[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

VWA (65 5 3T PP oyled & Al (LS 5 SIS 5 aul B

(Cucumis sativus L.) jLs plesdom 5 o) Olwo sas S 5 p ool Shodle 5T

S0

u‘)g Jr’)

sl hmayl Bime oK ¢ anb gl 5 55,0WS 0uSils  SLBL o5 5
OYAV/ VYA 2l oy fu sl YAV YA 223l 50 5 50)

o kS

5052 3208 &S bul 5148 sl DL 20 5 LS Wy 5 A3, 3 g O e b O 5 S e s
2 el Sl 5 s S U gy sl (G 53 S fdsS Ty e 55 pllael SIS T e el S
SEY ) s e a3 ol Sl b B s ) sSB S on (ST Ol (K5 p i Sl pas g 3 Shes )
Ol gl s B 1l S O i Lyl il o 180 aw b (Y 509,800 V0! 5 120) ol Sl pebans 55 5 (OY 505,500 42
039 ke 313 S SE Cos e Syge a1y S p K5 5 5 055 5 S e ady) K25 O3 ady) o e AT S 51
o 3 0 g desl Sl b 5 shome et 53 @8 e SV 50y S0 Y CBIE 3 FUIFM Cond 5 S 5 S5 055 iy 5
b 1, Sl Sl 5T s 3l e Bl b gl 5 (5 S b Ay 5 e el oty el Sl D5
BRI FUFICVIL t A PR DR EL AT S KW PHCH Pt oW JYCN | PSS P G R I K P E PO N ]
o OLES pw 5Kae K5y keS| o0 3T Clad 4l 53390 S el Skl b ok jles SIS s LT colld 5 el sy
208 YAY) 5 Sas oy 7S Lol dd Joolo el Sl Slas 5 e SY 505 S0 VY ClIS 55 (65 55 p 5 OF0) 5 Shes ST
VoL 5,18 a8 day e e (SRl il gl el el Casay Aol Sl o5 O 5 e S 50,80 48 e s (6
ol pberdom lagaly 5 43y » ¥ sns S0 88 5 8V Gachle )3 e S e 5l ST KI5 o el Shedles SV 505 S
ol i

;ﬁi'-w C)‘J'Jé ‘.\.2) sd‘duﬁg J\:&" g.\:.w‘ AS..;"}U. ‘;‘S"JJ:A _93)}‘ 6.\._.15 C)LQJS

LSLQJ.‘.“‘; u.,ajﬂu B 6})}% QYW eyT .,\.Ab;— 4ol

S 5 osd (Sa L Sl assne 0o LS s b o 9 Sl Gl J s S 4 Ol Curer

.Lj:) J:.Atsf GJW ‘*5 Ca.vl‘ bJ}.'S)j.\?r.A JAL@ U'lf“’“é"

Sl e il e Sl 4 1 10 5 Y pame kS LS

Lo 8 55l 4 sgd 4 (63 Yo Jle jy 54l e
2oade sl s Sl Al il (FAO, 2009)

s Sl M s ol oslis Gk 5l ol S S

r_azarmi@uma.ac.ir : S s 531 Sy SLis ¢ jns sk 557


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

A Jlo M ojled &l ( aLS 5 S, 5 i 3 1

S b s pleddsy 5 (Sidnsd gl
boiscde 5 (B2 (SO ot Jod S pl st
ol wmen (Habibi, 2012; Radwan, 2012) s,1s s,
el OS> e S IS5 S Olgen D50
Hayat et al., ) 555 0 olS _cbs la0s 31 sl il
Lol Sl 28 ws L (Y0)E) Zengin (2010
Aol Sl 487 LBl s Loy 5o e A5 Ll 10 o
50l Ad) s 3 dd 0udll e diS b Ol yea Ll
03 L0 K Dl RS S das olis 1 sl
Gl 3l Bl e $iosliS slagms Soill s
Ao iSz B e iS 3l dasss 5l eslinad sl il
Loy s olils & a5l Ll 31 eslizal
Barker and ) s53 skl (g iees! glaoaNT isw
Ol 3L b 4iks .(Pilbeam, 2007; Mackie et al., 2012
5 pS b w0l o islS e glacds 1 S
5 e S olen 4 S a0 2
LIS T Sy S St O RO I WP TRE
S o ool Cu g L 3 pee DLS g e 5 (5)lan
e e Consene w4 Vo Conles e Sl
Sl simlasl bl ol s o L 1) e Cse gaas
st Sl 5 e il slachle 36 )

38 Ll Gl el 5 A

L gy g 3lge
SS s JM;LUT gl iyl g A, Jayl ‘f"ﬂg 3l g0
Kils Olae b sl s soosles oSl Slidss
Sl s S Ll 1740 Jl Sle fead 3 sl s
Cucumis sativus var. ) slsbdS Sl 50 el el
SLa e 53 5 &g 5 e Oleass oS4 5l (Nagen 792
53 ey TSl Ladlgls Lus clS cuY  (game
sHoagland 10 Jsle clale Caai U 5 (6,106 @l
Solol sl ol osls OLiS \ Jad s 45 (140+) Arnon

