VA-FF asio ATRA [l dOF)) oylad qopd oz alo cslyy LS (o3slss judsST sole ay,

DOI:10.30495/jcep.2020.671639 gy Al

Ascophyllum ) ob jo Sl o jlas g vl Sedowadlu 0 9,5 51
(Phaseolus lanatus L .) suiuw Logd 5659090 3ud Wlao & » (NOdOSUM

S S Bl 3

s e Y G- . Y . #Y \ e
U595 e g (155, Lo pule (g yuun (i) pmo dozxo ¢ (Sho (wlas Co0l S |ylw

WAAINIG 1 by g, WAANYe 26,555k g )b WAA/B/Ye bl o g )b

oS

Bblie 5l 6yl p3 (2ly5 JlalS 0 Shee g ud; goariSogaze Jalse (n ete alox 5| (Sis
p el Skl 5 by el oloe Bl lone 5 (K5 25 S gy e ool Lo
o 5 S Sl ot ialeg] i Lol oL ety 5 55 lio 5
>l oble 3 5 oy obladul sadlain g ;0 VWAR-9F )5 Jlo jo 1,0 an b Solay oS slaSsls
Bl e faea 1T+ 5 8 B fien &y (S5 5 s s Jlael Jal Lol O g5
Sl (Bl ele pas g (Bl Jslone mhaw 9o Jald sl (o8 9IS 5 0 A DS s Sas
3 Ve e i Gl b s Selr 055 B ol gl ez pso o0 555 5 Sl
§ Fidwgid ey (oS con (i 15 aS ol las golesl ) el il aisg LSe o 6,5 V0.
g sy Gl crge sl el 5 b )d Sl B Jslre b L89,lS lgime ialS
Codlad (alidl o g ol Gl (Ser Sedd g g lyome (SAS 15 s S S35 sl
SebaIlo 225 08 jlgennd 3ouST o g jlacnSTyy SbjeSul GYBL abox I oS gt slae 33!
S g ols pals | als o Slee  Sis a0l Gial380 ) lownsST 6T laps 5T cudled e
ey Sl 555 B pmn i 5 NS 25 fahea 1T+ a5 GUSe 3 p,SASIVY ) il 5 Sl
el Gty (obje Sz 25 V00 g (GRS o) Sk 7o les ) Al o Shes i
Bras guls 4 axgi baes [ll s, F10 U ) als o, Sles ey anl Sl Il J0L Joloo
Ao gmals ) (Sas 1l Ll saie Dl gogas U Wil g ol e Sl g denl Sl

gt ey el Sdlos ¢ oLy Sl oS 5T slaes 3T gaadS 519

Ol ! e oSl S13T oliils (oMl asly cslyy 05,5 csly) (6 58S (G9aitails -

Ol e oSl S13T oLl (oMl sty el yy 09,5 cinely 09,5 Hb bl - ¥

Ol @Ml ooMuwl 13T olEtG1S (@M f arlg ¢ il o 09,5 4l obwwl - ¥

ol bl 5 (oDl S151 olR&ls bl 15 axlg (55909 jud 09,5 Luiiils - F

mal ekiabbas97@gmail.com (J ghmmo (G005 ,55)



i Lyl (So3gler e Slas S als Sl ojlas 5 ael Selecdl 5,18 51— o) 5 ool K

|

S ol Jole a5 5,5 0yl (loaiiS spST
Slaaiss Dl 5 cul a wiblioo Jsko (35,0 5o
celi oS wuS e (ROS) 5ensT b
ok sloSalail 5 b JsSgeg Sl 4 &)l
clacdbs 5l Jb sbasl  .Wed
Sl @lly s STgee S (oeid
i g eS| Mg ST o n SanSTss
LROS wiss o Lial3dl |, sk 5l lacadg iSII
2 balsiel gl L Grizen
Lol @y Juato ;5SS (ygmmslinnST g bogytiy
Pl sleml i pud Jbde corge
DNA Jssdge oaisles slojls 5 laaid &y g oo
slul dajl i cel g 00,5 o)ly Ol
5 Ngdee Sy Al SISl Geemlige
Sy kAl e b Ll
4 dodo izmed g ol Sl slaJsSgey,SLe
el el olS i g (g s
Gill and Tutgla, 2010; ) Wgd oo 5, Sles
Ui b ablie gl lalS (Huang ef al., 2012
PIER PG OWOSRRIY I CRPrR WA £ RS PORR KV
1, o1 slaJISol, Wl o 45 akid (gaal S
= s | WS (S L g 00 G
«(SOD) ;lgemnd 3Ty gus 6LDM)'.§—‘ Jelis
5 (APX) jlapSlyy ol Sl (CAT) 5YGIS
s 9 Sl (GRYESI, (esliols
Jobsss  olysSel ol eyl
oz 5 Wy oloSy g badesy)S
Wbee (gl 9 gl daadeidle
.(Jain et al., 2015; Blokhina et al., 2003)
658 bl a5 el ool Lt cilidee linios
Joa &5 SgrulanS slo i 4 Joodi o
2 mIP g vedee sbml e sla i

) -Reactive Oxygen Species

dodio

(g oy YO oga idle b Glgs

Obedl S 3)50 eign a0 catn A
Sy g paS 5l Olpl jo Ol adyls
Sl iies SYgame (n e ol w85 LS
Olnl iS5 Glaiye) pomgs dgu a5 Ll
1A wdls 18 o as 5 Sisded ble o
G5 a b Coslie b a5l g lalS slulis
slodsby Slaal o ipge 5l (S (S
2l o pslie slaisS Lugl az 51 coul (SO
3l g b o ol ol Lol s Sis
5 bt G Sis e o o LaelSioy;
cladls o S cusb, odymnd Sllug
Pessarakli and ) «uS o, w5yl 1,8 ez
S 3l S Sas s (Kopee, 2009
S el Gloz o ok e Gl (n feasS
el 65,5laS Y game adsi sl o> &b
aS ool ol )Ll .(Adam er al, 2013)
3 SKis i o5 8 e o2l Coles
oads plyga Yeoo LVAV. Jlo 3l conl ad S
ke ¢ (Isendahl and Schmidt, 2006) <ol
o St G5 5l 36 Jpame o,Sles alS
ouds iyl o o Bl i oo el blas
ols (Zlatev and Yordanov, 2004) <.l
5 Sl dasie Glapesdle gl
GRS o |y Ll o s (Susels
(Karkanis et al., 2011) &S o 55l Sis
|y dedsslS asls s pobay (Sis s
S8 (59, ol GBlaie 5 ooly JIE 56 o
Schimmer et al., ) 5,)35 o st 3L oLS
pieee 5 (2005, Ashkavand er al., 2013

G5 oy 0 oS o oleerdign Ol
sl adg 4 g (Sis



rr RSl D) ot polez ol 215 OIS 3l ke 5 ]

cdled (il klyd o 2B Ojgea al
Ay Sme SLS 5l S ey
b el oals cely bSOl asle (LS 51 & 0
S @leoys wdy sl kS cnl olas
=hy oS a5 w8, ol (il el
LSl ol gl 5l (S 0gh oolawl cais 5 oo
olidos bl o (scophyllum  nodsum)
‘&:.L'? u—" o)l..a.c )‘ colaiwl a5 ol osls ul**‘
oS S o i 5 clale olidl el
30,5 0 ol o eolaul BB, slaaid
celb Sl o,lac 5,15 (Pickering, 2006)
55 wosn JoSi5 Gl ooalS ol e
S s @ Swglie Sete 9 S om0
5 Dol a2y 5 e (S bl avee
Shokouhi ) 548 oo 0gue S 5 CapaS ]33
oo (Far, 2016; Sunarpi et al., 2010
S Sl ol gl sogS cnl oals )58
Rayorath et al, ) s pwly yaice
(2008
olpl o (Sas G Sepl 4 g b
S50 M 5 Joluws (2 ete 5 o)lgen
Sl ojlac 5l oslawl a7 oy co HhaS 4 00y
U wlsn ol Shewdls 05 5 oL
BRR PR S E ] R ER TONNGA Jo) IR PR €
Sgi ol 0, Sles S comw g 00ls alS Loyl

