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Effect of Cu and Foliar Application of Ascophyllum nodosum Extract on the
Growth, Elemental Content and Antioxidant Enzymes Activity of Lepidium
sativum L.

"ol Lageo 9% S o0 50929 Lo

° .

k4

Yoho Glaclale (56 ) jsliiedr il oo oy Lo (02 Sty 5l (S (e slajl 4 S (o]
@l Sl ojlas 2 005 e ¥ oY Gho glackale b ik Jslre 5 55kl T 0 05250 e 5l 10 08 (Lo £0
SLSsh ok sle 55l S pgon ialel (ols S5elnsed Sl Sy 5 5 05, » Ascophyllum nodosum
J5d lyome olS Sis 59 28,5 58 (e 5 50 0 )T o P 8l 5 wslies pglle lyime i |2l (Bolas S
285 )18 stalesl gloyless (1iSam 18l Co SYBLS 5 sl w3l Cedlad ol o e cpornly <o <052l U5
Slyiome (S 0D (g n lyione Gl cage Silz o)las ;i jo 05 e Jlez 5 90 (SAb skne b e (9 JlerS
SlenS Ty lgiome (Al e go (LBL Jolone losd (o (e iud 30 0 T (oo 70 Lo ad osaline salds Lo yo S Josd
o el 0 p S ea Vo Jless g e g Sl 50 Sal ojlas ) 5o S (e T (LBL Jlome ok oS e il
St e ge oS LS 3590 (2138 (slaosle (B (09l pald JJod Sl ojlas S 50 ik ol S SaS 55 il crge
05 e G5 S (L Sudeln e sla Sy
lies palle GBS (ol (slayaie oS J5id STy 1 gualS Lol

4odio

UL oals (V) adlioo () 5 lugsl ( Shs3 (pa)lo HlalS glgll 65 V02« g iz Yoo ol goad 05
@ 5k g Camaz il L ojg el (Y) aib o S5 e oS b Al G ale  oLS Lepidium sativum L. _ole
Elpl 995 crge e lio anwgi b Gl b game CiS ) e Ul oY i 51 (VL polie aJgs
3 S e losls ) Soigdgm Sae il plgs Jdoda nKiw slajls a4 Sogll .cwl sad Ol 5 S 4 laoan,Y]
@ 0205 4 09)9 b g 0l Jpazme CodsS 9 3 Sles alS crge o5 Sl oud fod (asrelun ) odee DS
0lS £ 4 (S bajls cl (o s (e (A ¢ F) 358000 2o (Fuedl b Lo las I3t eloil 59 crge (L]
ool wlas gl bl Gl 5l oslinul 1y obS Cobls 5 B paneS slopaie plyicd oS Lawgs o] 5l 3550 Gliee
@hie Glopaie 5l e (F) s S 0 SliE Glajaie S5 ady) baoe 4 I sloal mi 5 (sile 5 Cogu
loaialB 50 noo (51,5 5l e pate 023 oo 58 150 515 0lS Sle 5 Cgus (] 09aS 4 005 LS L3 0 50 B paaeS
Alge 42l 0)lps ot (S g S wgtd wial B 09 S JEST Lol g genlannST lasial B asile (Su3eln 58

AFIF o pdy )b AMFINE 228l 0 7o, -)
Olb,3l e el olBails ((65,5liS 0aSiils ¢ pgjls LS oWl IS i (semaily g DUl Aol g ccl)y 05,5 JLiiily wus gy Y

AQI){I s)J).u

.(vojodilamia@gmail.com) : s ;xS G« Jgimms 0dimn g %


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.14.4
https://journal-irshs.ir/article-1-391-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1399.21.4.14.4 ]

