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Abstract 

Black cumin (Nigella sativa L.) is spice which are used as herbal medicine. To study correlation and path 

coefficient analysis for seed yield and oil content by using  5x5 simple lattice design for 25 black cumin genotypes 

at Debre-Zeit Agricultural Research Center during 2018/19 cropping season. For this evolution to used 12 

characters seed yield and yield related traits. Number of primary branches per plant, secondary branches per plant, 

number of capsules per plant thousand seed weight, plant height, and number of seeds per capsule are positive and 

significant correlation with seed yield at both   genotypic and phenotypic levels. Seed yield had also significant 

phenotypic correlation with oleoresin content of seeds. In path coefficient analysis number of primary and 

secondary branches per plant, number of capsules per plant and number of seeds per capsule plant height, had 

showed positive direct effects on seed yields  at genotypic level. Then again thousand seed weight,  plant height, 

number of seeds per capsule, number of capsule and number of seed per capsulehad positive direct effect on seed 

yield at phenotypic level.This study showed that Correlation studies provide a better understanding of yield 

components with  seed yield helps the plant breeder during selection in black cumin genotypes. 
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1. Introduction 

Black cumin (Nigella sativa L.) is plants which are used as aspice and medicinal plants, which belongs to a family 

of Rananculacea. It  is originated in Egypt and East Mediterranean. The seed is growthed in many countries in the 

world like Middle Eastern, South Europe, Turkey and Syria (Datta et al., 2012 ). 

The composition like, minerals,vitamins alkaloids,histidine,isoleucine,leucine,lysine are found in black 

cumin seed (Tembhurne et al., 2014; Rezaei Chiyaneh et al., 2018]..The investigations of the seed extracts reveal 

abroad spectrum of activities including galactagogic and insect repellant effects (Ramadan 2018; Saleh, 2018). 

The seed of black cumin from Ethiopia containing different compound like a monocyclic, phenolic thymol, The 

seed of black cumin is functioned us in industry in ingredient in preparing soup, cheese cakes and candies and 

used as medicinal purposes(Forouzanfar et la., 2014; Amin and Hosseinzadeh 2016). 

A correlation analysis is giving information about the degree of the relation between the important characters 

and predicts the good character that used for change of particular trait. It helps in determine the direction and the 

characters to be consider in improving the yield .Correlated characters are of main importance because of genetic 

causes of correlations through pleiotropic action or progressive interactions of genes and changes carried about by 

a natural or artificial selection (Falconer et al., 1996; Sharma, 1998).). In path coefficient analysis the yield effected 

by the character directed or in directed effects and thus components provide information for future breeding 

program.Therefore the study of correlation and Path Coefficient Analysis of the trait important to determine the 

trait that have greater association with seed yield and for various yield and yield contributing traits in black cumin 

genotypes. 

 

2. Materials and Methods 

2.1. The  experimental Site  

The research was conducted at Debre-Zeit Agriculture Research Center (DZARC) in the 2018 Debre-Zeit is found 

at 08° 44’ N latitude and 38° 58’E longitude  and it far from Addis Ababa  the  capital city of Ethiopia on the south 

east direction by 47 km at an altitude of 1860 m.a.s.l. The site received an annual rainfall of 1151.6mm and the 

area has minimum temperature of 19.03 and maximum temperature of 26.910C. The essential oil and oleoresin 

contents of the seeds were determined at Wondo Genet agricultural research center, using methods described in 

the section on data collection. 

 

2.2 Experimental Materials and Design 

25 genotypes were evaluated during conducting the research . The genotypes were collected from Oromiya 

Regional State by Ethiopian Biodiversity Institute. Genotypes were evaluated in 5 x 5 simple lattice designs. The 

seeds were drilled in rows spaced 30 cm each other and a distance of 15 cm between plants in to each row. The 
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plot of one genotypes had 3 m long and 1.80m wide (3 x 1.8 m= 5.4 m2). The spacing between two plots within 

the same block was 50cm and the spacing between blocks was 1m  and the spacing between the replications was 

2 .The design and randomization were done as per the standard procedure set by Cochran and Cox (1957). 

