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Abstract
Mustard (Brassica juncea L.) is an important oilseed crop; however, its
productivity is constrained by limited genetic improvement and environmental
stresses. The present study was conducted to evaluate the genetic variability,
trait associations, and genetic divergence among twenty-five mustard genotypes
under the agro-climatic conditions of South Punjab, Pakistan. Field experiment
was carried out at the Regional Agriculture Research Institute (RARI),
Bahawalpur using a randomized complete block design with three replications.
Data were recorded for days to 50% flowering, days to maturity, plant height,
leaf area, primary branches per plant, siliqua length, number of siliquae per
plant, number of seeds per siliqua, thousand-grain weight, and seed yield.
Analysis of variance revealed highly significant differences among genotypes for
most traits, indicating substantial genetic variability. Correlation analysis
showed that seed yield was strongly and positively associated with the number
of seeds per siliquae (r=0.997**), thousand-grain weight (r = 0.961**), number
of siliquae per plant (r = 0.955**), and plant height (r = 0.944**), suggesting
these traits as reliable indirect selection criteria. Principal component analysis
demonstrated that the first two principal components explained 79.35% of the
total variation, with yield-related traits contributing most to genetic divergence.
Cluster analysis grouped the genotypes into two distinct clusters, where Cluster-
2 exhibited superior performance for plant height, siliquae per plant, seeds per
siliqua, thousand-grain weight, and seed yield. The study confirmed the
existence of considerable genetic diversity among the evaluated germplasm and
identified promising genotypes and key yield-contributing traits that can be
effectively utilized in future mustard breeding programs aimed at improving
productivity and adaptation.

Keywords:
Brassica juncea, genetic
variability, correlation, principal
component analysis, cluster
analysis, seed yield, mustard
breeding.

Article History
Received on: 14 Feb, 2026
Accepted on: 24 March, 2026
Published on 27 March, 2026

Copyright @Author
Corresponding Author:
Muhammad Noman Manzoor

mailto:1ajmalkhanjoiya797@gmail.com
mailto:2atufabatool86@gmail.com
mailto:3rmfaizan7812@gmail.com
mailto:4muhammadnomanmanzoor8@gmail.com
mailto:5hamzaa.saeed087@gmail.com
mailto:6abdullah73db@gmail.com
mailto:7ali5869140@gmail.com
mailto:8qasimrampbg.iub@gmail.com
https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

https://sesjournal.com |Iqbal et al., 2026 | Page 3687

Introduction
Mustard is often known as rai or raya. It belongs to
the family Cruciferae, is a premier oil-seed crop,
adds considerable value in global vegetable oil
production, and has an impact on agricultural
economics. Mustard is a natural amphidiploid with
a chromosome number (2n=36) (Deewan et al.
2024). In Pakistan, Rapeseed and mustard
contribute the second domestic source of edible oil
after cottonseed (Saleem et al. 2017). As a primary
source of dietary fats and an industrial raw material,
the oil palm is crucial to meeting the rising
demand for edible oil (Pua 2000). Mustard is
cultivated as a rubi crop in Pakistan, particularly in
the arid and semi-arid regions of Punjab and Sindh.
Pakistan is facing urgent economic pressure, relying
on imports to meet roughly 80% of domestic
consumption, thereby draining substantial foreign
exchange reserves annually (Khan et al. 2025). The
crop is facing extreme environmental volatility,
which critically limits plant growth, physiological
functioning, and seed yield. The terminal heat
stress exceeding 30°C during the critical flowering
stage severely impacts pod formation and reduces
seed filling capacity. (Sakpal et al. 2023) Moreover,
changing monsoon patterns and prolonged
droughts result in severe soil moisture deficits in
huge farming zones (Deewan et al. 2024). To
overcome these challenges, characterizing diverse
germplasm lines under field screening is essential.
Yield determination under stress is a complex
phenomenon controlled by polygenic traits that
interact with environmental conditions (G×E
interactions). Evaluating genotypes under real-
world environmental conditions ensures reliable
and real-world agronomic results (Guguloth et al.
n.d.; Kashyap et al. 2023). This research utilizes 23
distinct genotypes of mustard with a standard
check to find out genetic diversity and determine
how different genetic lines respond to different
stresses under field conditions. Therefore,
screening a wide range of genotypes through agro-
morphological traits helps in the selection of
promising germplasm that can be used in future
breeding programs (Gp et al. 2026).

