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Abstract

Ethiopian mustard (Brassica carinata A. Braun) is an important oilseed crop with significant potential for food and energy
production. The study evaluated 36 genotypes using a 6 x 6 lattice design to analyze correlations and regression among traits,
aiming to understand their relationships and identify key traits for developing high-performing varieties. The analysis of variance
revealed significant variation (p < 0.001) for traits including seed yield, flowering time, maturity date, disease resistance,
thousand seed weight, oil content and oil yield; indicating the potential for genetic improvement. However, traits such as downy
mildew resistance, leaf spot and branching showed non-significant variation, suggesting these traits may be more influenced by
environmental factors than by genetic differences among the genotypes. Pearson correlation coefficients highlighted significant
relationships among traits. Days to flowering (r = 0.687) and maturity (r = 0.029) positively correlated with yield, while disease
traits negatively impacted seed yield. Notably, Thousand Seed Weight (r = 0.985) strongly correlated with yield, underscoring the
importance of seed size. A multiple regression model explained 99.7% of the variation in seed yield, with a highly significant
intercept (1863.35, p < 0.001). Key associations were found with secondary branches (12.32), oil content (-46.79) and oil yield
(2.19). This study confirms the potential for improving Ethiopian mustard yield through genetic selection of key traits. It is
recommended that breeding programs focus on enhancing seed size and disease resistance while considering environmental
factors to maximize yield potential.
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1. Introduction

Ethiopian mustard (Brassica carinata) is an important
oilseed crop of Ethiopian origin with significant potential for
use as a food crop and a sustainable energy source [1, 2]. The
crop's versatility in producing both oilseeds and leafy vege-
tables, as well as its potential for use in the production of

biofuels like biodiesel, make it an important crop [3]. Ethio-
pian mustard's ability to withstand harsh weather conditions
makes it a valuable crop to grow in the face of climate change
[2, 3]. Due to its many agronomically useful characteristics,
such as its resilience to a variety of abiotic and biotic stresses,
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it could be used as a donor in interspecific hybridization to
enhance other Brassica Species [2]. Moreover, the abundant
amount of glucosinolet in its leaves, which adds mild flavor
and possible health advantages when consumed by humans
[4]. However, its indeterminate growth habit, tall and
branched plant structure, low seed yield, extended maturity
period, and low oil content remain significant challenges in
fully realizing its potential as a globally adaptable crop [2, 3].
Thus, it should be a top priority to develop high seed yielding
cultivars with farmers' desired features that are resistant to
biotic and abiotic stress [1]. In order to exploit the genetic
potential of the crop many studies have been conducted to
understanding trait relationships and patterns of the genetic
diversity in germplasm.

Several studies have reported correlation analysis based on
agronomic, physiological, oil and fatty acid related traits
[4-10]. Alemayehu and Becker [11] employed a mixed linear
model for genetic analysis to estimate and predict genetic
parameters and interactions for traits like glucosinolet, oil,
and protein content. Mekonnen et al. [12], also assessed the
genetic diversity in Ethiopian mustard populations indicates
substantial genetic diversity within the studied populations.
There is a need to diversify the genetic base of Ethiopian
mustard to safeguard from future biotic and abiotic threats.

The productivity of Ethiopian mustard has not been as ef-
fectively increased by direct selection for yield alone, since
yield is complex and influenced by various factors [1, 12].
Correlation and multivariate studies can be used to leverage
the correlations between yield and its associated characters for
yield improvement. This strategy would aid in determining
the most important traits that advance breeding initiatives to
boost yield and disease resistance. Trait association studies
are crucial for making informed selections, as they help to
identify the key traits that contribute most to achieving pro-
gress in any breeding and crop improvement.