Sl olie 53 555 5 5K e Jod 5l Ghhay) sols
Glcbls o Ll ties 55,5 bl ol 1S5 ¢l 5
Marschner, 2012; ) L5 o OLLS Cos s sl YU
N 3l (S sbay (Wuana and Okieimen, 2011
0S5 05 i T e p o S 25 SOI SIS 4
S 3 oS Olpe @ pobie (pl 5 il St el o
Yor —Y St s e cLle (Barakat, 2011) .yls 54
39S Lyl d 53 oS 53 OF chle 5 p SAS s 0 S e
TN ol e 53 p 5SS 5 e S L 0 Sl
Voo Vb chl coan d= 5 2SS s b S L
Barker and ) ol olS Six 05 pST)LS 53 Dfdk:»
0> Pl Cel e A= 51 Sy —de (Pilbeam, 2007
oolps e 5 S e S S Sk glaal b
B BV IS KV ST U NS W
Sphe OLLS W Ol bt w5 olS Ak, Sl 6,8l
> (Mostofa and Fujita, 2013; Zhao et al., 2010)
Lol A5 Se s Dl Do pens Sl b e
sybie S 35S 5 k) s Ay lS a5 2l
e S5l e o0l 0 5d\e (Bouazizi et al., 2010)
LaSosb @ asd e oS wlis dolueds Eol OlalS )
el ol ChlE SlAE gl 5o T cale sl
A il e ol s 55 5 e oS s
oS K b e Cossens ((Alia et al, 2015) b e
Llg e O skl 5 OpldenS] Sy blra p5las]
Oisoked e 0S| b 5l Sl Jld glas S
Ll g eSoode 5 dsl e JGl, Sty
O5eaSt Jd slads 58 (VL luis (Contreras et al., 2009)
Ahmad et al,, ) &S o s | d sS505 Sbe 0 el
Cob Pl daela Al Sl (2010
Olpoar 5 &S o S sbr s5lnS 25 51 S|
OS5 aa; gleetnS i diles 150500 08 K
5 et A5 5 o slize Ll s S S AS e fas
S galans s s el Sl )l 25 4 850


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

WV ek e 5 sy Do gt el Sendla 3T

Lﬁ‘” J}l:u): ealaul! )90 ‘_;:J.M JJL'.FC;.EJ&—\ J}.\>

o/t el 3 S \V/A oAl
V) b /Y g A faon
Y 0450 Y 558 0/ el

ay 031l 3 ) ey el e S 05 s slasly
Ol s :ljfuzb s Ao gl jy cel ol VY Sl
Lol s 0o sz 5l s s (g, Seslul s
L Sows Sl el L Sy el a5l s
(L1-COR, Model Li-1300, USA) HSH ?hw
win 53 oL g bege o Shes ob3)) Glp s b &
A3 S CS G a e gl 035 5 eddels
kS i S A el s Sesll
Sles Sl > OlalS csls

o358
Shesliul Ly (FVIFM) Y o g ey 5IS
Handy pea Fluorescence, Hansatech, ) s, o oK
S e N =4 cele 5l aslbase s WS 5l (Chlorophyll
S S ek

5 S e 2hle 6 Selul gl e ChlE s
0 diSs 5 ol&Kiws L0l s e da it (glad sed Il caia
S god el s ufu D35 Dy pods 9 ol u\:.,ﬂ
oolas Sl el Lad cae Al Basn Ses alS
ol Sl oK b e 2l (6, Sl 6l ol
A% eslazwl (Perkin Elmer, Model 110,USA)

>S5 sl e S /0 e e 3 o5 las g S
el b ¥ sn s Ve 0) 3 e il i 3L 1 e 0
5en EDTA 5 doys \ Oslds,m ks smme (VIO
£ oles o3 amds 55 Han YEevr 5 azds Yo Sl 9 ol
SASe3lul gl =E)) @La NSV W TS WY -"‘J;‘_;:’L" 4=y
Ssn 3 Sl eSSl Sl T s
(23,8 eolial 3550 S d s

Qe 2 Ve LYl b e S5 5 oY sl
At 58V Y glackle U S5 nd ds e 5l 0lalS .us
b e obod s ol 138 Jslomn 53 s Y505 S0
A3 S el (CUSOL 5HO) oo Sl goe 355 51 eslizl
g Bl (e e 5o s Vges S TF L
Ao Ll jles Olpea 5 Cl L108 sl 3 e
Jsloes 53 s V50 Sa A 58V lacble bl as an S
o A3l o e b 5 e 25 Sl G S ol
S e sles dlesl 31 S aie SOl Sl
Lo aw 53 (S gy e 5o 5 iy o5l
Lo Shedle als Sl 5 as S Sl adol
OLan 5 ) LS b Jlie] Sl esli
S el Shdle Jsle 358 51 Olebl gl (V¥4E
L 2he Joloes pH L3 8 eslizad doys Yo s 58 Jsloes
Y Al s m) s e /e Y0 G
Al VO el el SO0 2 e 2 e
CiS e sl b ol lad e S0l ol
Kijuﬁ ey gwd ¥ =V/Y 63 5de o u.<.u EPPWIY
WS b B 53 o586 S oty ialesT ol A2 42l
33 e e ol Il 56 |l S5 s sl
55U 5 e Jglowe 53 ¥ gas Kon A8 5 £V Y o w
Ny, Sen VO 5 i sl 55 55 el Sledle s
S g
Obh 3 s Shes A3, glagasle (S50l
Bab 5l G alyy 5 S 5 05 SNl sl Sl

