[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

PY-FV tamino

https://doi.org/10.22034/14.66.47

VECE ol g als 3 PO ojlad N F W aLE 5 SIS 5 b

Helianthus ) ofs KT col £5 o o5las b s i pyslas dmSTigs O350 G

(Sinapis arvensis L.) >y ds & ;4 §34ls= » (@nnuus L.

el aebl 5 7,5 i Sld e Fgals s
Q‘ﬁ‘ ‘J‘?."J‘ g&ﬁ:J‘ &z:u e@‘: ‘&.u.::.b chﬁj ‘_;,'”L:S B ASES S ‘u.hl:f &:I.;j} .L,)j gsjfi e};\
o gbLAJJ gHuazhong 6)5“.‘5 3 r.\.fv eK..i’J‘: g&b}} ‘S:‘}fﬁ‘f:’,‘ g;l.n AK..:‘..&LAJ'T 4@.‘.’:;.# 6Uh)‘.b omb Y

OFr/ 08708 0 olg bl é)l: AT /R JA% SRTCI{ PP é,l-?)

oS>

dlox 515 placile dadda J S (gl alas paly sbul 4 pwte OF aseca s gladely 5 olord baeslg 51 0533050, e3linul
L slas Suls T wb 2 fsSB O V9T b Jle e bl ol sdd conl 55 0LLE glaejlas b S350
s A e S B S he glclle s KT ol ojlas S Jeld bjles S 12l eyl i o8EIs 3 S5 4w
0k i 055l S Tigs D30 A 3 p S B0 e glacdle s Ols KT ol o las b ol jm p S AmSl(s Dl,3 50
bl FTIR 5l eolial b ki gy g5 5 55 cooles YA Cde 0 I3 2a) &1 p ol demSTligs D350 0 g dald 5 ojlae Do
Ol s s SS el amals J5s 5 Job sl als OLL jo 5 Sudls aslsl 5, \F Sde a4 iy Jo - Lds Sl 4D
b o paslis AST(s3 S350 55 daoys OF/FA 5 YV/FA (S5 055 5 doys O0/00 5 YO/ Ly (S3405 doys oS sl
arale 5 arady; dsb op a8 il Sl Ol ST ol o)las b anslie 55 01 KT ol ojlas 2 p5 0 8 F0 p¥ sachils
2R P e 5 (ks 5 g 0 80 S 4 o O i 00/F8) VLIS ﬁ;j Cadlad 5 (e Bl V/FY 5 1/40 (/A (\/YY)
sl oslas 2 ) 0 P s ¥ el b sddime SI5L 53 (ged O grelmST Sl el Cwsay sl g3 a2
o 0 93 deaS g5 D13 56 VL (S 0,1350 sasOlis i oy Ols Kokl o oyl 5 (daoys ¥/PO 5 V0 /VY) i 0ls Kl

sy g ds F amalS S5 Jsb sbpasli ) S3aler p 0l KT o ojlas b edd

SYBLS 5T 5 5 acile cazady; (o O gmmalbenS 1 5 (L SUT (S (slae3ly

Tanase et ) ol ba iSie tadda o Gz o s O
4 Sl e b lews U1 .(al., 2019; Debaeke et al., 2021
osba b s sbl e 53 LS Slnd 5 by Jb b
Sahoo et ) Xy ad s alS Ll s b s J
b oless 0T ziy .al, 2023; Bais et al., 2006

FPRYH
syl Ll 5 Al $8 S e Ols 5Ll
ol 5315 505 i S 55 » OF s b 5 s
sl K el S5 (Igbal et al, 2020) b .

el sl 4 (93,5l et ST 3 0S5l

ebadi@uma.ac.ir : oy xS oy S ¢ s ok 5°


https://doi.org/10.22034/14.66.47
http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i A

5 S Sl Eel b iSile 0558055, 508 51 8t
5 D3 el 5o glacdle dadda J xS ae
ol e 53 ALS ol S5 sl las 03500 wr
A Y OLKKea 5 Ll 4 0K 5 L) el
Aol S (TH02) gl deeSTiss (O F+Y didam! 5 (s3le
5 Ay OB Il & S cl Sl e Sdee
Sant’as-Miguela et al., ) 553 o il Cadb s culSs
23 ol o8 el ASles sl (2023
Grand and ) Lls ssls 5 olde Bl Lile il o 5le
AS1s3 3 b Sl eslizal 35040 51 riman (Tucci, 2016
5 S lald s pp 55 LOT 31 68, 4 Ol e paslis
Fatima et al., ) 5,5 o )Lil Jass sla 25 5 OLLS Wi,
5 A Glaeslas L Sldel g e (2021
5 Bdexl) Col Gl U S5 5 el e
Shtel Jols gy onl 2,08 bl (O0F) Ol Ses
g dlaes Jliags 5 e p SUr Sled sl
Salvadori et al., ) el O 055 45,0 4 5 Ll (3lwesle]
o 2 D30 Sl eslil S cl s soolS (2014
e olis ( pled slse il als cel (g5 liS
.(Choudhary et al., 2020) s 35 o Ls iS5 bl 5 s S
L (g5 ,adde (Sinapis arvensis L.) o> Js >
O3 s 4«5 ol Brassicaceae sl gl 4 Gl
sl 5 bl Sl sl LasS e LY i, 5 )il
ol Gl ol Sy Bl LA S
Gherekhloo et al., ) &S o s)ls (g55lis OV pams
¢S ol OIS RS 3l S s U > (2018
SEas kS alS L ol g ST S cll 1S 5 JK 5
Dhima ) ol s 5158 I8z 5 5 S 5 Shes 5 118
.(and Eleftherohorinos, 2005; Ntoanidou et al., 2020
5 Fsae slarS! 5l eslial L ojacile ol S
ALS, EC ) sl Y gl o 51 osiS len sl isile
J= pl L (Khaledi et al., 2019) 5 .8 » & 50 (2.2.1.6