Correlation analysis measures the mutual relationship
among various plant traits and determines the component
traits on which selection can be based for improvement in
yield and other important traits. It have been a valuable tools
in understanding trait relationships The knowledge of asso-
ciation of several characters with yield and among themselves
will be therefore, very essential for planning a successful
breeding programme [12, 13]. Multiple linear regression
(MLR) is an effective statistical method for examining the
relationship between a single dependent variable and multiple
independent variables [14]. It is commonly used to predict
crop yields by considering various agronomic, disease and
environmental factors. MLR models have been utilized to
estimate yields in crops such as rice, coffee, and peas [15-17].
Although some reports provide understandings into trait cor-
relations in Ethiopian mustard, there is a notable lack of
comprehensive correlation and regression analyses specifi-
cally focused on disease resistance and agronomic traits.
Further research in this area could offer valuable information
for breeding programs aimed at improving both high yielder
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and disease-resistant varieties. Investigating the magnitude
and nature of relationships among morphological, yield and
disease related traits, along with the strength of their associa-
tions, is essential for a comprehensive understanding of their
impact on the crop performance. Therefore, this study was
designed to assess correlations and perform regression anal-
ysis on morphological, yield and disease traits to understand
their relationships, predict outcomes and identify key traits
that could contribute to the development of improved
high-performing Ethiopian mustard varieties.

2. Material and Method

2.1. Description of the Study Site

The field experiment was carried out at Holetta Agricul-
tural Research Centre. Holetta is located in the Oromiya Na-
tional Regional State, about 30 kilometers southwest of Addis
Ababa, at an altitude of 2400 meters above sea level, with
geographic coordinates of 0904' N latitude and 38<30' E
longitude. The area receives an average annual rainfall of
1144 mm, with minimum and maximum temperatures of 6<C
and 22 <C, respectively.

2.2. Field Layout

The experiments were laid out in a 6 x 6 simple lattice de-
sign where each genotype was planted in a plot consisting of 4
rows with plot sizes 3m length, 30 cm row spacing and 60 cm
between block. All agronomic practices were carried out
uniformly for each plot.

2.3. Data Collection

Data were collected on various traits as follows: Phono-
logical data, including days to 50% flowering (DF) and days
to 50% maturity (DM), were recorded on a plot basis. Disease
data, encompassing downy mildew (DoM), aphid infestations
(Al), leaf spot (LS) and black leg (BL), were also collected on
a plot basis. Plant height (PH), number of primary branches
per plant (NPB), number of secondary branches per plant
(NSB), and number of capsules per plant (NC) were measured
from ten randomly selected plants from the central row of
each plot. Additionally, seed yield per hectare (SY), thousand
seed weight (TSW), oil content (OC) and oil yield (OY) were
recorded from the harvested central rows.

2.4. Data Analysis

Analysis of variance (ANOVA) was performed on indi-
vidual traits to determine whether there were significant dif-
ferences among the genotypes, following the standard statis-
tical procedure outlined by Gomez and Gomez. The following
model structure is used for ANOVA as explained by Cochran
and Cox [18]:
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Yij=p+GitBj+eij

where:

Yij is the observation for the ith genotype in the jth block

w is the grand mean

Gi is the effect of the ith genotype

Bj is the effect of the jth block

€ij is the random error term

Interrelationships between the studied characteristics were
determined by calculating Pearson’s correlation coefficients
and visualized using heat map and correlation matrix [19].

A multiple linear regression analysis was conducted to as-
sess the strength of the relationship between agronomic and
disease traits and final seed yield. The following regression
model were used for the analysis:

SY=B0+B1DF+B2DM+-.-+B130Y+e

Where:

SY is seed yield (response variable).

DF, DM, PH, DoM, Al, etc., are the predictor variables
(independent variables).

B0 is the intercept, and B1, B2,..., B13 are the regression
coefficients.

€ is the random error term.

After fitting the multiple linear regression model, regres-
sion coefficients and their significance (p-values) will be
evaluated to determine the effect of predictors on seed yield.
The R-squared (RZ will measure the explained variability in
seed yield, while Variance Inflation Factors (VIF) will be
used to check for multicollinearity, with values above 10
indicating potential issues [20]. All data analysis were con-
ducted using R software V4.3 [21].