sloss 9 59525

e 53l a8 998 g0 (g (ST ol 5l (gems Sl SS90 laJIS0sl, st 50 CUT 5 CUP (oo (uSTs 4552
JL:.S Lg[ib:\.:; OL?U‘ d_g‘).la )l oLz.f 30 Cogoums obul g0 il U‘fo‘ OL‘:‘) )‘MA .O)L) &9 ey ss.i&.lfy LgLﬁ.).w‘ >
o] o lagygs OIS g ol Judods K slajls i byl b o 00,5 )y LS (VY #) 05d e e
039 uel&m ‘Sﬁl.f m;mmmuuhf )meulrﬁ Y &) J.Ms‘so o ‘) uyMM)‘ g.:l.:
oonlive g_JeLQ..A LQLDAJLAM) o Mu)e ‘n; > f:)fﬁ)‘i“ﬁ Y-V Sgd> Lﬁu_?)) 3 U—l @1)70 C.la.m uLﬁL.f MJ.C‘ 6‘)" 9
oS slajls 4 engll slalae 4 oL ()5 e calisie sloax o 5l slailis a5 bl o 08,8 A, lalS 4o e
OlS (6 g8 olKiwd o] oty e 25 Lol 40 (S5 8465 oLS Sy 0 asallso elle (slgizma il
Glosed by Sl ojlac 5l solaul (F) il o sl Splie 65, (alS 5 baylas] Gl Sauslsl o s
oS @ Famipf g ) SRS I Rl czge (00 (55,5lS 0 () Sz Glsiedr Togugs poilidsSil)
S L ol ooyl mlio b Mols Ol 5l ol 55Las cdeél toiind axlge Ol 5 caslin S 05008 L 4 ablin ;0 040 o0
P 3 S e slajls 4 0ogll S5 g o aulie 0S e solitl gl5e laxl b g lal (sl S l5ls 4y 0n4l]
b el ,n)Y LDLQ).M.J LgB]b ;9).4:.0 Q =\.>9.: L: DR (o )l).B )»..)L: Cod ‘) oltf O)S.Lo&: 9 M) as J.ul.:‘sa M))A-C LgLﬁu.».u
5 Santaneillo lawgs sod plosl sy 10 0,5 (18 ) 0550 LS a5 uKiw lajls a4 00T ST mlie 136 050
Glay Cgo Gumm gyl LS o T 25 Layl il 0 paassas palideSul ojlac 1 eslatul a5 al aseie (YY) o, 5en
S EBS s 5 Sojenl sl b i e slog) ol Ol 50 e oy 5l ae onl a5 b 216 i Laulyd o oS
4z b (YY) 0 ol s 0T 01,15 5 0LS (glaig, OS> i ohlS cogo Sl ojlac b s ol oo oL SlasST]
LS yai 5 a5, 5 ey Sl bty 5 Jsbre e 3 & a5 L 3 5 oSy e VL o il sl
(el (o092 18)) (2L oLS )3 (e 53k slaypo ol » by Sl ojlas sl il b ol gy 5l Sua
.09.5

Woigy g Slge

L Shdsbe 5 )bl T 50 oszse (R po p S ke P09 Ve ao) (e Slilges gl b sy j5liion,
oy SIS 0 ialol (Hledel (ogr 05) (als oL Sujelnid Sl Sy (B r g M) p powsd poalideSl
STV gladlo (b o olrmlydT Sae b oty el ool (5ads 58 olKtalojl 5 (bl 3l (S g olSdlo
EC: 1.7 pH: 7.8 :S> Lg[;b‘;}iﬁ) S 65L> Lg)MJ I\ LgLﬁQ‘Jb’ I ‘SQL.J Lg[;b)ﬁ).g )9143_'~o Ry oD 1/.;‘ \Yar
poliy e )TokS 4 0,8 oo VY (595 cp )T oS 2 0,5 oo VO 53500 40 S5lS 4y 05 s <17 0] 52 pp oy s
ds o o iliBee zakaw 9l ST L GlalS o)Ll LiolesT slal 5l aias coiS (g0 701+ 0 (59,05 9 v 18 yaud o+ 1Y
poieie gl Sl sla FTRol obys Sz ojlac b (5h Jslxe lalS usS 5l ole S 5l an b plasl S s,
RO SN ARY KL IS CRE - SV VARY A BIUS P VOt IYARY K RIUET SUSUWIRVAR A Q,@T Wy [0 F uldS SNE oy Y
B sbre aass 5 ax g, ez a5 S5 S s b LS pgs (5l oo s 39,10 4 plasl [ FIY sl
S5 SS oslal jelaiedy Lol bl oalS al> e L Sl aey asdlas 550 o g s Soslail gl LS
(BB141, Boero, Germany) Jluzus 59515 b ol 059 L w30l Sz 561 slos ;o oo cilop olals olS
3955 50 5 0%y soowiasl isd 5o Sl o 550 0 baiged Sufsls b slaSThs S ol sl b 6 Sl
DA (6,05 g az 0 -V 58 0 el alal yley B g Jaiie olSiulej] b mole
K g slocsty Wl g0 ol cdale gioiiw

