were estimated as per the 

following formula (19, 20). 

  

 

 

 

 

 

 The correlation and path coefficients were calculated 

as per the following formula (21, 22). 

     

 

 

 Where, rxy is the correlation between attributes x and y, 

MSPt is mean sum of products of genotypes, MStx is mean 

square of treatments for variable x and MSty is mean square of 

treatments for variable y. 

  

 

 

 

  

 

 Where, b’1, b’2, b’3…= standardized partial regression of 

x1, x2, x3.. and r1y, r2y, r3y,…= correlation coefficient between x1, 

x2, x3,.. and y. 

 PCA was performed using FactoMineR in R and 

Agrianalyze online software (https://www.agrianalyze.com/

PrincipalComponentAnalysisGPB) whereas PCA visualization 

in R was performed through the ggbiplot library. The 

normalized dataset (0–100 %) was then used to generate a 

radar chart using R Studio (R version 4.4.3, performed on a 

cloud-based R Studio environment) employing the FMSB 

package. To ensure comparability across traits measured in 

different units and scales, trait values were normalized using 

Min-Max normalization according to the following formula (23). 

  

Where X represents the original value for each trait.  

 

Results and Discussions 

ANOVA for thirteen traits revealed highly significant variation 

across all traits for all sources of variation, including 

treatments, parents, hybrids and parents versus hybrids, while 

replication effects were non-significant, suggesting uniform 

environmental conditions across replications. The ANOVA 

.....(Eqn. 4) 

.....(Eqn. 5) 

.....(Eqn. 6) 

.....(Eqn. 7) 

.....(Eqn. 8) 

.....(Eqn. 1) 

.....(Eqn. 2) 

.....(Eqn. 3) 

.....(Eqn. 9) 
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results for 13 quantitative traits are presented in Table 1. These 

results indicate that sufficient variation was present in the 

germplasm, which is a key requirement for the success of any 

plant breeding program. The presence of heritable variation in 

germplasm paves the way for developing high-yielding 

varieties. Similar observations of significant analysis of 

variance of all traits were also reported in previous studies (24-

26). 

Genetic variability analysis          

The mean and range performance of all 13 traits is presented 

in Table 2. The SY in parents ranged from 14.92 (Kranti) to 23.04 

(CS-60) with a mean of 17.79, whereas in hybrids it ranged from 

15.14 (Pusa Jai Kisan × PM-29) to 31.48 (PM-29 × Kranti) with a 

mean of 22.50. Similarly, the overall mean performance, 

including parents and hybrids, SY, ranged from 14.92 (Kranti) 

to 31.48 (PM-29 × Kranti), with an overall mean of 21.60. Similar 

observations of SY for mean performance were also reported 

in previous studies (27-30). 

 Genetic variability parameters for all traits are 

presented in Table 2.The GCV and PCV of SY (22.75 and 23.96), 

HI (20.27 and 20.79), BMR (14.91 and 16.23), BY (13.92 and 

15.41), TW (11.22 and 12.02), LMR (11.14 and 12.82), SL (10.77 

and 11.67), SMR (9.67 and 10.53),  SPS (9.02 and 10.28), DFB 

(8.26 and 8.66), PH (5.10 and 8.00), DM (3.08 and 3.20) and OC 

(2.99 and 3.18) were observed respectively. The high GCV and 

PCV (more than 20 %) were observed only for SY and HI. Similar 

high observations for GCV and PCV for SY were also reported in 

earlier research (24, 27, 31). For moderate GCV and PCV for the 

traits BMR and TW, similar observations were also reported, 

whereas similar low GCV and PCV for DFB and PH were also 

studied in earlier research (31-33).The high PCV compared to 

their respective GCV was observed in all traits studied revealing 

the effect of the environment on trait expression and the 

selection of traits solely based on the coefficient of variation 

may produce misleading results. Similar observations of high 

PCV compared to their respective GCV were also studied (25, 

31, 34). 

