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Extended abstract

Introduction: Rice (Oryza sativa L.), as one of the world's most important cereals, serves as a staple food
for more than one-third of the global population. This strategic crop plays a key role in the economies of
many countries. Seed priming is a biotechnological tool and a simple, practical, effective, eco-friendly, and
cost-efficient approach to enhancing a plant's tolerance to various environmental stresses and improving seed
germination. This study was designed and conducted to investigate the germination and physiological
responses of two rice cultivars under varying intensities and durations of electromagnetic field exposures.

Materials and Methods: A factorial experiment in a completely randomized design with the factors of
electromagnetic field intensity at 4 levels, time at 3 levels, and two cultivars (Tarom and Hashemi) in three
replications was conducted at the Islamic Azad University, Astara Branch in 2023. Rice seeds were treated in
a plastic bag under magnetic fields with intensities (0, 50, 100, and 150 mT) and times (10, 50, and 100
minutes). A plastic tray was used for the second experiment and seedling establishment. Healthy seedlings
were transferred to plastic pots containing sand. After 25 days, the desired traits were measured.

Results: The analysis of variance results indicated that the effects of the magnetic field, time, cultivar,
and their interactions were significant for most traits. The electromagnetic field at 100 mT for 50 minutes led
to an increase in germination percentage compared with the control. In contrast, the treatment of 150 mT for
100 minutes caused a significant reduction in all germination-related traits. The highest values were observed
under the 100 mT for 50-minute treatment, including germination percentage (98.8%), germination rate (12.5
seeds per day), radicle length (68.1 mm), plumule length (47.5 mm), seedling length (116 mm), radicle dry
weight (0.715 mg), plumule dry weight (2.02 mg), seedling dry weight (2.74 mg), seedling length vigor index
(11422), seedling weight vigor index (271), chlorophyll-a (0.846 mg g' FW), chlorophyll-b (0.96 mg g’
FW), and carotenoids (0.44 mg g FW).

Conclusion: The electromagnetic field had a significant effect on germination-related traits and
physiological characteristics, including germination percentage, germination rate, and chlorophyll content,
leading to an increase in these indices. In the present study, the 100 mT treatment for 50 minutes improved
seedling vigor in terms of both length and weight. Based on these findings, magnetopriming within the
studied treatment range enhances germination and improves rice plant establishment by increasing
chlorophyll levels.

Keywords: Chlorophyll, Germination rate, Magneto priming, Rice, Seedling vigor index
Highlights:

1. The effect of the magnetic field on the germination and physiological characteristics of rice seeds
was investigated.
2. Seed priming at 100 mT for 50 minutes increased chlorophyll and carotenoid content.
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Table 1. Analysis of variance for germination indices of rice under electromagnetic fields at different times

S 09 o o " 9 oasle
Sos oo Sos - L
s 20 gl asy G e eab, b wdl b awlSgb e, 7 S g’if:’ , azalS o
};Oc:/ il Germination  Germination Radicle Coleoptile  Seedling Radicle = s S Seedling
e df percentage rate length length length dry Coleoptlle Seedh'ng See,dlmg length weight vigor
. dry weight  dry weight vigor index :
weight index
‘S”IZL'(M U‘)“\“’ 3 518.18* 4.16* 311.9* 156.1* 884.34™ 0.071* 0.434* 0.712* 82327911* 16057.8*
Magnetic Field (MF
T obes 2 68.580% 0.041 "™ 88.163* 19.071* 185.43* 0.023* 0.100* 0.216* 4003131.3** 3546.62%
ime
Vari el 1 20.587* 0.884 " 363.15* 122.2% 906.6** 0.024 0.202* 0.366" 11172256 4461
arlety
eyt Ol 6 26.66™ 0.241 " 74.25% 39.67* 216.1*" 0.031* 0.063 ™ 0.150* 3040072.9* 1973.5*
MF x Time
W;é)x Q‘M ns £ e ns e ns ns ns e ns
MF x Variet 3 1471 ™ 1.517 126.89 1.559 ™ 152.9 0.003 ™ 0.052 ™ 0.080 ™ 1353357.9 712.19 ™
x Variety
WB)X [)Lc) ns ns ns ns ns ns ns ns ns ns
Ti Variet 2 0.043 0.496 0.320 1.877 3.676 0.005 0.013 0.031 29815.7 287.5
ime X Variety
WB)X [)LQ)XL)‘M ns ns ns ns ns ns ns ns ns ns
MEF x Ti Variet 6 0.679 0.147 3.561 1.56 9.513 0.002 0.014 0.025 101923.04 239.568
x Time X Variety
ts““l‘")] ool
B 48 2.817 0.485 6.335 5.393 8.975 0.004 0.028 0.037 123828.5 394.658
ITOr
CV (%) et s 1.780 5.869 4.076 5.426 2.865 10.402 9.738 8.325 3.557 9.088
()