hdsle Sl pwyp Sas b g ol 1
p oSl Sleedle 5 oL S ojlac

obls o oSt Bl syl cdale
Sairam and Saxena, ) s 35> oS jiwgid
s a5 wlesls ol odd=e (2000
s 4 Cwglae ulidl cel g ol
o (Lascano et al., 2001) wigd oo guilannS]
2lp 0 Caglie g Joos oll jo a5 LS 5 5
A oS 5wl Jhe oS o Sis G
Sl (2lS (L8 oS 5 SO sl Sl
b g BlS geysead SO lgiea oS
.Lal.u)‘ Je u] uu.a.’ g 0 aslls AW Lgo..\.;.:S
b Jelse plp jo (2l Glapaslc L
Sl ouds (asulio 295 4 (Smt) 3 § (S
.(Hayat et al., 2007; Khan et al., 2015)
‘)J?L“Msuw&sbdw‘wb
) p..Ja...a u.....S‘ 4.1.09' )‘ 6)1’.‘5 o‘s.o b c‘J.o.(b
,o J(Eskandari Zanjani et al., 2013)a,le
olS elas)l g olsm pladl cady, ol ( imgh
HB al330 sl Selnardlis 35 25 055 9
(Kheirkhah et al., 2016) sls plxil glala>de
JE-SE VIR L STV PR ZEE SO FRVOW) [ N TOWON | e
Borsani ef al., 2001; ) el ools lis S
Al Sdew s ((Miura and Tada, 2014
9 i 1) lalS o (Sideid slaasl)
Pl ailgs oo g ools Gals | s Lol o)l
Yavas and ) wicy ogupe | is ogllael
Senarantaet ) Ko g Ll L (Unay, 2016
OS5 i i 95T L (all, 2002

b gulonST s Sl gle gu anlyd e
4295 5 byl ok 50 0 LS g Loy (S22
Selwcdls o )5 @ a5 wisls lis (5,8



i Lyl (So3gler e Slas S als Sl ojlas 5 ael Selecdl 5,18 51— o) 5 ool K

|

5 2055 el S Glalojl bl 5L 0590
Ay Job o e i (b laendi )90
Sl 5 Said Sloogas b el
ooy wll (Y Jgaz) o u;';.;"LA)'T sl sble
Jr5sS Gleosed 9 08, ol Jsb o ol
il 5 55kel slassz mrey 5 ym slacile
cilS 5l an aloldly 8, alal giledsS
Sl blys a4y az g by 5 plsil gkl clides
P9 okl ae )50 S Lylpl g dilate lse
2,5 planil Jol )kl 51 55, 08 Tagus alols &
@4 azelS Ll g iy al>ye U
Ol B ol 5 s 285 ©ppe p90 0k
(Sid i dliBe sle s gyl 0, Jab
Slaass oK )| S yoghS SO alols 4o as
I sreskS oz bl 5 ot SbT el o
Sogo Wl 1E oble,s wlidss oK
oKiws lawgl 4 e 40 (Fiwgld Caepw S8 ,S
Photosynthesis meter RC-  Jue) yie yiwgid
A (6 S o3lusl (P60 code: 1123
585D Judg)lS lyizme s pSoslul sl
20,5 eolaxwl (Porra, 2002) 1y g, 51 JS
S S p el S e B0 e elaite colas
5 WS ised woys Ar il i e B0
290 Weee Sy b Gty il ool 51
VO Soe 4 wgmadews a0 F o gles 5 ando
il L o oo g Ao p 1y o9, aole cadiBs
A e 2 ol ) o Ve oo A

b b e (Sigdsnsed Slio (S n g ails o Shee

Lo 59, g 3lge

90 0 VYA0-2% ely; Jls jo Gudow oy
Gopoes  oladss oKl cabixe 5
ad Lzl oble s 5 o sbledlul s s
90 @Bl CusBee g oulidles Sliogas
Sl 0ol (Y Jguz) [0 L5 5,90 dalaie

2 St colel g0 bl ol
LSS aw jo Bolar LS slaSel #,b LJB
O w4 ol ol slae,S 058 )5 1>
(2ls lgiea) £ g A AV Lol S
Shdle o 95 55 Jsl (058,556 5 05
pac g (o, Y el L ol S e
£90 £ ;S B g ol SClwcdle 0L Joloxa
Sl 095 (ibole Jold mhaw ez s
‘n)f AR 9 Voo ‘00‘).5.@ LgLQu.E.LC L’ L5~’~L~’~)“>
Sd> ojlac egh ol jo 0e LS
ool @scophyllum  nodosum) o,
PO (Il osle doyo ¥ OluS 5 b oS> (5,500
Gdrayy yolic (g doyo VSl ws o
ko N oSt g S g PPM Y ) S
4o csls Sldes e85 18 oolatwl 5,50 Y50
9 28 LIl s sed ) lo 3 pida )l
p3Y b bl oble 3 s pd yo slo > V8
bhug ey wlls 1 L8 a5 cwl S
4 g 90 0w g b oSy elsls
Sldas g 0l 00) Ko o2 5 dg08 Djg0
Syse Sy o8, 285 plnil dle gy milans
Sldos 0 (wledl pb 4 s g5 31 ool

Py &g Ve (ST a o, lp 0,8 S



o RSl D) ot polez ol 215 OIS 3l ke 5 ]

5l oolil b (EC 1.11.1.6) jYBIS o 5T colad
VEe 0 GigerdenSTn @i S aul
sl (Beers and Sizer, 1952) o9, L g yiegil
G g2 o3l 0ol Sygon mpl Cllad ol
FdoSee Voo j0 d9ee S (ngn e
(Bradford, 1976) s, ;! ol Cewdds o,lac
Se LB cnl s S anibe adds o o
oS Col ol jladie Jolae YBIS cas ] g
aiBs Sy 1) 5ey0ee aSTy Jeo e )

sbol e bl 5 (EC L15.11) jganms

il @Uly g NBT) podgsl s ohg s )9
osy & Sl ol gl cales 55 SOD
el Cwws 4 (Giannopolitis and Ries, 1977)
2 il aly S elel ol cudlad ol

SO Al SUiS 0> 0,5 e 0 adSo
Slr 5 ase mpl Jlie Jobe iyl aoly
NBT Sy 61.39‘ Q‘L.:S‘j )'l L= O+ cxlow
Cidle g Sl S ctS xS0l e o
20,5 oolazwl (Flinet et al., 1966) .l ,Son 4
5 OlaSy CusBae 3 Sp S K 2
5 4ctd 2loShs S ol il by G
o 9 0 0018 118 sox Ll Zokaw 4 a5
J3 lodiges o .90,5 giiiacds Hhaio Ol L
shie O e mh Gl oo sladly)
SU glos o cele Y Gon 4 g ools 18
(ECp) adsl S oSl colan o s (5,100
yo EC luy bdses L w0 Jok=o
O XD (6 Soslasl Jenway 4010 Juw
Gde & ogads a0 Voo Glos o adigad

