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Abstract
The present study investigated biochemical effects At razi ne (0, 200u M 500 pM and
100uM 500 pM and 1000 p-t&yoldcseedinge of threa maize vasetigeapmpys i.,ed t o 15

Saccharata, cv. Danona, and cv. Advanta 2898) for 4Blroponic environmenvas preferred for all treatments for the
seedlings. Compared to their controls, GSH/GSSG ratio was decreased, SOD activity was increased, and CAT activity was also
decreased/decreased in root/leaf of Atrazine treated maize seedlinitess % ratios of fatty acids in leaf was increased for
palmitic acid and palmitoleic acid in cv. Saccharata and advanta 2898, but was decreased in cv. Danona. While the rate of
linoleic acid was increased in leaves in other two ratios but decreasad onlySaccharata; linoleic acid was increased only in

cv. Saccharata and decreased in others. Compared to their camtrotst/leaf of maize seedlings treated with Metolachlor;
GSH/GSSG ratio decreased/increased, SOD activity decreased/increasedTaadtidty decreased/decreased. While %

ratios of fatty acids in leaf showed an exceptional increase and increase for linolenic acid, palmitic acid, and ldoleic aci
palmitoleic acid and stearic acid decreased and palmitic acid decreased only in awaA2B08. Generally, the inhibitive
effect of the herbicides Atrazine and Metol achlor dlevated
a more oxidative damagesthan Metolachlor on three maize varieties.

Key words: Maize ¢ea mays L.), Oxidative stress, Atrazine, Metolachlor, Herbicides.

Introduction cv. Zlatko andPisum sativum L. cv. Dunav were treated
with02200 pM concentrations of

Atrazine is a herbiciedeanfi S@Dmand CAT activitinskecreaskda(Stajnest(all,i a n g

al, 2016hi,chw i s wused bef or e 2003).dnnatstudy, young andf matpré laaves ef pdga avere

i nhi bi't t he devel opment opr abyreada dvi 1 le a Daatdcertsin edtevsdearabofu s2
weeds. Atrazine, Li nur o mxidativddamagezwasiigentified in proteins and raemlgtane
Atrazine+Metol achl or wer e lipdp @fteri72 lr. Theme was an nncrease fdr glualthiong e e d
before germination. At r az icantent. B8HGSERE ratio ivas thighardneleavesiof maducet  a
which is about 128 idm dodde pet rp ¢SODR serzynte aactiiity, on the other hand,

i s longer medmp arcchd oiyo ean dg maeased in leaves of young plant. CAT enzyme activity

maj ority of it remai natalj n detrdased (Pezmifioietrab, 20hE.SOD, CRTy BGD| dnab
1993) . Besi des, contr ol | i angoxidam endysne acthities werei determirtecats inceease t 0 X

effects-t arngehonorgani s ms i ootscapd leapek af rice plant treated iwith various doses
mi croorgani sm, and ot her @ Atiazima forgl days (Zhdrag a.,,2014). Diffesent Hoses b i ¢ i«
triggers the formation of of Atmzane wdarevapplied ty ¥ \greeties osdyold maze | e a d
to oxidativerast20dd4Ey e JiaantZga gnays L. Hybrid 351 and Giza 2), GSH content
varieties of t he same s p éadasedin Hymid 351dtthe enel of' @y, iomthe bteer ms o
herbicide(l Ksheanis2 @ 1 V) t vy. hand, it decreased in hybrid Giza 2 maize. SOD and CAT

GSH content was increased as a result of the effect @hzymes decreased (AflaHassan, 2006). The 2iay-old
the herbicides Atrazine and Metolachlor applied to leave®alaemonetes argentinus plant was kept in hydroponic
of 30 dayold maize planfZea mays L. var. Artus) (Hatton environment for 1 day after applying 0.4 mg/tose of
et al., 1996). GSH content was also increased by the effedtrazine. SOD content was proven to elevate (Grilgoff
of Metolachlor applied to leaves of 6 and 8 -@éy maize al., 2014). After atrazine was applied at10 mg/L
plants (Alla& Hassan, 1998). It was reported that whenconcentrations to leaves of thew2ekold maize for 3
mai ze pl ant was treatrina wdayshS@®laod PQDVenzynies imredsedlinaraots &nd CAT
ratio of 18:1 and 18:2 fatty acid contents were elevated anehzyme increased in leaves (ki al., 2012). Different
in a ratio of 18:3 fatty acid content was declined in shootsconcentrations of 2;® were applied to maize seeds and
When 5 pupM of met ol achl or QGBH/GSSG@ prptib idecrgsed IDFagiCertcal.n 201301 8 : 1
fatty acid content decreased and 18:3 fatty acid contemaraquat was reported to cause increase of, 3D, and
increased (Wuwet al., 2000). Changes were observed inascorbate peroxidase enzymes Baccharum spp
SOD, POD, and CAT enzyme activities in a study wherdRB92579, SP82847, SP81250 and I|AC945155)
roots and leaves of maize were treated with racemighybrid sugar canes) seedlings (Santos & Silva, 2015). In
metolachlor and -metolachlor. There was an increase inthe study investigating the toxic effect of on leaves of
the treatment of racemimetolachlor but a decrease in the Triticum aestivum L., cv. Mironovskaya 808 (wheat),
treatment of gnetolachlor (Xieet al., 2014). Seeds and Secale cereale L. cv. Estafeta tatarstana (rye) andZea
leaves ol actuca sativa L. cv. Vuka,Phaseolus vulgaris L. mays L. cv. Kollektivnyi 172MV (maize) seedlings, it was
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reported that lipid peroxidation, superoxide anion, totaMet ol achl or ) solutions and tt
antioxidant activity, catalase and ascorbate peroxidasei t h t est solutions for 48 h

