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The effect of magnetized water on the growth and some biochemical
parameters of squash (Cucurbita pepo) plants under toxicity of
herbicide trifluralin
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Abstract. To investigate the effect of herbicide Trifluralin and the role of magnetized water on enzymatic activities and
content of proline and growth substances including gibberellin (GAs) and cytokinin (6- benzyl amino purine), an
experiment was conducted using squash (Cucurbita pepo L. var. Shiraz Hybrid F1) seedlings. Four levels of trifluralin
(0, 5, 15 and 25 ppm) and irrigation by distilled and magnetized water were applied in a completely randomized design
in 3 replicates at Urmia University in 2016. Different levels of trifluralin were added to pots 2 days after planting.
Seedlings were treated by modified Hoagland solution with diurnal temperature 30:18 °C, relative humidity of 70-80
percent and light period of 16:8 hr, during a 5-week growing period in growth chamber. The effect of magnetized water
and trifluralin on ornithine amino-transferase (OAT), proline dehydrogenase (PDH) and content of proline in both
shoots and roots as well as GAz and cytokinin was significant (p>0.01) according to ANOVA. The content of proline
and OAT in roots and shoots as well as GAs and cytokinin increased significantly, although the PDH of roots and
shoots decreased under the influence of magnetized water. The content of proline and OAT increased and GAs,
cytokinin and the activity of PDH declined by the increase of the levels of trifluralin. Overall, it can be concluded that
the growth and biochemical indices of squash plants were improved by magnetized water under toxicity of herbicide
trifluralin.

Keywords. cytokinin, gibberellin, ornithine aminotransferase, proline, proline dehydrogenase

Received 18.04.2018/ Revised 05.12.2018/ Accepted 23.12.2018/ Published 10.01.2020 AAGIASSTE TR OATA REFRWA RN PO W A7 R IS

478/FVA


mailto:j.khara@urmia.ac.ir

Esmailnejad et al. The effect of magnetized water on squash

S yg3 938 oSy cembline O LU ) Sen 5 0155 Lra]

9 Ogedonw] ( 2l3é olie > (Igbal et al., 2012)
(Maheshwari & Grewal, 2009) _li¢ ,ole S,
3 Salite sla STy Galie HLS ol al il
Hozayn & Abdul ) csls asalys cwubliae o JUS
o Skee ombliae oI b Lol (pas o (Qados, 2010
g oS 5 (bl FuLl @ aiy) do s YR LYY 51 paus
Da Silva & ) col sols aulidl aoye YF G 1) &3
swblse ol (Dobranszki, 2014; Deshpande, 2014
Sz sl laggeysasid ol Gl b L
Ay g ek Codled sse s (IAA) (ST 5 (GAg)
Basant & Grewal, 2009; Turker et al., ) 545 oo oL
Slap 5l cudls ala>de BB jsb 4 caublise T (2007
GRIB L Gden ke 5 jlannSTh s Sbsema ST pgm
5 455 g9 4 sumblize o1 51 (Gao et al., 2017) sas
Da Silva & Dobranszki, ) sl S 505 <ol
(o, Slio aublin OT L Ly olS LT (2014,
WSS 55 Lol (S el Sl ez ey Slgioee
Slga JUl o535k 5 (5 rmsd Colled g yimes slaailass,
Moussa, ) sas co iul3dl o s job 4 jiwgd 5l ol
JB Gl e T O 50,8 sblie (2011
Mostafazadeh-Fard et ) ssi o T (585 ala>dla
.(@l., 2011

S W sy g5l o Gl 4 arg b
S oolaal )36 sl 4 oo Jgame 393 5, |) (sl
s 4 aS alpd )8 5 Cenied Slogzge 5 SloS
Wit Jpazo 4 (e Sy |y b aSdle Cuen e
(eios cpl gl Gas ol Cuwnl Pl e wies alS
Slompl Fp b 5 0y ESale ol b lelis
ol Zedls (D95 930S ok ;o ayge 909l 5 ulsn e
cbale g bl O SS 4 b sl ounblise o1 L
sladile culio S35 p) e a5 il ) 2Saile 5l 655
5 atl B (d g3 98 ol SenSgistd b e
St LS Gy 5 455 58 A eablise O il aS Ll
5556 s> 5 (Da Silva & Dobranszki, 2014) s,ls
S9) seblise O GBli> Sl el pelr slasllas
995 obS olierdon 5 (Sl (Sielsd)ee Dliogas
I toais plowl ullyolin 5 b G W JLdo a0 (28555
5 obline O 5l ooliiul b 2SGile 5 56 Coons 2alS
& ey Sy G5 SBlasl I (S e sledile J S
sl ol S g 0l