s gy 5l S Olse 4 alS glacslas 1 eslinad

OlS 5 bl 5 4 oS des LS 4l slacdsle
(Gl il oy Lo sladed (s
(Macias et al., 2019) Xls G o8 5 Laas JKIT
O ed a s Wl e e (gdie 8 u@w}m
5 Bdesl) Wpd Sl 5 5 8 als; w@le aib oS
e leley gl oles 0T 0 Y OlKes
aalS Wi o Sl el S s 0l calises glacwns
Muhammad and ) i osle o «(Rigon et al., 2018)
oS 5 i3 (Pulaetal., 2020) sz s (Majeed, 2014
J\:Jj.'? ‘(JS J‘:ﬁﬁjks B) b a) J:.éjj.ls M‘Jﬁ) e LL;!‘)J.M:
Nivas et ) . ,ls |, L;Q_,J.J sl 5 alS s,
(al., 2017
o5 3l LS, LS (Helianthus annuus L.) ols Sl
Cuwolt &S ol (Asteraceae L Compositae) LS ,e
GS o5 0LLS b sraslacile $as p OF el S
Sl I a8 sl .(Xuan et al., 2005) ¢l ol
Casasetal., ) Ls ,ixe VAT) Jlo s 0l ol ol S
P 5l S5 ak S5 Yo It 0551 (2009
Janusauskaite, ) ol odd  glulis Ol Sl il
DL Ju‘j:w u\:ﬁbﬂ LY A;M.A\ ol L)‘;)‘Jf (20238.
wils jaglacile 5 ocanl S5 Sl ol glaosls
e OSSOl Kaa s (Rashid et al., 2022) Lsl
SoolS 0l T 55 s g 5o gla pland T 1, ol ol LY
5ol ol (2 b 5l SLS 5 ol Sisysba il S
Lol Wi, ol cel OblS Wiy, huyg e uole
sslas & coleas 5,058 (Flayyih et al., 2022) 5,5
iy S Cel s BB sba O Kkl T
o jasks «(Phalaris minor) . Y6 5o lacile
Coronopus ) 5555 S = S50 5 (Chenopoium album)
D3 gl 3 (Sinapis alba L.) _i>s Js,> 5 (didymus
Naeem ) >, . (Triticum aestivum) r.x;_f 5 (Zea mays)

[etal., 2018; Oliwa et al., 2017; Chand et al., 2022

Sl G Sl s 5 sl SIS


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

Y el eslas bedd e sy nSes I3 50 ST

L)b&.o.h 3 6.:\.:.9

5 Saslmar SIS 5 5a, P CB IS L Ol S olS
S g o 5 S 98 59, T e 4 BUT (gles s
535 Romania, type ~3M Jus bl law s sl Sis
DAL oy 3 013Kl olS ol o jlas 4 sl s
Trusheva et al., 2007; ) . eslel (Maceration)
Fooa T slbackle 4 5 skwa ((Ahmadnia et al., 2025
a4 O ST S g 0870 5 e 2 e S
s 4 Jool gl e as Wl Jaiel 2 Jue Voo
dde S 65y 38 Sl a5 YO gles jo cell VY
L e 5 435 3 FSA, AC220V, 50/60HZ (IRAN)
VO e 4 5 Sl FY o5led ity bl L8 51 eslina
Slid ojlas s odd pb mle 4i> 53 50 O0er L aids
Jomsy 3 i3 S0 a3 plnil L3 b 5 b o)
L e 5l S bl a3 F sles o

@ oskas b eddme pplis AmSlgs DI,3 50
Jhome cpsslis AuSliss DL o ) shinas 1005 K051
L Merck =5, 51 (TTIP) LluS g o5l 15 psilis
PIE S [N C EO H S W W S Ve
00 sy el oo el U5 Je SRy Sl eslial L
dowd 2 e /Y 5 aie T 1 e YO L J bl 2 e
15 el e MO e A3 byl Sl
sodd Bl O 4 alS ojlas 1) o Vo s LS 5 55l
i bgdses eblie Oen 3l eslined b el FA s 4
Loy eld Goslper sdddd g sy wele FA C2IS L
Ol 3 A8 Sl amys A gl s cele Y S
3 00 Slos b ysS 53 e AS S a0 L5]
O 5 Olass) L adS Cole 55 Sde 4 ol S Sl
(VY40

g5 ol iF g b ay8 fdS recib 4
LSlgs Syl s s e glewd LS 5 5 ke
FTIR, Perkin ) FTIR olKxws 5l eslinal | add 5 o 5iles
Fresst aosh LS ameecib (Elmer Spectrum RX |

Al

Lkl 5 (gole) Llodd alis Casjbos L8 5L
e LS5l 5 4 oS laBss b e Coal 0F0Y
Sl 5 A, (Gl el L J RS S S
Sl e Giuslis ke 5 5a glacde
b eddyin pailid LuSlss S350 30 Olge b hasy
» (Helianthus annuus L.) ols Sl el S5 T o las
A (Sinapis arvensis L.) _i>5 Js,= 0 G4l
b ikl el Ay amd s ul ol Gua
Sl s ol Kl of ojlas 5l eslizal U o> Js 5

2 01 ST ol o las b odd i o gl Sl

L fy 9ol
Gl bl 53 VE Y Jlu Sl s bl 1l zh
S5 5 My e S i sbacile pile 5 L 5SS
é.lr;u oK..i..a\J &:Ja Clﬁd B Lg)'))LiS 0 A5 d’hkﬁ‘f
T b 2 JosSl ose & Gl s ) sl
slable 5 boly A Ll 1SS aw b sl SLls
el oz &Y Jgdr s Sles]

Helianthus annuus L. var. SPIERt : 2L olas ag
Cmn 5 i8S Slidss S e 51 0l ksl Armavireski
o o555 V0 S5 ol Kl Ll cis a4y Ol
Copot O Lo 5 CAS Slidss asgie 5o VTY
25 el Yo s Yo ls) oy 5 e Jeol b s
4y S 4 e GL& OV O 5 o) (g allas
5 e Oy 5 o3 g ow) St ol & sls ol bl
2 oS YAV 5 V0V e Of Qe LB el
S S DS 5 IS S 055 eSS
&,.l”; 9 g.,.L:.w (0 Sy 9 Aoy YVY o /8 /00
a.:l.g_: Cf @h )\ Py Ju.&)) Ve/4Y 9 Yo 04/ A ;,,f)_uu
s bglen 5 BT L obe wlS w0l Gl abed
el Lyl sl sl A3, eslizal 3 aglacile