3. Result and Discussion

3.1. Analysis of Variance (ANOVA)

The analysis of variance (ANOVA) revealed significant
genotype variation for several important agronomic traits
(Table 1). Seed Yield (SY) (p =0.01), Days to Flowering (DF)
(p < 0.0001), and Days to Maturity (DM) (p < 0.0001) ex-
hibited strong genotype effects, suggesting these traits can be
effectively improved through genetic selection. Additionally,
Thousand Seed Weight (TSW) (p < 0.0001), Oil Content (OC)
(p < 0.0001), and Qil Yield (OY) (p = 0.0096) were signifi-
cantly influenced by genotype, indicating potential for en-
hancing both yield quality and marketability through targeted
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breeding in Ethiopian mustard. However, some traits related
to disease resistance and plant structure showed no significant
genotype effects. Downy Mildew (DoM) (p = 0.614) lacked
genetic variation, pointing to environmental factors as the
dominant influence. Aphid Infestation (Al) (p = 0.0005) and
Blight (BL) (p = 0.0002) showed significant variability, in-
dicating susceptibility differences across genotypes. In con-
trast, Leaf Spot (LS) (p = 0.35) did not exhibit geno-
type-related differences. Similarly, Number of Primary
Branches (NPB) (p = 0.76) and Number of Secondary
Branches (NSB) (p = 0.81) were unaffected by genotype,
while Plant Height (PH) (p = 0.022) showed a marginal gen-
otype effect, indicating that genetic factors may have a modest
influence on this trait. These findings highlight the potential
for breeding programs to target significant traits like yield and
quality, while non-significant traits suggest areas where fur-
ther research is needed to better understand environmental
influences and improve resistance.

Walle et al. [22] reported significant variability for primary
and secondary branches, our study did not find genotype
effects for both traits, suggesting that environmental factors or
different genetic backgrounds may play a vital role in these
traits. The consistent significance of traits like days to flow-
ering, oil content, days to maturity, plant height, and seed
yield were observed in previous studies [22-24] underscores
the genetic diversity present in Ethiopian mustard germplasm,
which remains a valuable resource for crop improvement.
These findings collectively emphasize the importance of
selecting for traits such as yield potential, oil content, and
maturity timing to develop high-performing Ethiopian mus-
tard varieties [6, 22]. Studies indicate substantial genotypic
variation exists within Ethiopian mustard germplasm collec-
tions for various traits, including potential disease resistance,
Zhou et al. [25] identified three Ethiopian mustard accessions
with resistance to green peach aphid. Ethiopian mustard has a
significant agronomic traits, particularly its stress resistance
[2, 24]. The variability in disease susceptibility among Ethi-
opian mustard genotypes highlights the need to integrate
disease resistance into breeding programs for sustainable crop
production. Significant genotype effects suggest that genetic
differences influence resistance to specific diseases. Some
genotypes show inherent pest resistance, providing insights
for breeding efforts. This knowledge allows breeders to im-
plement targeted strategies, accelerating the development of
robust varieties. Identifying resistant genotypes also improves
pest management and enhances understanding of disease
dynamics. Additionally, this variation can help researchers
uncover the genetic mechanisms behind resistance and sus-
ceptibility, guiding future breeding initiatives.
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Table 1. Analysis of variance for disease susceptibility and agronomic traits of Ethiopian mustard genotypes.

