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ABSTRACT
Fanaei, H.R., Marefatzadeh-Khameneh, M., Kianei freez, M.R., Feazbakhsh, M.T. and Rafeei, M. 2025. Evaluation of
seed yield Stability in black cumin (Nigella sativa L.) ecotypes using non-parametric statistics. Iranian Journal of Crop
Sciences. 27(3): 304-323. (In Persian).

Introduction: Black cumin (Nigella sativa L.) is an annual medicinal plant of the Ranunculaceae family, native
to the Middle East and the Indian subcontinent, and is widely cultivated in Iran for its valuable oil, protein,
alkaloids, and essential oils with proven anti-inflammatory, antibacterial, anticancer, and antioxidant properties.
Genotype x environment (GXE) interaction is a major challenge in plant breeding because it complicates the
identification of high-yielding and yield-stable genotypes. Non-parametric stability methods are particularly useful
when data are not normally distributed or when outlier genotypes are present, since they are based on yield ranking
rather than distributional assumptions. While non-parametric statistics have been successfully applied in crops
such as maize, safflower, lentil, and wheat, few studies have evaluated black cumin germplasm from the National
Plant Gene Bank of Iran.

Materials and Methods: In this experiment, 36 black cumin (Nigella sativa L.) ecotypes were evaluated using
randomized complete block design with three replications across four research stations in Iran (Karaj, Mashhad,
Gorgan, and Lorestan) over two growing seasons (202223 and 2023-24). Combined analysis of variance was
performed to assess the ecotype X environment interaction (with environment defined as the combination of year
and location, i.e., eight environments). Non-parametric stability statistics were calculated including Huhn and
Nassar (S1, S@, §(3), S©), Thennarasu (NP, NP@, NP®), NP®), Fox (TOP and LOW), and Kang's rank mean
(KR). Spearman's rank correlation, principal component analysis, and cluster analysis were used to investigate
relationships among the statistics, and all analyses were performed using R 4.4.2 software.

Results: Combined analysis of variance revealed that the main effect of ecotype and ecotype x environment
interaction were significant at the 1% probability level, indicating significant genetic diversity and different
responses of ecotypes to environment. The sum of Zi" (56) and Zi® (48.32) values was less than the critical 2
value with 35 degrees of freedom, indicating no significant difference among ecotypes. Based on the different
non-parametric statistics, ecotypes 10 (TN-59-133), 17 (TN-59-225), and 20 (TN-59-252) were consistently
identified as the most high-yielding and yield-stable ecotypes. Mean seed yield had a positive and significant
correlation with the TOP statistic and a negative correlation with S®, S© NP® NP®, NP®, KR, and LOW
statistics. Positive and significant correlations were observed among the Huhn and Nassar and Thennarasu
statistics. Principal component analysis classified the non-parametric statistics into four distinct groups, explaining

82.4% of the total variance, with S®, NP, and NP® in one group and TOP, MID, and yield in another. Cluster
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analysis of the statistics revealed two main clusters and five sub-clusters, confirming that rank-based statistics
provide similar information. Cluster analysis of ecotypes placed the superior ecotypes 10 (TN-59-133), 17 (TN-
59-225), and 20 (TN-59-252) in one group. The highest seed yields were recorded for ecotypes 10 (TN-59-133,
1484 kg.ha!) and 17 (TN-59-225, 1461 kg.ha™"), which also exhibited high yield stability.

Conclusion: The results of the present experiment demonstrated that significant genetic diversity exists among
black cumin ecotypes, providing a suitable basis for selection and development of superior cultivars. Non-
parametric stability statistics effectively identified high-yielding and yield-stable ecotypes. Ecotypes 10 (TN-59-
133), 17 (TN-59-225), and 20 (TN-59-252) showed consistent high yield and yield stability. The significant
correlations between the statistics and the results of principal component and cluster analyses confirmed the
reliability of the selected ecotypes. Therefore, ecotypes 10 (TN-59-133) and 17 (TN-59-225) were identified as
high-yielding and yield-stable ecotypes for utilization in black cumin breeding programs and for release as suitable

cultivars for Karaj, Mashhad, Gorgan, and Khorramabad and regions with similar environmental conditions.

