[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

VWA (65 5 3T P oyled A Al (LS 5 SIS 5 aul B

S 85 2lde pole Gl s S3d s Olaw S p ol g el S5 50

St 0955 S 53 (ke

R . vt ) o v . s
IS P e s 3 e Lo e eaaly plrc g aer g S
‘;Ly.;)‘ R NESH ;@?’b c\..a 5 &ooslas 0SSl s L‘f‘o&b r}LF ag;v RS NS (Soasls 0SS ls ‘JL‘GL’ f}lﬁ eJ;\
OYAV/NWNY 1ol pds sl SYAV/V/YA il )s 5 ,0)

oS>

Glaed 0355 S 53 s sicmme Szl pliE ol o Ol 5 K3 Pni Slie B p adles sl eyl cnl
Sl 25 Jol Jolo A5 1t Bslas Il b B s o) sSB Sl Sy iaa ol cpled 5 el sl Cod
YO N0 g dus 3 los S5 s Jolo I K —1/0 5= /0 waals e Sl 03Vt IS Bl b s sdddles!
2 (ol 5 Ughol) imimm 650 o) 53 5 (M1 5 ¥0) DY) sual 05 4w sbamald (55, oI 5 fle 4o YO
ok 5 S (psly hd ol ke (S g sldad (S 5 055 A5 Jlesl 5l e ke cla dd lesl MS Sl
Slio (535 oy K phaw 53 T RKenn izmen 5 b ile esle SIS S sl DL bty 4 s LAS (g Sl
bl sty g oS Sl o ke oS 5ol (K g 5 05y Sl Camge S5 disls Ol L pile dwglie L Ls g Sls sme
wles Gpds llyd s S p sl 5 St 5 5 5Dy SMae o Ak el Gty @ elal el 0SS 1
ey Rl 1 e 5 jied ol Oljen o1 8l a3 53 10 010 51 Les (331 L 8os b 51 ds S edalin (31,8 sle 455 Y0)

b".a}’;.:-g(&lﬁb J..Jr.)&) :‘;JJLA A?JAYO );(,:..JS}(..:M\:,; yd?)h\.anjéjs

@ ol (s (2les 5 STl A5 IS I S slaesly

Mahmood et ) ol ol jar YU (slos 25 5 (5)58 5 Je
.(al., 2009
Lils 56 cou o)l alS OV pame W5 5 Al
sles Jil.ﬁ\.&« 5l 40 JJL&J{MLO ‘u"<“:".' LSle d]a.ow alises
5 Bl ool oS W5y 4 O 3peS el bl
3 ol ) ciShow 3 ssm e ol sl 51 e g
Sl o ass 5o 1y OLS Of 5 (el 5Lis i

FPRVY
ol 3w fad Jsee (SOlanum tuberosum) e 5w
Gelmesa et al., ) Cos ol 0T A3, 6l YU slos
laais) Woa niam LS 2o b anlis 55 (2017
Hassanpanah ) .l jelo> S A5 4 Cand GosoS
S S (et al, 2008; Iwama and Yamaguchi, 2006
SoosliS SVpame M5 Sl s ke g Jelse

r_@o a.bjj& 6LAU,:M3 )i.ib L» ;,.LO\ ‘j‘i) J)—Jﬁ:& e

panahandeh@tabrizu.ac.ir : &y 2SI G SLis J s ookinn 557


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WA Jlo M ojled A il aLE 5 S, 5 i b Y

o~5 (Cakmak, 2005) .l olie jole 3508 Lo
Bl ay LT Uil 5 baatyy dow sy gl 5l ol S
S8 OIS gde Jsas 28 ) a8 das e S
58 okl Al 5 Jld JEl 4 Oyl G
O Camss L Skl i sl Ol ol plid
Gl LS ba osls it LU S s s e
ghe & Sl e sl LSl 0L S b,
s (Arndt et al, 2001) &l . ials laais,
Osmman OALS 3 Sl jole Jlal 5 Ol Sl
ol ooy B i JUasl 5 dr b LS gles s O
03 s Al Saw alyy 5 S s s O Jlde o
Cov ole Ol e 5 Sl (ol s JralS & s
Wil Sobe JUEl Glagtegm S| Sy ALS e 3 GG
Lesls ple jole Cla cgr S Casb, 4 L]
Ul 5 Cdr Ly, 580 Sugby S Cose s s ey
e e Ss il e alsl gl sl Sl
03wl gty Saaly ST Slke 4 less 0L~
JUsl oped cpl by oS (g polie Dl OF 558 )50
(Taiz and Zeiger, 2006) il JE1 s ol o
b gl sl Ol ralS &S el S Sl a8
Sl ok e oS L3k LT e ool bl
S GBS 3 e sl ol o els (S5
Sl odd ol Kl S Ad, Jald ur Cow
od> 5y als -l (Garg,2003; Fageria et al., 2002)
G5 Olr 53 a8 bl 4 Y gens GLALS L5 i sl
ol ol ool i (i34 o sdlew Jbes JUasl zals
Baligar et al., 2001; Gunes et al., 2006; Jabeen et al., )
ol 3L 3 18 3l Sl DS OF e o5 (2008
.(Garg, 2003; McWilliams, 2003)
e ol Si S5 50wl b 01 Shasy
e 1Al s 45 s S 1S (el 5 Aed) o
ol S s S Sbr s QLS ady) bw s slse

.(Fatemy and Evans, 1986) ..l ;lié ole

e ol bl et iy Ay 2alS Clew
Ol gdee yobie Cde Ol 8L tals 5 S s
.(Samarah et al., 2004) .3l
rlge Sis 5 L olS S1as el ol S WS
Faroog et al., ) b o J2als Of Saxt 5 5 035 s
b e 2alS Lawys,y sl ol 55 o5 Jsb 53 (2008
5 5 A sl sudasle i ga, LG O Wl oS
55 O3 o Lo s Sl s lagltl 5y Sas
oS 5 sl (Anjum et al., 2011) 55 8 o olS S
S e O el a8 O s 5 S i
35 05 G 0T il 5 20 8 e S S 5 s
SRS bl 55 g e oS el e K2
gt 2805 e 5 o s e S 5 A3,
JEPRCANE TR JONNE P N
OLaLS il 5 di, LT 5B e s & ol
8 e b W g 5 olS OAE bk gy S ol
Db e [ dske w35 5 s ol 5 IS by
o5 .(Shao et al., 2008) LS o ibge 5L ila, s
S e s S i 1 S DAy S22
5 S Pn e Gl b 6 G b Sl e e
R e i e oI L
LoolS aiy dadseysn 5 slge r_.:lﬁt:,a alyday S
Dssle! 5 esl3ca (Faroog et al., 2008) das o als
Gl LSk 55 Giemd L5 L3S edalis (1T4Y)
“Kenebec” 5 “Concord” slaed, S O3 PEG
o35 00 A ) & s ol b sls 2l ) e s
Sl sae 5 sbas “Kenebec” o) L awolis 43 “Concord”
5 b Sl 1 Sl ) s 0L sy aiy
El il (Six A5 4 “Concord” o3 st
G50 Bl 53 i p Sl 35 L aallas
gl S ool ¢ i 5 5 Oy ol Ol glases
(Albiski et al., 2012) w3l :als (i 56 o amalS

« Ll Oddes s LS 55 i i VD)\.C« J.<4“.> 3l


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WYl s Sl Slhe (S g abes 5 el S5 8L

S5 5t w1 s D] Jll (sl
S Cowlods o35 gLiS .(Dinar and Rudich, 1985) s

03 el 5 ey polie Dl RalS e WU gl
.(Rasheed et al., 2011) ol ol Sis olS

Sl sbes SRIB 5 s 5 Ol Sk boogs
S 2 0 ol e 2 0aS K03 b Sl s wrl e
s iags ST asdS gladle b s .ol o353l 55> 3e
el 5 Lap Sene A5G 4 0SSl s
b it 5 pkr Ysame 45550 > il S
SoosliS OV smme bt e 4 5 bl e Gl Ola o
S e A b ) S5 L o s o5 0
oSt 5 L VL oy (5 e a2 o 2
YU slos i 4 olS STy andllas bl cpl 5 sl ol o
Sde 4yl a5 L LS e Iy D50 Olejen (SUS
Lyl s CiS e Sl eddods of Jlaie b ol ol
ﬁ}u)mi;w”kgalﬂgjw\}w@ﬁgj}w\
s G bl e 13 3l cou 1 oS S ns s
S mSly (08 gles a5 VL glos a) oo s
PO asn g b e Coenl 4w g LI el S5 olS
5 i 2 Vb gles 5 ol 25 Olses U g w
Lylps Jas wars LU co S el glaind 0y, s
e sole Candy 5 SSHnd Sl (heee
K55S 3 aadllas ;5 55 Jlesl 31 e biasealS

