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Influence of magnetic field intensity and exposure time on germination
and physiological traits of rice (Oryza sativa) under cold stress
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Extended abstract

Introduction: Rice (Oryza sativa L.), one of the world's most crucial cereals, serves as a primary
nutritional source for over one-third of the global population. Compared to other grains, rice exhibits greater
sensitivity to low-temperature stress. Seed priming as a biotechnological tool is a simple, practical, cost-
effective, and eco-friendly approach to enhance plant stress tolerance and improve seed germination. This
study investigated the germination and physiological responses of rice seeds to varying intensities and
durations of electromagnetic field (EMF) exposure under cold stress conditions.

Materials and Methods: In 2024, a factorial experiment was conducted in a completely randomized
design at Islamic Azad University, Astara Branch. The experiment evaluated four levels of EMF intensity (0,
50, 100, and 150 mT), two exposure durations (30 and 60 minutes), and three cold stress levels (10, 15, and
25°C) on the Hashemi rice cultivar, with three replications. Rice seeds were treated in plastic bags under the
specified EMF conditions. For seedling establishment, healthy seedlings were transferred to plastic pots
containing sand. After 25 days, physiological traits were measured.

Results: Analysis of variance revealed significant effects of EMF intensity, duration, cold stress, and
their interactions on most traits. Cold stress significantly increased proline (1.02 pmol g™! FW) and
malondialdehyde (4.40 mmol g™! FW) while reducing chlorophyll @ and b. The highest germination
percentage (98.9%), radicle length (69.6 mm), chlorophyll a (0.807 mg g™ FW), and chlorophyll 4 (0.99 mg
g™' FW) were observed under 100 mT at 25°C. Additionally, the highest germination rate (0.560 day™'),
shoot length (58.63 mm), seedling length (130.8 mm), radicle dry weight (3.25 mg), shoot dry weight (2.21
mg), seedling dry weight (5.46 mg), length-based vigor index (13035.5), and weight-based vigor index
(543.5) were recorded at 100 mT, 25°C, and 30 minutes. While cold stress reduced germination and seedling
growth, EMF treatment up to 100 mT counteracted these effects across all temperature levels.

Conclusion: EMF treatment up to 100 mT significantly improved germination traits (e.g., percentage,
rate) and physiological parameters (e.g., chlorophyll content) in this rice cultivar. These findings highlight
the potential of EMF priming to enhance seed germination and stress resilience under cold conditions.
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Highlights:
1. The effect of the magnetic field was investigated on rice seed germination and physiological traits
under cold stress.
2. Seed priming with an intensity of 100 mT for 60 minutes under cold stress of 10°C increased proline
and malondialdehyde content.
3. Higher EMF intensities (up to 100 mT) significantly improved germination at 10°C.
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Table 1. Analysis of variance for the effects of intensity and duration of electromagnetic field and cold stress on germination
indices in rice seedlings.

(Mean square) &l o Siloo

@ Glzaes Gl Cep azany, bl Job el Jsb SeS gy SeS gy SaSyy Db el & oSle

Slpeis glie olii  Germination  Germination Radicle Coleoptile  Seedling axady, azaile azalS azalS o azalS 4
S.0.V. df percentage rate length length length Radicle  Coleoptile  Seedling Seedling Seedling
dry dry dry length vigor weight
weight weight weight index vigor
index
Lo s Ly
€S) 2 6370.06" 0.3817™ 5301.374™" 4639 1967.65"  14.99™ 6.014™ 39.96" 3145131867 5232427
Cold
Stress
Olase
(soabliie
MF) 3 61.93" 0.0226" 308.36™ 108" 684.512" 0.35™ 0.249™ 1.186" 7688469" 13255
Magnetic
Field
Oley e
I8) 1 21.23 ™ 0.0002™ 021" 2.78™ 1.473™ 0.09” 0.036 ™ 025" 316 ™ 2026
Time
X ulb\...a
oS 6 155.05™ 0.0113" 74.76° 60" 268.472" 0.19" 0.1917 0.74" 4150809 9312™
MEF x CS
woix e * * ok ok ok ok
L’T‘“ ;S) 2 28.46 ™ 0.0016 21.75™ 16™ 75.998 0.13 0.049 0.35 1045639 ™ 4082
X
X u‘_\m
ol 3 2427 0.0007 ™ 17.61™ 120 49.220 ™ 0.15™ 0.071™ 0.43" 457335 ™ 4401
MF x T
Olo o
X 6 11.60 ™ 0.0013" 11.72™ 27 68.384" 0.20™ 0.127™ 0.64™ 920307 6826.312™
MF x T x
CS
oL,.';.fh‘
byl 48 19.94 0.0005 23.65 8.92 21.035 0.006 0.014 0.027 329791 331
Error
T
W2 S a2 5.47 7.34 10.05 8.97 5.62 4.56 11.65 6.10 8.20 7.73
CV (%)
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Table 2. Analysis of variance for the effects of intensity and duration electromagnetic field and cold stress on
physiological traits in rice seedlings

