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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.
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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 awlS b 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 obe; 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
% Oloe ns . P ns P ns ns ns P s
MF x Variet 3 1.471™ 1.517 126.89 1.559 ™ 152.9 0.003 ™ 0.052 ™ 0.080 ™ 1353357.9 712.19 ™
x Variety
Wé)x L.)LA) 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 L.)LA)XL)LX’A 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 % 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 (%) G 1.780 5.869 4.076 5.426 2.865 10.402 9.738 8.325 3.557 9.088
()

Qe 00 5) zohw 0 o Jixe 5l Fae 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

o e e e iz il b el b i, i g LS i3 s “f‘*g’b;’ e
;-‘--‘9“ = 5 -~ Sl . P = azxals Azl
S Ti‘:ng Ge’r minati;n () 4z s, oo (o) (oskes) (¢S k) &z (o5 ko) Seadim Seedim
T inut t Radicle length (mm) Coleoptile length Seedling Radicle dry Seedling dry ne . e
Magnetic field (minutes) percentage . . length vigor ~ weight vigor
intensity (mT) (mm) length (mm) weight (mg) weight (mg) index index
mtenst y m
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"
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The different letters indicate significant differences at 5% probability level based in LSD test.
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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
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Table 4. Mean comparison for the interaction of magnetic fields on different rice varieties for germination

traits
sbbliie oyl ol $jaile> Cas A Ay
S S N . Jfb (o) 4ol Jsb el an s sl
Vari)e ; “’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

[ Downloaded from yujs.yu.ac.ir on 2025-07-30 ]

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.

Sbajloss SuBls pg)95 paiS (3 93 5 Shos g (sl
CllS 5l i omeblise Glas slazds O 4 Y-
Sjles oled ails olen 4 1) b e
098 4 Cumd |y (g0 cime WS wnbline loe
GBS (YY) olSen 5 5l iols olas aals
2o b eblie s & woS

Sl i luld jo Ay sleydy Saile

! Alvarez

adlle G y0 (Y0VF) LKen 5 oS

S b cslas e gmbesl Ll e alleaw
FO ¥ 00 o slatie a4 ol cenbliieg 2SI
poS Hd g cdls Gl S Sl (lsea ai 8o
a5 ol plad B opl @l oS )y p ) pg)90
JB oy cuie bl bliieg iU s
S p g (SES (s (S (SNl P
2ble) (3,05 75 Gliawgid Cepus « Judg S (glgie


http://yujs.yu.ac.ir/jisr/article-1-628-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-30 ]

YA

iy g Sl B S g emablao Gloge lie syl g o ).ui.i o)) Ko g cawgoplal

ol a8l il e bliseg 5l loge ibces
slocudled 3o 5 (B lBl (nl dw o0 S 4
Glayd bwg Of i Cdz ohsd b (Sojgle b
Calgs 1o a5 il bliiog S| lage b ond Lo
sloalh Sop 5 (Fialsz S g g w0 )s lBl 4
M o Voo Lo el ool jonie azlS a4
b (Fig 9 Job oarlh Cudly adds B0 e
dalllas 050 slojled ooguzme [0 Lol s 9K

3eolawl b a5 sl )ds asdlas cpl jo )l
@l g a8 5 18wy )50 (uablioe jled i
Sl asli dgue 4 0B iy, ol a5 wsols olas
a5 col o151 Sl ragh sleassl cwl Sjale>
el S plie 4 wlgiee peblite oS
5 Ll s s il ol Gl ey S5

R S PSS

S 35 A

bad gip olS e sl 5 Sialsr Senge el _ . -
iy Gl Shy p emablieg mSl Glass 25U

Sl gime ¢ Al Cae s g duoyd alez 5l Sidilex b
s el onls b asls ol iol8l 4 ioxie g 00
i azalS g azalle wazady; Job o5 wad o (LA

Sy9r0 o Slasy e lulyl o bl ol Jl
ey o0 4

@l:.a

Abdul-Baki, A.A., and Anderson, J.D. 1973. Vigor determination in soybean seed by multiple
criteria 1. Crop Science, 13(6): 630-633.
https://doi.org/10.2135/cropscil973.0011183X001300060013x

Afrouz, M., Sayyed, R.Z., Fazeli-Nasab, B., Piri, R., Almalki, W.H. and Fitriatin, B. N. 2023. Seed
bio-priming with beneficial Trichoderma harzianum alleviates cold stress in maize. PeerJ, 11:
e15644. https://doi.org/10.7717/peerj.15644

Ahmad, M., Hussain, M., and Ali, S. 2019. Effect of electromagnetic field on seed germination and
seedling growth of wheat (77iticum aestivum L.). Journal of Plant Physiology, 234: 1-8.