Lhu.ia_,) 9 :lj.a
MVEYT ol 0S aw s 2 sk opl 1 ALS s
3 "l ol 5 53 5 () Jsde) Yt 5 "
Sliios o] OpemSIS 5l S wesiw "UsL"
Kilesl e 53 Wspedd 4 s sslisS
1255 el ol Gl oK (3b35l 5, 5 Cdbeis
3 JosSb Spson sk bl gk g bles
oty S el LSS e 5 ol Sl 4 b B

Sy gy Golb sl Ok S bl sialesl

1S ladad 0550 i8S o 4 Seladl fass ml
S ey Olie 3 Ulspme JRalS (St (55 sl 0L
L S L N e RS
S sl g Aald & o aly; S 28 Ll 23
S llE e aky 5 S ke Jlie Ss G b
$325 3 Swpes) 3l 0L oKl il b,
o oS 55 zean (VTAY 3l
Sl Ll ol rals T i el s cow aie) s S,
O 5 o3l m=) ol OLES a5l oS als 2
Sl Sy i s T RS s elS s (T
Ly sls DL (guls pae JalS VMJS Dlde omen ls
Sl k) (K G S S Ol
(S 5 e i) ClS olS B a5 Olpe 5l SES
.(\ray
O GBI sles Ol ot ol 4 olS T O30 035230
Sl s ssbas (Mazorraet al., 2002) cowl ae oy tags
PYCSPINE S (K IV PSP S S S P PP {E
Sl ajls <l Of Il bis o fl OlalS asb azils
as Sdda il S pl gl YU lales wib s sise O
bl e .(Machado and Paulsen, 2001) <.l
ol o O 4 oo jzes 2alS L Ule YU sles 25 (slas 50
sl el YU sbes.(Simoes-Araujo et al., 2003) ..
OLLS 3 plardm 5 (S3dss (S50 Sl
Singh et al., ) 5,138 o b olS sad 5 Ai, 5 5 355 0
SLbl sl = am s 4 alS i S sl 5 A, (2017
oo gles 63 sda (l5ls ‘_5.&\.5 S8 a5yl L5_<2....>QT
shls YU gles =5 (Nicotra et al., 2010) <.l 54+
S e el OIS () >l w55 Sl
25 S osd o ol ) LS Siamy (s o SialS
(Gomez et al., 2004) >, o s LS AL, 5 el
iz 5 SOdnss sbanlp sl S U slabes
elid SoilSy (s glapsl ol Jals OlalS

CA“U\A cCﬁw)&i})ls BE) ijiﬁ\ JLS.:.\ ‘6)}3 d_}‘:""’j'.’.)}"”‘“ﬁ


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WA Jlo M ojled A il aLE 5 S, 5 i b &Y

oddoslaiw! w,:.ﬁ 6\.&0_,.‘5 Qi'm.’ Slaseio -\ dj.b.-

osle Wi P 555
P35S sl p 5N s X £ 355055 0 5 s (O Jol 4 iy O LRSS Ve
LEURe S 035325 oY g 3l odal Csay by 08 Yo
e P sl 0 Y 5 x 58 035 (O 51 Jol a0 55 o) AR

CA.GLA/\)&L;.Z}) cele V1 ‘_5)}; ijﬁjbu\.\ilrnkﬂ”..“
Sl o5 Jleel 51 ey amds cla sl Jlasl SSOU

&‘J& JJL& 9 Lijj_}jﬁjg-" olew ff 6/,:50)\.,\_.\

ol Jesas b o5 5| oY glacails

A SKit 5 5 05 1K e Dl (g S5l
S b Jeas 5515 s 5 LS Cbl glazealS LSS

Cilasly amalS 5 055 st Olgea 5 s O35 /)

.J..pj§

a5 Voo Ol s cele YE Sdets LaazalS O

5 LS O3 Tademe OF 5l w5 LA e3ls 13 ol 8 ols

Ao S el i 05y lie O e

Sl 5 s Obssl glamals 1SS a5l :3,3 3l des

aseia S S S b aslanws 5 S S,

Fole Ol @ Soll shen olis (g0l

Ve ol s el Y8 Sodea el sad ( ALS 3L 53 54 ge
BIRTP PPV IOV U W P e SN IO PSS
Sy edal 53 3 Sy gons oS olS el S Sl 0 S 0/00
S ke ¥ olie s wey s e Ve Ll s
U EA Codoas anlsl 53 5055580 dsad ,a 4 (1710) Lde ol
398 3 o gl 315 ol ales] Jases 53 sl VY
s el Dol bl gl oS s n o
Gl J gles Q.Ligf.})v.g 5 N A 393 Olddelate
sbas ilo IS 5l elial b oy pas Jas 0L wLE
A 00 @ il b slilidl Jhe o 5 Slo

OYAY  Llbll) dw,

r.:.\.% s b Sl gl b ‘5,;5/aj|.x3|

IS Gl 50l Sl 2L el 25 sl Jule
SN0 5=\ /0 als mhaw sl s (PEG-6000) e+
a3 Y0 5 Y0 00 sl an o3 Lo s ele JSLLK
ol 25 5l gl Jlesl ol g5, 2 ol S ol
PEG- & ;5 p 8 YVe 5 Toe Tov Gho e i ju
A (a5 0/ iShame PH 43 S J bl 3 6000
Sl AL W g sk (AL & ge g 0

(s dlesl s ladas 0y kbl s 05 S el
SV Bl ¥dsk 4 plesl Wl ol plaaalin
LAiag o pedd CiS AlS s a8 SlS olals
o3ls Hl 3 ol Of 55 cele & Ctens il baadds
250 25 e st Lol e sl S )T b s
ols 13 Loys Ve Jell ja asl ¥ Cdedy b sad s
et L aids Y Sews LU a5 b 4w OF 31w 5 L
Jha J1s adds 10 Sodeay aslsl 5 LS esls izl
gl okd L elean Aoy VO il oy S
A3k e bkiged 55 b Gl LS Saieds o508 b
Lo sad oy i ools gmicd Jadesl L 4ads ¥ e L
MS ciShoe luld oliads) bowe 53 Sstedd 3l
Ll 5ol 1) s p S Y 5,81 ) s oS A sl &S
S RS S sy A, sdiS il sl 1l
Mg s clSly 5 bdsln, cwle LS, 5 aoady
Yok 4 eSS sladsain, (BB ol 4 aalS
PEG 6000 s> olg ciShow 4 jbaly, e sl
L PEG 6000 5T ol 51 ¢ 18 sl (gl sl JUas)
Gk ddesspl CliShow o linl SO eslad

sl L ad) bSOl 4 bdsn, ol slas


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WY pde s SKidagd Slheo (S g abes 5 el S5 8L

s PEG e o sy 0Lz (¥ Jsdir) oslsls 35 s
SSTRT-RCIPRST v SRCH I AP RS NIV NP
e s S ly i i S sl (S
sl ls e

sy Olis ke Jlas GaciS )y aoalE 5 03
s YO sl o Gl S OlE s bgalS S
e bles s 4 e (les 25 050 o1 S Sl
Yo 5 V0 slabes 5 aSohse 5o Audls 1) 5 05y Ol
a3 V0 s oS sg meS Of Jltde sl S sl ax s
e 3 Kl (5 2eS 5 Oy s baasalS ol S sl
Loamlie o dals sleg o "Ll (35 (kS 5 o6
5> ool DL 505 (Aol oSS 5 bl e
Lol 1 5 05 cpomde "V 048 Ll Oles
5033 Ui 5l Sl Slais 55 5 PEG chle 215
I =V/0 el 25 53 5 A atalS LaasalS
Aol ety 31 e a3 V0 (gles 45 OF s o zeS
o3 Ol 5 el ple boaslis 5 MY 048
AT OIS Sl sl DL (GRS 5 O e
S 55k O 3 gad Lo (g iy Jllie a4y 1y 555 5 035 Oljee
(o1 8 e a3 Y0) los 5l s Lsls 0L s
bz ax glos S5 5 0 mie LS sladsed 5 055
La 25 Olejen Ll oS OF Slie 51 slos 4 5 il
4 Ll adlh S 505y s &S Lus el
LS5 0o 5V 5 I —0/0 (graml 25 4S5k
L baazeal S 2800 5o g o1 S Ble a3 7O leo
O g5

