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Table 1. Names and origins of Nigella Sativa L. genotypes studied in this research
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origin Genotype Genotypic code origin Genotype Genotypic code
Tajikistan 53 G53 Iran Freidun 1 Gl
Lebanon 55 G55 Iran Chaharmahal G2
Syria 59 G59 Iran Freidun 2 G3
Tunisia 61 G61 Iran Kerman G4
Algeria 64 G64 Iran Isfahan G5
Uzbekistan 68 G68 Iran Dehagan G6
Syria 72 G72 Iran Qazvin G7
Uzbekistan 73 G73 Iran 23750 G8
Georgia 75 G75 Iran 23768 G9
Kyrgyzstan 76 G76 Iran Mashhad G10
Yemen 78 G78 Iran Semirom G1l1
Unknown 81 G81 Ethiopia 45 G45
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Table 2. Analysis of variance related to the effects of salinity stress on seed germination and seedling characteristics of Nigella Sativa L. genotypes

P03y SS9 S 039 039 Sumwd Awy el s a3l

Olpdd glo 42,3 (Jidilex woys (Jidilenr Copw Goo (il Copw o Jgb azdBle Job  Job Cous ¥ 039
Sources @ol5T  Germination — Germination _j;aifg ¢yloj Siule dzady shoot Gazaly)  azady, il dapaly, adlh i, Sus Seb 39
of percentage rate - length . . . . . ;
variance df Mean germination rate  root asabl,  Tresh weight fresh weight dry weightdry weight . 450, o seedling seedling
germination coefficient length . root shoot root shoot L " Length vigor  weight
: Ratio of ratio of root to ; A
time index vigor index
root to shoot shoot dry
length weight
S WS
Salinity 3 62629.04™ 192.53" 259.90™ 0.0703™ 62319  344.16™ 103.52" 763.81™  1367.58™  3.41™ 6.48™ 2.45™ 85249.60™  20.62™
stress
w5 23 2854.25™ 11.01" 13.87™ 0.0053"  404.74™  34.45™ 0.405™ 592" 4954  0039" 0171 0088 1014.37"  0.580"
Genotype
XS 95
S 69 259.62** 0.42™ 1.01™ 0.0004™ 130.53"  4.97™ 0.576™ 2.07" 11.80™ 0.006™  0.039™ 0.049™ 172.74™ 0.054™
Genotype
x Stress
s
Error 288 24.09 0.11 0.28 0.00014 14.93 1.50 0.12 0.430 1.57 0.0016  0.0033 0.0035 20.88 0.0073
e
Ol yuss - 7.58 13.10 6.77 8.79 13.40 11.62 14.61 16.87 17.01 13.95 9.34 12.69 14.54 12.46
(cv9%0)

Ao oo Hlis [ 7Y ozl mhaw (o lo cxe ¥

™ Significant at %1 of probability level
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Table 3. Mean comparison of Salinity Stress on Seed and Seedling Germination Characteristics of Nigella Sativa L. Genotypes

Sl Cile (il we s (Fiailer Cas s Gde (il Cspw u s ok Jeb  Jsb e Fois Foiy SAS 0ig S 0y oy e A el an el
s Germination = Germination  sailes lo;  Jjailsr  azady, 4zaile  adzaly, 4zady, 4zaile  azady,  azaile apady, Sis Job 39
percentage rate L . . . .
(;Y 90 o) Mean germination shoot root 4z 4Bl fresh fresh  dry weight dry weight ., 4sL., & seedling seedling
germination rate coefficient length length Rétio of weight  weight root shoot ratio. of root to Length  weight vigor
time root shoot vigor index index
root to shoot shoot dry
length weight
0 87.70 a 397a 6.37d 0.161a 61.83a 16.17a 38la 6.74a 1080a 0510a 0.859 a 0.692 a 68.77 a 1.10a
50 81.58 b 3.48b 6.77c 0.151b 3530b 14.75b 2.39b 5.79b 9.18 b 0.38 b 0.747b 0.456 b 41.33b 1.02b
100 5791c 2.02¢c 8.14b 0.125¢ 13.50¢ 7.84c 182¢ 211c 7.43c 0.184c 0.624 c 0.316¢ 12.86¢ 0.499 ¢
150 31.58d 0.862d 10.02 a 0.101d 4.72d 3.40d 1.44d 0.89d 2.10d 0.095d 0.261d 0.408 d 2.68d 0.124d
LSD 1.39 0.096 0.150 0.0034 1.098 0.348 0.098 0.186 0.35 0.0117 0.0165 0.0169 1.29 0.0244