Colae ol o il el 18 cele S

5 8 JB)ls Gl yuegl PPV lagoee Jsbo
GrSoal gl oS ansbre (giwgid
Bates, ) i P9y 5l Sp odon lyee
b )8 e 00 ol ol oolasl (1973
2oy dw Joloe il e Ve ps alS 0w
98 g aBu, Lisleyl dg o |, alol> ojlac
VYO Jol) (rayoed G Sl Bpe i e
Voo ol Sl il e Yo winyoenins 08
ke 99 9 (Yoo £ ol SG il i L
5% 8,8 Aol ol 4 el JLdS Sl 2
oiws jo el G Soe 4 ey e al> 0
ovgeds az 3V o0 Glo b \Bu plex b (g5l
@ & plem )0 ladised izg > 5l w285 8
s L2 Ayl o slyime 4 gl i hes
5o ad,S 13 ol Bl sles jo o ey
b yeglb BT zge Jsb )0 Ss8 () aY (5,5
).A.Aﬁ.\ﬁj).&.u)‘ oK dl..ms:b u';’jj}’ )‘ oolazwl
oSy @byeSw] a3l cullad o

lolwl g 65T g, 3l eolaxw! L (EC 1.11.1.1)
Olyee 0 aleil (Nakano and Asada, 1981)
Jsb 5o wde &l 5l eolawl b &b, o]
oSly plowl 4B B3 ¥l g 9 7egili YA+ zge
Be o 35750 JS Gty ke s sou 3]
&9) )‘ OMT Cawd A o)l..a.c )—A.Js)i&.c
e w00,8 58 (Bradford, 1976)



ce ke Logd (S5 b Slae (B p 2l Sl ojlas 5 sl Sl 0 )8 ST e 5 00l K

YFI

ek VIFH) jwgd Cepw on it
Sl 5 (a5 )0 mpeyie p ()T SenSled
&:.L?r:;a’ dwbo‘)&@‘;ﬂ“?uwfd.c
Al Sl PRy PNE éf)j.ba.; Sl
P oS s il e ol jrelS co
Skl (GSh slne b ol jiwgid oy
AL ol pled 0 gl Sy s
2 e (F Jou) S8l Gl (Sas
gaseiva Kigy ilfaw blae 31 Sloe duslie
» @by Sl 08 a4zl
£S5 Ve Bpae Ll ol las Galizee slolens
s, o polie plo 4 cus LS{Q)Q S
Wy oo (St 5 Lalyd o pwgd Ce e
Bilger ) wal Lo S &0 63,50 ST Lo &
sealS (pl p edle (and Bjorkman, 2014
Algge (Si 55 Lulpd 50 jragid e
5 Bl slaiye, e 5 slasyg, SIS B0
Ol cdalol Jo S co dgate S oS Tes 4
Cowl 0dls ad pdy o )ls jiwgid o Lo gl
0diS i ol Jole slaisg, Covgase aS
Col (Siz i bld o jiwgd als
i S 9 oley 4o (Cornic, 2000)
anST g0 il g ouds atws oS slads;g,
5S35 ol oo 4y il | 05
o chle jald a4 e a5 Wb o Slals
Sobse w9 laigyn; 2SS
5 a8 oads )35 (Peevaand Cornic, 2009)
e Sl b oa s paiS el

i e b LE EC) ol S Sl

Ec,

Ec,
by 43 g bl sladlos 5l L
5oolaiwl b lalas g laools Jloy auses oyge;
@55 plol 51 L8 .ol el SPSS 16.0 1531e

ol wibjly Koo (g5l S 0 i)l
aSGley b el ()l pesD oales]

x100 (V) doles

F s polie 5l ilejl lallas il
Lhug Jle 90 oosls da il jly (og Nen
R S e uilly @3S 9,50 SAS 94 I8l 5
sz oseil 3l peSile Slaglie gz b S
dslie lp 9wl colaal SOl glaials
Slpl 2ot p by 5l e piSen 2 slacnSls

o)y 4 @l g e

(i uis Jol Gl gl as sls gl S e
SISl 5 g sl Seedle 5 2Ly SO
Sl Sl alie (¥ Jguz) o9 )\aszu
x by Sl x Sis s G5 aw bl
w‘ W) 00)91 f de.? )O d..».w‘ ML&
OS5 g e cdmline Jeaz 0 a5 jsbiles
aS 5 ebay oly pals 1) gl co o S
Jseden VFA) iwgd Sy (nfeS
S 50 (a8l )0 wyee p oS auSleo
9 Sl Sebdl L0 Joloxe pas 9 b0



v RSl D) ot polez ol 215 OIS 3l ke 5 ]

Cawddy by > 6,5 V00 Brac Lol jen
tlyd Sl it sl By vz e ol
bl Sl (Sas p @lie gbyjles o
Sl 5 N0+ e Ll cudls gl sine
ool el (Sis 15wl 4w e 0 b
2 Ol 2 lS e oo (LaS a8 0k L8515 (e
JS8) ol anslys e 5l YU glacdale
stbse ol S pfile awglie O
aS ol LS Judg 5 plime 2 el Sl
o 2y 02 i ol b kol
S 7 S8 o LIS olien 3
oLl Joxd St 9 2l slaghs,
Slrms Gliee aalllae (Sis 15 4 2l
By Sp @th) Ldg S jiw 0 a5 ol
A by IS piw alS bl e 3Ll T sgeeS
2 95008 4 G HlaLS soges la STy S
5 Jd9,5 e (Gardner, 2010) ol e
4 Fimgd sl pe Jolse 5l (S oy ol
§ Ode DD Ay dlws oG ol jo e el
Jidg IS palio 5l plas 2 (S2s b al> s
J2o S el @dly o el Dglina lalS 5o
Sy GRlBl 4 bape (Sis s Sl a
O Ly sdioe Jobw 5o O3St slo JS00,
W35 Az )0 g HgmelaennS Ty o Lo JIS001,
Sheteawi and Tawfik, ) sgi o 0555, oyl
s9ba S ais, (Sis 25 ley o (2007
ek anTd ol g 0sdige ey 252 b JolS

oS Sp S ls als el et
5 SJspme (Adebayo et al, 2014) sl

L (Moharramngjad et al, 2015) )|, Ken
Skl &y lagpy o srewl i Bl )y
Jogee Gals el Sas il oS Wo S

Wb go Lol Flwgid a0 g ol i
5w slaguiSly anwg ol gams oS
Slopls Bl slacdsenl i Jald)
(o235 5 o] Gt (5T s s
Senaranta ) sg; 439, G a9 5k 55U
5B b sl Sl ol (et al., 2002
55k o Lulpd o el Sojenl (30,00
S aeST go chale g gy, At
Gk ol 3l s aS e el 1) slaie, g
bl o 1) jowsd Cepw g glay, coloa
El- Tayeb, ) csbdl oS oo a8 S o5
Sobedls (S 058 a5 sy las (2005
Oezeed 5 (§wgid Sy Gl s al
Sy S99y (5l ead balid g lak
DD (Gygh G Cod 4l byep 9> lalS
(Khan and Ashraf, 2008) - Ses 5 o
8L Oy o hwgd ey S il lid
b so sl 81 ol Sl Il
ol)ly wi @l idede s lgime
Sl o (Sas p al Sassls plas S pe
O Rl Bl 585 sl Skl 5 260
Sl Jo39, 15 sl (b )d Sdax Sas
o5 hlie Sl Sk anslie (Y Jouz) o5
2 JBedS Glyize ol Sele X (S
PR LN P VLI B W AR W R L e
JS8) ol Judg 5 Glgime palS o (S5
o5 bl e Sz )8 Ve Bl 1O
b 9 20,8 I3 e Jadee 70 b (Sas
Srae b oS wizie b Jolbs Ldg 5 Gliee
el g b g il > 6,5 0
o pae les 1 BBlS Gl Cn i
5 @by Selx pF Ve opls g Sas
Foke A (S 15 bl Sl ol e



i Lyl (So3gler e Slas S als Sl ojlas 5 ael Selecdl 5,18 51— o) 5 ool K

YAI

i Blite 51 5 g aed Sibewdlo 5 b0

odan Sl ol Slrox (Sas
awlie VS 0 (Y Jgoz) 0e o gse
sl Sl x (S5 (5 lize i (5 Siles
Ol o (e i el ol 00,4l
G lend a6 sk ol Sy dg slgime
pas 5 g SISl S e e P (S5
Selz 05 00 Grae b gl Sl Bran
(V7 J5o) el 1y s Oliwe S 2bye
Brae g pFud SEi 5l S e VY-
PS5k VYV Jlade a4 oLy Sl 05 V-
@l b as (F J58) wb Jol> 5 59 05 2
o)l cille (Huaef al., 2010) ), Son 5 52
LV Gpme Si5 45 gshe ool
Sde Gl a4 e ol SWl> 05 V00
dglio b ol Gras pae 4 Cud Gdgn
Sl Sl 8l Jlos ol 1 Sikeo
2l eSS ol e B Gdsn Ol 2
lyoe (¥ JS2) sls glas obS ol n e
Seldls b onds jles SIS oS jo (g
O clale b oas ol ples (Sl il ol
il ol el Shedls Yo L
(Kiarostami et al, 2012) og 5 wguwxe
P e Ko 5 o5 Gl ke il
5o Comglde (ol 4 e b Sl wile
5 Shoe GialBl o1 Jlis 4 5 (St 25 iy
(Koyro, 2006) .o onlg>
ST 5T (slap 5T collsd
Sy bl 4575 @l HYGE ol
Ay Sas i ol s o5 ol ol
555 5 Sl Skl x (Kb 5 Jlito
Ol 2 by Selr x (Sas g bl