Jdsa edus i OlS s 5 Oy SRl A e e
DL Shals ol b ke ady s a5l S5
4 e ol 25 (Rane et al, 2001) Lib asle, s
Sl il SR8l (B s (el s, OlBaney
e s ol SUlgede Jl oo ol s 5l (S 5 6lS
Laiis, Oddatn F )3 pd e Al L 51 S Sl

4Dy J;Sde |.Lq u,i.als Oddds (G o 53 Q;JS CulS

sl sk cpl gl Al eslial (glalad (05 fg e ey
L s O g8 omie g (8 31kl glad s
e Dlde sylibial o 51 eslital b e
.mTw:@mmufﬁ\u )Jfﬁdl:,a

Sldised 53 e ol Ol el (g S 05000
3 A ekl lalad 2 pasa s e olb by alS
iz ok pf Yoo s (sjf RGPS odal Cowday e
g sylubial glad ghoes lanl o ol gl LS Al
o i 555 ke L ol sde e a5l 5
oKaes sl gladgloes 51 oslizel b e 5 3 S
S ey Sy ool Cewsay fByl 31 5 A oS
A eslizal O gl IS

a3 b SNl sl b (g S5l
Sl AE ool a g Sl s gy
w23 S 8 eslanal 3y Slid e SlsUly sk ol
Yoolea Jlesl lad ) 5o basad lanl sl oen
s Some Sl Jee Vs Sl ol ojlae 1)
3t wlol Jhieol 1) e A s Sl se bl
Clar s (K 555 oSS S5 5 cele S i8S
By by gl £F maedsb s ladsw
gt odel Csa 3de L Ad (Sl e gt 1S
L3S dnloe AL S ol p SV0r 36 S

oolas 53 @dS Hltis DU (Sl S LRy
Slie 5 s eslitad el coder ol&aws Sl edal s alS
A e LS S sl p SN0 30 S e 0

Lo oSt ohlesl Cpoa baesls byl 4
dmslie 238 olnil SAS 9.1 sobl A3l s 5 s Se
Izl mlans 53 LSD 0031 5l esliad b lio sla Sk
Slsle s St esliad b 55 bajlsged it ol Ao oy
o3l U 3 Slio o (Steras ol oo s e, Excel

ol sy SAS 9.1 153l o S

Loy mls


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WA Jlo M ojled A il aLE 5 S, 5 i b \Ag3

6‘4\..:.3.3 Q}):C;..:.SJ.\ @b:;dﬁn‘ﬂﬁ‘uww}w dhuﬂs}fu)‘ andlao 3,40 Slaw d“";"-’-Jb 4.3’}’.73—\' J_,.-\.>

e il - Y STt A e R 5
(Mg/100gr DW) (gr/100gr DW) ” p— ¥
AYAVIYEA/Y ™ VY eerm ™ ovgo/er™® \Za\te TVORVERE gvey/eo™  yoetevyaYtt v PEG
AASIYYO/A™ YV eoAve/AVEE vryett e YAYVO®F Yyv/eo®” AYENYEE \ Lo
yEYa Ya Q™ VYWY AL®E Yoasee*F A ge/qv*® VATV E¥TALN QT ¢ 5
FVALAV Y Vovag/en™  va Y VAV RYVACN va/41%" 0LAY/+ Q™" ! L x PEG
TV A" NYYEEANVE®H v ey A £V/A0™F yog/aN** EOAVALT VY o3, x PEG
MAA AT Vil (RRALCRYA TR A VAL o ARN yo/e™* YYY/YFE g1/ A o35 Lo
TEA T VYYMAARTE vy AT YA Yy Ve EYood/V* Ye 3, x L x PEG
TAAA N aYa% AN V4% V/00 Y40 e ilel e
VY V4 V/TY VW VE Y/ V1704 VE/TY A O )
SWERTR NG o] cla.d BENIEEYE Lo
m{l -

A 033(mg)

¥

]

Jals Il B /0

143 0301 3306 EPicasso DMarfona

ps
rl
L
= kp
ot
gL

ISy 18 -y

15 25 35

JIEl a0

Gaded 055 Jl il 55 oo GO 5 ol azalS 5 055 p les 5 el SLEE S0 ) IS

33,5 Kix 5 5 05s el g e Llg s L el
-5 (Taiz and Zeiger, 2006; Albiski et al., 2012)
(s AS Gl 5o e b s B b SO
dl e g Jltla (o B9 (6 e 58 Kows & ol
Llee (Dulai et al., 2006) |s5 IS ilay 5l Olse 2l 550

Glosss Solls SRl 5 (gt gLl e

3l SRalS ol s St sl W5 () (6 g 55 5l 5
Yordanov et al,, ) 3,5 . 13 b cou Sada A,
AL Gl O Jliie 358 e Gl Six (2002
S Jesb 5 RS S ileds O g 0o 5 Ll Sials
A3 5 dsb lashe Lol Jos (nl 55 anilssl Lad
baady) b 5 Jsb il (Rals S slin 0 pd el Gl


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

o pde s SKdagd Slhe (S g abes 5 el S5 8L

S e 53 A sdalie "TV" OIS s JKLLK <) s
IS =) L oaslis o St 0y JKLLK —V/0 s
ol bagalS o5 Lo Oljes b sy aiy
CLle LPEG S pb 4 s S it 03y s s 2alS
s YO sles bS5 5 VL 5 JSLLKe -0
T S8 05 sl 55,0 5] o se 315 L

oot 2l 3geS U xes OLLS 53 Ysens
sy Gm 5 s Sl GS sl g ks, Dddate
53 s sl ials 8 wYsls Ol JLsas o s e LA
Sl am ;5 5,8 o 13 olS Sl 55 (g %S COp womst
Shles oS L3 w3, tals O wSa s el s
ol Clsa oees (Riaz et al, 2010) 555 s
LS, s glast S (S RS s A |
ami ;s b S S e OF Jlise 5wl tals
sl Al S 5 5 sbeoss OdaS 5 AL, als
2 &S glcasise L Sis 2o (Banon et al., 2004)
Sle e pole Cle przmas 5 olS bes T Ol
G5 e piam; all el uS e sbml olS
S Ll s oo (Ashraf and Foolad, 2007) i .
S 55l Lo S Sl 1 2alS (sl bS5 asl iyl il i
Pl 5l as 1y (g5 50 51 ok Ui 5 5,8 e IS Sl
o5 b ablie Gy (AS e il s s WSy S ples
oeob 3 oLl el Gl Jes ol bl e ol S
ol iy ek glps plll sl O 5 pllE le
oS i 5 5 Ois SalS s slee Pl A, als
(Guptaetal., 2013) s> 5

03 s Oy ke rals Ol Kiass Sladlas =B
(YY) S ile] 5 eslicios ol o3ls OLES |, 25
055 PEG (s> cliShowe ;3 (el a5 L5 S sdaline
I, sweieew “Kenebec” , “Concord” slaed, K
5 “Concord” PIBE ol pl S ol ul bosly Zals
OUT 3 g i Sl sae 5 sbas “Kenebec” 2o b alis

B _.j ol Cussd=s (Hasanuzzaman et al.,, 2013)
Olsee 25 (Ashraf and Foolad, 2007) lie  sle
5 Sp e S5 G5 (S AmSIes Usmdhanl
5 (Wahid and Rasul, 2007) o e (5 A2l 3 o oo
QLS > (g s slge i 5 A5 Oljme S L
Baghalian et al., ) das o J2alS 1, s slaelbl 5 055
S cwles Jold LS 5 ode oYk ol (2011
sbrle b (I 5 S Jobe 285, 2
oo Dol opl opdie S o S JSle
Ay S el Culgins 5 (s ol W55l Cniles
(YY) ailesl 5 esl3eixs (Gur et al., 2010) 5 5
PEG (s> ciShoe ;3 (Sheml i3 Lles S 5,058
L sweieem “Kenebec” 5 “Concord" lass, 5 035
45 ”Concord” EPIE oealS ol as gl ul b osls s
el s 2is Sologxe s sbas “Kenebee” o3, L anslis
SIS WP CHIN IS PRCIT: N R AN
S0 Sl el i i 4 “Concord”
Gladed 05,3 Bl s Slal 5S35 sler slaealS
o) Sl 0l sdalie PEG I 3L (gjaml L5 1 5o
s basmalS 5 035 S5l eemen (OTAY OLKas
IS gladad 0505 <iS L3 dssle 5l 8l Graml i
OYAY 0338 305 5 o) Sl 0ls 5155
on S 03 Lol s el S5 U
Cld s sl OlE dels Sl D3 sddciS glaagalS
3318 Bl a3 Y0 s bzl S it 035 el A5
SSose 05 s s iy gles R8Ol byl 5 s
Sl@e sl S sl am s Yo sl 51 5ol L YL slales
O oS e am s YO gl ol als i O
03 g ol S Sl am s Vo gl 3l ai biazalS S
U515 48 sl 0L s LOSS 5 o) Jarll oo | dlaiy
b Sat 05 S TG s s et T
Sl S5 53 5 LSk PEG clale il L il