Al go o yd O Jlis! mhaw 0 LSD fyge;l lal 51 jls e glas 0Blé ativwe S piie By G Jlas gl a5 e Sk (gt o 0
The means with at least one common letter using LSD test at the 5% probability level are not significantly different in each column.
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Table 4. Mean comparison of genotypes on seed and seedling germination characteristics of Nigella sativa L. genotypes under salinity stress conditions

g SNl wey Gidiler e e (ke Cepwceps azady) Job azaile Job JsbCamd 5 5 oo S (e ShS (1) S (1)9 G Ay (Sl (939 4 aS Lo

Genotype ~ Germination ~ Germination  ;ailgs 4l Sl shoot root & dx iy, Az, az il azadu, azaily @ azady, Ssb s_eedlir!g
percentage rate Mean rmination length length < . . . . weight vigor
ean ge L azadls fresh  fresh weight dry weight dry weight usdiln seedling index
germination rate coefficient Ratioof  weightroot  shoot root shoot T Length vigor
time root to shoot ratio of root to index
length shoot dry weight
Gl 47.75j 1.56 m 9.12a 0.113m 23.72 jkI  8.83 ghi 2.26 efg 3.61g-l 6.52i-m  0.251ghi  0.548 jkI 0.501 bcd 21.54 Imn 0.489 ki
G2 86.75a 4.07b 6.54 k 0.163 b 3359bc 1221 ab 2.40 b-f 5.0la 10.64 a 0.384 b 0.793 ab 0.486 de 4351a 176 a
G3 815hb 3.37¢ 6.96 ij 0.146 de 32.03cf 11.86ab 2.37c-g 452bcd 8.89cd 0.334c 0.741cd 0.439 gh 39.65cd 0.93b
G4 55.75h 2.18 hi 7.85 ef 0.131ghi 33.08bcd 12.60 a 2.24 efg 434b-e 896 bc 0.328 cd 0.753 bc 0.441 fgh 33.32fg 0.7 fg
G5 88.25a 3.90b 6.69 kj 0.156 bc 34.1bc  11.51bcd 2.56 a-d 3.95e-h  8.07def 0.302def 0.641gh 0.449¢fg 43.79a 0.878 bc
G6 53 hi 2ijk 8.28d 0.125ij 21.88Im  8.75 ghi 2.31efg 3.81fi 5.80Imn 0.227 fg 0.585 ij 0.481 def 20.64 n 0.529 h-k

il ge 2o y0 O Jlist w5 LSD fyael ulul 51 jls e <glas 0Bl caiie S e By SO Jilas gl a5 le il (e o 00
The means with at least one common letter using LSD test at the 5% probability level are not significantly different in each column.
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Continued table 4- Mean comparison of Genotypes on Seed and Seedling Germination Characteristics of Nigella Sativa L. Genotypes

under Salinity Stress Conditions.