 Heritability (bs) estimate is the ratio of genotypic to 
phenotypic variance expressed as a percentage. It is an 

indicator of character transmission from parents to offspring. 

High heritability (> 80 %) was observed for traits HI (95.07), DM 

(92.76), DFB (90.88), SY (90.18), OC (88.54), TW (87.19), SL 

(85.15), BMR (84.43), SMR (84.36) and BY (81.58).The moderate 

heritability (60-80 %) was observed for traits SPS (76.97) and 

LMR (75.46), whereas low heritability (less than 60 %) was 

observed for trait PH (40.71). A high heritability estimate 

indicates phenotypic performance-based selection, but it does 

not always imply a significant genetic gain. It aids plant 

breeders in selecting superior genotypes from a genetically 

diverse population. Similar observations for high heritability 

Table 1. Combined ANOVA for parents and hybrids for 13 traits.  

*, ** significant at 5 % and 1 % level, respectively. SV: source of variation, df: degree of freedom, DFB: days to 50 % blooming, DM: days to 
maturity, PH: plant height, BMR: branches on a main raceme, SMR:  siliquae on a main raceme, LMR: length of a main raceme, SL: siliqua 

length, SPS: seeds per siliqua, BY: biological yield per plant, HI: harvest index, OC: oil content, TW: test weight and SY: seed yield per plant.  

SV df DFB DM PH BMR SMR LMR SL SPS BY HI OC TW SY 

Replication 2 5.26 5.28 9.18 0.19 13.61 3.75 0.13 0.018 0.144 5.13 0.308 0.063 4.75 

Genotypes 54 50.55** 61.67** 383.17** 2.68** 67.25** 201.42** 0.84** 4.246** 428.22** 86.34** 4.54** 1.20** 75.38** 

Parents 9 68.00** 68.02** 270.91** 3.83** 26.04** 159.84** 0.46** 4.53** 13.34** 37.47** 4.70** 1.14** 22.73** 

Hybrids 44 41.68** 56.00** 338.33** 1.90** 69.13** 179.17** 0.83** 3.84** 456.66** 94.39** 4.06** 1.08** 75.49** 

P vs Hybrids 1 283.75** 253.67** 3365.74** 26.33** 355.31** 1554.57** 4.44** 19.51** 2910.78** 172.07** 24.58** 7.13** 544.15** 

Error 108 1.64 1.56 125.24 0.16 3.91 19.70 0.046 0.385 29.97 1.47 0.188 0.056 2.64 

Table 2. Genetic variability analysis for 13 traits.  

Parameters Mean Min Max GCV (%) PCV (%) Heritability (%) GA GA % mean 

DFB 48.89 41.67 59.33 8.26 8.66 90.88 7.93 16.22 

DM 145.17 132.00 158.00 3.08 3.20 92.76 8.88 6.12 

PH 181.75 162.73 206.73 5.10 8.00 40.71 12.19 6.71 

BMR 6.15 3.70 7.80 14.91 16.23 84.43 1.74 28.23 

SMR 47.51 40.40 58.13 9.67 10.53 84.36 8.69 18.30 

LMR 69.89 51.80 88.80 11.14 12.82 75.46 13.93 19.93 

SL 4.77 4.00 5.85 10.77 11.67 85.15 0.98 20.47 

SPS 12.58 9.87 15.93 9.02 10.28 76.97 2.05 16.30 

BY 82.76 71.40 116.00 13.92 15.41 81.58 21.44 25.90 

HI 26.24 17.27 42.64 20.27 20.79 95.07 10.68 40.72 

OC 40.24 37.38 43.15 2.99 3.18 88.54 2.34 5.80 

TW 5.50 4.12 6.87 11.22 12.02 87.19 1.19 21.59 

SY 21.64 14.92 31.48 22.75 23.96 90.18 9.63 44.51 

GCV: genotypic coefficient of variation, PCV: phenotypic coefficient of variation, GA: genetic advance, DFB: days to 50 % blooming, DM: days 
to maturity, PH: plant height, BMR: branches on a main raceme, SMR:  siliquae on a main raceme, LMR: length of a main raceme, SL: siliqua 

length, SPS: seeds per siliqua, BY: biological yield per plant, HI: harvest index, OC: oil content, TW: test weight and SY: seed yield per plant.  
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for DM, OC and DFB were reported earlier studies (25, 27, 31, 

35). 

