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Mustard (Brassica spp.), one of the most important oilseed crops, is currently the third-largest source of vegetable oil in the world. In Rabi, 2022-2023 at the Regional
Agricultural Research Station (RARS), Barishal, research of Brassica juncea L. was carried out with 10 genotypes to assess yield and yield contributing features. The RCBD
design for the experiment included three replications. Plant height, the number of primary branches, the number of secondary branches, and the number of seeds per
siliqua were the characteristics for which the analysis of variance findings indicated that there were very significant differences. Using the UPGMA cluster analysis, four
distinct clusters were found among the analyzed accessions. Cluster Il obtained the most accessions (7), averaging 1765.28 kgha™, representing 25.20% of the average
group mean yield. A correlation study focuses on the highly significant and positive correlation between a crop’s associated features and its yield. The overall amount
of variance was found to be 46.18% for PC1 and 17.61% for PC2 using Principal Component Analysis (PCA). Maturity duration ranged from 106-110 days while the 50%
flowering period varied from 43-46 days. Seed yield ranged from 1463 to 1970 kgha™ and BJ-11536(12)-1 produced the highest yield among the genotypes. Which was it
produced 23.58% and 20.41% higher yields than check varieties BARI Sarisha-11 and BARI Sarisha-19, respectively. The second highest yield was recorded from BJDH-
05 which produced 18.90% and 15.85% higher yield over the check varieties BARI Sarisha-11 and BARI Sarisha-19, respectively. The lowest seed yield (1463 kgha) was
obtained from the entry BJ-53611(12)-8. Based on, statistical analysis considering seed yield and other yield contributing characters, four lines BJ-11536(12)-1, BJDH-05,
BJDH-20, BJ-11536(12)-5, and BJ-1110(12)-1 were noted as high-yielding accessions and could be used for future breeding program.
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Introduction

The most significant oilseed crop, rapeseed-mustard is
a source of vegetable oil and a rapidly growing oilseed crop
in Bangladesh. It is a member of the Cruciferae family under
the genus Brassica [1]. More than 10 distinct oil crops may
be found in Bangladesh, and they produce fats and oils with
varying qualities and quantities [2]. Among them, Oleiferous
brassica, which is mostly made up of mustard (Brassica juncea
L.) and rapes (Brassica campestris L. and Brassica napus L.),
is a significant source of vegetable fats. Brassica juncea and
Brassica rapa are the two species that are most often grown
in Bangladesh. Brassica juncea and Brassica campestris, the two
plant species cultivated in Bangladesh, are together referred to
as “mustard” [1,3].

The use of edible oil is increasing every day in Bangladesh.
Producing and cultivating mustard is a crucial part of
Bangladesh’s agricultural industry. Bangladesh has been
growing mustard since ancient times, and it'’s a major
producer of edible oilseed [4]. Mustard seeds have an oil
content of 40% - 45%, along with 20% - 25% protein
and 12% - 18% carbohydrates. In addition to being high in
calories (approximately 9 kcal g*), mustard also contains high
concentrations of fat-soluble vitamins, including A, D, E, and K
[1]. Its oil sustains the national economy in addition to serving
as a wonderful fat alternative in our daily diet [5].

Recent years have seen a sharp increase in the area used for
mustard cultivation. In order to meet the growing demand, it
is essential to assess Bangladesh’s present domestic mustard
output and make projections for the future [6]. Bangladesh’s
production of mustard oil seed increased to 11.64 lakh tons
in the current fiscal year of 2022-2023 compared to a target
of 11.12 tons because of increased area and exceptional yield
[7]. Oil output is still not very noteworthy, even if it is rising
in relation to our consumption. Consequently, a substantial
volume of oil and oil seeds are imported into our nation each
year [8]. A potential solution to reduce the edible oil supply-
demand imbalance in the nation would be to increase mustard
output [9].

