) bRl $598SS 9m 9 S5le 7
wtff"df/;‘-:’d/'"__/ W’\ﬂ OL}.MM))' ‘ﬁ)LP o)Lo.w ‘M JLMJ u‘ﬁ'{ Iy 3

kg s dllie
e Ulgd (ow )y g guilosns s W 4o BR46 Sxwo 51355y 00k Jb

Salvinia natans gyl (ws yw bawgi ol (cws ) G Y

*T b o grume 1y S Liaimw ygi ST g il 1ym ) ! iy o uals

Q9 o ‘..'5)‘ u“f““ C‘l)l" A el :d,\él.i)o C_I)L\

oSz

ol ates Gl wlio )0 oslitul 890 155, SluS 5 (3905 9 2 Spee 951 1355, Slge
o cble an L3U Lol adlas o ..J.;.{I‘Sa St a0 wags byl Gl gl osYT 5l g5
Sa|VInIa Lng U‘“}J'“J u_i))jjy)a_‘) dLbua?Lu » BR46 6‘,5") oolo )| ()-'-"J )é f)f‘ﬁlm Y. ’g’)
olS lawgi oole (pl g SVl ollg pmman o) ede, V20 ke 0,90 SO o NAtaNs
b J.._eﬁjlf d)l? » JS J.._eﬁjlf 9 a J.JB)JS )l..\.a.c OAA—‘ Cowd Le GL"J u»L..J‘ » W) G’b))‘ S natanS
P8 skee Yo cdale jo IS aSeig )5 cdale cdly el sals 4 cand ) o )8 Lo Ve cdale o
Sl APl g (od 08, 25 5 0 p S e Vo clile j5 .8l Rl ws 0 VY liee 4 i 5o
2 ST T lad g 0] GoralannSTy cailon w5sSlS clale 28l ol g Shals s 5 4
®lesd 02 595 50 (S GVl (S G i 8L il ) o 0 S (e Ve g Ve cldale g0 0
$l5S, eole B> LUl S natans ol o pl 4 ol odmlin ) 0 68 L Ve cdale 0
cudld sl oSy 5l o 0,8 e Vo9 Ve clale g0 ja jgax Jgols | e0gl] slac] 5 BRAG
Sl JLss 4 S, natans oS sly |1 gilonns 25 jlas 5 SlosT 51

st S Vb egilansT i ;1 G, Salvinia natans :gouds o 55lg

Ol ey (LS olKitils il pole 0uSLails ( wliticans; 09,5 ( ALS ($5elg i o)l caslid IS (sgmmiiils
el ey ( OLE olEiils wsly pgle oSty ( owlidions ) 09,5 Ledils -Y

ol ey (LS olSails s pole auSiails i pulidiun) 09,5 (LT (S3sle5eb 5250 Y
zahramasoodian@yah00.com : Jgtus s s *



mailto:zahramasoodian@yahoo.com

A4 (DA 0L 5T 6555 5 55050508

0L 5 a3 [VY]

Tkaczyk et al.,) wb o Lzels ol ;o
(2020
3 L SSamg) y5b aiey yo o iaghy
Lol 5l ol a5 cwl ools olas lals
Clo Sll 4 a5 s Lded SLS 5
OMb (o 0> B Al e g Wgdi oo olS
S by, a5 cnl e cigh andlil oS (45,0
b 4 Bl 4l d92y oS iiien Foe
2 b Ssngy jea> 4 ol slaguly S
S8 Cumdg g (rw cSged Al o 4 carme
Ggal o Olps cwl aluly LS
SFoe g Fmgid o Jdg kS zohaw (sl
b agzlse ameis 50 Sl (Ko 5 o) galie
Kvesitadze et al.,) sas #, loasVl
(2006
9 PR lagmly dine) )0 o)
1555, olge yga> o Salvinia LS oleorise
Sl ey dalol jo gy cpl 5l el dgase Ly
o Ll Ko 6}.31 ols 5 oaws Y1 Ol e
oole a8 Cowl cols las Oldlas 0gd oo
LaalS c> 40 (BR46) Basic Red46 3%,
Lemna minor ;s oL slows ¢ b, e

Azolla «(Movafeghi et al., 2013)

5 (Vafaei et al., 2012) filiculoides

doddlo
P ey sk 4 aias SIS, lse
(Tl plo wile lize glagidess
Pl @l Slse T oy silepsn
i 4Vl gl o ooliiul gls g ool
Osele S0 CeB B LIS oolo ggs Voo e
(Tkaczyk et al., 2020) wgs o a5 o
gyl & plord LSl L ) 1SS, ol
93155 19515390 oS 5257, (3l g
5 ol s 5 483,555 w3l osidsS1s]
Mcemullan ) wgis o gamdids pilawglis
0,5 51 BRA6 (oIiS, ools (et al., 2001
S5 oSS, sl g g3lgise S,
5 Seh ST dapl (eiy 65,55, 50 &5 ol
Khataee etal., ) s ls Slgl,8 0,5 ol L
Goley a5 el ools ()Lis b o, » (2010
YAs e gl Loy aVle ol glio
Sl e (2 3929 a5 Sl IS Slge 05
BB Ol s Omg/ll 55 byl 5l Sl
Maas and Chaudhari,) ool saslie
s |y ol cblas K5 olge g (2005
Wl yo> )9 Sk g wda Jdo 4 g wasee
30 oad alS Ol 3l a4 j9 3985 oy

Jslwe G5emS1 J0de 5 QLT jrnsgd azes



IVI] Y44 (A 0L 5T 655055 5m 5 305 Salvinia natans s yslaws| zs Wl s BRAE <155, esle 56