Key words: Black cumin, Cluster analysis, Correlation, Ecotype x environment interaction and Stability analysis
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Table 1. Characteristics of black cumin ecotypes used in the experiment

oyl %5 ol s
No. Code Source clice No. Code Source clide
1 TN-82-785  Zabol S 19 TN-59-249  Khorasan Olul =
2 TN-59-5 Sistan Ol 20 TN-59-252  Kurdistan Oliws S
3 TN-59-6 Sistan Ol 21 TN-59-253  Kurdistan Olews S
4 TN-82-788  Zabol b 22 TN-59-255  Kurdistan Olws S
5 TN-59-48 Yazd 3p 23 TN-82-258  Kurdistan Olws S
6 TN-59-50 Fars b 24 TN-59-261  Kurdistan Olews S
7 TN-59-79 Isfahan Olgao! 25 TN-82-501 Hamedan Oldkan
8 TN-59-117  Isfahan Olghol 26 TN-82-576  Isfahan Olgiol
9 TN-59-118  Kerman ol s 27 TN-82-676 -
10 TN-59-133  Khorasan R 28 TN-82-677 -
11 TN-59-134  Khorasan Olal = 29 TN-82-691 Zabol N
12 TN-59-152  Yazd 55 30 TN-82-745  Golestan R{tg
13 TN-59-187  Khorasan Olul = 31 TN-82-747  Golestan REcy
14 TN-82-191  Isfahan Olgao! 32 TN-82-748  Khorasan razavi Sy, Olul =
15 TN-59-223  Kurdistan Olws S 33 TN-82-750  Khorasan razavi Saos Olul &
16 TN-59-224  Kurdistan Olws S 34 TN-82-751  Khorasan razavi Saos Olul &
17 TN-59-225  Kurdistan Olws S 35 IPK-6 Uzbekistan R ey
18 TN-59-248  Hamedan Oldkes 36 IPK-12 Ethiopia o5

(VFr Y2 g VFe V-2 Y) JEL‘}T Sl Joee L;Lmlit.w.i! elal s Sledbl -Y J g
Table 2. Meteorological information of the experiment site (2022-2023 and 2023-2024)

Temperature (‘'C) L Precipitation (mm) S\
2022-2023 \F.Y-1F0 2023-2024  \Fi¥-IFeY 2022-2023  \F.¥-1Fe 2023-2024 1f.¥-1FeY
s g ES o) s g Mgty o) s g NSy Ol ) s dgta Mgy Ol )

Karaj Mashhad Gorgan Lorestan Karaj Mashhad Gorgan Lorestan Karaj Mashhad Gorgan Lorestan Karaj Mashhad Gorgan Lorestan
Nov. ot 15.0 10.8 23.2 15.3 15.0 14.0 25.7 15.3 9.6 0.1 45.1 71.1 25.6 4.0 49.8 45.8
Dec. BT 7.0 8.6 16.5 10.0 10.0 10.0 17.5 9.6 20.7 6.1 49.0 38.8 8.59 8.4 483 29.2
Jan. s> 4.0 0.2 14.5 5.9 8.0 7.2 17.5 7.9 16.4 12 44.2 55.2 53.8 19.6 43.8 43.0
Feb. e 0.0 6.2 13.2 5.5 6.0 5.4 15.2 7.4 13.8 5.3 62.0 92.7 65.4 375 75.0 99.6
Mar. Lasl o 16.0 15.0 14.5 11.8 12.0 10.9 13.8 8.7 105 20.4 52.0 65.8 58.4 30.2 43.9 67.8
Apr. pasp 210 18.8 18.9 12.9 20.0 15.8 20.9 14.1 32.1 19.3 25.2 123.9 41.8 41.0 19.4 94.6
May Cigusyl 27.0 22.6 25.5 18.1 24.0 19.3 26.1 18.3 11.2 0.0 54.0 21.6 68.8 91.0 66.3 108.0
Jun sl 33.0 28.4 319 24.9 31.0 26.9 329 26.4 41.2 17.5 19.2 3.6 26.7 18.5 9.5 0.4
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Table 3. Non-parametric stability parameters for yield and tests of non-parametric stability procedures (Z{" and Z;?) for 36 black cumin ecotypes

VB ol o el pzin 5 T llr (01l 815 o she 4 "

Llsokw G ST 4ls :)Q»r—

Black cumin ecotypes  Seed yield (kg.ha™') S,V z S® 7:® S S© NP NP® NP® NP® TOP MID LOW KR
1 1010m 7.1 4.16 36.3 3.25 31.7 4.75 7.8 1.84 1.13 0.89 944 2.7 5.5 42
2 1221di 7.1 422 353 3.34 14.4 2.05 5.2 0.27 0.40 0.41 100.0 5.5 2.7 23
3 1216ei 8.5 2.07 52.2 1.96 21.8 2.62 6.2 0.35 0.46 0.51 333 36.1 333 26
4 1289ch 93 1.22 61.4 1.36 20.9 2.58 7.2 0.44 0.41 045 944 2.7 5.5 19
5 1178gk 14.3 1.02 150 1.14 62.3 5.05 11.0 0.51 0.74 085 722 16.6 13.8 56
6 1273ch 12.5 0.05 110 0.002 393 3.23 8.3 0.41 0.53 0.64 333 55.5 13.8 45
7 1078klm 11.3 0.07 94.8 0.10 52.5 4.83 9.1 0.88 0.85 089 722 16.6 13.8 64
8 120511 12.5 0.04 106 0.001 425 3.82  10.6 0.43 0.68 0.71 91.6 11.1 11.1 44
9 1088jm 14.5 1.11 157 1.53 86.2 6.70 12.7 1.66 1.04 1.13 333 36.1 333 64

