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Table 1. Analysis of variance of the effect of ethylene on germination indices of safflower seedlings under
salt stress
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T Sl Cepe (Siale we ) azals Jsb 5039 amalS S e
Sl mle - Mean jails> o . e e
SOV 931 Germination Germination V5T GQeedling  Seedling axalS  Seedling Dry
o df Rate percentage  Oermination [ ength fresh weight weight
Time

Ethylene (E) L5l 4 0.155™ 189.26" 0.68" 1.51™ 0.00517" 0.00009461™"
Salinity (S) ,s% 3 0.085™ 315.71™ 0.32" 4.80™ 0.002109ns 0.00010578™

E %S5 8% 9 sl blie i1 12 0.00546ns 11.63ns 0.0710" 0.43" 0.0007378ns 0.00000038ns

Error (E) Uas 40 0.00285 58.59 0.0288 0.0613 0.0009154 0.00000127
CV (%) (3w0,0) Olpis co o 6.41 8.76 13.61 12.40 22.83 5.66

Lol gl ) Jloil v 1o o Se g Ll Sae uf oS5 4 s @S
ns, **, * are non-significant and significant at the 0.01 and 0.05 probability levels, respectively.
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Table 2. Mean Comparison for the simple effect of ethylene on the physiological traits of safflower

oks! " @‘)'4519% oy Sl e (ﬁ)%) 709 ) (55 WLS Jwa 39
Gl p0 o) Germination Germination rate Seedling azals Seedling Dry weight
Ethylene (ppt) percentage fresh weight (g) (2)
0 8250 0.640 d 0.097 b 0.0167 ¢
0.5 83.708 b 0.825¢ 0.136a 0.0179d
1 90.75 a 0.892 ab 0.132a 0.0195¢
1.5 88.51 ab 0.873 b 0.143 a 0.0213 b
2 91.003 a 0931a 0.151a 0.0238 a

Sl )8 S ozl mhaw o Hls g glad saims li gt o 48 Dglate B>

A different letter in each column indicates a significant difference at the one percent probability level.
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Table 3. Mean Comparison for the simple effect of salinity on the physiological traits of safflower
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(p,5) 4zl 5 (59

(p5) 4zl S Sas (39

(Yo ko) (59 $ale> e
2 5‘&“ - Germination 6}). ? - Seedling fresh weight ~ Seedling Dry weight
Salinity (mM) Germination rate s
percentage (g) (g)
0 9123 a 0912a 0.146 a 0.0228 a
150 90.36 a 0.870 b 0.1347 ab 0.021b
300 86.40 ab 0.810¢c 0.131 ab 0.0189 ¢
450 81.180 b 0.738 d 0.117b 0.0166 d

Sl 2,8 S ozl mhaw o jls g glas saims LiS gt o 48 Dglate B>

A different letter in each column indicates a significant difference at the one percent probability level.
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Table 4. Comparison of the average interaction effect of salinity and ethylene on physiological traits of safflower

Siler e 5Kl

Grotile) azals Jsbo

Tre)eiL::lent (ézﬁi;ﬁzjl\)j; Mean Germination Seedling Length
Time(day) (cm)

0 1.28 cd 1.77 fg

<l s 150 1.38¢ 1.64 fgh
Hydro-timaring 300 1.78 b 1.46 gh
450 2.19a 1.22h

0 1.12¢cd 2.28 cde

J5a 5 <10 oLl 150 1.16 cd 1.99 ef
Ethylene 0.5 per thousand 300 1.24cd 1.72 fg
450 1.32¢cd 1.45 gh

0 1.075 cd 2.56 be

S e oLl 150 1.12cd 2.51 bed
Ethylenel per thousand 300 1.1005 cd 1.74 fg
450 1.18 cd 1.44 gh
0 1.0417d 2.76 b

JUERV N 150 1.079 cd 2.43 bede
Ethylene 1.5 per thousand 300 120 cd 1.45 gh
450 1.29 c¢d 1.41 gh

0 1.000d 4.0700 a

S 0 Y oLl 150 1.0417d 2.38 bede

Ethylene 2 per thousand 300 1.099 cd 2.080 def
450 1.17 cd 1.500 gh

Sl a8 S ozl mhaw jo jls g Sglas saims LiS gt o 48 Dglate B>

A different letter in each column indicates a significant difference at the one percent probability level.
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Table 5. Analysis of variance of the effect of ethylene on biochemical traits of safflower seedlings under salt stress
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Table 6. Comparison of the average simple effect of ethylene on biochemical traits of safflower

Ethylene (ppt) (5 ,» cwond) kil Catalase (Unis[mg pr]™! jlaust, K* (mg) sly
0 1.65b 27.64c
0.5 1.55 be 30.031 b
1 1.84a 30.80b
1.5 1.66 b 3345a
2 145¢ 3240a

Sl 0o 0 S Jlaisl rhas (o Hlo pme Solas oaims LI giw o 50 Dglate B>
A different letter in each column indicates a significant difference at the one percent probability level.
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Table 7. Comparison of the average simple effect of salinity on biochemical traits of safflower
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Sl 2,8 S ozl mhaw o jls g glas saims LiS gt o 48 Dglate B>
A different letter in each column indicates a significant difference at the one percent probability level.
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Table 8- Comparison of the average interaction effect of salinity and ethylene on biochemical traits of safflower
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Treatr;lent Salinity (Unis Superoxide dismutase m r} Na/K Malone de Aldeide
(mM) [mgpr]™)  (Unis[mg pr]™") £ (mgr) (n Mol/gr)
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A different letter in each column indicates a significant difference at the one percent probability level.
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Abstract

To investigate the effect of different ethylene levels on germination traits and antioxidant enzyme
activity of safflower under salt stress, a factorial experiment was conducted in a completely randomized
design with three replications at the Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili in 2023-2024. The treatments included four different salt levels (0, 150, 300, 450
mM from sodium chloride) and five different ethylene concentrations (0, 0.5, 1, 1.5, 2 per thousand,
ppt). The results showed that salt stress reduced the germination percentage, germination rate, and dry
weight of seedlings. However, treatments with different levels of ethylene, particularly at a
concentration of 2 ppt, moderated the effects of salt stress on these traits. Salt stress increased the
average germination duration, with the highest average duration (2.19 days) observed for treatments
with distilled water and 450 mM salt. The treatment with ethylene at 2 ppt, under non-salt stress,
increased seedling length, with the maximum seedling length (4.07 cm) recorded in this treatment. The
highest activity of catalase and superoxide dismutase enzymes, sodium content, sodium-to-potassium
ratio, and malondialdehyde levels were observed in treatments with distilled water and 450 mM salt.
The highest activity of the peroxidase enzyme (1.84 units mg"' of protein) was found in the ethylene
treatment at a concentration of 1 ppt, while the highest amount of potassium (33.45 mg kg™ dry weight)
was observed at an ethylene concentration of 1.5 ppt. The ethylene treatment enhanced germination
indices, growth indices, and biochemical traits of safflower seeds under salt stress, leading to increased
seedling growth.
Keywords: Catalase; Malondialdehyde; Potassium; Sodium; Superoxide dismutase
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