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Figure 1. Interaction of drought stress, electromagnetic field intensity and time on proline and
malondialdehyde content
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Table 1 - Analysis of variance for the effects of electromagnetic field and drought stress on germination indices in rice seedlings.

(Mean square) olo o 2Sile

il sy s e il b amalS b S Gy SES G S O Ssb el ESTIEE
Slets e olil azys  WSUUIT I SOEIE T ey, oo T ol azady, azaile aalS azalS 4k aalS 4
SOV af Germination  Germination Radicle Leneth Coleoptile Seedling : c - C i ;
- Percentage Rate adicle Leng Length Length Radicle Dry Coleoptile Dry Seedling Dry  Seedling Length ~ Seedling Weight
Weight Weight Weight Vigor Index Vigor Index
ME) LM Olaes 3 83.009" 0.0592ns 145.686™ 174.315™ 622.150" 0.520™ 0.442" 1.805™ 8995893.545™ 19194.988™"
Magnetic Field
Time (T) ooy e 1 1.417m 0.0001 ™ 21.890" 1.773 0 11.202"s 0.024 s 0.060™ 0.008 ™ 37708.072 s 220.549 s
OD) o 2 2 1169.065" 0.2313" 2078.707"  2800.498™  9697.791" 0.362™ 4.762™ 7.193" 138151805.598" 115569.327*
Drought Stress
MF X T oljx o 3 4.281m 0.0018" 19.338" 12.417 s 56.561"" 0.048™ 0.028" 0.112* 674085.133" 1246.922*
MF x DT 55 x (ylase 6 16.145™ 0.0021* 15.169" 15.963 1 39.765™ 0.072** 0.048" 0.214* 665218.728" 1967.867*
TxDT _usx o 2 0.738m 0.0001 ™ 17.585" 0.164m 18.514 " *0.030 0.004 0.0221 172367.600 ™ 144.238 s
Siix Lo jx lae *
6 2.123m 0.0003 6.234 1.747 6.159m™ 0.010m™ 0.006™ 0.013m 53947.399 s 146.835"s
MF x T x DT
Error ilesl ol 48 2.066 0.0001 4.060 1.273 7.553 0.006 0.004 0.011 83947.910 137.905
CV (%) 1.8 s o po 1.552 3.505 3.736 3.390 3.151 6.840 3.641 3.574 3.544 4214

Ao 0 5 ) Jliol molaw jo s gae i)l gre poe Kibo ol 5 4y kg, 1S
ns, ** and * indicate, non-significant, significant at the 1% and 5%probability level respectively.
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Table 2 - Analysis of variance for the effects of electromagnetic field and drought stress on physiological traits in rice seedlings

(Mean square) Slss o (Sl

Sl glie eSS oo aedy)ls b d5,k5 J29,5 ggome alb Judg ks aall go pglle
S.0.vV df Proline Chlorophyll a Chlorophyll b Chlorophyll a+b Chlorophyll a/b  Malondialdehyde
ME) (gmrblide oo 3 0.395%* 0.395%* 1.231%* 3.012%% 1.528%* 69.966%*
Magnetic Field
@ glej 2o 1 0.001%* 0.001 ns 0.014* 0.022 ns 0.037 ns 1.656%*
Time
OT) o 2 2 0.673%* 0.673%* 0.508%* 2.342%% 0.225* 16.474%*
Drought Stress
Slagx o)
ORI O 3 0.011%* 0.011 ns 0.010%* 0.040%* 0.026 ns 32.126%*
MF x T
o5 x|
X o 6 0.021%* 0.021%* 0.028%* 0.081%* 0.043 ns 0.574%
MF x DT
SO ¢ LA
ot O 2 0.001* 0.001 ns 0.001 ns 0.003 ns 0.006 ns 0.117 ns
Tx DT
USx OLQ)‘XOL).:.Q
6 0.001* 0.001 ns 0.001 ns 0.002 ns 0.009 ns 0.565*
MF x T x DT
lesT oLz
i 48 0.006 0.006 0.002 0.010 0.051 0.192
Error
i 1.67 17.80 8.13 9.66 2541 5.83
CV (%)

aoy3 B g ) Gl Jloisl zohaw )0 o s (s lo cime pas Kby oS 5 4 argien, NS
ns, ** and * indicate, non-significant, significant at the 1% and 5%probability level respectively.
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Table 3. Mean comparison for the interaction effect of magnetic fields at drought stress on germination characteristics of rice

(9 K25 anouﬁ B s il ey TR Sl T b, S5 0 e S0y S0 ““’ ii‘ L‘:’L“’ = ‘::5’“’

Drought Stress Ol Germination Germination | 7Y Gk G @S (o) Sk el ol
g e o TR et Conuie | Sl gty ety Seton b UV G