Oiﬁdjﬁjeﬂw "“uﬁ)jfﬂdu@'.@}&ﬁ


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

A Jlo M ojled &l ( aLS 5 S, 5 i 3 YA

(Y Jods) w8 13 e sles ol 11 ke Laib
e hle I oS s et esls (S0l Al
e ol Jsle 5o Ve S AL 4 N pe,80 YT )
Wl JalS Lo T 5 VY S S ads, SES 055 s
Al SLLS L alis 3 donl Sl Lo les OaLS
O Jade) dmils g i adey Sa O35 5 e O
Losddadis LS o (5 YY) wls) 5 05 optde
Aol Sl 508 L g e Ve S VY Ll
bl 5o (5 849) i) 5 U5s p S s ERCRYY
Skl 3,08 Ok 5 s DY 505,80 A L el les
LSy adoy Ay s ole (Y Jadr) s Lol dl
ole 5 bae 43 65 Al sl S e s U
2 e b S ols el iy 35S e U K
b glaosl s (5 pdydllanl Jals o se b o)l
oS Lol a5 AS e Joe ) Jsle e 5 0l
Cel K ole (El-Tayeb et al., 2006) s, 0 A,
el AL e g eSS S aaly ) 550
S 5 e Sl e bl o S 0lalS s ke
ol e 0 30zl e Jll 1 S ol 5 o
i gre iy Sl s S sl L5 o3 s Cmiles
D55, S Oly el ol s (Singhetal., 2016) 53 5
i S cul (Saw oS ol Jolo 4 = w0 anly 3ls
Pena et al., ) Lil s Slass oo 53 O5S) Jlad
VOV Slas a5 W S asl8 (Yoo Y) OLKas 5 Ali (2012
QAL Ty oyl disy dsb 59510 Sty s Y 509 S
25 g,y Ky S ool a8 als b aslie s ds s
ISeri .35 yio Ly i yen SV 505,500 VOV 5 VAV (slalas
s oo s sor b)) s
Jslme 53 e Ble 1L &S ks (Kb S
2ok slaady, 5 Wb e el 50 ady, A, e
Forlem o amte 4 e S gl el
Yo chle s by s s, Ik (Suslail Sl e o

Azmat and Riaz, ) A3 olie Joes 3 2 53 0 S Lo

BIISIEE PR WAC{ P CH PP U PUS JRCIN [P g E =
sl (PHV OVsn e 00)lind Bl L e 3 o las
Ve s 1/0 6581 ST QY o5 Ko YO sl S oSl
crdsb > Cde s ad bylse N L +/0 EDTA
ol By akdy 5l e D sl el YA
3o s abme Od Ol 5 eld el Ods
L3S GBS 5 i oS Al Sopen 2
.(Nakano and Asada, 1987)

b o (sl STy el cdl S
00) Slind UL el olas 3 olie sl ol
Sl s Vs ha b0 JSLE g5l (PHEVA Y50 s
53 JSUSIS Wy Ol okt Lghiun Vgn o Yo 0355
5 GOl g peib b oaids S s el £V
L3S Ol 5 035 pS v Al e O ey e
.(Hemeda and Kelin, 1990)

Ol 803l sl i ghome (g Sldde iowiw
(\av1) Bradford : 5, ﬁjﬂ oolas 55 Jsloe o055
0+ laze C‘J}.ﬁw‘ o S Cuse pl 4l eslandd
Jsloen 2l s Sn YAO @ szl sl ojlas 51 1) s S
VoSl s A 03 e oS ka5 Al LSS sl
A okil g 2 5L 040 = ged sb 3 b glee Ll Ol 4k
Olseas 638 nsdl p 51 Gsn chle o sy
LS o3l 3|l

S Jel glaesls adS ilaesls  Jdow 5 4w
olel a3 (V) 45e3) SPSS 153l o 5 lawr 5 Las o1l
52 oSl glaals o Ope3l b bl Sl elie
Shoslizd b 5 als gad s plonil Ao )3 0 5) o] o

AL s 5 Excel 53l (3

oy mli
&b.)‘ﬁ%ﬁd@uwb‘ﬁiue,)ﬁw‘gng NEY)
505 2 deel Sl 5 e Blize 5 Lol I daesls

@.J&i}dj})aiﬁjv.??@uapb\.zﬁj\bw@)


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

'4

ek e 5 sy Do gt el Sendla 3T

S Ay, (K5 P g Do T EiSen 5 ol Sl 5 o ST il ls 45205 Y s

s S 055 ey S 050 alyy e AT S i s
Yos/00 ** YOqAL/s ¥ VAY4 e *F o
v/ve s YA /0 TYea/en *F s Sl
V/AQ " Yag/ * A&/0 ™ Sl Sledli X o
INY VY/YY Yie/0 Sialesl gl

ANY 0/ /A () O i g i

Sl gme S Oyl 9 Lo ;3 0 5N th.va 3 Ll g S jams g ok

T e 5 el Sl 5 oo s - sl 53 5L aly; S S (Fp oSl amlis Y Jsux

oy, S 055 iy S 05 aly) e
O¥505,500) e O¥505,800) Aol Sl

(5 (5 (xS a5

¥v/o® QP Yoy \AX

YV/IAC VYV AL/ £V '

Yorve 4911 A At

YY/vo yyind Yva/e® Y

Ya/arte YEvTe Y)o/® £V ver

Yo/egd Vg Vo o at

MJJO ch—«JJ Lb)la.::w.:)) 6)‘)&# Jm‘ éf}c”ﬁlﬁ C)‘,:Mjh)} QL:.G d}?