Materials and Methods
Experimental locations
The study was conducted at Regional Agriculture
Research Institute, Bahawalpur. The
environmental and soil conditions (Soil analysis,
Table 2) of the experimental site are suitable for
the evaluation and cultivation of mustard crop.
Experimental material and design
There were 25 mustard genotypes evaluated in the
experiment shown in Table 1. The experiment was
laid out following a Randomized Complete Block
Design (RCBD) with three replications at this
location.
Crop husbandry
The crop was planted in rows with row-to-row
spacing of 90 cm and plant-to-plant spacing of 45
cm. Each plot consisted of six rows with a plot
length of 6 m. The net plot size was 6.0 m × 2.7 m.
All recommended agronomic practices, including
land preparation, fertilization, irrigation, and plant
protection measures, were applied uniformly to all
treatments throughout the cropping period.
Data collection
Data were recorded on important morphological,
phenological, physiological, and yield-related traits,
including days to 50% flowering, days to maturity,
plant height, siliqua length, number of seeds per
siliqua, number of siliqua per plant, primary
branches per plant, thousand seed weight, leaf area,
and yield (Ponniyath et al. 2026). Observations
were recorded at appropriate growth stages. For
each trait, ten plants were randomly selected and
tagged from each plot, and mean values were
computed for analysis.
Statistical analysis
Data collected from all three locations over two
years were pooled and analyzed statistically.
Analysis of variance was performed to determine
the significance of differences among genotypes
and environments. Mean comparisons and
multivariate analyses were conducted where
applicable to assess genotypic performance and
trait associations. Statistix 8.1, XLSTAT, and
R/RStudio software were used for statistical
analysis, while Microsoft Excel was utilized for data
compilation and graphical representation.
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Table 1:List of mustard genotypes evaluated in this study
Sr No. Name of the Genotypes Sr No. Name of the Genotypes
G1 Emp-1 G14 SI-12
G2 Emp-2 G15 Emp-12
G3 Amp-1 G16 Emp-14
G4 SI-21 G17 Emp-16
G5 Emp-3 G18 Emp-17
G6 SI-3 G19 Emp-18
G7 IUB-007 G20 SI-20
G8 Emp-5 G21 SI-21
G9 Emp-6 G22 Emp-23
G10 SI-7 G23 IUB-23
G11 HB-1 G24 SI-24
G12 HB-2 G25 IUB-25
G13 IUB-13
Table 2:Physiochemical properties of the soil at the experimental site.
Sr. No. Soil Property Value/Reading

1 Soil Texture Clay Loamy

2 pH 7.9

3 EC 4.9 dSms

4 Organic Matter 0.74

5 Available P 7.6 ppm

6 Available K 84 ppm

7 Zinc 1.36 ppm
Results and Discussion
ANOVA
The analysis of variance (ANOVA) was conducted
to assess the extent of genetic variability among
twenty-five mustard (Brassica juncea L.) genotypes
for yield and associated agronomic traits. The
ANOVA results revealed highly significant
differences among genotypes for days to 50%
flowering (340.11**), days to maturity (416.80**),
number of seeds per siliqua (52.67**), number of
siliqua per plant (5759.17**), plant height
(1643.90**), siliqua length (0.98**), thousand-grain

weight (3.61**), and seed yield (323018**) (Table 3)
(Yadav et al. 2025) (Katare et al. 2025). Leaf area
(20.11*) exhibited significant variation at the 5%
probability level, but primary branches per plant
(11.95NS) showed non-significant differences
among genotypes (Tiwari et al. 2025). These
findings indicate the presence of substantial genetic
diversity for most of the studied traits and suggest
considerable opportunities for selection and
genetic improvement in mustard breeding
programs.

Table 3:Analysis of variance (ANOVA) revealed significant to highly significant genotypic differences for
most agronomic and yield-related traits, indicating substantial genetic variability among the evaluated
mustard genotypes.
SOV Replication Genotype Error

Df 2 24 48

Days to Flowering (DT) 3.77 340.11** 0.47

Days to Maturity (DTMA) 6.49 416.80** 0.54

Leaf Area (LA) 41.81 20.11* 10.81
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Number of Seeds per Siliqua (NOSPS) 31.41 52.67** 3.25

Number of Siliquas per Plant (NSPP) 560.65 5759.17** 50.43

Primary Branches per Plant (PBPP) 3.89 11.95NS 8.14

Plant Height (PH) 289.44 1643.90** 4.27

Siliqua Length (SL) 0.26 0.98** 0.14

Thousand-Grain Weight (TGW) 0.70 3.61** 0.05

Seed Yield per Plant 15122.00 323018.00** 1548.00

The highly significant genotypic effects observed
for flowering and maturity traits demonstrate the
existence of considerable variability in crop
duration among the evaluated mustard genotypes,
providing opportunities for selecting early- and late-
maturing cultivars suitable for diverse agro-climatic
conditions (Choudhary et al. 2025). Similarly, the
significant variation detected for plant height,
siliqua length, seeds per siliqua, and siliquas per
plant indicates the availability of exploitable
genetic diversity for important yield-contributing
components.
The highly significant differences recorded for
thousand-grain weight and seed yield suggest that
the studied genotypes possess substantial variability
for productivity-related traits. Since seed yield is a
complex trait governed by several interacting
components, the observed variability in siliqua
number, seed number, and seed weight can be
effectively utilized in breeding programs focused on