OF Jlais cp 7S 5 A axalS baasalS i 035 lkis


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0 ]

WA Jlo M ojled A il aLE 5 S, 5 i b A

(Mg) wals s 03y

Jals JEl -0/

B143 D301

E306 ®Picasso @Marfona

(°c) Lo

JIal 1K -y Jul Ka-1/0

Slated 0355 Bl )3 i SLOAS 5 ol el 25 035 bs 5 el L2 ST IS

OS OS5 pBl o pa s Kos les g3 Sl S
sibeze pll b 51 JalS Sy slaas o iy sls L e
S a8 TV DS Ll 3 Sles s oS- s sy
o5 bwl y CiSlass 4 PEG 053l Lol S,
aalS ples 5 Ole 5o azalS g8 sl Sl (6 e
5 JSUL =110 (g5aml (25 3 OF o 208 4S5k 4 A
O A VP O PP WA M C N JEST
s OIS 5 pBI L gl s sty S sl lal
A & e baagalS 5y, b Olojes T il
S0 el 5 Ak e S LS, Sl
Loablie oUly basalS o 1 col 5V 5 JSLLKe
AF USE) Ws o Sl s Al axdlas |y La i
Sl S 5 lals s S sl Al s
oS 55 plde esle sdme JLES) gl e 5 (S50,
s Sivritepe .(Mohammadkhani and Heidari, 2008) <...!
ol (Y1) oLKea 5 Molassiotis 5 (Y+2A) 0L
oS Olgsas aBlanw s S 5 sl JialS Lsls
Col sl OF & Jess 5 SEE ATl s sl
G Ol wfa 5 LS Ol (58 55 OLLS sus
ooolS (Yeer) Singh 5 Khurana sl ails (g S

OYAY) 0L 5 (g e Hsls S 25 4 “Concord”
2 b gai, S 055 talS Slal 5SS G8) Sler L3
IS glated 033 SIS 55 Lles S 518 leS i
Sl S i i s bazalS S 05y el
OYAY w3 5o, 5 SNoses) Sl ol 3158 Jsuile
il glackle s JUT o) a8 Ks bl 5o
cel PEG (o3 8 il glais 05 Lils 5 PEG
L elS O lgme 5 arls Jsb (it 0y Al
(sl g L;fr.if ool oS > (Sivritep et al., 2008)
O3 foeme m S5 ol mend Olpe (S2S A
sy Sl alps laphll St 05y 5 ady, i
S oS s sl S i (IVAY (g sate 5 esl gl5 s)
ol 03 posara 5 3l 1 Ll co s 15 olS s,
D35 S Eel 53 Sasgte U ol e s Ay
.(Rasheed et al., 2011) 15 S bacl o it
Sl 3 Sl ey s asealS Sy slas
Sl s 53 S ol el SRS Ol s 5 el
A sles 3 4 ool (ales 55 054 SIS L Yo
Ol s S oslaws bos 5yl 5 YL L 5 5p 2i

S sl SIS Sl amyn Yoy aS Sl cpl bl


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WY pde s S gd Slhe (S g abes 5 el S5 S0

2 L 2
e

—
th
heJ

—
=]

0

h
1

- @143 0301 @306 mPicasso DOMarfona

e B
}TC-..

1=
B = - G
S S

Niwn ||W

T T T

15 25 35

[
o

= nr
= mq

JL Ka-Vvo

e 09,55 Ll b 3 s s SLOSIS 5 pU malE & slans p by 5 s peml L5 ST T S

LS L s Ol 53 Rl o se el 25 LS
23 b ldde 0560 51 S el anslie 5 As S
YO 510 slabes b oawslie 5o 5l S sle asjs YO sl
53 ey OslS a5 wisls QLS @L; e :\J.fwﬂb a5
(ol 03,5 Sl i Jle o mty OIS 5 0Bl Ol
S eSS Rlasl jals i VY 048 Sose o
CiShoe 55 PEG chle [liil oy Wosls 5 el sl
Sl ol s s S basalS s jaud ldde JalS a4 e
LMVEYT O 5 ey a0 5V 4 JL Y0
03 35 plete OGS 5 LBl ple Sl jad ke Bl
5Bl ple Sl e MY OIS Ll s s S
o b gl sl OlES (g rhe b Jllde 5 3 LaolS
23 Sm Amd Jldie el 1 Sl b i Ol U
ISl —1/0 5 518 sl 5310 (slos 53 ol pen
2 BOSS 5 Bl s edd olS Sl e o S 4 il
Sl T S Ol lasSl i Ol el
(8 JK) L VAR T G L
el LS5 DS sy (55 e s hd 2
35 5 (olaws g Qi)'j-"g oy gods) Ll CL::;-\ Sl s
ot LS aal b e plie sl 1y p3Y (55 LS e KBl
) S i S5 o s S i S

SR G5y S sl 5 S e RS s S
SRIA 0T o 5e 5 G s Ol S SalS e S
W35 SIS T osde (Sis 0 DS sl
sliasOlis (S 5 Rl s S phe 2alS
sl Sl gl s ol 5 Caslie gl S SO GUls
S 1 Ol s Sl 2l sy S s e 2alS Yazs|
s Al de ol 0usSs s O Bl
A5 B 5 S A SASAS 4t et o Sl e
St el Sy s O Gt 5 (5 e oS
aler plll S 055 WS ol s el
by S phe @S S S s asla
(Hu et al, 2014) s,5 0 alS Cob s Slui,s
Gladad 0555 Jul b Sl e s o 55 o SL 2
CiSlsws 43 PEG clale il LS slaws sls Ol
Oy iS5 (Gelmesa et al., 2017) sl sl
S p ool ciShow PEG chle 05l bl (gleins
opl alis 5 (Akbarpour et al., 2017) sls ialS |, azalS
5 K pkln) cl s 2S5 S s s
Y LK
s b a addllas il G Lol s nAd

oo by bl 4S5 sl LA PEG Wb glaciS s asllks


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0 ]

WA Jlo M ojled A il aLE 5 S, 5 i b YFA

2/5

(gr/100gr DW) 2.

15 25 35 15 25

aals JIl B —v/0

W143 @301 306 WPicasso @Marfona

Z
I 1
15 25 35 15 25 35
(°¢) Ls
JIEal (& - JIEl B -y

@lated 0955 Ll p5 55 (fen S SLOMS 5 ol aud ks s Les 5 (g jaml JLE3 U -2 JSCS

5 dals Hles s b Ol o mi 50dS WLS 5 (1999
G 002 IS W G5 S 5 of Ol e
Slands L3 s Ol ksl s .(¥aE OLKea 5 sl 5)
ol odalie 55 Sl s jaud e JialS s of Cilete
OYAY OhKes 5 ol cand) ol
31y 0L PEG 8L s Jles 53 bales adlllas tpmmsly
23 Gl 35 Ole 3 alS el s alyy s
53 i K slabes 4 o 38 il a3 YO (sles
sy Olzs aalS 5l S il a5 Y0 510 gl 53 ol lude
i S Sl a3 YO s uly ke oS gl cnl
4 Lsls Ol s Ko B b 5l s ol S sle ax s V0|
e e (6 ke el UL (LOIS 5 LBl o s
IS =) b ciShass 3 PEG il glackle
SMie o Sl 5 ols RalS 1 AlS slacsl mly Sl
NN O s 0T SR i " el 055 0 el
JLLEe —1/0 Ol 4 PEG lale il sl .as sdalie
bl b Oloes G0 s by Sl i) el
RS oS LS Iy 1alS il by s 45 A3 o e
) Syl el 5 515 Sl a s V0 gles s T Sl
/0 el 55 S es A sdalie JSLLK
Eel sl S sle s Yo gles LS o VL 5 JKLLK

