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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 Landscae 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. 2. 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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cailie) GiE Gl 5 o3 Oy (el p (Slazn Wi GlagesST s (i A5 iSes p (el anslie - Jgu
Table 1. Mean comparison of the interaction of drought stress and different crown vetch ecotypes on mean germination
time and average daily germination.

Wligy oM ke O Oley oSl
s Average daily germination Mean germination time
Ecyoktype (L) e s Drought stress (bar)
0 -2 -4 -6 -8 0 ) -4 -6 -8
El 6.9% 6.9% 6.6 4eh 37" 7.5tm 74 74 6.1o" 9.6°
E2 7.12 7.12 7.12 7.1 6.3 6 5450 7.48m 8.3¢ 8.4u
E3 7.1 6.6 6.3¢ 6% 2.3 6.4m 7.3t 8.1% 7.8k 8.3
E4 7.1 6.9% 6.9 6.6 5.7¢ 6.2 4.9" 8.5%h 7.6% 8.8%¢
ES 6.9% 7.1 7.1 7.1 1.7% 5.55 6.3 7.69k 8.6%T 9.1%
E6 6.9% 6.9% 6% 5.7¢ 2.3 5.2m 5.3%0 6.5" 7.21» 9.1%
E7 7.1 6.9% 6.9% 4.9f 3.1 6.8k 7.65™ 7.8%k 7.8%k 8.9%¢
ES8 6.9% 6.9% 6.9% 4.3¢ 2.9 5.8™ 75 7.641 8.3 8.7%f
E9 7.1 6.9% 6.3% 6% 2¥k or 6.1 8.8%¢ 8.4 9.1%
E10 7.1 6.9% 6% 4.9f 2.3 6.3™ 6.5" 8.3 8.5%¢ ga-c

35,105 50085 b lo cme <glas o po S ol oy ;o LSD (yg03T ool 3 catiinn ()l Bgy slls a8 SlapSilee o yo (6l

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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ONFS 8y p (i Sl mhan 3l LS (55 S e o 8 (82 polan (ke slaanslie 6,500 gl 3
Hlod b aolie )0 00,0 TV Jolae (tals cpl g 28l Grals oot copw oo )L VT B (Sis molaw (i3l b g cdls |,
(Ghaffari & Tadayon, 2018) 54 aali

ONFE ey pS g Ailie) GNFS S (Lhase Glie laceisSTy (i A GhiSen p (S0le anilile Y Jyor
Table 2. Mean comparison the interaction of drought stress and different crownvetch ecotypes on daily germination
speed, and germination rate coefficient.

S O35 S e P
s 5S) Daily germination speed Coefficient of velocity of Germination
Ecotype (L) Kas i Drought stress (bar)
0 -2 -4 -6 -8 0 -2 -4 -6 -8

El 0.151 0.151 0.16'  0.26°" 0.28°  0.13%r 0.158" 0.14"° 0.16% 0.1°
E2 0.151 0.151 0.151 0.15! 0.16'  0.17>¢  0.18*¢ 0.1479  0.12°° 0.12°°
E3 0.151 0.16! 0.16! 0.17! 0.45°  0.16°% 0.14 0.13™s (.13 0.12°°
E4 0.15 0.15! 0.15! 0.16'  0.18" 0.16% 0.2*  0.12°%  0.13%  0.11%
ES 0.15! 0.15! 0.15! 0.15! 0.6 0.18 0.16% 0.13%" 0.12° 0.1
E6 0.15! 0.15! 0.17"  0.18" 045  0.19® 0.19* 0.15% 0.147  0.11%
E7 0.151 0.151 0.15%  0.21g"  033¢  0.15%  0.13% 0.13* 0.13" 0.119°
ES8 0.151 0.151 0.15%  0.24% 036¢ 0.18 0.15"™ 0.13" 0.12™ 0.119°
E9 0.151 0.151 0.16! 0.17 0.52°> 0.17%F 0.17¢" 0.119°  0.12P5  0.117
E10 0.15' 0.15! 0.17"  0.21g"  045° 0.17¢" 0.164 0.12"  0.12°% 0.119°

0,05 K0S b jls e Sgles ao po o Jlexs ! mhans 10 LD (yg03T olasl s coiiinn (luSs Gg, glyls a5 la Sl cibo 1o 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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Table 3. Mean comparison of the interaction of drought stress and different crownvetch ecotypes on radicle length,
hypocotyl length and seedling length

