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Aims As a naturally occurring environmental factor as well as an external factor resulting
from burgeoning technology, static magnetic field (SMF) has considerable effects on plants
physiology. The effects of SMF on production of reactive oxygen species (ROS) have been shown
in plant cells. The aim of the present research was to evaluate the redox system responses of
soybean (Glycine max) to different intensities of SMFE.

Materials & Methods In the present experimental research, M7 soybean seeds in their
vegetative phase (14 days) were treated with 20 and 30mT SMF for 4 day, 5 hours daily. The
experiments were carried out in a completely randomized design with factorial and at least 3
replications. The data were analyzed by SPSS software, using one-way ANOVA.

Findings The treatment of 30mT resulted in a reduction in fresh weight, total antioxidant
activity, and total regenerative capacity and increased hydrogen peroxide, but did not affect
the total contents of phenolic compounds and flavonoids. In the treatment of 20mT, the level
of peroxide decreased, but the fresh weight, hydroxyl radical level, antioxidant activity, total
phenolic compound, and flavonoids contents increased. The amounts of Fe** decreased in
20mT but increased with 30mT.

Conclusion In the Soybean redox system, SMF of 20mT leads the electrons toward useful redox
compounds like phenolic compounds and results in growth stimulation, while SMF of 30mT
leads the surplus electrons to destructive compounds such as Fe?, which results in decrease of
the plant growth.

Keywords Redox System; Soybea; Static Magnetic Field

CITATION LINKS

| 1] Magnetic field effects on plant growth, development, and ... [2] Effects of low-intensity AC and/
or DC electromagnetic fields on cell attachment and induction of ... 3] Redox signals as a language
of interorganellar communication in plant ... [4] Oxidative metabolism, ROS and NO under oxygen
.. [5] The cellular redox state in plant stress biology--a charging ... [6] Effect of magnetic field
on peroxidase activation and isozyme ... [7] Effects of magnetic field on the antioxidant enzyme
activities of suspension-cultured tobacco ... [8] Effects of a 60 Hz magnetic field on photosynthetic
CO2 uptake and early growth of ... [9] Alternating magnetic field effects on yield and plant nutrient
element composition of strawberry .. [10] Study of stationary magnetic fields on initial growth
of pea .. [11] Exposure of seeds to static magnetic field enhances germination and early growth
characteristics in chickpea ... [12] Increase of seed germination, growth and membrane integrity
of wheat seedlings by exposure to static and a 10-KHz ... [13] Antioxidant capacity of parsley cells
(Petroselinum crispum L.) in relation to iron-induced ferritin levels and static ... [14| The water-
culture method for growing plants ... [15] Colorimetric method for determination of sugars and
related ... [16] Determinations of total carotenoids and chlorophylls a and b of leaf extracts in ...
|17] Oxidative stress and some antioxidant systems in acid rain-treated bean plants: Protective
role of ... [18] Evidence for a primary role of active oxygen species in induction of host cell death
during infection of bean leaves with Botrytis ... [19] Growth promotion and a decrease of oxidative
stress in maize seedlings by a combination of geomagnetic and weak ... [20] A rapid and sensitive
method for the quantitation of microgram quantities of protein utilsizing the principle of ..
|21] Effect of aluminium on lipid peroxidation, superoxide dismutase, catalase, and peroxidase
activities in root tips of .. [22] Peroxidase activity, lignification and promotion of cell death in
tobacco cells exposed to ... [23] Changes in anthocyanin and phenolics content of grapevine leaf
and fruit tissues treated with sucrose, nitrate, and ... [24] Inhibitory effects of ambient levels of
solar UV-A and UV-B radiation on growth ... [25] Studies on products of browning reaction--
antioxidative activities of products of browning reaction prepared from ... [26] A new technique
of plant analysis to resolve iron ...

Copyright© 2018, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4154392/
https://www.ncbi.nlm.nih.gov/pubmed/9096845
https://link.springer.com/article/10.2478/s11535-013-0243-4
https://www.ncbi.nlm.nih.gov/pubmed/20303775
https://www.ncbi.nlm.nih.gov/pubmed/20137959
https://www.ncbi.nlm.nih.gov/pubmed/11767524
https://www.ncbi.nlm.nih.gov/pubmed/16988990
https://www.ncbi.nlm.nih.gov/pubmed/15515039
https://www.tandfonline.com/doi/abs/10.1080/09064710310019748
http://bit.ly/2LT8xAR
https://www.ncbi.nlm.nih.gov/pubmed/18512697
https://www.ncbi.nlm.nih.gov/pubmed/23343429
https://www.ncbi.nlm.nih.gov/pubmed/23323716
https://archive.org/details/watercultureme3450hoag
https://pubs.acs.org/doi/abs/10.1021/ac60111a017
http://www.biochemsoctrans.org/content/11/5/591
https://www.sciencedirect.com/science/article/pii/S0168945299001971
https://www.sciencedirect.com/science/article/pii/S0885576596900764
https://www.ncbi.nlm.nih.gov/pubmed/21227536
https://www.sciencedirect.com/science/article/pii/0003269776905273
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1991.tb00121.x
https://link.springer.com/article/10.1007/s10669-007-9080-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC543243/
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1998.1030101.x
http://agris.fao.org/agris-search/search.do?recordID=US201302009163
https://link.springer.com/article/10.1007/BF02149714
https://www.ncbi.nlm.nih.gov/mesh/68010084
https://www.ncbi.nlm.nih.gov/mesh/68013025
https://www.ncbi.nlm.nih.gov/mesh/68060526
http://www.daneshafarand.ir/index.php%0D