0355 S 2 JS v ShalS Csl e hale Jhll 10
i3l opl s S oS plisyl 5 S sl il 5 S
AL SRl S slaas 8 mhas a8 L oS s 0L
Vo chle S waS ElS (V) oKes 5 K
35Sl i Ve Sde VL L 5 e 2 55 0 S L
2SN e i ke sl LalS 1 Sl S sl
Ll Jsb s ks S mlae alS el (OlSs
K Sl e JT 0WLS s (Barbosa et al., 2013)
Sl Ligd o plagm g Al 5 L B o e
53 I Bsas 58 Dalepde (Jsho oo 5 I Ll S
o2 s Jhe olns ¢ pdydlanil [1als O a8 e slie
A e S DB a5 oS T Cands 03555
Xiong et al., 2006; ) >4 . m);wu)ﬁjfﬂclm

Wang slaasl b seen =S oyl .(El-Tayeb et al., 2006

S WS 5,18 (Ye) El-Enany 5 El- Tayeb .(2012
2 el Ol T ey Ay Aol Skl S5 3,208
a3 o SRl s SRS o DLALS 3 e 5 Aald OlalS
218 S U35 9 5 05 ke lax el gl

Sl 5 e SiSan 3 Laesls (il a2 il 4l
S s il b e 5 S St U5y A
ol 15l ke iy Sy 5 055 5 S e oS sl
Laesls Sl anlis = (E Jsd) LB 5 15 el
5> (W5 53 0,8 WIRN) Sy (it 035 e oS 3l 0L
Sdedle dals OLLS 3 5 e V505 Se YY B
Vor 5 aali jlad o (sl e DMl 48 U3 fols Ao
S Sl 5o Sl sy el Sl JY 55 S
Sl 5 e SY 505 S A8 CllE 5 (654 53 Df\//\’i);ﬂ
sl 53 (0 Jsu) L ol dl Sl aals


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

A Jlo M ojled &l ( aLS 5 S, 5 i 3 Y

S (K5 Sliv T SKen 5 dl Shedle 5 oo ST s 4320 -8 dgdr

SpSix 03y S 505 S n gk S ol oS gl eslil e St b
VAR YOAVYS T vavAvg A g/00 ™ Yod/:0 ™ Y o
joge ™ VAN YYoOYE/N e VYA YAr/e0 ™ \ Lol KLl
X\ GYYY ™ YEY/Ae VYY" VYA TS Y el Sl X s

ARY EAAA Ntot/0 /607 YAAA \Y oilesl gl
0/+) 4y /AL Y/AQ \AVA% (L) &N s i

Sl s NS B9y 9 Ao ;30 ) C-’h"' 03 3 sas oS 5 A NS g ok

Wl Sen 5 ol Sl 5 oo iliten 2 law 53 5L (g 35 S Sy (F i ke amlie =0 Jpux

Sy Sis 035 Sy 50 S gl . oS § sl o el Sl
5 (5 (e sa 5l ' (o gl (LM) (M)
A qy/ee ? YALTVAS R YO/ VIV Yy
AN E N0/0 P y1Yv/o1P Ye/ VYTV Y .

V/ve© ov/¥TP YEVA/00 © ARYak \YA/TY 44
Vy/ev? qe/ry? YAAY/A Y2 Yo/ry \YYA Yy
A TP yiayn® A\ \ YAy 3% Vo
an oq/FrP VEVENYC ARYak yrvA 44

MJJO ch—«JJ Lb)la.::w.:)) 6)‘)&# J)\:&‘ éf}c”ﬁlﬁ C)‘,:Mjh)) 4.3L:~d d"f

Pl L S 4 (U dss) s Ll e bl kS
5 Al LS s il alS FVIFM Cod e 55
FVIFM s Sl 555 0 /A KOs FVIFM s dalss
Joder) Al edalie ¥ 505 e VO sl bl L o
5 Afrousheh glaasl L seens g5 ol zb vV
55l 3 S Sl FVIFM s 55 (Y410) O, 8en
el Olgea Aol o ol (izmes Sl T s 528
S das o QLS FVIFM S s 553 0 03, 584 A0
LSy iy el sy ol ¥ g STy S
(s IS lgme S e e e Ll S o
spde AN sliE S s SIS Sl i
St e S 4 T e 53 ol .(Yruela, 2005)
5ookns ollr 53 53 b s e .l ) 0T 3

.L;‘)S&JM.JJ‘) u‘)?mjﬂv W}Xj)) Q}J?.Q\ eJ\JJ.L..L;

el Ol T 55 s 30 5 5 (Yord) OLKen
5,08 5 s S Cilis laplll St 5 5 055 03 alS
Ol 3 e 1) S 5wl iy, L) el Sl
E|-)M>%W&JM&&Q§)>&}ML§
oS chle L ibdskw o Lol 1 (Tayeb, 2005
5 bl pled 5 e 5 SRl Cel el Sl
B B e P e
dse e gl i Jie olps
b Sl ded Shdle oS Glachle U il o
D5 e S S 5 e A ) S
ome s ) Ll baws olS A5 Ol 1) e
(\YAO
Lol ilboly s b jululy (FVIFM cod
FUIFM Cod el Sheedle 5 e Jilie 5 ol ol


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

AN ek e 5 sy Do gt el Sendla 3T

S s Shes 5 pledisn Slio (S T 2Ken 5 del Sl 5 oo ST bl 4320 s 1 dgdr

ol opis SlSt SISt ol Sl FVIFM Ces &35l a3 ks b
oy VEAVY LARVAL VA s A Y o
+/yaq ** WAL RCVAR B YA TR \ Al Sl
vy YAVY ™ \I e ® \ Aol Sl X e