Trait Sum of Squares
SY 28505750.17
DF 1675.82

DM 970.50

DoM 1.14

Al 5.00

LS 3.57

BL 91.28

PH 15308.15
NPB 68.00

NSB 186.62

NC 12855.28
TSW 20.33

ocC 391.78

oYy 6002118.66

Mean Square

814450.00**
47.88***
27.73%**
0.03ns
0.14***
0.10ns
2.61%**
437.38*
1.94ns
5.33ns
367.29ns
0.58***
11.19%**
171489.10**

NB: DF (days to flowering); DM (days to maturity); DoM (Downey mildew); Al (Aphid infestation); LS (leaf spot); BL (Blight); PH (plant
height); NPB(number of primary branch); NSB (number of secondary branch); NC (number of capsule or pod per plant) SY (seed yield); TSW

(thousand seed weight); OC (oil content) and OY (oil yield)

3.2. Correlation Analysis

Figure 1 shows the Pearson correlation coefficients
heatmap of agronomic and disease traits in Ethiopian mustard

genotypes between seed yield (SY) and other agronomic traits.

The correlation analysis revealed significant relationships
between Seed Yield (SY) and various agronomic and disease
traits in the evaluated genotypes. Notably, Days to Flowering
(DF) showed a strong positive correlation with SY (r = 0.687),
suggesting that earlier flowering may contribute to higher
seed vyields, as indicated by the blue color in the heatmap.
Additionally, Days to Maturity (DM) also exhibited a positive
correlation with SY (r = 0.029), although this relationship was
weaker, indicating that maturity time might play a lesser role
in influencing yield. In terms of disease traits, Aphid Infesta-
tion (Al) demonstrated a negative correlation with SY (r =
-0.244), highlighting that increased aphid pressure is associ-
ated with reduced seed yield. Similarly, Leaf Spot (LS) (r =
-0.172) and Blight (BL) (r = -0.121) were also negatively
correlated with SY, indicating that these diseases can ad-
versely affect yield potential. Moreover, Plant Height (PH)
exhibited a negative correlation with SY (r = -0.218), sug-
gesting that excessively tall plants may not necessarily
translate to higher yields, possibly due to increased suscepti-
bility to lodging. Conversely, Thousand Seed Weight (TSW)
showed a strong positive correlation with SY (r = 0.985),
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emphasized by a deep blue color, underscoring the critical
role of seed size in determining overall yield performance.
Additionally, Qil Content (OC) (r = 0.336) and Oil Yield (OY)
(r = 0.016) also exhibited positive correlations with SY, fur-
ther underscoring the interconnectedness of yield and oil
production traits.

The correlation matrix and corresponding heatmap under-
scores the importance of selecting genotypes that not only
exhibit desirable flowering and maturity traits but also demon-
strate resistance to key diseases. Understanding these rela-
tionships will enhance breeding strategies aimed at improving
seed yield while managing disease pressure effectively.

The current findings are consistent with Amsalu [24], who
reported on key traits such as days to maturity, seed yield, oil
content, and plant height. Both analyses emphasize the im-
portance of these traits in breeding programs for Ethiopian
mustard, highlighting their interrelatedness and impact on oil
production. Similarly, Teklehaymanot et al. [4] reported sig-
nificant correlations involving plant height and the number of
branches in relation to yield traits. Additionally, a strong nega-
tive correlation between days to 50% flowering and plant
height has been documented [6, 22]. Furthermore, Getinet et al.
[5] found a positive correlation between seed weight and oil
content, underscoring the complex relationships among these
traits.
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Figure 1. Correlation Heatmap of Agronomic and disease Traits in
Ethiopian Mustard genotypes.

3.3. Regression Analysis

The multiple regression analysis was performed to evaluate
the relationship between various predictor traits and the re-
sponse variable seed yield (SY). The model explained a sig-
nificant proportion of the variance in the response variable, as
indicated by the high multiple R-squared value of 0.9976 and
the adjusted R-squared of 0.9971 (Table 2). This suggests that
approximately 99.7% of the variance in the response variable
can be explained by the predictors in the model. The ex-
tremely small p-value ( < 2.2e-16) indicates a strong statistical
significance for the overall regression model. This suggests
that the likelihood of the model's results occurring by chance
is virtually zero. In practical terms, the model is highly relia-
ble, confirming that at least one or more of the predictors
(traits) have a significant impact on the response variable,
seed yield. This strong significance reinforces the model's
validity and its capacity to explain variations in seed yield
based on the studied traits. The residual standard error is 43.78,
reflecting the average deviation of the observed values from
the predicted trait. While this value is relatively high, the
exceptional fit indicated by the R-squared values suggests that
the model’s predictions are generally precise.