 

2.3 Data Collection 

The data of the information were collected  from whole plots and ten randomly selected samples of plants; and the 

data were recorded for the following parameters. Days to 50% emergence, days to flowering, days to 50% 

flowering, flowering duration, days to 90 % maturity, plant height, thousand seed weight,seed yield number per 

capsule, number of seeds per capsule, number of primary and secondary branches, oleoresin and essential oil 

content. Oleoresins and essential oils extraction and determination was made following the standard methods of 

AOAC (2005).The percentage oil yield was calculated as suggested by (Rao et al. (2005 ) as follows formula (1) 

Percentage yield of oil (%) =
����	��	���

����	��		
�	�

�	������ ∗ ���………….(1) 

 

2.4  Data Analysis  

2.4.1 Phenotypic Correlation Coefficient Analysis 

Phenotypic (rp) correlations between two traits were estimated using the formula (2) suggested by Johnson et al. 

(1955) 

            ���� = ������
�� ��	.� "#……………..(2) 

Where, ����= phenotypic correlation coefficient between character x and y 

covpxy= phenotypic covariance between character x and y 

σ+px= phenotypic variance for character x 

σ+��= phenotypic variance for character y 

2.4.2 Genotypic Correlation Coefficient Analysis 

genotypic (rg) correlations between two traits were estimated using the formula (3) suggested by Johnson et al. 

(1955) 

         �,�� = -./01#
�2 01	.� 0#……………….(3) 

Where, �,��= genotypic correlation coefficient between character x and y 

345,��= genotypic covariance between character x and y 

σ+,�= genotypic variance for character x 

σ+,�= genotypic variance for character y 

The coefficient of correlation at phenotypic level  was tested for significance by comparing the values of 

correlation coefficient with tabulated r value at g-2 degree of freedom, where ‘g’ is number of genotypes. However, 

the coefficient of correlations at genotypic level was tested for the significance using the formula (4) described by 

Robertson (1959).. 

                t = 7801#9
:;801#……………(4) 

The calculated ‘t’ value was compared with the tabulated’’ value at g-2 degree of freedom at 5% level of 

significance. Where, g= number of genotypes, �,��=genotypic correlation coefficient and <=�,��=standard 

error of genotypic correlation coefficient between character x and y which will be calculated as formula (5): 

>?@ABC =	D 7EFG 9 
+H 1	.		H I…………..(5) 

Where: >?@ABC=standard error of genotypic correlation coefficient between character x and y, J+� =Heritability 

value of character x and 

J+# =heritability value of character y.  

2.4.3. Path Analysis 

In genotypic and phenotypic correlations, path coefficient analysis which refers to the assessment of direct and 

indirect effects of the seed yield attributing characters (independent character) on seed yield (dependent character) 

would calculated the method used by Dewey and Lu (1959) as follows formula(6): 

�KL = �KL + 	Σ�KO�OL………….(6) 

Where, �KL  = mutual association between the independent character (i) and dependent character (j) as 

measured by the genotypic and phenotypic correlation coefficients. �KL  = direct effects of the independent 

character (i) on the dependent variable (j) as measured by the genotypic path coefficients, and Σ�KO�OL  = 

Summation of components of indirect effects of a given independent character (i) on a given dependent character 

(j) via all other independent characters (k). 

The residual effect, which shows how best the causal factors account for the variability of the dependent factor 

yield, will be computed using the formula(7); 
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1 = �+Q + 	Σ�KL�KL……………(7) 

Where, �+Q is the residual effect and Σ�KL�KL is the product of the direct effect of any variable and its correlation 

coefficient with yield. 

