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1- H,0,

2- Catalase (CAT)

3- Ascorbate peroxidase (APX)
4- Challenger


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

VoA Ol ogeas (5 baylpd 50 cnped 83 (oSt (T slapa T 51 (S g Pl o Shae r pselis apmT g0 Dl il (2L Jslre il

sl S aold § cils s S Ko 28 DS L e,8 O)S o alold g s le YO () (g9, baig alold
Gy b (b 5L pls plail (59, (bl slone b 35 L 50 e Y ol B 0szg o 4 Sioee I Lo
-0l 30 5 oS gl 50 kel ey el gz plosl el a5y 5 Juli 50l (S ASY e Ul 50
2 les plo g slas,pe codyl Golul  aald e 5 0ol (6 S o3Il S (glas)po byl lanl w57 Jlesl b
Hlid Slrio olfiws 51 slas,je Cudyls s gl aiad Jlesl b yles 5Ll 90 Jolgd & azgi Low 4 Sp A
ods gLl srdiges Wul gLl S sladiged juw g Clld pac 0 S 5l Sladigad 45 oS 5 cpay 0l colatul
bl il abhase 3o gl K] 4 o 2505 00l 18 el ps Slmio (59, ,Lid amio oSws o
ool Y lasgie jabay g o) b S o o Y aw) sbSE o Lad b iaew; (L /Y L eSS Lad
OYAF o sl 0 488 15 50 b o7 L83 oo cal oS 28l & 4255 b talef] ol o o
550 a8 gley g Sae ol 5l e 0,5 oy b Gl jo Celo Y Gib b pices 50 Joles obn] jshaieds oo
B b wle (59305 alowgas olKiulo;l jo aloldl S sladiges 5 JB abrize slgp o o 7,5 o loaly
SUNEPERRCCEI TR RS  SRVPS ol )8 il a0 V0 slos [0 brdiges (s Al (pied p,5 /0 )
A dewlee N oakaly sl eolatll b oglas e cud )b Sl 0 S Siy Cugb Jlade cal S S e

:(Luxmore, 1990)

om = Mw —Ms/Ms x 100 2\ al,

S il o5 i p S S 59 My g Ggbye S (59 Mu 5 Sugh, Jluie BIM abal ) ol
Olen 4 L V0 jLad o 5 (Sopeh bl Cush) jlade (slas)re Cod )b Sl o SIS (i Cush) ud aiie
A5 s BB Cush) lgied (( So e alali Cogb, g slas, e cudib Cogb, Jola 5 6 S eslail cus S
9008 (5,10 paiges S 5l 59, 1o wyiwd BB Cugb, e od Lasie 5l e (Khan et al., 2017) os a8 5
el Caws 4 it slajles )0 (5 kel H5o Jolsd g ad s S S35 Cugby i

1 3 B o 5T cadlad

L Vs0 hoo YO Slawd o 3L 5o Lo ¥ 50 destie diges 0,5 1Y jlade VB o 31 cudlad (6 8 05lsl (sl

s V0 e s Jols (Kem s Glo 8l J2IS 5l eolizal b T o )las 5 sisles G 5y sl ,o FIA amyal


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

V-9 Vo0-A Slbo AYAA 50l FY o)l VYV Jlo lanl axly ool ol5T ol8iils < el ol (595058 (ool 4 i

O35rhe STy 452w ol ealitnl VB o5l cdlad i (sl g2y Jslome Gupms 9 o yiile 4230 10 S
Sellad g oad (678 4B T D 4 Jlagighe ISl ol Aliwgdy fogilh YE- zoe Jsb po i jo ralS L
(Cakmak and Horst, 1991) w5 5 acwloe 4ids 10 (puigp p,5 oo 0 0do &l s ljl 4 sou ]

