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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.

alisy Ois (eSile On3E ooy Sl
s Average daily germination Mean germination time
£ C"‘O"typ e (L) e s Drought stress (bar)
0 -2 -4 -6 -8 0 -2 -4 -6 -8
El 6.9% 6.9% 6.6 49h 3.7" 7.5fm 7i 7i 6.1°¢ 9.62
E2 7.12 7.12 7.18 7.18 6.3% gay 5.45¢ 7.497 8.3¢ 8.47
E3 7.12 6.6 6.3% 6% 2.3 6.4m 7.3 8.1v 7.8¢K 8.3
E4 7.12 6.9% 6.9% 6.6 5.7¢ 6.2t 4.9¢ 8.5%" 7.6%7 8.8%¢
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 75 7.6% 8.3 8.7%f
E9 7.18 6.9% 6.3« g 2I Sl 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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&y o po (Aghighi Shahverdikandi et al., 2011) oS’ o o013 3850 l,ainl lp g in Ceo® YL F5 ez ol
ONFS K9, 50 FEIPS 5 Sy L Sl (25 4 pglie slapd) el byl Comen 50 (5SS S Sl (55
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45 oo 5o O Allisy G (cagh 0 (T J5u2) wis edaline (gl pre IS ally, (i Ly Sl )L -A
5 S 5 8B Cod (gl g Hebdr (W3S Sy pd 5 S8 1B e Sl Ho il (YL s se s
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O 8y p (i Sl mhans 310 (LIS (35 St e o 28 (SiS polan (:Slee sladuslie 6,500 haglh )
Slowt b aglie jo 0o, 0 TV Jolee jualS (pl g 2l tals a5 ce s o LT U (S molaw iolid8l L g cuils |
(Ghaffari & Tadayon, 2018) s4 sali
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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 O3 Ce Ol J Lo s o o2
55! Daily germination speed Coefficient of velocity of Germination
Ecotype (L) Sas 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*¢ 0.18% 0.1479 0.12°S 0.12°%
E3 0.15' 0.16' 0.16' 0.170  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* 0.3 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¢" 0.119s 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%

85,05 K0S b s e glss s po o Jleto ! mbans 10 LSD yg03T olaol p coitinn (laSs Ggym (glls a5 la o Silee o yo 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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e o osali S 5 i oy slaisS) 3l Lo 53 Gia sl 10) azsiler o (0505 5 gl iS5
30k A Sl 50 Gl YIA) azmal s Jsb (e 5 2l GadsST )0 )L =V led jo (el VY/A) azalS Jsb
by i (s y S 5 iSam g b i bl (T i) 8 sl S 5 sl (sbauss]
b A e 53 CIVY) S i e le 0 75eS 5 Wgles oS 5o )b =Y e )3 (VYIP) Jds iy (e ls 0 i 5 <85 118
5 by e ol 4 s (s b 5l sl e & e, 2Ty (F JS8) a asalie iz i s
G2l 55 O Al s il iy lulyd 5o @udlsisn 2l o8 Wlgi oo ol (nl e wl walys sgazme aty) wd) (Ko
Sl ool Lo b (6 550 (sl azaiy; Jsb b8l crge (i g (b8l e Bl5 (S po ol gaiBl ks
axads ) Job (S odg gl 5 el slacdlad Pusl g O Gds pals b i byl o (Abido & Zsombik, 2018)