Mustard is a significant crop that produces oil. It is mostly
grown in less warm climates. The BARI Oilseed Research Center
has released BARI Sarisha-16, a Brassica Juncea L. cultivar, for
use in Bangladesh. More genotypes of Brassica juncea with bold
seeds that produce yield and are resilient to harsh climatic
conditions like salt and drought are what the researchers are
hoping for. Consequently, the current study was conducted in

a regional environment to identify early cultivars of Brassica
juncea that have superior yield-enhancing agronomic features
and a wider range of climatic adaptation. Moreover, the
findings of this study will be beneficial for selecting distant
parents or lines and will be used for future crossing programs.

Materials and methods

The latitude of Barisal is 22.701002, and the longitude is
90.353451. Barishal is a city located in Bangladesh with the GPS
coordinates of 22° 42’ 3.6072”’ N and 90° 21’ 12.4236"’ E. The
elevation of Barishal is 9.090. The experiment was conducted
at Rahmatpur during rabi 2022-23 with 10 genotypes of Brassica
juncea L. having yellow seed coat color along with two checks
as BARI Sarisha-11 and BARI Sarisha-19. The experiment was
laid out in a randomized complete block design with three
replications. The plot size was 3m x 0.9m. On November 18,
2022, continuous seed sowing in rows spaced 30 cm apart was
carried out in Rahmatpur. The seedlings were thinned after a
few days of germination 5 cm apart. Fertilizers were applied @
120:80:60: 40:4:1 kg ha of N:P:K:S: Zn and Boron from Urea,
TSP, MOP, Gypsum, Zinc Sulphate and Boric acid respectively
[10]. Half of the urea and all other fertilizers were applied
during final land preparation. The rest of the urea was applied
at the flower initiation stage. All intercultural operations were
done timely to raise a good crop. Data were taken on days to
flowering, days to maturity, plant height (cm), no. of primary
branch per plant, no. of secondary branch per plant, no. of
siliqua per plant, no. of seeds per siliqua, 1000 seed weight
(g) and seed vyield per plot. The plot yield was converted into
kilogram per hectare (kg ha). The data were analyzed using
the SAS ver. 9.4. The meteorological data and the geographical
map of the experimental site are shown in Table 1, Figure 1,
respectively.

Statistical analysis

For every morphological attribute that was reported,
an analysis of variance was performed using the Statistical
Analysis System (SAS) version 9.4. To distinguish between
the significant differences, the comparison of the mean was
carried out using List Significant Difference (LSD) at 5%. Using
“proc corr” in the SAS application, Pearson’s correlation was
utilized to ascertain the associations between the yield and
yield component qualities, as stated by Khalikqi, et al. [11]. In
order to investigate genetic diversity, data on the similarity of
coefficients for Dices and Jaccard was also analyzed using the
Euclidian Distance Method. Furthermore, the genetic inter-
relationship (displaying a dendrogram) among the genotypes of

Table 1: Meteorological data of experimental site at RARS, BARI, Rahmatpur, Barishal.

Air Temp. (°C Re'la'tive
Total rainfall (mm) humidity (%) Sunshine (hrs/day) Clou:ayyghrs/ Solar Radiation (gm-cl/cm?/day)
Nov, 2022 29.80 18.89 24.35 0.00 51.00 88.43 57.87 6.84 4.52
Dec, 2022 27.09 15.95 21.52 0.00 46.50 86.59 59.63 6.05 5.03
Jan, 2023 24.38 13.01 18.70 0.00 42.00 84.74 61.40 5.25 5.55
Feb, 2023 29.21 16.81 23.01 0.00 51.00 85.39 53.11 6.37 4.83
Mar, 2023 21.87 13.75 17.81 37.40 44.00 57.16 27.81 4.64 3.43
Apr, 2023 34.99 24.47 29.73 12.00 94.00 90.13 60.10 7.83 477
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Figure 1: Geographical map of experimental site.

Brassica juncea was estimated using the Unweighted Pair Group
Method using Arithmetic Average (UPGMA) and the algorithm
& Sequential, Agglomerative, Hierarchic, and Non-Overlapping
(SAHN) method. The numerical taxonomy multivariate analysis
system, or NTSYSpc version 2.1, was utilized for this analysis.
According to Khan, et al. [12], Principal Component Analysis
(PCA) was used to create Two-Dimensional (2D) graphs using
comparable software.

