S T2 2 el &bl § Jgilio (5 » S0k Jglomo 1
<o (BrassicanapusL) (35 Slows T 5T 9 558992 38

Ll ol o
133 OB wlidp gy dolibad Soll Wl
10-Y1 Olkxio F o lods VY W

(Y€+- 3mb)

\d Y Y < < . . \ . .
o3l g e e 313 ga ¢ Jal e (T el B e ¢ g lis ailew
O ) eailon ool 55T ol cailn doml g (55 5LaS 0dSils (LS 3l 5 sl 03 S eisly 5 (6 5873 (5 gl -
Ot ciln ¢ oDl 31T o5 cailn domy 1055551587 08Tl (LS Mol 5 sl 03 8 Y
Ol ele ¢ ool 35T o8l ailn doml 5 (555158 0l  SLEL o she 05 8 ¥

(J s 0 5 : D4 aliifaramarzii52@gmail.com)

Wl 4wl o>

Fass e s ST ST s 3T C el Sl 5 Iglin Sy (3L Jgbonn 1 ot lin gy

VP PATBE8L 00 b oS s s S S s (8l sme (Gl 0l ST 5 51T, SLE GYBE)
VPPV dy b T B s ) sSB Sl O son (2leST (oToS 55 Ll b s (BrassicanapusL) |51
o5 o3l Sl 5 Olides S e 53 WAV 5 I8 Gla dle 5o 1SS aw ys dolas JulST ls oS o
ST AT Gy T & Aol V10 0P ) ot Jold (T8 25 slalos 2 Ll o850 oAT (o (550108
an k) mae e s dleSldle (8 (3L o syl Gl 5 ol slass S Ol sie s (s

SIS A5 b S Olgea (e A3 Yo 5\t i) sl w55 Jgle 5 (Usag S Yoo 500

Al Sl B JSUE GV sla 5T e T o8 25 51 ools 0L lls 4 s el 03
%l eag s e i 5 D 5 S Dl sl eSSl KT 5 51T,

st s s e ot (6,8 3 Sl el Sl 5 e (S L s el oM

(ST ST sla 5T b D5 GBI 4 i (T oS (25 3l 0L S0k Slylie

5 dsbe S Al e (ilg 53 Dl odd i 5 Jgbee S Sl S Gl g

S SOl Sl S5 SnST ST Gl o 3T Sl Ol 2l el Kl

.CM‘AS.&‘J@‘;&AA{‘)‘}{A:?):&}A)JM

@020




ot el Sl 5 Ik (S (BL s S0 K 5 prlivs

Ao\

plie o3l 5 x5l ol laans 53 1y 5 Shae o 2ha Olgr (B3 S als Ole 53 & ol (sied 3l 8, sl '
5 AUE ol e S olE s (Arvin et al., 2018) Al o yls o SU sy slaesysT 5 53 b sy Jos s bsw 5l e Iy 3
.(Hayat and Ahmad, 2007) Ll o Sis 25 4 ol e o 5 ol 5lils oy 55 S5

& gy Slio ST 2alS Corgo ( S 25 L olE (8l ol 3,05 5 45 Sl 03l 0L ok plnil (Gl o) 1 il
Wy odes OV I K (St (15 (e S 4a 5 G S 15 )3 (Gandin et al., 2012) 545 o 155 5 Shes
(Khorsand et al., el Olgr ol oo 55 #1)5 OY gumn 5uaTC B go 5 (Sl Sl g 5 35500 Sled ey o155 OWLE
S5 4 gl a5 slul b 1 el (S gUT lajlsle 3 ok 5 gy by RS edle Sas i .2010)
sgdoue Jsay ( (Sis Cuns s > .(Sharma, 2012) 555 o 4 56 S plia 5 SLS 5 2w (U8 s 53 ok o € 55T T
Ll 5 oo 8 ol ) Tl o Il 608 S S s 5T (63058 Elb SRl 5 S STl 6s S 5 e O
Dy 3 IS S5 a4 0 ite 05950k STy L(Miller, 2010) Al «xdls o jon s 1y 055 d STy A5 21530
S Wlodde oyl 5 01 Kiasy & (Gholamnejad et al., 2019) 555 o (53LueSl 5 5 lad gl 55 SYBI 0 5T a5,
Slgn a5 (63050 03 5 LS (ol ol (Hsiao, 2000) &S~ s 1, Sast 25 51 506 31 blg o op S denSTlgs Chale il
(Miller, 2010) 355 oo St Ll a3 3 Shas 350 o 30 0355 olE 3 o ST ASTIgs Chale 155 o