S 5 Ay e Sb Cagb, (ITAY O Kes 5 gl
oS e L) o Solginn oS odd S s leads; gg
Olme i (olol 150 St cusby 2l Lo .
(Mellisho et al., 2012) &bl o Lisl3bl olS 53 ad Cdo
FE 5 C P el a Wls e e ode el
Gl e Ar 5 3 A5 5 Gn5 RS OT 03 g2 e
535 3 s S Tame by 3geaS Ll ot olS
S ool 55 Ll 2 s (Hopkins and Huner, 2009)
ol plea Cud ady) mhe 4 S5l Al L)
oo S Dlid O 1) bl e g b s e
Marschner, ) 5,5 o 51,3 oS o xd 55 2aS 5 sdens
Osman SWLS 53 o S5 3155 Jhed Olpe Sl (1995
b5 (OYAY (s 5 oalplosm) Gl S
b s el el 518 (VWAL O 5 305 ,0) SLT
Slome b glasSls 53 jand S 8 C B RalS g sl s
Gl iSly » St Ol Glyme a5 1x ol O b
adllas ool SIS 50 0T S5 pm clac s 5 (gla
53 ol 0L PEG I 36 (Six (5 L) ol sy
LS ol glaain;y buy jaud Ol LUls (i Ll 3
e GIPEG Canlas OF s 5 il (2alS 5 035 Cind

Hadidi, ) ol sis Oly Gle 5 badisl s ansd Jll


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0 ]

YW Lol s S Sl S g abes g Sienl S S0

(mg/100gr DW) q.,.;ﬁ..i,:.,‘

15 25 35 15 25

dals JISly 18 —v/0

w143 o301 =306 B Picasso EMarfona

15 25 35

25 35

(“c) Lax

JHL.'L;L{,_-. JLi..-L;Lf_n—‘I'D

S AB0053 Bl b 53 e iam SLOIS 5 Pl el His  Los 5 el 525 S -0 JSC

ol DSl Jed sl S Il 5 lass, ol
by Sany oS Sy b e g LS sl
SalS b 511, ROS Wg Wl e sl anils gaelow
sl e 22145 JILL 5 31S| NADPH b
Rose , Hasse .(Cakmak, 2005) Jdas ials o, S
Sl il LS cugb, nlpl sl 0L (144g)
WSk O e Sl Ll ol pen il 5 jid ule
b ol 4 s S 5 il A ol S o
Hu and Schmidhalter, ) WL . sl 50 OLLS 4l
G g S ey S Cle sdd 2155 (2005
o Syl el oS s el (See (S2
Jos ool ebiSTBilne Olpoay uly 1 A3k aly)
Wil g S cs T i Lkl d s ey el e
.(Osuagwu et al., 2010) 55 o olS Sl j2aS axed o
S Ol IRl S glaiid Ogn ciS s
5 Sases) S S,y hy eely e Cxr e
as Selol Jtags ol Cosdas = O Wl s,
Daaloml (Sas i sl 0L Ol ST (35 53 55
YT 0L 5 gl Caand) 515 o 53 1 lS 55 il
YA OLSas 5 sma3sl) Sk olS 3 4 e ol

sl 0l 1S (VAT 0L 5 (651 50) 3555

(0 JS8) L35 b gl QLSS

Cleas 5 Sl 5,0 D pae S ly
o QB ot b ol By s el pobis s 0T 28
s S B 5 55 bl s e e S Olpe
Bl A sladsle Joily o B 55 age B by
Syrse e bl s & e ol (Wind et al., 2004)
7 wberdon 5 3mSRl alS el s
Mengel and Krik, ) s,ls 51,8 ol A 000 53
bug O Clr o s by 5oL Sleo pa 3l (1982
S el 4 Sl s ol S il LS el
RS e 33 e el )3 (S sl Jlb
(ST laded (ila i dadwl gl sl s (g, Ken
Joo S5 e Lol i 4 e glie o Sk A -
e (Fernando et al., 1997) 51> cJbts b 5 (SE
OLS o1 Jsls s 5 elal L3 sbml 5 Lis (sl
.(Parida and Das, 2005) .l (5,3 2

Bl il Sb S glady il 25 Ll 5
domi s L CiShase Of lly el Corse s
Ol g 03 5 338 0 35domn oS alyy by Ol Gl
.(Raphael et al., 2012) .l o ials e ol

C‘MJ‘) g:,__JLz.e ﬁud_’fwdug)b r.:.wb.l b}«.&S


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WA Jlo M ojled A il aLE 5 S, 5 i b e

(oS 5 3 el s ely ol Gl tals
ol ods S5 SLs s sle ol S ials
Osuagwa et al., ) b o Jials S oedS OF Cdlae
olS haw g oS Gl ol S 55 el 515 (2010
05,5 <25, (Rasheed et al, 2011) aas o Jals
oeelS le dszole 51 A0 (Gl 55 S 5 IS gladnd
OF Cle &8 Cal jhals aiu) 5 5 Rl olss pll
e Oly alsn pll & ety S aedS O Jlal 2l
Qb&.‘uﬁ 3 "‘)j:i (W"\\' ‘A:ULS}"’EJ 39 L;<:.:}4.9) Cﬂw‘
eedS Ol 45 W38 sdalie LT @l olS 55 (1Y42)
S oo 5 AL s LB RS sk, 5 s
Sie Ko 5 3 a8 Al sdalie 30 eds oS o
el 5 el GO S Ul SR e 5
)‘JJ“.A 4&34; Mdu%‘fjjwb WJJGJLJ-L;
Ls) 5o .(Kusvuran, 2010) weils (g i (.MLM B (M..ls
st 55 Gl S 5 aly e oS a5
5t 4 el Cod ol B 4 pslie Glacs Sl
Lzl b 55 bl b amglis 53 650 e 4 oS
.(Kabay, 2017)
eles 5 (Grenl A5 545 s sl OLS @LJ e
el ol LaasealS glacil s e Dl ol Co ge
PRI ST TR ST v Lo o 0w
LsLQGJ) )J "Yl'\"j "\ir" L”Yl"\" 6LAQ}15 F "L.!}é)bl"
wbes i 550 ;3 PEG cble N s S 5138 i
AT OIS A s e, Tl W35 s s
5 P P U V- N PUR WS KV NI SO IR

adllas 3550 glales o) cdald glaclis s :r.:w.ls
axyn YO by s aS sl LA ghenl A5 Ole s
S S MR o i (e Sede) 8 S
YL les 55 OF Gl e 5 A3 e s laamalS
S 51> DL gl il el 58 Sl ax s YO Sl Sl
oS s LIS 5 ol e b aolas 5o MU gL" 035
s e WBs s il bl s s gk
G glaos, o3 i s e STV I EYT glag IS
CiShow PEG chle il Ko G b 5l am S i3
ol osls rals V..:‘.lS cde e ples RS ag0
" OGS s e o i 4 JSLLKL =V /0 s ials
G YN 08 6 s Kos gl IS Bl 5 )
o5 T o Sl 5 Lsls DL oS ol Oljn 3 (5 %S
ol bais Olajen G sl gy S "UEL"
les 53 a5k 4 s 8 eddde S i 5 2als
oS Sl o 2aS JIKLLSG =170 5 5l S il axp3 V0
(O JKE) A saalia
30lS ped 5 A 55 S el e (3L Aalyd
23 s s Gewind s e S a4 oS
a0 S ki 53 1y ool B S sl (sl 25
s L Oltle 5 Og cpl S o 3L oS slad s @
Gl 5 bim gl dS S e Loy bl
shls L w fate gla S o alie ( Jsle slao )l s
CS - Sl by 2als L (Nayyar, 2003) ol Coonl
s b Sl alyy e 4 Sl S
4 5oy gl Ol Gk 5l Baes oS Ly oodS
Odelosl s (Yuetal, 2007) s ls Sos G0 s o
Ol s JalS (S 55 s S Ol
(Ashraf and Naz, 1994) ..l ods Ol 25 Ll 5 Coo
Cod S Dt BB C D alS ies
DN 3 ) e Are s 5 S Susb) A5kl s
O peelS Sl Rl WY K 5l (S
J=Ys 5l s S (Hopkins and Huner, 2009) Lleds


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0 ]

Y8 Lol s S Sl S g abes g Sienl S S0

(er/100gr DW) oS

15 p. as 15 25

Lals JELE -0

Hl143 O301 =306 ®Picasso OMarfona

(&l

15 25 35 15 25 35

(®c) Las

JIS 1B - Jsal a0

Slted 0553 Bl b 53 e SLOSS 5 ol eandS Iaie s 5 (g peml 5L ST s

oY rK;A 05 s e OLES Ollllee ssd 0 SKi esbe
Sl s Wb Rl S s k) 53 e Ol (S
v s oga s e LS O G 5l 5S4
{(Tester and Davenport, 2003) sl T Osliw 3 LSty
Ly OF VL lr lews iy C3L 3 i sl § e
ogfé‘j)Jw\&jMUﬁ&)TﬂM%_}@)
Sol s das o plil ) (Graml Jolad 2l e ol
Munns and James, ) &S ol 6 mie ol olS 355 e
Ul 0LLS 53 iS4 e glaaasin 51 S (2003
BL RGO LfleN Q}JD I(Jr 9 Na+ _)‘ L;‘;:L? g:M.wJ Lo~ B
Dajen & edle Jos oul & 338 0 Rl e b
Sl il e (piomen i (Blumwald, 2000)
s el 5 30 S e ey S S 4 e
Reid and Smith, ) wle o ke |y Jo lis Sl s
“ V..:_u\.w oy .3}3 oal3 L;- J:;Slj B J.il.: v.g_..«\.w cdjj}:cm
HY b 28 e oo NaTH &y T Lo s 8815