Jsibl 5l as 6 mSoslasl (YO) Ko ¢ Valentovic bg, 4 duml G gi0,bae5 5l oolizwl b asallgs oyglle clale

Gl el Sinl 9,05 65 o0 Ve 5 SO g bignd dunl oy <Y Sl am Al e yo al ool 23l sl sl 720

Ascophyllum nodosum -\

¥¥-


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.14.4
https://journal-irshs.ir/article-1-391-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1399.21.4.14.4 ]

o Sl oylae b b faloo 5 e H5 5l

For g OYY PP Glozge Jsb ,o asallisn fyglle slyie o oolaul (asallsopyglle) glosl e oy slaonul z1,5el
A (6 503l (T80,China) yiogigdg Sl SoSay yiogils

a6 Sl b g OF) ofSed s Mac-Adam by, 4 sarl ojlae lanl STy 5 VU 5 Feslal jsliasy
23 a4z & ypon PH=T) pooly lawd 34 Voo o) 5 el )15 Vso <A slaJslons Il (sou il o lae
5o azilsyy oo Vo Jsbome ol 5 iad bslie ma b g o axilsy i oo 00 alSlaz oo o 5l omy alo e
oy 4B [0 490 Frer Ce i b Jols bolse o ool ps3 a4 g 0l alBu, S b 0 036 S p S oY (g9,
S oslatwl sos 3l cudlad g uSoslail sl Jol> o9y Joloe 5o §euty yile 4B Y-

oylac 5l s S B YL cudled (6,505l (6l ol (5,5 0slail (V) Chance i, 5l eolaw! b YLLK codlss

Jpoishon 10 5 QH=T) olty Sl 3l Jposlon 0 Jals 45 33BIS (6 ,eSa3hal Jglons 2l o <53 b o gl
So a5 Sl S i b anleS aiBs o o 53 gl YT )0 badiged Do g ol bsliee sl (39 008 ST
sl 4RSSy ) (59,00 STy Ve oo S w52 bl oo 5T 0ol

Jeloee i o ¥ ol w0 )lae (59, s puans (VT) ), S0 g Mac-Adam g, 0 ladiges jlouS]y collad
Lol oy ¥ 59,008 STy ids St O (Jolono (59, b aBLal JoSLE 1idg)Sen B0 g Vge /) muanelind 3L
SaS @ aido ¥ Sae a4 4l V0 gl Jolgd gl FYP zae Jsb 10 5,90 i e, Ko g 0d
Al (6 S o3lasl (T80,China) yiesisdg ,iSiol
J5 Jslome ol sloosle glgine

A3 (6 S o3lil (Erma, Tokyo, Japan) s guwwaid jleslaiwl b Jelowe aid (glgios

o9 Olie uesd
o oS 5l 8,8 e skt cpl (gl ol solaul adigad ydgy cdale (g Soslul gl (V) o )Sen g Bates o, ;)
Fovr ey b Jol> ojlac ai adlol ] 4 Y Seledlogilgw ol jod Lo Vo g 20,5 00 le &l 5o slezdl
Oeidgy 3B 5l id e 90 0l lam mle 5B g 58l Lugmedis a0 F o gles jo g daiBo Ve Dok 4 alBs (o g0
b oo ) Oedep o bl sl Jslome b ol yor o digas (o il bgliee Lalls Sowl sl yid Leo 90 b o o b
S 4y 2y plex )0 ddiges o 028,85 518 Hogeudis a0 Ve Ol plas 0 cels S B 4y (i 40 Jg0g,500 Vo e
Al Ve Dol a bo Jolore ol adlsl Sele id Lo Voo lailivl slo Jolore iz op g ladiges 4y .00u3 S 13 aids O
Oy onl 5l el oS do YU o () 08 Gion B auid 18 oSl a4 adBo Ve D 4 g oud ools IS8
A eolazw! )’“‘95-‘39&'*“" Ko L))..uo}:l.: IR T J}b L U"’b)" 61"‘50)‘“)‘" 6‘)" ).U.Jﬁ)im Yooo Sgd>
S I lgimo
S oy 5l o5 iy b oolitl IS J53b 5,u50ilal sl (V) oS 5 Kim (s, &) iS5 S5m0
oole 4y .ol SLis lgo O jglme ;0 (U 50 Jgilie ojlas .ol (6,50 Las Jsilio b (BU1 sloo ;o) el VY Do 4y o0l
Pl V5 gl (58 By 5l e Y ol o jlae 5l i) e ST s, 0 00933 il 0)lge Jol> SaS
o Omidyy Blad Jolome i ol (aiBo ;o a0 WY v) et il 4880 0 Do 4y 9wl Wlol oo ¥V sl S
osle p,5 5 SIB ] ‘D;‘}M oz S Joid (gleize ol (6,5 05lail yiagil VO zoo Jobo j0 @ do Y- CbdS 5l