activities ircreased (Lukatkiret al., 2013). Krauset al., Atrazine and Metolachlor, the
(1995) indicated that herbicides paclobutrazol and paraquatn ve st i gat e GSH/ @%3$ @ sr, atSiOdn =|a,n
led to increase SOD and CAT activity in leave§ficum acti vi tyof biochemical par ame

aestivum L. cv. Frederick and Glenlea (hybrid wheat)

(Kraus et al., 1995). Herbicide chlamuronethyl was Biochemical analysis of seedlings:GSH/ GSSG r ati o
reported to lead to decrease SOD content in leaves apdl ant extracts were determine
roots of Triticum aestivum (wheat) seedlings (Wang & Yi | mwauz ( 2009) SOD activity (Mo
Zhou, 2006). Ferns (Azolla spp. viz., Azolla microphyllaC AT activity (Aerbhl yzeldd 8#4h Wi
and Azolla pinnata) were treated with herbicide Pretilachlop or t i ons of pl ant extracts. |
(0, 5, 10 and20 pg mt'), GSH content and GSH/GSSG s ol i d parts of plant extracts

ratio decreased with increasing dose (Prasad., 2016). | e a f and root ti ssues wer e |
After herbicide Chrial was applied to leaveshodbidopsis c¢c hr omat ogr aphy ( @hRaidsitni,e, 1 91798C
thaliana, GSH content, SOD activity, and CAT activity Res ul tdetwerrmrei ned in terms of
increased; on the other hand, all decliethe variety Rac Thr ee replicates were maintai
DCPP (Chenet al., 2016). SOD and CAT activittes physi ol ogi cal anal yses were
increased until 3.2 mg.Kgof concentration and decreasede ach treat ment . I n each analy

at 4.8 and higher concentrations in roots and leaves of of r oot tissue were used.
wheat varieties by applying Simetrynet(igzine herbicide)

(0, 0.8,1.6 3.2, 4.8, 6.4 and 8.0) (Jiamgal., 2016). After  Statistical analyses: Resul t s wer e analyze
applying Atrazine to roots and leaves Bennisetum way ANOVA (SPSS 15.0 Evalwuati
americanum seedlings for 68 days, SOD and CAT activtyMode Faci lity). The differen
increased and a decline was determined at highawvas accepted as sipg@iDLO&Nt e
concentrations (Jiangt al., 2016). In the preent study, Dunc an( Duemstan, 1955)was eperfo
biochemical responses based on toxic effect by different h e means. The dat a whi ch

concentrations of synthetic herbicides Atrazine and i gni fi cant i n all parameters

Metolachlor in three maize varieties were investigated. e mpha 9% @ e@5 X -A Taanbd eB)1.
Material and Methods Results

Growth conditions of seedlings and experimental The effect of atrazine and metolachlor on GSH/GSSG

design: Ma i Za mdys L . cv. Sacchamraid: aGo ngpva.r eManomwa t heir acontrc
and cv. Advanta 2898) seeddnwérderabaleeddeicr etaasspe wiat e GSH
hr, surface was sterilp2ged wR2h57,. 52%8.(4m8,v) ansdod3 & .m7
rite for 30 mi n,sereidisendgs sevemalked twimels Airtahz i
d water and t menn| ggaevemd ,nattéhce omax mmust deactrteas
n sterilized di sh2e6s..65%9 e dwasgean mion atedge<r@d N ed ht
e sown i n pl asti ¢Tapbohtles 1T hkel enddstwi € hf iscainednt a rdce
I They were grown byebeimagt sbd3ked8in5Rap8waned
mes for a week. The plaRdyaweérme 2808wn Tihre tmpe tc erftfrecit
owt h chambermper(ihad i mfg I1a6a pHro #da YWIS5i% htwas al so observed
hr night, a temperat upsdd. @babBl+2l°C and arelative
mi dity’00f%) 60 respectively. Seedl ings t hat