developing high-yielding mustard cultivars. The
significant variation observed for leaf area further
indicates differences in photosynthetic surface and
growth potential among genotypes, which may
indirectly influence biomass accumulation and
final yield performance.
In contrast, primary branches per plant exhibited
non-significant variation among genotypes,
suggesting a relatively narrow genetic base for this
trait within the evaluated germplasm (Kumar et al.
2025). Such traits may require the incorporation of
diverse breeding materials or wider germplasm
collections to broaden variability and enhance
selection efficiency. Overall, the significant to
highly significant variation observed for most
agronomic and yield-related traits confirms that the
evaluated mustard genotypes constitute a valuable
genetic resource for future breeding efforts focused
on improving seed yield, adaptability, and overall
crop performance.

Descriptive Analysis
Table 4:Descriptive statistics indicating substantial phenotypic variability among twenty-five mustard
genotypes for yield and associated agronomic traits.
Trait Mean Minimum Maximum Range

Days to 50% Flowering (DT) 96.87 80.00 114.33 34.33

Days to Maturity Attain (DTMA) 172.03 154.00 190.33 36.33

Leaf Area (LA) 15.85 12.00 22.33 10.33

Number of Seeds per Siliqua (NOSPS) 25.46 19.17 32.57 13.40

Number of Siliquas per Plant (NSPP) 354.41 300.67 443.67 143.00

Primary Branches per Plant (PBPP) 10.29 6.00 13.33 7.33

Plant Height (PH, cm) 166.92 126.00 204.33 78.33

Siliqua Length (SL, cm) 4.87 3.83 5.83 2.00

Thousand-Grain Weight (TGW, g) 7.90 6.07 9.70 3.63

Seed Yield (kg ha⁻ ¹) * 1597.10 1172.30 2248.70 1076.40
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The descriptive statistics revealed considerable
variability among the evaluated mustard genotypes
for all studied traits. Days to 50% flowering ranged
from 80.00 to 114.33 days, while days to maturity
varied from 154.00 to 190.33 days, indicating the
presence of both early- and late-maturing genotypes.
Plant height exhibited a wide range from 126.00 to
204.33 cm, reflecting substantial variation in
vegetative growth (Reddy et al. 2025). Similarly, the
number of siliquas per plant ranged from 300.67
to 443.67, and seed yield varied from 1172.30 to
2248.70, suggesting significant differences in yield
potential among genotypes (Table 4). The observed
variability in yield contributing traits such as seeds
per siliqua, siliqua length, and thousand-grain
weight indicates the availability of valuable genetic
resources for selection and improvement. The
broad phenotypic variation observed among
genotypes highlights their potential utility in
mustard breeding programs aimed at developing
high-yielding varieties.
Correlation Coefficient Analysis
The correlation coefficient analysis revealed the
relationships among traits as, days to 50%
flowering (DT 50% F), days to maturity attain
(DTMA), plant height (PH), number of siliquae per
plant (NOSPS), siliqua length (SL), number of
seeds per pod (NSPP), thousand-grain weight
(TGW), seed yield (Yield), primary branches per
plant (PBPP), and leaf area (LA) in the evaluated
mustard genotypes. Seed yield exhibited strong and
positive correlations with number of seeds per
siliqua (r = 0.997**), thousand-grain weight (r =
0.961**), number of siliqua per plant (r = 0.955**),
and plant height (r = 0.944**) (Table 5) (Kaur et al.
2025). Positive associations were also observed
between yield and days to 50% flowering (r =
0.656), days to maturity (r = 0.527), and siliqua
length (r = 0.524). However, yield showed negative

correlations with primary branches per plant (r = –
0.561) and leaf area (r = –0.433).
Similarly, plant height exhibited exceptionally
strong positive correlations with thousand-grain
weight (r = 0.995), number of siliquae per plant (r
= 0.970), and number of seeds per pod (r = 0.934).
A very high positive association was also observed
between the number of seeds per pod and
thousand-grain weight (r = 0.952), while the
number of siliquae per plant was strongly
correlated with thousand-grain weight (r = 0.978)
and the number of seeds per pod (r = 0.941). In
contrast, primary branches per plant and leaf area
showed negative relationships with most of the
agronomic and yield-related traits.
The correlation analysis demonstrated strong and
meaningful associations among flowering,
morphological, and yield-related traits in the
evaluated mustard genotypes. Seed yield exhibited
highly positive correlations with the number of
seeds per pod, thousand-grain weight, number of
siliquae per plant, and plant height, indicating that
these traits are the major contributors to enhanced
seed productivity. The exceptionally high
association between seed yield and number of
seeds per pod suggests that seed set is the most
influential determinant of yield under the
prevailing agro-climatic conditions. Likewise, the
strong positive relationships of yield with
thousand-grain weight and number of siliquae per
plant indicate that improved seed size and greater
reproductive capacity substantially enhance
productivity. These findings are consistent with
previous reports that siliquae number, seed
number, and seed weight are the principal yield-
contributing traits in mustard and can be
effectively utilized as indirect selection criteria in
breeding programs (Singh et al. 2025) (Pradhan et
al. 2021).