dodso

pore Oate SinliS 5o 5 gladale olend S
sl b daglils mis solgls Sl sl 5 ol
ol S5 Wy el angis S Glong (eSon
ok S35 e Jlgo 5 ke alo s 3 PO L ok
Horst, 2004; Hoseini et al., 2011; Raoofi et ) s¢i o
2 Sy Sl dlelay 5 wSale 5l eolail @l 2016
(Moradbeigi & Khara, 2011) s)ls _el,; oL (59,
il Sep)sSl 5 g wiile ool slaglans il
Gao et al., ) oS o Laa> golons! 2 blie o !, Jslo
Glsime mal3dl o a5 iy s sla iSaale (2017
il lasesl (S s oo o)l )5 Galsn (on pen
ey el oS slaS s ady; 5o wel Sl alex
31500 ansl leaw! odg eole iy Sl oo (gl o
2 odap slge (Durgesha, 1993) wil oplgp alex
oSale Jlas 1w s o0 e (bLS
99 LolS 5o Gl semloenST il oo (181 (g 98 5y S
58 U U5s,nes don 5 sheS] n we]
(Toteva et al., 2004)

S Sl 055 Slapis 53 e} omrbliie Gliee
Maffei, ) asogo 15 ;b cowi |, (Sojslsn sloanl)b
(ool Sl o 5w e pwnblae oo (2014
a3 Sleogas udh an )0 5 ol oSl (JsSUse
sleasys (Da Silva & Dobranszki, 2014) sss oo ol
s F Sz DS & peblibe plae 1o Ol sy
IRl ol U3l plie solie 5 O cwytws ColB 5 onss
Sl L ol s (Hajnorouzi et al., 2011) wb -
Sgpbise ok gl o ol 0l p 3l s pucbline
ol la sSge o515 iul38l (Basant & Grewal, 2009)
gl 5 lossls Pl 6l o (QUlg wanl b ol 5o
5 ,>5 (Da Silva & Dobranszki, 2014) sas o il
Sz o) plye 4 ouabliie plase leslital b plalS
Gl &35 15 ar g 3p9m 3 Shas iS5 CuaS I3
blae ol b (s Lol (Hashemabadi et al., 2015)
(Sadeghipour & Aghaei, 2013) oL o, sgupe 4,01
El Sayed & El Sayed, 2014; Gao ) li¢ yole Gix
ails o Slae ¢ publine Ol 5l eolatul b .ol et al.,, 2017
S 59 «(Alderfasi et al.,, 2016) <de Jgame 4
<lse isw «(Vashisth & Nagarajan, 2010) s 5Ll
paiS o ,Sles g aliw &ils 59 «Anand et al., 2012) o3

479/FvA



Nova Biologica Reperta 6(4): 478-486 (2020)

Sl L Sanchez et al., 2001) K2 5 Sanchez s,
Ly NAD® bl g,k 5l a5l codled o soliswl &l o
25 65 olal yogils Y zge Jsbo )0 yiegidy il olSiws
Saie g oles daads S b oo Cde eSS L oS
Bhalla et al., ) -, Kea 5 Bhalla _ig, L lagyge,90408
5ol 50 9ol s Seslail HPLC oSS 5l oolawl L 4 (2010

A oolawl C18 5w

(OAT) 3l phusil 5 gicno cyacin 3! o2 51

SiSdle dliu gleble g wblie of LSt
Sy o gae 1) Jlis! mlaw ;0 OAT (o351 » ol jgles 5
Ol s bt Of iznen g lljsles 551 sl
95 olS alss i g adyy OAT w3l culd jlo ne
cbale ol cwls 4 OAT o3l el an ob,es
PSSk 2 2ly Y/F B YAI) Jlogme j5b ar ullyslas 5
5o ady OAT Jlade (V5 ¥ Jslhir) <l Ghali¥l (o
G oodlieda oplge YO cdale o g ose YYIV sals
oetw 5wl Jade ool e 8L aoli8l OY/Y O
G odlisla 5ol oo YO clale o 5 05 TY/Y sall s
sl slo (Madan et al., 1995) _zags ;o ., OV/F
P 50 5500 slampl clld Gl cen i a8
Ol Az )0 5 00l USe0, s s OAT b 5l s
ol b dlyelay 58U b aslae jo a0l oo ioli8l olS o
Ol g0 a8 ol (i g ady, OAT clle p wblie
Aty VO s lga st g adu;y j0 1) mpl o oasblice
13 Gl g n 08 (e 2
(PDH) 3659 y0um0 53 54, o2 351