@) Jo35,5° 9 b J35,157 @ Jd9,lS s
O Cod S Gl ol a5 6 ebdy 06l oo
(ol ogdle .50 ST 5,155 wsy0 Feoog0 valls
Cbals; els Ses w8t ces
P el Gl GBS oe gyt
635 w5 sl S, Lol SLs
oS e liblre 45 b oSS, (g oShoS
PV KVOWL 3 [P UR VSR VL OWE SRR SVS IRV IR LGN
Loy gty n 9 alals, cadly IS slaad
SWHS 5 Pl ] s Gl
opdle (Tambussi et al., 2000) ol Sso,92
2l $y9pe polie (Fp 22 )0 5l 2
onl 0z a5 S e Sl B o2 juie g o]
Mbes $y9re Sl je slp pele
(Neocleous and Vasilakakis, 2007)

# 3 glempl Gl (S s UeSTe
‘-Q.I).:T U"‘ w‘ AW w)‘; J..35)15 w.......Js.:L’lS
# e slampl 5l (S s ple o
Farooq et al., ) cwl bogd emwlosSly,
)5 (Seki-ngjad, 2003) ol Sl (2009
Cudgaze oloul 3y b 5l (Sis jiar oS wis S
wxge oS by (9 odx Uy e
205 o Judg ks cale anlp je o s
by Sel> ojlac g asvlgiel Sy (5l
SLalSS, wlS el (8 er )
aly o, 8les 5 0ud (orly (Slyione (g wgtd
Sl glaolas oy LiliEl gzy B b
9 eS| eCrieS g (63b5 polie gol> b0
L Sy o g lS bl & aiies ol
Shehata and El-Khawas, ) wws oo il
(2003
er ol mE SR ooy Gl
Sol> (Sis mn ol a5 ol ol



¥a VWAl O o)les ol Al cely5 LS (5505058551 ode & 2 I

Savaiest and ) a5 Gis S b |,
.(Narendra 2010
4575 gl Ty OljeSul o3l
o5 el Slplastols las oS e i)l
9 sl Scheedle 5 oy Sl (S
ol cadlad T WS aw 5 &l g0 Llize ol
A oSl dlio (¥ Jgaz) 29 o sixe o231
Ol pydian a5 ol lid alfaw las
o5 ke 5l STy Sl jsSnl Bl el

3 A S5 gl | e s 1T+ (K25
9 by S e o pS o op)l5
Sl Cawods Al Sl 5L Jolme
Sl G yae iz Fohw b 51 (F Jsu2)
o Al zokaw o SLSs Fuly 5 ol
PO 2 R SO W VTRV RPN .2
colld Gl (F Jouz) ol cvaline (g i
Jd b oS ol ST Jd slaasss ol
Ol o8l el aly Slu)l i o ynn (0,5
Called (2l 5 ol T slap sl slag;
(Mittler et al., 2004) 54 oo me}.ﬂ o2
0525 mls Hlgemd dnSgw o5l
s shol @l as ol las (S e il lg
3o 9 el Sihecdls 5 obyo Sl o (S
Sl xS s all g0 blan ol
Ay ael Sl x S pas (obye
aw Jlae g woyp (Y Jgaz) og )|¢L5;M
S 5 g M}fl cdlad e a5 ol ylas il
O, )8 cdl iolpl Ses i 0 Ugewns
Sl ol cdld e sl Sl
O Fwb glie Llools moll 1) clans]
by Sl alize polie jo sl Sl

Jg92) ol ooy o cae VLIS o3l cJled
S 5 M ) oSl aslie (¥
e Gl b as o plas ol Sl
Gl sl ol Sl e (Sa5
Sbajloss 55wl ool udled (e Lol el o
e b e Golite jsbar il
el (0 Ko <85 18 ol SCheJle
O led 50 dpl Sl Bpae L YL
Lol il al331 (5 pse) raden 7 St
b 3l 0g o gme wald 4 Cand ol (ol
Sl Selalls Brme b VB 0357 colad
4 Grohes VV0) dpads (St (A5 e 5o
amlie (0 JS2) SdL palS g)lssme 5k
@by Sel> g (Sas s Jlise Sl Sks
30 095 ol Al polie 0 I8 as ols oyl
Sslite slagly (Si5 A hlise sl e
50 el aills YU 4 51 cudlad ol las
Ver o5 e V0 (a5 25l
Ol 3 1y Gl (n it 2Ly Sl S
Sl yo a8 by cldls il ol codled
PS5 V0 25 (Reaggee 1T+) wpad Stz
il ol eld g cuie b Glys Sile
oy b e i (P JSE) cadls
5 Foghe Vo (S A les 0 YUK
Ad odslie by K> 65 VO o8
ST Bl Slapuaslo (St 51 VLT
Ol Mg Ol oS 5 5o o5 e
51 YBlS (Shao et al, 2007) Wb oo il
s 5y 5Se0,500uST slagil 098
lg o 45 35 g0 gms ool glagytis
5 2l @l UnaemanSly dies jsba
OieeST ol JBGsl) Gl Cons 5 o O3S



i Lyl (So3gler e Slas S als Sl ojlas 5 ael Selecdl 5,18 51— o) 5 ool K

\~~I

@“59)-3. sl S, 4 MBSJ—‘ TR PRV
Wang et al., 2009 @) u.ily »

Sy ohb)ly wp @l e el
(Sl S e ol Gl gl ass sls lias
Sl 5 g sl Sl 5 by Sl
el ol cdlas Ll alfaw 3 4l5ge Jlice
Pl oSl aslie (Y Jgo>) o9 )losz.m
x 2l S x (Ses s alfas Jlis
slo plad (Gor Cuis plime p sl Sl
Sedd Gl e (St 5 e GlB
Sebeddle b Jslre oS bilis 5l S
5 Sadly (B (ygey90 Sy lyiedr al
Cdd 0y ) 54 obye Sl &5 oo e
Sl 25 yao Jlad jo Lol aes ol ) Se
aS Ll 5l o canlin 5,00 e by
Po Sas Gl el 0 Pe Sadd (p S
Lol Sl 05 V0 Grae o e
Srae b g od Job> el Slowcdls Bpae
clla gl s Sl > 65 Ve
Sl dpogs BB Selz 05V 0 Brae (nlple
@ )l 99 w3 o LS g9de (nl (T Jso2)
(ol Slwdls 5 oLy Sl>) s, IS
yo ailasls Chas pl Gy, g Cude (iSen
Ol 9 Vb sles (( Sas 5,58 i ala s
a5 ALS o Ay 5eeST b slaaiss lalS
szl 9y Sl ol cpe SIS s
GE 4 e (2L pedplie 5 (Jole
JW sleass wsboe Joke 0 selacs]
g o0 glie o] 4 conl Coge (5nS|
Sy slalas (ose lolge Sutd al8l el
ke (Ses Li> plplo W3S o
Shim) o,ls coge (il il 4 Cenglie il 3l
(et al., 2003

