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Evaluation of Drought Tolerance Potential at the Germination Stage in
Different Ecotypes of Crownvetch (Securigera varia L.), a Native Species with
Ornamental Value and Landscape Application
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Fig. 1. A: Flowering stage of crown vetch mixed with marguerite in a mixed bed in the landscape of the University of
Kurdistan, B: seed pod and C: seed (images were provided by the first and second authors).
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Fig. 2. Seed collection areas of 10 crown vetch ecotypes.
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Fig. v. Comparison of the mean interaction effect of drought stress and different crown vetch ecotypes on germination
percentage (A) and germination rate (B). Bars represent the mean + SE (n = 3).
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Table 1. Mean comparison of the interaction of drought stress and different crown vetch ecotypes on mean germination
time and average daily germination.
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E5 6.9% 7.1° 7.18 7.18 1.7 5.55¢ 6.3 7.6 8.6%f 9.1%
E6 6.9% 6.9% g 5.7¢ 2.3 5.2u 5.3%¢ 6.5 7.2 9.1%®
E7 7.18 6.9% 6.9% 4.9f 3.1 6.8 7.6 7.8%K 7.8%K 8.9%¢
E8 6.9% 6.9% 6.9% 4.39 2.9 5.8 7i 7.6% 8.3 8.75f
E9 7.18 6.9% 6.3« g 2I 6P 6.1 8.8%¢ 8.40 9.1%
E10 7.18 6.9% g 4.9f 2.3 6.3t 6.5 8.3v 8.5%¢ g&¢

For each trait, means followed by the same letter are not significantly different according to the LSD test at the 1%
probability level.
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Table 2. Mean comparison the interaction of drought stress and different crownvetch ecotypes on daily germination
speed, and germination rate coefficient.

Wb O35 Ce e e P
55! Daily germination speed Coefficient of velocity of Germination
Ecotype (L) Ses i Drought stress (bar)
0 -2 -4 -6 -8 0 -2 -4 -6 -8
El 0.15' 0.15' 0.16' 0.26°" 0.28° 0.13" 0.15%" 0.14" 0.16*"  0.1°
E2 0.15' 0.15' 0.15' 0.15' 0.16' 0.17*9 0.18%¢ 0.1479 0.12°s 0.12°%
E3 0.15' 0.16' 0.16' 0.17  0.45° 0.16°% 0.14" 0.13™ 0.13" 0.12°¢
E4 0.15' 0.15' 0.15' 0.16'  0.18" 0.16% 0.2  0.12* 0.13 0.11°
E5 0.15' 0.15' 0.15' 0.15' 0.6 0.18* 0.16%" 0.13" 0.12°s 0.11"
E6 0.15 0.15 0.17"  0.18"  0.45° 0.19® 0.19*¢ 015" 0.14" 0.11"
E7 0.15 0.15 0.15" 0219 0.33¢ 0157 0.3 013" 013" 0.119°
E8 0.15 0.15 0.15" 0.24% 0.36% 0.18** 0.15"™ 0.13"9 0.12"s 0.119°
E9 0.15' 0.15' 0.16' 0.170 052> 0.17*f 0.17¢" 0.11%s 0.12°s 0.11"
E10 0.15' 0.15' 0.17" 0219 0.45° 017" 0.16% 0.12"s 0.12°5 0.119%

35,05 K0S b s e glss s po o Jleto ! mbans ;0 LSD yg03T olaol p coiiinn (laSs Gg,m (glls a5 la o Silee o ,o sl
For each trait, means followed by the same letter are not significantly different according to the LSD test at the 1%
probability level
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ol ool Lo b (5 550 (sl azaiy; Jsb li8l crge (i g (b8l o Bol5 (S y )0 ol gaidl ks
axad ) Job (S odg gl 5 el Glacdlad Pusl g O Gds pals b i Lyl o (Abido & Zsombik, 2018)