93 S DDz 1y 5 S wiy b Lo g 0lLS L g o esg aLE laes, T o gesle 51 S oJsibe
50T 3 oldie QLS Js1s 53 513 JTeske opl Wd 5 3l e .(Haston and Roje, 2001) 354 oo 1 5 6T Jolo slaoylss
3 dallTe s s o S5 s s (Mudgett and Clarke, 1993) 355 o jiad| o 3 650 4Y 3505 5 bt S,
LS55 O graMasa T (35 Ll 5 (oo 0akd A 57 0 S nST1 63 55 (o o (2 S ST (65 4 Sulgh )3 5 S sl &) o
.(Galbally and Kristine, 2002) 3,135 31 0blS 53 o S

Ll s e 5 038 15T UGl f 15l A 5 il )3 sage (2E a0 gy 50 528 48 i S 218 01 Kns, 5
Sl glo s LiE o i A5 a4 JiS T s s 5 dol ¢S Lo (Gill and Tuteja, 2010; Gandin et al., 2012) S
DS sy LslaiT 3 SKIE s Sla s 5 Gpersn Sla Jalad 51 ooy (514K TS Sl AN s S sl ey
(sl S5 T O30y 92 5 ol Sl oz L5 ,1 45 0305 Ol (5L ) Aalsa .(Erdal et al., 2015) il o 4l ig>
(Hajebi and Heidari-Sharif Abad, 2005; Haston and Roje, 2001; Gandin et .S" . r..la.}' Ly oo Ll 4 oS Sy
(Ca™) oelS 053 I s 53 IS 0581 513T SIS0l 6151 487 3,87 315 01 Kagsy (-l 2012)
e 32k 51y s e ews Cpimmen (Hsiao, 2000; Sinaki et al., 2007) &S o e 1) el eSChoadle 2 5
Wl snygn SRSTs SS o 1y s i ol S (Bienert €t @l., 2007) 457 oo Jusus NDR; 4 dtely SIS

1- Rapeseed (Brassica napusL.)
2- Soybean (Glycine max L.)
3- Oil palms (Elaeis oleiferaL.)

\&



(F+ Gal) 10 -7 (slaamins O o5l IV il 1ol DS bty aalilad

$la 2 51 (s, Shes 2alS 5 plnST gl 25 Slhlest 2l 55 (s 5 slbeST ST o 5T 285 4 55 b
S5 Lol 5 s dnlsSdle 5 J sl abdskous J1 gy ot b bl (805 (6 s S das 5 (6 s S bl 3 St
ol N Vs o35 1S 6lE s 5 5 0 S Sl pkn sl sme ¢ ST 5T o 5T 5 T0S

lbgiaj) 9 .315.0

IS ol 55 sy 5 55 5 GMeeS T T (slagn 5Ty el Sl 5 Jitin 3l slone 5 T0ST 55 51 gy 0 5 shaton
J s ;gTw@bGtﬁ}&wu{ sl 5 Olidss S e 5 WAV 5 \¥48 el Jl s b il T oF ) Yala 5
22 3230 Soles b plnil 5SS w53 (dalas elS GlaeS sk b B s ) sSTE el oy gy iolejT S |
Shadle BLd gl 5 ol S5 Olsiea (s e oo YV 0 V0) mhas Jlgz 53 TS 25 Jole Jols (5 L5T s
L 2y (2 S SBD S Ol s (e o3 YoVt i) o e b glin 5 (Usns Sn Yoo e i) mlas s 55 o
(SIS b b 8 55 853 55 IS ISyl o F e (LIS g 3 F0) Vala o35 IS ¢ 2leT 5 e
i ot LT 3 8 Sy ( S ALY e e s 5 b o slasles Jlasl (OAS jow al o CoBlnl e
.mﬂg\é;,}x}g&f.&,ﬂ)ywL;L@w\;ﬂauwaﬂ;ww

Sl o 5T b Ol ks oslizal (VM) Kl 5 SIS a8l o5 b 51 2l il oslas ag Sl cisml 4 51
(Chance .5 (5,8 o511 (1A00) _Jale 5 wilor og 54 ¢_pw smmekon 2353 YO (slas 55 (GPX) 1ST , J,SLE 5(CAT) Y618
33 3V el b 5Y ga e YOO Slind 3L eslizal b (APX) 31T Sy ST o 5T £l 5zl .and Machly, 1955)
S5 eeST O ol 31 T Dy ST 0 5T s . (Nakano and Asada, 1981) 3 8 &) 50 ((V4AY) 15LT 5 4G
Sl pd Ol (58 0311 g i3S s VAMMVem™ 5 galst (g 0 5l eslizl b 5 e sl YAr = go I b 55 Dby sST
G953l o390 Sl s mms s (Paquin and Lechasseur, 1979) A& oslizal ((14VA) jlulbnd 5 584 o, 5 Jskous S
.(Bates et al., 1973) dé eslizal (1 AVF) O,Kes 5 o

lawls Lo O3a5T bl bayles blize S 315 "l dme Soglis Jolio O 5a3T Lol b yles o3ber 1 5 80Ls i
La 51 go oy Sogrr 3 SAS 9.2 (LT Sljolp i3l laesls o 5 o g o288 plonil o5 0 ozl o s 5 (STl
b o3lizul EXCEL | jilp 351
Y6l