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i o

bl sl jles Slasie -\ Jgu

laclale Lo

Ghiasl) o clile
s ST ol ojlas 2 53 0 S Y0 il

Q\infl:.éi uj oslas

s ST ol ojlae 2 530 8 90 il

Ghie ) jio chale

Ol ST ol oslae Oy paslis dnSles 3 AL oz o gkl LSligs 535U

Ol ST ol a2 53 p S ¥ ke b i p sl Slies 3 4L

Ols Kl T o las L

Ol ST ol a2 53 p S 70 ke b s p sl Slies 3 4L

5 5 Ohs 9 amadsy Jeb wsale Jb (Perry, 1981)
Sheslial b G3ailx eps plasl 5l e azalS S
Satorius  Jue e/ev) Sy Lo gisls s Sk
LA s .Se 31wl (SECURAL24-1A, Germany)

ol sheslanal by S3aler Ao s 1S54 g Aoy
(Scott et al., 1984) & acl=s (V)
(V) el

GP =2 x 100

sl J_<;L¢ S (oialsr Aoy J_<.>L¢ GP aaly -pl s

bl g gl IS sl S T 5 esjail e lasds

Sl

)\ oslaiul L )..:b. J)‘U\_}" . ZJ-.LB é}ﬁ‘ﬁ C,.ij
.(Maguire, 1962) s acwloes (¥) adal
(¥) akl;

__Numbsr of nermal ssedlings n Numbsr of normal sesdlings
Day:s to first count

S s St P SIS P
(Scott et al., 1984) i acloes () adal, 5l aslazl L

GE

Daye to final count

(¥) akasl,

G+ G+---+Cn

CVG =

(1% G )+ (2xG ) +---+(mxGn)
5 okl S oo Sl CVG daly cpl o
sl B dsl 5so 3l ea3eiler Lk sl KL Gr — Ga
ol a5 0505
SV 5T e led (S o3Il oIS | 5T ‘5uﬁ;1

LA 6;0)\.)\4\ (Y' '\) Q\)&Q.ﬁ 9 Sudhakal‘ u::}) JALM\J"

Sinapis ) L ixs JsF Ld i omesCews) Ol

08 Ok Clid=s S e (65,9liS @l}a 31 (arvensis L.
@bl Cadpe U Jusyl Ol ol el Ol el
VEY Jle ooy g ed oo 35 FVOFST 5 s Yery
250 e o2 Ll a5l Ay S 6))7(*:0.'
Lo oz 5d Ol e e85 15 b))
Lo os pfdjw Verr CBl s b S 51 eslind
Sinand ) A el SOUL s @S cele YF
5 0l Kkl Jf ojlas 1 oLl sl .(Kadioglu, 2021
Ols Kl ol oslae b ol s pailes dnSliss S35k
ol O sty Jo s el DA sae 00 blusS
Copoh do)d Sy e Su S p b s b OUS
B ga pesle 4 kS e ety s ol
Sl Vb i 3G a4 i esls S8 Lo
- hiel 5l aals s @l Al eas3l lasslas
Sl Ol esleal bl el b el eily
Y Gl las (el Jedly A eslinad Free JSONS
VYD /Y o e Ol ST ol ejlae 2 s 0 S 80
SLESL 53 s m Sayk O J e 2 JKLLKS
o Sonler pslea 5 Ad el 3 Gls Sask
s YO gles 5 Ao VO s Cusby L sl
G VP Sde w body il ol esls Jlal oS sl
apaly; b b by Al el jasile colu jo 4l

Lo Sl s ejaler clod Olge 4 e Je s


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

OV gl sbas boddym psls aSligs S350 U

L)b&.o.& 3 6.:\.:.9

AL Origin 2022

Cou g s
N R R P X3 BT N C P e g
slbs Gl s s S (FTIR) T w8 Jis
demSlgs D550 3 3 g pliend DLS 5 iy ¢ 5
Job F b ansh LS arecib mld el eyl
et Sl a8 sl OLES R N LT s |
el AewSIs woslas O psilis Sles 2 TIFO
sl oobas 1 s a8 f 5 Y lachle b oedd
5 FYYA0 om?t FAYAY om?t (e ol ksl
S A pemen () SK2) A oS YOAT emt
el AwSIss woslas s gl LSlgs > Ti-OH
sl oolas 2 oS P s Y glachle Lol
5 Yy emtoasrveY em?t s s e ol Kbl
Dol iis ol )l () JKa) as @3 PYAVY emt
s33de 53 (OH)  JuSyoda 655 ool
Ls dalie YYVY/eV om?T 5 YYF4V0 ecmt FYS/40 em?
Ol O 4 VPO emT s s Lajls () SS)
(Antic et al., 2012) >33 s o3l> G TiO2 mhaws 55 o
sy cilhe pin Sllalie Lomls ol poeens
.(Chougala et al., 2017)

Bl 53 lls wpm @l ey W0 55
5 0l Sl ol olas glajles JuSenn o sl 0L
Ols KT gl oslae b ok s ppilis 1nSles Sl 5L
Ol Gl Cesm Ol Gkl Ao lackle
PO s il 5 axads) dob (Sialer e g0
S Ao gy 5 S dlel s s aalS S
(Y sbdsr) s

Ol L S0ls dnmlis ol 1 35400 gor S8 o 5 A
VINT) s o s G3eler o o jS oS b
Frochle b eddyma padlis LnSles S350 Sl (Ae s
(F Jsae) a5 Jols 0 ST T ojlas 2l 53 08

Coslre 2 azalS L 05 Y s ol el
Sk NS G AL A e VL s edd sas wle 05550
o Jols L&an s S s VIO andenl b Y50 2 /00
AN g;.oﬂb.s\ﬁg:}b a5 F by pyaads ¥ Sl
Slr s Sl Jgle 5 old Sad mle i3y 5 500
YO g o o3lial SYBIS o 351 Cdlad Ol (6 Se 5100
Y s (e andnd Ve e 00) w5 3L 2 e
A5 S P 5 0dd g (Vsa s 0) eS| Ol 1) oo
0 e Ol 5 A il [ﬂsu.'@ elom 52 L;“-.’.PTULA“
Sasi g Sl oas ) eslial b sl YE = b
518l & g0 gl A ekl Sl il UV 2100 Jute
Sl Ol 8 eslinal Nao /D0 Sl JS— 5
2 0B 0555 3 ol Dlh el VB 5l
.(Sudhakar et al., 2001) . aculoes 423>
Ol o sbiens igbud OgaldenSl Ol
Jds = azalS Df SO g 3 Sded OseslilnSl
Sl S 55 ko ) S e Ve s i
Ads 3 43 N0 L3 adds Ve e a4 Ses Al
Pl Jols sl Jole 5l 2l VoAl 55 Sl
S Aol Szuls IS (65 don Vo Jshoms 5l 2 e
Jol SdeeS s blos ool S sl s +/0
5 S B8 mle a3 A0 sles L3 aiES T S &
e ¢ T W g 3 8 e 3 T ples iy
Oljee BAS Jsos il 423> )3 5 Vever s aids Ve
3 OVY laz sedsb 53 S OsemlbenS] p der Dl 85
Jho pogishy Sl olKins 31 eslizad L jzegl o
O el denS] s Ol S ol IS 0l il UV 2100
F 055 e 2 drsSe 53 ol Sl el iy
.(Stewart and Beweley, 1980) & acwl>es
ey b eslaad b bl ap gLl w
5 LSDsy 0se31 5l eslizad L s Kls anclia SAS 9.4
s plosil Excel 2019 i3l 5 51 sslial L s JSC5

