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Abstract

Background and objectives: Nigella sativa L. is an important medicinal plant widely used
in the food and pharmaceutical industries. Considering the increasing demand for medicinal
plants worldwide and the need to produce cultivated and breeding varieties, it is necessary to
study the genetic resources. The gain from selection for a trait depends on the relative
importance of genetic factors in the occurrence of phenotypic differences among genotypes; in
other words, the success of breeding programs depends on the genetic variation and heritability
of traits. Therefore, this study investigated the genetic variation and inheritance of seed yield
and yield component traits in different black cumin genotypes and identified desirable
genotypes for use in breeding programs.
Methodology: This study investigated the genetic variation in 20 different black cumin
genotypes (lranian and foreign) regarding different agronomic traits as a randomized complete
block design with three replications at the research farm of Shahrekord University. The
genotypes were planted in the middle of March. Each genotype in every repetition was
cultivated in four rows, each 1.5 meters long. The distance between the rows of cultivation was
30 cm, with seeds planted 15 cm apart within the row at a depth of 1-2 cm. The traits studied
included seed yield, number of capsules per plant, number of seeds per capsule, thousand seed
weight, capsule diameter, number of branches per plant, and plant height. Based on the
expectation of mean square components, environmental, genetic, and phenotypic variance were
calculated, and then the genotypic and phenotypic coefficient of variation and broad-sense
heritability were estimated. Statistical analyses, including analysis of variance and comparison
of the mean traits between genotypes, were performed using the least significant difference
(LSD) test using SAS 9.0 software. Pearson correlation between traits and cluster analysis based
on Ward's method according to squared Euclidean distance using R 3.6.1 software. Also, to
ensure the correctness of grouping, multivariate tests and analysis of variance tests were
performed based on a completely random, unbalanced design.
Results: The analysis of variance showed a significant difference between the studied
genotypes for all the agronomic traits (p<0.01). The plant height in the studied genotypes varied
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from 22 cm (Nige7) to 58.4 cm (Nigel). The highest number of capsules per plant was observed
in the Nige 53 genotype, with 20.45 capsules, and the lowest number of capsules per plant was
observed in the Nige63 genotype, with 5.3 capsules. The number of branches per plant ranged
from 3.9-11.5 per plant. The yield ranged from 263.56 kg/ha (Nige3) to 1409.39 kg/ha (Nige78
genotype). The phenotypic coefficient of variation varied from 48.58% (seed performance) to
5.20 (capsule diameter), and the genotypic coefficient of variation varied from 48.29% (seed
performance) to 4.7 (capsule diameter). The highest genetic coefficient of variation (48.29%)
belonged to the grain yield trait. The estimated heritability for the assessed traits ranged from
73.81% for number of branches per plant to 98.8% for seed yield. Heritability was 91.91% for
the number of capsules per plant trait. According to the correlation coefficient results, seed yield
per plant showed a positive and significant correlation with the number of capsules per plant
(r=0.87**) and branches per plant (r=0.54*). In the cluster analysis, the studied genotypes were
divided into four different groups, and the results of the multivariate analyses indicated
appropriate grouping and significant differences in the amount of grain yield and vyield
components among the groups resulting from the cluster analysis.

Conclusion: The high genetic variation among the studied genotypes indicates the high
efficiency of this germplasm for improving grain yield and various traits and the high efficiency
of selection in black cumin. Genotypes Nige53, Nige78, and Nige60 had high grain yields
compared to other genotypes, which can be used to improve and increase grain yield in black
cumin.
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Table 1. Nigella sativa genotypes characteristics studied