55 Ecotype El E2 E3 E4 E5 E6 E7 E8 E9 E10
= 0 5.6 9¢ 6.4 864 7.8 o 5.91 7.9¢ 5.9 5.9i
3 3 %”A 2 58 10.6° 65" 89° 76/ 94>  5m 7.9 54k 54k
3 Yy Z;g | 4 559 86! 50 5.9 555 650 48" 5.8 450  45°
o = ‘fg 6 265 64" 22 521 47" 450 297 2w 38 2.5
& J& 8 16Y 350 12% 290 15v o 18 20w 18 12X
|50 09 114 09" 13 09" 1 1¢ 12 12° 1.14
353 %8 22 120 L1414 1 L1 09" 11¢ L1d 09
3 :}2 éﬁ) gl 4 o8 114w 114 120 10 07" 114 1° 0.8¢
- 2 -6 08 08 08 I 08 0.7 0.6 .14 o7 o7t
2] -8 I° 07" 0.5 09f 07" 0.6 0.5 06 0.5 0.6'
_ S| 0 797 108* 78" 108 854 10.1° 78"  102¢ 7.3 7.6
353 25 2| 2 81°¢ 1290 81et 115 88 113> 758 91d  7i 6.9
v b2l Fla 7 10.1° 69 754 71 glee  59m gs5dl g 5 mo
33 Z 6 360 797 35 M 64! 5.6 52k 350 45 3P
B -8 3 497 28  45° 3P 317 2.8 3P 2090 3P

2,05 FaSs bl e gles ao po o Jlexsl mhans ;0 LD (yge;T Golasl s cdiiien (el gy (gl)ls a5 la o Sile ciio p2 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. 3. 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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S eyl oo a5 b samlice b =Y Sl 0 Wigly ueST 4o izen (Khadraji ef al., 2022) sisles sgaze |, <ls2
oo 5 ol i 50 s el Al ey A8l s ad, SO o 5l BB GilgE e a8 bl rol38l vals Jles 4y Cod
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Ao, 3l Gt a8l o alS le Lol conds iy g a8l 0l alS Coge (54l pime jebay (Sis Gad ulidlas ol 1S

(Zhang et al., 2023) ool a8l 2alS G gl o po i )0 g oog

S tegll oy g azelS S (5 n Elazdy alise slecadsST s (Sis G GiSeny (5:Sike dglis -F Jouo
Table 4. Mean comparison of the interaction of drought stress and different crownvetch ecotypes on Seedling dry
weight and Allometric coefficient.

(p5) 4zl 10 i s S eIl po
551 15 Seedling dry weight (gr) Allometric coefficient
Eco type (L) S5 s Drought stress (bar)
0 -2 -4 -6 -8 0 -2 -4 -6 -8
El 0.059¢" 0.06¢"  0.052%  0.027°  0.022% 635k 592ke 7021 3.32¢ 1.63*
E2 0.08% 0.096*  0.075¢  0.0598"  0.036™  8.35% 9.022 7.98% 8.17¢¢  5.11ps
E3 0.058"h 0.068"  0.051%  0.026  0.021" 7.26f 6.03 5.72% 281V 2.45%
E4 0.08% 0.085°  0.056"  0.044'"  0.033°  6.76" 649  547°9  53]°T 329w
ES 0.0631% 0.0657  0.053%  0.044'  0.022¢  8.05% 7.76% 4.68 6k-m 2.19%
E6 0.075¢  0.084%  0.068"  0.041™ 0.023”7  9.19° 8.732 6.648" 6,561 3.4
E7 0.058"  0.056"  0.044' 0.039™  0.021"  6.02"™  5.67"° 7' 493" 3.68"
E8 0.076% 0.067  0.063% 0.026™  0.022¢  6.72&" 7.33¢f 538" 1.95v 3.57¢
E9 0.054  0.052% 0.05% 0.033°  0.021*  5.029*  5.019¢ 4.59" 5.54mr 368"

E10 0.056M  0.051%  0.038™  0.027°  0.022% 547"  6.13" 5.74% 3.65" 2.04*

35,105 K0S byl sime glas oy o Jleil mhans ,0 LSD (yg03T (uleol 3 cdiiias (el By, slylo a5 SlonKils o yo gl
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, [lam, 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 O 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 a 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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