QI - - Sid e KA e 09 = ady sl
o L S o bt o, . < @ d>din S V31 y ol 09 09 . 'l 39 ds 2L
cae SNl wey (Jidilgr Cepn Sdiles o . dzdly; Job azadle Job T ) . ) . 4 azdls, Sob )
P A A EjrHres i Az din ax>a8lw Az din azadlw seedling
Germination  Germination Mean o shoot root ayes F : o * wil dli . .
Genotype i~otion  germination j fresh  fresh weight dry weight dry weight % seedling - weight vigor
percentage rate germination _ length length Ratio of res resh weig ry weig ry weig ) Length vigor o
time  rate coefficient root to shoot weight root  shoot root shoot  ratioofrootto -* q Index
length shoot dry weight ~ Index
G7 54.25h 1.91 jki 8.24d 0.123 i-I 26.24 ij 11.74 b 1.97 h 3.16 Im 4.62 op 0.291ef  0.502mno 0.533 hc 26.15] 0.504 jk
G8 76.75 ¢ 3.49¢c 6.61 jk 0.158 b 36.94a 11.77 abc 2.60 abc 3.45 - 7.59e-h 0.313cde  0.696 ef 0.435 gh 43.28 ab 0.866 ¢
G9 50 ij 1.69 Im 8.8ab 0.116 kI 22.11Im 8.26 hi 2.25 efg 3.52 h-l 5.77 mn 0.222i 045p 0.52 bed 20.70 mn 0.427 m
G10 5959 2.22hi 8.30d 0.124ijk  23.38klm  9.06 ghi 2.39 b-f 3679 7.30fi 0.254 gh 0.614 hi 0.414 ghi 23.82 j-m 0.586 h
G11 54 h 2.32¢gh 7.26 hi 0.142def  35.61ab 12.10ab 2.42 b-f 406efg  10.09a 0.296 ef  0.727 cde 0.394 ij 34.16 ef 0.646 g
G45 54 h 1.79 kim 8.92 ab 0.115Im 28.03ghi  9.10gh 2.68 a 478ab  6.43i-m 0.247 hi ~ 0.489 nop 0.542 b 26.95ij 0.514ijk
G53 66.5 ef 291d 7.12 hi 0.149 cd 32.31cde 11.22 cde 2.45 a-e 3.64g-k 7.61e-h 0.304 def 0.667 fg 0.437 gh 32.721g 0.691 fg
G55 4725 1.63m 8.98 ab 0.116kIm 27.26 hi 10.57 ef 2.20 fgh 322j-m  5.37no 0.276 fg 0.523Imn 0.495 cd 24.23 jki 0.471 klm
G59 64 f 2.62 ef 7.69 fg 0.138 fg 36.97a 11.88abc 2.63ab 4.33 b-e 9.79 ab 0.29 ef 0.668 fg 0.402 hij 40.25 bed 0.724 ef
G61 53 hi 1.93 jk 8.67 bc 0.12 j-m 25.76ijk 8.99 ghi 2.42 b-f 4.34b-e  6.02k-n 0.287 ef 0.565 jk 0.512 bed 24.78 jk 0.559 hij
G64 74.25¢ 2.48 g 8.39 cd 0.122jkl  2441jkI  9.06ghi  239b-f 463abc 6.99gj 0277fg  0.71de 0.371j 29.40hi  0.824cd
G68 69.75 de 2.72 de 7.73 fg 0.135fgh 30.33efg  10.78 def 2.36¢-g 3.48i-l 6.80h-k  0.307cde  0.541klm 0.537b 34.15 ef 0.6711fg
G72 90 a 453 a 5941 0.181a 29.60 fgh  12.07 abc 2.14 gh 4.14 def 10.50 a 0.329 cd 0.809 a 0.408 g-j 40.28 bc 1.07a
G73 77c 3.50c¢ 6.62 jk 0.158b 30.85def  11.66 bc 2.26 efg 43lcde 7.72¢fg 0.336 ¢ 0.621 hi 0.49 de 37.82 cd 0.822 cd
G75 55.75h 2.14 hij 8.21 de 0.127 hij 22.611Im 8.21i 2.28 efg 284 m 443p 0.189] 0.4630p 0.408 hij 22.94 k-n 0.431Im
G76 67.25 def 2.33¢gh 8.39 cd 0.123 -1 27.85 ghi 10.17f 2.43 b-f 2.80m 6.65 i-1 0.422a 0.583 ij 0.724 a 30.92 gh 0.799 de
G78 70.5d 2.75de 7.38 gh 0.14 ef 32.62cde 11.42b-e 2.44 a-f 438b-e 8.32cde 0.304def 0.698 ef 0.413 hi 37.1de 0.801d
G81 56 h 1.92 jki 9.06 a 0.116 Im 20.84m 9.12¢g 2.34d-g 3.21klm  6.18j-n 0.243 hi 0.572 jk 0.412 ghi 21.7k-n 0.569 hi

Db e 20,0 0 Jlisl mhaws 0 LSD fyael ulul 55 jls ime <glay 0Bl caiin S e By S JBlas gl a5 Llo Sk (gt 2 00
The means with at least one common letter using LSD test at the 5% probability level are not significantly different in each column
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Table 5. Results of principal component analysis of studied traits in Nigella sativa L. genotypes

under salinity stress
Traits oo Jgl adlge p9S adlgo pow adlgo ol adlge
Component1l  Component 2 Component 3 Component 4
Germination percentage _sjails> oo 0 0.302 -0.258 -0.251 0.179
Germination rate _s;ails> c o 0.316 -0.178 -0.251 0.173
Mean germination time jals> oylej o (Sl -0.301 -0.209 0.202 0.069
germination rate coefficient jaly> ce s oo 0.298 0.219 -0.208 -0.065
Shoot length a>ais, Job 0.235 -0.098 0.284 -0.542
Root length a>asls Jsbo 0.235 0.425 0.276 -0.117
g le 4 azaty, Jsb o 0.006 -0.627 0.048 0.542
ratio of root to shoot length
fresh weight root a>azs, 5 39 0.195 0.142 0.469 0.061
fresh weight shoot a>d4sl. 5 54 0.297 0.006 0.224 0.028
dry weight root a>ais, Sis 39 0.178 -0.231 0.487 0.323
dry weight shoot a>asl., ez 59 0.316 0.041 0.096 -0.014
Azl 4 azady) KB (g o 0,211 0.273 0.207 0.388
ratio of root to shoot dry weight
seedling Length vigor index axals Job 4 0.329 -0.168 -0.123 0.087
seedling weight vigor index a=alS 5j9 4 0.318 -0.215 -0.095 0.237
Eigen value o34 polis 8.07 171 1.45 1.01
(%) Variance oo a>g5 il lg 57.67 12.22 10.39 7.27
(%) Cumulative variance _rozs il ,ls 57.67 69.89 80.28 87.55
PCA - Biplot
.";].: ("!:'
§ R ""‘-'.L" —————————————— T 1:‘-::; ------ Eg o TTTTmmssmssssssseses
]
= 18 * 572
-1- - i : -
81 '
E;;r?ﬂ (57.7%) o0