/eveo 0/ v VWA ey ® VY bl gllas
YIVE \RVAR Va/8v /44 (L) &N s i

Sl sme O Oyl 9 Ap ;30 5N th...a 3l g S jams g ok

1 S2ien 5 el Sl 5 oo s - sha 3 5L plesdign G Sy (Fp nKle amlie -V i

sle 025 BRI Sy 2l ST o el Sl
FvIFm ..o

(mg gt FW) (Ug'FwW) (Ug'Fw) ' u™m) (M)
VAvP \ArA%s a/4y© VSRS A
V/VYVE Y/ Ya/ey ¢ +/VYAY© A%
V/6AAY Vo/es Yr/0nP Y atk 44 .
AR \LVER VYA AT R Yy
Y/ e ® Yo/VY Yo ' /vaqP 3%
Y/eaq® 1V/A YUAY2 VNG 94 v

2253 0 g )3 Lyl o 03 lasme DN gz pds Kl O g 2 55 4l Dy

Skl 3,28 5l 0L Al 5lunST Bl ol
50l sl O ald Jled 4 s A
bl o G 5 IS Ssba Y i) a8 s
A5 4 e 48 Ll o sl ST G5 eU 4 gla SU
O3S dd st S Lo OF Jlisws 5 LS| g JISS,
Slwsl Mg 335 . (Abdul Jaleel et al, 2009)
o e S G Sl sba ollS s olas| sl
Ashraf and Ali, ) Ll o B b 5 1) O5uST Jled slaa S
S il sl s Wiy e el KLl (2008
Gl 28l b L 53 L e Cgesanes
Slosasr L okie o= U el SKaoe solals]
Skl 18 oomen 5 el Sl SlaesST s
Zengin, ) il oSl sl gl isly b s Al

23 st e ST, .(2014; Popova et al., 2009

P 5 S S e (655 ,0 Glaln b ESI5 Gk
Shim i S5 N el S oSS 0
SLE s @ gme s el 05S| saiSsl] WSS
{(Krupa and Baszynski, 1995) > & oo ¥ s 528
3 ST SlaeSTy Sl Sl sl el
Ol esls uilly a2 51 Jool s i glows (59
Sl el Sl 5 s Blize 5 ol s ol
bl sy Slsgme bl a5 51 5lsSTy Sl Sl sl
RSO P RN o RCH [ R CO ¥ C 3 WO JURPSH RGO P
e ploly (U dsd) 38 15 el Sl
Sl e e 5o n Bl (2131 Laesls (0L
Ly, oS s cdl Sl sty ol Sl V{J-;T
sy Sl SlpSl e STy Bl el

e sl 53 e clle I8 LS Oyse


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

A Jlo M ojled &l ( aLS 5 S, 5 i 3 YY

b oS 5l Jliza 30 51 50 ol S ol ol s
.(Kang et al., 2003) b sl Sl Il

Gl elely iy g bl e chl
A e a5 eslestla s e lale bassls il
SRl Sk 4 A i) S8 1S e L ol
oletlS 5 alyy 53 s Jle GME Jolome s e il
wilirans baady; 3 Bdes sdicde e 3L 2050
W chle s ol olestld 5 alyy 53 e e g
25 e Y5 S BV 5 VYL aolis 3 e Ve S
alyy Ay L Sals (8 dadr) sy pln ol J sl
03 e e et bl (S e 2t 0
S e nd S35 S0 Al Skl AL 4y
LS e S 0lS 3 1) ool (S ple Sl s of Ll
lsen (Y++7) Menzies 5 Kopittk (glaasl, | b ol
ool L b anglie 53 als) 55 e S e &S 301
23 s00 odallin )

e 3 Shas Sl S ol 0L s g 3 Shes
S s e Vsas S YW Clle s (6 55 p 8 0T
YAV g 3, Shos p S Wl ds ol dnl Sl
Slesd Ok 5 e Ve S A8 Chle 3 (W 3 e S
e kel (4 dsde) el sy el SOl
Al el Wiy 5 S s emes olAE gl o
Sl b s i 5 (10 i) 3,Shas
St o Shes Jals s 8l 5 Shas 3 55 sl A
o3l 5 b Sl ) S A, Sl B0 el (S
il S S S

oilesl ol Slialie el 18 5 e s @
5 Sk Ko gl Sl S 5 s e (e
Skl ;3 LS S, o (St Ssen O Jisa
L8 b Gl sl 5o e Ve S 48 5 8V
£ 55 & o oY S VY ks o S 5 () (S
A Bl s (e opl 3K sdalie s e (e

)" oalaial Lol .Jﬁuﬁﬁj‘yjaj;:ﬁ 1A% )\ J:J\i.)u.d )Y_}ﬁjjg:ﬁ

Gratao ) >,1> O s H,O 4 HO0z s 4 Oudss Cs
skasgise b ooles lsl, o, Sl (et al, 2005
055658 5 5SIs, Sl Sl gyams Gsls, b, Sl
055058 — ol Sl s 32 b 51 H0 w4 1 HyO, 5LSTs,
e () 03 Pl sl SIS Ty Sl ST S e s
sdas S Ol e Sl sSul Sl esliad U 1, HyOp 45 ool
LS o Bl rals - LS| mSly s 0
Lgl.aﬁjﬂ e Jbs Ole Jsls (Noctor and Foyer, 1998)
Cla s Sl Gl s il St S RIEWR ]
Ol el ST O3 5 eS| g GGl Sk
GGl Il 5 e S Sl 6,8kl sl
e S ud s (Mittler, 2002) <.l e Sl oS50
(ASE S 4 S beslanst g1 (a8 5 058 Jlb
ol baSosb a0 oyl e R0 Ol e 5 ol
o O5eSt b Gl S W5 s s 5o e 2B
IS REEFRRE PTG S NE Y
Cdled e 5 oL Sl are 0350 b il 2T
Sl U el (S el ol s 3l 0l Al
el (Olteanu et al., 2013) dib OlalS ;5 s i
5o Rl s el 1 besls LSl 4 mB
oS b S dileu sy p Al Shedl
2 sl (s SMEe s RS e (0 Jsax)
Sl 38 ey b w0 e SV 505 S0 A8 LS
b S s 1 e sy chl cldlg
CoS e (s n S e (V dsdr) das Ll
by el Sl (S S S s e bl
5535 55MeS) ol O Ly 5 0381 Jld glass S
s ctigeldenl 3 Dl Sl el ) S 5ps G
Davies, ) 255 oo (S oL 5o e 5 Sy o)
s s oS 55 Jsbme s JMds e 350 (2003