H'-pyrophosphate 5 H™-ATPase . akess 3L 3,50

5510 los 3 Ol e oo i 5 A3L azils o Sk
Al sdalie JKLLKL =1/0 (s end 15 5 51 S sle
oS 3 ke Olje B s cor g B 53 2 ey s
(V JK8) Al ansls il X,
b 8 B 53 olS Gy sl e K Olpsa e
O e a5 Ll s s elS s e e 5 255 e
G Nl mde 4 S| apde e pely S
5 Ml blas Ses GGl led e Gl
(s n e s uw-j Gledls b Slbedle
sl Sl 5 (Rengel, 1992) 553 puly Op o0 SSlr
2 1 apiie oS Gass eyl slaanip s o
ey O Gl b O sl el 3 Gl
Parido and Das, ) >3lu e Jled e LT (5l L 5565)
ol e YL B olalS Ll (2005
3 Kie w2 dske J3 a0y ol s L
Gl mSly 5 Pl 5 Las Chas 5, Ses 4 2
ckle .(Hu and Schmidhalter, 2005) s43 o SJslie
ol OO (G5 Bl 3 55 S 5 a5 e 5L
35S 553 0l e sl 3 s oS 5 1 (S sk

My s JSals Cel 3@“ gl o AL e


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0 ]

WA Jlo M ojled A il aLE 5 S, 5 i b YeY

7000 7 m143 =301 =306

G000 -

5000 -

(mg/100gr DW) was

Aals ISl Bt

B Picasso

BMarfona
35 15 25 35
Il 1B JISl 1 -V

Slaed 035 Bl b 53 e him SOSS 5 ol oo Sl Lod 5 (g pel HLEB ST -V IS

o gl w eSS Loyt el SIS L Ol siS
5 ekl il 1 dilie Ol oS Wbl e 5 plulid
w8 5 Sl Sle s Slewge glbiash o
e 5 S ol 5 S 5 5 05 Lol Ol s Ll
Sbos s ples 5 05k Lyl 5o S 5 il Sols
j:;l: by A5 Ay Hlde o 2l lefL;u'L.u a3 Y0
YU gles i s Ll s S ialS Cmpe 5 CilS e
LS oSl gty M 4 hed 5 e ol
oo PEG 5 )8 51 (G20 ctShases (el 25 ()53
b ole oS ol (i s 5 Ogs pslie 3 alS
ol 55 NG L e Sl Ll s S iy 5 S
9 J&AL_’:KA —0/0 el 5 S 5 sl Olis il 5l
B S 5 bl 1y S A s T sl L S
o3 s s b el i TV 0 0 e
la 25 plp o Jfg_a sosls rlé)l L oaslis 5 "G g ,L"

sl iass (Gaxiola et al, 2001) s;i . axils &
s (S 5 e GRS 4 Sl
L3 gad odalie 15IS ol 3 (VYAY) e3l3s 55, 5 (SKuses
tlpn Slpll s als b acglin s udes Ol (25 31 3
Al os e Ol SRl (6 o ladio, o
Cl ol B8 ede WS Sis s IS
5ol U iS5 00 OLKes 5 S pdexl)
53 e Olgee ool 5 4 dald 5l A5 sl 3L
53 0T OLen 5 sl 5) @l il s i
olS 53 (o5l Jlas 4 e (Si 25 S s A5 ey
(Ghoulam et al., 2002) . . ]

& S domsi

OLLS 25 S Ll s batasy 43S aas b s
arlye i 5 oS5 L OLLS Ypers Ll Loy 55 eme
Shacd o Yo glos 25 L Vgame St 25 dies
Glos il il aala oles 5 Of Ol ks Cgr w0 s G b

leeuwﬁay}gdzTQDJﬁJW@L@’f

e

AAY=£4E Y0 Ol 5l Jlaes 5 505 OLLS wlii=s .(Matricaria chamamille L ) 45l 5505 olS 55 olde ole


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

YEY Lol s S Sle S abes 5 Sienl S5 50

cé‘}}j}ﬁjﬁ LSLAWL‘:’ fj" » J}:\IA J;Lile” J:.S‘U JL.{))\ (\Y“\O) r 403) 30 40}\}&:...} s} CJ\:\AJT ) 4))4.,\».7-‘
JoY-ME VOl Ol sla fags '@TVS Ll & > (Lens culinaris Medik) ude placdism 5 S5 505508
A=V 1\ el (Matricaria chamomilla L) LT 4 b

B Sl C,.;}jﬁ) aliseo th.w ).:}"U (\TA') ) UJJES fl;- 9 C (SR ‘C M.;LgL;'J)} 4C ‘L;sm} ) c(_g.l:jdg;\?b-
XA\=ge £Y Olnl SLeb o ke (Vitis vinifera L..) DS W35 SSidn s s SO Slo s

eL”S/).) ﬁL&Q]ﬁJ&j&j}j}sJ_}ﬂ &:)L:»ﬁ)&‘f&;wﬂ‘xas PSS C).]a.w j\ (\Y"\-\) A 4&:&&.«:\} .CLLSJ:A‘ O ‘“‘).Q':“""
OYV=080 Ve olyspsde 5o aee sla A sl 55 Jal s s (Cicer arieticum L, cv. Pirouz) s g

SEL psle Lpd oS (S Sleosart 5 Ay (S5 55 S e (FAY) g S 5 5 e il
YV=Y0 YV

eL; BE d}l}:ﬂ éuw k) &U& ﬁl.& cble (Six 0K ch 2 u.ﬁ&:— J:M.T J.T‘ (\yay) .o (Soge 3 -z “’5‘).‘;.’.‘3_9*"
-4 e SA (Salvia macrosiphon Boiss) (sl ) ‘5L§V.;f ools

2 s ol DLl OLLS Suxe 4ds5 J el (1YAY) e o SLbLD

Ja_:\j.& B u_:.,\:u J...JL\P) LA.,\.J}.;)% @.>J Qlﬂf J})l]’;})}lsb B u.i.:.;— ul;.\}' J:S‘U (\YAY>) ceJUng.é) S gé}»&
AY=YY A Ol ol (659550 581 sla st 15IS olS 53 (glaind 05,0 S

ﬁfﬁ}ﬁ)})yjiaﬁ){ oy G)B éu)L«g}&&Sﬁ;L (van) 'C‘v’."l":}’} ‘J.ald,a_:é‘.ca}i)u,{ “uP gd)\f
YOI A loblS glacis 046 s {lep BPS ClS Sy gl r\.,\j\ Wiy gl jole cble

&i)“)jﬁ))'“ E) hg-i)"}jjiﬁ Lgbbc..ub Q;-_).: R (\MY‘) r g&‘)&.@ 3 ;a)but.m}‘ € uwu.:l.: Co cébu “) C (S
Ao-\Yo ¥ JASJ‘)S)S).\.LJ_}.% Slaias Oy @l;,;&&z@@\ﬁ\,ﬁlv},,%

KenebeC) Lﬁjw Vj) 9> Lf<f~jjjﬁﬂ3 6LAU.A>LJ: )‘ ff » ‘_;J,? U':'d JS\ (\Y“'\\) A C«)}:.!Lm}\ 5 ;‘_}«o\ o.}b;bu
V=AY Y e S glaind 05 cuiS Ll i s (Concord
YV=01 10 AlS (555558551 03 KT ol el e obe

B u.;\.l.éf J..ol.'& u.’o— )‘.\;u 9 Q\)J\.;Aﬁ; U:.A;JLS J&U ¢&:J)J.; L)‘J'.:A IR (\yva¢) £ cr.ﬁ.& B A ;OL:J»}‘ “o Q\)'))_;

AWV DY Ol ey glaiass (6558 sl 5 St 25 3l cow (Coriandrum sativum L) 5258 Ssls olS

Akbarpour, E., Imani, A. and Ferdowskhah Yeganeh, Sh. (2017) Physiological and morphological responses of Almond
cultivars under in vitro drought stress. Journal of Nuts 8: 61-72.