$9,5 sleo,35L «(Ahlawat et al., 2020)
sle by, «Zafar et al., 2019) ZnO
eoaSa Sl alwg a4 LaollST 51 428
03 9 Oeemb)l 0eemaenSTy wile
5,5 o,Wl (Fathinia et al., 2010) ,s
5 ool Bi> slp bS5l (5o 0
b b 55l 5 gl (g, o slobame
Bro & G il Sy Cel Sany;
@ o bersSind sloghs, sln
(Pilon-Smits, 2005) & - Sl
4 Gl Salvinia natans s .
sl > o alex> 5l Salviniaceae oolgls
5 ey sl it Wlg e a5 Cul s3]
WS il 1 sl sleaslyl g oY
Free) o5l ol lals o,e; 4o Salvinia
o, ST i 4 a5 0,5 - ,l,8 (Floating
ghw p ket A a oSl s Jate
Singh 1

and) (P
oyols Juds 4 olS oyl (Kalamdhad, 2016

.\:SGA S
aS Cewl oals oolaw! (godrie ) YL
B> 50 olS cpl Slly 4 ol oo ale
Fagundes-Klen et al., 2012;) 155, slgs

Pelosi et al., 2013, 2014;
Chandanshive et al., 2016; Neag et al.,

Torbati et al.,) Nasturtium officinale
slro 5, (2014
Vafaei ) Azolla filiculoides s (¢ juwgs
«et al., 2012

seals ol ead

Nasturtium officinale
Lemna minor 4 (Torbati et al., 2014)
ol ,ea> ,o (Movafeghi et al., 2013)
oole Cpaimmad el 00 5155 55 1555, eole
slaes 3l cudlas ioliél el BRA6G (I35,
(CAT) ;YIS (SOD) 35 ganuss dnST 500
» (POD) Jstls

Vafaei et al.,) Hydrocotyle vulgaris

SlownsTy

Lemna ,o CAT culd als 4 (2013
4o .. (Movafeghi et al., 2013) minor
S GgmmslinaSTy (il iy Slalllas
Khataee et al.,) Azolla filiculoides ,s
Hydrocotyle ,s 1 %5 pas 5 (2013
Sl o (Vafael et al., 2013) vulgaris
ool saslie RB46 3 AB19 4155, oole L
L]
oan¥T 5l 05,8 cpl Coenl cde a
lag)] is sla by, ey 55 sl Slalas
Oy & Sl 428 )5 0 j90 2 sladams |
5 oolitul wile olerdsSoid slaby, 4
Senol etal.,) co¥eSn s —)l55uS slaasls
J3isS el 35Sl 5l solizul (2020



A4 (DA 0L 5T 6555 5 55050508

0L 5 a3 [VY]

Sy Ve ailSge cunS e ind i
Gd o pS ke YOIYA) KNOs ol
G o o5 e YEISF) MgSO4.7H,0
H3BOs (] o 6,5 e #/A) KH,POH
NazM04.2H20 () jo 6,5 Lo +/VA)
MNCl.4H0 () j5 o5 Lo #/++0)
[V ¥) ZnCly (3 ;o p,5 Lo +/A-Y)
05 oo o1+ %) CUCL (2 o o5 Lo
(i 50 0,5 o V10) FE-EDTA (J 5o
Gid 55 )5 e 047+ ) Ca(NO)2.4H20
S slp  (Nichols et al., 2000)
28,5 18 eolanwl 5)5 Salvinia natans
a0 YOEY sl
Celw VA (S50 olidg, 0,90 g ol,5 il

2 ke o 9 WD (5,00 ST oli.i;)"Ln)'] 4o

Llys o glls

o 5, 51 Gyl cnl sl al Jles!
Ci1sH2:BrN BR46) Basic Red46
2 oS BN JsSlse o> C.1.110825
Gl s esliial (ol el Gl (s
a5 ¥ il slagasly i
Ve sl (Samdly Gy 45 LS wiged
Sy e s gyl 3 Jylone il Lo
Lulps 0 Gl e pSdes Yoo )
PH w5 ole ax 50 Y0 sleo) oalKesls;]

R 6)"'\651’ (/\\? éA)LJ 6.’[».«»9) 0)50 9 \

«(2018; Perez-Morales et al., 2019
Rahman et al., 2008; Dhir) . oI5l
and Srivastava, 2011; Sitarska et al.,
SAD sloclay 5l s 5 55505 (2016
5,5 oLl (Kumari and Tripathi, 2014)
P r e GRegr ol S
Salvinia natans oL3 <5405 58 slagwls
ol e el BRAB 4155, eole jea> o
GLQQ\W‘@;ST = Sleoe Ll
5 Sl cdld Gl womilnd
S, eole Hgam 0 asalles elle clale
)‘)5 Lg);o)'k\.;‘ 3,90 )95;\,4; oS I BR46
Bis o oS ol plly eisres 28 S
&b ob;, BR46

g, 9 olge
<Y 5l Salvinia natans ;1 s

37° 450°0' 14" N) oy o lawgw
Sl baised b g yslaes (12' 26" E
WSS g ST b o ol T L
90 Ol dy A (Fgae a6l e caial
)8 NaClO swoys /0 Jglme o aido
Sl Lol 9 s ol b aslsl jo g oud )5
Byyls 4 w0l 00ld gl Llade


https://scholar.google.com/citations?user=hbbQQ5kAAAAJ&hl=en&oi=sra

VO] VY44 (A 0L 5l (655055 5m 5 3505 Salvinia natans s yslaws| zs Wl s BRAE 15, esle 56

wl oy (T Jess asls ¥ oakl, o

1355, oole jpam )3 (o W3 £ Sl

ek, bl S kil 4 Ces
(Forni et al., 2008) w3 auwls

:“ d\b‘b
TI=RGRt/RGRc
£55) slord o olS )0 i 0y 253 RGRy
IS Lulyd 5 (o 05, €53 RGRe 4G, 0

Gy % 05
S rmgid (50 5250 ) (i

SlooySS, Glyime s pSojlal ol 4

(U5 5959, 5 J3g)S Elgil) (g mgnd
s At gl 13 oS 5 2l o5 s b
30 el Y Goe 4 badiges ol ojijgen
s )8 18 oS ile ax 0 F gles 9 (SOLL
590 ¥ e 0 a8 80 ) o 4 lddiged e
(50! Sigma 1-14) 5e.8 sl aids o
FVe Glagge Job )0 (29, o)las ©ix wb
b olKins bwg yiegl FEY 4 £F0
M501 Single Beam UV/Visible) ¢ ,s
Colgd Ho ol euiles (LSSt CamSpec
Lichtenthaler kg, ool » oo 55 jlade
51oeslatsl L (VAAY) and  Wellburn
2595w e g e YoV ladlal,