AT b ke s el Sl 85 (3L slome 51 aT0ST 25 slajles Jlize 31 il o b & 5 L
5 fadee Y &ng;;,ugﬁﬂmsﬁﬂ;gwa,@@ﬁf tlio o5 @ a5 () i) 55 5ls me GYBIST
5 G dor V) (T 68 25 Jlime 15l o 0T Sl o 208 5 035 (als o) sl Sl 5 It (50 I slons

Y Jsda) Sl o35 (o ya Yo) Jgilin 5 (gms S Yo o) Sl 50 J shos

1- Least Significant Difference (LSD)
\V



ot el Sl 5 Ik (S (BL s S0 K 5 prlivs

0581 55T S ISl sl W5 Sl s SV 2T b TS 25 Ol SRIIL &S iy 0 s i
ol ol ey o a5 e 5T ol Sl 2l 4 e e Sl 5 el Sl 5L Jgle 4T L (0 1
O3m098 (B go o b 3l el Sl o8l 0T 3o b 2018 ool 050081 513T (S dICl, §l51 A 5 Oljoe Sl
(Ahmed et al., 2002) &S o J =815 OMenST 2T (sla s 5T Cdlab el o 5T

5 02 b oo 31 0535 S T 5 sl 6 T Ol n Il (g 0 Y00 ) OLSan 5 06E 2018 ol
55 L ablie 53 OBLE 5s 1) blis sl 2S5 ST 5 48" s fos Olusply Ol JSha ! O3S a5 23l
L S5 G 1ol Slsan 55 d(¥10) OLen 5 J gl bl b 2ass ool s (Guan et al., 2000) 33141 o ol &
(Lee Bt s dal s (555 i Db alS a4 mete oS 03 8 Iy 5l 31 (I b0 ()8 S 163 CBle e e (5L sloes
3 5(Simova et al., 2008) asl 2l laps5 oS5 55 ki 5 05500 STy sy 5 s Sl L 5,050, 2019)
S35V 5T b 2l 4 s b ks Al SO 5T ol 2alST 5 055 STy Olie 2l o e
2ol 28 VB o 5T el el s D335 ST Olse (2857 I lin oy oo 5 4y e silte 254 plons
St Jorbl

2 el Sl (2L sl 55 It (B dsle 5 T0S 25 lasles Bl S1aS 0l 0L iyl 20 gl
T b o iy o8 315 0L baslag Blie 31 o 800e alie s () Jgdr) 30 15 e SIS Ty S STLE 05T b
5 (4als 5l ol ocaltie el Sl 5 Jglin (3l Jome e 5 TS 45 0 o Y10 e SlaasT, I SLE
Al Sl (2L glone pls 5 (U253 Y0) glie Bl T sloms 5 (o e V2 (T 087 55 53 5Tl Cllob Ol o ST
LY Jods) A odaline

S o ST odialS (ole i) (st s G O gty ) JSUE o 03 WSS T 03 87 0 5 e 51 518 T I SLE
JSUE ol (Amiri etal., 2011) 555 o oo 0558 S UETS pbia (o 5 5 4 05550 1S T L I SLE 28T,
(Abedi and Pakniyat, Jib ;YUK Ous Jls & Cli‘.a 0594 ojj)-\-;a.xfﬁffﬁ 40 Gy o Jule Ly o J'l.L:.“STJi
2012)

M 55 05 Ol W Cmsn il 4 5 oks LS SOl 0555 A8 11 o i e el Sl
Okdio s gl b 55 J ke (Amiri €t al., 2011) 553 e b (Sla AT 4 e olS Cunslin (il 531 5 531 ST 5T sla o 5T
58 g ol 53 a8 05rali5uST 5 i OS5 S 4 e 5 0dd S STl 65 RN o S ST (63 4 e
{(Gout et al., 2000) ol ok 5l S el (Dl 5 IS 55 5 kg 53 Jplin 3 25187 S 55 (555 kS jalS
BRI g RRCHIPYt |

T S el Sl 5 gl (BL Jslons 5 T 08T 25 bl bl 1 uibly i s el
i et eoSols el gl & a3 L0 Do) ol 03l e ek 3 &S Jlaom! o 3 5T Sy ST