S 2 53 Sy bS] Codlad

ol VIA aoul b Vae e 00 Slawd oo 8L o Lo VU olee (idu 5l ol desue diged p,5 +/Y
39 220 ¥ aderm Jang (b g Vae (o Voo o 3 IS Vg (Lo O Jsi 5 g5 60 Yge Lo 0 EDTA
a8y )0 590 VO0e e 0 Jol> (Koo sla Jolme ol Blo Blo 325 L ojlac g oomle (53, (y9le ;0 (o>
s eolatnl 3l el Giow g o9y Joloe g o feai sl of 5 il ax 0 T gles j0 aiB0 V0 Gae
38 ok o5l olas 53 s ke 52 Sl & s o Reglh YA+ gse Jobo 4o SlpsSul Ll als
.(Nakano and Asada, 1981)

S 2 35959 ATy (g S0 1]

G5 o bS5 gl el caws 4 (Yoo v) oLiSen 5 VEIKOVA s, Golul 5 o3g,0ep apnST, clale
9 00 Ged il 590 VO v e 10 4880 VO Dde 4 bojlac .8 )T plol soz> 4y Sig woy0 /) al Sl IS
(2l PH) sly lind (3L Voo (Lo Ve Jolts a5 o251y Jolows 51 yid oo S0 0 55l 51 5 5,800 0 -
853 (S o hEs Fe Bute ol bgle 1 STy plnil pslaia 5 0 ailol sy ks s Vse S, 5
(Velikova et al., 2000) o awls g 5 503105l agidy xSl lawgs yiagil YAY o ladiges i

s Cagby (slgize

Sy laie OF 5l oalinl b e s (0355 S0 5 (0339 aboldl g il jlad 2 50 &gy o 5l Lasede S S
Iy Sy dalol o 0l 38 ;500 ,b g 00 oo)91)o bl e 4 celo b Sow 4y ‘SJ%LA)'T sladg) J>ls 1o a5 g0
Yoakal,y 5l s S S 5 ot S 1 e g 00l L8 cell YT ol 4y ol 5 Sl ax 0 VO Q;I NESRNN

1230,8 dwles cond Cusb (Slaiore

e Sagby Slotoe = (5 (59 - S 59 [ (Ll (g - SiS (y59) X - ¥ aba,

1 Relative Water Content (RWC)


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

W ologeas (a5 baylpd 50 (nped &3 (ot (T slapa il 51 (S5 Pl o Shae 1 pselins apmT g0 b 5l (2L Jsloro il

I 8 Slos

59 5 bl v yme o b Al ye ) cnlple Ceol BT D gnyed )3 50 8 BB plail &Sl 4 4z L
1 oslizal b aosls (Sils dslie 5 ol fy 20378 i e ol 5 Shes 5 ploil artlo I3 G s Lausy i,
Loy b So § daslie 0oy O Jlis! zlaw [0 (Sils fyg05l 5,)5 b o Sk .85 plsl MSTATC 34l 3
50 gu 5 EXCEL asb s

ol 3,5k 5 (oo g, Sliina Sl ol S5eaS 25 i1 45 sl i Laosls il ly 43550 3] ol ol
- Jsle Geizman 09 5lo sixe w0 po B Jlatml s o el SenpsSisl 3l codlad 5 aoy0 ) Jlaiol a5
Dok 3,5kae 5 (g g, slginn 0300 STy VB 5T Collid Slio  pglint ST (g0 5k b 8l
ol gyl g J.,..»L aoy 8 Jlisl maw jo slaensTy g_i:.g)}iu] M}&T el g oy )V sl gl (o
STy SpsSl GV 5T cllad Sl 1 523 sl 9pnST 60 56 (L3l Jolne 5 ol 0908 25 (2iSan
“Jsbre () Jguz) o2 ylocine dey0 B Jloiol mhaw ;o b o Ses g 00,0 ) Jletol mhans 15 (39 000 9S4
Ll ad B 5l Called fal38 crgn lojlass olad o oy +f+) Sl b poliss aneST 50 56 L iy
A Y w3l codad it ol (2als 1) mapl Gl cdld jlaiie cnl 5l sl apnST oo clale (33l
Sl s o s JB Cogby aoys B0 bl Lulid con awoys /o) paslid anST 6o 96U L b Jslore