AB B 5 o e

b g 5 9laen aiges (a5l 55, V 5l
FSOCE g_;i')ﬁ'lﬁ-’)"j kSL"’d:*-?‘;-“ Pl?d‘ OL‘}

NP RVE SR JC g+ WP E SR

e 35y 5 5l 08y i jslite &
ol s ool oL 5 o35 4y (RGR)
baiges (20)lord pia 33, L )0 Hskate
AND-GF300) Jlims 55l Lawss
< 039 9 og (nl5 A&D Company
S esliial b e 0, £y Lles oo
(Radic et al., 2010) ot acwl>e V alal,

) alaly

RGR (g/day) = (LnWs—LnW,) / t

Do Lep ) gl 059 W (e ,5) adsl (335 Wi
(59,) 295k e

Salvinia o5 (El) spds 06 asls

sole Gilize glacdale b,ee o Natans
0b pSoilul ¥ oakal, 5l eslinal L 1SS,
(Forni et al., 2008)

Y abl,
El=1-TI



A4 (DA 0L 5T 6555 5 55050508

0L 5 a3 [VF]

ode] Cows a4 bogle ol adlsl ssys /0
a0 Ve gles jo dads Ve Sow a lul
50 Aol el ooly 13 o 5 sl
FOoo 0 adBo Y Lo 4 g 0l S &

Gilwlaz 5l a0l ety ke ddds 4o g0

MDA+TBA SLaS Ciz g, ojbac

bowgs gl OYY zge Job jo ol ;o 59250
Slp b ediler (5y8 b ols
ol ,0 9 od eolanwl Yoommolt.em®
039 255 3 Jse 5550w p MDA jlaie
Heath and) o acwlzxe A abasly ol 5 5

(Packer, 1968

:A 4.@‘)
Cvpa=A/sB
A = Asoo— As32

5o Jsb 50 olailid slaasil o Ao
‘)AA?JL’ INRE T Jj.,o L u..\> :A532 ‘).,.Ajpb P

B9el o pd B (e le V) DggS 20 B
oommolt.ecm?y

ol 09 5955 clBle v
O rasbows 036505 i (ol
Jobe yiddee ¥ 50 olS 5 (5 o5 e
& SoylSal g Jsile Joll) (goul

@ ojlac e D GSen (V4 1 Cs

¥ alayl,

Chlorophyll a (ng/g FW) =12.25 Ags2—2.79 Asss
iz Apgs ¢ egil FPY zoe Job 10 Ld> Ass2
gl YO 9o Jobo o

0 abaly

Chlorophyll b (ng/g FW) =21.50 Agss—5.1 Ags2
ol A2 ¢ ogils #TQ o Job 0 L Asas
SogbFPY s b

:9 @')
Total Chlorophyll (ug/lg FW)=Chl a+Chl b
b sy, s Chlb a Lyl Chla

V alal,

Total Carotenoid = (1000 As70—1.82 Chla-
85.02 Chlb)/198

Chl a ¢ ogil TV zoe Jdsb o i As70

Lt laand ogamlogsTy (6 5ol
sloded GgelannSly o Gl
Slee 4 (MDA) seadll sopygdle clale i
Lie 0z sloal oot 9eSly Jpame
P shee O jslae cnl sl ol S o3l
V(TCA) el Sty IS 5 5 L oliS 5
@ odal Cawd W ojlac ob opiigen Aoy
aads o 90 YO
TCA Jslo o] & G 0 5oy yiiles

50 4By 0 Low



W] Y44 (A 0L 5T (655055 5m 5 505 Salvinia natans s yslaws| zs Wl s BRAE 15K, esle L6

A alal,
DPPHsc (%) = [(Ac— A1) / Ao] x 100

155, 00lo ¥l 215 (g S0l
oS o5 ¥ VL ol o s
Veor g9l Byl o Salvinia natans
Sy cdile 9o 5 ol Jobre s
Y Sdea (id 06,5 Lo Y o)) BR46
Jol 59, Gkl o ) clale 5 )l 59,
Sl govie 1 oolaiwl b pias g poeiy pgu
il slite opl 4 ad (5 ,Se,luil BRAG
Jsb esgaze 3 IS5, esle Q> b
odEiss b jegll Aee b Yoo clagse
23> pyeSle g S0l (69 gl
DY+ zse Jsb o BRAB (iS5, eole o
S ailiwl gl Joloro (g Al psd egil
55 o 0-Y o590 ,0 BR46 (51555, oole
g3 Job o bapl iz 5 ad a1 5o
Ol I Jogas 5 (50 Il gl OY-
223 1355, oole palls (VL (e 0B o,
5 ol ppi o GVl olien L5l 51 et
dloee jslaie dy ol dslone olS W36 Layl
Vo adal, 51 (BRBRas) 1555, eole 2o Yb ooy

(Vafaei et al., 2012) s solaz!

Veseo g [0 aido 10 S 4 odel Cewd
Jsb 50 (23, Jolee iz 0l el il
dulrs gl 0l odilsr egil OO zge
9oy Sl ol 0558 IS il
S 9 ab ool YYY-..molt.cem?
o g pdsilew 2SS cdale colys

(Wagner, 1979) o ;L pmol.g™* FW

33T JBely gilasly (blgs Giorin
ol 5 ol Sl g5lasty bl
Sl olas oyl Saes LUl
~ Lt g5 -Y 57) DPPH of51 JiSsal, (65LsTy
Sampath) as bl (eslysend S -
Jolis 2879 boglss @nd Vasanthi, 2013
Al So s oilie ojlae mdi oo ¥
39 (Yge9,5% +1V) DPPH  Jgilsl Jsloce
B Sl e adds Ve Sow 4 lediges
S5y i Il Jobre o il s S
DY zse Jsb 4o 8L ojlac a3 DPPH
Jplie Bl o aald Jolo glgie 4 stagil
O § D i SO (i oy A
ool I3 Lol 6 uSeilul bdiges Ll
So,0 A abaly ;0 diged g wald 4 by e D3

s dwle DPPH o1 JISGal, (65lesST



A4 (DA 0L 5T 6555 5 55050508

0L 5 a3 [VA]