5 odkd odalive el Sl 5 Jglie 80 J ghoes o 5 10 A5 e e YN cbﬁ,‘\mﬁuwijﬁﬂqw

A



(F+ Gal) 10 -7 (slaamins O o5l IV il 1ol DS bty aalilad

ol ESbelr Tsmg S Yoo 5 sitie osa Yo (Bl dglome 5 (2T0S7 25 20 e Vo o 53 55 5T ) Sl (a8
(Y Jgd) L oaline

el Sl (5L Jglons 5 (St 25 blize 1Sl e (YY) OLGs 5 bosd Glaadl L agy opl s
35 ol gl (oromen (Shooryabi et al., 2012) 5,5 Cdllas cails IS ol ST AT Sl (sl gm0
s 53 5 A5 sl 2l o 3.8 ST BT ool b il Sl o 51 2 ¥ LD il L
(Tabatabaei, 2014) 3,15 Ciyllas ¢35 oo 5T Sl ST 5 VB (sla s 5T Cflab 20l & i

(Downie Sl (555 i3 ploil 31 )3 ol wods Wl i 31 j2alS 1 6,8 ol Jgln (AL dos nge sla 25 5 (SO
5 58 gn 05 )en ATy Db 0 e ol 053U -y ST 4 b S 5SS T et al., 2004)
25 lp ol sl Y G5 s i s 6l Y S ST 63 03,55T oal 5 L J ke (ELd o ey o0
ESTI
95 g

2 dste 5 bl Sl 5L dslos 5 GT0S 25 Gloles blime 5148 dd jasetio ilols 425 mls & a5 b
YVe gl 53 s Sl o i conls OLES S0be dmglie s 457 ailen () Jguar) 3,005 (5513 e 36 s Sl goma
35 0880 Ol (p 7S 5 o odalie el &Sl J g Sn Yoo 5 glio doys Yo (8L dglons 5 T0ST 25 51 e o
(¥ Jser) Sl o3 g3 J glin 5 Aol (2L T slons ot 5 (TS 25 e Jen Ve Slad 4 by e

53 (Rejeb et al., 2014) w0 53k ods gy M5 0> Ik o IS Do 1) IS 25 ol 0381 (5L IS5,
033 IS INADPH 05 0ls b Ole ot el Sl 3 5187 5 (S 25 5153 g 0 e o(Y01) 0,800 5 s
oo I 6, sl IS TNADPH (51 (0555 STy o simin) 052081 505T (sl JISy 31y 151 457 0s i
b (Sas 55 Sl s Al Sl 5 5,87 51 s s s 21531 . (Rejeb et al., 2014; Chung et al., 2008) .S
S w5 BN 5 (YY) el 5 Sl (Lee €t al, 2019) Wb o ol ST o 5 ol S e gla 2131 e
(Hayat and Ahmad, 45" o J 287 15 0l T 5T (sla o 5T dlab el 6K 50T S50 e Gl 31 el S
. .2007)

o e (el S gli) Sl 4 2HT 015 s 51 5 SIS T e o 5T o5 0281 (53, 0k (5 U slome site
Nonomura and Beson, ) 544 o H' O{;.\:Jfkg.a 4 b GlSssaes Ol d ﬁ};T b g g da A e 5 Sl b i
3503 15 Clb o i ol Jaul 5 )3 (PSCS) Sl OS5 S 0 =g 5T o s 5518 s O b 1 (1992
S OMS 5 S0 - g V'i;T Cdld 155l 4 st ol SspH [2alS L sl Ay o i 40 .(Yordanov et al., 2003)
o 5h o 8 53 s e e Sl 53 505
Jome 7 SO s Slgizme

0355 513 sme i glen 1S S Slydn lgme 1 (3T Slajles flize Sl 314 sl OLE baesls uibls 42 gl
Sl 033 13 ime (s ST S Do Slsmmn el Sl 55 5 ke (BL U glome ¢ 0TS 25 e3le SIS s

14



ot el Sl 5 Ik (S (BL s S0 K 5 prlivs

5 Grohoa YV0) TS 25 4 by doms 008 o Dlon (lisis o ey (S0 dlie 5 @ 4 55 b () Usita)
Ol o ey 5 ool Sl (2 J sl o shann s 53 Sl 03 (e (Jon Vo) (T (57 25 5les 4 Lgy o OT (o a8
Jgos S Yoo (Bl dlous mhaw 53 O Oljs o 2087 5 dd sdaliie (Wald Hlas) (3L Jglous pde 53 Jghoe Slydn sy S
S 5 Al d sk e 3 55 ke Bl dsks = glan 53 Jslome Slpds 5 S Olise o ity b edaliis sl Sl
F Jsder) Al odalin do 3 Y (8L glowe pebow 5o Ol Ol e