O S

Hoaaldy HP”W‘./.\ .Pﬁbﬁ:’”/‘v ",a,.ubw ool
ATALEE

AREE

UGB o 3l cdled

(aiBo yo (g p p 5 o)

0/0‘ -1

FC woys e

UL 05T called 1 O 9008 G205 bl 33 pguiling dpuaST (50 956 (LA Jlmo 1) S


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

RN Vo0-A Slbo AYAA 50l FY o)l VYV Jlo lanl axly ool ol5T ol8iils < el ol (595058 (ool 4 i

60 Wlyd il 3l Jolomo g O 3gueS (25 75T i o s 50 00 b i, Slio uil Iy 4 525 s 1) Jgu
P il sl

Olayo (ke
Cagh) slgizmo ] @b gSl 4y
I 8,5 los Y6l i i 2l
(s 039 B 1P) 93!
VEYS * YYY NS AT “/-e\ NS Toovns Y S5
FAFE** \q F* YE/PY ** ofeeq* “[++-YY NS Y Ol 0gueS s
/20 Y -/FF ofee feeeeq) f o
AyYA ** VVjgE ** Va/pY ** eep* ey XH ¥ Pl w65 9l b Jslone
0 U Bl slome x Ol 0gras” 15
VPV * \/FE NS Ve A ** A N ey XH 2
polid s
OOIAY VIYY -/FF ofee feeeeBY YA U
150 VIYY Vo/¥a VYV NE s

b 50 w3l cnl Cled (n S i a5 6 sbas s B3lo s SlaaSTn SlysSul BT Cudled 555 0 W) e
uﬂ)l)s‘ aS oy O FB gy as,0 0 (_g)L.t.gT .E.").w Cod f’?“-’L’*’ QST (60 doyd of+ ) e b wa}l}L@

(Y JSE) 30,5 a3l opl cdlad als coge Jladie opl 5l poilis

Boaalh  l pgulig o/+) M ogulog o/+F % pguilig +/+0

:3 \/‘T A a

3 :1; v - il

'3‘ \\,)‘ Y/ -

2z R AR

é S e

Iy }J V¥ -

SRR TR Y

—2; 20

3 3 YiYe -

3~ e

]
\/Y’ -1 );\
0/0‘ . NG B

FC aoyoee

S gy ol yaSl (o1 35T Cedlad T D908 i byl 50 pgilicnd denanST (60 93U (Sl Jolomo J31:Y ST
STy codled o BB ao o 00 Cugb, byld Cod asy /) el alST g0 6l L il Jeloxe
JS8) 8l Gl s BB Cugby Gl 5 g S cnl ke Gl L cudled cpl a5 ols alST) 595000
Ssypba anlego bl ol S elbo s po 1) gl 5 (jlae B SlannSTy SlysSul o VUL lag 3T (F

9 (ArlanO et al, 2005) MLGA LQJ}LMJ e 0% ..\.Ja.' u)j)m J........S‘I' d;).?u 9 (S"O)M 5wJ)JT 90 Mj


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

Y OlogeeS a8 byl s o o &3 oSt 5T lows 3T 51 (S0 g I o, See p paslis anST oo l)d g6 ol Jgloee il