Al-Allaf, S.J.A., and Al-Baker, R.A.H. 2022. Effectiveness of magnetic field in stimulation of
biochemical and enzymes activities in seedling and callus of Nigella sativa. International
Journal of Health Sciences, 6(S2): 3301-3314. https://doi.org/10.53730/ijhs.v6nS2.5818

Alarcon, J.L.P., Cuesta, J.C., Molejon, M.R.B., Paragsa, J.D., and Ypon, N.M.Q. 2024.
Investigating the influence of magnets in the growth of string bean (Phaseolus vulgaris) plant.
American Journal of Life Science and Innovation, 3(1): 16-19.
https://doi.org/10.54536/ajlsi.v3il1.2450

Alvarez, J., Martinez, E., Florez, M., and Carbonell, V. 2021. Germination performance and hydro-
time model for magneto-primed and osmotic-stressed triticale seeds. Romanian Journal of
Physics, 66: 801.

Arnon, D.I. 1975. Copper enzymes in isolated chloroplasts; polyphenol-oxidase in Beta vulgaris.
Plant Physiology, 24: 1-15. https://doi.org/10.1104/pp.24.1.1

Bandumula, N. 2018. Rice Production in Asia: Key to Global Food Security. Proceedings of the
National Academy of Sciences, India Section B: Biological Sciences, 88: 1323-1328.
https://doi.org/10.1007/s40011-017-0867-7

Belcher, E.W. 1995. Effect of seed condition, stratification, and germination temperature on the
laboratory germination of loblolly pine seed. Tree Planters' Notes, 46(4): 138-142.


http://yujs.yu.ac.ir/jisr/article-1-628-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-30 ]

e
VoY Tpg3 ol o33l Jlw /02! ydo sairg sy

Brust, H., Nishime, T., Wannicke, N., Mui, T., Horn, S., Quade, A., and Weltmann, K.-D. 2021. A
medium-scale volume dielectric barrier discharge system for short-term treatment of cereal
seeds indicates improved germination performance with long-term effects. Journal of Applied
Physics, 129(4): 044904. https://doi.org/10.1063/5.0033369

Carbonell, M., Martinez, E., Florez, M., Maqueda, R., Pintor-Lopez, A., and Amaya, J. 2008.
Magnetic field treatments improve germination and seedling growth in Festuca arundinacea
Schreb. and Lolium perenne L. Seed Science and Technology, 36: 31-37.
https://doi.org/10.15258/sst.2008.36.1.03

FAO. 2010. Rice in the global economy: Strategic research and policy issues for food security.
FAO. 2022. FAOSTAT online database. Food Agriculture Organization of the United Nations.

Faraz Ali, M., Sajid Aqeel Ahmad, M., Gaafar, A.-R.Z., and Shakoor, A. 2024. Seed pre-treatment
with electromagnetic field (EMF) differentially enhances germination kinetics and seedling
growth of maize (Zea mays L.). Journal of King Saud University - Science, 36(5): 103184.
https://doi.org/10.1016/1.jksus.2024.103184

Farooq, M.A., Niazi, A K., Akhtar, J., Saifullah, Farooq, M., Souri, Z., Karimi, N., and Rengel, Z.
2019. Acquiring control: The evolution of ROS-Induced oxidative stress and redox signaling
pathways in plant stress responses. Plant Physiology and Biochemistry, 141: 353-369.
https://doi.org/10.1016/].plaphy.2019.04.039

Florez, M., Carbonell, M.V., and Martinez, E. 2007. Exposure of maize seeds to stationary
magnetic fields: Effects on germination and early growth. Environmental and Experimental
Botany, 59(1): 68-75. https://doi.org/10.1016/j.envexpbot.2005.10.006