Sl Gle o St aboz 1 25 Ll )0 aiboo (R 5 el Cussdy azelS b a0 g 4l el azails
blg g &8 saims lis (& 4 sl (Gupta & Palma, 2021) wisd oo oLS sloasly o) wile g audl yiol38l G ]
CoS Db lge Cawdds azalS Jobo g i sy oS 5l g Sl (ane Ll ph 4 (23ST5 9 e 055 (6l azalS
el rizmen 5 azalS 5 azalle azas; Jsb 3)00 50 Giagk (nl i (BeYAZ, 2022) 3,5 ooyl (i i 3l
YOusefi ) og Liwlyon (Sas s Lalpd o (ol)5 GlalS 5 (blalag) 0,5 GlalS plo 9,90 50 00l (2)155 @l b )5 4
warls a ol ools lis azigy Ay ausS n (Sis iid Sl cwyp mls cieeh o (et al, 2020; Ahmed et al., 2022
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Job 5,0 4t els dex jl lasls el [ -F leg jo Lol g a8 coniday o) Gials )L -Y asile 25 Seodle
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@tz R 22l (LY 5 N0 ladeniln) A5 wad 5 bwgte polaw ;o .28k AalS (5l e b jh i e Ls
Os Lulyd 5l eS e oo VY a4 Seop uile jobay azpalS Jobo (i3 Dol 0 5V 5o 5 0l osalin azalS Jsb o
(S sl ool 0y T Uy 5o (SISl Axgi g el 2 (S5 (i e Sl esipolis ady el cnl gy i
Sy 9 GRFS ) s Sl crge ool slacled el s Of @i 0 P slxl LPEG 1 230 of Jeily rals
(Bl S S &y Aty S gty iy a3l g o Jradlly 215 5 PEG Cile (3 L b azalS oy
PEG 0o, VY (25 5l s o 5 il 2alS s LB jsbay ay (asls PEG oy cotid audle (i3 45 4S5 glaisSay
o59le d slacdlad o P g axals ol ymalS (w5 olg jmels 5l il Jlsla jialS cpl ol sais jmalS oyl
Olyreas Wl oo iy aty (a3 Li s o el e3g DT Cadgazms Ll s 5o el 0elats 5 Lo T gty i b e e
osn o (Maetal, 2024) oo 5 &l S 18 4 aisS 9 ol Jeod obj)l 50 608 5 wlas o ali 5l S
able Llaxis o azadly 5 axaly, Job p catice b )...;b PEG L oo obx] S o5 Jlesl a5 ouls ools lis
YIVY 5D il juals o, FYIVE e 4 PEG vs o cutne jlod jo azadle Job cwali jlood b aunslie ,0 a5 g 5bas .ol
Ol Q) yio sl 90 4 FIAY 5l) 0,8 a4 o0 1) (o0 OUYYF) (g jauals jials azaiy ) Job a5 Jb> o (e Sl VNV 4
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D 03aS Ll 55 iy aolsl a8, ol 20l STy 5 ol Lo aaleS (slopladl Jsb (ol 5 (0035 009 231 b o
oo azalS g axdile wzady) Job az g BB el o 6558 5 gl (R caagh )0 (Beyaz, 2022) wil o
0% ay AV - 5l azady) Jsb g e il JOF & aalis Lyl s o e ile Y/AA 5l azails Jsb a5 (o ysb 4 sl sids SLoll
(Moradian et al., 2024) ce.l a3 jialS (Sl Ke -Y) (5,00 cdale - 5V o e sl
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Table 3. Mean comparison of the interaction of drought stress and different crownvetch ecotypes on radicle length,
hypocotyl length and seedling length

5| Ecotype El E2 E3 E4 E5 E6 E7 E8 E9  EI0

< 0 56 o 64" 86! 710 o 59 790 59 59
35 2| -2 58 1060 65 89 76 94 5" 79 54k 54
3 2§l o|4 559 86! 56 59 55 65" 48 58 45 45
ISNE - S| -6 26 64" 220 52 47" 45 29 21" 38 25
* | $| -8 16v 350 12X 290 15v 2 18 21" 18 1.2

4 s |20 09" 11 09 13 09 1 1° 12¢ 1.2° 119
3 4, 88 %2 v 12¢ 110 14 10 114 09" 110 11¢ 09
FAR 85 5|4 o8 11¢ 1 110 12¢ 1 07" 11¢ 1e 0.8°
- -6 08 08 08 1° 08 o7 06 118 07" 07"
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For each trait, means followed by the same letter are not significantly different according to the LSD test at the 1%
probability level
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Fig. . Comparison of the mean interaction effect of drought stress and different crown vetch ecotypes on seed vigor
index. Bars represent the mean + SE (n = 3).
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azads) Job ol taghy (B 0 0gbge Al ae (15 Lyl 0 (e n g 2lee slaplail ol Jolas b))
35,5 oo ol azaiy; 4 axdiles Job oo 5l o > 9 (Ebrahimi, 2013; Ebrahimi & Miri, 2016) a>adle 4
Ehazis i slacaisST ples 1o oo cpl aS ol lis Jol> gy zls (Khadraji et al., 2022; Zhang et al., 2023 )
O 5o lewsoST aled jo Jg abb cod cativn &g, Gl PEG lawgs ool Wl Sis sla,less 51 by cudsST 20
gy 4y Cand Bl 0 ey Comsla Jodody Jlozolas 45w ssalie o 2egll o GhalS ok ol b o L -A
plasl o, g 00,8 L Ol Ldo cud b il cga 1) ) o, &ls bl brasalS 15wl (6 jom!l Cudgame bl o o
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Table 4. Mean comparison of the interaction of drought stress and different crownvetch ecotypes on Seedling dry
weight and Allometric coefficient.