el )5 jlae saims ylas lags 31 opl cudled ol aijls ST Jlad 565 g9 cpl b Sglite oS5 o plaS
SLadl) Slare digy o)l cadall Glidss bl ,o ialdl ol a5 ail e e 5T ol laws (59,00 anST,
bl Gapm 4 Jos slp VB el oo 3,155 (Wen-Bin et al., 2009) axsgs 3 (VY0 o), 5 oyboesre
Oiaed denSTn a4 YUK bl maw o)l Ls bl Jole 4 codled x> lannsTy, SbyeSwl bl s 5Ls
SYB a5 Jl> 50 0gi 00 <l Joko lacShlail 5 s 0 slawnsSTyy b ,yeSwl .l jlonasTy @b,eSwl 5 50wl
S5l San ST by oSl a5 ol sais olpring Yo cpl @ axes b g g 033 pg) oSy jo Ladd
Sairam and Tyagi, ) ol o5eS! Jbd 455 Joles bad> Cqz 95 Jobo S50 00S JyuS 5 oS pldas
Candg g ol 3gaaS loy S g Dby lgi oo |, (Sid 25,0 GlS o VB 51 el jo Bl (2004
OS5 4 s 50 YUK ale plaes 3]y aS el 5,155 (Amini et al., 2013) cuuls lag e olS Sl
e a8 SlS o Bl ol pae slacde 51 (SO K g 5l (Mittler, 2002) wub o sl gslasnST]
9 w)r{.:sjls g0 odes )5.104.: ul,.....Sl ‘SLQJ&Q‘) L] y.:l..\.»....fl w él.’?u‘ s.\.v)j‘.sa )‘)3 6]4:.7@0 ‘SLDW
2 P s sl Sl 5 Loiaisn ooz g2 slaenS] laceml slml b g wisd oo oy 6,05 55
)8 oK 4 (Miller, 2010) wigis co 0, (2ol g Fiiwgid 5 (uisS pae sloon |8 S (Jolo cand il
PBigmss 3pmT s 51 5550 b 5 ot il Gl 5 GRS oo (slo s ulyd 5 ol 5285
@3l bagt aolol 5 oS5l WS oo Jiod (59l SemeST g 03508 s pglaez |y 5T Sl IS0S),
G5 ol wlal 5 (Sairam and Tvagi, 2004) Wi oo Joas H5eaST 5 O 4 jlacasSTyy Ol sl o VB b
b los solod 5o 1) 35yl 9eSTy 00iiS mozr w3l 90 (ol Culled ol (L3 Jslms el woys «f-) el
Oil38l 5 pelis il S eyiws BB Cogb, alS o Y oo makaw j0 a5 Sl ol ppe 5SS Lol wols ]38l
YU slacdale ;o pasld oS (60 (pizad 0gb oo Hbled yiin (59,008 ATy 00l aex lgieds 3] 90 oy
003,)103L @l 31 el 4 Cod jlawnSTy Sb,yeSwl g VB sloms 51 Glime 0 (6,105,506 0929 L bvless oled yo 4
Cdled 5 0, Slas o poilid oSt 60 ©l)d b il Jele S cwyp 50 OVAY) o)Ken o Slale ol azils
U ao,s /00 Hlews 51 VB o3l cdlad o 5 s 45 Wiy 4z (pl 4 wae olS jo oS ST slags 5
m g0 wlyd gl adale jo 55 slawnSTy b, eSw] w3l Cdled 5 (g, Bl doys Frodl e 40 pelis snST g0 @l )d

o ol (g9, a8l oy £oal> o 0 0o il Jelore asys o [0 peilins alST


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

WYy Vo0-A Slbo AYAA 50l FY o)l VYV Jlo lanl axly ool ol5T ol8iils < el ol (595058 (ool 4 i

Baals U oguling of+) B oguiling of ¥ M pguilig +/+0

i~

RIS

0395998 STy Codlad
(s (439 P55 31 Jgog y5a0)

SR

SRR

FC s, b FC a0 Vb FC aoyses

039798 S 3 Cdlad g O SgaS i sl 50 pguilin ansST (68 o3l (Ll Joloro J1:F IS

b o lS Ol dgeS 15 4 Joos j0 15,0 Slas ) o Sy ol e Hlade Lols wuales delsl igid
byls cod 5 ol s Glgiome o5 i Baiizs (ol @l wlal » (Ghaffari and haji Hoseinlou, 2013)
2 ol oyiss BB Cusby 00,0 YO Lo 10 p jlade 0 50S 5 oy BB Cusby aoyo Ve e) S ()L

(F JS5)

o
(o
fo¥]