ohiSan 5 G/l bl FFE

JSsly cosdislml ROS sl 185 ojls3 Jole
5 swilins] logiiSly dlude b (o ccwl 3puSTisw
aSosan JSoohy Jold Jlad slaaisS jolu (gl Jla!
IS Jslo 53 (H202) saSThnesnnee 5 JunSsSIT (ST
115,50
L 45 (6 sba 3yls ailgs i ROS oS sese ¢ylid wilellhae
olsisds bl CyBe a8 (ghls cgailaasST S sl b
9 illely ) Saislonsed (sbapmune 51 (solews coluelr JsSse
ROS § (uS93 sladiSow uS5e Jae Syme S wigoty
olsss Sl s nelul LolSS L sbe abyz 53 wiilgie
el orditeliny Sre g g odijy) Gl Giiwgis
Blass
ool b Gy Geub wpget oelS gladsle
Oiask 3 oSl pjle wluSy ool Ay (698 Sas L
Gl oSl glial 4y 3B 39> (39> @ g o3sr sl
sloptasly 5l Gegity 5wt ST ST slagg Sl (3gaicdz
G olyice wleS ool dleax 5l iShe $xSsle suilags]
wortlisl wlygSul (Gl wluSy I ey 098
loaSs)ls (NADH s NADPH) leugsilSsicndsy
J995555  lmpgySotew  (JohaeS g ouiaieSasSuls
B35 o)Ll J133,555 glaeyailisyy 5 lopmel Gk «JsinisSss
on 0il8 See LY G lahd cad oS & il
b oaiSlia! g5l plee 53 0igse 3 eIl 5S>
gy Sl el ol g HeEGe e 2 of ROS g Yol
LSy e 4 gy Sl &5 Gijge 53 . abb S Yol S
silasuST glaaisTd (g5logbsels Julsts ks Gaw oaisShol
S Gl K3 Gk I nbise seme Jole oy Ysese
ROS alez I Jled 5 suilieus] wlaSy e 4 lageusl
g Jolo Syo cuzrge cunl Sen il oy
olsiedy LS @luS)i 098 (b oaShal wluSy gle |l
6ilogsals 53 (sl A 4ils wlaSy 098 i
Jusbe by didhy wls oxge @ gilinST slaaiylys
@ ogion 9 0ol glal 55 VL Glsi 355 mlwead oo
sy o il 5l eadiie JIl, slayl b g ails ROS
cabld b Glé wlaSy ogde 4 uiSe ghs |; ROS wlgs
5 ogiid STy 51 (Fe?) g8 alex I ool slagsy o35S
b JBasly ol S e csiles JuSsae JSQ3) )y
M35 Coul Ui 4 3ilgice g 039 1525 Ty
ROS sJg5 4 yxie Guusblize glare iy wlslhe ululy
Olae & Slallae )3 auye S5 4 16 Tagde glalS 5
Symmo Sy epgody caleh ;3 ROS wod oliS ady (ialidl czge
ROS caisly ials sy a5 (53)l90 55 5 0355 Joe (gl 2y
6303 0393 (BLS 458 ol 0adh 9u3lanuST (3 sl 4 yxie
53 olS 885 wae g ol (el 5 wad (ol g9i ol
B0 158550 wilellbe e » 8530 Glie pé)=e
rablize glae Gale 53l 1712 BILS wlidxs als
55 dlauly b a8 5 (5358 S 1az (sladshus 0 Ml Glols
63w 3l oS GlaSIGET glss (tels s 9wy 51 ROS b
Gl ol 386 Jols Gimgis 5 Lilesls glas 1y S
Glycine max L. ) Lgw oLS ;5 ROS g5 g, M Lot
yeS wad b glue SOl eolaiwl ab aslle (Merrill
s3lEe 53 (512) gl @il elus (A8 Slgie (MudGheoYs)
WAY il oF ojlad & o398

4 bgw olS Sy e wylito (slaguly
Wudislaa¥s g Vo (lian] Guublize slaglase

PhD Lyl jbLe

Ol 0l e rde i oKl (mn pale 0aSails (B LS psle 09,8
PhD * 35 ojils

el el ot i oKl (i pale 0Kl (B LS psle 09,8
PhD (gaxbo s Loy

Ol ol oyt i oSl ) psle oISl (oo 09,5

oS>

b ole S glsieas (SMF) Lol uublise slaglise :Slsal
JB @b IS wdiny I dele omls Jole 5 s Ghume
sladisS sdsi n laglie ool 236 A0y GlalS @ Fslsid gl
b yol> Gimgh .l o akde 8L Joko 5 (ROS) iewS] Jlabd
wadb 93 4 (Glycine max) Ligw (w533, @i fuly (5351 upy San
0ol cubgim gl 9 Wdleals o Ve uublige glage ilise
A eledl laglase ol 5

3B 5 M7 63) Lisw ol (slayis sol> (e asllhe 5 oy 9 3lse
e boled el celwo diligy gy skz waedr (059))8) dag)
JosiS 6 wised; agiolel 18 )S J18 Wadlaels 5 Ve (glinnl ublice
b joliieds 350 plail S5 aw b JBlas (sobas alS ol B s
33, IS 43 SPSS Jf38lesi 5 48y yuilylg 5aIUT Lnosls

colled I olsi oF gis olie pRelS @ e Yaliheele jles aazdly
Lol ad gtemanaslyy Glaldl 5 Lol GIS olsi 5 Gl oal pitua
Madiipheole jlod 3 i 33gig¥8 9 Glis wleSyi IS laie (630
collad i JouSgyne JBGsl ghw ipis bl (ials pigsnsnSly ahe
wedly Gl aSgigs 5 Glé wluS) IS ke (ilaS 1T et
O3l Wudlea¥s laze 3 3 GhalS Wadhea¥s glase 53 98 ol jlade
s glis

Oz e MudGhate glase Lgw uSod) el 33 3(5Saaun
colin Gl oluSy Jte axbe eaiShol wluSy e 4 |y g
o MauSplale gline & (hge )3 d9dise M) S e g WiSe
Iy ady g 0ad 9y ool e Coue wluSyi e 4 3lile slagg iUl JauS
AB3se Lhals

L] bl gyl Lagew «puS33) rbauo slaoflgsals

WARLYNF wedlyys fuyls
WASINNY < Gipds fu )l

ghangia@modares.ac.ir : Jyiuw osiuag”

doddo

Olee) b wysedy (SMF) L) Guoblise glaglase
bizxe 53 (Mg )SaaVe B VO Jalao 5 b (e uusblise
Gl s3aio slaylil ol gl 3yls 3929 @lalS (S
Ghal (sleoliws (b, bshs (B slagwasil Lyl
155 SMF aidlgise <598 ,Lid 3 JUisil slapaw 5 S0yl