 

3. Results and Discussion 

3.1.Genotypic and Phenotypic Correlation Coefficients of Seed Yield with Other Characters 
The results of genotypic and phenotypic coefficients of correlations are presented in Table 1. plant height, number 

of capsules per plant, number of primary branches per plant and number of seeds per capsule had positive and 

significant correlation coefficients with Seed yield at both genotypic and phenotypic levels and number of the 

secondary branch and thousand seed weight had positive and significant correlation coefficient with seed yield at 

the phenotype level. The observed positive and significant correlations of seed yield with that above trait except 

another trait that is a negative and nonsignificant correlation with seed yield suggested that the selection of 

genotypes for one trait does not affect the seed yield. Association between traits could be due to genotypic 

correlation, which is attributed to linkage between genes or pleiotropic gene effect, or due to environmental 

correlation, or both (Falconer and Mackey,1996).  

The analysis of indices allows the direct effects of each trait on seed yield and also helps to be separate from 

indirect effects existing in mutual relations of different traits (Mokhtassi, et al.,2006) . In this study results:- plant 

height, number of capsules per plant, number of primary branches per plant, thousand seedweight and number of 

seeds per capsule had positive and significant correlations with seed yield. This could be an suggestion for the 

selection program of black cumin to focus primarily on plant height, number of primary branch and number of 

capsules per plant, if the intention is to go for high yield. Similar results were reported by Tewodros et al. (2018).  

 

3.2  Genotypic and Phenotypic Correlation Coefficients among Other Characters 
Day to first flowering showed a positive and significant phenotypic correlation with day to 50% flowering, day to 

maturity, plant height, the number of capsule and number of primary branches (Miheretu,2018). Day to first 

flowering showed a positive and significant genotypic correlation with day to 50% flowering, day to maturity, 

plant height number of primary branch, number of seed per capsule and the number of capsules and. it had negative 

and significant genotypic correlation with thousand seed weight (Tewodros et al. 2018). .  

Number of capsule per plant had a positive and significant phenotypic correlation with days to first flowering, 

day to maturity, seed yield, number of seed per capsule, number of primary and secondary branch and plant height. 

It showed positive genotypic correlation with seed yield, number of seed per capsule, number of primary and 

secondary branch and plant height (Preeti et al., 2019) . 

Plant height had a positive and significant phenotypic correlation with day to maturity the number of capsule, 

the number of primary and secondary branch and seed yield. It had a positive and significant genotypic correlation 

with number of primary branch, seed yield, number of capsule and thousand seed weight (Tewodros,2018 and 

Preeti et al.,2019). Generally, positive correlation of any pairs of traits of the present black cumin genotypes 

indicated the possibility of correlated response to selection. In contrary to this, the negative correlation prevents 

the simultaneous improvement of those traits along with each other.  

Table 1. Estimates of genotypic (above diagonal) and phenotypic (below diagonal) coefficients of correlations 

among 12 traits in black cumin genotype 
Variable Dff Dpf DnpM TSW SY PH NPB NSB NC NSpC OLR ESS 