D g (o by €55 52 BRAG K 51
Syt
Salvinia o5 ;5 (RGR) s ois, & 55
PeSeke VgV
2ol diges 4 Caws BR46 6135, sole ;o]

sledale s natans

Oezmad () Jgux) oo olis o gme oS
Syl pid o p S de Ve gV e slacdale o
aald diged 4 Comd Gpdpl a3l

O Jga) sle plas o sae o358l

& rmwgid sl 35, wBR46 &G, yib
a Judg b cdals
5 BRAG 55 Gilive slocile b

sols olis Gl -) s js @ uds s clale
Vo ocbale o s a ds kS lade el snd
Lol wals 4y o K5, 51 2 4o o8 s

sl plis gl g

e alal,

BRaras (%) =[1-(Cs/ Ci)] x 100
5 05 ko) (89 )lesd 5l oy 1555 oole wale :Cy
<l ois 155, ool adyl e Ci (2
(d 5o 0,5 (o)

Solol Julos g 49 x5

s b g 39l IS b B o il
o ;o Wosls (. Skee anglie .ol pll S5
Judow yg03T 5l eolatul b g oo )0 A0 ¢ ylicels!
5 (One-way ANOVA) 43,bSS ik lg
eSile 51 Gl s pll (SIS (yge)] e
SLzs (SE) s laitial slhas aliws 4 baools
Shoolainl b eosls o (Ko ol olo
Sl Ab Gy (St (03]
asewd) SPSS 138l 5 5l lasols (g Lol Judoes
MBles 5l ejloges puy slp g (V)
&% eola! Microsoft Excel

30 Gl el g s Wy P BR46 G135y oole Lilize glacdale W30 Y Jous
(N=Y <o )lusbw! slhas + .Kilw) Salvinia natans

SRl pels (st Oy T (mg/L) BR46 cdite
- RS
ofe£0/ v P RN Ve
NEEL VRN NS YRR Y.

(P<e/+0) el o sine BB 8925 Slis gt yo 40 Dgliie By,



VA1 VY44 (A 0L 5l 655055 5m 5 305 Salvinia natans s yslaws| zs Wl s BRAG 155, esle 56

— - 1>
S
— —
&

(F 039 P55 30 5 ko) @ Judg IS
- =
o
(5 039 55 30 p S skeo) D Judg s
QD
QO

\. Y. . \. Y.
(5 59 0,5 o) BR46 (5 59 0,5 ) BR46

1T

(5 03305 2 pSwe) JS Judg s
=
(5 039 255 30 5 o) S5 uigid g5

\. Y- . \e Y-
(i y3 )5 o) BR46 (o o5 o) BR46

cdalé (i .Salvinia natans oLs s ypuwgid o, w BRA6 U il glacdalé p30 o) JsCi
s £ uSile) JS wgig)ls Clile (3. J5 Judg l Clile (2 D Judoyls clilé (oA Jubgls
AP/ +8) Gl lo o M| 3929 ,S5LiS ilisie Bg o .(N=Y 10,ylusbiw!

85 Jdg s b Jadg b ciale
clize glacdale 56 4 by mbs Jubo S Jlaie S5, clale ol581 L ax 31

Loas ol olis JS Jds,ls 5 BRAB S5,  wals & cons olpis Jy <l alS b
SalS S LIS e 5, cldale iylial (o =) JS5) 350 I sine
el 30 p S e Ve clile o 4z ST cdl



A4 (DA 0L 5T 6555 5 55050508

0L 5 a3 [AY]

Sy 5l yd o p 5 le Ve cdale ;s MDA
FV 2 o p S ke Ve cdale jo0 500,010
P<[00) il Ll sald 4 Cond do )

(Y s

Wjesls clile » BR46 K, U
Ot g
Jaie BR46 X, cdale gl L
(5975 4 2l Gl Cnalinsgiil oy 9SS
e S5 5l id jo e S (e Ve cldale o a8
O P I A IUTRVE W IRV W
a8l 4 Cand 2o )3 OF 1 j0 0,5 Lo Ve
(¥ S P<e/20) ols olas a3l

o

(5 039 p5 2 909 y5e) wiadl 60 (yollo
=

Joginn aals @y G IS Jib IS ials
B i oS e Yo Sl o Jg 99
8IS 50,5 YOI walis &y o IS Loy 15

(g =) JSs P<-/-0) cal

S5 aigidg,l8

o odale g0 2 y0 S aSelg, S cdale
ol el 4 s X)) a8, S
Vo cdale o golial el ol flas ghls goe
Olyee & 8Ll digad &y Cund ol )0 0,5 e
(0-) IS P<+/+0) 395 duo,0 VY +/AF
o (yguwldunS Ty 0 BRA6 Sy 50

olle cdale wb p gslonnST ol e

Jyame  Glge & (MDA)  asilss

a
b
¥ c
: I I
\e
. \. Y.

(5 59 05 o) BRAG

slbs £ (1K) Salvinia natans oLS MDA clilé , BR46 dilise glvcdale p50 0¥ JsCi
AP/ +8) Sl 1o o S 3929 ,S5LiS Cilisie g o (N=Y 10ylusbiw!



AT AYA4 (A 0L 5T (655055 5m 5 305 Salvinia natans s yslaws| zs Wl s BRAE <15, esle 56

(5 339255 2 J999,540) (il gl 0y joSlS
—
{1 >4

a
b
Y- c

Y.
VO
\.
A

. ). Y.