Results and discussion
Mean Square (MS) of Analysis of Variance (ANOVA)

Results of the analysis of variance (ANOVA) for nine
characters of 10 genotypes along with two checks are presented
in Table 2. Among the genotypes, highly significant (p < 0.01)
mean square accounted for Plant Height (PH), no. of seeds per
siliqua (NSPS) whereas seed yield (kgha), Number of Primary
Branches per plant (NPBPP), Days to Maturity (DM), No. of
Siliqua Per Plant (NSPP), and 1000 seeds weight (TSW) had
significant difference at p < 0.05. With regard to statistically
significant traits, this phenomenon showed that there was a
significant genetic variation among the genotypes. However,
the traits viz., days to 50% flowering, days to maturity, and no.
of secondary branches per plant had no statistically meaningful
difference (p = 0.05). Among the replications, none of the traits
showed significant differences (p = 0.05) except the trait no.
of seeds per siliqua. Fayyaz & Amin [13] also found that there
was significant genetic and environmental variability among
the genotypes due to variance in analysis of variance.

Performance of broad-leaf mustard genotypes

Plant height, siliqua per plant, seeds per siliqua, thousand
seed weight, and seed yield were shown to be statistically
significant among the genotypes of Brassica Juncea L. (Table
3). BJ-53611(12)-8 had the tallest plant measured at 172.67 cm,
followed by BJ-11536(12)-6 at 169 cm and BJDH-20 at 168 cm.
BJ-11536 (12)-1 has the lowest plant height ever measured, at
149 cm. The genotype BJ-11536(12)-1 had the greatest number
of siliqua per plant (288), followed by BJDH-05 (270) and BJ-
11536(12)-6 (268). The genotype BJ-53611(12)-8 had the lowest
number of siliqua per plant (205). The genotype BJ-11536
(12)-1 had the largest seed per siliqua (26) and was followed
by BJDH-05 (18). The genotypes BJ-11536 (12)-6, however,
produced the fewest seeds per siliqua (15). The genotypes
BJ-11536 (12)-1 noted maximum weight (g) for 1000 seeds
(3.62g) among the genotypes. The highest seed yield (1970.30
kgha) was recorded in BJ-11536 (12)-1 followed by BJDH-05
(1895.70 kgha) and BJDH-20 (1850 kgha™) (Figure 2; Table
3). These genotypes yield greater than the check variety BARI
Sharisa-11 by 23.58%, 18.90%, and 16.04%, and higher than
the check variety BARI Sharisa-19 by 20.41%, 15.85%, and
13.06%, respectively (Table 2). Days to 50% flowering: 43-47
days; days to maturity: 106—110 days. The accession BJ-1110
(12)-1is identified as an early mature, short-duration line with
a mean yield of 1802 kgha-1 among the examined genotypes.
When evaluating 3 and 12 mustard lines, respectively, Sharif, et
al. [14] found a yield of 1730 kg ha-, whereas Helal, et al. [15]
reported a yield of 800 to 1460 kg ha™.
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Table 2: Mean square of ANOVA for yield and yield components of Brassica juncea L. genotypes.

1.23 13.30 30.90 0.13 0.01 251.63 20.8* 0.13 11837.23

Gen 9 9.61 7.70* 160.53** 0.21* 0.21 2092.57* 33.20** 0.47* 69110.66*

Error 18 5.38 2.89 33.34 0.07 0.22 606.08 1.73 0.12 18750.12
R-Square 0.48 0.65 0.72 0.63 0.33 0.64 0.92 0.67 0.66

Note: *“denotes significance level at p < 0.05&0.01; Rep: Replication, Gen: Genotype; DF: Degree of Freedom; LSD: Least Significant Difference; D50%F: Days to Fifty Percent
Flowering; DM: Days to Maturity; PH: Plant Height (cm); NPBPP: No. of Primary Branch Per Plant; NSBPP: No. of Secondary Branch Per Plant; NSPP: No. of Siliqua Per Plant;
NSPS: No. of Seeds Per Siliqua; TSW: 1000 seed weight (g) and seed yield (kg ha™).