Ghane, S.G., Lokhande, V.H. and Nikam, T.D. 2012. Differential growth, physiological and
biochemical responses of Niger (Guizotia abyssinica Cass.) cultivars to water-deficit (drought)
stress. Acta Physiologiae Plantarum, 34(1): 215-225. https://doi.org/10.1007/s11738-011-0820-

Yy

Hafeez, M.B., Zahra, N., Ahmad, N., Shi, Z., Raza, A., Wang, X., and Li, J. 2023. Growth,
physiological, biochemical and molecular changes in plants induced by magnetic fields: A
review. Plant Biology, 25(1): 8-23. https://doi.org/10.1111/plb.13459

Hasan, M.M., Alharby, H.F., Uddin, M.N., Ali, M. A., Anwar, Y., Fang, X.-W., Hakeem, K.R.,
Alzahrani, Y., and Hajar, A.S. 2020. Magnetized water confers drought stress tolerance in
Moringa biotype via modulation of growth, gas exchange, lipid peroxidation and antioxidant
activity. Polish Journal of Environmental Studies, 29: 1625-163.
https://doi.org/10.15244/pjoes/110347

Ibrahim, S., El-Liethy, M. A., Elwakeel, K. Z., Hasan, M.A. E.-G., Al Zanaty, A.M., and Kamel, M.
M. 2020. Role of identified bacterial consortium in treatment of Quhafa wastewater treatment
plant influent in Fayuom, Egypt. Environmental Monitoring and Assessment, 192(3): 1-10.
https://doi.org/10.1007/s10661-020-8105-9

ISTA. 1979. The germination test. International Seed Testing Association. Seed Science and
Technology, 4: 23-28.

Janalizadeh Qazvini, M., Nizami, A., Khazaei, H., Faizi, H. and Guldani, M. 2016. Effect of
magnetic fields on seed germination and seedling growth of sesame (Sesamum indicum L.).
Iranian Journal of Seed Research, 3(1): 1-13. [In Persian] http://dx.doi.org/10.29252/yujs.3.1.1

Jiao, S., Zhong, Y. and Deng, Y. 2016. Hot air-assisted radio frequency heating effects on wheat
and corn seeds: Quality change and fungi inhibition. Journal of Stored Products Research, 69:
265-271. https://doi.org/10.1016/].jspr.2016.09.005

Kataria, S., Baghel, L. and Guruprasad, K.N. 2017. Pre-treatment of seeds with static magnetic
field improves germination and early growth characteristics under salt stress in maize and



http://yujs.yu.ac.ir/jisr/article-1-628-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-30 ]

\F-
ity g Si4lex B SH9 g emablan Gl ilicke syl g wus ,J‘b 1)) e g Cawgoplol

soybean. Biocatalysis and Agricultural Biotechnology, 10: 83-90.
https://doi.org/10.1016/j.bcab.2017.02.010

Katsenios, N., Bilalis, D., Efthimiadou, A., Aivalakis, G., Nikolopoulou, A.-E., Karkanis, A. and
Travlos, 1. 2016. Role of pulsed electromagnetic field on enzyme activity, germination, plant
growth and yield of durum wheat. Biocatalysis and Agricultural Biotechnology, 6: 152-158.
https://doi.org/10.1016/j.bcab.2016.03.010

Katsenios, N., Christopoulos, M.V., Kakabouki, I., Vlachakis, D., Kavvadias, V. and Efthimiadou,
A. 2021. Effect of pulsed electromagnetic field on growth, physiology and postharvest quality
of kale (Brassica oleracea), wheat (Triticum durum) and spinach (Spinacia oleracea)
microgreens. Agronomy, 11(7): 1-13. https://doi.org/10.3390/agronomy11071364

Kaur, S., Vian, A., Chandel, S., Singh, H.P., Batish, D.R. and Kohli, R.K. 2021. Sensitivity of
plants to high frequency electromagnetic radiation: cellular mechanisms and morphological
changes. Reviews in Environmental Science and Bio/Technology, 20(1): 55-74.
https://doi.org/10.1007/s11157-020-09563-9

Kausar, A. and Ashraf, M. 2003. Alleviation of salt stress in pearl millet (Pennisetum glaucum L.)
through seed treatments. Agronomy, 23(3): 227-234. https://doi.org/10.1051/agro:2002086