b paice glgizxo
5 oo yawd ¢ uo o paie § (410 Corning, England) yesid oud 5l oolain! b pawlly § moow b paie clale
Slodiges 5l 6,5 o 03,5 s (Vo) Jones g, 4 (Shimadzu AA6300, Japan) _oesl wda olKiws 5l eolitwl b yal

Vo digad ;0 4.0l B pnSB 4 celo ¥ Goe a4y ugedis a2 30 O+ slos 5o (S S0l o )68 j0 (T oald S

Folin Ciocalteu -\

¥


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.14.4
https://journal-irshs.ir/article-1-391-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1399.21.4.14.4 ]

sloss 9 59525

2095zt Sl B ol Jaiie Gugeados a0 3 glos 4 ladiged e ol a8lal oy S S S sl i oo
Blo wiges jl b ools joue Blo 5l g ol sail; yid deo Voo @ ladiges oo 0dls pdais Lbgo i O L B al> e
A oolazw! W paie (6 S ojlasl gl oo
ool s ,tol 53Ty 9 (atmlejl 2 b

S ATasb 5 osls a5 (sl 2l 15 s b 3 JulS sl b sl 52 JpgiST6 90 50l ]
A dslie doy0 ) 50 iz mhaw ;0 LSD o905) 5 eoliiwl b o uSilie .oy oolizw! SPSS (version 9.8)

oy g o

oS SS9

s 5 o s ot 3 oS 3 Shae (2 5V 25,5 5 el sl 2Sm e il 5 o St
oaslie Sl oLt ) 33 05 e 39 (53l sl b s 255 0,5 hen T e 5 Sl ol 5219 0,5 e 50
st 35 ) Jyaz) a5 osali 3l Sy s gt e el 53 oS sken T s 53 oS SES 555 S
S s aSS g0y w20 rez ol jo 1) S sl jd 5l YL ol wilgh oo ol aS 0l astiee ol [ ouls el
S ad aie (A) GhlSes g Fan Lwgi ool plol raghy ;0 (V0) wid Gl olS Sujelen b o Shee )3 (235,
OS5 Sofy Lagi aas plasl 3ak 3 bl gl K23 5 1 ivie 5 (o Sl ol b 5l Joone
45 S yo0 S5 @ i pOl e 50 D 92 3 Shee SRl crge poF j5m ojlas Sl eslinul 4S5 Wl asie (VF)
st e e VS 51 52 e 554 0 oS 8 Shac d5rr mgn Sl o e ) 9 0.5 s 53 3L Syl
Wlgise a5 aBl (pSow Sl Sa VL okS ploie 4y oLl oLS 093 Sy by Ol (cwjp 3 olS S35
B3 gezS 093 ;0 ok o Slas o azgs JB ralS e | e (Sl polie
S g oolowy

S 33 5 0 Sass ( y 1B Sl ot b 3l Jolonn 5 s eSSt 3l 25 oS 55 5 sha
P e Sl I 4 sanlin 4l o Sl o)lae ) oS e ez 5 5 (o sl cob )3 e i
5elS paas o cplie bhazs () Jyaz) ab atuls ol Sy ol cisS lase o gLl ol i 0 65 e
sl ool 0ad )5 OF) o, Kas 5 Mostafa g Lo 45 e 6Vl e 5529 il ) iy obS o Slas
Salah El- 5 (A) ) Ko g Fan slo gy sloami b pols pw)p 5l Jols Gloazs g il Sy olaes p cote L350
bls e oS 5 Slae Kol e b o3l Jolons S 35 g (¥) ol fSat 5 Din
Jslxo sl sloosls slyizmo