Albiski, F., Najla, S., Sanoubar, R., Alkabani, N. and Murshed, R. (2012) In vitro screening of potato lines for drought
tolerance. Physiology and Molecular Biology of Plants 18: 315-321.

Anjum, S. A.,, Wang, L. C., Farooq, M., Hussain, M., Xue, L. L. and Zou, C. M. (2011) Brassinolide application
improves the drought tolerance in maize through modulation of enzymatic antioxidants and leaf gas exchange.
Journal of Agronomy and Crop Science 197: 177-185.

Arndt, S. K. K., Clifford, S. C., Wanek, W., Jones, H. G. and Popp, M. (2001) Physiological and morphological
adaptations of the fruit tree Ziziphus rotundifolia in response to progressive drought stress. Tree Physiology
21: 705-715.

Ashraf, M. and Foolad, M. R. (2007) Roles of glycine betaine and proline in improving plant abiotic stress resistance.
Environmental and Experimental Botany 59: 206-216.

Ashraf, M. and Naz, F. (1994) Responses of some arid zone grasses to K deficiency. Acta physiology Plant 16: 69-80.


http://aridbiom.yazd.ac.ir/?_action=article&au=250&_au=%D8%B3%D9%85%D8%A7%D9%86%D9%87++%D9%86%D8%AC%D9%81+%D8%B2%D8%A7%D8%AF%D9%87+%D8%A7%D8%B5%D9%84
http://aridbiom.yazd.ac.ir/?_action=article&au=251&_au=%D8%B9%D9%84%DB%8C+%D8%A7%DA%A9%D8%A8%D8%B1++%D8%A7%D8%AD%D8%B3%D8%A7%D9%86%D9%BE%D9%88%D8%B1
https://www.springer.com/life+sciences/plant+sciences/journal/12298
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b Y

Baghalian, K., Abdoshah, S. H., Khalighi-Sigaroodi, F. and Paknejad, F. (2011) Physiological and phytochemical
response to drought stress of German chamomile (Matricari arecutita L.). Plant Physiology and Biochemistry
49: 201-207.

Baligar, V. C., Fageria, N. K. and He, Z. L. (2001) Nutrient use efficiency in plants. Communications in Soil Science
and Plant Analysis 32: 921-950.

Banon, S., Fernandez, J. A., Franco, J. A., Torrecillas, A., Alarcon, J. J. and Sanchez-Blanco, M. J. (2004) Effects of
water stress and night temperature preconditioning on water relation and anatomical change of Lotus creticus plants.
Scientia Horticulturae 101: 333-342.

Blumwald, E. (2000) Sodium transport and salt tolerance in plants. Current in Cell Biology 12: 431-434.

Cakmak, I. (2005) The role of potassium inalleviating detrimental effects of abiotic stresses in plants. Journal of Plant
Nutrition and Soil Science 168: 521-530.

Dinar, M. and Rudich, J. (1985) Effect of heat stress on assimilates partition in tomato. Annals of Botany 56: 239-249.

Dulai, S., Molnar, 1., Pronay, J., Csernak, A., Tarnai, R. and Molnar-Lang, M. (2006) Effects of drought on
photosynthetic parameters and heat stability of PSII in wheat and in Aegilops species originating from dry habitats.
Acta Biologica Szegediensis 50: 11-17.

Fageria, N. K., Baligar, V. C. and Clark, R. B. (2002) Micronutrients in crop production. Advances in Agronomy
77: 158-67.

Farooqg, M., Basra, S. M. A., Wahid, A., Cheema, Z. A., Cheema, M. A. and Khalig, A. (2008) Physiological role of
exogenously applied glycinebetaine in improving drought tolerance of fine grain aromatic rice (Oryza sativa L.).
Jornul of Agronomy and Crop Scince 194; 325-333.

Fatemy, F. and Evans, K. (1986) Effects of Globodera rostochiensis and water stress on shoot and root growth
andnutrient uptake of potatoes. Revue Nematol 9: 181-184.

Fernando, M., Mehroke, J., Glass, A. D. M. (1997) De novo synthesis of plasma membrane and tonoplast polypeptides
of barley roots during short-term K deprivation. In search of the high-affinity K transport system. Plant Physiology
100: 1269-1276.

Garg, B. K. (2003) Nutrient uptake and management under drought: Nutrient-moisture interaction. Current Agriculture
27: 1-8.

Gaxiola, R. A., Li, J., Undurraga, S., Dang, L. M., Allen, G. J., Alper, S. L. and Fink, G. R. (2001) Drought-and salt-
tolerant plants result from overexpression of the AVP1 H-pump. Proceedings of the National Academy of Sciences
98: 11444-11449.

Gelmesa, D., Dechassa, N., Mohammed, W., Gebre, E., Monneveux, Ph., Bundig, Ch. and Winkelmenn, T., (2017) In
vitro screening of potato genotypes for osmotic stress tolerance. Open Agriculture 2: 308-316.

Ghoulam, C., Foursy, A. and Fares, K. (2002) Effects of salt stress on growth, inorganic ions and proline accumulation
in relation to osmotic adjustment in five sugar beets cultivars. Environmental and Experimental Botany 47: 39-50.
Gomez, O., Pinon, M., Martinez, Y., Quinones, M., Fonesca, D. and Laterrot, H. (2004) Breeding for resistance to

Begomo virus in tropic-adapted tomato genotypes. Plant Breeding 123: 275-279.

Gunes, A., Cicek, N., Inal, A., Alpaslan, M., Eraslan, F., Guneri, E. and Guzelordu, T. (2006) Genotypic response of
chickpea (Cicer arietinum L.) cultivars to drought stress implemented at pre-and post-anthesis stages and its
relations with nutrient uptake and efficiency. Plant, Soil and Environment 528: 368-376.

Gupta, N. K., Agarwal, S., Agarwal, V. P., Nathawat, N. S., Gupta, S. and Singh, G. (2013) Effect of short-term heat
stress on growth,physiology and antioxidative defence system in wheat seedlings. Acta Physiologiae Plantarum
35: 1837-1842

Gur, A., Demirel, U., Ozden, M., Kahraman, A. and Copur, O. (2010) Diurnal gradual heat stress affects antioxidant
enzymes, proline accumulation and some physiological components in cotton (Gossypium hirsutum L.). African
Journal of Biotechnology 9: 1008-1015.

Hadidi, A. (1999) Germination and early growth of tea common bean cultivars as affected by water stress and seed size.
Direct Agricultural Science 26: 23-25.

Hasanuzzaman, M., Nahar, K., Gill, S. S. and Fujita, M. (2013) Drought stress responses in plants, oxidative stress, and
antioxidant defense In: Climate Change and Plant Abiotic Stress Tolerance. (eds. Gmb, H. and GaA, K.) Pp. 209-
249. Wiley-VCH Verlag, Germany.

Hassanpanah, D., Gurbanov, E., Gadimov, A. and Shahriari, R (2008) Determination of yield stability in advanced
potato cultivars as affected by water deficit and potassium humate in Ardabil region Iran. Pakistan Journal of
Biological Sciences 15: 1330-1335.

Hasse, D. L. and Rose, R. (1994) Effects of soil water content and initial root volume on the nutrient status of 2+0
Douglas-fir seedlings. New Forests 8: 265-277.

Hopkins, W.G. and. Huner, N. P. A, (2009). Introduction to plant physiology. 4™ Ed. John Wiley and Sons, Inc. New
York, USA.


https://www.researchgate.net/journal/0305-7364_Annals_of_Botany
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

YEo  Lode s S Sl F i abes g Sl S5 50

Hu, Y. C. and Schmidhalter, U. (2005) Drought and salinity: a comparison of their effects on mineral nutrition of
plants. Journal of Plant Nutrition and Soil Science 168: 541-549.

Hu, Y. Y., Zhang, Y. L., Yi, X. P, Zhan, D. X., Luo, H. H., Chow, W. S. and Zhang, W. F. (2014) The relative
contribution of non-foliar organs of cotton to yield and related physiological characteristics under water deficit.
Journal of Integrative Agriculture 13: 975-989.

Iwama, K. and Yamaguchi, J. (2006) Abiotic stresses. In: Handbook of Potato Production, Improvement and
Postharvest Management. (eds. Gopal, J. and Khurana, S. M.) Pp. 231-278. Food Product Press, New York.