10 1484a 7.0 441 65.9 1.11 15.0 1.28 5.1 0.38 0.23 022 722 16.6 13.8 10
11 1250di 13.2 0.28 122.0 0.13 454 3.88 9.8 0.42 0.59 0.70 333 36.1 333 38
12 1259c¢i 11.9 0.0001 99.0 0.05 36.7 3.21 8.7 0.45 0.54 0.63 333 36.1 333 30
13 1226di 15.2 1.88 165.0 2.09 56.1 425 11.0 0.41 0.62 0.73 16.6 13.8 72.2 52
14 11931 8.9 1.66 554 1.75 24.6 3.17 7.8 0.46 0.57 0.56 333 36.1 333 37
15 1298cg 9.2 1.29 61.7 1.35 18.7 2.17 6.7 0.29 0.34 040 333 36.1 333 11
16 1259ci 10.7 0.28 78.8 0.53 27.9 2.96 8.7 0.33 0.47 0.54 722 16.6 13.8 22
17 1461ab 5.07 8.47 17.9 5.13 4.01 0.83 3.7 0.37 0.15 0.16 2.7 100.0 100,0 3

18 1228di 12.7 0.09 115.0 0.03 44.2 3.39 8.3 0.44 0.57 0.69 333 36.1 333 40
19 1256di 11.2 0.095 87.8 0.25 30.9 2.98 8.2 0.38 0.47 0.56 722 16.6 13.8 27
20 1339cd 6.3 5.69 28.3 4.02 8.37 1.48 5.0 0.25 0.24 0.26 16.6 13.8 72.2 6

21 1171hk 11.6 0.02 101.0 0.03 43.7 4.03 9.3 0.42 0.67 0.71 16.6 13.8 72.2 49
22 1313cf 8.5 2.07 52.5 1.94 16.5 2.18 6.6 0.43 0.36 038 333 36.1 333 13
23 1176hk 13.6 0.48 133.0 0.38 50.8 4.19 9.7 0.62 0.63 0.74 16.6 13.8 72.2 61
24 1239di 12.0 0.0004 102.0 0.02 37.7 3.56 9.0 0.37 0.54 0.63 333 36.1 333 31
25 1208ei 13.6 0.46 131.0 0.32 55.8 4.50 9.8 0.65 0.66 0.83 16.6 13.8 72.2 39
26 1326¢cde 15.8 2.64 188.0 4.03 58.4 4.13 10.6 0.40 0.52 0.70 722 16.6 13.8 29
27 1214ei 16.1 3.05 191.0 4.32 79.6 585 125 0.90 0.78 096 333 36.1 333 51
28 1256di 13.7 0.54 133.0 0.4 46.9 3.86 9.7 0.56 0.58 0.69 333 36.1 333 40
29 1176hk 8.9 1.66 57.7 1.59 26.0 3.35 8.3 0.50 0.57 0.57 722 16.6 13.8 36
30 1292ch 13.2 0.29 135.0 0.45 40.5 3.16 8.87 0.33 0.45 0.57 333 36.1 333 34
31 10611m 6.92 4.53 34.2 3.44 233 3.51 6.5 1.13 0.85 0.67 11.1 2.7 88.8 48
32 1372bc 12.1 0.004 106.0 0.002 315 3.06 12.0 0.52 0.54 0.51 16.6 13.8 72.2 24
33 1039Im 12.9 0.15 131.0 0.34 78.2 595 11.0 1.36 1.06 1.10 11.1 2.7 88.8 71
34 1140il 12.7 0.09 117.0 0.05 58.7 5.14 9.1 0.92 0.81 0.90 5.5 2.7 94.4 59
35 1174hk 9.6 1.006 63.3 1.26 26.2 3.03 7.7 0.42 0.54 0.56 5.5 2.7 94 .4 46
36 1234di 14.2 0.90 139.0 0.62 56.1 431 9.8 0.56 0.68 0.82 16.6 13.8 72.2 42
Mean 1228 11.2 97.6

»7:=56 >7®=48.32
VaS;V=8.50 VarSi®=2077.03 r17,=18.31 oum=49.80

Si@ Lty VarSi® Sih o ,LT Ly :VaSih s - Kk Mean ks 5, J_i,t.,, KR (.S 5o LT TOP sLOW ¢33, e, T NPi® s NP NPi@ ¢ NPiD (ol 5 5 olo sloe LT Si® 5 S Si@ i)