5 6 251, Jsboee i (sloosle (slyna 1 Jlaird s 15 Kol o)t b 3l Jgbna 5 ome ot (5500
RS Ve Jles s Sl ojlas 2l 5o 005 oo ez 00 e S sled 53 sl dalr laosle lie (it 0l
Cote il Sl olas g okS 0 v2ge GeieS g () Jsuz) o sdaline Sl o)las g 0 08 (oo VL e i
5,80as g oy S g oly cnl 5l g 3l ulF gmnlannST 5l (105 ol 51 ymST ST (la JIS0al, o o 5 50
Halimeda o Sargassum latifolium SJ> o Llacl ol3 jles a5 ols 1)Las MBL oL ;o oo plowil sy 1 (VF) 098 o0 oLS
a5 Joloe aele slroole olisl b¥s 51 (G auls (YY) ol Joloe aul> slrosle (slgiome iuli8l o 90 opuntia
90 oS Fwgid Sgupp b o wdl osliiul 990 STl o jlae ;0 99290 (S g 5 (2138 layaie S92 g Jloa ol
W0 5 olF o Jalo vl slaosle sl
JS Jsid slyine

Jst5 Sl (7S 5 il S J5i8 (slyiome Gl 53 St 3 e 18 5 S5l Jlons (sl s (255
Ghorbanli and slo_jiwgs slaxdi b jol> cw,p 5l Jolo gloasss () Jouz) ol odsliv wals les o JS

Sloar S lase e lgiore il S0 a8 s oS Jed slaelS 5 lgiome inli8l egas o (1) Kiapour

FEY


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.14.4
https://journal-irshs.ir/article-1-391-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1399.21.4.14.4 ]

o Sl oylae b b faloo 5 e H5 5l

5 Kulbat g S 50 05250 e lyime Giali¥l Lo gl gadsidhh slaceS s Glyme Gralidl ol
Sloged Sl ojlas jl ooliiwl a5 ol aseive gliawl olS ,o ool plowl Jieghy jo .(VV) ol oals 5138 Leszezynska
5 M LS5 b ol (5 Ll S o8 g 5 iz (A) A5 oL S35 (slasS 5 (Slgima il e
B3 s Sllad S 2 g0 (05UslS 5 Syl o 5 sloceS ) o (J5SU50 (35 b (STl slacaS 5
LSl @ Ulsi 5 0o 052y a3l oz 5 (ol 5B 90 0 )0 Lo Jgisdle ohg a4 (It lacaS 5 pdse obS (ol e
25 g5 sl g Sileg)l slaail d925 (1) Wilige ALl (59,08 weST ohg 4 (5eST T Sl UG,
e 00 slo05,5 el 9935 13 (5501 11 sln JIo8ly sl (slaoniiS o a1 LT i slocaS 5 5L
Uaslmstl 5 g slons 5 8 oad 55 (rian igh ke 8] 5 oo 0 silyion Jp5b Lo 5 S35 5
S 55 0t ool insiy 55 (1Y) a8l (i a3l b Las o slo s o 3T sl JISool L ablis g ol 4z 55
(V) 213 oS Jyss slovat 5 slyioes Gl 10 ik 136 5k Jplows 85 05 aiie 32
ST o9 351 cadlad

65 () Jpaz) o eanbie Sl slas b o3l Jslone 0y o S5 55 0o B0 et 5 T Sullid iYL
9 Asadi Karam lawg oo plos! jagh 10 09 aals jled & Comd oo 3] ol cudlad 1o sou,0 T8 iol58l soimo \Lis

Oliee 2 o (iid Gial38l b aS 0l aseive 48,5 LS jo (4) Ghorbanli and Kiapour ¢ ool oL3 ;0 (Yb) ), Ken
Jail coge o ez Ldoay b.w)by] oSy codled ili8l ol 038l oS o laSTy, MP] cdled
25y el g 4Bl o)lps Cualis GlEIL 5 eud (Joib slassl b Gdgn (oS gy 5l (8 lagntign SIS
el Glasdy Wlgh co JlanSTy cudled g onls wislils lals o i 6me)'ﬂ Olpeds bjlasTy ogd o asly
oylac o )5 aS ol lis pols cw) gl ol sloasis (V) 09, )15 4 Jlewd cow alS sladiss jo 318 Coans b))
bl oSy glgtoe ialidl o 6,8l Sl
YO M}ST cdlzd