 Genetic advance is an important selection parameter to 

select desired variables. Thus, it adds an advantage over 

heritability as a guide factor to the breeding program. The high 

(> 20 %) genetic advances were observed for traits SY (44.51), 

HI (40.72), BMR (28.23), biological yield (25.90), TW (21.59) and 

SL (20.47). Similar high genetic advances for SY and TW were 

reported in previous studies (25, 27, 31, 35). The moderate 

genetic advances (10 % to 20 %) were observed for traits LMR 

(19.93), SMR (18.30), SPS (16.30) and DFB (16.22), whereas low 

genetic advances (< 10 %) were observed for traits PH (6.71), 

DM (6.12) and OC (5.80). A similar moderate genetic advance 

for LMR, SPS and DFB, whereas low for DM was also observed 

(36).  The high genetic advance having high heritability was 

observed for traits SY, followed by HI, BMR, BY, TW and SL, 

indicating the presence of additive action allows these traits 

are promising for selection in early generations. Similar high 

genetic advances with high heritability for SY were also 

reported (24, 25, 35). For other yield-contributing traits like HI 

and BMR, similar observations were reported earlier (31, 37). 

The moderate and low genetic advances with high heritability 

were observed for DFB, DM, SMR and OC, indicating the 

influence of non-additive gene action. The moderate and low 

genetic advances with heritability were observed for PH, LMR 

and SPS, indicating the environment's effect on these traits. A 

similar moderate genetic advance with high heritability for DFB 

was also observed (36). 

 The radar chart provides an integrated visual summary 
of genotype performance across multiple traits. Fig. 1 revealed 

that PH and DM showed relatively higher normalized values, 

indicating superior performance in these attributes for the 

genotype analyzed. Moderate scores were observed for LMR 

and BY, suggesting acceptable yield attributes. Traits such as 

SL, BMR and TW 

exhibited relatively lower normalized values, suggesting areas 

where improvement may be needed. The compactness and 

spread of the radar chart pattern indicate trait stability and 

potential trade-offs. Higher values across most traits point 

toward desirable genotypes suitable for advancement in 

breeding pipelines (38). 

Correlation coefficient analysis         

Correlation studies provide symmetrical measurement of the 

degree and direction of the relationship between yield and its 

related traits. Therefore, selection of key yield components and 

their correlation with yield is crucial in designing an efficient 

breeding strategy for producing superior genotypes (18, 20). 

The correlation estimates for 13 traits are presented in Table 3. 

Genotypic and phenotypic associations of SY showed a 

positive significant correlation (p< 0.01) with BMR, SMR, LMR, 

SL, SPS, BY, HI, OC and TW, whereas a positive non-significant 

correlation with PH along with negative significant 

associations with DFB and DM. Generally, genotypic 

associations were slightly higher for respective traits than their 

respective phenotypic associations, revealing strong inherent 

among traits. Similar observations of higher genotypic 

correlations compared to their respective phenotypic 

correlations have also been reported (36, 39). A similar 

correlation between BMR with SY has been studied (40-42). 

Likewise, correlations involving SMR have also been reported, 

whereas for SPS, similar associations were reported (40, 43, 

44). For trait BY and HI, similar correlations with SY were also 

reported in studies (41, 44). A similar negative correlation of 

DFB and DM with SY was also observed (36). 