(il 13 .5 skoe) BRAG

Salvinia natans oLs ¢y dwilwwgisl v jesudS cdilé 5 BR46 Ky il glocdalé w30 ¥ IS
(P [+ B) ol s simo SN 3929 ,SiLis cilieo g ,> .(N=Y 13 il slhas £ (1uKilo)

ool Lz ¥ Jga 0 Salvinia natans (s ;!
9 a J.Jg)lf ‘5Lbua.>lm UL\A Sl 0l
2 Sute (Siman JS Jdg IS LD Ldg,l5
Ol eigred (bl 8929 By WD e
MDA (gl 03555 (S a3535,15
A CINION S ST JSGel, sskast bl g
MDA (2 5 (shie (Ko JS 58 Judg IS
05 a35553,15 3] I8l (658l 05
JRYCVCIR IOV TRV FIVICH JRVETL UL g

s 3929 doys A e

J931y 53LaSl (llsi 5 BRAE iy il

ol
bls BRA6 X, cdale polisl L
& il i LS Sl s, slSl
Syl s p S dee Ve il 545 55k
Pk Vo cdale (o 5 0o 0 OV e 4
aald 4 s do,0 VYV Gl 4 o g0

(F JSa P</+0) ol oylas a8l

odls (5 pSoiluil sl bl o (Sousod
Salvinia natans ,o

Snad 5031 5 ol Caws @ @l

o (S5 s Sl atle e e



A4 (DA 0L 5T 6555 5 55050508

0L 5 a3 [AY]

Yo

Yo

VO

(1) o131 JSasy (s3Lasy

a
b
C I
. \. Y.

(33 5 o5 slue) BR46

Salvinia natans LS of3T Jsoly gibwsl U1y » BRAG cilizko glacdals w30 :F Y
(P<e1+8) Sl o Sro B 3959 ;KL alisie B9y (N 13 lailin! las & (. 55Lo)

Salvinia natans gl gus yw 35 sud (6 yuSo 3l S s L o Scowaod ¥ Jguz

Sl ol weselS  wisia,lS Jbals .
SISty aiallgs opaslsl g5 gs U A8
—<[YYA®  —JAYNFR o ANVYEE —</YOF* S JAYEF* L IYFA* \ an,,lS
—</f\f AR A% —+/yay AR RV N'A el \ < YEA* b Jubg b5
CYSOF NYVE CYYYE BAYE ) L AVERE Ly JS S ks
JRFARELAYARE Ly R L LYl o 7 TN JS agiig,ls
CROVFF Ly \ CRYAFE UVYVE oYY S AV ailowgisT oy 5e5edS
< [A058** \ £ /a9)** SJAYATE L VYNF L YYY oo ATV ..\.,35..\11‘50 09‘“"
\ YN e YL IN B LY L L Y Y L 1Y B (275 BN (S rs  A

PV 0oy AR mhaws jo (Siod FE(P<-0) o, 0 mhaw jo Kien *



[AY] \Y¥A4 (A 0L 5T 655055 5m 5 305 Salvinia natans s ysla.s| zs Wl s BRAG 155, esle 56

el ;.\4‘9."5@ ).A‘ U"‘ uSla u..@lf ‘)i») ools
GRIBIL 5 §7mgid slooSS,) Aals axs
A3l ooy F) ST Jd sleaiss ol
LR Sladlas

oals plad i
wlp wilgie Gass 5 JI sleSinng;
b ol (o9 Sres @ o
GSly S Al oo Epdge (nl WS S o
Wb polae (gl ! bl i 4y oS elis
Sloplsil 50 15 tal Jelge baylps cnl 3o 15
Pl oad laz b ogdige 030 sy
B> olS 0wy sciond 5l o SlS 3

oezen (Parent et al., 2008) wai

Voo o
o

x

}J A
oY

’19 s,
3

2

“i £.
©

X v
o i

olS luwgi BR4A6 oWl limo owjy
Salvinia natans
5 oYl gl & S mls ulal

Vo i i oSk T il
2 g ol plad 3V polie i )0 0 S Lo
Olyee 1555, oole 5l ass; )5 4y cdale g0 50
Sosb a 2dh Sl pley wldS L Y
e gy 5 gVl deys i &S

O ol uz_cm)LQ.:.’;

= -
oS yo a5 ol las ol dslllas gl

Jya> 4 s &b, &, Salvinia natans

10 mg/L
m20mg/L

a
bc b
c

R d
b I

f f J_

I =

T T T
\ Y I \

(95 e

€3 jlailiw! glas £ (1 Kilew) Salvinia natans oLS oYl duoyo p (25 )led o p3b 0 JSi

(P<e/ed) ol )|.>‘53.M OMWS| d¢>9 )ial.w.: iz &.‘55).9 .(n=Y



A4 (DA 0L 5T 6555 5 55050508

OSan 5 L5 [AY]

Azolla (Movafeghi et al.,2013) minor

«(Vafaei et al., 2012) filiculoides
Torbati et al., ) Nasturtium officinale
Hydrocotyle vulgaris ,s 4 (2014
ool o0l j,155 (Vafaei et al., 2013)
2P EFmgid GloopSS, 3 el rizes
MWB oy g e 20,0 S, NAtANS oLS
(Donatus, 2016) o3 sowlie
GRIFIL S ol Glis gy ol s
R VOU IO RV 1 CIRV I <JRCA TP
Loasl cpl ol bl olS o lalae
cos MDA ol acsy o (LS Slallas
,o Direct Blue 129 1555, oole ,3G
Movafeghi et ) Spirodella polirrhiza
Azolla ,s BR46 I35, ool 4 (@l., 2016
5 (Khataee et al., 2013) filiculoides
Vafaei et al.,) Hydrocotyle vulgaris
0375 Jyame MDA cils cisllas 2013
slalas )5 35250 glodlnd oy slovenl
oLS a5 ams oo olis o] Gialidl g canl Ik
Gill and) s,ls 13 gslasl o5 cov
4 Wl o o) 4y (Tuteja, 2010
] olS (k5 s Sl
W, oSt o1 sla oo, adss 5 wles s
s Cedlad ol38l cel Ldles a5 wiS