Table 3: Mean performance and relative position of Brassica juncea L. genotypes.

e
BJ-11536(12)-1  45.66a-c 105.33c 149.67e 4.02a 5.96a 288.67a 26.67a 3.62a 1970.3a 123.58 120.41
BJ-11536(12)-5  43.60bc 106.33bc 156¢-e 3.53cd 5.4ab 210.67¢ 16bc 2.71b-d 1806.3a-c 113.30 110.39
BJ-11536(12)-6  46.33a-c 106.33bc 169ab 3.66a-c 5.13b 268ab 15.33¢c 2.9bc 1791.3a-c 112.36 109.47
BJ-1110(12)-1 46a-c 106¢c 163.67a-d 3.42cd 5.33ab 256ab 17bc 2.98b 1802a-c 113.03 110.12
BJ-53611(12)-8 47.6a 106.33bc 172.67a 3.73a-c 5.53ab 205.33c 17.33bc 2.25d 1463d 91.76 89.41

BJ-1111(7)-7 48.66a 106.7bc 165.33a-c 3.14d 5.53ab 262.33ab 15.66¢ 2.83b-d 1787.3a-c 112.11 109.23
BJDH-05 46.66a-c 107bc 167.33ab 3.98ab 5.87ab 270ab 18b 3.26ab 1895.7a 118.90 115.85
BJDH-20 43c 106.33bc 168ab 3.49cd 5.63ab 265.67ab 16bc 2.78b-d 1850ab 116.04 113.06

BARI Sharisa-11 47.33ab 109ab 162b-d 3.58a-d 5.28ab 239.67bc 17bc 2.35cd 1594.3cd 100.00 100
BARI Sharisa-19 47.67a 110.67a 154.33de 3.43cd 5.73ab 254.33ab 16bc 2.88bc 1636.3b-d 100.00 100
Mean 46.27 107.00 162.80 3.60 5.54 252.07 17.50 2.86 1759.67
StD 2.53 2.26 8.52 0.34 0.45 32.29 3.58 0.48 184.13
SE 0.46 0.41 1.56 0.06 0.08 5.90 0.65 0.09 33.62
CV (%) 5.47 2.11 5.24 9.56 8.12 12.81 20.45 16.81 10.46
Maximum 50.00 113.00 178.00 4.38 6.40 297.00 29.00 3.80 2065.00
Minimum 40.00 104.00 147.00 2.78 4.70 176.00 13.00 2.08 1437.00
LSD=0.05 3.98 2.92 9.91 0.46 0.80 42.23 2.25 0.60 234.89

Note: Means with the same letter are not significantly different.* and *'denotes significance level at p < 0.05 & 0.01, respectively; RP: Relative Position; LSD: Least Significant
Difference; StD: Standard Deviation; SE: Standard Error; CV: Coefficient of Variation; D50%F = Days to Fifty Percent Flowering; DM: Days to Maturity; PH: Plant Height (cm);
NPBPP: No. of Primary Branch Per Plant; NSBPP: No. of Secondary Branch Per Plant; NSPP: No. of Siliqua Per Plant; NSPS: No. of Seeds Per Siliqua; TSW = 1000 Seed
Weight (g) and seed yield (kg ha™).

Clustering pattern and Principal component analysis Distribution of Yield

1800

&

Yield

A dendrogram (Figure 3) depicting the different clusters 2000 |
identified by the UPGMA (average linkage) cluster analysis -
suggests linkages among the tested accessions. A dissimilarity
coefficient of 0.05 was used to group the accessions into I e

four primary groups according to their assessed quantifiable il

features. In order to select the optimal cluster number and

readability, the dendrogram was stopped at 0.05 using Mojena’s

[15] stopping criterion. With the greatest number of accessions 1600 -

(6) and an average yield of 1765.28 kgha™, or 25.20 percent, I L

of the cluster mean yield, Cluster II achieved the highest Fl

yield. The single accession in cluster I (28.13%) produced the 1100

highest average yield (1970.33 kgha™); this cluster is followed A

by the best agronomic attributes in clusters IV (1806.33 kgha™; Gen

25.79%) and II (1765.28 kgha; 25.20%). Genotypes under
cluster III reported a very low yield potential with an average of