RERIRTILY
Jed wluSy gaaxo b Jolo S (Lnl —auwST) (uS93) 2baw
Gleint b Glua) OB babd 03 ede yyei Lo
oxxdj y3 dhaz ) s 2> 395 Glel glaglyz I g sl
5 sl (ool 53 (pubiS 5 jwsid oSl Jlaul
5 oiS oo gl cuw puw (Rlewdly gli
sladisS Bluigd oo (ROS) gias] Jlad (slaaiss (S S
ol ApSe S 5 GES gay bl 53 ST Jled
sloplis ol colled ahu 5 W 5SS ol 0w

o wanyT olSatily (g y9lib cuus;



FFO Mauliisleats § Yo (gl ughalisio (slaglige 45 Ligw olsS (1uS53) plumgw wiglite glaguly

Gl adlg) GBS I Gy i8S 515 BT slos 5 il
oslitwl b Jolzo JS 338 jludo s 0dilg> yiogiliFae ;3 lndigad
ol yidlee 0 059,Kuels U jhio 33505 laibinl ioxie |
L1514

WA gaiwl 53 Ladiged :a4giig)lS g JibgylS (slgime (yhaniu
ojoiell 53 L 5 y3ae GSlo LB (gol> il 5l g eanlu
33 sylias i il sl e s %A el b (g yad Lo YO
L6104 o x3lgs yieagiiFVe g SFY S5V slozgo Job
Ao oS » A U8l oSGhe
[(55Y QX \YIYO)-(FFY Cimx¥ VY| XV/Veee W=digas
CIexOIN]XV/ Ve W=digad i ()i 05 53 b Jadg)lS 05 Lo
[(FFY CimxIV/YY)-(55Y

S8

(b L89S XABI V)| XVNerex AAXW=( Jud 555155 4 x9S
[(FYe Gdmxieee)—(@ Judg,ISX1/AY)

(£5) W=3y by 55 (yjg V=ojliae (ol x>

%oV Jolxo ;3 ladiged :apuShugfersee (slyime haiw
2 o 9 aSolas (Uislem) el Solg IS (63
G9uin Gl FOC (slod ;3 da8a0 wieds ddu8y 43 593 0ees
bz 9 ¥s0 ko) wlawsd H8b glidg, Joloo a4y iad
A odilgs ,iagili¥Ar zge Jsb 53 ol iz g lal Ysec,
1170 duolone Jgog,Sae)e U jio slaedsle

doleo 53 ladiged rind  gouwliaSly Jlaie Ghaiaw
593Weee 53 g (s pSelac (el 39) %)+ ol Stolg IS (6 53
s9liddiyy (hdy 4y Nad Joada Ul ddSsYe widedy 4diSs 5
23 BBV dedy 9 b 039381 Yo/ B Sl Sy bgad « Joolo
3 LQ;T s dadg) b o g,e)f BUCRIR® uT ﬁLo.'>
15T 3pslle slake ad oxilgs yiegilis e g OFY (glagse Job
L L slasnnd porwliushy 2l Jsaxe glsicqs (MDA)
s dwlze \OOCMMM- Lbg0ls oy 31 osliiuw!
JriSss 53 adiged iauSaaue JSosl) Slyime Gl
A3 8 Syl 50 dBEIFD wiedy g oanbe VselecS
FOC (slos > dida¥e waody dddy 43 jgdWWeer 43 uow
3 ‘o)L»a.c (59‘.'> U""‘Sl9 ng.’zA IERW] )94\.04).\.!‘.44
SuSgpiapeaie ) Sl S et
1..°C ‘a)f uT ﬁLA-" 53 ddda)e wseds BYIA Ll SO IS5 45
2B i s s b d sy bdiged (e 2b oviligs
LB oailgs yiogiLOF-

53 lodigei :(RSC) ST sl JiSasly 5,5,z (IS g3 Ghaiw
4883)e dods diB 43 4930w 43 g (GuSoslac Flhe Jgiline
JBasly olidgy sy I lie e 4y 0ad ouda il
whle b (DPPH) JojhaedesSa-Y-dudes Vo9 ) slaly
11914 oils> y1agiBOY zge Job 55 LT iz e 5

BU 5 ages (CAT) VG qpl wolled  (hoviw
N9 (S)ﬁfo)ba.c SIA ply pH b VgeLeVO ‘mmul.m
034 §oadn 50l FOO (glod 53 diBale cosods ddudy 53 5931V ees
bl .1ér osliiul CAT codlas oo sl s3lig, iy ;|
FIA )J')J pH Li)ysAuJ.mYQ ﬁJMuLM )BLI (59‘: L}""‘SIS
ulio e 4 el olae 5 auSTapiors Yseluo)

9 Vgee/0

Modares Journal of Biotechnology

53 oS Gl il glagiilSe (g5lulely 5 (e 4 S
degazxe j| i Liwly ol 53 3l (g |) hlize glawais
9 3lnSTyy GG dlex 51 planSInl wloSy 5 el
Al sy BaIg5gYE 5 Glid wlSy Ugenns uSThgw
Ligws (S8 pitacnas Gruoly (65501 Gy B Ly pl> gy
Om g WadiGleoe g Ve uablize plase lie wad 95 4
2 el lglase gl 53 e yiSdl gy wubg o

Lo g g 3lge
29 Wb 4t 350 51 M7 08 Ligw 145 8l (ayz asdlas
BV ey b b dayial I g layds il s 25
Joilil b adbiye (Jlad ul5 %0 (s5l>) coplSommeain b
34052 (5l (e (50 05l hio O )3 celwlY g %Y-
oyt sladzalS .aud)S 8 Cgbye Lo 25 Y 93 o
wWlfse @ e Jslxe sl> Sdsigrree e 4 Ligw

1 s s
sl ;5 el diligy Ggy F wsets bgw sjg)) sloazals
88 18 Y leaPe g Vo i 93 b SMF Loy e Y8°C
9 @loshSSe ol b ot dliwgdy §98 uablize ylaw
A8 b G obyz b 3 et g bz pasSle
b ltwn] uablizo (lae g joue 0319w S 51 Wgo ds 3959
Sz 38 sl JSBU ial dius Sy Shbl slages 5
OMESPSy caw 5 Jai due gladls 4 jyae axbo