APl b s ans S ik ml


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i ov

nittance (aw)

Tio,

T T T T T T T
4000 3500 3000 2500 2000 1300 1000 500

Wavenumaber (cm')

Transmittance (a.u.)

Tio,/Extract (30 g/L)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumaber (cm™)

Transmittance (aw.)

Tio,/Extract (60 g/'L)

T T T
4000 3500 3000 2500

T T T T
2000 1300 1000 500

Wavenumaber (cm™)

Os KT sl 5 5T 0 jlas b o oo 0555 dmS 155 S350 (FTIR) & jug b 4y oo (o mli - IS

53 013 KT o jlas b odd i paslis AmSls D550 5 Ols KW ol £5 o o )las AU bl 45 @l - s

s oy Sl s Shy p ilsw gbohle

Sl S s Gieler Se e el dons @bl e SIS
FEV/TY ARGV \TER A \ s
FAV/EAFF YVA/Y £*¥% AVVO/YVF* Y laolls
A AR V5 VTEE \ARETAN S Al lacbale x s

VO/IAV Vaxs \TAYZ \$ silesl gllast
VY700 Ziay Y/ A - (Ao 33) Sl ks o o

SR Aoy O /rr 5 YO/ e L s Ja 2 L
2 bl bl JiSen bl s (F Jsd) sl
(RS 48 33 OB 55ty 32 od Galr s e
@ Gy 03 o VA 5 YIY0 s fa) sy il s
S35 Ol Sl ol ejlae 1) 53 0 S Pkl
olas 2 2 p 8 fe chle Loeddgma ol AlSls

.l LSD 0_9.4)1 33 de2 s gSJ. Jles!| sk I 6)‘-5@ P

Fros Y slachle b oeddpia oyl nSlss S350
SV dals b anslis 3 0l Kkl T lae 2 5 0 S
ol alS 1 i Ja 2 Ll Sialer dwus AY/SP
ASles Sldeb a8 sls olad bl anslie (F Jsus)
oslas ) 55 e S P 5 ¥ e b el i ol

il Ol sl LT olas b awglis 3 0ls Skl i


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

OF gl sbas bodd e psls aSlgs S350 S

L)b&.o.& 3 6.:\.:.9

53 015 Kol o,las b ol i P AmSTg> I3 50 Ols KT canl S5 o ojlas 53U Lubyly 4w @ - dsr

s ol S5y Jb sl asls il sl kls

S Q)_} B _
) walS 505y el b aen, db bl S
aalS
,/‘:‘:ns ./‘«. ek \V/Aveieeie \;\;/\‘\ e \ )Lo.:.?
Y/YE R V/OVF INVARA 4O/AY ** v lacbale x s
Y ie A ViR «/OA V& simlesT gllas
YO/¥4 Y4/AY /vy AIYQ - (ho33) Sl oS o oo

Az LSD 050 s Ao s gy 9 S Jleil gl 55 (gl gme i S 5"

&

55 01 KT T ojlas b ok i p s S ligd S350 Ols KT T oyl tiSen » 51 Kl aylie @ ¥ dor

s o yd Sl s Sy p ilsu gbohle

. lacble basled
P TH eI Gas/yk) (As3)
Yy d 16/44 b VYou/ea @ (Jb:au]) dall
Ys/8. 8 v/va© Yf/550 AR f; Y Ols Kol o o jlas
YA/VY b Y/VO® \idde A S e
YE /v VA8V Vee/en? (aial) dals .
LeSlgs ol 6t
\AvARR V4/4¥ 2 aq/vy2 olas 0o o5l dnSlies Dl)3 50
Lot 2 p gl
YO/AY 2 o/5 4 d YF/ee A e ST s Sl
) Ols sl ol o liae
Y4/vy be VAV VV/YY e A S e
0740 \VAR Y/YV LSDs%

0 RS b (gl ne (5Ll IS Ao s gy el pea 3 wlie g b sl Kle D 8 0

Ols Kbl ol e jlae 23 s oS Y chls b Gl i
2 p ST eslas boedd i p5ilid dnSls S350
S8 e e S (F ) s Ol ST 2
Ols Kl T oslae 1) 53 0 ST clale S sl 0L L
2 p ST chle b s ppilis dSls S350
S SR e O W T ol 2
o2l b aslis 53 Sgosba (sl o Hh Sodler
Gl sl s YVPA 5 YVAY  idler S

(f Jga)

Loles aslie s (F Joir) il Gl ols Ll
Sl od Sl Ao b pKes &S sl Ol
A3 e S P 5T Glachile b edd s ppslis ASlss
S e o YA/E 0 s YAIA 5 S 0l Skl T o las
o ooslae s balle oles U oalie 3 1) Sidle
(F Jsds) sl j2als ols Sl
e Sl @B oLk Gkl e e
R S sl 0L ey Jam ody Skl e

ds 2 Ll Sl S cuye (YOAY 5 Yo/80)


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i o¥

53 0l KT ST oyl b ok i p 55 S lisn S350 Ols Kol o oylas j2iKen 5l Kl 4 lio @l -0 Jyu
iy dap el S5 5 Jab sl pasls e glackls