o5 kel b Gl (n i 09 aliee
3 A SEES gl I R ke VT K25
Hhdslre 5 by Sl 05 00 0 p)l8
O9w) bl b as el cawody ol SOl
Sl sre Dglas (sl Sl 2oL Joloro
Wang et ) o, 5en 3 g (F Jgaz) cudlas

i 55 56wy p ,d 5 (al, 2009 b
Slam sl codled ol 2l axig olS (s,
Lyl b o wis,S uf’)‘}f 1 )‘Yl.’;lfs)‘l%....f\ﬁ
&S oo fai HO2 a1y sy o slo IS0,
oy el mpl ! cudld lil axs o
0043 o Jﬁl..a (5‘)'.’ aS .)9..,..:‘5@ 6).&.%.) H202
Sedboe Jokw sblie 4 O ls 4 e g
L (Senaranta et al., 2002) :),SKen ¢ LslLw
Al e glans ‘5’;.;1 RCUNSRIRL N Y ..\.SL,
5 b slonsl s ol il Silw s
9 (N84S ol g0 10 LS g Loy o Sis
Sl OOy L5 4 a5 wolbs QLM Lol
codled (s bl o S R Wr Y S
Sisy e dgepe 1y slaSTy g Sgenns
5 el Sl a5 el T W a8
colld sl Sl (S8g0 mezs @b
Hayat)xSsoJ,';Sl)QIWh_,’.’:ﬂdLmM)ﬂ
094 LS’.L;.)O Sd> (and Ahmad, 2007
OS5l e glesed ol sl Sl
(Mercier et al, 2001) osice SJees
58S wies gl clausle b gas
5 sl izl 5l a8 wloas jiow a5 Luls
SlaS 5 e BB S (oo cbli> ol
e eglaast il b Jols (Sgens
eS|y g S5 ST Aiilo ol sl IS5l



% RSl D) ot polez ol 215 OIS 3l ke 5 ]

bhug ool obx!  eewlawST 5l Jol>
Loy oals |, Sas 25,0 oyl sla oo,
b Joho cedlw 44 32,k ol 5l g aiiS oo R84
Seldls 3151 ol )18 auS 0SS
(Shakirova et al., 2003) col ouls Jol>
ey Gl Bl b BLS lageyse (pl 0,8
Al 4y Grtwgid slge iy JUEUl 5 jiwsid
als o Slas azxs jo g wls 39 Sli8l cels
31 eolawl (Gunes et al, 2007) ol oo
r:duf K9y (M)o Ye) L§~’~L~’~)‘> s.i...l} é.aLo o)La.c
3, es g 0, o Jiailex doye olEl 4y i
Wo,S el (o (A S ()9 9wl olaw)
Sd> sleoss (Kumar and Sahoo, 2011)
9> ol 9 pied (g Jodoa sa b0
slocadnlio 5 ClaS yobe ols floay asly
A olS Wl slroaS o alie 450
$3) oladlas o (Karthick et al, 2013)
g8 99 @l Selr ojlac wx J LS
@S g G Sl S g )8 Sl
e 2U,0 S ojlac l eolaiul a5 ols L
L2l Sz g)ls sleojlas 5 50,8 4
Sorte ) S o Ses 5 (plas; W engieS

.(Ahmed and Shalaby, 2012) s &5

S 35 45 0l i o ool bt

5 s omioe Dl ialasT sl oa Sl
5 Sk 5 Les (2ke) (o8l o Fis Sl
2l 4 s saelil glacglis 5 wlazils (..
ww'l Cewd 4 dalllas 0,90 Olaw jo ol
Seide s sl o S cow (Sas
ol g s Sy LS alaz i elS
g Gl L cizmen 0l 89,15 (slgtme

Sy ol)ly 4y gl raile o Sles

WS e ol Sl s sy i
Jlie 51 55 g sl Kbl 5 b p0 STl
wls 3Slee (2l Sel> xS s
A oSl anlie @l (T Jga2) 09 losxe
2 oSkee i als S Sles Gl Lol
ol slTp 5 dilaie 4y o | obipdll ailats
Sy50 ddlaie g0 a8l glacglay (VY JS3) ols
Sfdes Sgliia slofonily 595 o anlllas
S oSl amlie cul cs S b Loy
Sfdee @by Sulx x (Sas s i
o (S i wle gl aen Loy asls
DS (A JS58) il oas ails o Slae rals
SaS 5 e hee VY0 les Sl ails o Shee
O g @by Selr 35 Bras pae g
5 (G5 pae) yioidee 70 Lo 5l ails o Slee
(oplplo el cavony Sl S 6,5 VO
Sgupy 1y ails 0 Slee Sbyo S>3l colanl
kol 1 Sl anglie (A JS2) st
ok plad sl Sedecdl Lol Jsle
Gyl o,Sles Cadlyy dul Sewcdls 0 5,
IR WA | G W L) BRSO ST BRWESKOR A
Soselsnred sloanlp o Pl carge (1
Cawd 515 g elS S he plomilpe g ad; iS5
3 fkes (S Gl egde ol Gl
S iy e dole o el adle wix
29 S p el S wlgios 257 sl A
s pals 1) Sy e (atld gan ol
ol bS5y 5 2l o5 L Il ol
oS gl)l b by jeS olaad 5 5SS
A5y g (Jobo dnwgi alS 5l (AL a5 sl o
S 255 e anl o gosles 5 0o
o] (550 sy o lanST 5T bl s



i Lyl (So3gler e Slas S als Sl ojlas 5 ael Selecdl 5,18 51— o) 5 ool K

|

Ol lasels @z ) (Sjele e Sleogas
2 SleS 5 ml 9 p)lS aS a e Sl s,
5 5 Sloe LS s wlgign (S5 25 a3
19 ol SgsaS 5 ) bl g Sl ialS

A3l e Lo

Sla—oe « Fgr el e a8l Sis i
oo lis Q‘M‘GQT ‘_ngp.:)JT u...]l.xﬁ 9 Q“Jﬁf
o las g ) Sl Il ok Jodone o
5! @IW\@;T e s 20 Sl
b Sas o Ll o o g g aandls cots

JENPA G S R P L YOG J BN PR e

w8 oLl ol o 75k sl e (bl i Conge 5 oulidlsn Sliogas —) Joa
Table 1- Geographical location properties of the experimental region at |slamabad

el Sl bwgio b gio Az Slhae Az JElees
il Jsb e Lo o aldle @l azys o)l @)l
Region s @Wlee Altitude Average Average Max Min
Longitude Latitude abovesea annud rainfal temperature temperature temperature
level (M) (mm) &S &) &)
AP ° ) °& 8
oLle 4r& 26 34 &8 14 538 105 41 288
Islamabad E N
APy 0 ” °
e &1 L& 1170 499 +17.2 +47 -14.6
K horramabad E 30 N
uu"uj szl Gble S olowd 5 (S0 5u8 Sluogas =Y Jgoo
Table 2- Physical and chemical properties of the soil experimental regions
; . I STy SR o
o | Cud b : L .
Gos . e el Slge *fﬁ M oS OI9 5 W i o5 oty
ailiio 610 peiges 7T S " e Jos i & " "
- Sampling e B RO pociige  wsss O Tod T -
Region 4 ping < ) of ag il ocC Avalable  Available
lepth SP  (dSm saturation of neutral CEC %) N P (ppm) K (ppm)
1
(cm) H med materials  (Meg.mg?) (%)
ST edlul 0-20 54 0.73 7.6 15.2 30.8 126 13 9.2 640
Islamabad 60-20 55 0.49 7.7 175 30.2 0.63 6 2.8 380
sblays 0-20 52 0.44 7.8 245 28.0 0.29 3 24 240
Khorramabad ~ 20-60 51 0.48 7.8 26.0 28.0 0.38 4 2.8 220
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Table 3- Analysis of variance (mean of squares) of the physiological traits of white bean
under drought stress and application of seaweed extract and salicylic acid in two places