Table 5:Pearson's correlation coefficients among the studied quantitative traits.
Variables DT 50% F DTMA PH NOSPS SL NSPP TGW Yield PBPP LA

DT 50% F 0.802 0.777 0.785 0.605 0.642 0.767 0.656 -0.201 -0.353

DTMA 0.627 0.623 0.596 0.505 0.61 0.527 -0.107 -0.484

PH 0.97 0.545 0.934 0.995 0.944 -0.335 -0.395

NOSPS 0.588 0.941 0.978 0.955 -0.415 -0.455
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SL 0.506 0.568 0.524 -0.253 -0.353

NSPP 0.952 0.997 -0.579 -0.423

TGW 0.961 -0.376 -0.404

Yield -0.561 -0.433

PBPP 0.354

LA

The strong positive correlations among plant
height, thousand-grain weight, number of siliquae
per plant, and number of seeds per pod further
indicate that vigorous plant growth promotes
reproductive development and ultimately increases
seed yield. Positive associations of days to 50%
flowering and days to maturity with most yield-
contributing traits suggest that relatively longer-
duration genotypes accumulated greater biomass
and produced superior yield. In contrast, primary
branches per plant and leaf area exhibited negative
correlations with yield and several yield
components, indicating that excessive vegetative
growth may reduce assimilate partitioning toward
reproductive structures. These findings suggest a
possible trade-off between vegetative and
reproductive growth, where greater allocation of
assimilates to branches and leaf expansion may
limit seed production. Overall, the correlation
matrix highlights number of seeds per pod,
thousand-grain weight, number of siliquae per
plant, and plant height as the most reliable

selection criteria for improving seed yield in
mustard breeding programs.
Principal Component Analysis
The principal component analysis (PCA) provided
a comprehensive understanding of the phenotypic
divergence among the mustard genotypes based on
days to 50% flowering (DT 50% F), days to
maturity (DTMA), plant height (PH), number of
siliquae per plant (NOSPS), siliqua length (SL),
number of seeds per pod (NSPP), thousand-grain
weight (TGW), seed yield (Yield), primary branches
per plant (PBPP), and leaf area (LA). The scree plot
indicated that the first two principal components
(PC1 and PC2) explained 79.35% of the total
variability, with PC1 contributing 67.54% and
PC2 contributing 11.81% of the total variation
(Saroj et al. 2021a). The remaining principal
components individually accounted for less than
10% of the total variation, indicating that the
majority of phenotypic diversity among the
evaluated mustard genotypes was effectively
explained by the first two principal components
(Table 6 and Table 1).

Table 6:Eigenvalues, percentage of variance, and cumulative variance explained by the principal component
analysis (PCA).

Eigenvalue Variability (%) Cumulative %

PC1 6.754 67.539 67.539
PC2 1.181 11.806 79.345
PC3 0.902 9.017 88.362
PC4 0.572 5.718 94.08
PC5 0.376 3.761 97.841
PC 6 0.162 1.616 99.457
PC 7 0.027 0.267 99.724
PC 8 0.024 0.235 99.96
PC 9 0.003 0.027 99.987
PC10 0.001 0.013 100
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Figure 1. Scree Plot displaying the eigenvalues (blue bars) and cumulative variance percentage (red line)
across the extracted principal components (PC1-PC10).

The variable correlation circle revealed that plant
height (PH), number of siliquae per plant (NOSPS),
number of seeds per pod (NSPP), thousand-grain
weight (TGW), and seed yield were strongly
associated with the positive direction of the first
principal component (PC1), demonstrating their
major contribution to overall genetic divergence
(Figure 2) (Garg et al. 2026a). Likewise, days to

maturity (DTMA), days to 50% flowering (DT 50%
F), and siliqua length (SL) also exhibited positive
associations with PC1 and PC2, whereas primary
branches per plant (PBPP) and leaf area (LA) were
positioned on the opposite side of the correlation
circle, indicating negative associations with the
major yield-contributing traits.
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Figure 2. Correlation circle plot showing the relationship and total cumulative variance (79.35%)
Table 7:Contribution of the variables
Variable PC1 PC2 PC3 PC4 PC5

DT 50% F 10.069 13.09 0.373 0.37 22.418

DTMA 7.679 25.112 4.756 0.168 19.491

PH 13.586 0.002 5.888 2.517 0.941

NOSPS 14.026 0.16 2.116 0.84 0.835

SL 6.654 8.633 4.585 54.658 25.196

NSPP 13.111 6.842 1.8 0.236 0.445

TGW 13.845 0.156 4.952 1.255 1.552

Yield 13.396 5.51 1.731 0.279 0.732
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PBPP 3.425 40.495 13.387 15.679 20.945

LA 4.21 0 60.412 23.998 7.446

The PCA biplot effectively differentiated the
mustard genotypes according to their agronomic
performance and trait associations (Figure 3).
Genotypes located along the positive side of PC1
were closely associated with higher seed yield,
thousand-grain weight, number of siliquae per
plant, and number of seeds per pod, indicating
superior yield potential. Conversely, genotypes

positioned on the negative side of PC1 were
associated with relatively lower performance for
these traits (Md Mahmudul et al. 2023). The biplot
further demonstrated considerable phenotypic
diversity among the evaluated genotypes, providing
an effective basis for identifying promising parental
materials for future breeding programs.