 A significant correlation between two traits may arise 

from shared biosynthetic pathways, the pleiotropic action of a 

single gene influencing multiple traits or genetic linkage, where 

genes controlling different traits are located close together on 

the same chromosome and are inherited together. Pleiotropy 

 

Fig. 1. Radar (spider) plot for 13 quantitative traits.  
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can result in coordinated expression of traits due to common 

genetic control, while linkage reflects physical proximity of 

genes that may not functionally interact but are co-inherited, 

leading to apparent associations between traits. The positive 

significant correlation allows us to select the principal traits 

indirectly by selecting these traits, whereas negative significant 

revealed traits are negatively correlated and the selection of 

these traits reduces the correlated traits. 

Direct and indirect effect analysis          

The correlation coefficient estimated for various pairs of traits 
was subjected to path coefficient estimation for partitioning 

correlation values into the indirect and direct effects, which 

helps to formulate an effective selection strategy. The effects of 

various traits on SY are presented in Table 4. 

Direct effect          

The direct effect of genotypic and phenotypic path coefficients 

on SY was observed by HI (0.768 and 0.798),  BY (0.487 and 

0.557), SL (0.079 and 0.042), TW (0.073 and 0.025), days to 50% 

blooming (0.037 and 0.033), SMR (0.037 and 0.028), OC (0.033 

and 0.023), SPS (-0.005 and 0.009), PH (-0.019 and 0.0009), BMR 

(-0.020 and -0.025), LMR (-0.048 and -0.010) and DM (-0.076 and 

-0.044), respectively. High direct and positive effects indicate 

that these traits can be directly targeted in selection programs. 

Similar observations of a high positive direct effect on SY by HI 

were observed, whereas BY similar estimates were studied 

previously (41, 44, 45). 

Principal component analysis         

Principal component analysis (PCA) was conducted on 13 traits 

across 55 genotypes. As per Kaiser’s rule, PCA with Eigenvalues 

more than 1 are considered for further interpretation. It was 

observed that a total of three principal components having 

Eigenvalues more than 1. The Eigenvalues and percentage of 

contribution in total variance of PC1, PC2 and PC3 are 8.27 with 

63.66 %, 1.12 with 8.64 % and 1.02 with 7.86 %, respectively. 

The cumulative percentage of these three components to total 

variance is 80.15%. The pictorial representation of Eigenvalues 

and percentages of explained variances are represented in    

Fig. 2. The pictorial representation of all PC correlations with 13 

traits is represented in Fig. 3. PC1 shows a high and positive 

correlation with DFB (0.28) and DM (0.25), whereas the other 11 

traits are showing a negative correlation. Similar PC1 

correlation observations of DFB were reported, whereas for 

DM, similar estimates were studied (46-48). PC2 is showing a 

positive association with HI (0.68) following SY (0.35), DM (0.25), 

Table 3. Genotypic (G) and phenotypic (P) correlation analysis for 13 traits.   

*, ** significant at 5 % and 1 % level, respectively. DFB: days to 50 % blooming, DM: days to maturity, PH: plant height, BMR: branches on a 
main raceme, SMR:  siliquae on a main raceme, LMR: length of a main raceme, SL: siliqua length, SPS: seeds per siliqua, BY: biological yield 

per plant, HI: harvest index, OC: oil content, TW: test weight and SY: seed yield per plant.  