FegVe Glolos o VLIS M;j Cdled o iy ol S8 36 5l YLK M;_ﬂ Colled G:QLA)‘VI o les jiiSen
Sl ojlac id 1o 05 o jlaz Jlesd 50 e yid 0 05 o Yo jled g (LBb Jelme Jled (g0 e 51 0 05 e
oy e uiS 5150 YUK Glgome jo (ial38l () Jgaz) ol caslice wals jleg o M}JT Gleore 9 yieS i cvnlive
Sl 5l il YL o 351 (slgime ils a5 VU b olS 48 a0, a0 i .0l 3,155 (Yb) )] Ke 9 Asadi Karam

9 )YLL{ 6[.@@;).;‘ ;N.ILtﬁ o u,u.u S daS A U‘:M J.l> oL:f 5o 03 ﬁl;u‘ ey (Yb) é?’“’u;" 4.».’>L: O ;M.o;‘
Sl o)La.c )‘ oolaiw! 45w RS 9> oS LR ﬁ[?u‘ g 5O () J"L’G" w‘;&‘ oLz.f 50 )L).M..S‘)a u}.ubﬂbg
M)'JT Oolidl saims (lis pols pwyp gloass (YT) ol YL codled yiolidl ol ) 5l ol jo (6,0 (a5 LialS i ge
Al oo obS 4 0uls o)lg guilannST 15l jslaie 4y olS jo VLIS
..\,J..\JT‘_;.) ogJLo 6'9‘25“

eSSk e b e cdale 2ulB8lL o (P<1%) Cé )5 )18 o i 38 lag 506 55 a3l g ool lgize
STl sl IS0l (Y Jgaz) o samlins anls jlas jo o] Cdale oy 1eS g o 009380 asalTigo oyglle lgime o yid
OgeoldanS T Cage S OB ol 3,158 (84255 10 (F) ) Ko g chamseddine lawgi gz ;0 (OVF) o, Ken
Sl dasl; JSi5 czge g o gl nd oz slasend 51olT Sl SISl basgs (5,00 09,5 Sedlo s ol 5l gy wpas
uﬁw‘m‘)) g0 o‘) U‘i‘ )l 9 o0l J»..».Se)m O‘;‘ LngJlS)ol) OL?U‘ g0 u—‘ L) U""Sb L: o= O “)5“’6" e
QLM) &S cublas oS o J.:.SAJTLgoL'ﬁJLo 6‘93"“’ u,...ablf 50 6)"’L’ G‘“bdﬂlm ).0L> r 0 .09 D¢l oo asb glae
Dy o VU cale o caiBl Glid o B g e i HB s alS o Sl ojlac (ol ST sasas

Y


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.14.4
https://journal-irshs.ir/article-1-391-en.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1399.21.4.14.4]

o 9 59529

(2L SaS (9 9 5 p dlas  plierdiiam Gla Shy (S r p 6ilel O 0 99290 e Gilise laglaw g Ascophyllum nodosum b (5L sl iSen y (paSilis dmlie ) Jgox
Table 1. Mean comparison for the interaction effects of Ascophyllum nodosum foliar application and different levels of Cu in irrigation water on some biochemical compounds,
leaf number and plant dry weight of Lepidium sativum L.

s s slae ik Jolme  Sasjy ey sleeole  Spolas U5 Jsblsime ey lsine NS Slyime ol slyine
Cu treatment Sl ) o5 Leaf Total phenolic  Peroxidase content CAT content Proline
NE (5 ok I Jele p
mg L™ A. nodosum foliar  Plantdry —Total soluble ~ number content (umol H>0, (umol H>0, content
application weight  solid content (mg GAg’ mg’! Mg-1 (umol g Fwt)
ml L-! 0 Brix Dwt) rotein min’! rotein min’!
( ) g p p
(Control) sl 0 0.37° 3.6% 4.6% 72.33b 0.604 0.17° 0.134
(Control) sl 2 0.582 3.9bc 6.3% 104.72 0.604 0.19% 2.7%
(Control) sl 4 0.39° 5.12 7.32 110.0* 0.584 0.20° 3.4
(Cu) oo yid 0 05 Lot 0 0.15¢ 3.7¢ 4.6 95.67° 0.78° 0.26* 0.47¢
30 mg L!
(Cu) o jid 3 p 5 e ¥ 2 0.44% 5.7 4.3be 1122 0.77° 0.20° 2.3b
30 mg L
(Cu) s jd o o5 ko ¥ 4 0.35° 4.5° 3.67¢ 1102 0.68°¢ 0.232 2.3b
30 mg L!
(Cu) s jd o o5 Lo e 0 0.37° 4.4° 3.6° 97° 0.88? 0.23% 0.743¢
60 mg L!
(Cu) o yd 0 p 5 o ?e 2 0.33° 4.5° 3¢ 94.332 0.78% 0.19° 1.4b¢
60 mg L!
(Cu) o yid o p 5 o e 4 0.33° 4.4° 3¢ 96.67* 0.80° 0.19% 1.5b¢
60 mg L!