No. Code Genotype Origin No. Code Genotype Origin
1 Nigel 23750 Ghazvin-Iran 11 Nige55 Nige55 Lebanon
2 Nige2 Nige2 Unknown 12 Nige59 Nige59 Syria
3 Nige3 23768 Ghazvin -Iran 13 Nige60 Nige60 Iraq
4 Niged Dehagan Isfahan-Iran 14 Nige61 Nige61 Tunisia
5 Nige5 Freidun Isfahan -Iran 15 Nige62 Nige62 Algeria
6 Nige6 Mashhad Mashhad-Iran 16 Nige63 Nige63 Algeria
7 Nige7 Qazvin Ghazvin -Iran 17 Nige68 Nige68 Uzbekistan
8 Nige8 Semirom Isfahan -Iran 18 Nige72 Nige72 Syria
9 Nige45 Nige45 Ethiopia 19 Nige76 Nige76 Kyrgyzstan
10 Nige53 Nige53 Tajikistan 20 Nige78 Nige78 Yemen
N O 5 L= " PRV S PR
Table 2. ANOVA of genotype effects on Nigella sativa traits
M.S.
Number Number of Number
SO.V. d.f. Plant of capsules Capsule of seeds  1000-seed Grain
height branches P diameter per weight yield
per plant
per plant capsule
Replication 2 0.63 4.85 5.15 0.042 44.4 0.008 2017.8
Genotype 19 280.21** 11.9** 50.48** 0.893** 327.03** 411+ 265751**
EXpi:'r’;‘f”ta' 38 3357 3.12 4.45 0.165 82.78 0.043 3186.6
C.V. (%) 14.96 29.19 22.82 3.88 12.79 8.79 9.21
**: significant at p<0.01.
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Table 3. Means comparison of genotype effects on Nigella sativa traits

Genotype Plant height (cm) br;\:wl::?ebs?;lg; t1 cagstr;:als)éprlgri t Capsu(lsncriri]?meter se? dusr.]ggggl?l];'l 1000-seed weight (g) Grain yield (kg.hal)
Nigel 58.42 + 7.85 9.9% +0.98 143>+ 1.21 10.93%9 +0.14 6259 +7.22 2,15+ 0.14 854.49+11.1
Nige2 3319 + 2,66 6% +0.23 7.857+0.23 10924+ 0.17 85.2% + 3.93 29" +0.35 41591 + 38.2
Nige3 43.4°7+0.81 4.69+0.35 5.57+0.64 9.927" +0.11 71.50¢+7.79 2.1+ 0.17 263.6k+ 1.8
Nige4 40,99+ 1.79 4.79+0.87 7.2¢%+0.23 9.99%h +0.01 66°° +2.31 2.3°9+0.01 411,797+ 33.1
Nige5 36.5%1+0.29 5.85% + 0.09 6.55%7 + 0.03 9.669" + 0.09 47.77+£0.52 2.35"7+0.03 314.9%+1.9
Nige6 25.4 +0.92 4.49+0.69 8.55%f+0.43 10.07%" £ 0.13 58.17+ 0.52 2.50¢+0.17 469.79" + 15.3
Nige7 22k +0.46 4.49+0.92 7.2¢7+0.1 10.34%F+0.17 68.1¢¢ £ 7.22 3.32+0.06 632.8° £ 29.7
Nige8 46,79 +0.87 8.3% +0.87 7.3%f+0.06 9.97%h +0.32 65.5¢ +0.29 1.95"+0.14 391.5 + 20
Nige45 38.3°9 £ 3.06 5.6%4+0.01 7.55%f+1.01 11.182+0.42 7120 +7.74 2.4+0.12 504.7% + 10.6
Nige53 45.2%¢ +3.35 1152+ 3.41 20.45% + 3.67 10.27%9 + 0.07 73.8v9+7.74 2.25%0 +0.03 1046.1° £ 55.4
Nige55 45,50 +4.91 4.39+0.52 67+ 0.81 10.23%9 + 0.27 65.4%¢ £ 2.77 2.1+ 0.01 3681 +32.1
Nige59 37640 +3.12 6.1 +0.29 9.5¢¢+ 0.4 11.12% +0.29 78.78¢+2.14 2.5%¢+0.01 922.6% + 16.1
Nige60 50.1% + 5.25 6.4% +0.46 11.2%+0.92 11.07%¢ £ 0.07 779+ 751 1.95"+0.03 950.3°+38.8
Nige61 28.1k + 1,56 4.69+0.92 8.2¢7+2.31 10.36%f + 0.08 68.4°¢+ 4.5 3.22+0.01 441,791+ 47.3
Nige62 27.557 + 0.49 3.99+0.06 6.1+ 1.1 10.4¢F+0.17 57557+ 4901 2.65° +0.03 380.7M +2.9
Nige63 33.9f +2.37 4.49+0.58 5.37£0.4 11.192 £ 0.56 90.6% + 4.97 2,17+ 0.06 457.891+ 75.8
Nige68 475 +5.72 7.8 +0.69 9.9% +0.64 10.87%¢ £ 0.1 78.5%¢+4.33 2,15 +0.14 840.89+ 8.9
Nige72 27.4% + 1,96 5.5¢%¢ +0.29 8T+ 0.46 10.485f +0.32 78.92¢+2.71 2.55>¢ +0.09 573.1°+ 30.3
Nige76 49.5% +2.14 6.4 +15 9.7¢ +0.87 11.172+0.14 85% +2.42 2.2¢"+0.06 604.3° £ 38.1
Nige78 37.6%0+ 2,66 6.3%9+1.1 18.55% + 1.88 9.45"+0.15 72.4>¢ +7.97 2.6 +0.01 1409.42+ 154