Kumar, A., Singh, M., Singh, P.P., Singh, S.K., Singh, P.K. and Pandey, K.D. 2016. Isolation of
plant growth promoting rhizobacteria and their impact on growth and curcumin content in
Curcuma longa L. Biocatalysis and  Agricultural Biotechnology, 8: 1-7.
https://doi.org/10.1016/j.bcab.2016.07.002

Lazim, S.K. and Ramadhan, M.N. 2020. Effect of microwave and UV-C radiation on some
germination parameters of barley seed using mathematical models of gompertz and logistic:
analysis  study. Basrah  Journal of  Agricultural  Sciences, 33(2): 28-41.
https://doi.org/10.37077/25200860.2020.33.2.03

Lichtenthaler, H.K. 1987. Chlorophylls and carotenoids: pigments of photosynthetic
biomembranes. Methods in Enzymology, 148: 350-382. https://doi.org/10.1016/0076-
6879(87)48036-1

Ma, Y., Dias, M.C. and Freitas, H. 2020. Drought and salinity stress responses and microbe-
induced  tolerance in  plants.  Frontiers in  Plant  Science, 11: 1-18.
https://doi.org/10.3389/fpls.2020.591911

Maguire, J.D. 1962. Speed of germination-aid in selection and evaluation for seedling emergence
and vigor. Crop science, 2(2): 176-717.
https://doi.org/10.2135/cropscil 962.0011183X000200020033x

Mirmazloum, L., Kiss, A., Erdélyi, E., Ladanyi, M., Németh, E. Z. and Radécsi, P. 2020. The effect
of osmopriming on seed germination and early seedling characteristics of Carum carvi L.
Agriculture, 10(4): 1-11. https://doi.org/10.3390/agriculture10040094

Mohammadi, R., Roshandel, P.and Tadayon, A. 2018. Investigating the growth, physiology and
antioxidant system of hyssop under the influence of magnetopriming. New Findings in
Biological Sciences (Science Journal), 6(1): 106-115. [In Persian]
https://doi.org/10.29252/nbr.6.1.106

Mohidem, N.A., Hashim, N., Shamsudin, R. and Che Man, H. 2022. Rice for food security:
Revisiting its production, diversity, rice milling process and nutrient content. Agriculture, 12(6):
741. https://doi.org/10.3390/agriculture12060741

Mshenskaya, N.S., Grinberg, M. A., Kalyasova, E.A., Vodeneev, V.A., Ilin, N.V., Slyunyaev, N.N.,
Mareev, E.A. and Sinitsyna, Y.V. 2023. The effect of an extremely low-frequency
electromagnetic field on the drought sensitivity of wheat plants. Plants, 12(4): 826.
https://doi.org/10.3390/plants12040826



http://yujs.yu.ac.ir/jisr/article-1-628-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-30 ]

V)
VoY Tpg3 ol o33l Jlw /02! ydo sairg sy

Mumtaz, S., Javed, R., Rana, J.N., Igbal, M. and Choi, E.H. 2024. Pulsed high power microwave
seeds priming modulates germination, growth, redox homeostasis, and hormonal shifts in barley
for improved seedling growth: Unleashing the molecular dynamics. Free Radical Biology and
Medicine, 222: 371-385. https://doi.org/10.1016/j.freeradbiomed.2024.06.013

Panuccio, M., Chaabani, S., Roula, R. and Muscolo, A. 2018. Bio-priming mitigates detrimental
effects of salinity on maize improving antioxidant defense and preserving photosynthetic
efficiency. Plant Physiology and Biochemistry, 132: 465-474.
https://doi.org/10.1016/j.plaphy.2018.09.033

Piri, R., Moradi, A., Salehi, A. and Balouchi, H.R. 2021. Effect of seed biological pretreatments on
germination and seedling growth of cumin (Cuminum cyminum L.) under drought stress. Iranian
Journal of Seed Science and Technology, 9(4): 11-26. [In Persian]

Radzevicius, A., Upadhyaya, S. and Zare, R. 2022. Pre-exposure impact of electromagnetic field
radiation on carnation. Pakistan Journal of Botany, 54(1), 1-10.