Multiple regression analysis is a robust statistical technique
that evaluates the relationships between various predictor
traits and the response variable like seed yield (SY). This
approach enables researchers to examine the cumulative ef-
fects of several independent variables on the dependent var-
iable while accounting for the influence of other factors. The
high R-squared and Adjusted R-squared values indicate an
excellent fit of the model to the data, demonstrating that the
predictors included are highly effective in explaining the
variance in the dependent variable. The extremely low
p-value of the F-statistic reveals the overall significance of the
regression model, confirming that the predictors have a
meaningful impact on the outcome. A multiple regression
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model using biological yield, thousand seed weight, and
harvest index explained 98.85% of the variation in soybean
seed yield [26]. The low p-value of the F-statistic is essential
for assessing the overall significance of the regression model.
According to Siegel and Wagner [27], the F test evaluates
whether the predictor variables collectively significantly
impact the response variable. A p-value below 0.05 indicates
a statistically significant R-squared value, allowing re-
searchers to interpret individual predictors using t-tests. Mul-
tiple regression analysis, along with a low p-value of the
F-statistic, effectively evaluates the relationship between
predictor traits and seed yield. This method identifies key
yield components and quantifies their contributions, making it
a valuable tool for crop improvement and management
strategies.

The Variance Inflation Factor (VIF) is a widely used di-
agnostic tool for detecting multicollinearity in regression
models, which occurs when independent variables are highly
correlated. This can lead to unreliable parameter estimates and
inflated variances [28].

Table 2. Summary of Multiple Regression Analysis Model Perfor-
mance and Significance Results for Ethiopian mustard Response
variable (seed yield) and 13 predictors (traits).

Metric Value
Residual standard error 43.78
Degrees of freedom 58
Multiple R-squared 0.9976
Adjusted R-squared 0.9971
F-statistic 1886***
F-statistic numerator degrees of Freedom (df1) 13
F-statistic denominator degrees of Freedom (df2) 18
p-value <2.2e-16

VIF measures the extent to which the variance of an esti-
mated regression coefficient is increased due to this colline-
arity among predictors. The VIF analysis reveals that multi-
collinearity is not a major concern for most predictors (Table
3), as their VIF values are below the threshold of 5 [20].
However, the predictor TSW has a VIF of 5.40, suggesting a
moderate level of multicollinearity. While this does not in-
dicate severe multicollinearity, it may require further inves-
tigation to ensure it does not excessively influence the mod-
el’s results.

The results presented in Table 3 highlight key coefficients
and their interpretations. The intercept was 1863.35, which
was highly significant (p < 0.001), indicating the baseline
seed yield when all predictor variables are held constant. The
coefficient for the number of secondary branches (NSB) was
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12.32 (p < 0.01), suggesting that an increase in secondary
branches positively influences seed yield. In contrast, the
coefficient for oil content (OC) was -46.79 (p < 0.001),
demonstrating a significant negative association; as oil con-
tent increases, seed yield decreases. Qil yield (OY) exhibited

the strongest positive relationship with seed yield, with a
coefficient of 2.19 (p < 0.001), indicating that higher oil yield
significantly enhanced by seed yield. Other traits, including
did not show statistically significant associations with seed
yield.