Sz 055 eelS S 05 sl db el b
_ _ _ laclale Lo
(e Suhe) aals (S ) (el (resla)
\/4e ind VV/OA? V0.2 Glaie ) aals )
_ gé"l a)L.a.F«
\/eve \/qy P \Ual VYD A e ST i
ols Kol
AR C VY V/aee /Yo d A S e
/440 V/v4 P iz YY/YYD Ghieol) aals deSligs <3 L
Y/'?a Y‘/Y/\a \~/Y‘Y‘b \\‘/FOa o)L.,a& Q).,b r):.rh::; Js.:wslé.) C)‘).}fl.v La.l.ﬁf.\..» fft:;
VA¥D AL $IAS @ 4/45° FARNNAS o olas
Ve¥ec o d Anik L/qy-de FABNSSS ols Ko
/YA +/¥4 o/Qn Y/ LSDs%

0 RdS b (gl ne (5Ll NS Ao s gy el pela 53 wlie S b sl Kle D 8 o

Llles (iSln 1 mls el Sl 5 5 05
Sy iy Ja amalS 505 alS sdmsplil ekl
55 0l Kl ol oylas 2 s e S P Y slackls
L axalS 5 03 dous VANY 5 SV dals b aolis
psols ASles S350 fzman (0 Jsdr) Lols alS
sl oolas 2 oS P s T glachle L oeddgua
5 058 doys VY08 S YE/AY dals b anglis s Ols Sl
Sl 0 dsds) dsls als |y i Js 5 analS
gl &8 das e Ol 0 dsdr s b Sle alis
A2 e S s Bl Ledd e ppslis Sl
oolas s lackle Olea b oacslie 53 0l SKlol J..T oslas
5055 Ghens VO 5 FVFA 2alS o 0l Sl T
835 oSle amlis mls iamas ol b L2y Jo 2
m6e gl oS das e OLE O Jadr s amalS S
Ao e S P s ekl Loeddsma oyl LS)
e S P 5T Glachle b anlis ols Ll T ojlae
OF/FA 5 VXA 2alS w0 e Ol ST T ojlas 2) 55
(F o) ol ol azealS S 035 o3
das o OLL £ Jgder Cu :‘54.;.;.! 8 el AeS | 3 Ol 0

s bl ey el ardle 5 axady, Jsb
aradyy dsb ol 8 o Ol ey, Jsb s kils
AeSlgs Sl 5 asls 5l Gre ol VY0 5 VEOY)
0 Jadr) ol sy Ol Kl ol 6 5lae 05 pasles
S Gl AT 5 VY ety dob S e
sl 5 ol Kl T ojlas 2 5o oS Frohle
olas 2l 55 08 P chle sl p sl LuSlss
SRl Sl @l 0 daa) A fols ol Sl
El pramer g axals,; Isb el bjles s chle
sy Ol s il Job o bakile L bl 2iSan il
A S F s T ekl Wali b aglis s S
Ghos AVOA 5 YEN e zals el 0ls Kol ol o las
Lokl i psilid donShies D350 o5 oo axadl b
55 0l Kkl ol oylas 23 s oS P s Y slackls
Jsb Gdo s AF/SY 5 Yo VE 2alS Cor g dali b acslis
Ol Ka L bl anslis (0 o) s axale
o oslae b odd poslis AenSlss S350 S das e
glackhle ;s ol Kl T ojlas L awslie 55 ols ksl
G Yo/on gV e/08 fals 4 e 2] s rﬁ% AR
(O Jsdr) 35d o amadle b


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

00 gl obas b odd e p ks aSlgs S350 S

L)b&.o.& 3 6.:\.:.9

53 01 T o las b odd i p oS deaSliss S350 Ols KT canl S5 o ojlas 53U Lubyly 4w B - dsr

s Js  amalS 53 (s O grsldenS T 5 SYLIS ‘.{}si b il glaclale

SV 5T el

ERREN

S Ol 105 D
) EE YYAAQY #* \ e
YOV YEVE/AQFE Y lacdale
ofea¥q e \AAAVARR Al lac bl x lus
rvaast AR V¢ imlesl gllast

£/4Y V/£0 - (Ao y3) O s o oo

ol LSD O}A}T BERE P g&; Jlaa>! :]= 8 6)"";;:"" £y

53 013 Kol o o )lae b ok 2o p ol ASTis3 D346 Os KT o oyl jiSen 5l Kl anslio @& -V Jsa

poy

_ SV 5T el
S OS5

o P r;;;:afubu\ﬁ) lacLale LA)LA.;J
G lis S 2 Se) . .
(43>  pBs
AN KNS Glaio ) aals )
jJ b;'l DJLM
JAVO© VY/AY € s e S 3
f o Sl
/YYYVE ik A S e
Yy d 45/4¥ b Glaisl) dals deSlgs Sl 50
s d 4q4/v\ 2 oobas O p ool LwSles SIS L addjua o silis
/1450 VY/A @ J::jjg r;ﬂﬂ &YULA&
VY¥sa 00/f5 f A eSe SEPSE]
N3\ \/a¥ LSDsw%

0 RS b (gl ine (5Ll IS Ao s gy el pea 3 alie g b sl Kle D 2 o

e 01 ST o ojlas 2l 53 0 580 5 ¥ slac kil
33 G OpldnST L gdsns YEO 5 VeV il
NV dads) Bus i ds = azmalS
&S 3ls 0Lis il e mls Y6 S"U‘ﬁ s
ck.”;ﬂutswﬂ;;gwjug,m;}u)ug iSen
Cled eSS (P dsd) ss s o)y Sl
2SR S sS4 ol Dl s 00/YF) VLS 5
Chle b odd i o 5ilid denSles D350 Jles o (ards
V Jsd) s o 0l Sl T ejlas 1) 53 p S 20
lles s chle 25l oS das e 0L Y Jads b3l

ds e @L:J Sl e Aoy SO Jlez Ck.w 05 Sk
YYV) G O gl ST o i oS s OLES s Sl
eSS 7 chle @ Glaie (5 05 p S e S YR
AeSlgs D3l 5 ol ksl ol ojlas glajles 2 s
(V J}J\>) S u\sjial.’l.%] JI e)L.ﬁ_C« L oJ,J:J.';M fﬁ"tﬁj
psslis ASlss D3l 5 Chiel]) dals slachls
AYS 5 XY G /AY0) eSOl Skl T o las O
Lzl |y e OsaldenSly (5 055 08 2 o550
slackle Lol jm el LeSligs lys 5t YV Jsas)