In each column, mean values with similar letters are not significantly different based on LSD test. Plant dry weight, leaf number and total phenolic content are significant at
P<0.01. Total soluble solid content, peroxidase, catalase and proline content are significant at P<0.05.
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Table 2. Mean comparison for Cu treatment in irrigation water on MDA content of Lepidium sativum L.

oo a5llies glle (slgime
Cu treatment (mg L) MDA content (umol g FW)
(control) aals 2.18°
(Cu30mg L) jid o pFdee Ve e 3.8
(Cu60 mg L) jid o p 5 e F+ e 5.18

(PL0.01) aeisl oo LSD (5051 slicays (s lol lslins NS 50 o5 e By b (sloipeSilis «oyyims 2 o
Similar letters in the column are non-significant based on LSD test (P<0.01)
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Table 3. Mean comparison for the interaction effects of Ascophyllum nodosum foliar application and Cu concentration in irrigation water on elemental content of Lepidium
sativum L.

oo Sled A Sz oo b (Ahslme ol lyime e lgione el (slsime ied (slyime o Sl
Cu treatment nodosum foliar Fe content Mg content K content P content Cu content
g L-Y application (mg/kg) (mg/kg) (mg/kg) mg/kg) mg/kg)
(ml LY
(Control) sals 0 222¢ 3591b° 29480" 2534 f° 0.24¢
(Control) wals 2 244 3514b 43290° 2708° 0.5b
(Control) sale 4 121f 34952 39830° 2829* 0.51°
ome 5l 5o a5 Lt 0 251° 3506° 33320° 2689° 0.45%
(Cu30 mgL")
oo 5l 5o p )5 Lt 2 241° 3601%¢ 36330¢ 2714° 0.42%
(Cu30mgL")
JEURCH R VA 4 134¢ 3318¢ 32260° 26544 0.53°
(Cu30mgL")
oo g 33 0,5 e B 0 1614 3434 26800 2597¢ 0.79*
(Cu 60 mg L)
oo g 33 0,5 e B 2 135¢ 3409 314608 25241 0.43%¢
(Cu 60 mg L)
o 5l 50 p,5 e £ 4 91.7¢ 3531% 38350° 27580 0.48%
(Cu 60 mg L)

(P<0.01) il oo LSD (g0jl olulyy (s lel loline GoMs1 03 oS jie Gy b aloinsSilos g, 5o
Similar letters in the column are non-significant based on LSD test (P<0.01).
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Research article

Effect of Cu Metal and Foliar Application of Ascophyllum nodosum Extract
on the Growth, Elemental Content and Antioxidant Enzymes Activity of
Lepidium sativum L.

L. Vojodi Mehrabani and M. Peymaei!

Heavy metal contamination has become a serious environmental problem. The effects of 0,
30 and 60 mgL! Cu in the irrigation water and, 0, 2 and 4 mgL! sea algal extract (Ascophyllum
nodosum) foliar applications on the growth and some physiological characteristics of Lepidium
sativum were studied. The experiment was factorial based on RCBD. Malondialdehyde content
was affected by 60 mgL! Cu treatment. Plant dry weight, total phenolic content and proline,
Cu?*, K*, Mg?*, Fe*" contents as well as catalase and peroxidase activity were influenced by
the interaction effects of Cu treatment and foliar application of A. nodosum. For proline content,
Cu control * 2 and 4 mgL™! foliar application of algal extract was the treatment of choice. The
lowest amount of total phenolics content was recorded with control plants. Peroxidase and Cu?*
content hold the top quantities at Cu of 60 mgL™! x non foliar applications. Plant dry weight
had the highest data for Cu control X 2 mgL-! foliar application and Cu of 30 mgL™"!' x 2 mgL™!
algal foliar application. The data clearly shows that algal extract; due to the abundance of some
nutritional elements reduces the toxic effects of Cu metals on plants.

Keywords: Catalase, Malondialdehyde, Nutritional elements, Peroxidase, Total phenolic
compound.
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