owed abnormal growth welheeeffect ofjatypging and angtolachigreopn §QDeandt h e
eat ment , roots of the GAE adiity:nfCosmpgbpd {walshntehdei (i tcho N
ionized wabet waan tpheacetdrneaal Sme(pft fgd to more effecti

onge lids of jars that &8 @J%Baéln&rﬁ@égelainnd nou_ott‘

lution (-@8gs)d sFdddleiemgs tu? et dcetaiviees , |

peri ment al pur pose. Wh e\n ﬁp rélgnngf’irn 7q7@0957¢@"f5)§$<1

l uti ons, it was firstly I %q\ivlgl’? %%_rﬁlgr(?]aséatri
a mplget,?geétoment

d t hen t he final vol ume
distilled water. The nutr r % wa§ Csemratgg éd"'

day. AtrazviMne EM Oand @Y 0 &
Met ol achl oM, ( GM) O alr0dd [aM)O0 A
concentrations prepared i f

test solutions. The seed 8

groups, including 10 see %) | Nan@ackhe
solutions were applied tog 3%POtFhe®f meseredéi ng
Hydr oponi cenwiorug h meett s ofrcs(ftegjlofngaan\/@mrae(35 99
placed in jarsvyMcopmaMa@&amdnddDddddc,hazdz®G@® a (6. 02, 31.509
MM AtrazineM, OgMOIland MM OGO eatpmen@byabBle. 1
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The effect of atrazine and metolachlor on fatty acid eral,2011; ePal,2Daldd) . Gl ut at hi one
content: | n | eaves of seedl ingexnztymeat(eGR)widdnvAetrrtaszi mxei di z €
l inolenic acid rate exceptnitoonarleldyu cealc rgd austead hii o n&d \( &Grstl
and Danona 0. 5%fod2AdR aNeAtD#. 1 EGSHAO0Oand GR constitute t

(1

15. 83 and 21.72% for Daavonafpgh atituatt hi noeeanseetdabdohi sm
Saccharata (7.55%); on tpéaot hees phddmya tQoi Dwoyreesisca rd c i2d
rate increased exceptionalllny t(e¥éns2 84 fSoOD Adwvaymtea ac
2898; 44.04% for Danona) ,l etatveerse owWwermaidzecr sasedbi mgps$y
in Saccharat a. | g alwnaist idce teer ond enecesdé ¢ ihmt Danoneraf, O1At r az
i ncreased mostly (34. 56 %®r ifbeou f2A0dlvdapgndllap 022 98 Samtdos &
decreased (14. 44 %) for D&hD;n aket, 4198 51, er@hZ2Ml1o6f; emdl iamneg
seedlings treated with At2Z@Z6heangat mMmet i maxamudn idrecrea
by 28.71 and 36.33 % f or aMmddv ainnt al e2a8v%8s; odf e cSraecacsheadr ahtya
15.68% for Danohabpy ad. @0 ¢t &4 pdssSead,j22n0e0r3 ; Wa n g & Zhou,
26.56% for Saccharata andAnfitioal diaont asiydt emcpéayedaby
18.61% for Advanta 2898, cdkekcukeasedomyouln/d s0O vfer obmm ydyeema
Danona, and increased bysp22i 288%pfoducSadc cthmdeart astr es
Pal mitoleic acid, steari ccoadiid,i omrmsd Itihreo Ipernoidcu cddioch vo
not i dentified ddl irnogost.s Tohferméf mmée , €sel |l s i s | ow. Howe
data of roots could not &red paesemukedtisomcef alrleaoct i v ¢
fatty acids wer e not i demnsitfiell. ewhvilreontmeat all oweg ter e
insignificant decreases fdet epiadbmatioecn aofd cared alb & e a rhi
acid in leaves of seedl|l i 2Qg&5)X.r ea®B da onti it \hi tMe tionl carcehal soir
pal mitic acind Damoneaseadl Badthatesa.t hBhhn particul arly
|l eaves of seedlings treaygen wispeci eMet @alra&ac hproaoaduced
pal mitoleic acid decreasedec@%el 5,0D3l &y namdr GRe2# X
for Advanta 2898; 25. 39 %r &ddircaDanfomam GHI &r78p Ifaosrt s ar
Saccharata), l'inoleic acidonwertakGedHé @BiHainde 180681 %i f
Advant a 2898; Da%odhb®w ffox1e% ulftor of SOD activation su
Saccharat a), and | inol eniantaicoixdi diamctr esaysseade m ( B@.nt1®% &o
Advanta 2898; 13.44 and 141h9%efrans Dadnchd; ehty e acti
for Saccharata). I n rootseedfl i sgedl itrhges marxe antuend dwictrh
Met ol achl or, pal mitic acSacch&@.rag aanodr 1At 28 2 nfeor( Al |
Advanta 2898; 8883%, fab. DPheamme; a. CAT enzyme activit
15.10 and 19.32% for Saccsheaerdaltiang sa;n dt hpearlemi waosl eti tce amd xd
(24.70 and 49.26% for AdwantAinrea898 ] n 18e8™m% ©Obr CAT
Danona; 14.52, 27.19, anmdai X6. 1s8% df o ngsS;acthear maa) mum
decreased, stearic acid (i2Zmd.7Q@otasndo#t2 DaAm%WnfaoranAldviamt la
2898; 32.36% for Dard@®a )Meaond acdi8d @r2 Q(1Xi;e Santos & Si l