1463 kgha (20.89%). Furthermore, we observed 11.97%, and
2.32% greater (+) average yield compared to the grand mean while cluster III (17.12%) had a lower (-) yield. On average, in
yield of 1759.67 kgha~ for cluster I and cluster IV, respectively, terms of yield, genotypes under cluster I (BJ-11536 (12)-1) and
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cluster IV (BJ-11536 (12)-5) produce higher yield compared
to cluster II, and cluster III (Table 3) and were identified as
suitable accessions for future improvement of this crop. Khan,
et al. [17] reported a similar trend of findings in their research
on Bambara groundnut.

Principal component analysis

In a principal component analysis (PCA), the largest portion
of the total variance is explained by the first axis (PC1) [18].
As per Table 4, the first principal component (PC1) accounted
for a greater share of variation (46.18%) than the second
principal component (17.61%), whereas PC4 retained 87.28%
of the cumulative variance. The characteristics that have been
linked to high values with PC1 are the number of primary
branches per plant, number of secondary branches per plant,
number of siliquae per plant, number of seeds per siliqua, 1000
seed weight (g), and seed yield (kgha™). The fact that these
qualities were located in the positive (+ ve) quartile and in close
proximity to one another in the component pattern plot (Figure
3) suggests that these traits significantly influence yield. The
common link between genotypes in terms of seed production
and associated agronomic parameters was investigated using
principal component analysis and cluster analysis [12]. The
majority of the genotypes were distributed at low distances,
according to the two-dimensional (2D) graphical explication
(Figure 4), while a small percentage were distributed at high
distances, as shown by the eigenvector (Table 5). The genotypes
BJ-11536(12)-1, BJ-53611(12)-8, and BJ-11536(12)-5 were
the farthest from the centroid, whereas the other accessions
were rather close. On the basis of quantitative characteristics,
Khan, et al. [19] used PCA analysis to classify the 32 Brassica
accessions, while Khan, et al. [18] used PCA analysis to group
44 Bambara groundnut genotypes.

Characters association analysis

Table 6 shows how the 10 genotypes of Brassica juncea L.
correlate phenotypically in terms of the nine quantitative
variables. A positively significant correlation (r = 0.62; p <
0.01) was observed between the trait yield kg per hectare and
1000 seed weight (r = 0.25 < r < 0.75) and a very significant

relationship (r = 0.35; p < 0.05) for the number of siliqua
per plant. No significant correlation was found between the
number of seeds per siliqua and yield (r = 0.32; p < 0.05), while
there was a positive intermediate connection. A weak (0.0 <1 <
0.25) and non-significant association was found in yield with
number of primary branches per plant (r = 0.21; p = 0.05) and
number of secondary branches per plant (r = 0.18; p = 0.05).
A positive and highly significant association was noted for a
number of primary branches with no. of seeds per siliqua (r
= 0.75; p < 0.01). Thousand seed weights had a positive and
significant relationship with the number of seeds per siliqua
(r = 0.40; p = 0.05) and no. of siliqua per plant (r = 0.450; p <
0.05). However, there was a negative correlation between plant
height, days to 50% flowering, and days to maturity with yield,
indicating that traits like early maturity and vigorous vegetative
growth result in genotypes with lower yield potential. Since
the yield and the yield-related variables reported in this study
showcased a positive and highly significant relationship, it was

Table 4: Principal component analysis for quantitative traits of Brassica juncea L.
genotypes.

e e e e s

Eigenvalue 4.16 1.59 1.15 0.96 0.53
Proportion of variance (%) 46.18 17.61 12.8 10.69 5.86
Cumulative variance (%) 46.18 63.79 76.59 87.28 93.14