Figure 3. Principal component analysis (PCA) biplot demonstrating the distribution of active observations
and variables across axes PC1 (67.54%) and PC2 (11.81%).

The PCA results demonstrated substantial
phenotypic divergence among the mustard
genotypes, confirming the presence of considerable

genetic variability for economically important traits.
The first principal component primarily
represented yield and its associated components,
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indicating that seed yield, thousand-grain weight,
number of siliquae per plant, and number of seeds
per pod were the major contributors to overall
variability. These findings suggest that selection
based on these traits would be highly effective for
improving seed yield in mustard. (Hariom Kumar
Sharma and Bhagirath Ram 2021). The positive
grouping of flowering and maturity traits with
yield-related characters further indicates that
relatively longer-duration genotypes accumulated
greater biomass and reproductive capacity under
the agro-climatic conditions of South Punjab. In
contrast, the negative association of primary
branches per plant and leaf area with the major
yield components suggests that excessive vegetative
growth may reduce assimilate partitioning toward
reproductive development. Overall, principal
component analysis successfully identified the key
traits responsible for phenotypic divergence and
facilitated the identification of superior genotypes
for future breeding and varietal improvement
programs (Saroj et al. 2021b).
Cluster Analysis
The cluster analysis classified the twenty-five
mustard genotypes into two distinct clusters based
on their performance for days to 50% flowering
(DT 50% F), days to maturity (DTMA), plant
height (PH), number of siliquae per plant (NOSPS),
siliqua length (SL), number of seeds per pod

(NSPP), thousand-grain weight (TGW), and seed
yield (Yield). The dendrogram generated using
Euclidean distance and Ward's hierarchical
clustering method clearly separated the genotypes
into two major clusters (Figure 4). Cluster-1
consisted of 18 genotypes (G1, G2, G3, G4, G5,
G6, G7, G8, G11, G12, G13, G14, G15, G16,
G17, G18, G19, and G20), whereas Cluster-2
comprised 7 genotypes (G9, G10, G21, G22, G23,
G24, and G25) (Table 8) (Table 1) (Ankur
Adhikari, Himanshu Punetha, and Usha Pant
2025a).
Cluster-2 exhibited superior mean performance for
almost all agronomic and yield-related traits
compared with Cluster-1. The genotypes in
Cluster-2 recorded higher values for days to 50%
flowering (104.000 days), days to maturity (177.714
days), plant height (193.714 cm), number of
siliquae per plant (30.448), siliqua length (5.238
cm), number of seeds per pod (415.667), thousand-
grain weight (9.219 g), and seed yield (2052.143 kg
ha⁻ ¹) (Chauhan et al. 2023). In contrast, Cluster-
1 showed comparatively lower mean values for days
to 50% flowering (94.093 days), days to maturity
(169.815 days), plant height (156.500 cm), number
of siliquae per plant (23.513), siliqua length (4.733
cm), number of seeds per pod (330.593), thousand-
grain weight (7.391 g), and seed yield (1420.204 kg
ha⁻ ¹) (Table 9).

Table 8:Cluster classification of evaluated genotypes based on phenotypic similarity.
Cluster No. of Genotypes Genotypes under Respective Cluster
Cluster-1 18 Emp-1, Emp-2, Amp-1, SI-21, Emp-3, SI-3, IUB-007, Emp-

5, HB-1, HB-2, IUB-13, SI-12, Emp-12, Emp-14, Emp-16,
Emp-17, Emp-18, SI-20

Cluster-2 7 Emp-6, SI-7, SI-21, Emp-23, IUB-23, SI-24, IUB-25
Table 9:Cluster mean values of morphological and yield-related traits of the studied genotypes.
Cluster DT 50% F DTMA PH NOSPS SL NSPP TGW Yield

1 94.093 169.815 156.5 23.513 4.733 330.593 7.391 1420.204
2 104 177.714 193.714 30.448 5.238 415.667 9.219 2052.143