5l Jor o5t 5 (S 5 4 (S gl S & Olgte s 15 o (5 T8 53 S Sl pn Olse 1l
Olg o1y a5 0l 5o dsles o ST slalum i1550 (Hayat and Ahmad, 2007) Lil asls ia ol LSL’"C*"[% BESUSE
(35 g shome (Sl (51531 Eel 45 Jshomali ladd o 55 (omes 5 (S5 33 b o S DS 5 R ) B 5 e
Ll oo &S ol &;,\:MSTL;: chle il el J gl 3L gles .(Hajebi and Heidari-Sharif Abad, 2005) sfs s
& a8 A Tis3 31 5 S AnSTis3 4 o 08 6 i b I i s (213115 ol 53 0 ST S Tiss S Ol
Sl Ol s o e 325187 315 e g BIBIL nlply 358 g0 ol8 53 7208 055 | 5 i O gounS 52 ST Ly
(Zbiec et al., 2003) Ll o il 3l e sloen o S

PR N

ST AT (sla 5T Cdled 3l 4t 53 5 ol 4 25 Lol slill 4y e TS 25 8 sl LS sy ol ol
Ban 5 d s Sl p S lsmmn Gl 5 5 0581 ST G ISl gl a5 51 (AL Syl 5l (6,8 sl g
Sl L O b S el Sl iy o w558 0 T e 3 (6,8 g 5 ALE slacil s T ke 5l ol
SeST ST s o 5T Sl 2ol aomt 55 5 0508 55T S JSSsl £l Ay Oln (2l o el &S T (5o
Clab s 53 5 0k 03T 33T (e ISunly £l Olion 217 4 e w358 ST ST 2L s b 1 5355 00
S5 355 gr o O BlE (513 5 S AT 63 03)5T ool p b 55 e bl oo 28T« GInST 5T (sl o 5T
353 0581 35T (WISl plsl Wy 5 0ds O3 me (6551 sladsSe w55 5 358 o8l cso 5 S 51 p3Y 2
bl 2l GInST T (gla o 5T e



Y

(F+ Gal) 10 -7 (slaamins O o5l IV il 1ol DS bty aalilad

References

Abedi T, Pakniyat H. Antioxidant enzyme changes in response to drought stress in ten cultivar of oilseed
rap (Brassica napus L.). Genetics and Plant Breeding. 2012, 46(4): 27-34.

Ahmed S, Nawata E, Hosokawa M, Domae Y, Sakuratani T. Alterations in photosynthesis and some
antioxidant enzymatic activities of mungbean subjected to water logging. Plant Science. 2002, 163(16):
117-123.

Amiri A, Parsa S.R, Nezami M, Ganjeali A. The effects of drought stress at different phenological stages on
growth indices of chickpea (Cicer arietinumL.) in greenhouse conditions. Pulses Research. 2011, 1(6):
69-84.

Arvin P, Vafabakhsh J, Mazaheri D. Study of plant growth promoting rhizobacteria (PGPR) and drought on
physiological traits and ultimate yield of cultivars of oilseed rape (Brassica spp. L.). Journal of Agro
ecology. 2018, 9(4): 1208-1226.

Bates L.S, Walderen R.D, Taere I.D. Rapid determination of free proline for water stress studies. Plant Soil.
1973, 39(3): 205-207.

Bienert G.P, Kristiansen K.A, Moller A.L.B. Specific aquaporins facilitate the diffusion of hydrogen
peroxide across membranes. Journal of Biological Chemistry. 2007, 282(5): 1183-1192.

Chung J.S, Zhu J.K, Bressan R.A, Hasegawa P.M, Shi H. Reactive oxygen species mediate Na'-induced
SoS; mRNA stability in Arabidopsis. Plant Journal. 2008, 53(25):554-565.

Chance B, Maehly A.C. Assays of Catalases and Peroxidases. In: Methods in Enzymology. (Colowick S.P,
Kaplan N.O, Eds.) Academic Press, New York. 1955, I1: 764- 775.

Downie A, Miyazaki S, Bohnert H, John P, Coleman J, Parry M, Haslam R. Expression profiling of the
response of Arabidopsis thaliana to methanol stimulation. Photochemistry. 2004, 65(2): 2305-2316.
Erdal S, Genisel M, Turk H, Dumlupinar R, Demir Y. Modulation of alternative oxidase to enhance
tolerance against cold stress of chickpea by chemical treatments. Journal of Plant Physiology. 2015,

175(5): 95-101.

Guan L.M, Zhao J, Scandalios J.G. Cis-elements and trans-factors that regulate expression of the maize
Catl antioxidant gene in response to ABA and osmotic stress: H,O, is the likely intermediary signalling
molecule for the response. The Plant Journal. 2000, 22(20): 87-95.

Gout E, Aubert S, Bligny R, Rebeille F, Nonomura A.R, Benson A, Douce R. Plant metabolism of
methanol in plant cells. Carbon-13 nuclear magnetic resonance studies. Journal of Plant Physiology.
2000, 123(25): 287-296.