Guo et al., 2007; Chatterjee and Chatterjee, ) s> als

J}M‘jﬁ o U’”": S dals QL@L:S alises éLﬁw 5


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

A\ ek e 5 sy Do gt el Sendla 3T

S s Shes 5 (K55 Olio p T 1Ken 5 el Skl 5 oo 5T bl 4208 s A Jsis

Wiy s bl s 5, Ses o314 s Sk molis
FROAYYY/s F WearA WA0E/N F \ -
CJAAA TS YY/YY ™ AYY00 FF | Al Sl
Yeovy ™ VYA Y47+ 0™ Y ol Sedlos X s
FAVA/ YV/8s OY +/AY VY Sl gl
VA VY/AA 0/4) () O ks o b

s g M gy 9 Aoy 0 9 ) C‘,Ja.uﬁ)l:d'.u oS4 s g

LT Siian 5 ol Sl 5 oo iltsen - b 3 55 3o 5 (K3 S Shs i oSl i 4 Jsux

o P S UM) s UM) el Sl
(ug g™ DW) (ug g DW) (g plant™)
YVANYS YyAR© EAT/YYP Yy
N4/ \a'ast Yyvyd £V .
YAYY /oo 2 og/NYE YAYA® Q1
yive YY/¥Ye oY /¥y 2 Ay
ALY Yo/ee P ACVaRt Y vo.
YALY/v o ® g4/ ° FYY/Ane q¢
Ao )5 0 ch..«J: bl o 05 suls oo SN :?‘,f.\.ﬁjf.'l,. Osiw 2 s wlin Oy >
) G L sl Sl 5 s Lo 3 e Do (B o (Shemed al 5 -V g
Cdo > Sas oltld e Al e oS eS|y Sl Sl S|,
> Sdes ! A —OMATT e ™ —oIAYO VYe
ool s | /AY0 ** —e/AeL ™ V4o ™ CAYY FE
W) e \ —e/808" VA —ovag e
s ) —eAAYT Talt i
St Ql{)jgwi \ —vj080 %
ST \

Ol,Kas 5 Rouphael L s L 53 s s sonns e

)\waW}‘Q)Q}M)JOJ\ Cjk,w)bj\bdw%j@ns‘jﬁe

BV sles 3 Sp S a8 el il Sl

.QM\@M&)\ﬁ}:ﬁ(V"/\) A o )Y}ﬁjjg:ﬂ ¢ cble L’ wu.a BE )ijjﬁra


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

A Jlo M ojled &l ( aLS 5 S, 5 i 3 Yt

YY UM LY UM 4¢ M

Qw‘)wgﬁjwjﬁygj&iv)k.;b‘gsfﬁ‘ww)\lyjjig“')bziﬁwgﬁ.wwwvﬁ)\;—\ Jse
@I d oo 55 s Y 9o Koo 48 las

Q.GL )Yjﬁjjgﬁﬁ ¢ 9 1A% L;LA@JL..L; Ll ol )Y}ﬂjjgcﬂ ‘5;493;5
@\:..a

LS Jiis e (Nicotiana rustica) O 55 55 olS s el Sl Hles ﬁb (\Ya8) el b 55 Gnisle w8 (e
AV=YA Y Ol 5l alS alidcns )

A=V ol sl3T Kl b o ske (Cicer arietinum L.) > 5 oLS

Abdul Jaleel, C., Riadh, K., Gopi, R., Manivannan, P., Ines, J., Al-Juburi, H. J., Chang-Xing, Z., Hong-Bo, S. and
Panneerselvam, R. (2009) Antioxidant defense responses: physiological plasticity in higher plants under abiotic
constrains. Acta Physiologia Plantarum 31: 427-436.

Afrousheh, M., Tehranifar, A., Shoor, M. and Safari, V. R. (2015) Salicylic acid alleviates the copper toxicity in
Tagetes erecta. International Journal of Farming and Allied Sciences 4: 232-238.

Ahmad, P., Jaleel, C. A., Salem, M. A., Nabi, G. and Sharma, S. (2010) Roles of enzymatic and nonenzymatic
antioxidants in plants during abiotic stress. Critical Reviews Biotechnology 30: 161-175.

Ali, N. A, Bernal, M. P. and Ater, M. (2002) Tolerance and bioaccumulation of copper in Phragmites australis and Zea
mays. Plant and Soil 239: 103-111.

Alia, N., Sardar, K., Said, M., Salma, K., Sadia, A., Sadaf, S., Togeer, A. and Miklas, S. (2015) Toxicity and
bioaccumulation of heavy metals in spinach (Spinacia oleracea) grown in a controlled environment. International
Journal of Environmental Research Public Health 12: 7400-7416.

Ashraf, M. and Ali, Q. (2008) Relative membrane permeability and activities of some antioxidant enzymes as the key
determination of salt tolerance in canola (Brassica napus L.). Environmental and Experimental Botany 63: 266-273.