The cluster statistics further revealed that Cluster-1
contained the largest number of genotypes (18),
whereas Cluster-2 contained seven superior-
performing genotypes. The within-cluster variance
was 28,464.41 for Cluster-1 and 18,125.34 for
Cluster-2, indicating relatively greater variability
among the genotypes grouped in Cluster-1. The
dendrogram also demonstrated considerable

dissimilarity between the two clusters, confirming
substantial phenotypic divergence among the
evaluated mustard genotypes (Figure 4).
The cluster analysis confirmed the presence of
considerable phenotypic diversity among the
mustard genotypes evaluated under the agro-
climatic conditions of South Punjab. The clear
separation of genotypes into two distinct clusters
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indicates substantial genetic divergence, suggesting
that the evaluated germplasm possesses broad
variability for important agronomic and yield-
related traits. The superior performance of Cluster-
2 for plant height, number of siliquae per plant,
number of seeds per pod, thousand-grain weight,
and seed yield indicates that genotypes grouped in
this cluster possess desirable genetic combinations
for enhanced productivity. These findings suggest
that the genotypes included in Cluster-2 represent
valuable genetic resources for future varietal
development and breeding programs (Chauhan et
al. 2023).
The relatively higher within-cluster variability
observed in Cluster-1 indicates the presence of
greater phenotypic heterogeneity, providing

opportunities for selection within the cluster.
Conversely, the compact nature of Cluster-2
reflects greater uniformity among the high-
performing genotypes. The large inter-cluster
distance observed in the dendrogram suggests that
hybridization between genotypes belonging to
different clusters may generate greater genetic
recombination and transgressive segregants,
thereby increasing the probability of developing
superior mustard cultivars (Garg et al. 2026b).
Similar observations have been reported in
multivariate diversity studies of mustard, where
cluster analysis effectively distinguished genetically
diverse genotypes and facilitated the identification
of promising parental lines for crop improvement
(Kang et al. 2021).

Figure 4. Dendrogram showing hierarchical cluster analysis of 25 groups (G1-G25). A vertical dashed
threshold line separates the data into two distinct clusters. C1 (large, red) and C2 (small, blue).
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Conclusion
The present study demonstrated substantial genetic
variability among the twenty-five mustard
genotypes, indicating the availability of valuable
genetic resources for crop improvement.
Significant differences observed for most
agronomic and yield-related traits confirmed the
effectiveness of selection for developing superior
cultivars. Correlation analysis identified the
number of seeds per siliqua, thousand-grain weight,
number of siliquae per plant, and plant height as
the major determinants of seed yield, suggesting
that these traits should receive priority in selection
programs. Principal component analysis revealed
that yield and its associated components accounted
for the majority of phenotypic variation, while
cluster analysis successfully differentiated the
genotypes into distinct groups and identified
Cluster-2 as the most promising group for high
yield performance. The considerable inter-cluster
divergence indicates that hybridization between
genetically distant genotypes may enhance genetic
recombination and facilitate the development of
high-yielding mustard cultivars. Overall, the
findings provide valuable information for parent
selection, germplasm utilization, and future
breeding strategies aimed at improving mustard
productivity and adaptability under the agro-
climatic conditions of Pakistan.
Acknowledgment
The authors sincerely acknowledge the Regional
Agricultural Research Institute (RARI),
Bahawalpur for providing the research field,
facilities, and technical assistance required for this
study. We also thank the field staff for their
cooperation and data collection throughout the
experimental period.
Conflict of Interest
The authors declare that they have no known
competing financial interests or personal
relationships that could have influenced the work
reported in this study.
Author’s Contribution
Atufa Batool and Muhammad Noman Manzoor
conceived and designed the study. Muhammad
Ajmal Iqbal, Muhammad Faizan, and Muhammad
Hamza saeed, contributed to experimental data
collection and analysis. Muhammad Abdullah, and

Qasim Ram contributed to data interpretation,
manuscript review, and editing. All authors read
and approved the final manuscript.
References
Deewan, P, R Verma, Surendra Singh, Sushila

Aechra, Madhuri Meena, and Suresh Kumar
Fagodiya. 2024. “Productivity and Economics
of Indian Mustard (Brassica Juncea L.)
Varieties as Influenced by Different Date of
Sowing under Semi-Rainfed Condition of
Rajasthan.” International Journal of Research
in Agronomy 7(7S): 268–71.
doi:10.33545/2618060X.2024.v7.i7Sd.1045.

Gp, Darshan, Arun Balasubramaniam, Padmanabh
Dwivedi, Likhitha J, Ali Abbas Hadi, Sahil
Shamkuwar, Rohit Kumar Verma, et al. 2026.
“Comparative Analysis of Drought Tolerance
among Indian Mustard ( Brassica Juncea L.)
Advanced Breeding Lines Using
Agro‐physiological Traits and Yield‐based
Indices.” Annals of Applied Biology 189(1):
e70127. doi:10.1111/aab.70127.

Guguloth, Nandini, Shivangi Saha, Rohit Kumar
Verma, Aditi Eliza Tirkey, Arvind Patel, Divya
Prakash, and Kartikeya Srivastava. “Genetic
Variability and Character Association Studies
for Yield and Yield Traits in Indian Mustard
(Brassica Juncea).”