Traits   DFB DM PH BMR SMR LMR SL SPS BY HI OC TW SY 

DFB 
G   0.682** -0.313** -0.412** -0.274** -0.452** -0.320** -0.309** -0.235** -0.255** -0.244** -0.259** -0.350** 

P   0.637** -0.161* -0.359** -0.231** -0.382** -0.277** -0.264** -0.202** -0.237** -0.218** -0.227** -0.315** 

DM 
G     -0.135 -0.183* -0.225** -0.493** -0.394** -0.480** -0.288** -0.299** -0.285** -0.199* -0.453** 

P     -0.069 -0.166* -0.194* -0.402** -0.351** -0.421** -0.250** -0.274** -0.266** -0.185* -0.407** 

PH 
G       0.407** 0.256** 0.334** 0.031 0.122 0.162* -0.062 -0.034 0.203** 0.011 

P       0.264** 0.181* 0.369** 0.028 0.120 0.237** -0.020 0.004 0.187* 0.116 

BMR 
G         0.369** 0.454** 0.252** 0.222** 0.246** 0.226** 0.181* 0.460** 0.314** 

P         0.316** 0.388** 0.203** 0.151 0.239** 0.202** 0.154* 0.406** 0.294** 

SMR 
G           0.577** 0.620** 0.529** 0.420** 0.343** 0.509** 0.524** 0.574** 

P           0.461** 0.532** 0.443** 0.354** 0.319** 0.454** 0.456** 0.517** 

LMR 
G             0.619** 0.600** 0.500** 0.419** 0.615** 0.666** 0.659** 

P             0.470** 0.485** 0.504** 0.365** 0.505** 0.577** 0.622** 

SL 
G               0.675** 0.489** 0.501** 0.511** 0.559** 0.763** 

P               0.512** 0.403** 0.458** 0.453** 0.479** 0.672** 

SPS 
G                 0.546** 0.361** 0.614** 0.619** 0.667** 

P                 0.437** 0.297** 0.498** 0.523** 0.551** 

BY 
G                   -0.110 0.441** 0.470** 0.485** 

P                   -0.106 0.398** 0.429** 0.518** 

HI 
G                     0.430** 0.525** 0.809** 

P                     0.396** 0.461** 0.787** 

OC 
G                       0.525** 0.654** 

P                       0.449** 0.605** 

TW 
G                         0.744** 

P                         0.666** 

SY 
G                           

P                           
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 Table 4. Genotypic (G) and phenotypic (P) path analysis for SY.  