AP plgie & srmgtd SlaoySS) Ghals
Hou et) coul sus asliss o) e sl 25
4 .@l., 2007; Appenroth et al., 2010
& Cond B JudglS clile adlhe ol
5t Gl cos i b sl
edg IS als 28,5 1,8 BR46 X, (g
peiis 5elaenST e ases Wlgiee
OSheST 558 el o a5 WSl 4SS,
Sy ST )0 Serge Ay n
Movafeghi et al.,) ogi oo (55imgd
S Jlail Jds a4 Wl oo oSS, S0
asl Gl bl 05655, ol
ol o owmen (Ruban et al., 1999)

sty L

LS o JS assmg,l5 cdale iul8l caxlae
W odmline S5, cdale g a0 40 S, Natans
Sle » BRA6 X, a5 5,050 aliw
Azolla filiculoides (s s o ad4i34, 18
Lge wl ool (Vafaeietal., 2012) ols - Lis
oS Jeps o
oBiws

bades)ls s
cbli> 5 ol gla i,
oole (s, I (Hegazy etal., 2017) .l
sloosSs, 9 ab, £5 » RBAG (IS,
Lemna A.l.o.?)'] )-i.’.d 6}-3] QL“’L:-? JPSTTIRE



[AO] VY44 (A 0L 5l (655055 5m 5 305 Salvinia natans s yslaws| zs Wl s BRAG 15, esle 56

oS 5T (Glgtme b oads adgs oyens]
el 00ls 75 guilanST o yiwl olS
S. natans oL3 a5 sls ;ylis pol> aalllas
culs 1y 0oyl slacs] 5l BRAG i Lllgs
BRA6 5, adgl wlale (]33 oS 559k &
O Sladllas el olidl moYL as o
Sy adgl cdale molidl Lol ools las
gl 9 ) sladsNge (0595 Lot
Slr BB S e 95 5 3980 3k oS
5 &le sl b ) JUl coglie  alde
et 335 6ls 3lgs 45 355 o slonl sl
Khataee et ) s5i 0 Jobw J5Ib & oS 5
56 s et slaiagh o @l 2012
b e %, olge cbale il cuse
S A N NI P
Khataee et al., 2012; Torbati et ) <.l
.(@al., 2014; Movafeghi et al., 2016
cadlygyl S5 & 1 slye JIEI rizmon
il egnd a4 Cdo planl ol jo ady,
Pz 5 Syge (nl 0 &S 05T e Djge
S92 g0 SluS 5 ChlE & pediians ol 4 Sl
Movafeghi et ) sls Siws caiS Lo (o
oYL 50 S, natans oLS ,Ulgs .@l., 2016
G i Slalllae o alise 61355 olge
Fagundes-Klen et al.,) sg cois )55

So olgie 4 a5 oad oL SlognST T glas
Bl ol a4 515 @ saS 55l &l
bl 5 By ol (Bhattacharjee, 2012)
Oil8l g (g ytmgid SalaS, (slyime gls
3l b ailowiil 05585 5 Lausyss IS
(o) sla s ) as
Lils b 0 gls 85 13
W A el e sl
Gl sko 5 955 co oSt o131 Slo IS0,
5353 3l bl sl 1 slaSalail 5 oS
IS
ooliad  JapnST il elds slapia

2! 5o (Blokhina et al., 2003) auS' o
cbals yad ol g A o8l Db b ragh
il syt oslle
ol Jbs 4 5 il 1)) ol paslowsss]

IRV PN

o sadlie oLS Sl ol cudled ol
SIS oaasilowgnl wssls (F U
gyl i lp oansS SLn e
sl Kol alez 3l ouisS snST sla JoSd g
ggeme ,o (Kong et al., 2003) siwn ol
cble g0 o jgam 0 ob lis adllas oyl
oS 5T el ioldl vemg L o,

Jd slodiss o Jols pac JJo a4 olS



A4 (DA 0L 5T 6555 5 55050508

0L 5 a3 [AF]

Slgizme Gl anle dalise slagss il
5 Badeig)l)  aplnd Glansl sl
Ar o gBs Glp (ralawssl W eSS
Y| 285 00 00 oloml gailanns] i3
slagal Olye @ Gl 1) gl ol
;0 BR46 1555, oole iis plp o el
oyl Bd> bl S.onatans oLS as sls
el 5, adgl el 53l g o ls 1 sansY

wgdise ol GVl QL Gl

2012; Pelosi et al., 2013, 2014;
Chandanshive et al., 2016; Neag et al.,

.(2018; Perez-Morales et al., 2019
Sy cbale g0 o aslllas cpl @bt 4l 2
ol el rgy opl yo aid, IS 4 BR46
oS sl sbatls n e Ol
o5 g,k 5l 9 o Salvinia natans
o b ol Laé 6lubl el guslaps]
Ao e S e Ve cdale ol S aond o)l
e R e

5080 natans sl s e 09 0,95



[AV] Y44 (A 0L 5T 655055 5m 5 5005 Salvinia natans s yslaws| zs Wl s BRAE 15K, esle 56

Ahlawat W., Kataria N., Dilbaghi
N., Hassan A.A., Kumar S. and
Kim K.H. 2020. Carbonaceous
nanomaterials as effective and
efficient platforms for removal of
dyes from aqueous systems.
Environmental Research, 181: 1-
44 (108904).

Appenroth  K.J.,, Krech K,
Keresztes A., Fischer W. and
Koloczek H. 2010. Effects of
nickel on the chloroplasts of the
duckweeds Spirodela polyrhiza
and Lemna minor and their
possible use in biomonitoring and
phytoremediation. Chemosphere,
78(3): 216-223.

Bhattacharjee S. 2012. The language
of reactive oxygen  species
signaling in plants. American
Journal of Botany, 2012(1): 1-22.

Blokhina O., Virolainen E. and
Fagerstedt K. 2003. Antioxidants,
oxidative damage and oxygen
deprivation stress: A  review.
American Journal of Botany,
91(2): 179-194.

Chandanshive V.V., Rane N.R.,,
Gholave A.R., Patil S.M., Jeon
B.H. and Govindwar S.P. 2016.
Efficient  decolorization  and
detoxification of textile industry
effluent by Salvinia molesta in
lagoon treatment. Environmental
Research, 150: 88-96.