Ol i @ilie ER L e ot e Sy SRS
Ton &9l3 Rate of . " lon
OV o photosynthesis ST Ugamnd leakage
APX SOD
Location (L) e 1 0.384 35.881 0.0002 41.353"
Repin (L) oo g9y 5,55 4 0.121 50.943 0.0068 2.657
Drought (D) i s 2 13.865™ 3476.38" 0.4083" 1979.597"
LxD S 5 X (e 2 0.000 0.009 0.0008 0.005
Error U 8 0.054 55.693 0.0042 3.502
Seaweed (S)  ol,s Sds 3 4919 390.089" 0.0170 200.469"
LxS s Sl X 5 3 0.0004 0.001 0.0001 0.022
DxS  (abjs Sls X Sis s 6 1.060" 2248.1" 0.0092 25.874"
LXDXS gl Suls X Sis G Xolke 6 0.0003 0.007 0.0001 0.023
Salicylic acid (SA) sl Sl 1 7.805" 1036.219” 0.1110™ 104.135™
LXSA ol Sl x oo 1 0.0002 0.00001 0.0001 0.064
DXSA ol SobomadloX (Sis i 2 0.972" 485,882 0.0187 51.789"
LXDXSA ol Soliuadl X Sid (i3 X 5 2 0.0002 0.001 0.0001 0.061
SXSA el Sebdlo X b0 Sl 3 0.812" 708.587"" 0.0001 15.951"
LXSXSA il Solewadloo X 1y 33 Sl X ()5 3 0.0004 0.002 0.0002 0.088
D XSX SA sl Seloulux 3l 38 Sl S i 6 1.487" 1177.043" 0.0979 23.972"
Error s 90 0.099 40.751 0.007** 1.662
C.V. (%) eI 10.29 10.66 14.65 5.42

Wil e 2o )0 S g i ezl zakaw jo jls s BB saislis s Sy
** and *: significant in 1% and 5% level, respectively.

Y Joue aolsl
Table 3- Continued
Ol et oo = Js(adfg))u plagolie  milSdbs
SOV, &l Total Proline Bty Seed yidd
df chlorophyll content CAT
(atb)

Location (L) e 1 0.41 40.92 0.00435 48537.92"

Repin (L) oo 9y 5,55 4 336 57.22 0.00195 14566.10
Drought (D) S Lid 2 59.23" 17086.9" 0.09718" 138429.78"

LxD S i X (e 2 0.0006 4.26 0.00003 2355.75

Error (s 8 5.10 31.21 0.00330 5831.61

Seaweed (S)  ob,s Suls 3 52.93" 951.22" 0.00202 38654.04”

LxS s Sl X 5 3 0.0001 231 0.00001 7493.26

DxS (ol Sl X (Sis i 6 36.37" 363.60" 0.00494 2207552
LxDXS gl,sSuls X Sis [ Xl 1 12.54° 7251 0.00601 45195.63"

Salicylic acid (SA) sl SedioucdIlos 1 0.00001 0.20 0.00001 7629.25

LX SA ool Sl x o5 2 3.39 2.60 0.00842' 3254.99

DXSA sl SobomadloX (Sis i 3 713 0.39 0.00037 4598.74

LXDXSA ol Solowadlo X S (25 X oo 107 2.65 14.37 0.002 6367.33

CV. (%) O s g i 10.15 3.83 11.83 4.45

Wbl e oy S g i Jeiol Zahaw )0 o pire OS] sdias liS o iy
** and *: significant in 1% and 5% level, respectively.
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Table 4- Mean comparisons of triple interactions of drought stress seaweed extract and
salicylic acid on some traits

o poeg Sl el Sl
bSO Photosynthesis oS5y 30 goamd e
Drought stress b = ,l“’ rszie Ascorbate Super oxid lon leakage
levels seaweed Salicylic (mmol O, peroxidase desmutase %)
extract acid Y umol H,0,/g.DM)  unit mg/DM)
0g control 319 ef 49.09 h 0.459 hi 19.75k-m
SA 4.24 &b 25.16] 0.441i 25.78¢
50g control 3.33d-f 58.82 fg 0.435i 19.60 Im
60 mm SA 444 a 69.75 b_—d 0.523 g_-i 20.89 -1
100g control 3.70 cd 3218 0.301] 17.14n
SA 344 de 67.96 c-e 0.611 d-g 14.68 op
150 g control 278 g-i 58.51fg 0.523 g-i 16.10 no
SA 4.04 bc 40.85i 0.547 f-h 13.77p
0g control 276 g-i 59.53fg 0.569 e-g 26.99 fg
SA 3.36 de 48.03 hi 0.656 b-e 22.65 hi
50g control 3.18 ¢f 61.30 eg 0.684 ad 22.79 hi
90 mm SA 2.41i-k 67.79 c-e 0570 eg 21.25i-k_
100g control 2.96 f-h 75.719b 0.641 c-f 22.25 hj
SA 4.06 bc 74.47 be 0.617 d-g 20.37 kl
150g control 2.41i-k 66.02 d-f 0.546 f-h 20.46 ki
SA 2.48ij 48.44 hi 0.746 ab 18.71m
0g control 2.38 jk 85.24a 0.558 fg 35.50a
SA 310eg 89.11a 0.655 b-e 31.19bc
50g control 2.60 hj 63.54 d-f 0.717 ab 30.01 cd
120 mm SA 271 h-j 50.07 h 0.752a 29.48 de
100g control 317 ¢f 75.92b 0.745 ab 32.26 bc
SA 317 ¢f 50.22 h 0.637 c-f 28.30 ef
150 g control 1481 64.48 d-f 0.673 ad 32.56 bc
SA 2.07k 54.18 gh 0.612d-g 27.96 ef

(20,30 Jlaml mhans o bliie Ol 205 ) &5l (g)ls g BB S e By (glls sl Sl
Means that have a common letter have not significantly different together (slicing, p<0.05).
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Figure 1- Mean comparisons of interactions of drought stress and seaweed extract
application on chlorophyll content
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Figure 3- Mean comparisons of interactions of drought stress and seaweed extract
application on prolin content
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Figure 4- Mean comparisons of salicylic acid effect on proline content
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Figure 5- Mean comparisons of interactions of drought stress and salicylic acid on catalase
activity
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Figure 6- Mean comparisons of interactions of drought stress and seaweed extract
application on catalase activity
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Figure 8- Mean comparisons of interactions of drought stress and seaweed extract
application on grain yield
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References ooliiw! 890 sl

eAdebayo, M.A., A. Menkir, E. Blay, V. Gracen, E. Danquah, and S. Hearne. 2014.
Genetic analysis of drought tolerance in adapted x exotic crosses of maize inbred
lines under managed stress conditions. Euphytica. 196: 261-270.

eAhmed, Y.M., and E.A. Shalaby. 2012. Effect of different seaweed extracts and
compost on vegetative growth, yield and fruit quality of cucumber. Journal of
Horticultural Science and Ornamental Plants. 4(3): 235-240.

eAshkavand, M., M. Roshdi, J. Khalili Mohaleh, F. Jdili, and A. HosseinPour .2013.
Effect of drought stress during phenologica stage and biofertilizer and nitrogen
application on yield and yield components of corn (KSC 704). Journal of Crop
Ecophysiology. 6(4): 365-376.

eAslam, M., M.S.I. Zamir, |. Afzal, M. Yaseen, M. Mubeen, and A. Shoaib. 2013.
Drought stress, its effect on maize production and development of drought
tolerance through potassium application. Cercetari Agronomice in Moldova. 46(2):
99-114.

eBates, L. 1973. Rapid determination of free poline for water stress studies. Plant and
Soil. 39: 205-207.