In each column, means (£SE) with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 4. Descriptive statistics of traits in 20 Nigella sativa genotypes

Traits Mean Min Max VE VG VP GCV PCV  Hp? (%)
Plant height (cm) 38.73 22 58.4 1119 82.21 93.40 2341 2496 88.02
Number of branches.plant 6.05 3.9 115 1.04 2.93 3.97 2830 3294 73.81
Number of capsules.plantt 9.24 5.3 20.45 148 1534 16.83 4238 44.38 91.19
Capsule diameter (mm) 10.48 9.45 11.19 0.06 0.24 0.30 4.70 5.21 81.47
Number of seeds.capsule® 71.1 48.7 90.6 2759 8142 109.01 12.69 14.68 74.69
1000-seed weight (g) 2.37 1.95 3.3 0.01 0.12 0.14 1481 15.66 89.48
Grain yield (kg.ha) 612.7 263.56 1409.39 1062 87521 88584 48.29 48.58 98.80

VE, VG, and VP: environmental, genotypic, and phenotypic variances, respectively; GCV and PCV: genotypic and phenotypic coefficient of variation, respectively; H?:

broad sense heritability.
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Table 5. Pearson's correlation of traits in 20 Nigella sativa genotypes

Trait Plant Number of Number of Capsule Number of seeds 1000-seed
raits
height branches per plant  capsules per plant diameter per capsule weight
Plant height 1
Number of
0.64** 1
branches per plant
Number of
0.36 0.75** 1
capsules per plant
Capsule diameter 0.22 0.11 -0.1 1
Number of seeds
0.12 0.08 0.1 0.63** 1
per capsule
1000-seed weight ~ -0.71** -0.37 -0.03 -0.22 -0.25 1
Grain yield 0.29 0.54* 0.87** 0.07 0.27 0.05
*and **: significant at p<0.05 and p<0.01, respectively.
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Figure 1. Cluster analysis of 20 Nigella sativa genotypes based on some yield traits
(Ward method and Euclidean distance)
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Table 6. ANOVA and means comparison of genotype effects on Nigella sativa traits for groups resulting from
cluster analysis

Mean
Treat M.S. (B) M.S. (W)
Groupl Group2 Group3 Group4
Plant height (cm) 917.24™ 68.74 39.66° 47.078 27.91° 44,122
Number of branches.plant! 41.81™ 4.09 6.02° 9.232 4.63° 5.47°
Number of capsules.plant* 269.66™ 5.88 8.62b 17.772 7.32b¢ 6.5¢
Capsule diameter (mm) 3.69™ 0.22 11.18 10.11° 10.16° 10.03°
Number of seeds.capsule™ 1419.26™ 92.68 80.642 69.57° 59.96¢ 67.1%¢
1000-seed weight (g) 1.34™ 0.09 2.23 2.33 2.8 2.11b
Grain yield (kg.hal) 1132709 31719 658.58P 1103.31#8 447.95°¢ 358.69¢

MS (B) and MS (W): between and within mean square, respectively; **: significant at p<0.01; In each row, means with common letters are in the
same statistical group at 5% probability level (LSD test); Group 1, 2, 3, and 4 : purple, blue, green, and red color groups, respectively.
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Table 7. Means comparison of groups resulting from cluster analysis using multivariate tests for 20 Nigella sativa

genotypes
Test Statistic Value F
Wilk’s lamda 0.0048 7.5
Roy’s largest root 8.04 13.78™
Pillai’s trace 2.45 7.63™
Lawley-Hotelling trace 16.01 6.6™

**: significant at p<0.01.
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