Eigenvectors

D50%F -0.154 0.529 -0.014 0.599  -0.415
DM -0.197 0.607 -0.226  -0.203 0.458
PH -0.264  -0.359 0.130 0.647 0.382

NPBPP 0.291 0.020 0.631 0.122 0.298

NSBPP 0.339 0.332 0.171 0.021 0.446

NSPP 0.354 0.062 -0.454 0.390 0.122

NSPS 0.403 0.165 0365 -0.012 -0.407

TSW 0.461 0.034  -0.215 0.114  -0.025
Yield 0.411 -0.282  -0.344 -0.013 0.052

Note: PC: Principal Component; D50%F: Days to Fifty Percent Flowering; DM: Days
to Maturity; PH: Plant Height (cm); NPBPP: No. of Primary Branch Per Plant; NSBPP:
No. of Secondary Branch Per Plant; NSPP: No. of Siliqua Per Plant; NSPS: No. of
Seeds Per Siliqua; TSW: 1000 seed weight (g) and seed yield (kg ha™).
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Figure 3: Cluster analysis revealed a dendrogram for 10 Brassica juncea L. genotypes based on the UPGMA method of SAHN clustering.
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Figure 4: Two-dimensional (2D) graph showing the relationship among 10 Brassica juncea L. genotypes using PCA revealed by NTSYSpc and component pattern plot for 9

morphological traits revealed by PCA using SAS.

Table 5: Relative proportion of grand mean yield for four clusters based on the UPMGA clustering pattern.

No. of Genotypes
|

Average yield
(kg ha)

RPGY (%)

1[BJ-11536(12)-1] 1970.33 (28.13%) 11.97 (+)
0 7[BJ-11536(12)-6, BJ-1110(12)-1, BJ-1 1S1r:a(zi)s-;,189.;DH-05, BJDH-20, BARI Sharisa-11, BARI 1765.28 (25.20%) 032 (+)
1] 1[BJ-53611(12)-8] 1463 (20.89%) 1712 ()
\Y 1[BJ-11536(12)-5] 1806.33 (25.79%) 2.32(+)
Note: Grand average yield = 1759.67kg ha™; relative proportion of grand average yield = RPGY (%); “(+)" : Yield higher; “(-)" : Yield Lower.
Table 6: Pearson’s correlation coefficients (r) among nine quantitative traits of Brassica Juncea L. genotypes.
Traits D50%F DM PH NPBPP NSBPP NSPP NSPS TSW Yield
D50%F 1.00 0.20 0.09 -0.15 -0.24 -0.23 -0.13 0.04 -0.19
DM 1.00 -0.14 -0.03 -0.23 -0.19 -0.13 -0.22 -0.28
PH 1.00 -0.07 -0.17 -0.09 -0.41* -0.23 -0.18
NPBPP 1.00 0.02 0.18 0.57** 0.33 0.21
NSBPP 1.00 0.36 0.39* 0.20 0.18
NSPP 1.00 0.37* 0.45* 0.37*
NSPS 1.00 0.40* 0.32
TSW 1.00 0.62**
Yield 1.00

Note: “**" correlation is significant at the 0.01 level; “*” correlation is significant at the 0.05 level, D50%F: Days to Fifty Percent Flowering; DM: Days to Maturity; PH: Plant
Height (cm); NPBPP: No. of Primary Branch Per Plant; NSBPP: No. of Secondary Branch Per Plant; NSPP: No. of Siliqua Per Plant; NSPS: No. of Seeds Per Siliqua; TSW: 1000

Seed Weight (g) and Seed Yield (kg ha™).

evident that the morphological characteristics investigated
in this study correctly predicted the yield and were suitable
for genotype selection in a breeding program. The positive
association suggests further investigation of these features
for the generation of desired genotypes [20,21], and it also
revealed a direct correlation between yield-related factors and
grain yield.

Conclusion

Takinglocation-wise seedyield and otheryield-contributing
features into account, four lines BJ-11536(12)-1, BJDH-05,
BJDH-20, BJ-11536(12)-5, and BJ-1110(12)-1 were found to be

promising in terms of all statistical metrics and were selected
for a future breeding program as well as adaptive yield trial
the following year. A statistically significant association was
found between the number of primary branches, number of
secondary branches, number of siliqua per plant, and thousand
seed weight and yield; this suggests that these properties might
be beneficial in selecting genotypes for a future breeding plan.
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