Azmat, R. and Riaz, S. (2012) The inhibition of polymerization of glucose in carbohydrate under Cu stress in Vigna
radiata. Pakistan Journal of Botany 44: 95-98.

Barakat, M. A. (2011) New trends in removing heavy metals from industrial wastewater. Arabian Journal of Chemistry
4. 361-377.

Barbosa, R. H., Tabaldi, L. A., Miyazaki, F. R., Pilecco, M., Kassab, S. O. and Bigaton, D. (2013) Foliar copper uptake
by maize plants: effects on growth and yield. Cienc Rural 43: 1561-1568.


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

Yo b e 5 sy Db sad el Sehedle ST

Barker, A. and Pilbeam, D. J. (2007) Handbook of Plant Nutrition. CRC, Taylor and Francis.

Bouazizi, H., Jouili, H., Geitmann, A. and Ferjani, E. E. (2010) Copper toxicity in expanding leaves of Phaseolus
vulgaris L.: antioxidant enzyme response and nutrient element uptake. Ecotoxicology and Environmental Safety
73: 1304-1308.

Bradford, M. M. (1976) A rapid and sensitive for the quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Annals Biochemistry 72: 248-254.

Chatterjee, J. and Chatterjee, C. (2000) Phytotoxicity of cobalt, chromium and copper in cauliflower. Environmental
Pollution 109: 69-74.

Contreras, L., Mella, D., Moenne, A. and Correa, J. A. (2009) Differential responses to copper-induced oxidative stress
in the marine macroalgae Lessonia nigrescens and Scytosiphon lomentaria (Phaeophyceae). Aquat Toxicol
94: 94-102.

Davies, M. J. (2003) Singlet oxygen-mediated damage to proteins and its consequences. Biochemical and Biophysical
Research Communications 305: 761-770.

El-Tayeb, M. A. (2005) Response of barley grains to the interactive effect of salinity and SA. Plant Growth Regulation
45; 215-224.

El-Tayeb, M. A, El-Enany, A. E. and Ahmad, N. L. (2006) Salicylic acid induced adaptive response to copper stress in
sunflower. International Journal of Botany 2: 372-379.

El-Tayeb, M. and El-Enany, A. (2006) Salicylic acid induced adaptive response to copper stress in sunflower
(Helianthus annus L.). Plant Growth Regulation 50: 191-199.

FAQ. (2009) FAO Land and plant nutrition management service. Available online at: http://www.fao.org/. Accessed 10
Jan 2015.

Gratao, P. L., Polle, A., Lea, P. J. and Azevedo, R. A. (2005) Making the life of heavy metal-stressed plants a little
easier. Functional Plant Biology 32: 481-494.

Guo, T. R, Zhang, G. P. and Zhang, Y. H. (2007) Physiological changes in barley plants under combined toxicity of
aluminum, copper and cadmium. Colloid Surfaces B: Biointerfaces 57: 182-188.

Habibi, G. (2012) Exogenous salicylic acid alleviates oxidative damage of barley plants under drought stress. Acta
Biologica Szegediensis 56: 57-63.

Hayat, Q., Hayat, S., Irfan, M. and Ahmad, A. (2010) Effect of exogenous SA under changing environment: a review.
Environmental and Experimental Botany 68: 14-25.

Hemeda, H. M. and Kelin, B. P. (1990) Effects of naturally occurring antioxidants on peroxidase activity of vegetable
extracts. Journal of Food Science 55: 184-185.

Hoagland, D. R. and Arnon, D. S. (1950) The water culture method for growing plants without soil. California
Agriculture Experimental Station Circular 374: 1-32.

Iseri, O. D., Korpe, D. A., Yurtcu, E., Sahin, F. I. and Haberal, M. (2011) Copper induced oxidative damage,
antioxidant response and genotoxicity in Lycopersicum esculentum Mill. and Cucumis sativus L. Plant Cell Reports
30: 1713-1721.

Kang, G., Wang, C., Sun, G. and Wang, Z. (2003) SA changes activities of H,0,-metabolizing enzymes and increases
the chilling tolerance of banana seedlings. Environmental and Experimental Botany 34: 56-59.

Kopittk, P. M. and Menzies, N. W. (2006) Effect of Cu toxicity on growth of cowpea (Vigna unguiculata). Plant Soil
279: 287-296.

Krupa, Z. and Baszynski, T. (1995) Some aspect of heavy metal toxicity towards photosynthetic apparatus — direct and
indirect effect of light and dark reactions. Acta Physiologia Plantarum 17: 177-190.

Mackie, K. A., Muller, T. and Kandeler, E. (2012) Remediation of copper in vineyards a mini review. Environmental
Pollution 167: 16-26.

Marschner, P. (2012) Marschner Mineral Nutrition of Higher Plants 3 " Ed. Elesevier Ltd.

Mittler, R. (2002) Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science 7: 405-10.

Mostofa, M. G. and Fujita, M. (2013) Salicylic acid alleviates copper toxicity in rice (Oryza sativa L.) seedlings by up
regulating antioxidative and glyoxalase systems. Ecotoxicology 22: 959-973.

Nakano, Y. and Asada, K. (1987) Purification of ascorbate peroxidase in spinach chloroplast: in inactivation in
ascorbate-depleted medium and reactivation by monodehydroascorbate radical. Plant Cell Physiology 28: 131-140.

Noctor, G. and Foyer, C. H. (1998) Ascorbate and glutathione: keeping active oxygen under control. Annual Review of
Plant Physiology 49: 249-279.