e gl blji Oddan a5 b s, ks éﬁf’ls " 'H C?l/lb‘}%f 1 asall s oplle
S.0.V. i;f) Proline Chlorophyll @ Chlorophyll 5 ‘::fg y "ar;’lf’ y Malondialdehyde
(gsl)dugz o 2 267.34" 0.715" 0.573" 2.554" 0.218" 253117
0. ress
MF) blise o - - - - - -
(M) - L‘;‘T:" 3 33.811 0.408 1.295 3.164 1.524 78.715
agnetic rie
T) b o o . e N
¢ )TU.L"’ - 1 16.155 0.004™ 0.028 0.052 0.040™ 0.051™
me
25 x ol ok *x *x ok ok
T\”/[“; XUCZ“‘ 6 3.904 0.0265 0.041 0.113 0.0434™ 1.249
“o5% [A * < S
L’T““X és) 2 1.387 0.004™ 0.006™ 0.018™ 0.005™ 0.689™
Slegx ol * ok ok ok
“M’Fi;““ 3 8.513 0.015™ 0.019 0.0617 0.025™ 33.255
soix e ix ) o < . ok
K/[“; XUT’XQC“;‘ 6 1.493 0.002™ 0.003™ 0.010™ 0.009™ 1.788
SISNIRY
"‘*E) ’ 48 0.390 0.006 0.003 0.011 0.052 0.374
ITor
Aoy Dlyudd gy
oV (%) 11.803 17.011 9.177 10.084 23.502 8.129
0
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ns, ** and * indicate, non-significant, significant at the 1% and 5%probability level respectively.
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Table 3. Mean Comparison the interaction effect of magnetic fields and cold stress on traits in rice seedlings

Lo 25 olase Sad 5 sz ao s ainy b eSSk AUSlS  USsS D Lo o) Jbo)lS gpeme
(©S) eeblite Germination Gioshe) G5 o9 e 2 G5 o el 2 Gowes nesS
Cold Ol es) percentage Radicle length ~ Chlorophylla  Chlorophyll 5 Chlorophyll a+b

stressCC) Magnetic field (mm) (mg/ gew) (mg/ gew) (mg/ gew)
intensity (mT)

0 57.333f 28.000f 0.242 ¢ 0.467 g 0.708 g

50 62.333¢f 29.492¢f 0.348 of 0.508 fg 0.856 f

10 100 65.833¢ 34.233de 0.430 de 0.546 0.976 ¢
150 74367d 38.000d 0.145 h 0.119i 0.264 i

0 82.333bc 45.667c 0.477 cd 0.619 ¢ 1.095 d

50 83.283bc 50.667c 0.486 cd 0.683 d 1.170 d

b 100 85.083b 57.300b 0.538 ¢ 0.794 be 1332¢
150 78.333cd 49.667c 0.262 fg 0.194 h 0.456 h

0 97.667a 57.333b 0.655 b 0.751 ¢ 1.406 ¢

50 98.167a 62.517b 0.710b 0.824 b 1534 b

. 100 98.950a 69.617a 0.807a 0.993 a 1.800 a
150 95.333a 57.933b 0.332 fg 0.233h 0.565 h

ol LSD 503l ol 5 70 Jlozs grans ) lo cime cgles Sl anlin jué By,
The different letters indicate significant differences at 5% probability level based on LSD test.
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Table 4. Mean comparison for the interaction of magnetic field intensity and duration at cold stress on germination
characteristics of rice