eBeers, R.F., and I.W. Sizer. 1952. A spectrophotometric method for measuring the
breakdown of hydrogen peroxide by catalase. Journal of Biological Chemistry.
195(1): 133-140.

eBilger, W., and O. Bjorkman. 2014. Relationships among violaxanthin deepoxidation,
thylakoid membrane conformation, and nonphotochemical chlorophyll
fluorescence quenching in leaves of cotton (Gossypium hirsutum L.). Planta. 193:
238-246.

eBlokhina, O., E. Virolainen, and K.V. Fagerstedt. 2003. Antioxidants, oxidative
damage and oxygen deprivation stress: areview. Annals of botany. 91(2): 179-194.

eBorsani, O., V. Valpuestan, and M. Botella. 2001. Evidence for arole of salicylic acid
in the oxidative damage generated by NaCl and osmotic stress in Arabidopsis
seedlings Plant Physiology. 126: 1024-1030.

eBradford, M.M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry. 72(1-2): 248-254.

eCornic, G. 2000. Drought stress inhibitsphotosynthesis by decreased stomatal aperture
-not by affecting ATP synthesis. Trends Plant Science. 5. 187-188.

oEl-Tayeb, M.A. 2005. Response of barley grains to theater active effect of salinity and
salicylic acid. Plant Growth Regulation. 45; 215-224.

eEskandari Zanjani, K., A.H. Shirani Rad, A. Moradi Agdam, and T. Taherkhani. 2013.
Effect of salicylic acid application under salinity conditions on physiologic and
morphologic characteristics of artemisia (Artemisia annua L.). Journal of Crop
Ecophysiology. 6(4): 415-428. (In Persian).

eFaroog, M., A. Wahid, N. Kobayashi, D. Fujita, and S.M.A. Basra. 2009. Plant
drought stress: effects, mechanisms and management. Agronmy for Sustainable
Development. 29: 185-212.



¥4 VWAl O o )les ol Al cely5 LS (5505058551 oke 4 2 I

eFlinet, H.I., B.R. Boyce, and D.J. Besttie. 1966. Index of injury drought a useful
expression of freezing injury to plant tissues as determined by the electrolytic
method. Canadian Journal of Plant Science. 47: 229-230.

eGardner, F.P. 2010. Physiology of crop plants. Scientific Publishers (India), Crops
327 pp.

eGiannopolitis, C.N., and SK. Ries. 1977. Superoxide dismutases. I. Occurrence in
higher plants. Plant Physiology. 59(2): 309-314.

oGill, S.S,, and N. Tutga. 2010. Reactive oxygen species and antioxidant machinery in
abiotic stress tolerance in crop plants. Plant physiology and biochemistry. 43(12):
909-930.

eGunes, A., A. Ina, M. Alpaslan, F. Eraslan, E.G. Bagci, and N. Cicek. 2007. Salicylic
acid induced changes on some physiological parameters symptomatic for oxidative
stress and mineral nutrition in maize (Zea mays L.) grown under salinity. Journal
of Plant Physiology. 164(6): 728-736.

eHayat, S, B. Ali, and A. Ahmad. 2007. Salicylic acid: biosynthesis, metabolism and
physiological role in plants. In salicylic acid: A plant hormone. (pp. 1-14).
Springer, Dordrecht.

eHua, Y., Y. Lina, and W. Jinfeng. 2010. Antioxidation responses of maize roots and
leaves to partial root-zone irrigation. Agricultural Water Management. 97 972-
980.

eHuang, J., S. Sun, D. Xu, H. Lan, H. Sun, Z. Wang, Y. Bao, J. Wang, H. Tang, and H.
Zhang. 2012. A TFIIIA-type zinc finger protein confers multiple abiotic stress
tolerances in transgenic rice (Oryza sativa L.). Plant Molecular Biology. 80(3):
337-350.

elsendahl, N., and Q. Schmidt. 2006. Drought in the Mediterranean. WWF policy
proposals-A WWF report. WWF-World Wide Fund for Nature, Germany, 45.

eJan, V., S. Vart, E. Verma, and S.P. Malhotra. 2015. Spermine reduces salinity-
induced oxidative damage by enhancing antioxidative system and decreasing lipid
peroxidation in rice seedlings Journal of Plant Biochemistry and Biotechnology.
24(3): 316-323.

eKarkanis, A., D. Bilalis, and A. Efthimiadou. 2011. Architectural plasticity,
photosynthesis and growth response velvetleaf (Abutilon theophrasti Medicus)
plants to water stress in a semi-arid environment. Austuralian Journal of Crop
Science. 5(4): 369-374

eKarthick, N., S. Selvakumars, and S. Umamaheswari. 2013. Effect of three different
seaweed liquid fertilizers and a chemica liquid fertilizer on the growth and
histopathological parameters of Eudrilus eugeniae (Haplotaxida: Eudrilidae
Global). Journal of Bio-Science and Biotechnology. 2(2): 253-2509.

eKhan, A., and M. Ashraf. 2008. Exogenously applied ascorbic acid aleviates salt-
induced oxidative stress in wheat. Environmental and Experimental Botany. 63(1):
224-231.

eKhan, M.l., M. Fatma, T.S. Per, N.A. Anjum, and N.A. Khan. 2015. Salicylic acid-
induced abiotic stress tolerance and underlying mechanisms in plants. Plant
Science Journal. 6. Article 462.



PV e UUPN [P V1 PYSoC A FI = PV P W E 2 IV R VOW) [ O O | RSV L B OV S [ o ¥ I

eKheirkhah, M., M. Farazi, A. Dadkhah, and A. Khoshnood. 2016. Application of
glycine, tufool and salicylic acid in sugar beet (Beta vulgaris L.) under drought
conditions. Journal of Crop Ecophysiology. 10(1): 167-182. (In Persian).

eKiarostami, K., N. Abdolmaleki, and M. Heidari. 2012. The effect of salicylic acid on
salt stress reduction in Canola (Brassica napus L.). Journal of Plant Biology.
4(12): 69-82.

eKoyro, H.W. 2006. Effect of salinity on growth, photosynthesis, water relations and
solute composition of potential cash crop halophyte (Plantago coronopus L.).
Environmental and Experimental Botany. 56: 136-149.

eKumar, G., and D. Sahoo. 2011. Effect of seaweed liquid extract on growth and yield
of Triticum aestivum var. pusa gold. Journal of Applied Phycology. 23(2): 251-255.

el ascano, H.R., G.E. Antonicelli, C.M. Luna, M.N. Melchiorre, L.D. Gomez, R.W.
Racca, V.S. Trippi, and L.M. Casano. 2001. Antioxidant system response of
different wheat cultivars under drought: field and in vitro studies. Functional Plant
Biology. 28(11): 1095-1102.

eMercier, L., C. Laffite, G. Borderies, X. Briand, M.T. Esquerré-Tugayé, and J.
Fournier. 2001. The algal polysaccharide carrageenans can act as an elicitor of
plant defence. New Phytology. 149: 43-51.

eMittler, R., S. Vanderauwera, M. Gollery, and F.V. Breusegem. 2004. Reactive
oxygen gene network of plants. Trends in Plant Science. 9: 490-498.

eMiura, K., and Y. Tada. 2014. Regulation of water, salinity, and cold stress responses
by salicylic acid. Plant Science Journal. 5. Article 4.

eMoharramngjad, S., O. Sofalian, M. Valizadeh, A. Asgari, and M.R. Shiri. 2015.
Proline, glycine betaine, total phenolics and pigment contents in response to
osmotic stress in maize seedlings. Journal of Bioscience and Biotechnology. 4.
313-319.

eNakano, Y., and K. Asada. 1981. Hydrogen peroxide is scavenged by ascorbate-
specific peroxidase in spinach chloroplasts. Plant and Cell Physiology. 22(5): 867-
880.

eNeocleous, D., and M. Vasilakakis. 2007. Effects of NaCl stress on red raspberry
(Rubus idaeus L. ' Autumn BIiss'). Scientia Horticulturae. 112(3): 282-289.

ePeeva, V., and G. Cornic. 2009. Leaf photosynthesis of Haberlea rhodopensis before
and during drought. Environmental and Experimental Botany. 65; 310-318.

ePessarakli, M., and D.M. Kopec. 2009. Screening various ryegrass cultivars for salt
stress tolerance. Journal of Food, Agriculture and Environment. 7(3&4): 739-743.

ePickering, T. 2006. Advances in seaweed aquaculture among Pacific Island countries.
Journal of Applied Phycology. 18(3-5): 227-234.

ePorra, R.J. 2002. The chequered history of the development and use of simultaneous
equations for the accurate determination of chlorophylls a and b. Photosynthesis
Research. 73. 149-156.

eRayorath, P., W. Khan, R. Palanisamy, S.L. Mackinon, R. Stefanova, S.D. Hankins,
A.T. Critchley, and B. Prithivirgl. 2008. Extracts of the brown seaweed
(Ascophyllum nodosum) in duce gibberellic acid (GAs) in dependent amylase
activity in barley. Journal of Plant Growth Regulator. 27: 370-379.