EenDe
T =
11525355
A A OO
ESEDEDEDE I
OO
OO "
sy >
el ) _
OSSR ST i »
B TS N N
RIS g
- Yirate e e
() 9‘ T b4 e 4
LU RE DN
b N S B
—~ FEHOHOEI -
) etatate s -
~ bosietelsl
3' (R I A . "
R IEREN
: 3 P
49
. ~ - EDE DS B e
f M
DI
. ]
»os0ata sty
Joe e e de
SR
%5 1Tele et e )
\\\\\\
\ 1re et et . -
\0 (PESERERENE" ]
Y } 4 e e 44 »
- BRI .
1 e e ¢ 44
L R R LI ]
P4 ¢ 4 4 4
LR o
J 4.6 4. 4.4
EOEDE DE N
NI |
EE BB
OO
EDEDEREDE
. 1 €66 ¢4 £

FC aoy0 0 FC s, YO FC woyo Ver

o Cagby (glgimmo p O SgmeS IS Cilises gglaw ST :F Kb


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

NWF ClogeeS a8 bl s o o &3 oSt 8T lows 3T 51 (S0 5 I o 8o paslis anST oo l)d 66 ol Jgloee i

e 508 w0 Ahslre pas g T peilind weSTsd $U ways 10 jles b (Bl Jsle (eioren

@lgy colae b Sy Ol (s e OF guaS i ulpd 50 (0 JS8) aidls 1) S (s Coghy (slyine
ouds (1S wemST 60 iz 5 iy, Culae 1als 4 e ol g Lulyd o o e (el g adls (Sien
ot (VYAP) Jbje e Sg s Gudims wlwl ,» (Mailer et al., 2002) 55,5 oo yicwgid il camw Coles ,o g
2508 Ol (reS 5 20y VEIVY (Sl L IS 50 (s (BB Cusby aojo Ve v jled 50 S ol o latie

Dg 20,0 BF/FF L lo b o yiws bB Cogb ) 0o ,0 YO e

Yoo
A+

$e

(0o o)

Sy oo Cagby (glgimo

Y.

Suo 0 ¢/ Sy o/ KW PRI RTA o

o Cugh ) glgimo i panilind s (69 9l (il Jelore obuw 51:0 S

5 oAt A5 0 )5 Ve eSike b el )lal bl s e gl 0T (g0 il w10V b (3L Jslne

S adls |y M o Shes (508 W3 3 05 AP (oSlo b o yiwd BB Cusb; wo o B0 Ll )5 (8L Jolore pas
il e bylas olad 50 pemlis aeaST oo b b sl (8 USE) ol lis |y oy YA olae ials
sl Ll 5o Pl o jSlee Gl olS (g )lal byly o0 a5 g5k cienl oud vl b alie jo D o Slhae
56 5,15 Yzl oy bl s 39 o ys AV 5 Y a5 ) 0ol 4y o powilisd doys +/+¥ 5 /o) b L3k
aeST b (Khater, 2015) cuul oads Db o, Shee iul33l cge oS jiwgis 5 b b powlis apensST o &l,3
G o g 0dd (g e pgat s (2lde yolie Qi (il ceel aty; Bk sl s 5 (S p sl b el
5 2lo) 03,5 o glitusl olS ;0 Jiwgid 5 (g ainel ladpnl i i G GESgs, Ol @l collad

Olidl el pauslig aST o Olyd ¢l Lol Jolore a5 win )7 5155 (VWWAQ) ) Ken ¢ 0ol pl> .(VWAY )] SKen


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

ARIA Vo0-A Slbo AYAA 50l FY o)l VYV Jlo lanl axly ool ol5T ol8iils < el ol (595058 (ool 4 i

w‘)B‘ sﬁ}u}o] 6‘9...7:@ w‘)B‘ L| ‘DB.AJL.AJ w‘ AW ém} U’““" Ja;‘).w )O (:A..f d.v‘\b o)iLo.c 9 4.1...“..: L))5 aéLQ.»)‘
Yang ) 08,5 oo ) ioli8l el ,n%.s}ci Jdos g i o 50 Lgl.aam}ﬂ Oeize g 3l g0, ol s r"-.’.}j [Py