REPRT-PIEN KU S I B W

J&Ln deslte (o9 > .J gl HL\ L;lf X sum LZl(Z) Zi

bl 1 s Sl U 77122 ZiP) py3lan g geme BZIO) Zi ),m
SiV'Si? Si® and S;©: (Nassar and Huhn ,1987); NP;(), NP;® NP(3 andNPl @ (Thennarasu 1995); LOW and TOP: (Fox et al., 1990); KR: Rank mean Ketata; mean: Total mean; VarS;

X7
Varlance

of SiV; VarSi®: Variance of Si?; =Z): Sum values of Zi(; 221(2). Sum values of Zi®; y?z1,z2: y* Table; x%um: x> Table. Mean comparison letters are summarized based on the first and last letters.
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Table 4. Ranks of 36 black cumin ecotypes for non-parametric stability parameterrs

&lsoluw glacs S PR
Black cumin ecotypes  Seed yield (kg.ha)  Si  §@  §  §O© NP NP® NP{® NP©® TOP MID LOW KR

1 36 6 5 16 30 11 36 36 31 34 1 2 22

2 20 5 4 3 4 4 2 6 6 36 2 1 8

3 21 7 6 8 8 5 6 9 8 12 13 12 10

4 9 12 10 7 7 9 20 7 7 34 1 2 6

5 26 32 32 33 32 31 24 29 30 26 6 5 31

6 10 22 22 19 16 14 13 13 18 12 20 5 25

7 33 16 16 27 31 21 30 32 32 26 6 5 34

8 24 21 21 21 21 29 17 27 24 33 4 4 24

9 32 33 33 36 36 36 35 34 36 12 13 12 34
10 1 4 13 4 2 3 10 2 2 26 6 5 3
11 15 26 25 24 23 26 15 22 22 12 13 12 18
12 12 18 17 17 15 17 21 15 16 12 13 12 13
13 19 34 34 29 27 31 12 23 26 6 5 26 30
14 25 9 8 10 14 11 22 18 12 12 13 12 17
15 7 11 11 6 5 8 3 4 5 12 13 12 4
16 11 14 14 13 9 17 5 10 10 26 6 5 7
17 2 1 1 1 1 1 7 1 1 1 36 36 1
18 18 23 23 23 18 14 19 20 21 12 13 12 20
19 14 15 15 14 10 13 9 11 11 26 6 5 11
20 4 2 2 2 3 2 1 3 3 6 5 26 2
21 30 17 18 22 24 23 16 26 25 6 5 26 28
22 6 7 7 5 6 7 18 5 4 12 13 12 5
23 27 29 28 26 26 24 28 24 27 6 5 26 33
24 16 19 19 18 20 20 8 17 17 12 13 12 14
25 23 28 26 28 29 26 29 25 29 6 5 26 19
26 5 35 35 31 25 29 11 12 23 26 6 5 12
27 22 36 36 35 34 35 31 30 34 12 13 12 29
28 13 30 29 25 22 24 26 21 20 12 13 12 20
29 28 9 9 11 17 14 23 19 15 26 6 5 16
30 8 27 30 20 13 19 4 8 14 12 13 12 15
31 34 3 3 9 19 6 33 33 19 4 1 32 27
32 3 20 20 15 12 34 25 16 9 6 5 26 9
33 35 25 27 34 35 31 34 35 35 4 1 32 36
34 31 23 24 32 33 21 32 31 33 2 1 34 32
35 29 13 12 12 11 10 14 14 13 2 1 34 26
36 17 31 31 30 28 26 27 28 28 6 5 26 22

BLS" 45, 5 Ske (KR ¢ oS5 slao, T TOP sLOW 551,15 slao T NPi® s NPi® NPi® (NP (ool 5 5lai 0la (slao,beT i 5 SO Si@ i)
SiM Si® Si® and Si®: (Nassar and Huhn ,1987); NPi(), NPi®, NPi® and NP;®: (Thennarasu ,1995); LOW and TOP: (Fox et al., 1990); KR: Rank mean Ketata
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Fig. 1. Spearman rank correlation coefficients between seed yield of black cumin ecotypes and non-parametric

stability statistics (Si" $;? «S{® and S;®), Nassar and Huhn (NP1, NPI®, NPI® and NPI?), Thennarasu (MID,

LOW and TOP), Rank mean ketata (KR). The critical correlation values with degrees of freedom 12 are 0.71 and

0.56 for the 1% and 5% probability levels, respectively
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Fig. 2. Biplot (PC; vs.PC,) of non-parametric stability procedures.based on the rank correlation matrix with yield of 36

black cumin ecotypes in four locations (Karaj, Mashhad, Gorgan and Lorestan) during 2022-2023 and 2023-2024
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