)—\ABL«MJ L| Ul.&,g.o [CIR W R W) Ubo)gb O (_ngié 3 Ul.&,g.o
oliae wad b (gisse glz cawd gaamludlS iz 5 ixicw
712,131 0

oo )3 Lgw IS 092 g plase Wge oBiies ) S
95lesd bl aze 4 Jsl jg) > il smse glidd |y glase
Eoxd 3l Gy celid® g VY OFA PP alold @y sey (slojg, 5o
)5 w90 e

OT).S )LAJ..I (O] OL”’L.’S9 (o] b.uu.bb&n u‘.\.m ..\J9A oKtws Q (JS.‘::

iloe Ghdy g ddyy Glob by ol 9 by &5 Gl
O g Aday Job «SES pjs S g »d WS Glaiw
51 am el g 5 laytably ol SYBT (6555101 b olsa

Aol cwwd o jlad Jlacl
piwsland Bl 5> ladiged ifelxe JS 28 lgime hariuw
B3 53 5900V eee )3 a9 S xSosliae FIA ply PH L Yger!)
sshiedy jolidiy) ceowd Wb Joudnyiile ddsYe wied
oylac (sgizo ‘_}»JLO)T vy @b ealaswl JS 8 e
wiody adlgl g b 03938l Lule snlSoyodlow g %O S

Volume 9, Issue 4, Fall 2018



ohiSan 5 1S 5ble F5

Loosls Julxi g dujod johiiedy . 5ud olodl JI)SS aw b JSlas
3358, 15 4y SPSS 1331058 5 a8 Sy uilyls 5T

Lvaxsly

(S 0jg e il o YuliGhe Guablize gl
1ald labS b duglie ;5 Lsw (lsn Gidu 5 ado; Job o3 0
oSl g 5 pis sl plals LS Madhet sled 5
2 S8 b () Jga2) wb osaliie lse elail Jgb Hlyise
by Glalisl (glaHne jobdy Mudhele g Yo jlod 95
(b g a-),lagal)

Olalidl Wudlo¥s wid b glie wod sudlesd olals 5
U5 Jeds)ls Jolir (s5umss sloosSS) plie 53 s)liee
02390 33 B8 51 a aclwYE ((%YR) gl IS g (%YY)
(f g d =Y lsged) ai samlico wold HlblS b duslic ;5 ¢law
ORl38l WuSlaoY e plare b ssdplasd plalS 3 & >
(€ 9 €=V lagad) i samlice 03Ky 93 ol 53 (5 e

dei ) Giglaie slagwly 4 yxie SMF wiglae wad ¢
2 aSlaoiehe G oheS] Jed 4 oyl
31 o Mol Jlasd &5 (5y9bay aind Ligw (slaazalS
23 3d 3uShaoiessas lise slaize (hals 4 e celwfA
Gloe Jhgiee ol Madchets led sy &S Gl
el 53 ohgds (plane i wlebw olad )3 suwSThgfo e
43ga3) i osmlive dald lS b dwglic ;3 (%IFW/AYY gl
(bga-¥

Sgime ol Madhel plie b esdplesd glals )
b aunqlio 55 jlesd Jlasl 51 g welw¥Y U Y 51 JrnSs 00
gl b oosdjles gl s ad csmlie sl LS
JBsly b3l jlewd Jloel 51 ay celwFA Ll YudiGhaoVs
(d g C-Y Hl3505) i ssmlie JuuwSg dun

S YE ol s MadiGheY s plase b oadylest slaazalS )
395 lhse prptden b duenSoynee plie pupidon celwYY
L oadyled uLmL«f 3 (& =Y Hlsged) 391 olyens MDA
s oanliie o 5| Guy ielwFA MDA (il Yol
(F-Y lsg03)

330 SMF @isds 93 53 Sl 10T o codled IS gy
i MG leaY s jlasi ;3 RSC o' (5,5bas .09y wigliio (il
A=Y laged) aly ylis (g lsme il jlend Jgl cueliwd 53
dgliie ;3 MudiGlia¥s plise b oadylasd plalS )5 o5 Sl 5
L oanlie celwVY 5 FA 5L ,3 RSC LialS canlis olblS L
(b -V l3g03)

O5asm STy s lS eaiiS gl plsied CAT @5l colled
Olae 3 ol Gl b dulio )3 glie b stdylesd laliS 5
oSl Wdichie¥s plane 53 5 laHne phals Sudlote
(d g €=V 4ldg03) sy ylid (5150

Ol M lao¥s 3 Yo jlad 93 3 55 SOD 3T egece usly
o2l cadled Iy sise ialS cow SMF ks 93 &5 (g 59bds cags
@il bl .(fg e -V lssai) i sold ol b dulio js @3l
51 s e bt ofasds Y lea¥s lad ;3 SOD el ials
(=Y l3g03) 393 5355l sle

sadyles GlalS )3 PO @5l wolled jlsise (alil o yidon

WAY juls oF oyl 8 0590

53 iz pelS g HaO2 ayje (6,:565101 b el collad .o
o3l slae 3 sy eSle hila yegiliVEe zgo Jsb
51 oslinl b 39830y gy b ouiig g (63:5651430 7 dnlone
[0 edyndy eygo sylailinl plgieds (5918 ppw gl

53 4igad :(SOD) jlgaucss dpuSlagw a5l colled (hovie
VIA L 5l PH g asuSgpsampanliy - pupp Vgoleold 580
(Sl Sl yepaligaplsslh)  EDTA - NVaashwo) (59>
FOC (slod ;3 daBaYe coods dids 43 jg3\VWeer ;3 g (5 pS05lac
coled Gl glp selidyy e I b Jedssile
Al sl (aSly bolxe ab oslistwl jUgemndswS]ygw
©sl> YIA Ll PH 5 1Sy aimeonliy - e ;50,1000
osrio =l VYsehols wlySossw (EDTA Yo lios/)
(NBT) w0 ySeaugslicighe s j¥909,5uaVF Vg0 lualV
393 canlio plise 4 eu3il slac 5 ag¥oen 5 Ygeg,Sue
PRUTCAVSIRULERUIA SRS REEICPPETICR ERC VR EETY
SO A LS):Sf)"A-"')hsJ'UQ” 3385 UEe 53 8518 51 asy
5t yge a3l e pululy jUgemnsiSsw culled s>y
213 ai3 )8 a5 ;s NBT (glsl ey %0+ jloo (sly