&l

Dhir B. and Srivastava S. 2011.
Heavy metal removal from a multi-
metal solution and wastewater by
Salvinia natans. Ecological
Engineering, 37(6): 893-896.

Donatus M. 2016. Removal of heavy
metals from Industrial effluent
using Salvinia molesta.
International Journal of Chemtech
Research, 9(5): 608-613.

Fagundes-Klen M.R., Cervelin P.C.,
Veit M.T., Da Cunha Gongcalves
G. and Bergamasco R. 2012.
Adsorption kinetics of blue 5G dye
from aqueous solution on dead
floating aquatic macrophyte: Effect
of pH, temperature, and
pretreatment. Water, Air and Soil
Pollution, 223(7): 4369-4381.

Fathinia M., Khataee A.R., Zarei M.
and Aber S. 2010. Comparative
photocatalytic degradation of two
dyes on immobilized TiO;
nanoparticles: Effect of dye
molecular structure and response
surface  approach. Journal  of
Molecular Catalysis (A), 333(1-2):
73-84.

Forni C., Giordani F., Pintore M.
and Campanella L. 2008. Effects
of sodium dodecyl sulphate on the
aquatic macrophytes Azolla and
Lemna. Plant Biosystems, 142:
665-668.

Gill S.S. and Tuteja N. 2010.
Reactive oxygen species and



A4 (DA 20 5T 6555 5 S5 550

0L 5 a3 [MA]

Khataece A.R.,

antioxidant machinery in abiotic
stress tolerance in crop plants.
Plant Physiology and
Biochemistry, 48(12): 909-930.

Heath R.L. and Packer L. 1968.

Photoperoxidation in isolated
chloroplasts: 1. Kinetics and
stoichiometry of fatty acid
peroxidation. Archives of
Biochemistry and  Biophysics,
125(1): 189-198.

Hegazy A.K., Emam M.H., Lovett-

Doust L., Azab E. and El-Khatib
A.A. 2017. Response of duckweed
to lead exposure: Phytomining,
bioindicators and bioremediation.
Desalination and Water Treatment,
70: 227-234.

Hou W.H., Chen X., Song G.L.,

Wang Q.H. and Chang C.C.
2007. Effects of copper and
cadmium on heavy metal polluted
waterbody restoration by
duckweed (Lemna minor). Plant
Physiology and Biochemistry,
45(1): 62-69.

Khataee A.R. and Kasiri M.B. 2010.

Photocatalytic ~ degradation  of
organic dyes in the presence of
nanostructured titanium dioxide:
Influence of the chemical structure
of dyes. Journal of Molecular
Catalysis A, 328(1-2): 8-26.

Movafeghi A,
Torbati S., Lisar S.S. and Zarei
M.  2012.  Phytoremediation
potential of duckweed (Lemna
minor L.) in degradation of ClI Acid

Blue 92: Artificial neural network
modeling.  Ecotoxicology and
Environmental Safety, 80: 291-
298.

Khataee A.R., Movafeghi A., Vafaei

F., Salehi Lisar S.Y. and Zarei
M. 2013. Potential of the aquatic
fern  Azolla  filiculoides in
biodegradation of an azo dye:
Modeling of experimental results
by artificial neural networks.
International Journal of
Phytoremediation, 15(8): 729-742.

Kong J.M., Chia L.S., Goh N.K,,

Chia T.F. and Brouillard R.
2003. Analysis and biological
activities of anthocyanins.
Phytochemistry, 64(5): 923-933.

Kumari M. and Tripathi B.D. 2014.

Effect of aeration and mixed
culture of Eichhornia crassipes and
Salvinia natans on removal of
wastewater pollutants. Ecological
Engineering, 62: 48-53.

Kvesitadze G., Khatisashvili G.,

Sadunishvili T. and Ramsden
J.J. 2006. Biochemical
mechanisms of detoxification in
higher plants: Basis of
phytoremediation. Springer,
Germany. 245P.

Lichtenthaler H.K. and Wellburn

A.R. 1983. Determinations of
Total carotenoids and chlorophylls
a and b of leaf extracts in different
solvents. Biochemical Society
Transactions, 11: 591-592.



[AQ] \Y¥A4 (A 0L 5T (655055 5m 5 305 Salvinia natans s yslaws| zs Wl s BRAG <15, esle 56

Maas R. and Chaudhari S. 2005.
Adsorption and biological
decolourization of azo dye
Reactive Red 2 in semicontinuous
anaerobic reactors. Process
Biochemistry, 40(2): 699-705.

Mcmullan G., Meehan C., Conneely
A., Kirby N., Robinson T., Nigam
P., Banat |., Marchant R. and
Smyth W.F. 2001. Microbial
decolourisation and degradation of
textile dyes. Applied Microbiology
and Biotechnology, 56(1-2): 81—
87.

Movafeghi A., Khataee AR,
Moradi Z. and Vafaei F. 2016.
Biodegradation of direct blue 129
diazo dye by Spirodela polyrrhiza:
an artificial neural networks
modeling. International Journal of
Phytoremediation, 18(4): 337-347.

Movafeghi A., Khataee AR,
Torbati S., Zarei M. and Lisar
S.S. 2013. Bioremoval of Cl Basic
Red 46 as an azo dye from
contaminated water by Lemna
minor L.: Modeling of key factor
by neural network. Environmental
Progress and Sustainable Energy,
32(4): 1082-1089.

Neag E., Malschi D. and
Maicaneanu A. 2018. Isotherm
and kinetic modelling of toluidine
blue (TB) removal from aqueous
solution using Lemna minor.
International Journal of
Phytoremediation, 20(10): 1049-—
1054,

Nichols P.B., Couch J.D. and Al-
Hamdani S.H. 2000. Selected
physiological responses of Salvinia
minima to different chromium
concentrations. Aquatic Botany,
68(4): 313-3109.

Parent C., Capelli N. and Dat J.
2008. Reactive oxygen species,
stress and cell death in plants.
Comptes  Rendus  Biologies,
331(4): 255-261.

Pelosi B.T., Lima K.S. and Vieira
G.A. 2013. Acid orange 7 dye
biosorption by Salvinia natans
biomass. Chemical Engineering,
2013: 32-39.