Traits   DFB DM PH BMR SMR LMR SL SPS BY HI OC TW SY 

DFB 
G 0.0375 -0.0523 0.0060 0.0085 -0.0103 0.0218 -0.0255 0.0016 -0.1146 -0.1960 -0.0081 -0.0190 -0.350** 

P 0.0338 -0.0281 -0.0001 0.0092 -0.0065 0.0038 -0.0117 -0.0024 -0.1128 -0.1889 -0.0051 -0.0058 -0.315** 

DM 
G 0.0256 -0.0767 0.0026 0.0038 -0.0084 0.0238 -0.0314 0.0024 -0.1401 -0.2300 -0.0095 -0.0146 -0.453** 

P 0.0215 -0.0441 -0.0001 0.0043 -0.0054 0.0040 -0.0148 -0.0039 -0.1397 -0.2184 -0.0062 -0.0048 -0.407** 

PH 
G -0.0117 0.0103 -0.0193 -0.0084 0.0096 -0.0161 0.0025 -0.0006 0.0789 -0.0478 -0.0011 0.0149 0.0110 

P -0.0055 0.0031 0.0009 -0.0068 0.0051 -0.0037 0.0012 0.0011 0.1319 -0.0157 0.0001 0.0048 0.1160 

BMR 
G -0.0154 0.0140 -0.0078 -0.0206 0.0138 -0.0219 0.0201 -0.0011 0.1198 0.1735 0.0060 0.0338 0.314** 

P -0.0121 0.0073 0.0002 -0.0258 0.0089 -0.0039 0.0086 0.0014 0.1335 0.1615 0.0036 0.0105 0.294** 

SMR 
G -0.0103 0.0173 -0.0049 -0.0076 0.0374 -0.0279 0.0493 -0.0027 0.2044 0.2635 0.0169 0.0385 0.574** 

P -0.0078 0.0085 0.0002 -0.0081 0.0280 -0.0046 0.0224 0.0041 0.1972 0.2551 0.0106 0.0118 0.517** 

LMR 
G -0.0169 0.0378 -0.0064 -0.0094 0.0216 -0.0483 0.0492 -0.0030 0.2437 0.3219 0.0204 0.0489 0.659** 

P -0.0129 0.0177 0.0003 -0.0100 0.0129 -0.0100 0.0198 0.0045 0.2811 0.2918 0.0118 0.0149 0.622** 

SL 
G -0.0120 0.0302 -0.0006 -0.0052 0.0232 -0.0299 0.0795 -0.0034 0.2382 0.3852 0.0170 0.0411 0.763** 

P -0.0094 0.0155 0.0000 -0.0052 0.0149 -0.0047 0.0421 0.0047 0.2251 0.3657 0.0105 0.0123 0.672** 

SPS 
G -0.0116 0.0368 -0.0024 -0.0046 0.0198 -0.0290 0.0537 -0.0050 0.2660 0.2773 0.0204 0.0455 0.667** 

P -0.0089 0.0185 0.0001 -0.0039 0.0124 -0.0048 0.0216 0.0092 0.2440 0.2375 0.0116 0.0135 0.551** 

BY 
G -0.0088 0.0221 -0.0031 -0.0051 0.0157 -0.0242 0.0389 -0.0028 0.4870 -0.0843 0.0147 0.0346 0.485** 

P -0.0068 0.0110 0.0002 -0.0062 0.0099 -0.0050 0.0170 0.0040 0.5578 -0.0843 0.0093 0.0111 0.518** 

HI 
G -0.0096 0.0229 0.0012 -0.0047 0.0128 -0.0202 0.0398 -0.0018 -0.0534 0.7688 0.0143 0.0386 0.809** 

P -0.0080 0.0121 0.0000 -0.0052 0.0089 -0.0037 0.0193 0.0027 -0.0589 0.7984 0.0092 0.0119 0.787** 

OC 
G -0.0092 0.0219 0.0007 -0.0037 0.0190 -0.0297 0.0407 -0.0031 0.2150 0.3310 0.0332 0.0386 0.654** 

P -0.0074 0.0117 0.0000 -0.0040 0.0127 -0.0050 0.0191 0.0046 0.2219 0.3162 0.0233 0.0115 0.605** 

TW 
G -0.0097 0.0153 -0.0039 -0.0095 0.0196 -0.0322 0.0445 -0.0031 0.2291 0.4036 0.0174 0.0735 0.744** 

P -0.0077 0.0081 0.0002 -0.0105 0.0128 -0.0058 0.0202 0.0048 0.2394 0.3684 0.0104 0.0257 0.666** 

Resi- 0.00387(G) and Resi- 0.01028 (P). *, ** significant at 5 % and 1 % level, respectively. DFB: days to 50 % blooming, DM: days to maturity, 
PH: plant height, BMR: branches on a main raceme, SMR:  siliquae on a main raceme, LMR: length of a main raceme, SL: siliqua length, SPS: 

seeds per siliqua, BY: biological yield per plant, HI: harvest index, OC: oil content, TW: test weight and SY: seed yield per plant.  

Fig. 2. Scree plot of 13 PCs with Eigenvalues and percent of explained variance PC of Indian mustard.  
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SL (0.16), DFB (0.09), OC (0.03), SMR (0.1) and TW (0.01). Similar 

results for SY and SL were reported in previous studies (47-48). 

The PC3 shows a high and positive association with BY (0.53) 

following DM (0.46), SL (0.34), SMR (0.33), DFB (0.27), SY (0.12), 

SPS (0.08) and TW (0.04). A similar PC3 correlation observation 

for DM, SL, SMR and SY were recorded (47, 48). PCA biplot was 

plotted on the basis of PC1 and PC2 having a percentage of 

contribution in total variance of 63.66 % and 8.64 %, 

respectively, indicating the superior genotypes 14 (RH-725 × 

Pusa Agrani), 17 (RH-725 × Kranti), 37 (Pusa Bold × CS-60) and 

42 (Pusa Agrani × CS-60) for SY, as these genotypes aligned 

near the variable SY in the PCA biplot. It can be selected for 

further plant breeding programs and selection of superior 

genotypes. The pictorial representation of 13 variables and 55 

genotypes in the PCA biplot based on PC1 and PC2 is 

represented in Fig. 4. 