Jabeen, F., Shahbaz, M. and Ashraf, M. (2008) Discriminating some prospective cultivars of maize (Zea mays L.) for
drought tolerance using gas exchange characteristics and proline contents as physiological markers. Pakistan Journal
of Botany 40: 2329-2343

Kabay, T., Erdinc, C. and Sensoy, S. (2017) Effect of drought stress on plant growth parameters, membrane damage
index and nutrient content in common bean genotypes. Journal of Animal and Plant Sciences 27: 940-952.

Khurana, E. and Singh, J. S. (2000) Influence of seed size on seedling growth of Albizia procera under different soil
water levels. Annals of Botany 86: 1185-1192.

Kusvuran, S. (2010) Relationships between physiological mechanisms of tolerances to drought and salinity in melons.
PhD. thesis, University of Cukurova, Turkey.

Machado, S. and Paulsen, G. M. (2001) Combined effects of drought and high temperature on water relations of wheat
and sorghum. Plant Soil 233: 179-187.

Mahmood, T., Ashraf, M. and Shahbaz, M. (2009) Does exogenous application of glycine betaine as a pre-sowing seed
treatment improve growth and regulate some key physiological attributes in wheat plants grown under water deficit
conditions? Pakistan Journal of Botany 41: 1291-1302.

Marshner, H. (1995) Mineral Nutrition of Higher Plants. 2" Ed. Academic Press, London, UK.

Mazorra, L. M., Nunez, M., Echerarria, E., Coll, F. and S"anchez-Blanco, M. J. (2002) Influence of brassinosteriods
and antioxidant enzymes activity in tomato under different temperatures. Plant Biology 45: 593-596.

McWilliams, D. (2003) Drought strategies for cotton, cooperative extension service circular 582, college of agriculture
and home economics. New Mexico State University, USA.

Mellisho, C. D., Egea, I., Galindo, A., Rodriguez, P., Rodriguez, J., Conejero, W., Romojaro, F. ad Torrecillas, A.
(2012) Pomegranate (Punica granatum L.) fruit response to different deficit irrigation conditions. Agricultural
Water Management 114: 30-36.

Mengel, K. and Krik, E. A. (1982) Principles of Plant Nutrion. 3" Ed. International Postal Institute Bern Switzerland.

Mohammadkhani, N. and Heidari, R. (2008) Effects of drought stress on soluble proteins in two maize varieties.
Turkish Biology 32: 23-30.

Molassiotis, A. N., Sotiropoulos, T., Tanou, G., Kofidis, G., Diamantidis, G. and Therios, I. (2006) Antioxidant and
anatomical responses in shoot culture of the apple rootstock MM 106 treated with NaCl, KCI, Mannitol or Sorbitol.
Biologia Plantarum 50: 61-68.

Munns, R. and James, R. A. (2003) Screening methods for salinity tolerance: a case study with tetraploid wheat. Plant
and Soil 253: 201-218.

Nayyar, H. (2003) Accumulation of osmolytes and osmotic adjustment in water-stressed wheat (Triticum sativum) and
maize (Zea mays) as affected by calcium and its antagonists. Environment Experiment Botany 50: 253-264.

Nicotra, A. B., Atkin, O. K., Bonser, S. P., Davidson, A. M., Finnegan, E. J. and Mathesius, U. (2010) Plant phenotypic
plasticity in a changing climate. Trends in Plant Science 15: 684-692.

Osuagwu, G. G. E., Edeoga, H. O. and Osuagwu, A. N. (2010) The influence of water stress (drought) on the mineral
and vitamin potential of the leaves of Ocimum gratissimum L. Recent Research in Science and Technology
2: 27-33.

Parida, A. K. and Das, A. B. (2005) Salt tolerance and salinity effects on plants: a review. Ecotoxicology and
Environmental Safety 60: 324-349

Rane, J., Maheshwari, M. and Nagarajan, S. (2001) Effect of pre-anthesis water stress on growth, photosynthesis and
yield of six wheat cultivars differing in drought tolerance. Indian Journal of Plant Physiology 6: 53-60.

Ricardo, A. (2012) Effects of drought on nutrient uptake and assimilation in vegetable crops. In: Plant responses to
drought stress (eds. Raphael, Y., Cardarelli, M., Schwarz, D., Franken, P. and Colla, G. ) Pp. 171-195. Springer
Berlin Heidelberg.

Rasheed, R., Wahid, A., Faroog, M., Hussain, 1., Shahzad, M. and Basra, A. (2011) Role of proline and glycine betaine
pretreatments in improving heat tolerance of sprouting sugarcane (Saccharum sp.) buds. Plant Growth Regulation
65: 35-45.

Reid, R. J. and Smith, F. A. (2000) The limits of sodium/calcium interactions in plant growth. Functional Plant Biology
27:709-715.

Rengel, Z. (1992) The role of calcium in salt toxicity. Plant, Cell and Environment 15: 625-632.


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b \EA

Riaz, A., Younis, A., Hameed, M. and Kiran, S. (2010) Morphological and biochemical responses of turf grasses to
water deficit conditions. Pakistan Journal of Botany 42: 3441-3448.

Samarah, N., Mullen, R. and Cianzio, S., (2004) Size distribution and mineral nutrients of soybean seeds in response to
drought stress. Journal of Plant Nutrition 27: 815-835.

Shao, H. B., Chu, L. Y., Abdul Jaleel, Ch. and Zhao, Ch. X. (2008) Water-deficit stress-induced anatomical changes in
higher plants. Comptes Rendus Biologies 331: 215-225.

Simoes-Araujo, J. L., Rumjanek, N. G. and Margis-Pinheiro, M. (2003) Small heat shock proteins genes are
differentially expressed in distinct varieties of common bean. Brazilian Journal of Plant Physiology 15: 33-41.

Singh, A. K., Singh, M. K., Singh, V., Singh, R., Raghuvanshi, T. and Singh, C. (2017) Debilitation in tomato (Solanum
lycopersicum L.) as result of heat stress. Journal of Pharmacognosy and Phytochemistry 6: 1917-1922.

Sivritepe, N., Erturk, U., Yerlikaya, C., Turkan, 1., Bor, M. and Ozdemir, F. (2008) Response of the cherry rootstock to
water stress induced in vitro. Biology of Plants 52: 573-576.

Taiz, I. and Zeiger, E. (2006) Plant Physiology. Sinauer Associates Inc. Publishers, Massachusetts.

Testerm, M. and Davenport, R. (2003) Na" tolerance and Na™ transport in higher plants. Annals of Botany 91: 503-505.

Wahid, A. and Rasul, E. (2005) Photosynthesis in leaf, stem, flower and fruit. In: Handbook of Photosynthesis (ed.
Pessarakli, M.) Pp. 479-497. CRC Press, Florida.

Wind, W., Arend, M. and Fromm, J. (2004) Potassium-dependent cambial growth in poplar. Plant Biology 6:30-37.

Yordanov, 1., Velikova, V. and Tsonev, T. (2003) Plant responses to drought and stress tolerance. Bulgarian Journal of
Plant Physiology special issue:187-206.

Yu, X., Du, X. and Song, L. (2007) Effects of water stress on the growth and ecophysiology of seedlings of the Rhus
typhina. Scientia Silvge Sinicae 43: 57-61.


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.20.0
https://jispp.iut.ac.ir/article-1-1106-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.23222727.1398.8.33.20.0]

YEV Lol s S Sle S abes 5 Sienl S5 50

The Effect of Osmotic and Temperature Stresses on the Some Physiological Traits
and Nutrients Uptake in Different Potato Genotypes during in vitro culture
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Abstract

In order to study some physiological traits and the changes of nutrient uptake in potato plantlets under in vitro
conditions in response to osmotic and temperature stresses, this research was conducted as a factorial experiment in a
block design. The first factor was osmotic stress induced by PEG - 6000 in four levels (0, -0.5, -1 and -1.5 MPa), and
the second factor was temperature at three levels (15, 25 and 35 ° C). The third factor was potato plantlets consist three
promising clones (143, 301 and 306) and two commercial cultivars (Marfona and Picasso), which were planted in MS
medium. Eight weeks later, plantlet’s fresh and dry weights, number of developed leaves, the content of P, K, Ca and
Na in above parts of plantlet were measured. The results showed that the simple effects of factors as well as their
interactions at 1% level were significant. Mean comparison of treatments showed that the simultaneous effects of
stresses reduced fresh and dry weights, leaf number as well as the uptake of P, K, Ca but Na uptake increased.
According to the results, the highest fresh, dry weights were observed in non- heat stress conditions (25 ° C). On the
other hand, increasing of temperature from 15 to 35 ° C, increased the absorption of P and Na, but the amount of K and
Ca were greatest at 25 ° C (no temperature stress).
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