Pelosi B.T., Lima L.K.S. and Vieira
M.G.A. 2014. Removal of the
synthetic dye Remazol Brilliant
Blue R from textile industry
wastewaters by biosorption on the
macrophyte  Salvinia  natans.
Brazilian Journal of Chemical
Engineering, 31(4): 1035-1045.

Perez-Morales J.M.,  Sanchez-
Galvan G. and Olguin E.J. 2019.
Continuous dye adsorption and
desorption on an invasive
macrophyte (Salvinia minima).
Environmental ~ Science  and
Pollution Research, 26(6): 5955—
5970.

Pilon-Smits E. 2005.
Phytoremediation. Annual Review
of Plant Biology, 56: 15-39.

Radic S., Babic M. Skobic D., Roje
V. and Pevalek-Kozlina B. 2010.
Ecotoxicological effects of



A4 (DA 20 5T 6555 5 S5 550

O 5 5 [80]

aluminum and zinc on growth and
antioxidants in Lemna minor L.
Ecotoxicology and Environmental
Safety, 73: 336-342.

Rahman M.A., Hasegawa H., Ueda
K., Maki T. and Rahman M.M.
2008. Influence of phosphate and
iron ions in selective uptake of
arsenic species by water fern
(Salvinia natans L.). Chemical
Engineering Journal, 145(2): 179-
184.

Ruban A.V., Lee P.J., Wentworth
M., Young A.J. and Horton P.
1999. Determination of the
stoichiometry and strength of
binding of xanthophylls to the
photosystem 1l light harvesting
complexes. Journal of Biological
Chemistry, 274(15): 10458-
10465.

Sampath M. and Vasanthi M. 2013.
Isolation, structural elucidation of
flavonoids from Polyathia
longifolia (Sonn.) thawaites and
evaluation of antibacterial,
antioxidants, and anticancer
potential. International Journal of
Pharmacy and Pharmaceutical
Sciences, 5(1): 336-341.

Senol Z.M., Gursoy N., Simsek S.,
Ozer A. and Karakus N. 2020.
Removal of food dyes from
aqueous solution by chitosan-
vermiculite beads. International
Journal of Biological
Macromolecules, 148: 635—646.

Singh W.R. and Kalamdhad A.S.

2016. Transformation of nutrients
and heavy metals during
vermicomposting of the invasive
green weed Salvinia natans using
Eisenia fetida. International
Journal of Recycling of Organic
Waste in Agriculture, 5(3): 205-
220.

Sitarska M., Traczewska T. and

Filyarovskaya V. 2016. Removal
of mercury (1) from the aquatic
environment by phytoremediation.
Desalination and Water
Treatment, 57(3): 1515-1524.

Tkaczyk A., Mitrowska K. and

Posyniak A. 2020. Synthetic
organic dyes as contaminants of the
aquatic environment and their
implications for ecosystems: A
review. Science of Total
Environment, 137222: 1-57.

Torbati S., Khataee A.R. and

Movafeghi A. 2014. Application
of watercress (Nasturtium
officinale R. Br.) for biotreatment
of a textile dye: Investigation of
some physiological responses and
effects of operational parameters.
Chemical Engineering Research
and Design, 92(10): 1934-1941.

Vafaei F., Khataee A.R., Movafeghi

A., Lisar S.S. and Zarei M. 2012.
Bioremoval of an azo dye by Azolla
filiculoides: Study of growth,
photosynthetic  pigments  and
antioxidant ~ enzymes  status.
International Biodeterioration and
Biodegradation, 75: 194-200.



[V] VY44 (AL T (555K 5m 5 305 Salvinia natans s yslaws| zs Wl s BRAG 15, esle 56

Vafaei F., Movafeghi A., Khataee of neutral sugars, free amino acids,
AR., Zarei M. and Lisar S.S. and anthocyanin in protoplasts.
2013. Potential of Hydrocotyle Plant Physiology, 64(1): 88-93.
vulgaris for phytoremediation of a Zafar MN., Dar Q. Nawaz F
textile dye: Inducing antioxidant Zafar MN Igbal M and Naza.r,
response n roots and M.F. 2019. Effective adsorptive
Ieavgs. Ecotoxicology ) and removal of azo dyes over spherical
Environmental = Safety, 93 128- ZnO  nanoparticles. Journal  of
134. Materials Research and

Wagner G.J. 1979. Content and Technology, 8(1): 713-725.

vacuole/extravacuole distribution



@%@ Adquatic Physiology and Biotechnology @

W Vol. 8, No. 4, Winter 2021 ot )

Research Paper

Influence of industrial dye- BR46 on induction of oxidative
stress and study of its bioremediation potential by aquatic
fern Salvinia natans

Nahid Sharifil, Zahra Eftekharit, Akbar Norastehnia?, Zahra Masoudian®*

Received: March 2020 Accepted: May 2020

Abstract

Azo dyes are the most important and widely used dyes in various industries.
This group of pollutants is a threat to aquatic life. In the present study, the effect
of three different concentrations (0, 10, 20mg/L) of the basic red 46, (BR46) on
the physiological characteristics of aquatic fern Salvinia natans was evaluated at
the 7-day treatment period. Also, the ability of S. natans for bioremoval of BR46
was evaluated. The results showed that chlorophyll a and total chlorophyll
content, despite chlorophyll b, decreased at 20mg/L concentration. At 20 mg/L
of BR46, relative growth rate and effect index decreased and increased,
respectively. Total carotenoid concentration was increased by 72% at 20mg/L.
Cyanidine glycoside concentration, lipid peroxidation and antioxidant activity
increased in the presence of 10 and 20 mg/L of BR46. On day 7", the highest
bioremoval efficiency was observed in the presence of 20mg/L BR46. Thus, S.
natans has the ability to remove BR46 from contaminated water but the presence
of both 10 and 20mg/L of dye induced antioxidant activity and the risk of
oxidative stress for S. natans.

Key words: Salvinia natans, Azo Dye, Oxidative Stress, Bioremediation.
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