—oms 8L 53 e :(PO) lusuSTyJsS L culled (st
335930000 53 9 spSejlac & ply PH L Vge kot wllle
Ui 5108 jeudsyiile FOC (sled 53 dEBEs10 wseds ddidy
UidSly cauSyi b eslaiwl PO wolles LS):S")"-*—"' &y sglidg,
JsSLE #N ply PH b Yo koss muiweolins 13U sl
@ ol olas g Veehed GigyamisnSly (YselielA
333 cuslio (yljne

2 5egiliFY e g0 Jsb 53 iz (ialidl wigot eyl eolled
(2210 il digad iy @Sl s sl diids

sol> %be Joilil 53 digad :(5lid wluSyi (IS (gloime hmiw
Cledy A8 53 59300 )3 g Sl 3l Sy 1,IS5 0 %/ -0
zoe dob 55 sslidyy Jolme iz ad Soudy il ddiSs).
Sl S 3ylxill ollys JS 55 olime g odilgs siegiliVAs
23134 dunlxo

A cnd ) gl Jill ) diged 1a159igMS (glgize Ghiania
©ledy dE3 )3 )930eee ;3 5 Ked (ol Siitaol 4 JliT ) 4
ALC sles b ‘a)f uT ‘aLo.’> 3D e 3D Soudn yiile dd8sl.
9 Voe YVe slazge Jsb 55 o iz g wd)S 18 didsl sty
L2413 (S)ﬁfo)'bﬂ):usju‘”\”

Jsilio ;3 digei :(FRAP) Jolo (SauSlsl a8 (haniw
G M Foudnyiile 48BN witedy 4B )3 59300 13 g o Sen
dslxe g (1% wlp PH) Vserl¥ wliwd 8L (Jol> slac
eanty 0:°C oF O elos 53 5 aSLal %) wilian Sy B ol
53 g WLl %V sl SGplS (655 G il 03ls HLE adEsY.
4okl 5 b Jeadnyiile ddSs)e waedy ABES 3 jed0ees
%oV a5 S0)3 g onigas Ol glidy, Jolme uwlio lise
3 GSAS Lol a8 b ol yiegiliVer y3 o] Lis g 4SLal
25130 diule SOMo b dus i

oo il8-0 Jsloe ;5 digai :(FE2+) g5 ol (slgime hioniw
Ul los 53 bl oy Guow 03l %V/0 (Phe-o0)
u.mT U')‘““ KVZTR V) o.}.ﬂsb )lnsjlj&\~ 3 L’)T [RCH 9 LS)")&
126] o s 4 SIV e b dulio ) 98

Hlat Wels zyb B 3 g e engen ool

o wanyT olSatily (g y9lib cuus;



PRY Maiiisleate § Yo (glia ughliin (slaglise 45 bigw olsS (1uS58) plumgw wilite glaguly
Veipleale ublise glise Jlasl 51 o 5% 081 glive
2 Golsize Gl Yudhele glie 53 9 Jlaine pialS

.(h 9 g—‘F)L)sA.\) Al ULI.MJ ol uLmL.fb duslio

Olae el e e g ddny b palls sby g Gl 1y () Jgaz
Ligw (sloazalS )3 Yulkuols g Ve (bl uablise

sk dsb (@) S0y () SiaS o
Lo o
T ol e wl Jan s meblseolss
MUL_I_.AY°
JAAT OB VRIS GIYeAD AV A s D i) b Ay
VIAFS Y/ESD VYOS o[\NAD o[ FA¥R LLWEA R e olail ud)
Mb.lta\yo
A IR A LR A\ AP BV TE 2 R RCY C R P i,
FI0V  V[FAD  FFFAD LOR.FE o[AOVa  L[AFE e ol
(a
6 Ctrl SMF 20mT
E a
8 a
§§4 b I I b
:L;D I C I cd
g cd I d cd
3 = e I I
— ) I
8 I
©
=
0
5 24 48 72 96
Time after treatment (h)
(c
4
=
3
=
g 3 a ?[
0 lam)
';’E cd b P E b -
"é_ oo 2 cd i d e
% &~ P
S E
S5 1
=
-
©
B 0
5 24 48 72 96
Time after treatment (h)
1.4 (f
E
e 1.2
=5 a
8% 1.0 = b
E o ef T
S o 0.8 f C cd
£ g - I I
2= 06 ed ef
= : I fg
g g 1
0.4 = I
0.2
0.0
5 24 48 72 96

Time after treatment (h)

o 51 G celods B FA Giley 55l 55 Waadsleo¥ lase b
Wi sao¥e b oadylowi lS (g -V ,laged) i canlice
ols (blS b aolis ;3 PO culled j3 (g lsgime wglss
(h =Y lagedy wislys las

oo b oadyland olalS )5 auigighd § i wluS)s LIS jlaie
Aa las sald 09,8 A cawd (gylaine wglad W Lot
Yiheol olire b et 53 5 Gl 53 (d 5 b —F laged)
5 welwd Gld wlusys IS jlade )3 (BIF) Hlagine Glalisl
anls GlalS b dunlio ;s ,lass Jlacl 1 amy caclwVF 14i5igMs
A(Cga-¥F l3ga3) 1 camlie

Yiheol olase b ssdlast gl 5 (SaiSlal SIS o
8l (5 l3iine IS SudGhals plise 3 5 spise Gl

(fge-¥ lagad)
Ctrl ~ SMF 30mT (b
6
- a
: I
)
: )
g:s b
B 4 cd -
5 oo d cd cd
%n}“ e I 2= = ==
17 é I e e
g 2 I I =
©
=
0
5 24 48 72 96
Time after treatment (h)
(d
'E 6
3
=} 5
S a
= =
Rg 4 b
'g-%b 3 d - ¢
E }D ¢ de cd ef I f
o £ 2 T T I
== oL
(=) g h
= 1 = T
-
©
= 0
5 24 48 72 96
Time after treatment (h)
(e
o 14
=
42 < 1.2
SE 10 a
= o0
i }n 0.8 I
s g v bb b be
£~ 06 | d4d cdy EI Tz
g 1= T
0.4
0.2
0.0
5 24 48 72 96

Time after treatment (h)