Qe 00 5) ok 0 o Jixe 5, Fe pas (oS 5 4y kg, NS
ns, ** and * represent, non-significant, significant at the 1% and 5%probability level respectively
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Table 2. Mean comparison for the interaction effect of magnetic fields at different times on germination characteristics of rice

@ Sl G Sy sl i Glagle 10 (cwwbliae slaglane 1S wd p (Sl auslin ¥ Jguz

o e e e iz il b el b i, i g LS i3 s “f‘*g’b;’ e
= o A Gragshea) 4 2y, Jsbo Grecsheo) Goshe) (o5 o) 4> (05 o) e e
Ol o) Time Germination : o o = Seedling Seedling
i B Radicle length (mm) Coleoptile length Seedlin, Radicle dr Seedling d . R K
: (minutes) ercentage p g g y g dry
Magnetic field p g . . length vigor weight vigor
. ; (mm) length (mm) weight (mg) weight (mg) ; :
intensity (mT) index index
10 97.70%® 61.00% 43.50° 104.50¢ 0.667® 2.463° 10211.83% 240.71°
0 50 97.70%® 61.00% 43.500% 104.50¢ 0.667%® 2.463° 10211.83% 240.71°
100 97.70%® 61.00% 43.500% 104.50¢ 0.667%® 2.463° 10211.83% 240.71°
10 96.15%4 62.66% 43.400% 106.1% 0.601° 2.378" 10201.86% 229.07%
50 50 97.81%® 63.73% 44.400% 108.13¢ 0.525%f 2.311% 10579.78" 226.1%
100 94.41¢ 61.95¢ 43.80" 105.7% 0.497° 2.300% 9986.95¢ 217.3%
10 96.78" 65.50%° 42.80° 108.30° 0.510° 22700 10482.04% 219.5%
100 50 98.80° 68.133° 47.467% 115.60° 0.715° 2.738° 11422.96° 270.6°
100 9531 66.30% 45.60% 111.90° 0.590%¢ 2.237% 10666.9° 213.2¢
10 90.50° 62.71%¢ 42.60° 105.3% 0.602" 2.167% 9529.3¢ 196.2%
150 50 86.50" 58.167° 38.70¢ 96.867° 0.540°4° 2.068¢ 8384.5" 178.9°
100 81.83¢ 48.950° 34.30° 83.250f 0.455 1.827° 6820.78 149.76"

The different letters indicate significant differences at 5% probability level based in LSD test.

ol LSD gy a5 70 Jlois zrlans 1 s (gire glis [ Silis aslin e g >
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Table 3. Analysis of variance of the effect of electromagnetic field at different times on photosynthetic

pigments of two rice cultivars

a0

ah Jds,5 Jeboslsarb

5 alie a L b SdsSlS
SOV f;'fﬂ Chloﬁfysll a Chloii)jll)jll b Ch]‘;rjghy” Chl";’g’hy“ Carotonoid