(et al., 2006

“oals Wegdlige/s) Begdlig oY Rpgdlige/0

I 3 Slos

(&g 35 0,5)

N
1
SAAAAAI

NS

FC so,s b FC sy Vo FC woyoVes

039798 duS 1 Cadlad 3 O dguaS i Lyl pd 50 paguilind wnST (58 il (Lol Jolxo 17 S

5 IYBIS slam 3l e aal38l s p3lis ST 53 56 555 L (o3 Jslowe a5 o> i gy ol bt
395 9 b (pp e D)3 (3o emeST ) 3emST ST SIS0, (2alS 5 O 9508 (15 Coti STy Sl jS]
aslllas 590 slajles plos p3 1) oy )5 o Shee Condlys O SguaS A5 ie )BT ol b pouslis aenST (69
S5 CiS ol oe i laal 4 az g L ols olS o oS 5 onl cude &Sl 5l olis adge cpl 45 ans i3l
sy Hie 53 55 23 e o Jilior e Ll o 5 Shas (il jslateas ool a5 (53 s
SO oo Al pdiy je g SDdeaily Cdél aS g0l 4 sl

&l Sl

3lasls s ety 095 i Bacn gl .ol ool 12l 5y 5 aslg oDl ol5T oKl Sl olex b iogh ol
ool wilodged )L L L ik cnl o AT Slise peled 5 iy amls (6558 5 ieghy Cislee Dasliw 5 (5,

Soled o)l


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

W Ol ogeeS (a5 dasl s j0 e 0,8 SlawnST (5T slaps 351 51 (B g b 0, Shos s pauilid awnST 60 il,d ol ol Jsloes i)

&b

Slam il clled 5 (Ko 15 510 .S (Floj o 9w (PFhest B (JFUS cp baexe HLLSI
()Y g pole 50 pe sleansl, (Mentha pulegium L.) ,lhes 4y Joloeo slooid ol 5  SlowST 1
YYA-YYY

SemSlgs lyd 6l Ll Jslxe S gy AVAR T (6810 9 ). piile 29l @ (Fylro ol o3l ple
OLlS Sl idsS] amgh (oole asllad | (Sid 25 lalph cod puiS o (el)y Sleosar (S p psdlls
XYAO-Y) (F)Y . cl;

Slis §l S ol F s 3K 5 s el Jpte b s i PRSI lie e wis buls
AD-AY+ (FF) T elys oalS (65509 58551 .0l 04008 25 s (Brassica Napus L.) 1515 <5409 5848 50

go2S 5 Fmgd ol by, p Ol 09 25 b IYAY 7 Ui 5 g MY ep (B p S
MY-AYY (DY ol o) sloimes 4,85 S5 9, obS 5o by Ygau!

5 055kas 3l 9T 68 B3 S Bl sl S s ATAY 2 (585 5 0 e Folan e o Slakus
59992 79551 sla simgss (Medik culinaris Lens) wae olS jo SlowuS1 T slags 31 el § 5,Slee 15>
YA-AA A ]l alS

oS il ied sloanld p psrilis w5l ecilSa 3l AYAY (S (sohluco 5§ (3 sommand o il
NN ol Cejlanzme 5 65,08 Ik anwgs g (o Giales (resd gl

Slizl s o Ses  poailid ST 0 I3 56U 3L Joloee 1 AYAT 0.0 (3l gedi 0 9 & 5T ep (5 ypaie

FEV-FVY (V) VR 65,0leS oly) 4 dlome (St 35 G w053 iz slacad o510 Sles

Amini, H., Arzani, A. and Bahrami, F. 2013. Seed yield and some physiological traits of
safflower as affected by water deficit stress. International Journal of Plant Production 7: 597-614.

Ariano, S., Bartolomeo, D., Cristos, X. and Andras, M. 2005. Antioxidant defenses in Olive
trees during drought stress: changes in activity of some antioxidant enzymes. Functional Plant
Biology 32: 45-53.