LS of 5 e Judg)lSd 5 €IS 08 b 5 @ thigus olS )5 (3tinsid (gleesSl) A8 (glgiome » WauiGluoWs o Ve (slil Guorblisto (slaglare 1306 (1 slagad
(ol ufql) U9A)T uAJLM)‘)J +[+0 )l ).;ASGE»)‘Q )ljum ush_l o.\LﬂbjoUﬁ UL.M&J)J.C Bgy> taidud ((g3g0s b9h>) )Lmdl)mli)l)il A J8ls> U,&Lm Lnosls)

Modares Journal of Biotechnology

Volume 9, Issue 4, Fall 2018



ohlSan 5 a1 5bke SEA

w Ctrl SMF 20mT (@
.10
=
.
2o
3 8 a
g abcd ab
s ° cd cd abe
8 d
= I =
S 4
N
o
N
T 2
0
Time after treatment (h)
(c
= 500
(=}
(=]
i
=
g 400
£ 300 ab I I b b
[+] C C
3]
5 200
v}
=
>
% 100 I
St
<
>
=
0
96
Time after treatment (h)
(e
40
=
{o 30 b a
= ab a bC I
3 cd - e I ed
e
= ef £
g 20
= ]
- g
a
2 . I
0
5 24 72 96
Time after treatment (h)

Hydroxyl radical (Abs540nm*1000)

H202 content (pmol/gFW)

400

300

200

100

15

10

MDA content (uM/g FW)

(b
m Ctrl SMF 30mT
T :
d ¢ i
j | I I
5
Time after treatment (h)
(d
c
abca be
C I I
5
Time after treatment (h)
(f
a ab
bed bed bcd ab
d  cdl I I I
2

Time after treatment (h)

€ daSTssriee olie b g @t oS )3 MDA 5 JuuSgyaae JSosl) cduaaSTcfosiun ofine 5 Maudsheas 5 Vo (gl uablise (slaglase x3l (Y Jlagal

@gli oaimaglis pluSmt Bgy> tatiud (gd9ee bshi) Hlmocdlymlt S5 aw Jilis uSilee Wosls) MDA

WAY juls oF oyl 8 0590

Olise of g € (JauSgyae JI00)) gl :d g
(sl Oﬁb U9‘°)T L}"L“’L"’ */*Qj‘)lAf@hw)b )bulg.o

o wanyT olSatily (g y9lib cuus;



PP Yudiliale g Yo (sltn] uglalisn (sloglage 4 Ligw olsS GuSy ol wiglito sloguly

50 u Ctrl SMF 20mT (a 0 # Ctrl SMF 30mT (b
=y 2
S w0 g 60
£ e de de cd = - abab ab
g:n bC ab C ‘S’n
= 30 £ 40
o — o —
§ S 20 § 30
g g 20
E 10 T 10
= =
]
,_52 0 & 0
T1me after treatment (h] T1me after treatment (h]
2.5 (c (d
a 0.8
7 b g
- — - a
i3] I 3 06 ab
Bz 1S : & T
£ . 52 I
2 > 1.0 | de de de e 5 E 04
Ex e T =3 d
S a d
%) f aln 5 o
< 0. w 0.2
0.5 2 0 d
S I = i I
— <
0.0 =~ 0.0 L
5 9 96
Time after treatment (h) Time after treatment (h)
15 (e 20 (f
‘E"a’ gL 55
25 2=
a g g E cded
2 S bc b e 10 <
s 1 ¢ 4 d 2
I d
- e d 5
I T
I !
0 0
5 24 48 72 96
Time after treatment (h) T1me after treatment (h]
(8
30 0.6 (h
a
E 25 _ a
% 20 E a
B2 b El 2a gl 72
EE s Bg I aa ]
°E c 25 !
Q oo
oS 10 d d <£,,
5 I e I B8
2 5 € e N e b
< € 3
N Sl 3
0 = 0.0
5 72 96 9%
Time after treatment (h)

Time after treatment (h)

id g ¢l sladosly 6Slr G5 olsi b g a thsw oS 5 ST HT mius collad  Mudlols 5 Ve (glinl uablide slaglime 23U (¥ jlagad

Hlimalymilt ), SG aw J8la> u.\fub..o >osls) dglz.aﬂ.\_uwfw ﬁ.{)_ﬁ’" clled llo:ggh ‘)bwb.\amsbﬂw ﬁ_{)J culled ¢le f g e GYBE ﬁ.{).ij colled ¢l
(sl oﬁb U9‘°)T U»wa.s o[ o0 j|)1AS@b.w)b )bu.'&.o ug[a.: o.\l.a:bobm UL.&);L L.§9)> L (5390 .bgb‘:)

Modares Journal of Biotechnology Volume 9, Issue 4, Fall 2018



o sctrl  SMF20mT (a
£
1 a b
g bc bc 1:—_(; bc ¢ bc be
24 1 )
°
=
%]
)
i
]
[
0
96
Tlme after treatment (h)
= (c
=
F
L0 4
=
E a
3 C c = c - c =
1=} C
8 2 I
=
=
S 1
o]
=0
5 24 48 72 96
Time after treatment (h)
30 (e
a
20 b I
I

Ferric reducing ability (%)

C

0.50

0.40

Ferrouscontent (mg/ g FW)

Time after treatment (h)

c C d c
T I
e e e
10 J I I I
0 I
5 24 48 72 96

(g

Ferric reducing ability (%)

Time after treatment (h)

a
a a ab

bc c c bc c .
0.30 I I I I I
0.20
0.10
0.00

5 24 48 72 96

Total Phenol (umol/ g FW)

o

Flavonoid content (mM/g FW)

350
300
250
200
150
100

50

Ferrouscontent (mg/ g FW)

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

aa a
a
aI ‘|’ a% a:: I
2
1
0
5
a
b b
‘ . I
¢ T4 d d
II II |
5

ohiSan 5 1S 5blo 50

wCtrl  SMF 30mT (b

Iili

96
Tlme after treatment (h]

(d

a a

96
Time after treatment (h)

(f

96
Time after treatment (h)

(h

b
ged bcded bed

Pifl

Tlme after treatment (h)

96

£ g e angishé gliee :d 5 C (Gl wluSyi GIS (line b g @ thgw oLS )3 Gl oS Gline p Suihuals 5 Yo sl Guoblise slaglie 306 (F lagad
Japine wglis oximaplis pluSyé Gy it ((g39ar bk el iS5 dw J5lis xSilee osls) 98 ool oliee h 5 8 cJsles LSSl wyus