(MF) ciboliie ()los 3 0.605* 0.708* 2.602% 0.138 ™ 0.050*
(Time) ;\L; 2 0.058* 0.108* 0.321* 0.057 "™ 0.003**
(Variety) s, 1 0.587* 0.116* 1.226™ 0.990* 0.023*
MF x Time) Lo jx ylase 6 0.054* 0.090* 0.270* 0.040 ™ 0.005*
(MF x Variety)s3x ;s 3 0.017** 0.006" 0.041** 0.191° 0.001 ™
(Time % Variety)ss x obs; 2 0.001 ™ 0.001 ™ 0.001 ™ 0.070 ™ 0.001 ™
MF % T X V)8 x oylejxcloase 6 0.012** 0.010*" 0.042** 0.043 ™ 0.001 ™
(Error) iule;l ol 48 0.0025 0.0016 0.0052 0.0553 0.0005
CV (%) Sl oy 2oy 0.8111 0.7087 0.6077 2.1215 0.6477

ao,0 0 g ) Zolaw )0 o Se (5,8 sixe pas ol 4y kg, NS

ns, ¥* and * represent, non-significant, significant at the 1% and 5%probability level respectively
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Fig 2. Effect of electromagnetic field on Carotenoid and Chlorophyll a/b at different time
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Fig 3. Effect of electromagnetic field on seedling dry weight and seedling weight vigor index in rice at

different time

395 STy Sl g chlie o) 3 bl slaghie S a 5rSles dunlis F g
Table 4. Mean comparison for the interaction of magnetic fields on different rice varieties for germination

traits
sbbliie oyl ol $jaile> Cas A Ay
“,5 A N — Jfb (o) aal Jsb amalS ay s sl
Vari)et “’JM 97 7 b Seedling length Seedling length vigor
y Magné.:tlc field Germlnat{(l)n Radicle length (mm) index
intensity (mT) rate (day ) (mm)
0 12.47® 66.000 * 111.0° 10878.467°
eoilo 50 11.656 ¢ 66.822° 112.25° 10848.561°
Hashemi 100 12.0 66.689 112.90 10995.558"
150 10916 ¢ 56.511 " 96.26 8423.300°
0 11.90 % 56.000 © 98.0° 9545 .200°
ool 50 11.792°¢ 58.744° 101.04° 9663.839°
Tarom 100 12.633* 66.600 * 110.96 ° 10719.092°
150 11.600° 56.711 "% 94,022 ¢ 8066.422 ¢

el 10 Jlesxl a0 by s gy LS aplis S8 Gy >

The different letters indicate significant differences at 5% probability level.
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Table 5. Comparison of mean interaction effects of magnetic fields at different times and varieties on
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photosynthetic pigments

QL.\.:.A A
. R b L A
R e o b s
~2) Ol L) (4i8s) GoseS reSce @ b3 (GosgpS » S o o o o)
Variety MF Time Chlorophyll a (mg/g fw) Chlorophyll b Chlorouh la 4;b (m 0 /o fw)
Intensity (minutes) (mg/g ftw) Py ge
(mT)

10 0.708 0.612 % 1320

0 50 0.708 °'¢ 0.612% 1320

100 0.708 °f 0.612 % 1.320 <

10 0.733 %f 0.617 1.350 %f

50 50 0.757 0.665 ° 1.421 e

ola 100 0.807 b 0.697 % 1.504 b

‘SA-A-H

Hashemi 10 0.840 0.768 1.608 °

100 50 0.953° 1.056 2.009

100 0.850° 0.660 1.510 %

10 0.677 % 0.553 ¢ 1.230 %

150 50 0.467 0.320° 0.787"

100 0.241% 0.142% 0.383

10 0.570" 0.575 ¢ 1.144¢

0 50 0.570" 0.575 ¢ 1.144°¢8

100 0.570" 0.575 ¢ 1.144 8

10 0.617 ¢ 0.557 ¢ 1.173 ¢

50 50 0.647 & 0.590 1.237 %

L 100 0.683 % 0.627 % 1310

[P}

Tarom 10 0.697 ¢ 0.760 < 1.457 <

100 50 0.739 %f 0.863° 1.602°

100 0.480 0.483 " 0.963 "

10 0.340 03531 0.693

150 50 0.251* 0.2501 0.5011

100 0.118' 0.144 % 0.262 %

ol LSD g; 070 Jloisl mhans 1 lo e glis Sl alien jué B >

The different letters indicate significant differences at 5% probability level based in LSD test.
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