SiSdle dliu gkl g awblie of LSt
D o gz +/+) Jleis! mlaw 0 PDH M}JT); odlyglis 5
PDH 557 cudled I cine 2lS s oyl sty 5 51 ool
Ol el 3l cal cled ad lse o g Ay,
(Vg ¥ Jslaz) <l 2l jls sne jobo & ol ol 5 cilale
esg oS ke 2 ols TY/A wals s azy, PDH colls
VOIV & copdlyslas 5 pl oo YO clale o as Jl> o oy
Go 38l (el aals b aglie 1ol 59 9505 5 od
clale o g 09 YV/A wall glep ion o ol cudled (s
90 5l Gt g ool Las 1) VRV o o dlhslay 5 sl oo YO
J105 s PDH (351 .l als sals b awslio ;o ol

OFAA) FYA-FAF F o Loty & alr o cisjpsle 45 i sloaiily

o9y 9 dlge

WlS sl ,S b B s JeSl &jgo 4 alejl ol

YO 510 O ) llyshis 5 pSale clalé mlans ¥ L bolas
¥ o Ghie Of 5 oubline O lal ©f g5 50 5 (el
L olals YE .cd )3 sl VWA Lo )0 dpeg)l oRuils o 1SS
6l Jslme b yegtle Ve eli)l g e il VY kS
Oole LS SLwiad bl USG5 Seisas Sl
slecdale o 0g ISl oad b iwl ¢ atud aule
i a3lol o als 4y cslS 5l L3 5 90 opellyskis 5 caliee
Xy 5l 4l lg (Cucurbita pepo) i, 945 s,
5heslaiul b g ags obl o)l Camio 5 ot eizme 51 FL
S9EAS 48,80 VO Didedy w0 Vo mows S S Jeloe
39) A Do dy g el Azl S I 908 slaydy ah (xbaw
@ Loy ax aly; oS (pl B ot ly S Cogb; Llyd o
Voo ;0 A Gl e S5 po el alls e L Y Jobo
S5 0 0 ol ay lasy a5 wi cetS S gl (5550 il
s VoA ohs, als sles b oo, oSBUI L5 balulS wus
b (ci39)) VA (595 0595 9 o0 Ar B Ve (oo S,
Jsb b (oo ¥ 5 G witenygls o 5 5l (oS5
55 Soe b cetS glanl s S L8 clais O Al o0
Gl omblisn STL IS VY g Jlaie T L lulS VY azan
ress w592 Jolore atin )3 )b aw (LS pgw atia jlaiud
lp wds 4w b (Bras 2l Jolre 208 0 28l s aily
Syt b lals il asan glal ;o 09 i e 00 lalS o
aBy, ol 5l s 3 o ) bplals lgioe g oo
3k as $.b&.uji Glp i ooy gicnds ‘so‘)i 4 bbdiy) g
3 olesl g, los b ool slaplasl wastdls 5 sladiges 4
S8 & Gl wad )l ol S il az e Ve 58
odlol lrardiser 5 503, ladelw sln 4ty 5 oo el
oo 5l Kkt S gt O e oblie 0T adsi gl ias
heslainl bl Glie ol ools jeue punblise (lae
5 bz Sl 5 S8 ol Vb IS b 31,5 5ls,S
Bates by, 5l edsn Ol e Sl o angd LS 2553
o,lac aps ol colai.l (Bates et al., 1973) . Kea
L PDH) U5s,ues dsn mepl @nfollil caz (2LS
Lopez-Carrion ) .|, 5ea 5 LOpez-Carrion _zg, ; eoliw!
o)las agd gly od,F plnl i Sl L et al., 2008

5HOAT) 3lyadl il i ygl o3l Codlad Gomins  2LS

480/FA+



Esmailnejad et al. The effect of magnetized water on squash

S yg3 938 oSy cembline O LU ) Sen 5 0155 Lra]

(sale] it lojles 0 (plard Slao (uil)ly 4525 -) Joa
Table 1. Analysis of variances of chemical traits at different treatments.