A O ol (Gl Cepw azalle Jb azelS Jsb o Sas gy SES gy SES gy Jeb etls Gy esls
SRS (sbline Goy ) (o) Geshes) ar Ay, <l wels  aplfan aplSan
2;‘ % c. Ol o) Germinati_(l)n Coleoptile Seedling (0,5 ko) (PSde) (S Seedling Seeqling

g = & Magnetic rate (day™) Length Length Radicle  Coleopti Seedling ~ Length Weight

~ 8 Field (mm) (mm) Dry le Dry Dry Vigor Vigor
o= Intensity Weight Weight  Weight Index Index
(mT) (mg) (mg) (mg)

0 0.1871 18.000 1 46.000 n 0.763 n 0.460 k 1.223p 2640.333 o 70.103 p

50 0.188 kl 18.233 1 47.050 n 0.775 mn 0.469 k 1.244 op 2868.25 no 75.451 op

30 100 0.188 kl 19.667 kl 52.533 Im 0.850 klm 0.497 jk 1.347 no 3405.93 Im 86.823 no

10 150 0.2131j 21.867 jk 58.800 jk 0.927 k 0.570 ij 1.497 m 4159.333 k 105.333 m

0 0.1871 18.000 1 46.000 n 0.763 n 0.460 k 1.223p 2640.333 o 70.103 p

60 50 0.188 k1 18.833 1 49.0 mn 0.810 Imn 0.470 k 1.2800p  3154.83 mn 82.023 op
100 0.202 jk 20.733 jkl 56.333 kl 0.887 kl 0.527 jk 1413 mn  3818.467 kl 95.027 mn

150 0.2251 23.250j 62317 1.010j 0.647 i 1.6571 4899.483 j 130.0911

0 0.263 h 31.667 gh 77.333 1 1.787 g 1.013 g 2.800 i 6377.000 h 230413 i

50 0.273 h 32.667 fgh 81.333 h 1.830 fg 1.037 fg 2.867 hi 6752.967 h 237.666 hi

30 100 0297 g 35.000 f 91.000 f 1.890 f 1.113 3.003 fg 7647.000 g 252317 g

s 150 0.227 1 30.000 h 81.333 h 1.587h 1.037 fg 2.623 j 6512.000 h 209.973 j

0 0.263 h 31.667 gh 77.333 1 1.787 g 1.013 g 2.800 i 6377.000 h 230413 i
50 0.290 g 33.900 fg 86.567 g 1.857 fg 1.070 fg 2.927 gh 7246.300 g 244.893 gh

60 100 0.329 38.000 ¢ 96.600 e 1.977 e 1.223 ¢ 3.200 e 8322.167 f 275.703 f

150 0.197 kl 27.167 i 75.167 1 1.4131 0.833 h 2.247k 5776.300 i 172.403 k

0 0.437d 46.667 ¢ 104.000 d 2.400 ¢ 1.503 ¢ 3.903 ¢ 10155.66 d 381.337 ¢

30 50 0.450d 47.667 ¢ 108.933 ¢ 2453 ¢ 1.543 ¢ 3997 ¢ 10675.46 ¢ 391.673 ¢

100 0.560 a 58.633 a 130.867 a 3.250a 2207 a 5457 a 13035.55a 543.528 a

25 150 0.367 ¢ 42.000 d 102.667 d 2.077d 1.090 fg 3.167 e 9784.667 d 301.873 ¢

0 0.437d 46.667 ¢ 104.000 d 2.400 ¢ 1.503 ¢ 3903 ¢ 10155.66 d 381.337 ¢

50 0.467 ¢ 50.800 b 114.567 b 2.670 b 1.740 b 4410b 11263.56 b 433.690 b

o0 100 0.493 b 47333 ¢ 114333 b 2.130d 1.407d 3.537d 11238.96 b 347.654 d

150 0.327 41.000 d 96.200 e 1.993 ¢ 1.110 £ 3.103 ef 9171.400 e 295.830 ¢

el LSD g1 ool s 7 Jlozrl gelans 5 )5 sine oglis ,SiLis aflin jué g
The different letters indicate significant differences at 5% probability level based on LSD test.
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Figure 1. Interaction of cold stress, electromagnetic field intensity and time on proline and malondialdehyde
content. Different letters within each column indicate significant differences on the basis of ( FLSD ) at the 5%

probability level (p < 0.05).
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