Cakmak, I. and Horst, W. 1991. Effect of aluminum on lipid peroxidation, superoxide
dismutase, catalase and peroxidase activities in root tip of soybean (Glycine max). Plant Physiology
83: 463-468.


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

VY Vo0-A Slbo AYAA 50l FY o)l VYV Jlo lanl axly ool ol5T ol8iils < el ol (595058 (ool 4 i

Cruz de Carvalho, M. 2008. Drought stress and reactive oxygen species. Production,
scavenging and signalling. Plant Signaling Behavior 3: 156-165.

Dwivedi, S.K., Arora, A., Singh, V.P. and Singh, G.P. 2018. Induction of water deficit
tolerance in wheat due to exogenous application of plant growth regulators: membrane stability,
water relations and photosynthesis. Photosynthetica 56 (2): 478-486.

Fadeel, B., Pietroiusti, A. and Shvedova, A. 2017. Adverse Effects of Engineered
Nanomaterials. Exposure, Toxicology, and Impact on Human Health. Elsevier Academic Press,
New York. Pp. 468.

Ghaffari, M. and Haji Hoseinlou, S. 2013. Seed vyield determinants of sunflower under
drought stressed and well watered conditions. International Journal of Agronomy and Plant
Production 4 (S): 3816-3823.

Hasanuzzaman, M., Nahar, K., Gill, S. S. and Fujita, M. 2014. Drought stress responses in
plants, oxidative stress, and antioxidant defense. In: Gill, S.S., Tuteja, N. (ed.): Climate Change and
Plant Abiotic Stress Tolerance 18: 209-249.

Khan, M. N., Mobin, M., Abbas, Z. K., AlMutairim K. A. and Siddiqui, Z. H. 2017. Role of
nanomaterials in plants under challenging environments. Plant Physiology and Biochemistry 110:
194-209.

Khater, M. S. 2015. Effect of Titanium Nanoparticles (TiO;) on Growth, Yield and Chemical
Constituents of Coriander Plants. Arab Journal of Nuclear Science and Applications 48 (4): 187-
194.

Luxmore, B. 1990. Methods of soil Analysis. Part 1, 3th Edition, pp.493-59.

Mailer, P., Baltensperger, D., Clayton, G., Johnson, A., Lafond, G., Mc Conkey, B., Schat,
B. and Starica, J. 2002. Pulse crop adaptation and impact across the Northern Great Plains.
Agronomy Journal 94: 261-272.

Miller, G., Suzuki, N. and Ciftci-Yilmaz, S. 2010. Reactive oxygen species homeostasis and
signaling during drought and salinity stresses. Plant Cell and Environmental 33: 453-467.

Mittler, R. 2002.0xidative stress, antioxidants and stress tolerance. Trends in Plant Science 7:
405-410.

Moaveni, P., Talebi, R., Farahani, H. A. and Maroufi, K. 2011. Study of TiO, nano particles
spraying effect on the some physiological parameters in barley (Hordem Vulgare L.). Advances in
Environmental Biology 5 (7): 1663-1667.

Nakano, Y. and Asada, K. 1981. Hydrogen Peroxide is scavenged by Ascorbate-specific
Peroxidase in Spinach Chloroplasts. Plant and Cell Physiology 22 (5): 867-880.

Nuccio, M. L., Wu, J., Mowers, R., Zhou, H., Meghji, M., Primavesi, L. F., Paul, M. J.,
Chen, X., Gao, Y., Haque, E., Basu, S. S. and Largrimini. 2015. Expression of trehalose-6-


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

WA OlogeeS o bl s 0 i &),3 oSt 5T lows 3T 51 (S0 g I o, See p pauslis anST g0 l)d 6L ol Jgloee S

phosphate phosphatase in maize ears improves yield in well-watered and drought conditions.
Nature Biotechnology 33 (8): 862-869.

Sairam, R. and Tyagi, A. 2004. Physiology and molecular biology of salinity stress tolerance
in plants. Current Science 86 (3): 407-421.