Table 3. Regression estimates, significance levels and variance inflation factors (VIF) for Seed Yield of Ethiopian Mustard with 13 Predictor

Traits.
Trait Estimate Std. error
(Intercept) 1863.35*** 338.07
DF -1.42™ 1.53
DM 2.24™ 2.04
DoM -18.30™ 30.55
Al 27.24™ 18.20
LS -16.97™ 20.63
BL 2.58™ 5.97
PH -0.19™ 0.32
NPB 6.99™ 4.56
NSB 12.32** 3.80
NC -0.81™ 0.45
TSW 14.71™ 10.56
oC -46.79** 2.66
oYy 2.19** 0.02

4. Conclusion

The study highlights significant genotype variations in key
agronomic traits of Ethiopian mustard, emphasizing the po-
tential for genetic selection to enhance seed yield, oil content
and flowering and maturity times. The analysis of variance
(ANOVA) and correlation analyses revealed strong relation-
ships among these traits, indicating that selecting for specific
characteristics can lead to improved overall performance.
Notably, the strong positive correlations between seed yield
and traits such as thousand seed weight and days to flowering
suggest that targeted breeding strategies could effectively
enhance yield potential. Furthermore, the regression analysis
demonstrated a robust relationship between predictor traits
and seed yield, with an impressive explanatory power. How-
ever, the lack of significant genotype effects for certain traits,
particularly in disease resistance, underscores the necessity
for further investigation into environmental influences and
their impact on these traits. For future research, it is recom-
mended to expand the study to include a broader range of
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t value p-value VIF-results
5,51 0.001

-0.93 0.358 2.28
1.10 0.276 2.48
-0.60 0.552 1.22
1.50 0.14 1.67
-0.82 0.414 2.43
0.43 0.667 2.18
-0.59 0.559 1.42
1.53 0.131 2.00
3.25 0.002 3.15
-1.79 0.078 5.40
1.39 0.169 1.54
-17.61 0.001 1.82
125.82 0.001 1.50

genotypes and environments to gain a more comprehensive
understanding of trait interactions. Additionally, integrating
molecular techniques could help identify genetic markers
associated with disease resistance, ultimately guiding the
development of resilient, high-performing Ethiopian mustard
varieties. This approach will contribute significantly to sus-
tainable agricultural practices and improve the economic
viability of Ethiopian mustard production.

Abbreviations

DF Days to Flowering

DM Days to Maturity

DoM  Downey Mildew

Al Aphid Infestation

LS Leaf Spot

BL Blight

PH Plant Height

NPB  Number of Primary Branch

NSB  Number of Secondary Branch

NC Number of Capsule or Pod Per Plant
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SY Seed Yield

TSW  Thousand Seed Weight
ocC Oil Content

oYy Qil Yield

Acknowledgments

The authors gratefully acknowledge the Ethiopian Institute
of Agricultural Research for funding this study and extend
their appreciation to the staff members of the High and Mid-
land Oilseeds Research Program for their dedicated support
in trial management and data collection.

Author Contributions

Birhanu Mengistu Aboye: Conceptualization, Formal
Analysis, Methodology, Project administration, Software,
Supervision, Writing — original draft

Alemu Doda Gemeda: Data curation, Methodology,
Writing — review & editing

Funding

This research was supported by the Ethiopian Institute of
Agricultural Research.

Data Availability Statement

The data is available from the corresponding author upon
reasonable request.

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] Tesfaye, M., Feyissa, T., Hailesilassie, T., Mengistu, B.,
Kanagarajan, S. and Zhu, L. H., 2024. Identification of High
Erucic Acid Brassica carinata Genotypes through Multi-Trait
Stability Index. Agriculture, 14(7), p. 1100.
https://doi.org/10.3390/agriculture14071100

[2] Thakur, A. K., Singh, K. H., Sharma, D., Parmar, N. and
Nanjundan, J., 2019. Breeding and genomics interventions in
Ethiopian mustard (Brassica carinata A. Braun) improvement—
A mini review. South African Journal of Botany, 125, pp.