WAY juls oF oyl 8 0590

(ol Oﬁb U9‘°)T u«:LwLp of o0 j‘)lAS&b.w)b

o wanyT olSatily (g y9lib cuus;



OV Yaudiglaale g Yo (st uglalino (sloglise 4 Ligw olsS GuSy el wiglito (slaguuly

I oialidl glgine jebay (L8 wluSy degaze) b
ol MadiGhiots Jlesd )3 e B 4 gdly yd S
Jio o 9 [j4aS Ty wlaSy 08 cow 4 1y slilo la g xSl
Lbo (slal @luSy e 4 Yl Jlad 53 5 99 ol
ol 0313 Ggm 6 @l o

g Yo wglite wad 93 3 odddlend OLmL; @.ub duslio
@ 5lead 93 o 53 VB il w45 sy lid Yot
Wi saal e jla )3 sl ity oliS 55 39290 98 ol liee
o3l b 5 =8l olsime el jlead wad g)8 pal plie
YudilaoVe Jla 53 b oamlie CAT il b s (ials
oamline joSde slayohls 93 50 Lials g wdls (l W&e &uwly
olawe 31 YL ﬁg)'.ﬁ i (il Jlas! a
59358351 0l by ol lsle 53 ol 38> 4 a2gi b uablise
ROWIK

85 ST et codlad gy )3 @glad 4 4295 b
luS)i (slgize ;5 3l @gld (uizan 9 ROS (,5US
Sy 3 MaSlao¥e g Ve lasd 93,3 98 ol g oauiSLo!
9 Veolead 95 55 Ligw 593 hw 9 oSl gl e
b g 03,5 Joe Symo SO plgiedy MudislaoY Lo s aid S IS
Jlo b euiSlal wluSy cuw @ gyl el
Ol 5 1y by oSl it ol @ e LS4 i wluSy
W e (5395 ROS oishoe jlasi 53 K05 (gow I als
o155 G115 5 rilapeS] (a5 sl 9,8 ol e o Lyl
b oS ady Gl @ e woled )3 5 ol (sbis!

(S5 doeus

ol e Yudle¥e plae bigw (uS9y i 3
hd wlusy Jie aude saiiS bl @luSy e 4 |y gy yisdl
Gl 45 S0 5 39 My Sy cowe g MS(0 calin
@Sy caw 4 ke Glage Sl faud o Yol
ABd (0 U"‘J"Sb Ay g 0AL 9)5 uJbT‘J.mu)a.a

A Gl sl (9w 51 5390 151348 g S

At Ol B aingl am 31 (5990 1INl

i IS B singi (s9m 51 s390 1adlie (ylal

XL GOy YRR COETS ) Y 1 V- L R R SCUET RO
SlE Pl (%Y (slel  Sldxi/ Lol Simgiy/dosio
coy oy BiiGLel  Simghlpelidbsy (eg3  odiusi)
g (pgw oMumgl)  izlupws Loy 1(%YD)
(%Y+) (s Lol Sllxi/ (oS

383 Gl OB sl som 31 5990 15l gilie

&l
1- Maffei ME. Magnetic field effects on plant growth,
development, and evolution. Front Plant Sci. 2014;5:445.
2- Blumenthal NC, Ricci ], Breger L, Zychlinsky A,
Solomon H, Chen GG, et al. Effects of low-intensity AC
and/or DC electromagnetic fields on cell attachment and
induction of apoptosis. Bioelectromagnetics.
1997;18(3):264-72.
3- Kopczewski T, Kuzniak E. Redox signals as a language
of interorganellar communication in plant cells. Cent Eur
] Biol. 2013;8(12):1153-63.

Modares Journal of Biotechnology

Eony

Ligws S8y pitacnes ruoly (65501 Gy S Ly pl> Gy
Om g WadiGleoe g Ve uablise plase ilie wad 95 4
b el b plae gl 53 eyl playz cdligiyw

S| Jlad g8 il aSTls plsiedy JauSyye JIG0),
98 o2l 5 Gl I gaud (aSTly Gub 5l Slyise
b oSt Jlod 455 uonie olsied 5 9 sl
MDA 3.J55 g Lié 35 @y ymie Lt lasnd (gumlasnsTyy
9 (-0

290 SMF (eMuisleole o Yo wisd 95 5o 38l Glaghy )
oSS (68U Lol csind ianST e gladisS (5SS
s5bes 5 (3 (slaguuly (S GET e 3Slac g5i Lol
Sesd 3 3y wglite oLS S9y e Gwl IS
S| Jlad aisS aslisialidl 8 puyicdle Mudleel
b ol ol e osolcmsds gl 4 azgi b 39y sauSThgSg
obS ST g cdlad SIS glgi prals glgice
SIS 0l il Lese ol ol adls Wb oluos Lo o
155 PO colled yusi pse ol sladSosl, SausSogl>
GHS wlaSy G lyime Glalisl pas i uSTpss e
& swyoe s 4 guizen gy FRAP ialS 5 wisighs 5
(S FwwsiS @i Sy 4 yxie slead ol 3 ROS i3l
18 g (989,05 g Jadg I5) (s jiiuwgis (slaes Sy Ay ol
b e 535 3o ez 53 IS

ghe Wil glae b Sled 3 8l Glaghy o
Silgise yol pal cedly GialS (g lane sobdy ST fo e
H202 a3 9 PO o5l wollad Vb sty eudiiane y9bay
ooy @ ol 5l Sz Gidn b puizes g Ol @
o8 (L g pamelaSly @ a2l L abl oSy e
JnSg s JIGaly Maudsleels Jland )3 43,5 S ROS e
o 1S ROS oy glayiehly 51 ool il 4y 4295 b 3
SIS S5 ol giedy s 395 Sl (5 U lesd ol 5
SuSogle OIS plsi Gl sselie 35 Jee ady
SOD 5T st ials PO colad Giglisl T sla ISy,
HeS 358 o 4 sl 09,8 9 Waudiplea¥e slad 4 )
Sy IS slsize Jlagise Ghalidl ((39d e 1aSTapss e
ol 5 ROS SidliSow watte s FRAP 5 auigighs (i
03 by g M8 gt GllSl gl dast oS 38wl ) jles
g9 Wi laVe s b osdylag (sloazals