Sl Gle o St aboz 1 25 Ll )0 aiboo (R 5 el Cusody azelS b a0 g 4l el azails
blg 5 &8ss lis )& 4 L (Gupta & Palma, 2021) wigd oo oLS sloasly o) wile g audl yiol38l G ]
CoS Db lge Cawdds azalS Jobo g i s sd oS 5l g Sl (ane Laulph 4 (23515 9 e 055 (6l azalS
LS rizmen 5 azalS 5 azalle wzas; Jsb 3)00 50 Giagk (nl i (BeYAZ, 2022) 3,5 oo 5l (Kb i b
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 as ol ools lis azigs Ay s (S S Sl cwyp mls cieeh o (et al, 2020; Ahmed et al., 2022
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@tz R 22l (LY 5= N0 ladeiln) A5 wad 5 bwgie golaw ;o . 28L 2alS (5l gne jsba jh i e Ls
Os Lalpd 5l e e oo VY a4 S5 5nSile jobay azpaliS Jobo (i3 Dol 0 5V 5o 5 0l salin azalS Jsb o
(S sl ool 0y T Jolye 5o (SISl Axgi g el 2 (S5 (i e Sl esiaolis ady el cnl gy (i
Sy 9 GRFS ) s Sl crge ool slacled alS s Of @i o P slxl LPEG 1 o306 of ity fals
(Bl S S &y Aty gty iy iy L g o ity 205 5 PEG Cile (3 L b azalS oy
PEG 0o s VY (25 5l s o 5 il 2alS s LB jsbay ay (a5l PEG oy cutid audle (i3 0 4S5 glaisSay
59ls d slacdlad o P g axals ol yials (w5 ole (mels 5l il Jlsla jialS cpl ol wais jialS oyl
Olyreas Wl oo iy aty (3Ll et o el 03g DT Cadgazms Ll s 5o el 0elats 5 Lo T gt i b e e
osn o (Maetal, 2024) oo 5 &l S il 4 aisS 9 o)l Jood 2bj)l 50 608 5 wles o ali 51 S
able Llaxis o azddly 5 axaly, Job p» catice b )...;b PEG L oo obx] S o5 Jlesl a5 oy ools L
YIVY 5D il jmals o, FYIVE e 4 PEG ws o cutn jlod jo azadle Job cwali jlood b aunlie ,0 a5 g 5bas .ol
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s 50 S g adsl o (slacusgazma d o) yidion Comalu 51 30 Wil go «Subls (6 5bn Dad azddy ) ;0 45 (ralS
Sy Zetd 53 5148 G PEG wo s Loz jless 5o 45 553 OYO/F L il ay (asls il Lo o il assly s Jisb s
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D 03aS Ll 55 iy aolsl 0, ol 20l STy 5 ol Lo aalS slopladl Jsb (il 5 (0035 009 281 b o
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0% a AV -l azady; Jsb g e il JOF & aalis Lyl s o e cile Y/AA 5l azails Jsb a5 (o ysb 4 sl sids SLoll
(Moradian et al., 2024) ce.l a3 jialS (JSKwbKo -Y) (g 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" 867 710 o 590 79° 59 59
35 2| -2 58 106 65 89 76 94 5" 79 54k 54
J bef g4 559 86 56 59 550 65 48" 58 45 45
N S| -6 26 64" 220 52 47 45 29 21" 38 25
® | 8] -8 16 35 12 29 15% 18 21" 18 1.2

4 s | £]/0 09 11 09 1 08 1 I* 12 12 11
DA, ‘gg 2|2 r 12¢ 110 14 10 114 09" 110 11¢ 09
2 4 28 5|4 08 110 1 110 12¢ 1 07" 11¢  1° 0.8°
i -6 08 08 08 1° o8 o7 06 119 o7 07
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:)3» 3 E’E -2 81%9 129 819 115 88% 113> 759 91d 70 6.9/
v TS 4 70 10.1° 6.9 759 7.1M  g1e9 59m g5t 68K 5.1m°
2" 3 & % -6 3.6° 7.97  35P 6k 64! 56 5.2k  35P 4.5° 3.6°

- -8 3 4.9  2.8P 4.5° 3P 3.1° 2.8° 3P 2.9P 3P
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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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Ao, 3l Gt a8l o alS e Lol conds aly ) g a8l wl ) alS Coge (g4l pime jebay (Sas cald ulidlas ol 1S
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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 9 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™  5.92kc 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" 0.063% 0.026P¢ 0.022%"  6.729" 7.33¢F 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 ,50080 b o gine glis o yo S Lol geans ;3 LSD (yg03T ool coitiand (laSy By > (slls a5 pla 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.
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