457-465. https://doi.org/10.1016/j.5ajb.2019.08.002

[3] Hagos, R., Shaibu, A. S., Zhang, L., Cai, X., Liang, J., Wu, J., Lin,
R. and Wang, X., 2020. Ethiopian mustard (Brassica carinata A.
Braun) as an alternative energy source and sustainable crop. Sus-

tainability, 12(18), p. 7492. https://doi.org/10.3390/su12187492

[4] Tesfay, T., Haijing, W., Jianli, L., Jian, W., Runmao, L., Zhen,

119

(5]

6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Z., Xu, C. and Xiaowu, W., 2019. Variation in plant mor-
phology and sinigrin content in Ethiopian mustard (Brassica
carinata L.). Horti Plant J, 5(5), pp. 205-212.
https://doi.org/10.1016/j.hp;j.2019.07.005

Getinet, A., Rakow, G. and Downey, R. K., 1996. Agronomic
performance and seed quality of Ethiopian mustard in Sas-
katchewan. Canadian Journal of Plant Science, 76(3), pp.
387-392. https://doi.org/10.4141/cjps96-06

Muthoni, J., 2010. Characterization of Ethiopian mustard (Bras-
sica carinata A. Braun) lines for vegetative agromorphological
traits at Arusha, Tanzania. Journal of Horticulture and Forestry,
2(1), pp. 001-006. http://www.academicjournals.org/jhf

Belete, Y. S., Kebede, S. A. and Gemelal, A. W., 2011. Mul-
tivariate analysis of genetic divergence among Ethiopian
mustard (Brassica carinata A. Brun) genotypes in relation to
seed oil quality traits.
https://doi.org/10.3923/ijar.2011.494.503

Yimer, O., Mohammed, W. and Teju, E., 2021. Correlation and
path coefficient analysis studies in Ethiopian Mustard (Bras-
sica carinata A. Braun). African Journal of Plant Science, 15(8),
pp. 250-256. https://doi.org/10.5897/AJPS2021.2156

Fekadu Amsalu, 2020. Genetic Variability, Correlation and
Path Coefficient Analysis of Ethiopian Mustard (Brasica Car-
inata A. Braun) Genotypes. International Journal of Research
Studies in Agricultural Sciences (IJRSAS), 6(3), pp. 17-25.
http://dx.doi.org/10.20431/2454-6224.0603003

Hagos Abraha, R., Shaibu, A. S., Liang, J., Wu, J., Lin, R. and
Wang, X., 2024. Characterization and evaluation of the mor-
phological attributes of Ethiopian mustard (Brassica carinata A.
Braun) landraces. Euphytica, 220(3), p. 30.
https://doi.org/10.1007/s10681-023-03284-0

Alemayehu, N. and Becker, H., 2005. Quantitative genetic
analysis of total glucosinolate, oil and protein contents in
Ethiopian mustard (Brassica carinata A. Braun). SINET:
Ethiopian Journal of Science, 28(2), pp. 141-150.
https://doi.org/10.4314/sinet.v28i2.18250

Mekonnen, T.W., Wakjira, A. and Genet, T., 2014. Correlation
and path coefficient analysis among yield component traits of
Ethiopian mustard (Brassica carinata a. Brun) at Adet,
Northwestern, Ethiopia. J. Plant Sci, 2(2), pp. 89-96.
https://doi.org/10.11648/j.jps.20140202.12

Falconer, D. S., 1996. Introduction to quantitative genetics.
Pearson Education India.