Kashyap, Anamika, Sujata Kumari, Pooja Garg,
Ranjeet Kushwaha, Shikha Tripathi, Jyoti
Sharma, Navin C. Gupta, et al. 2023.
“Indexing Resilience to Heat and Drought
Stress in the Wild Relatives of Rapeseed-
Mustard.” Life 13(3): 738.
doi:10.3390/life13030738.

Khan, Muhammad Nisar, Muhammad Abdul
Rahman, Arshad Mahmood Malik, Faheem
Khan, and Alia Afzal. 2025. “Future Outlook
for Rapeseed and Mustard: Comprehensive
Forecasting of Area and Production.” Journal
of the Saudi Society of Agricultural Sciences
24(7): 47. doi:10.1007/s44447-025-00064-1.

Pua, E.-C. 2000. “Transgenic Brown Mustard
(Brassica Juncea).” In Transgenic Crops I,
Biotechnology in Agriculture and Forestry, ed.
Y. P. S. Bajaj†. Berlin, Heidelberg: Springer
Berlin Heidelberg, 225–42. doi:10.1007/978-
3-642-59612-4_15.

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

https://sesjournal.com |Iqbal et al., 2026 | Page 3698

Sakpal, Ashwini, Sangita Yadav, Ravish Choudhary,
Navinder Saini, Sujata Vasudev, Devendra K.
Yadava, Sezai Ercişli, Romina Alina Marc,
and Shiv K. Yadav. 2023. “Heat-Stress-
Induced Changes in Physio-Biochemical
Parameters of Mustard Cultivars and Their
Role in Heat Stress Tolerance at the Seedling
Stage.” Plants 12(6): 1400.
doi:10.3390/plants12061400.

Saleem, Noor, Sohail Ahmad Jan, Muahmmad
Jawaad Atif, Haris Khurshid, Shahid Ali Khan,
Mohib Abdullah, Muhammad Jahanzaib, et al.
2017. “Multivariate Based Variability within
Diverse Indian Mustard (<I>Brassica
Juncea</I> L.) Genotypes.” Open Journal of
Genetics 07(02): 69–83.
doi:10.4236/ojgen.2017.72007.

Ankur Adhikari, Himanshu Punetha, and Usha
Pant. 2025a. “Genetic Diversity Analysis
Using Agro-Morphological Traits of Brassica
Juncea Subspecies Rugosa (Pahari Rai) from
North-Eastern Himalayan Region.” Electronic
Journal of Plant Breeding 13(3): 790–99.
doi:10.37992/2022.1303.106.

Chauhan, Rahul Singh, Mukesh Kumar, Shubham
Kumar, Mayank Tiwari, and Utkarsh Tiwari.
2023. “Analysis of the Genetic Diversity in
Indian Mustard (Brassica Juncea L.
Czern&Coss) Genotypes.” International
Journal of Bio-resource and Stress
Management 14(Dec, 12): 1625–30.
doi:10.23910/1.2023.4902.

Choudhary, Rampal, Jagendra Singh, Akash Barela,
Teena Patel, and Pramod Kumar Yadav. 2025.
“Assessment of Genetic Variability and
Heritability in Indian Mustard (Brassica
Juncea L.) Genotypes.” Journal of Advances in
Biology & Biotechnology 28(7): 436–43.
doi:10.9734/jabb/2025/v28i72562.

Garg, Pooja, Shikha Tripathi, Ranjeet Kushwaha,
Shiv Shankar Sharma, Jyoti Sharma, Sujata
Kumari, Anamika Kashyap, et al. 2026a.
“Genetic Analysis of Synthetic BRASSICA
JUNCEA Lines Developed by Hybridizing B.
RAPA and B. NIGRA for Broadening the
Genetic Base of Indian Mustard.” Plant
Breeding: pbr.70081. doi:10.1111/pbr.70081.

Hariom Kumar Sharma, Bhupendra Singh Yadav,
and Ajay Pal Yadav Bhagirath Ram. 2021.
“Variability, Genetic Diversity and Principal
Component Analysis in Indian Mustard
(Brassica Juncea (L.) Czern.& Coss.) for Seed
Yield and Attributing Traits.” International
Journal of Current Microbiology and Applied
Sciences 10(2): 1769–77.
doi:10.20546/ijcmas.2021.1002.209.

Kang, Lei, Lunwen Qian, Ming Zheng, Liyang
Chen, Hao Chen, Liu Yang, Liang You, et al.
2021. “Genomic Insights into the Origin,
Domestication and Diversification of Brassica
Juncea.” Nature Genetics 53(9): 1392–1402.
doi:10.1038/s41588-021-00922-y.

Katare, Kedar K, Deepak Sapkal, Kevin Gawali,
Mukesh Rathod, and Ashish Sarda. 2025.
“Genetic Variability and Divergence in Indian
Mustard [Brassica Juncea (L.) Czern &
Coss.].” International Journal of Research in
Agronomy 8(6): 1149–52.
doi:10.33545/2618060X.2025.v8.i6n.3159.