(#5) a4zl S V0 S 59 Sl po
s 15 Seedling dry weight (gr) Allometric coefficient
Eéotype (L) Ses s Drought stress (bar)
0 -2 -4 -6 -8 0 -2 -4 -6 -8
El 0.0599"  0.06%"  0.052 0.027° 0.0229  6.35™  5.92k° 7,02 3.32¢ 1.63¢
E2 0.08« 0.096®  0.075° 0.0599" 0.036™  8.35" 9.022 7.98% 8.17%  5.11ps
E3 0.058" 0.06%"  0.051 0.026P4  0.021 7.261 6.03"" 572 281w 245"
E4 0.08 0.085° 0.056™  0.044'" 0.033° 6.76"  6.49™  547°9  531°" 329w
E5 0.063" 0.065°  0.053%  0.044'" 0.022  8.05% 7.76% 4.68% gk-m 2.19%
E6 0.075°  0.084*  0.069" 0.041'™ 0.023*"  9.192 8.73%  6.649"  6.569" 3.4¢
E7 0.058"  0.056"  0.044' 0.039™ 0.021" 6.02'™ 567" 7% 4.93™ 3.68
E8 0.076%  0.067"7 0.063% 0.026P¢ 0.022%"  6.729" 7.33F 538" 1.95% 3.57¢
E9 0.054"«  0.052%  0.05% 0.033°  0.021" 5.02%'  5.01%* 459"  554m 3,68

E10 0.056™  0.051 0.038™ 0.027° 0.0229 5479  6.13" 5.74"° 3.65" 2.04¢*

05,105 ,55050 b o gine glis aojo S Lol geans H3 LSD (yg03T ool coitind laSy By > (slls a5 oo Sl o o (sl
For each trait, means followed by the same letter are not significantly different according to the LSD test at the 1%
probability level.
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Fig. 5. PCA biplot (PC1 and PC2) illustrating the distribution of crown vetch ecotypes and their association with seed
germination and seedling growth traits, under drought stress.
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Fig. 6. Dendrogram illustrating the interaction effects of drought stress and crown vetch ecotypes, created using
hierarchical clustering with Ward’s method. The clustering was based on key traits that exhibited the highest
loadings on the first principal component (PC1).
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To evaluate the effects of drought stress on seed germination and seedling growth traits in different ecotypes
of crown vetch (Securigera varia L.), a factorial experiment was conducted using a completely randomized
design with three replications. Ten native seed ecotypes were collected from Hamadan, Nahavand, Paveh,
Semnan, Sanandaj, Sarvabad, Saghez, Kermanshah, Ilam, and Marivan. Drought stress was imposed using
polyethylene glycol (PEG 6000) solutions at osmotic potentials of O (control), -2, —4, —6, and —8 bar. After
14 days, traits including germination percentage and rate, mean germination time, radicle and plumule
length, seedling dry weight, seed vigor index, and allometric coefficient were measured. Results indicated
that increasing drought intensity from 0 to —8 bar significantly reduced germination and seedling growth
indices. Germination percentage declined from 100% in some ecotypes to 37.67% in the Marivan ecotype
at —8 bar, while the Nahavand ecotype exhibited the highest germination rate (85.33%) at the same stress
level. The germination rate decreased from 5.29 under control conditions to 0.73 under severe stress in the
Marivan ecotype. The mean daily germination in the Nahavand ecotype decreased from 1.7 (control) to 0.63
(-8 bar), whereas the Sanandaj ecotype demonstrated the greatest reduction from 6.9 to 1.7. Mean
germination time increased with stress severity, reaching 6.9 days in the Hamadan ecotype at -8 bar
compared to 2.5 days under control conditions. Daily germination speed also decreased, reaching a
minimum of 0.15 under severe stress, while the germination rate coefficient in the Semnan ecotype increased
to @ maximum of 0.20 under mild stress (-2 bar). Radicle and plumule lengths, seedling dry weight, and
seed vigor index decreased across all ecotypes, with the allometric coefficient showing significant
reductions, particularly in the Sanandaj, Marivan, and Saghez ecotypes. Overall, drought stress negatively
affected physiological processes and water uptake efficiency, leading to diminished seed vigor and
uniformity. Based on hierarchical cluster analysis, Nahavand and Semnan ecotypes exhibited high
performance across most drought levels and were classified in the tolerant group, indicating their potential
for use in breeding programs and cultivation under water-limited conditions.

Keywords: Cluster analysis, Germination percentage, Germination rate, Growth indices, Seed vigor index.