Olteanu, Z., Truta, E., Oprica, L., Magdalena, M., Craita, Z., Rosu, M. and Vochita, G. (2013) Copper induced changes
in antioxidative response and soluble protein level in Triticum aestivum cv. Beti seedlings. Romanian Agricultural
Research 30: 163-170.


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

VAA Jlo P oled & W alE 5 S, 5 uni \!

Pena, L. B., Barcia, R. A., Azpilicueta, C. E., Mendez, A. A. and Gallego, S. M. (2012) Oxidative post translational
modifications of proteins related to cell cycle are involved in cadmium toxicity in wheat seedlings. Plant Science
196: 1-7.

Popova, L. P., Maslenkova, L. T., Yordanova, R. Y., lvanova, A. P., Krantev, A. P., Szalai, G. and Janda, T. (2009)
Exogenous treatment with SA attenuates Cd toxicity in pea seedlings. Plant Physiology and Biochemistry
47: 224-231.

Radwan, D. E. M. (2012) Salicylic acid induced alleviation of oxidative stress caused by clethodim in maize (Zea mays
L.) leaves. Pesticide Biochemistry and Physiology 102: 182-188.

Rouphael, Y., Cardarelli, M. and Colla, G. (2008) Yield, mineral composition, water relations, and water use efficiency
of grafted mini-watermelon plants under deficit irrigation. HortScience 43: 730-736.

Singh, S., Parihar, P., Singh, R., Singh, V. P. and Prasad, S. M. (2016) Heavy metal tolerance in plants: role of
transcriptomics, proteomics, metabolomics, and ionomics. Frontier in Plant Science 6: 1143.

Wang, S. H,, Yang, Z. M., Yang, H., Lu, B, Li, S. Q. and Lu, Y. P. (2004) Coper-induced stress and antioxidative
responses in root of Brassica juncea L. Botanica Bulletin of Academy Sinica 45: 203-212.

Wuana, R. A. and Okieimen, F. E. (2011) Heavy metals in contaminated soils: a review of sources, chemistry, risks and
best available strategies for remediation. International Scholarly Research Notices: Ecology 1-20

Xiong, Z. T., Liu, C. and Geng, B. (2006) Phytotoxic effects of copper on nitrogen metabolism and plant growth in
Brassica pekinsis Rupr. Ecotoxicology and Environmental Safety 64: 273-280.

Yruela, I. (2005) Copper in plants. Brazilian Journal of Plant Physiology 17: 145-156.

Zengin, F. (2014) Exogenous treatment with salicylic acid alleviating copper toxicity in bean seedlings. Proceedings of
the National Academy of Science, India, Section B Biological Sciences 84: 749-755.

Zhao, S. L., Liu, Q., Qi, Y. T. and Duo, L. (2010) Responses of root growth and protective enzymes to copper stress in
turfgrass. Acta Biologica Cracoviensia, series Botanica 52: 7-11.

Zheng, Y., Wang, L., Cayanan, D. F. and Dixon, M. (2010) Greenhouse cucumber growth and yield response to copper
application. HortScience 45: 771-774.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4744854/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwiX1Jz8sJbdAhXDCSwKHeR-CE0QFjABegQICRAB&url=https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fisrn%2Fcontents%2Fecology%2F4%2F&usg=AOvVaw0uGeC_jHBIArKPrcJKYRq-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=2ahUKEwity6PYr5LdAhUGblAKHZL-C-EQFjADegQIBxAB&url=https%3A%2F%2Fcontent.sciendo.com%2Fview%2Fjournals%2Fabcsb%2Fabcsb-overview.xml&usg=AOvVaw2xYEErAtKlGr6uTjH8C2mY
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.13.3
https://jispp.iut.ac.ir/article-1-1072-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.23222727.1398.8.33.13.3 ]

T b e 5 sy Db sad el Sehedle ST

Effect of salicylic acid on some vegetative and biochemical properties of
cucumber (Cucumis sativus L.) under copper stress

Rasoul Azarmi *
Department of Horticulture, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili, Ardabil, Iran
(Received: 08/06/2018, Accepted: 21/10/2018)

Abstract

Soil and water toxicity with copper (Cu) create serious problems on plant growth and production as well as human
health. Exogenous application of salicylic acid (SA) can alleviate adverse effects of Cu stress. In this research, in order
to investigate the effect of salicylic acid (SA) on the morphological and physiological properties of cucumber under
cupper (Cu) stress, an experiment was carried out as factorial based on completely randomized block design with three
levels of cupper of 23, 47 and 94 uM and salicylic acid with two levels of 0 and 750 uM with three replications under
hydroponics conditions. The results showed that copper stress negatively affected root dry weight, root volume, leaf
area, leaf fresh and dry weight of cucumber plants. The greatest root fresh weight and Fv/Fm ratio was obtained with 23
MM cu treatment in both SA and non-SA treatments. Cu accumulated more heavily in roots than in shoots. The
ascorbate peroxidase (APX) activity in the leaves was increased by increasing copper concentration and the highest
activity of APX was observed in plants fed with 94 uM and was more pronounced in plants treated with SA, whereas,
peroxidase (POX) activity showed reverse trend. The highest yield (530 g plant) was obtained in the concentration of 23
MM Cu and treated with salicylic acid, but the lowest yield (282 g plant) was achieved in the concentration of 94 uM Cu
and without salicylic acid treatment. Based on the results of this experiment, application of 750 UM SA can alleviate the
negative effects of Cu stress at concentrations of 47 and 94 uM on the growth and biochemical responses in cucumber.
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