Gandin A, Duffes C, Day D.A, Cousins A.B. The absence of alternative oxidase AgX; A results in altered
response of photosynthetic carbon assimilation to increasing CO, in Arabidopsis thaliana. Plant and
Cell Physiology. 2012, 53(5): 1627-1637.

Gill S.S, Tuteja N. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry. 2010, 48(2): 909-930.

Gholamnejad J, Etebarian H.R, Sahebani N.A, Roustace A. Characterization of biocontrol activity of two
yeast strains from Iran against blue mould of apple in order to reduce the environmental pollution.
Journal of International Environmental Application and Science. 2019, 4(1): 28-36

Galbally LE, Kristine W. The production of methanol by flowering plants and the global cycle of methanol.
Journal Atmospheric Chemistry. 2002, 43(25), 195-229.

Hayat S, Ahmad A. Salicylic acid: A plant hormone (2™ edition). Springer. 2007.

Haston A.D, Roje S. One carbon metabolism in higher plants. Annual Review of Plant Biology. 2001, 52(2):
119-138

Hajebi A.H, Heidari-Sharif Abad H. Investigation of effect of drought on growth and nodulation of three
species of clover. Pajouhesh and Sazandegi. 2005, 66(22): 13-22. (In Persian)

Hsiao M.C. Internet addiction, usage, gratification, and pleasure experience: The Taiwan College Students’
Case. Computers and Education. 2000, 35(5): 65-80.

Khorsand F, Vaziri J, Azizi-Zehan A.A. Halo culture; sustainable use of water resources and saline soil in
agriculture. Iranian National Committee on Irrigation and Drainage. 2010.

Lee B.R, Islam M.T, Park S.H, Jung H.I, Bae D.W, Kim T.H. Characterization of salicylic acid-mediated
modulation of the drought stress responses: Reactive oxygen species, proline, and redox state in
Brassica napus. Environmental and Experimental Botany. 2019, 15(7):1-10.



ot el Sl 5 Ik (S (BL s S0 K 5 prlivs

Ma Q, Niknam S.R, Turner D.W. Responses of osmotic adjustment and seed yield of Brassica napus and B.
juncea to soil water deficit at different growth stages. Australia Journal of Agricultural Research. 2006,
57(2): 221-226.

Mudgett M.B, Clarke S. Characterization of plant l-isoaspartyl methyltransferases that may be involved in
seed survival: purification, cloning, and sequence analysis of the wheat germ enzyme. Biochemistry.
1993, 32(5):11-19.

Miller A. Proliferating cell nuclear antigen (PCNA) is required for cell cycle-regulated silent chromatin on
replicated and non-replicated genes. Journal of Biological Chemistry. 2010, 285(45):35142-54

Nonomura A.M, Beson A.A. The path to carbon in photosynthesis: improved crop yields with methanol.
Proceeding of the National Academy of Sciences of the United States of America. 1992, 89(2): 9794-
9798.

Nakano Y, Asada K. Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinach
chloroplast. Plant Cell Physiology. 1981, 22(10): 867-880.

Paquin R, Lechasseur P. Observation sur une methode dosage de la proline libre dans les extrraits de
plantes. Canadian Journal of Botany. 1979, 57: 1851-1854.

Ramberg H.A, Bradley J.S, Olson J.N, Nishio J, Markwell A, Osterman J.C. The role of methanol in
promoting plant growth. Review Plant Biochemistry and Biotechnology. 2002, 1(2):113-126.

Rejeb K.B, Abdelly C, Savouré A. How reactive oxygen species and proline face stress together. Plant
Physiology and Biochemestery. 2014, 80(3): 278-284.

Simova-S Toilova L, Demirevska K, Petrova T, Tsenov N, Feller U. Antioxidative protection in wheat
varieties under severe recoverable drought at seedling stage. Plant Soil Environment. 2008, 54(6): 529-
536.

Sinaki J.M, Majidi-Heravan E, Shirani-Rad A.H, Noormohammadi G, Zarei G. The effects of water deficit
during growth stages of canola (B. napus L.). American-Eurasian Journal of Agricultural and
Environmental Science. 2007, 2(4): 417-424.

Szepesi A, Poor P, Gémes K, Horvath E, Tari I. Influence of exogenous salicylic acid on antioxidant
enzyme activities in the roots of salt stressed tomato plants. Acta Biologica Szegediensis. 2008, 52(1):
199-200.

Shooryabi M, Ganjeali A, Abrishamchi P. Investigating the effect of salicylic acid on enzymes activity and
antioxidant compounds of chickpea (Cicer arietinum L.) cultivars under drought stress. Environmental
Sressesin Crop Sciences. 2012, 5(1): 41-54.