0 99.00a  043b 66.00 a 4533 ab 11133 a 1.27 be 231b 3.58a 11021332 354.74a

Control 50 9843a  043b 6135b 4433b 105.68 b 131 be 240a 370a 1040121 364.57a

100 9835a 047 a 67.00a 46.15a 113.15a 124 ¢ 216 ¢ 3.40b 11129.08a  334.07b

150 9533 ¢ 035¢ 58.77 ¢ 42.00 ¢ 100.77 ¢ 1.10d 213 ¢ 323¢ 9605.53c  307.95c¢

0 95.00 ¢ 028f 5233 de 3167 F 84.00 £ 134b 1.84 ¢ 3.18 cd 798033 f 30181 cd

50 96.18bc  030¢ 54.00d 3345¢ 8745 ¢ 1.45a 1.95d 3.40b g4ll.lle  327.17b

N 100 9738ab  036¢ 5750 ¢ 3633d 93.83 d 1.28 be 1741 3.02¢ 9138.68d  293.72d

150 93.00d  021h 5150 ¢ 28.58 ¢ 80.08 g 0.98 ¢ 1671 265 f 7449029 24618 f

0 8200g  021h 4400 gh 2100 65.00j 0.89 ¢ 1.26 gh 2.14h 533000  175.80h

6 50 86.00f  022g 4450 g 2435h 68.85 i 134b 172§ 3.06 de 5923051  263.45¢

100 89.17 ¢ 0.32d 4830 2840 ¢ 76.70 h 1124 128 ¢ 240 ¢ 6341.12h  213.63 g

150 81.53 ¢ 0.18 4187h 17.82 59.68 k 0.79 £ 118 1.97i 487511k 161274

e 10 Jlazl b 5 s siee Soles Silis alicn o g >
The different letters indicate significant differences at 5% probability level.
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Table 4. Mean Comparison the interaction effect of magnetic fields and drought stress on physiological traits in rice seedlings

B sas s O el ol . AT Epome 15 VOIS 05 o8 i Sl ol
Drought Stress Ot =blia (5 0js 5 2 oo a/b Jeds s Gowes nes  Gowes » (GRS o es
(bar) Magnetic Field ~ Malondialdehyde ~ Chlorophylla/b  Chlorophyll a+b  Chlorophyll b Chlorophyll a  Proline (wumol/ gFW-
Intensity (mT) (mmol/ gFW) (mg/ gFW) (mg/ gFW) (mg/ gFW1) 1)

0 4403 g 0.874 a 1.406 ¢ 0.751 c 0.655b 1.017e

Control 50 6473 e 0.864 a 1.534b 0.824 b 0.710 b 1.138 ¢

100 8.945 ¢ 0.815a 1.800 a 0.993 a 0.807 a 1.513 ¢

150 6.652 ¢ 1.428 a 0.565h 0.233 h 0.332 fg 1.165¢

0 5370 f 0.775 a 1.095d 0.619¢ 0.477 cd 3.897d

3 50 7.280d 0.714 a 1.170d 0.683 d 0.486 cd 4.628 ¢

100 10.480 b 0.679 a 1.332¢ 0.794 be 0.538 ¢ 7.403 b

150 7.415d 1.342 a 0.456 h 0.194 h 0.262 fg 5207 c

0 6.483 ¢ 0.521 a 0.708 g 0.467 g 0242 ¢ 7.163 b

-6 50 7.777d 0.686 a 0.856 f 0.508 fg 0.348 ef 7.358 b

100 11.103 a 0.791 a 0976 ¢ 0.546 f 0.430 de 10.277 a

150 7.675d 1214 a 0.264 1 0.1191 0.145h 7.142b

el 10 ozl s 3 I e Sslis il alie i g

The different letters indicate significant differences at 5% probability level.
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Abstract

An experiment was conducted in 2024 as a factorial in a completely randomized design with the
variables of electromagnetic field intensity and duration under drought stress using polyethylene glycol
(PEG6000) on Hashemi variety rice seeds with the aim of investigating the effect of these variables on
germination and physiological traits at Islamic Azad University, Astara Branch. Rice seeds were treated
in a plastic bag under magnetic fields with intensities (0, 50, 100 and 150 mT), durations (30 and 60
minutes) and three levels of drought stress (0, -3 and -6 bar) using polyethylene glycol. The results of
variance analysis showed that magnetic field, drought stress and their interaction were significant for
most traits. Drought stress significantly increased proline and malondialdehyde content and decreased
chlorophyll a and b. The highest chlorophyll content, germination rate, radicle length, shoot length, and
seedling length were obtained at a field intensity of 100 mT and under no drought stress conditions.
Also, treatment with a field intensity of 100 mT for 60 minutes showed significant improvement in
germination percentage and rate, radicle length, shoot length, and seedling length compared to the
control. In contrast, treatment with a field intensity of 150 mT for 60 minutes and -6 bar drought stress
reduced all germination-related traits. The findings indicate the potential of using electromagnetic fields
to improve germination characteristics and some physiological traits of rice seeds under drought stress
conditions up to -6 bar.

Keywords: Drought Stress; Germination; Magnetopriming; Polyethylene Glycol (PEG6000);
Rice; Seedling vigor index
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