3 VWAl O o )les ol Al cely5 LS (5505058551 oke 4 2 I

eSairam, R.K., and D.C. Saxena. 2000. Oxidative stress and antioxidants in wheat
genotypes: possible mechanism of water stress tolerance. Journal of Agronomy and
Crop Science. 184(1): 55-61.

eSaki-ngjad, T. 2003. Effects of water stress on the uptake of nitrogen phosphorus
potassium sodium in different stages of growth, according to the morphological
characteristics of maize in Ahvaz climatic conditions. Ph.D. dissertation, Faculty
of Agriculture, University of Ahvaz, Iran. (In Persian).

eSarvgjeet, SG., and T. Narendra. 2010. Reactive oxygen species and antioxidant
machinery in a biotic stress tolerance in crop plants. Plant Physiology and
Biochemistry. 3. 1-22.

eSchimmer, M.R., D.D. Francis, JF. Shanahan, and J.S. Schepers. 2005. Remotely
measuring chlorophyll content in corn leaves with differing nitrogen levels and
relative water content. Agronomy Journal. 97: 106 -112.

eSenaranta, T., D. Touchell, E. Bumm, and K. Dixon. 2002. Acetyl salicylic (aspirin)
and salicylic acid induce multiple stress tolerance in bean and tomato plants. Plant
Growth Regulation. 30: 157-161.

eShakirova, F.M., A.R. Sakhabutdinova, M.V. Bezrukova, R.A. Fatkhutdinova, and
D.R. Fatkhutdinova. 2003. Changes in the hormonal status of wheat seedlings
induced by salicylic acid and salinity. Plant Science. 164: 317-322.

eShao, H.B., L.Y. Chu, G. Wu, JH. Zhang, Z.H. Lu, and Y.CH. Hu. 2007. Changes of
some physiological and biochemical indices for soil water deficits among 10 wheat
genotypes at seedling stage. Colloids and Surfaces B: Biointerfaces. 54. 143-149.

eShehata, M.M., and SA. El-Khawas. 2003. Effect of two biofertilizers on growth
parameters, yield characters, nitrogenous components, nucleic acids content,
minerals, oil content, protein profiles and DNA banding pattern of sunflower
(Helianthus annus L. cv. Vedock) yield. Pakistan Journal of Biological Sciences.
6(14): 1257-1268.

eSheteawi, S.A., and K.M. Tawfik. 2007. Interaction effect of some biofertilizers and
irrigation water regime on mungbeen (Vigna radiata) growth and yield. Journal of
Applied Sciences Research. 3(3): 251-262.

eShim, I.S., Y. Momose, A. Yamamoto, D.W. Kim, and K. Usui. 2003. Inhibition of
catalase activity by oxidative stress and its relationship to salicylic acid
accumulation in plants. Plant Growth Regulation. 39(3): 285-292.

eShokouhi Far, Y. 2016. Application of algae in agriculture. Second International
Conference on Sustainable Development, Solutions and Challenges Focusing on
Agriculture, Natural Resources, Environment and Tourism, Iran (Tabriz), 2325
Feb: 3-4.

eSunarpi, A., R. Kurnianingsih, N.I. Julisaniah, and A. Nikmatullah. 2010. Effect of
seaweed extracts on growth and yield of rice plants. Nusantara Bioscience. 2(2):
73-71.

eTambuss, E.A., C.G. Bartoli, J. Beltrano, JJ. Guiamet, and JL. Araus. 2000.
Oxidative damage to thylakoids proteins in water stressed leaves of wheat
(Triticum aestivum L.). Physiologia Plantarum. 108: 398-404.



PV e UUPN [P V1 PYSoC A FI = PV P W E 2 IV R VOW) [ O O | RSV L B OV S [ o Y I

eWang, T., R. Jonsdottir, and G. Olafsdottir. 2009 a. Total phenolic compounds, radical
scavenging and metal chelation of extracts from Icelandic seaweeds. Food
Chemistry. 116: 240-248.

eWang, W.B., Y.H. Kim, H.S. Lee, K.Y. Kim, X.P. Deng, and S.S. Kawak. 2009 b.
Analysis of antioxidant enzyme activity during germination of alfalfa under salt
and drought stresses. Plant Physiology and Biochemistry. 47(7): 570-577.

eYavas, |., and A. Unay. 2016. Effects of zinc and salicylic acid on wheat under
drought stress. The Journal of Animal and Plant Sciences. 26(4): 1012-101.

oZlatev, Z.S., and |I.T. Yordanov. 2004. Effects of soil drought on photosynthesis and

chlorophyll fluorescence in bean plants. Bulgarian Journal of Plant Physiology.
30(3-4): 3-18.



43 Journal of Crop Ecophysiology / Vol. 14, No. 1, 2020 ]

Effects of Salicylic Acid and Seaweed (Ascophyllum nodosum)
Extracts Application on some Physiological Traits of White
Bean (Phaseoluslanatus L.) under Drought Stress Conditions

Sara Beigzadeh!, Abbas Maleki®, Mohammad Mirzaee Heydari?, Alireza Rangin ®,
and Ali Khorgami *

Received: August 2019 , Revised: 30 January 2020,  Accepted: 4 February 2020

Abstract

Drought is one of the most important growth and yield limiting factors of crop
plants in many parts of the world. To investigate the effects of drought stress and
seaweed extract and salicylic acid on some photosynthetic and photochemical traits of
white bean plant, a split-factoria experiment, based on randomized complete block
design with three replications was conducted in 2016-2017 growing season. The
experiment was performed at two different locations: Islamabad and Khorramabad.
Main factor consisted of three levels of irrigation (irrigation after 60 mm, 90 mm and
120 mm of accumulated evapotranspiration of class A pan evaporation and sub-plots of
8 different levels of salicylic acid application (0.5 molar), no application of salicylic
acid, 4 levels of seaweed extracts applications 0, 50, 100 and 150 grams. Results of this
study showed that drought stress decreased the rate of photosynthesis and chlorophyll
content, but the salicylic acid increased both the rate of photosynthesis and chlorophyll
content. Drought stress also increased proline content, ion leakage from the membrane
and antioxidant enzyme activities such as catalase, ascorbate peroxidase and superoxide
dismutase and reduced the grain yield. Application of salicylic acid increased the
activity of antioxidant enzymes, but the response to salicylic acid was not similar in
various levels of seaweed. The lowest grain yield was obtained from irrigation after
120 mm evaporation and without application of seaweed. Highest grain yield was
obtained from irrigation after 60 mm evaporation and 150 g. seaweed treatment.
Application of seaweed enhanced the grain yield production. Application of salicylic
acid also, increased grain yield by 4.5%. According to the results of this study, it seems
that application of salicylic acid and seaweed may reduce some negative effects of
drought stress.
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