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Background and Objectives: In recent years, the increasing demand for
seeds and oil of black cumin has made it the best alternative product for
farmers with small plots in producing countries. Despite the existence of
high diversity of indigenous populations of black cumin in the country and
conducting various research activities, no success has been achieved in
breeding attempts and introduction of breeding genotypes. This research
was conducted with the aim of evaluating the seed yield, morphological
characteristics and essential oil percentage of some black cumin ecotypes
of the National Plant Gene Bank of Iran.

Materials and Methods: In order to carry out this research, 23 indigenous
ecotypes of black cumin (Nigella sativa L.) were obtained from the
National Plant Gene Bank of Iran located in the Seed and Plant
Improvement Institute of Karaj were prepared and evaluated in complete
random block design in three replications in the crop season 1401-1400,
based on morphological traits, yield and yield components, percentage of
essential oil and seed oil.

Results: The results of analysis of variance indicated the existence of
statistically significant differences between black cumin ecotypes based on
the traits studied, which indicates high genetic diversity among ecotypes.
The average seed yield was 1288.03 kg/ha and ecotypes TN-82-653 and
IPK-70 had the lowest and highest seed yield with 946.00 kg/ha and
2047.00 kg/ha, respectively. Seed yield had the highest significant and
positive correlation with follicle length, number of follicles per plant and
number of seeds per follicle. In factors analysis, five factors explained a
total of 86.63% of the variation among the data. The first two factors were
named vegetative growth index and yield and yield components index of
black cumin, respectively. Based on the biplot diagram, ecotypes IPK-70,
TN-82-750 and TN-82-191 were identified as the ecotypes with the highest
seed yield. Based on the results of cluster analysis, black cumin ecotypes
were grouped into three different clusters. Ecotype IPK-70 had the highest
yield of essential oil (36.03 kg/ha) and seed oil (501.50 kg/ha). The highest
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percentage of seed essential oil obtained from ecotypes TN-748-82
(1.83%), TN-256-59 (1.75%), IPK-70 (1.75%) and TN-82-691 (1.57%).
The highest percentage of seed oil was obtained from ecotype TN-59-268
(29.19%).

Conclusion: Based on the results of factor analysis, cluster analysis and
traits correlation with yield and yield components, ecotypes TN-82-750,
TN-82-191 and TN-82-691 along with ecotype IPK-70 were identified as
ecotypes with high seed yield and essential oil content, which are
recommended for use in breeding programs.
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Table 1. List of black cumin ecotypes studied with geographical information of their origin.
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Table 2. Results of analysis of variance of morphological traits in the NPGBI’s black cumin ecotypes.
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Table 3. Comparison of mean morphological traits in black cumin ecotypes based on Duncan's test at the 5%
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Table 4. Results of analysis of variance of yield and yield components in the NPGBI’s black cumin ecotypes.
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Table 5. Comparison of mean yield and yield components of black cumin ecotypes based on Duncan's test at a
probability level of 5%.
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Table 6. Correlation coefficients of traits studied in black cumin ecotypes.
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Correlation coefficients are in thousandths and significant correlations are shown in bold
1: Number of days to 50% flowering; 2: Number of days to maturity; 3: Plant height; 4: Number of branches; 5: Length of
internode; 6: Length of flowering stem; 7: Length of longest branch; 8: Follicule Width of; 9: Follicule Length; 10: Number

of Follicules per plant; 11: Number of seeds per Follicule; 12: Thousand-seed weight; 13: Seed yield; 14: Biomass;
15: Harvest index; 16: Essential oil percentage; 17: Essential oil yield; 18: Oil percentage; 19: Oil yield
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Table 7. Eigenvalues and vectors of factor analysis of the traits studied in black cumin ecotypes.

Factor 5 Factor 4 Factor 3 Factor 2 Factor 1

e oo
1.19 1.93 2.18 5.17 8.59 Sl s
Eigen Values
Lol Ao
5.40 8.75 9.89 23.49 39.09 SR e
Percentage of variance
5 lsls Lo
86.63 81.23 72.48 62.58 39.09 ST oS e
Percentage of cumulative variance
Shle oL cles
Factor loading Traits

0.130 0.223 -0.164 0.185 0.746 Plant Height/as 5; L&,
0.039 -0.069 0.024 0.326 0.838 Number of sub-branch/ ¢ ;3 4L slass
-0.033 0.716 -0.470 -0.123 -0.307 Internode Length/s Sk J b
0.051 0.464 0.073 -0.140 0.823 Flowering Stem Length/elas § 45l J b
-0.349 0.738 0.223 -0.105 0.119 Length of Secondary Branch/ e 5 asls -y suly J5b
0.113 -0.030 0.793 0.071 0.425 Fulicol Width/d 358 2 ¢
0.140 0.144 -0.163 0.702 -0.285 Fulicol length/J ,$J 5 Jsb
0.260 -0.301 0.086 0.800 -0.091 Number of Fulicol per Plant/« 5 55 J 5 56 sliss
0.001 0.100 0.233 0.734 0.393 Number of Seed per Fulicol/d ;S 5 55 «ls sl
-0.180 -0.161 0.140 0.58 -0.833 Thousand Seed Weight/«ls 138 o5
0.126 -0.085 0.056 0.968 0.053 Seed Yield/«ls s Sles
0.255 -0.329 -0.276 0.629 0.403 Biological Yield/ G} 5 s > Sas
-0.185 0.333 0.521 0.289 -0.507 Harvest Index/c. il ; yastls
0.951 -0.113 -0.040 0.210 -0.003 Essential oil content/ Ll 4z ,s
0.864 -0.184 0.012 0.445 0.049 Essential oil Yield/ ilul 5 Sles
0.109 0.014 -0.833 0.327 0.171 Oil Content/ ¢ 5, A3
0.156 -0.053 -0.245 0.930 0.099 Oil Yield/ 2 5, 3 Sas

2 2 3 6 4 Ji r ol

Number of traits per factor
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Fig. 1. Biplot of the distribution of black cumin ecotypes studied based on the first two factors.
For information on the characteristics of each population, refer to Table 1.
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Table 8. Superior black cmuin ecotypes based on the main factors in factor analysis.

S sl Fr g Joe
Number of ecotype Superior ecotypes Factor
4 TN-82-749 (TN-82-750 .TN-82-750 (TN-82-751 (IN-59-255 1
5 IPK-70 (TN-82-191 IN-59-253 TN-59-254 TN-82-653 2
4 TN-59-249 TIN-59-268 TN-82-746 TN-82-747 3
3 TN-59-248 (IN-59-259 (TN-59-267 4
7 TN-82-691 TN-82-748 (TN-59-224 TN-59-252 IN-59-256 TN-59-258 TN-82-745 5
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Table 9. Results of cluster analysis of black cumin ecotypes based on Ward's method and Euclidean square distance.
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Table 10. Average values of groups resulting from cluster analysis based on traits studied in black cumin ecotypes.
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