Dff 1 0.90** 0.84** -0.28* 0.29 0.31* 0.33** 0.04 0.34** 0.35* 0.19 0.12 

Dpf 0.81** 1 0.94** 0.34* 0.33 0.04 0.30 -0.10 0.13 -0.15 0.03 0.21 

DnpM 0.78** 0.94** 1 0.19 0.29 0.39* 0.26 -0.11 0.37* -0.24 0.27 0.18 

TSW 0.10 0.06 -0.03 1 0.26* 0.37* 0.17 -0.07 0.11 0.05 0.43* 0.09 

SY -0.28* 0.24 0.16 0.58** 1 0.82** 0.58** 0.48* 0.70** 0.54* 0.27 0.19 

PH 0.24* 0.19 0.22* -0.20 0.65** 1 0.23* 0.25* 0.27* -0.15 -0.05 -0.01 

NPB 0.23* 0.33* -0.27* 0.15 0.38** 0.19* 1 0.37*- 0.51** 0.21* -0.07 -0.13 

NSB -0.05 0.02 -0.20* -0.29* 0.36** 0.14 0.32** 1 0.45** 0.22* -0.19 -0.06 

NC 0.33* 0.11 0.25* 0.12 0.43** 0.35* 0.37** 0.40** 1 0.42* -0.06 0.08 

NSpC 0.04 0.02 0.33* 0.13 0.49** -0.04 0.22* 0.28* 0.38** 1 0.34 0.07 

OLR 0.18 0.07 0.08 0.24 0.36* -0.23 -0.08 0.07 0.05 0.30* 1 0.03 

ESS 0.23 0.04 0.02 0.17 0.39 0.04 -0.06 -0.09 0.05 -0.11 0.19 1 

Dff= Days to first Flowering, DnpM= Days to 50% flowering, DnpM=Days to 90% maturity, TSW= Thousand 

seed weight,SY=SeedYield, PH=Plant Height, NPB=Number of Primary Branch, NSB= Number Secondary 

Branch, NC=Number of Capsule, NSpC=Number of Seed per Capsule, OLR=oleoresin, ESS=essential oil, * 

symbol show  Significant at P=0.05 and,** symbol show Significant at P=0.01 levels,  
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3.3. PathCoefficient Analysis 

3.3.1. Phenotypic Path Coefficient Analysis of Seed Yield with Other Traits 

Path coefficient analysis at the phenotypic level, seed yield (SY) was considered as a variable that is dependent on 

independent variables, which were considered as causes. The independent characters were thousand seed weight 

(0.35), plant height (0.45), number of primary branches (0.21), the number of secondary branches (0.10), number 

of capsule per plant (0.29), number of seeds per capsule (0.30) had direct positive effect on seed yield. (Table 2.) 

In phenotypic path coefficient analysis, number of seeds per capsule, number of capsule per plant, number of 

primary branches and the number of secondary branches had exerted positive direct effect on seed yield at 

phenotypic level (Gashaw, 2020). And also the number of capsule, number of seed per capsule was the most direct 

effect of traits on seed yield (Bardideh et.al., 2013). This show thus character that is direct effect important to 

improve seed yield for  future breeding program. 

Table 2.. Estimates of direct (bold diagonal) and indirect effect (off-diagonal) at phenotypic level for ten characters 

on grain yield in black cumin genotypes 

Variable Dff Dpf DnpM TGW PH NPB NSB NC NSpC OLE ESS Rp 

Dff 0.01 -0.19 0.04 0.02 -0.20 0.01 -0.01 0.02 -0.01 0.02 0.01 -0.28 

Dpf 0.03 -0.03 0.04 0.04 0.10 0.04 0.09 0.01 0.00 0.00 0.00 0.24 

DnpM 0.04 -0.04 -0.05 -0.01 0.02 0.15 0.09 0.04 0.03 0.01 0.01 0.16 

TGW 0.02 -0.01 -0.01 0.35 -0.01 0.02 0.20 0.02 -0.01 0.01 0.01 0.58 

PH -0.01 -0.05 0.01 0.08 0.45 0.09 0.01 -0.01 0.08 -0.09 0.09 0.65 

NPB 0.05 -0.08 0.09 0.03 0.01 0.21 -0.02 0.09 -0.01 0.03 -0.01 0.38 

NSB 0.02 0.09 0.10 -0.06 -0.06 0.05 0.10 0.01 0.03 0.05 0.03 0.36 

NC 0.10 -0.03 0.12 0.02 -0.05 0.01 -0.02 0.29 -0.04 0.01 0.02 0.43 

NSpC 0.06 -0.02 0.05 0.19 -0.09 0.01 -0.01 0.09 0.30 0.01 -0.10 0.49 

OLE 0.05 0.04 0.10 0.06 0.01 0.03 0.01 0.02 0.01 0.02 0.01 0.36 

ESS 0.02 -0.01 0.00 0.17 0.00 0.00 0.00 0.00 0.16 0.01 0.04 0.39 

Thousand seed weight, PH=Plant Height, NPB=Number of Primary Branch, NSB= Number Secondary Branch, 