Sharma S. Characterization of stress and methylglyoxal inducible triose phosphate isomerase (OscTPI)
from rice. Plant Signaling & Behavior. 2012, 7(10):1337-45

Tabatabaei S.A. Effect of salicylic acid pretreatment of barley seed on seedling growth, proline content and
antioxidant enzymes activity under drought stress. Journal of Crops Improvement. 2014, 16(2):475-
486.

Wang Y, Liu C, Li K, Sun F, Hu H, Li X, Zhao Y, Han C, Zhang W, Duan Y, Liu M, Li X. Arabidopsis
EIN2 modulates stress response through abscisic acid response pathway. Plant Molecular Biology.
2007, 64(3): 633-644.

Yordanov I, Velikova V, Tsonev T. Plant responses to drought and stress tolerance. Bulgharestan Journal
of Plant Physiology. 2003, 2: 187-206.

Zbiec L.S, Karczmarczyk, Podsiadlo, C. Response of some cultivated plants to methanol as compared to
supplemental irrigation. Electronic Journal of Polish Agricultural Universities. 2003, 6 (1): 1-7.

Yy



The effect of methanol and salicylic acid foliar application on the
physiological and antioxidant properties of rapeseed (Brassica
napusL.) under low irrigation conditions AngguengL?gy

Vol. 17, No. 3 (15-26)
(Autumn 2021)

Samaneh Safajo', Ali Faramarzi®”, Jalil Ajali?, Mehrdad Abdi?, Mehdi Oraei®
1- Ph.D Student of Agronomy, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Miyaneh Branch, Islamic Azad
University, Miyaneh, Iran.
2- Department of Agronomy and Plant Breeding, Faculty of Agriculture, Miyaneh Branch, Islamic Azad University, Miyaneh, Iran.
3- Department of Horticultural Sciences, Faculty of Agriculture, Miyaneh Branch, Islamic Azad University, Miyaneh, Iran.
P4 aliifaramarzii52@gmail.com (Corresponding author)

Received date: 14. 04. 2021 Accepted date: 08. 09. 2021

AbStraCt Keywords
In order to investigate the effect of methanol and salicylic acid foliar application on the

.. .. . . . +  Antioxidant
activity of antioxidant enzymes (catalase, guaiacol peroxidase and ascorbate peroxidase), g

soluble carbohydrates and proline content of rapeseed (Brassica hapus L) in dehydration stress cneymes ]
condition, an split-factorial experiment was conducted based on randomized complete block % Dehydration
design with three replications in two years (2017 and 2018) in Safiabad Agricultural Research stress

and Training Center of Dezful. The treatments of dehydration stress included three levels (70, % Methanol
140 and 210 mm evaporation) as main plots and combination of treatments of salicylic acid on % Proline
three level (control, 100 and 20 umol) and methanol foliar application on three levels (control, .,

< Rapeseed
10 and 20 % Volume) as subplots. The results of analysis of variance showed that the effect of P

dehydration stress on the activity of catalase, guaiacol peroxidase and ascorbate peroxidase
enzymes as well as soluble carbohydrates and proline content was significant. Further more,
foliar application of methanol and salicylic acid on measured traits was significant Mean
comparison showed that dehydration stress has led to increase activity of antioxidant enzymes
as well as soluble carbohydrates and proline content. Finally, foliar application of methanol
and salicylic acid has reduced the activity of antioxidant enzymes and increased the content of
soluble carbohydrates and proline in rapeseed.
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Table 1- Compound analysis of variance of antioxidant enzymes of rape Hayola 401under the influence of years, water stress, foliar application of methanol and salicylic acid.

Year 1 0 ns 0.00000016 ns 0.00045 ns 0.00000593 * 0.00002434 ns
Block 2 0.00000039 ** 0.00000006 ns 0.00106728 * 0.0000016 ns 0.00061418 **
Year x Block 2 0.00000008 ns 0.00000001 ns 0.00016852 ns 0.00000138 ns 0.00003878 ns
Stress 3 0.00022872 ** 0.07903444 ** 0.74209136 ** 0.00163327 ** 1.27280247 **
Stress x Year 3 0 ns 0.00000001 ns 0.00020741 ns 0.00000264 ns 0.00002985 ns
Stress x Year x Block 12 0.00000011 ns 0.0000001 ns 0.00014105 ns 0.00000105 ns 0.00016941 ns
Methanol 2 0.00002779 ** 0.00823522 ** 0.15571173 ** 0.00059262 ** 0.14581172 **
Year x Methanol 2 0.00000001 ns 0ns 0.00226852 ** 0.00000106 ns 0.00001325 ns
Stress x Methanol 6 0.00000192 ** 0.01106059 ** 0.00758673 ** 0.00000338 ns 0.02035013 **