©latyo Slso afF Sl o
Sl S o O s odan U599 055 31yl 5 ginal s 5o
Sy ads, Sy ad, Sy ads,
AT A ARI/N S DA R i FANNYE® YEYIVO™ AYO/AN Y YYOF/Fa" Y sl
Y- leYEe I7Ak o ey A2 AIFE-** /9§57 VE/oyEEE Vi/ovare ) obliac]
AR VIYEN* RN RS ey o[y SIYoy™ IRt Y Jlae ol 51
o[- OY R “fee ofeee NARE Niia! - IVYY VFYD \# s
aol 3250 Vg oy O Jloix mhans )8 l0 gime ls e pf o 5 4y s g NS
ns: non-significant; * and **: significant at 0.05 and 0.01 level, respectively
csmbline Ol Jlas cod 3U59,0000 gy g 5]l Saral ui gl cou il slocdled —Y Jgus
Table 2. OAT and PDH activity under magnetic water treatment.
U/mg protein) ;35,0020 5 5 w31 UImg protein) ;1 il gl opwis gl ma sl
E“MJQL-’-" %’i
slp i ady) slspise )
YV/E-2vion-F YYNFEV T FY/AFEN JAFY POV blie O s
ARIACER AL Y IAAESA 00 FOIFVEY - [fYY 2 FEAAENY/ PV 2 mablize T
s Gy gyll Blod 5l gt o 5s S e By 6l oSl
The means with common alphabets are statistically the same.
llygkis 5 clale Glize ahaw 53 39,0085 (g n g kel S piel et pgl (ol sl dlad Y Jgur
Table 3. OAT and PDH activity under different concentrations of trifluralin.
(U/mg proteiny;ss s s o5 UImg protein) ;i il sl i gl o5 S ile el
sl i iy, silyp it ) ®pm)
YY/AYE. V.2 YY/AvE-Ary? YYIYA£Y/Yas YY/V-£v/014°
VA/SYEA- D VA/YYEJAYAD FAIFY /AN Fa/a- ke vVP 0
\0/AYE-V1a° VVIVOE-/a09° 0[5 [Y5YP INANEATRIN \0
VEY 2 sysd VOIS A5 OV/FEE-YOV? OY/¥FE.IAYRR Yo

ated LSy g bl Bl 5l gt S 40 S ie By sl slac il
The means with common alphabets are statistically the same.

5 4y Orlon 2 oallyshie 5 (S ile 5 ublian ol G
1) Jlosol a5 ole 53 e blie SISy lsn i
Lo @lye Giom g ata) Odon Jlade () Js92) g lo g
axsly b gmls ol a5 il (il cebline O 5l solinal
Sadeghipour, ) «o «(El-Sayed, 2015) Loyl 5,50 o
chle ol culb calls (2015; Gao et al., 2017
S (geablise O 150 sy (Rl b elien (s
(El-Sayed, 2015) o4 olS o Slee al38l o Conl
&) 5l om g ond axilil olS il o s bl 0 gy
(Singh et al., 2000) s,ls oL5 sgupo ;o (S s ¢y
S sl cold s oy SRl L emblie O
Sadeghipour, ) s)ls is Joaws ;o cege L ColaeS]
(2015

30 POC) eSS O-pnsn @ Oddsn
Ol i b olS ag>lse Lo (Monteoliva et al., 2014)
aly Gral3dl b SMlenS )8 —0-0s w3l eaiiSS 5
9850 olS 8l o ol lels 5 PDH o5 ol &b s
S, o ki 4 (Safaie Ghahnouye et al., 2014)
Colleb i 5o 03,8 Jae ol (sl 5 aiile gl 5
obS 5o oelon llyd ol jo g 4Bl 2alS 5U5s 0000 Gudy
L ol Gidn 5 ado, PDH collsd qmls 3k sl oo oz
sals b awslio [0 o sme jebay cuubline O 5l ool
smesblie o1 3B cellsliy 5 b b aglie jo il pals
lois alS o (qubline Ol g 09y a8 w3l cpl clale

5 gy 8 e olg VY

RT)

481/FM



Nova Biologica Reperta 6(4): 478-486 (2020)