Sharma, P., Jha, A., Dubey, R. and Pessarakli, M. 2012. Reactive oxygen species, oxidative
damage, and antioxidative defense mechanism in plants under stressful conditions. Journal of
Botany 14: 1-26.

Velikova, V., Yordanov, |I. and Edreva, A. 2000. Oxidative stress and some antioxidant
systems in acid rain-treated bean plants-protective role of exogenous polyamines. Plant Science
151: 59-66.

Wen-Bin, W., Yun-Hee, K., Haeng-Soon, L., Ki-Yong, K. and Xi-Ping, D. 2009. Analysis of
antioxidant enzyme activity during germination of alfalfa under salt and drought stresses. Plant
Physiology and Biochemistry 47: 570-577.

Yang, F., Hong, F. S. and You, W.J. 2006. Influences of nano-anatase TiO2 on the nitrogen
metabolism of growing spinach. Biological Trace Element Research 110: 179-190.

Zheng, L., Su., M., Liu C.h., Li, C., Huang, H., Wu, X,, Liu, X., Yang., Gao, F. and Hong,
F. 2007. Effects of Nanoanatase TiO, on Photosynthesis of Spinach Chloroplasts under Different
Light Illumination. Biological Trace Element Research 119: 68-76.


https://dor.isc.ac/dor/20.1001.1.2008403.1398.11.43.6.5
http://cpj.ahvaz.iau.ir/article-1-1216-fa.html

[ Downloaded from cpj.ahvaz.iau.ir on 2026-04-26 |

[ DOR: 20.1001.1.2008403.1398.11.43.6.5 ]

Scientific Journal of Crop Physiology, I.A.U. Ahvaz, Autumn 2019, Vol. 11, No. 43 159

Effect of foliar application of titanium dioxide nanoparticles on maize
yield and some antioxidant enzymes of sweet maize (Zea mays var

saccharata) under water deficit tension conditions

E. Khalilvand Behrouzyar™, M. Yarnia’and A. Ghasemi®

1, 2 & 3) Department of Agronomy and Plant Breeding, Tabriz Branch, Islamic Azad University,
Tabriz, slran.

* Corresponding author: e.khalilvand@iaut.ac.ir

Received date: 2019.03.12 Accepted date: 2019.07.22
Abstract

In order to investigate the effect of water deficit tension and titanium dioxide nanoparticle
spraying on maize yield and activity of some sweet corn antioxidant enzymes, the present experiment
was conducted as split plots in a randomized complete blocks design with three replications at Islamic
Azad University Research Station, Tabriz Branch was carried out in 2017. Experimental treatments
were water deficit tension at three levels of 50, 75 and 100 percent of available moisture and spraying
with titanium dioxide nanoparticles at four levels of zero, 0.01, 0.03 and 0.05 percent. The results
showed that the effect of water deficit tension on hydrogen peroxide enzyme activity, relative humidity
content, ear yield and ascorbic peroxidase was significant. Also, the effect of foliar application with
nano titanium dioxide was significant on all studied traits and on the interaction of water deficit
tension and foliar application with nano dioxide except for relative humidity content in other studied
traits. Application of nano titanium dioxide at 0.01 percent concentration in all treatments increased
catalase, ascorbate peroxidase and hydrogen peroxide enzymes but foliar application of nano dioxide
at 50 percent humidity had the highest activity of catalase enzymes. , Ascorbate peroxidase had the
lowest amount of hydrogen peroxide. Also, foliar application of 0.01 percent nano titanium dioxide
under complete irrigation conditions compared to non-foliar application of this compound under
conditions of 50 percent available moisture and control increased maize yield by 58 and 1.8 percent,
respectively. Overall, foliar application of 0.01 percent nano titanium dioxide concentration in water
deficit tension conditions increased the activity of enzymes related to reducing the destructive effect of
tension and eventually resulted in higher yield of maize under similar conditions and no use of this

compound.

Keywords: Ascorbate peroxidase, Hydrogen peroxide and Water relative content.
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