2 53 S 5tmgd (sloopSSy o JS W8 (lgime pal> g
Soguwly 4 azgi b Lol el (ialisl Wl luole o Yo jlos 9
(alS Job g SUiB o5y Siie) My sleyiebly wglite
29 wddls Hyliite bl wad 93 58 55 18 duys0 Hl5 4
53 3al)s slasi b ablie Bpae 4 Yaudihee¥s plase b ey
18 WdiheVe wid b osadjles sloazals ;3 o« Js
A Ay a8l Spo (g3l

9353 (Lo -3 by g Sl plyz yuue 503 (590
Jlead 53 08 Jee Holate jebdy MadiGlio¥e g Ve Lo
GolGine ysbay Fe2t sy ol sl 5 Jled )8 MdGleels
suiSlsl wluSy g VL sals glag)S s o] abe
Goldize woldd Yudihole load j3 (LS wluSys degazo)
33 &S s s sl gylssize ualS 30 FRAP ¢ sl lad |y
wlasyi g Lol ol 9 wdly Gials Fe?* o8 Sudsluol jlas

Volume 9, Issue 4, Fall 2018



ohiSan 5 1S jble SOV

related substances. Anal Chem. 1956;28(3):350-6.

16- Lichtenthaler HK, Wellburn AR. Determinations of
total carotenoids and chlorophylls a and b of leaf extracts
in  different  solvents. Biochem Soc  Trans.
1983;11(5):591-2.

17- Velikova V, Yordanov I, Edreva A. Oxidative stress
and some antioxidant systems in acid rain-treated bean
plants: Protective role of exogenous polyamines. Plant
Sci. 2000;151(1):59-66.

18- Tiedemann AV. Evidence for a primary role of active
oxygen species in induction of host cell death during
infection of bean leaves with Botrytis cinerea. Physiol
Mol Plant Pathol. 1997;50(3):151-66.

19- Hajnorouzi A, Vaezzadeh M, Ghanati F, Jamnezhad H,
Nahidian B. Growth promotion and a decrease of
oxidative stress in maize seedlings by a combination of
geomagnetic and weak electromagnetic fields. ] Plant
Physiol. 2011;168(10):1123-8.

20- Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilsizing
the principle of protein-dye binding. Anal Biochem.
1976;72(1-2):248-54.

21- Cakmak I, Horst WJ. Effect of aluminium on lipid
peroxidation, superoxide dismutase, catalase, and
peroxidase activities in root tips of soybean (Glycine
max). Physiologia Plantarum. 1991;83(3):463-8.

22- Abdolmaleki P, Ghanati F, Sahebjamei H, Sabet
Sarvestani A. Peroxidase activity, lignification and
promotion of cell death in tobacco cells exposed to static
magnetic field. Environ. 2007;27(4):435-40.

23- Pirie A, Mullins MG. Changes in anthocyanin and
phenolics content of grapevine leaf and fruit tissues
treated with sucrose, nitrate, and abscisic acid. Plant
Physiol. 1976;58(4):468-72.

24- Krizek DT, Britz S], Mirecki RM. Inhibitory effects of
ambient levels of solar UV-A and UV-B radiation on
growth of cv, new red fire lettuce. Physiologia Plantarum.
1998;103(1):1-7.

25- Oyaizu M. Studies on products of browning reaction--
antioxidative activities of products of browning reaction
prepared from glucosamine. Jpn ] Nutr (Eiyogaku
zasshi). 1986;44(6):307-15. [Japanese]

26- Katyal JC, Sharma BD. A new technique of plant
analysis to resolve iron chlorosis. Plant Soil.
1980;55(1):105-19.

WAY juls oF oyl 8 0590

4- Blokhina O, Fagerstedt KV. Oxidative metabolism, ROS
and NO under oxygen deprivation. Plant Physiol
Biochem. 2010;48(5):359-73.

5- Potters G, Horemans N, Jansen MA. The cellular redox
state in plant stress biology--a charging concept. Plant
Physiol Biochem. 2010;48(5):292-300.

6- Xia L, Guo ]. Effect of magnetic field on peroxidase
activation and isozyme in Leymus chinensis. Ying Yong
Sheng Tai Xue Bao. 2000;11(5):699-702. [Chinese]

7- Sahebjamei H, Abdolmaleki P, Ghanati F. Effects of
magnetic field on the antioxidant enzyme activities of
suspension-cultured tobacco cells. Bioelectromagnetics.
2007;28(1):42-7.

8- Yano A, Ohashi Y, Hirasaki T, Fujiwara K. Effects of a
60 Hz magnetic field on photosynthetic CO2 uptake and
early growth of radish seedlings. Bioelectromagnetics.
2004;25(8):572-81.

9- Esitken A, Turan M. Alternating magnetic field effects
on yield and plant nutrient element composition of
strawberry (Fragaria x ananassa cv. camarosa). Acta
Agric Scand Sect B Soil Plant Sci. 2004;54(3):135-9.

10- Carbonell V, Flérez M, Martinez E, Maqueda R, Amaya
JM. Study of stationary magnetic fields on initial growth
of pea (Pisum sativum L.) seeds. Seed Sci Technol
2011;39(3):673-9.

11- Vashisth A, Nagarajan S. Exposure of seeds to static
magnetic field enhances germination and early growth
characteristics in chickpea (Cicer arietinum L.).
Bioelectromagnetics. 2008;29(7):571-8.

12- Payez A, Ghanati F, Behmanesh M, Abdolmaleki P,
Hajnorouzi A, Rajabbeigi E. Increase of seed germination,
growth and membrane integrity of wheat seedlings by
exposure to static and a 10-KHz electromagnetic field.
Electromagn Biol Med. 2013;32(4):417-29.

13- Rajabbeigi E, Ghanati F, Abdolmaleki P, Payez A.
Antioxidant capacity of parsley cells (Petroselinum
crispum L.) in relation to iron-induced ferritin levels and
static magnetic field. Electromagn Biol Med.
2013;32(4):430-41.

14- Hoagland DR, Arnon DI. The water-culture method
for growing plants without soil. C347th Volume. Berkeley:
College of Agriculture, University of California; 1950. p.
34.

15- Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F.
Colorimetric method for determination of sugars and

o wanyT olSatily (g y9lib cuus;