Kaur, Rajleen, Ravindra Kumar, Sandeep Kumar,
and Shalini Aryan. 2025. “Character
Association and Path Analysis of Yield and
Yield-Contributing Traits in Indian Mustard
(Brassica Juncea L. Czern and Coss.).”
International Journal of Biology Sciences 7(8):
146–53.
doi:10.33545/26649926.2025.v7.i8b.459.

Kumar, Sandeep, Mahak Singh, Rk Yadav,
Sarvendra Kumar, Lokendra Singh, . Shweta,
Cl Maurya, Devesh Yadav, and Rakesh Kumar.
2025. “Assessment of Genetic Variability and
Selection Parameters in Indian Mustard
(Brassica Juncea L. Czern. & Coss.).”
International Journal of Advanced
Biochemistry Research 9(10S): 1360–65.
doi:10.33545/26174693.2025.v9.i10Sq.6014.

Md Mahmudul, Hasan Khan, Kundu Bc, Ghosh
Suprio, Hasan Gazi Nazmul, Hasan Anik Md
Rashidul, Islam Md Mainul, Yesmin Mst
Shamima, et al. 2023. “Genetic Variability,
Traits Interactions, and Principal Component
Analysis of Broad-Leaf Mustard Group
(Brassica Juncea L.) to Focus on the Yield
Improvement.” International Journal of
Agricultural Science and Food Technology

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

https://sesjournal.com |Iqbal et al., 2026 | Page 3699

9(4): 104–10. doi:10.17352/2455-
815X.000200.

Ponniyath, Adya, Sayooj Manoj, Rahul Singh,
Priyanka Upadhyay, and Shiv Prakash
Shrivastav. 2026. “Multivariate Analysis of
Genetic Diversity and Yield Attributing Traits
in Indian Mustard [Brassica Juncea (L.) Czern.
and Coss.].” Agricultural Science Digest - A
Research Journal (Of). doi:10.18805/ag.D-
6412.

Pradhan, A. M., M. Roy Choudhury, A. Sawarkar,
and S. Das. 2021. “Genetic Analysis of Some
Genotypes of Indian Mustard (Brassica Juncea
L.) for Yield and Yield Attributing Traits.”
Current Journal of Applied Science and
Technology: 51–60.
doi:10.9734/cjast/2021/v40i3531573.

Reddy, Bv Phaneendra, Moumita Chakraborty,
Suvendu Kumar Roy, Avijit Kundu,
Rupsanatan Mandal, and Manoj Kanti
Debnath. 2025. “Genetic Diversity in Indian
Mustard [Brassica Juncea L. Czern & Coss.]
Genotypes for Yield & Its Attributing Traits
under Terai Agro-Climatic Zone of West
Bengal, India.” Journal of Advances in Biology
& Biotechnology 28(1): 641–47.
doi:10.9734/jabb/2025/v28i11918.

Saroj, Ranjit, S. L. Soumya, Satbeer Singh, S.
Mukesh Sankar, Rajat Chaudhary, Yashpal,
Navinder Saini, Sujata Vasudev, and

Devendra K. Yadava. 2021a. “Unraveling the
Relationship Between Seed Yield and Yield-
Related Traits in a Diversity Panel of Brassica
Juncea Using Multi-Traits Mixed Model.”
Frontiers in Plant Science 12: 651936.
doi:10.3389/fpls.2021.651936.

Singh, Geetam, Meetha Lal Meena, . Rohit, and .
Balram. 2025. “Study of Correlation and Path
Coefficients for Indian Mustard Yield and
Yield Contributing Characteristics.”
International Journal of Advanced
Biochemistry Research 9(4): 1042–47.
doi:10.33545/26174693.2025.v9.i4l.4225.

Tiwari, Abhishek, Anuj Kumar, Divya Singh,
Pushkar Tripathi, Shreya Singh, Shraddha
Singh, Amit Kumar, and Ashutosh Kumar.
2025. “Genetic Variability and Improvement
in Indian Mustard (Brassica Juncea L.).”
Journal of Advances in Biology &
Biotechnology 28(10): 591–606.
doi:10.9734/jabb/2025/v28i103085.

Yadav, Bablu, Sachchida Nand Mishra, Pranjeev
Pandey, and Rahul Patel. 2025. “Evaluation of
Indian Mustard (Brassica Juncea L.) for Its
Genetic Diversity, Heritability, and Growth in
Relation to Seed Yield and the Factors That
Influence.” International Journal of Research
in Agronomy 8(8): 115–21.
doi:10.33545/2618060X.2025.v8.i8b.3598.

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

	ANOVA
	The analysis of variance (ANOVA) was conducted to 
	Table 3:Analysis of variance (ANOVA) revealed sig