OYAA) FYAFAS F o)l & alr o Zjpsle ;0 (g sloaiily

3 4y o9 L OAT 3 PDH (glag 5T cadled (Smsen
wlop

LoolS aty; 5 2l (ide OAT colled o (Sowspe
L aSsysbar g Jlogime 5 Cote s plail s n jlade
RS g 58l Gl 5 bads e et al Gnalidl
LolS lse (oo 5 ata; OAT sl el (S
L aS s sbas g Hlo e g weSxe ady, plail PDH colles
o azls PDH ol OAT il

SiSale Gl gbobl 5 owblie o b
oV Jlisl wha po eSS ete 5 el 2 el s
Sosegsis Bl 5l bl oo Jlite il oy s i
b oellislis s () 3o o5 oisine S s 5 el
9 S gl Hlade Hlo g alS o oSy 15 ol
0 30eys oeSeie e plell ol sl S
Shashidhar et al., ) cool st coalin b i 4 2Sly
5 OS] ianS] b cloaisS e i @l (1996
o1y 0g3 ) g drung U ams oo ojlal ol 4 S g
(Bielach et al., 2017) oS Lows Sgym delawe s Lyl )l
25 ) e g 3y30 oo i sl i 3l s
&gl o, 4o (Argueso et al., 2009) was o 3 56
ligmy (L) (b ol Al o (Sl 5 (092
Alvarez et ) sgi oo 950 Juiugn! 5 ool Juiiingyl
gy i il sl o1 5 ogdle uimen (@l., 2008
(Davies et al., 2005) ol o ials ala>de LB ok 4
2 eaSa i glamyl 5 Gy e pljes (i
gl (HBee 5 (2lad Glo slagll @ Yol (s & gl
OnaS gm Tobaes a5l 9550 50 (Sy Slalllae sl (S
JRUSIL PV EUWINL SV [ S WV S ouwer K v JY B AP

(mgg-1.DW) atuy ods sy

(P.p-m) ol yoliy o Clilé

oSdle cbale folil cwls 4 gl (Ao g ata) Gy n
o ey i b gadss cpl glaesls Ll el
adldlSsls Jlews )] yo a5 cusls callas (Durgesha, 1993)
lizme Gl cow eldls i g0 0dlsils sl aSile S
5 00d (Soej pll olS Jobw o)lpd )3 sy (S
Wl Sl el glanl Glyime o g5k Gl
oLS sloSy g adu;y ;0 (nalisls 5 sl Saligls 3]
sl Sealisls el ou
g Ogdisn eSS (ygmmlinel anlp 50 a5 el (laielanl
ey aex 5l 00 asl laowl 0y sole i Wilg o
seals s @l e el apul jlade Sial3dl ol
98 o akel Slaaml Flassn S0 g bty i
L3 sloasl b mls ol ooyizmen (Zali et al., 2016) ail,
L ol jo a5 culs calls (Moradbeigi & Khara, 2011)
Slasesl 5 s Slyiome oellsli 5 Sl ke Sl
(SIS sk el il Sl g plail g ady; o ol a
S Sy el a4 el (e 5 Ll 5 el oo
Gomes ) wil bagretisy 4525 b 5 o 4528 5l 6 x5skz <o
gy Fw 0 55,0 slae Bl el alidl 4 et al., 2010
3l Called 5l oySslr 5 SUSse, dsn 3 OAT i
595 elon Ol GRIP e Wlgie Vel (s
2ol o ol aexs g g <L (Madan et al., 1995)
P Sopps Gkl cel (e aoe Gla i A
S0l g e ke alS i B L SlbslS 5l g
Lsle a5l sgps 20l 4 a5 wil s sl
o zScale (Amutha et al., 2007) 545 o e ooy

ool odalie  Jusjplol

J.:y.uge al.:f )o k_}.onJJ LJ“"‘J‘B‘ [~ mL:f ).) w OL?U‘ L: J.a..s
bl 5l ome 59y S 09595 olS 50 pdgn (liee 45T (5 y5b @
(Toteva et al., 2004) =3l zol8l 9,58 gmg IS

(MEE-Y.DW) ol i ydg
o

& 1o Yo

(P-p-M) opdlyalisy i clale

smbline O jless g Gl ol 5 Galisee lacdale cov olsa iy g ad) (s n liome —) S5
Fig. 1. Root and shoot proline content under different concentrations of trifluralin and magnetic water treatment.
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