Danona; 19.85% for SacclKrmnaamdlal)9 95 nc Lee & a2elkli 3nwer@le e n
determEe@ TR bBe. 1Gener al 12y06l; d ecdammge § 1 6) . Cat al ase i s
of response were det er mi noerdg afnoerl |feast,t yc aalcliedds aasn dp @ rt 0 xwia
considered that these deahdnpbaysra parsostoecctai@yéetD rvoil teh
decreased oxidativesegdl émgR)y@sat staancer ta@afi n l evel f o
treated with Atrazine. Cexpasedetof opda,r whwoabmaa azned
varieties, rel ated responisnecsr ecafseXldvaat al 2860 8 asde d/li it ryg
were more distinctive. cat al ase enzyme ensur e t he
stress for pl a@xt bypcdebaosadfgi
Discussion of antioxidant enzymes such
result of detoxificatitdr mec
The maxi mum decrease wadsecobsneer vefd liinpiAddvpetaxidati o

2898 for Atrazine (Al'l a] eavdlaaspdn,sed@0Ppbhgsanmay be
Met ol acthdroms i onf GSH/ GSSG jcapmdleaan sed Ned OWwmhat i c activit
of maize seedlings. I'n tgndisdetr 68T FES Gt h@en LGeIMhzSy mers
leaves of maize seedlingshltohepmaxigmumsderckepgentbhode
Atrazine wa s observed i ng Dxjnovnaas , ( Rlol1& ) & Hassan,

2006); whereas, the maxi munm ainbaragaocesg)f osthgrddctHdat «c

Met ol acslecern wans Darrahd996lghueed decreases in FAME amo
Alla & Hassan 1998; Kaya & Doganlar, 2016; Pazminio  Whi | e pal mitic acid (16:0) a
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exceptionally increased iGmiHoefdves. of DmaMaxreal ese.edl.i nges
treated witthheate awasnea decrMoagerriam, D&no/Asai.s, D. A. Wunde
While Ilinoleic acid (18:2Pxijdi¢teqasESdreisses eRvesSse iand
decrease was observed for FPSA@EMUYCdts. 2B A | tUSoudh® p
l inolenic acid (18:3) deq_|rgg‘g”’é"ﬂl&ﬁnﬁmnrga@’yasvé%aOt1eat1898 i
Atrazine, there was an nsnrvoxq%t?t/;naz%,achemmt%hﬁ)%auazo
Linolenicrabh @000 WauncreasefhttBa! M 50l epCy. cole and R. E
acid decreased, and steardge @fi gl ufdBril)ne Cterndiiech krea s
increased exceptionally i et dx& &V € & tZda dudyseliart) edorr chw igti B n t
Met ol achl or ; wher eas, | i n o l(SeariaGabersHee ir dPesdaBickem. HPaykiomi t5i4-c  1a9c9i
increased. Pal mitic acid waG9.observed to decrease in
Advanta nigns stereedatied with | w&nowviaac®t or A. TKreantev, Z.H. S
action mechanism of t he h@PBE?-Ciqaé”dn”@he‘l‘dorcaﬁ%%etsarflnl img i z
was suggested to occur by R 'ontie {YﬁgrotGﬁéI@”sPVBﬁaiﬂyﬁoé‘"§|'scaoc
| ommdpain fatty acids ing. j]‘:’aa{ e %h|b|t|ngo Erin
i nvol vement of unsat_urfaatt ed tyzoal%'d%nzy%qa?urcesarbtanuu
Stl’ul(ltUI’&.Sal., eW00) . BIOChemIpF mlSetzﬁngmgrlcanum(L K. Schum dur
physiological processes wefler @M asterra‘é}%sﬁiﬂzoctlef?xﬁﬁhﬁmlre”lfB'sb'599C
by t he herbicide Chl oroacegtsani |l id n hi gher pl ant s
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