Hu, Y. H, Yu, S. C., Qi, X., Zheng, W. J., Wang, Q. Q. and
Yao, H. Y., 2019. An overview of multiple linear regression
model and its application. Zhonghua yu Fang yi xue za zhi
[Chinese Journal of Preventive Medicine], 53(6), pp. 653-656.
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.06.021

Banakara, K. B., Pandya, H. R. and Garde, Y. A., 2019.
Pre-harvest forecast of kharif rice yield using PCA and MLR
technique in Navsari district of Gujarat. Journal of Agrometeor-
ology, 21(3), pp. 336-343.
https://doi.org/10.54386/jam.v21i3.256


http://www.sciencepg.com/journal/ajls

American Journal of Life Sciences

http://www.sciencepg.com/journal/ajls

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Kittichotsatsawat, Y., Tippayawong, N. and Tippayawong, K.
Y., 2022. Prediction of arabica coffee production using artifi-
cial neural network and multiple linear regression techniques.
Scientific Reports, 12(1), p. 14488.
https://doi.org/10.1038/s41598-022-18635-5

Hara, P., Piekutowska, M. and Niedbata, G., 2023. Prediction
of pea (Pisum sativum L.) seeds yield using artificial neural
networks. Agriculture, 13(3), p. 661.
https://doi.org/10.3390/agriculture13030661

Cochran, W. G. and Cox, G. M., 1957. Experimental designs
2nd. ed. John Wily and Sons. Inc. New York USAPP, 595.

Cohen, I., Huang, Y., Chen, J., Benesty, J., Benesty, J., Chen, J.,
Huang, Y. and Cohen, 1., 2009. Pearson correlation coefficient.
Noise reduction in speech processing, pp. 1-4.
https://doi.org/10.1007/978-3-642-00296-0_5

Kutner, M. H., Nachtsheim, C. J., Neter, J. and Li, W., 2005.
Applied linear statistical models. McGraw-hill.
https://thuvienso.hoasen.edu.vn/handle/123456789/9564

R Core Team. A language and environment for statistical
computing. Version 4.3. 2. R Foundation for Statistical Com-
puting, Vienna (2023). https://www.R-project.org

Walle, T., Wakjira, A. and Mulualem, T., 2014. Analysis of ge-
netic parameters on Ethiopian mustard (Brassica carinata A.
Braun) genotypes in northwestern Ethiopia. Plant Breeding and
Seed Science, 69, pp.25-34.
https://doi.org/10.1515/plass-2015-0003

120

[23]

[24]

[25]

[26]

[27]

(28]

Tesfaye Walle Mekonnen and Adugna Wakjira. Multivariate
analysis of genetic divergence among Ethiopian mustard
(Brassica carinata A. Braun) landraces in Ethiopia. (2014):
37-45. https://doi.org/10.5897/10GMB2014.0102

Amsalu, F., 2019. Effects of Agro morphological Traits of
Ethiopian Mustard (Brasica Carinata A. Braun) Landraces in
Oil and its Quality Traits. International Journal of Research,
5(6), pp. 33-39.
http://dx.doi.org/10.20431/2454-6224.0506004

Zhou, F., Chen, C., Kong, L., Liu, S., Zhao, K., Zhang, Y.,
Zhao, T., Liu, K. and Yu, X., 2022. Genetic Diversity Analysis
Reveals Potential of the Green Peach Aphid (Myzus persicae)
Resistance in Ethiopian Mustard. International Journal of
Molecular Sciences, 23(22), p. 13736.
https://doi.org/10.3390/ijms232213736

Ghanbari, S., Nooshkam, A., Fakheri, B. A. and Mahdinezhad,
N., 2018. Assessment of yield and yield component of soybean
genotypes (Glycine max L.) in north of Khuzestan. Journal of
Crop Science and Biotechnology, 21, pp. 435-441.
https://doi.org/10.1007/s12892-018-0023-0

Siegel, A. F. and Wagner, M. R., 2022. Multiple Regression:
Predicting One Variable From Several Others. In: A. F. Siegel
and M. R. Wagner, eds. Practical Business Statistics. 8th ed.
Academic Press, pp. 371-431.
https://doi.org/10.1016/B978-0-12-820025-4.00012-9

Jayakumar, D. S., 2014. Identification of Multicollinearity and
it’s effect in Model selection. Electronic Journal of Applied
Statistical Analysis, 7(1), pp. 153-179.


http://www.sciencepg.com/journal/ajls