Loamlie 3 ol bl T ojlas 23 5o oS Fes Y


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i o8

Ly ok Gkl dex Sl ekl OIS K3 58
Lalchand et al., 2021; ) s J13S 56 sl pn plail 5 a2y
oslas 3l eslinul &S cl sds 5158 .(Okrushko, 2022
S s 5 n ey W5 e ST OlLS
Sl My ety e (Jbs S Gl s
5 0SBl Gl sl cld slis g udidsi (aLS
or e (Mukondwa et al., 2019) (il J5e 4 Jialse
S 55 e O, Bl s e sl 0T LS 5l
< s (Rigon et al., 2018) ol ol i1 ady; 5 a3l
Ols Sl o jlaas doys VO 5 00 YO glackle JI w) ,
Aald b aslie 5o aS(gysbay o5 la e 55 3l
Lk el dens VI VY Al csl
s slas oS Wles S 0Ly 0l Siays .(Janusauskaite, 2023b)
sk aaler p ly Saslsil i e ol Sl sl
o OWlas 31 = 55 (Bashir et al., 2017) —.xls c.l.’f
5 dss al 0 S 5 b pbend T S50 ) g
S Ao (Macias et al., 2002) ol ol o L3l Lads 5o 5
U oo oo ol LS dex 5l ol 5 ol okl
5ol el SSsr b (e S5 WO
eeen (Macias et al., 2019) Wy ol 1) Lans 55500
sy 4 oSS Kb 6K sl abet
DS O T S elas 5 5 Lo sSY 5 b f5skls
iS5l 0l a3l cnl s (Marsni et al., 2015) Lloas
Sl el ol Kl T ejlee chle il
Prs Y slachls Sgysba 00 g OpmlbnS]
Qs X850 5 Y88 O Kl T ojlas ) o oS
om0l it cpl sls SR gded O el dnS)
Sl el &S el 05aSt sl GG, s
35 0 gl slid s O glatud Ognltns)
S X35 Ol O Kiasn (Khan and Panda, 2009)
5 UenSI BT gl 5T b 2l 4 szt b pbiant U
(Mokhtari et al., 2014) Wi o Jolo lis o 50
Ols ksl o1 ojlas clale (a1l oS col sl 5,158

s Jap amalS s VO gl el als el
olas 2l 5o 880 5T Glackle Sy ba 50
S VP Al o s boanslis s 0 Kl
S8l rmen S VLIS vw'j CJles gdo s VYN Y
A2 e S P 5T Gl hle Lsdd i b pslis 1Sl
YOAY als Gl dals b oacolie 3 0l Skl T o las
(Y Jsde) L0 VB o 5l e Jled (o3 YY/VA
oz spacile a8 b ol bt glaeslg
0 S 28 e 18 eslial 3ppe (65,5lAS polpe > i
Gacdde ol s Cwglie slewl L;E.&uw..:) Ol s Jch
Lo bS5l W pReS R, S &) s 4 Ol Kaa s,
Shestizad b O3l pew st Az Of diedda J xS 5
Sl ool laiss Bl S NS e LS slaes sl
@ O Y el 5 ole) Ll 5 n slacidle Lojsls
St s ol Kl T ojlas o sls Ol Jalesl o0l
5 O ST T ejlas Loeddma pail 4Slss
5 b soarls s Lk sl il glackls
s oamale Job wnaly) Jsb e 5l e do s S5
ol Al ol ssba 1wl Six s 5 05
s oKl ol ojlas oy ol il Sk
Ols Kl ol oslae b ol s pgiles dnSliss Sl53 5L
0 olS O SELUT Sl i Wl Sls pme 288 4 e
Gl ey OT glacbale 5 b olans T LS 5l
3 el Jolse Sl ol 5 e Ll i S s Lol S
Sarvadamana et al., 2019; ) c.l od a8
.(Nafees et al., 2021b; Janusauskaite, 2023b

SSL T oS S (Helianthus annuus L) ols Sk
LBl 5 o 4S el (Gl oland ST SLS 5 glls &5 ol
Debaeke et ) dil S0 31 slee OLLS iy Jlé sba

al., 2021; Nafees et al., 2021a; Flayyih and Almarie,
s S 5 ol JoIS Gb sl ols 5ol (2022


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

OV gl sbas b add e psls aSlgs S350 S

L)b&.o.& 3 6.:\.:.9

Syl i & 5 5 (2013; Larue et al., 2012
ol of (Frazier et al., 2014; Korenkova et al., 2017)
Osks paslis dnSligs S350 Siebosl al s ol sl
Lo s p Wl b elie 0 S T e olas
Sl Do Gkl Se e (Goeler
Jsb abex 5l amalS S35 5 Job glaasls Ll scls
ol S S 035 5 axalS 5 055 e dle Jsb iy,
OVAY 5 YADF NPNF AF/0) o e dals b acslie s
LuSlss gl a0 Jhia asl 158 Ao s
Proa T glackle 5 aals b anslie 5o ojlae Oy pyilis
odd s o amalS Al s w1 s e S
03 S Lypoas 5 Olllas 31 &y J= l Lol
43 U:;L;; LSl Odsl &S cl edd aB
Lol 0Ll wsy 5 Jialer p e SIEVL e kle
S .(Marslin et al., 2017; Romano de Melo et al., 2021)
SISl a5 @ Wl il aSliss S35 o s
Marslin et al., 2017) 555 o o3ls ol O3uuS] 305
o bt L alg e 05ST T Gl
o o 5 eols STy i sladgdsie din b gLl
See BSE L s e OseelinSl, Il sl
Romano de Melo, ) L 5i &) 505l 50 dowl odias [2iSTy
O3S b IS, ol esde (et al, 2021
5 SEss ladd il oS Sbe o g
wlis s Sae 3 Il 4 e 5 obiley el Loy
Romano de Melo et al., ) L Jobe S0 5 LSIL
«= S| .(2021; Dayem et al., 2017; Marslin et al., 2017
A S 3550 0381 b GGl ST nl s
Sl ol s ol gl Kb aaled bl aw K
LSlgs &l 3 6t CLQ aglie bl (gdod O senldnST
S35 0Kl T elas bbb el
A Gl e e e woplas Ol p il STss
St b ol Kl LT ojlae 53 552 50 gla plans ST