P99 9 Jol radlgo wluly (559 bl o yo dildolow locadish] W L Hloged —) S
Figure 1. Biplot of rice genotypes under salinity conditions based on the first and second
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Table 6. Analysis of variance and mean (mean * standard error) of groups resulting from cluster
analysis under salinity stress

. Groups
Traits M.S.(B) M.S.(W) Groupl Group2 Group3
GP 1981.7** 100.7 34 +£4.37 61.67 £3.93 21.18 £ 1.67
GR 2.28** 0.08 0.97+£0.13 1.86+0.1 0.49 + 0.05
MGT 11.20** 0.37 9.26 +0.2 8.75+0.23 11.06 £0.19
CVG 0.001** 0.00004 0.109 + 0.002 0.115 +0.003 0.091 £ 0.002
RL 3.8* 0.85 5.09 £0.22 5.63+0.19 4.14+£0.35
SL 2.73** 0.43 3.75+£0.22 411+0.2 29+0.21
RL/SL 0.01 0.1 1.41 £0.06 1.42 +0.06 148 +0.14
RFW 0.32* 0.07 0.97 £0.04 1.23+0.15 0.75+0.11
SFW 5.81** 0.30 2.22+0.13 3.76+05 1.56 +0.18
RDW 0.002 0.0007 0.092 £ 0.006 0.129 £0.014 0.09+0.01
SDW 0.08** 0.003 0.297 £0.014 0.425 £ 0.019 0.184 +0.019
RDW/SDW 0.13** 0.01 0.313+£0.013 0.309 £ 0.045 0.522 £0.048
LVI 24.03** 0.71 2.98+0.35 5.96 +0.29 1.52+£0.18
SVI 0.94** 0.002 0.13+0.02 0.34 £0.02 0.06 £0.01

W00 S g gy Jleiol g 50 10 Sre i 49 "

***: significant at 0.05 and 0.01 of probability levels, respectively
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Table 7. Comparison between groups resulting from cluster analysis using multivariate tests
for 24 Nigella sativa L. genotypes based on germination-related traits under salinity stress

Test Df Statistic Value F
Pillai’s trace 2 181 6.15**
Wilks’s lamda 2 0.005 7.67**
Hotelling-Lawley trace 2 37.34 9.33**
Roy’s largest root 2 32.05 20.60**

e oo b 1) 7Y Jloso | zdaws jo 510 G *F
** Significant at %1 of probability level.

Cluster Dendrogram
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Figure 2. Cluster analysis for 24 Nigella sativa L. genotypes based on different traits under salt
stress conditions
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Abstract

In order to evaluate the response of germination components of Black Cumin (Nigella Sativa L.)
genotypes to salinity stress, a factorial experiment was conducted based on a completely randomized
design with four replications in the Plant Breeding Laboratory of Shahrekord University in 2023. The
experimental factors included five levels of sodium chloride salinity (0, 50, 100, 150, and 200 mM) and
24 genotypes. The measured traits included germination percentage, germination rate, germination rate
coefficient, mean germination time, root length, shoot length, Ratio of root to shoot length, root fresh
weight, shoot fresh weight, root dry weight, shoot dry weight, ratio of dry weight of root to shoot,
seedling Length vigor index and seedling weight vigor index. The results of Analysis of variance
(ANOVA) showed that the effect of genotype, salinity stress and their interaction were highly significant
difference for all studied traits (p<0.01). The results of principal components analysis (PCA) of the
genotypes showed that the first four component accounted for 87% of the total variation. The cluster
analysis using the wards method were able to classify lentil genotypes into two main groups. According
to the results of cluster analysis and biplot, the genotypes G3, G2 and G72 were superior in terms of
Length vigor index, seedling weight vigor index, shoot dry weight, germination percentage, germination
rate and germination rate coefficient. Therefore, they were included in the group of the most tolerant
genotypes. Genotypes G78, G11, G4, G59, G7 had average values in terms of the evaluated traits.
Therefore, these genotypes are in the group of semi-tolerant genotypes to salt stress. Therefore, this
group includes salt-sensitive genotypes such as G1, G9, G45, and G75.
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