NC=Number of Capsule, NSpC=Number of Seed per Capsule; residual effect=0.031 

3.3.2. Genotypic Path Coefficient Analysis of Seed Yield with Other Traits 

Path coefficient analysis at the genotypic level, seed yield (SY) was measured as a variable that is dependent on 

independent variables, which were considered as causes. The independent traits were plant height (0.41), number 

of capsule per plant (0.36), number of primary branches (0.29), number of seeds per capsule (0.20) had direct 

positive effect on seed yield (Table 3). Plant height followed by number of capsules, number of primary branch 

and number of seed per capsule exerted positive direct effect on seed yield. Bardideh et al. (2013) reported number 

of capsule per plant, number of seed per capsule was direct effect on grain yield.  

In genotypic path coffiecint analysis, number of capsules per plant, and number of primary branches showed 

positive direct effect on seed yield.  promising direct effects of these traits on black cumin seed yield indicate that 

other variables reserved constant and improvement of these traits will increase seed yield. therefore, these traits 

should be kept in attention in the future breeding program of black cumin Gashaw,2020). In general, , path 

coefficient analysis is important to analyze and determine the traits having greater and true interrelationship with 

seed yield through separating of the correlation coefficient into direct and indirect effects. As a result of this, traits 

that exerted positive direct effect and positive and significant correlation with seed yield needs much attention in 

selection program.. Therefore, it is suggested that preference should be given to these characters in the selection 

programmed to separate  good trait  for higher yield in black cumin genotypes 

Table 3..Evaluations of direct and indirect effect at a genotypic level for some characters on seed yield in black 

cumin genotypes. 

Variable Dff Dpf DnpM TSW PH NPB NSB NC NSpC OLE ESS Rg 

Dff -0.01 0.08 -0.01 -0.03 0.01 0.04 0.01 0.09 0.05 0.02 0.05 0.29 

Dpf 0.03 0.09 0.03 0.04 0.01 -0.05 0.03 0.02 0.03 0.09 0.01 0.33 

DnpM 0.06 0.01 0.08 0.03 -0.08 -0.05 0.02 0.06 0.08 0.03 0.05 0.29 

TSW -0.05 0.04 0.07 -0.01 0.09 0.01 -0.07 0.02 0.05 0.05 0.06 0.26 

PH -0.09 0.03 0.02 0.08 0.41 0.10 -0.03 0.10 0.03 0.09 0.08 0.82 

NPB 0.01 0.05 0.08 0.09 -0.02 0.29 0.04 0.08 -0.05 0.03 -0.01 0.58 

NSB 0.03 0.09 0.05 -0.04 -0.14 -0.08 0.15 0.31 -0.04 0.08 0.07 0.48 

NC -0.08 0.07 -0.08 0.01 0.23 -0.09 0.10 0.36 0.08 0.01 0.09 0.70 

NSpC -0.02 0.04 0.05 0.03 0.28 -0.15 0.04 0.05 0.20 0.01 0.01 0.54 

OLE 0.08 0.04 0.01 0.05 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.27 

ESS 0.01 0.02 0.06 0.05 -0.01 0.08 -0.01 0.01 0.03 0.05 0.10 0.39 

TSW = Thousand Seed WeightPH=Plant Height, NPB=Number of Primary Branch, NSB= Number Secondary 

Branch, NC=Number of Capsule, NSpC=Numbser of Seed per Capsule, residual effect=0.022 
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4. Conclusion 

In conclusion, Plant height, number of capsules per plant, number of primary branches per plant and number of 

seeds per capsule had positive and significant correlation coefficients with seed yield both at both genotypic and 

phenotypic levels and at the phenotype level number of secondary branch and thousand seed weight had positive 

and significant correlation coefficient with seed yield. So, from correlation studies to get information that are 

important for direction of selection. The results obtained from path analysis of showed that plant height, thousand 

seed weight, number of seeds per capsule, number of capsule and number of seed per capsule had positive direct 

effect on seed yield at phenotypic level. On the other hand plant height, number of primary branches, number of 

capsule per plant, number of seeds per capsule had direct positive effect on seed yield at genotypic level.  
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