Stress x Methanol x Year 6 0 ns 0.00000016 ns 0.00275648 ** 0.00000038 ns 0.0000065 ns
Error 32 0.00000009 ns 0.00000005 ns 0.00025463 ns 0.00000153 ns 0.00076178 *
Salicylic Acid 1 0.00003962 ** 0.0001176 ** 0.0451284 ** 0.00042801 ** 0.04452064 **
Salicylic Acid x Year 1 0.00000001 ns 0.00000004 ns 0.00031852 ns 0.00000271 ns 0.00002056 ns
Stress x Salicylic Acid 3 0.00000144 ** 0.00001109 ** 0.00091451 * 0.00000127 ns 0.00077889 **
Stress x Salicylic Acid x Year 3 0.00000003 ns 0.00000005 ns 0.00087315 * 0.00000058 ns 0.00003615 ns
Methanol x Salicylic Acid 2 0.00000119 ** 0.0000168 ** 0.00021821 ns 0.00000178 ns 0.00205805 **
Methanol x Salicylic Acid X Year 2 0 ns 0.00000004 ns 0.00094537 ** 0.00000134 ns 0.00005313 ns
Stress X Methanol x Salicylic Acid 6 0.00000098 ** 0.00001702 ** 0.00091682 ** 0.0000009 ns 0.00399449 **
Stress x Methanolx Salicylic Acid x Year 6 0.00000003 ns 0.00000006 ns 0.00119306 ** 0.00000049 ns 0.00004688 ns

Total Error 48 0.00000008 0.00000007 0.00026 0.00000144 0.00001748

C.V (%) - 0.192146 0.184765 1.362284 4.267149 0.264791
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ns «** and *: non-significant and significant at the 1 and 5% probability level, respectively.
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Table 2- Comparison of the mean of interaction effect of dehydration stress, methanol and salicylic acid on catalase, guaiacol peroxidase, ascorbate peroxidase enzymes and proline

content.
0 0.146 hi 0.0494833 r 1.13 hi 1.4328 t
0 10 0.144 mn 0.04825 s 1.1 jkl 1.457267 s
20 0.14215q 0.0473833 t 1.06 mn 1.463767 r
0 0.144451 0.1147p 1.09167 ki 1.45635 s
70 100 10 0.1436833 no 0.1135167 q 1.075 Im 1.4679 qr
20 0.1437625 mno 0.121575 0 1.095 jkl 1.500563 p
0 0.1435167 o 0.1254333 1 1.055 nm 1.469933 q
200 10 0.1429 p 0.1243 m 1.035n 1.496783 p
20 0.1417 r 0.1224333 n 0.99333 o 1.511033 o
0 0.1468833 ¢ 0.1536833 h 1.26d 1.514533 o
0 10 0.1460167 hi 0.1524667 i 1.235 de 1.536533 m
20 0.1456 j 0.151525j 1225 1.547151
0 0.1463167 gh 0.1522167 i 1.225e 1.527283 n
140 100 10 0.1457333 4 0.1515167j 1.16667 fg 1.56735k
20 0.1449333 k 0.1516167j 1.145 gh 1.59795 ]
0 0.1449167 k 0.1523 i 1.14667 gh 1.62151i
200 10 0.1440333 m 0.1516833 j 1.12167 hij 1.62755h
20 0.1436 o 0.1425833 k 1.11ijk 1.657717 £
0 0.149 a 0.17215 a 1.38833 a 1.644933 g
0 10 0.1478167 ¢ 0.1708 b 1.355b 1.66365 e
20 0.1473 d 0.1704667 ¢ 1.32833 b 1.6736d
0 0.1483167 b 0.1693667 d 1.34833 b 1.657933 f
210 100 10 0.1477667 ¢ 0.1681833 ¢ 1.33167 b 1.667567 ¢
20 0.1466983 ef 0.1673833 f 1.29167 ¢ 1.696433 ¢
0 0.1477 ¢ 0.1673667 f 1.25333d 1.700433 ¢
200 10 0.1473167d 0.1650333 g 1.235de 1.733617 b
20 0.146 hi 0.1652833 g 1.17333 f 1.7583 a
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The averages with common letters in each column do not differ significantly from each other.
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Table 3- Comparison of the mean effect of simple treatments of dehydration stress, methanol and salicylic acid foliar application on soluble carbohydrates.

70 mm 0.0217963 ¢

Dehydration Stress 140 mm 0.0306296 b
210 mm 0.0318889 a

0 mol/lpn 0.0318333 a

Salicylic Acid 100 mol/lp 0.0269815 b
200 mol/lp 0.0255000 ¢

0 0.0308889 a

Methanol 10 0.0281667 b

20 0.0252593 ¢
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The averages with common letters in each column do not differ significantly from each other.

Y#