3 Sl el LAl e el LS

il i OsrlleSTy 5 S Calte Rl o
C’L" .(Boghatek et al., 2006) .. Sinapis alba ;,»
oS sls Ol 3 el cnl 53 VB 5T b e
W T el el sl bl chle
e Df Fo oV slackle s Sgysbay o e
Sl Cage dals boanslis 3 0 Skl T ol
Sl Lledd SYBIS o 5T b (g3 YYNY 5 Y8/
e i o SRl 4 e VB Bl el
PiSen Al ekmsolis GRSl cpl s o spd e Sk
A s G OplitenST oy Rl s lale b olales
Oar 5 ool on @B 2y W 3T el
Sl ol Kl T ejlas 31 aS sl Olis (1744)
BRVESEIS > MCgNH RGPS R TN C T P
chle Julpl b aSesba oy Jboae Jimy ds,=
VP a8 Dot Shd OsenldnST s Ao 13 Yo U o jlae
Py JECTPRTE s [ CPUR RGN PO PR Y L NS
3L als ds s
sl oeobas Loe el AeSlgs Db sl
slackle s ol Kbsl &T oolas b oawslise 5 0ls bl
G Shs 2 ity Salsb gz s e85 Fe 5 T
ol amalS Sis s Jsb o sberls 5 el
(Ao, 00 5 Y0) Salsmr doys oS a4 e 4S5 5bas
YAUAY 5V 008 amssle Jsb (Ao )s VT/A0) amads; Jsb
5 (Ao, SYVA 5 YO/AY) VLS vﬂﬁj el g (Ao s
Oly g ol (Ao)s £/0F) (s OgenldnSl s 2ol 53
cde el cw Sl e il S el el
It 5 Of Sl 1Al Gk Sl edd s e O
Gl 5 e sl el sk (S plie slac b s
OV OLs 5 cadulSul) s5d 0 sl Sodl e
OS5 05 pslis AwSles Sl gL Sl ol
Ciles Sldlas 3 OlalS i, 5 gsale » (S
Ol Sl 31 ol 5> Sgsba cl ailae

Andersen et al., 2016; Feizietal., ) \i,) S e 5 2ol 33l


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F o ( alS 5 5,18 5 i OA

sl (S5l LA e ples ASlss 35U
b okd e pagles AnSlss ldpl b LY 51 el
L sacile galer glapasls 0l ST T o jlas
el Sl 2l 5 e Ol I3 4 Ol e
58U sl 3l eslial L addlas ol sl Send SVBLS
Sl Ldia 5 el sy oS aLlS slse enl S5 cols
Losyls asT ol 5oa glacile Sl 5 S3aler il
sl obas e Gl g by sbgiasy - o
oslas b sdd s oyl AnSlgs D34 Ols Ko
soacile amalS SSdp g slodls p o Sl

C,..w\)l.q >0 v...i.;-) JJJP-

ol Kl

VXA Cgan s ook Sl o s ol s
oSl b il 5 (5355LES o aSSls s gl
3 ) Kl 3l dlie O M 5 ool sl G
5 Ok syl Gime oKl Jb glacale= 1
el clisgas (ol 1 b cags = b ol 0 8 G
Aol e

AL e iy Js 2 amalS Sis s Jib sl el

& S 4o
Sl Sl o SaS rags ol olaal sl S
Sl ol Ve W 3 b 5l Sl (g5lES
SIS ety 5l i bl G slame 5 g ges
A gl 53 b iSle G pme RS (LS S g ol
oo o o 2S5 )8 51 ab eecns 5 O blke
Ok 2o sle A5 4 o8 ol ol DY same o]
b bl p S dalg SaS pberd LS 5 enilagly
S osbas by ol a0 T T ojlae lesl ol
S ol ke 2l b e plis deSTiss S350 L Ol e
ety dob (sl el e 1) 3 e S0 e
S S bl 5l amalS Sl 5 5 0hs s aedle
o Ol T ojlae O ol ASlgs 340
L3S e il wmalS S35 5 sk sl parls L1
Gl axls oy 2 L ol opl SKolssb ol il ol
L osbas O jo logast 5 olS oslas 55 kil el
Aos Sl 4 S i easlis LuSles S350
Lol Kl ol ojlas st @ las Sujlssl 0 esdle

@\:.a

;”MQL.»: Q;J e)L.a.O j:JiU O (\f'\‘) JBM ‘("'.YA‘J"\JT 9 4;«5\ ¢JJ~{J§ €3 grn cda.&u g&& 46.>L& dadold ¢L;.:Jw.>—‘

Dlidi 5 o 4le (Sinapis arvensis) _i>, Js > ;acdle JSials>  (Avenasativa L.) Y, 5 (Crotalaria juncea)

DOI: 10.22124/jms.2023.7605 N\-\4 (Y) )+ O/ o/ b

Crotalaria ) WQLA e)l...a_c J;JL (YE)) tjfij cﬁh\ﬁ\di 39 cJ.:S\ ¢JJ¢“}§ 3 g2unn ‘dwiu ‘u’l’:’ ‘LS’L.‘-“ cdadols 4[.:3Ju¢.>\

AN DT ol clier 4l e glacde 51 S Siale  OlsS o350 Loedidlse s (juncea

DOI: 10.30495/jsr.2023.1988281.1257

9 b v.'sj'dj\ﬁ kgl.aupu IR YY) Lo i (pl 9 s NSV PR VES ‘Ml ) cdodane U S

VY-AS ()0 Ol b (sla ings 0,350 4w I cos (Guizotia abyssinica) obuols asalS ol gl (gl gioms

DOI:10.29252/yujs.5.2.73

Lguu.&t.u f}" 2 QLAL:S &:Jlijlﬂ J5| (\VQQ) L)—l]md cb\}w 9 M.;lz%) cv_.é)l..,o o cu;ubﬁ u’<'u ‘j)')T ‘)J‘J’é

DOI: 10.22124/jms.2020.4268


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

04 gl oslas badd e psslis AnSTiss 55 50 A OLKen 5 gole

L{ U'st L;LAAJJJ}:L: ‘_gLAJLQ.:; Wuﬂ (\YAO) L;k.& cQLi)L'.wa 9 cJ‘)J.@J g)mb) 4.)\:.&.7- GL;"L:; cL;(MW ‘L;M} cQLAi‘ cQLA)J.i
colidCans j alees) aLS sla yia sz (Myrtus communis L) 5550 4555 50 Ol oSl 6l (S3d 5 sland Hles
DOI: 20.1001.1.23832592.1395.29.2.6.0 Y +A-Y++ (V)19 (/1

Amaranthus ) o3zl Sl 2 Yy ojlae L OIS e su J,;‘k: OF0Y) aabls e 5 (e (sole
NNV DY el ooléi=s (retroflexus