Ragha, L., Mishra, S., Ramachandran, V. and Bhatia, M.S. 2011. Effects of low-power microwave
fields on seed germination and growth rate. Journal of Electromagnetic Analysis and
Applications, 3: 165-171. https://doi.org/10.4236/jemaa.2011.35027

Rehman, H.U., Basra, S., Ahmed, M. and Farooq, M. 2011. Field appraisal of seed priming to
improve the growth, yield, and quality of direct seeded rice. Turkish Journal of Agriculture and
Forestry, 35(4): 357-365. https://doi.org/10.3906/tar-1004-954

Rifna, E.J., Ratish Ramanan, K., and Mahendran, R. 2019. Emerging technology applications for
improving seed germination. Trends in Food Science and Technology, 86: 95-108.
https://doi.org/10.1016/].tifs.2019.02.029

Sar1, M.E., Demir, ., Yildirim, K., and Memis, N. 2023. Magnetopriming enhance germination and
seedling growth parameters of onion and lettuce seeds. International Journal of Agriculture
Environment and Food Sciences, 7(3): 468-475. https://doi.org/10.31015/jaefs.2023.3.1

Sarraf, M., Deamici, K.M., Taimourya, H., Islam, M., Kataria, S., Raipuria, R.K., Abdi, G., and
Brestic, M. 2021. Effect of magnetopriming on photosynthetic performance of plants.
International Journal of Molecular Sciences, 22: 1-14. https://doi.org/10.3390/ijms22179353

Shabrangy, A. 2024. Using magnetic fields to enhance the seed germination, growth, and yield of
plants. in f. maghuly (Ed.), plant functional genomics: Methods and Protocols, 2: 375-395.
Springer US. https://doi.org/10.1007/978-1-0716-3782-1 22

Sharma, H.S., Fleming, C., Selby, C., Rao, J. and Martin, T. 2014. Plant biostimulants: a review on
the processing of macroalgae and use of extracts for crop management to reduce abiotic and
biotic stresses. Journal of Applied Phycology, 26: 465-490. https://doi.org/10.1007/s10811-013-
0101-9

Singh, N., Singh, R., Meena, V.and Meena, R. 2015. Can we use maize (Zea mays) rhizobacteria as
plant growth promoter. Vegetos, 28(1): 86-99. https://doi.org/10.5958/2229-4473.2015.00012.9

Soran, M.-L., Stan, M., Niinemets, U.and Copolovici, L. 2014. Influence of microwave frequency
electromagnetic radiation on terpene emission and content in aromatic plants. Journal of Plant
Physiology, 171(15): 1436-1443. https://doi.org/10.1016/j.jplph.2014.06.013

Tafforeau, M., Grémiaux, A. and Mildaziené, V. 2021. Molecular and biochemical changes in
plants exposed to electromagnetic fields. Environmental and Experimental Botany, 178: 104-
113.

Ullah, A., Nisar, M., Ali, H., Hazrat, A., Hayat, K., Keerio, A.A., Ihsan, M., Laiq, M., Ullah, S. and
Fahad, S. 2019. Drought tolerance improvement in plants: an endophytic bacterial approach.
Applied Microbiology and Biotechnology, 103: 7385-7397. https://doi.org/10.1007/s00253-
019-10045-4



http://yujs.yu.ac.ir/jisr/article-1-628-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-30 ]

VFY
ity g Si4lex B SH9 g emablan Gl ilicke syl g wus ,J;b 1)) e g Cawgoplol

Vasigeh Shamsabadi, A., Modarres Sanavy, S. A. M., Modarres Vamghi, S.M. and Keshavarz, H.
2017. Effect of magnetic field on some physiological traits and germination of safflower crop
seeds and four important weed species. Plant Research (Biology of Iran), 31(1): 184-196. [In
Persian]

Wu, Y., Zhao, X. and Li, Y. 2021. Evaluation of seed germination under water stress conditions
using polyethylene glycol (PEG) solutions. Plant Science Journal, 15(3): 245-256.

Xu, C., Zhang, Y., Yu, Y., Li, Y. and Wei, S. 2018. Suppression of Arabidopsis flowering by near-
null magnetic field is mediated by auxin. Bioelectromagnetics, 39(1): 15-24.
https://doi.org/10.1002/bem.22086

Zafar, S. and Jianlong, X. 2023. Recent advances to enhance nutritional quality of rice. Rice
Science, 30(6): 523-536. https://doi.org/10.1016/j.rsci.2023.05.004



http://yujs.yu.ac.ir/jisr/article-1-628-fa.html
http://www.tcpdf.org