Radar (spider) plot analysis          

The radar chart provides a visual, multivariate comparison of 

genotypes across yield-related traits. This approach quickly 

identifies superior genotypes with balanced performance 

across multiple traits, facilitating informed selection decisions 

for breeding and improvement programs. The four superior 

performed genotypes for SY from PCA analysis were selected 

and subjected to radar analysis revealed considerable 

variability among genotypes across the observed quantitative 

traits as represented in Fig. 5. Genotype 14 (RH-725 × Pusa 

Agrani) exhibited superior performance for DFB, SY, BY, SPS, 

LMR, SMR and SL indicating its potential for early flowering, 

seed yield and related traits. Genotype 42 (Pusa Agrani × CS-60) 

demonstrated high OC, HI, TW, BMR, LMR and PH suggesting 

its suitability for oil yield improvement. Genotype 17 (RH-725 × 

Kranti) showed moderate performance across the most traits 

but excelled slightly in SPS, SY, BY and HI. It appears more 

balanced but not extreme in any particular trait. Genotype 37 

(Pusa Bold × CS-60) stood out in DM, BMR, SMR and HI but 

showed lower performance in SY. It may be useful for breeding 

programs targeting biomass traits. The widespread in trait 

values suggests a significant scope for selection and genetic 

improvement. Genotype 14 (RH-725 × Pusa Agrani) can be 

prioritized for seed yield improvement programs, whereas 

genotype 42 (Pusa Agrani × CS-60) could be valuable for oil 

quality enhancement. Similar multi-trait evaluation approaches 

have also been recommended in oilseeds (12, 49).  

 

Conclusion  

Variance analysis revealed highly significant results for all 13 

traits. The higher PCV compared to the GCV for most traits 

indicates strong environmental influence, suggesting that 

direct selection may be misleading. The high heritability with 

high genetic advance was observed for traits SY, followed by 

HI, BMR, BY, TW and SL, revealing the additive gene action 

presence.SY showed significant positive correlations with BMR, 

SMR, LMR, SL, SPS, BY, HI, OC and TW. The high direct effects of 

both path coefficients on SY were observed by HI and BY. These 

positive significant correlations enable the indirect selection of 

SY through the improvement of these principal traits. PCA 

allows the selection of the desirable genotypes for variable SY 

namely RH-725 × Pusa Agrani, RH-725 × Kranti, Pusa Bold × CS-

60 and Pusa Agrani × CS-60 whereas the radar chart analysis 

revealed that genotype (RH-725 × Pusa Agrani) was identified 

as a promising high-yielding and genotype (Pusa Agrani × CS-

60) showed potential for high oil content. Genetic variability, 

correlation and path coefficient analysis revealed the traits like 

HI, BMR, TW and SL can be selected for yield improvement in 

Fig. 3. Correlation of PC with all 13 traits of Indian mustard.  
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Fig. 4. PCA-biplot representing the variables with genotypes of Indian mustard.  

Fig. 5. Radar plot revealing the performance of four genotype 14 (RH-725 × Pusa Agrani), 17 (RH-725 × Kranti), 37 (Pusa Bold × CS-60) and 42 
(Pusa Agrani × CS-60) across the traits.  
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Indian mustard, whereas PCA and radar chart analysis 

revealed the crosses desirable for the seed yield, viz., RH-725 × 

Pusa Agrani, RH-725 × Kranti and Pusa Bold × CS-60, can be 

used in the development of high-yielding varieties.  
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