NYY-TNP 0000 Ol ol sl alons
o (Helianthus annuus L.) g\;ﬁuﬂ s See Joall Ko (V¥4 ) Al (63 5000 5 codarer ¢ Sk o () (g allan

NY=FY () (ol b (58 Olws S 053 s Tl 15 55 SIS (S15 5 b w S sle

Ahmadnia, F., Ebadi, A., Alebrahim, M. T., Parmoon, G, Feizpoor, S., & Hashemi, M. (2025). The Efficacy of Sunn
Hemp (Crotalaria juncea) and Fes;O4 nanoparticles in controlling weed seed germination. Agronomy, 15, 795.
https://doi.org/ 10.3390/agronomy15040795

Andersen, C. P, King, G, Plocher, M., Storm, M., Pokhrel, L. R., Johnson, M. G, & Rygiewicz, P. T. (2016).
Germination and early plant development of ten plant species exposed to titanium dioxide and cerium oxide
nanoparticles. Environmental Toxicology and Chemistry, 35(9), 2223-2229. https://doi.org/10.1002/etc.3374

Antic, Z., Krsmanovic, R. M., Nikolic, M. G, Marinovic-Cincovic, M., Mitric, M., Polizzi, S., & Dramicanin, M. D.
(2012). Multisite luminescence of rare earth doped TiO, anatase nanoparticles. Materials Chemistry and Physics,
135(2012), 1064-1069.

Bais, H. P, Weir, T. L., Perry, L. G, Gilroy, S., & Vivanco, J. M. (2006). The role of root exudates in
rhizosphere interactions with plants and other organisms. Annual Review of Plant Biology, 57, 233-266.
DOI: 10.1146/annurev.arplant.57.032905.105159

Bashir, U., Javaid, A., & Bajwa, R. (2017). Effects of aqueous extracts of sunflower (Helianthus annuus L.) on
germination of seedling growth on the selected wheat (Triticum aestivum L.) varieties. Bangladesh Journal of
Botany, 46(4), 1323-1332.

Bogatek, R., Gniazdowska, A., Zakrzewska, W., Oracz, K., & Gawronski, S. W. (2006). Allelopathic effects of
sunflower extracts on mustard seed germination and seedling growth. Biologia Plantarum, 50(1), 156-158.
https://doi.org/10.1007/s10535-005-0094-6

Boghtek, R., Gniazdowska, A., Zakrzewska, W., Oracz, K., & Gawronski, S. W. (2006). Allelopathic effects of
sunflower extracts on mustard seed germination and seedling growth. Biologia Plantarum, 50(1), 156-158.

Casas, L., Mantell, C., Rodriguez, M., Torres, A., Macias, F. A., & Ossa, E. M. (2009). Extraction of natural compounds
with biological activity from sunflower leaves using supercritical carbon dioxide. Chemical Engineering Journal,
152, 301-306. https://doi.org/10.1016/j.cej.2007.06.027

Chand, L., Soomro, A. A., Buriro, M., Chachar, Q., Kandhro, M. N., Shaikh, T. A, & Said, F. (2022). Weed
management in maize (Zea mays L.) crop using allelopathy of sunflower (Helianthus annuus L.) and Johnson grass
(Sorghum halepense) aquatic extracts. Journal of Natural \olatiles and Essential Qils, 9, 776-790.

Choudhary, S. K., Kumar, A., & Kumar, R. (2020). Novel nanotechnological tools for weed management - a review.
Chemical Science Review and Letters, 9(36), 886-894.

Chougala, L. S., Yatnatti, M. S., Linganagoudar, R. K., Kamble, R. R., & Kadaevarmath, J. S. (2017). A simple
approach on synthesis of TiO, nanoparticles and its application in dye sensitized solar cells. Journal of Nano-And
Electronic Physics, 9(4), 1-6.

Dayem, A. A., Hossain, M. K,, Lee, S. B., Kim, K., Saha, S. K., Yang, G, Choi, H. Y., & Cho, S. G. (2017). The role of
reactive oxygen species (ROS) in the biological activities of metallic nanoparticles. International Journal of
Molecular Science, 18(1), 120. https://doi.org/10.3390/ijms18010120

Debaeke, P., Casadebaig, P., & Langlade, N. B. (2021). New challenges for sunflower ideotyping in changing
environments and more ecological cropping systems. OCL Oilseeds Fats Crops Lipids, 28(29), 1-23.
https://doi.org/10.1051/0cl/2021016

Dhima, K, & Eleftherohorinos, I. (2005). Wild mustard (Sinapis arvensis L.) competition with three winter cereals as
affected by nitrogen supply. Journal of Agronomy and Crop Science, 191, 241-248. https://doi.org/10.1111/j.1439-
037X.2005.00152.x

Fatima, S., Ali, K., Ahmed, B., Al Kheraif, A. A., Syed, A., Elgorban, A. M., Musarrat, J., & Lee, J. (2021). Titanium
dioxide nanoparticles induce inhibitory effects against planktonic cells and biofilms of human oral cavity isolates of


https://dorl.net/dor/20.1001.1.23832592.1395.29.2.6.0
https://doi.org/
https://doi.org/10.1002/etc.3374
https://doi.org/10.1007/s10535-005-0094-6
https://doi.org/10.3390/ijms18010120
https://doi.org/10.1051/ocl/2021016
http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F W alS 5 5,18 5 dul 2

rothia mucilaginosa, Georgenia sp. and Staphylococcus saprophyticus. Pharmaceutics, 13, 1-15.
https://doi.org/10.3390/ pharmaceutics13101564

Feizi, H., Kamali, M., Jafari, L., & Rezvani Moghaddam, P. (2013). Phytotoxicity and stimulatory impacts of nanosized
and bulk titanium dioxide on fennel (Foeniculum vulgare Mill). Chemosphere, 91(4), 506-511. https://doi.
0rg/10.1016/j.chemosphere.2012.12.012

Flayyih, T. M, & Almarie, A. A. (2022). Allelopathic effect of sunflower residues on some soil properties and growth
parameters of wheat, bean and flax crops. Revista Bionatura, 7(4), 38. https://doi.org/10.21931/RB/2022.07.04.38

Frazier, T. P., Burklew, C. E., & Zhang, B. (2014). Titanium dioxide nanoparticles affect the growth and microRNA
expression of tobacco (Nicotiana tabacum). Functional and Integrative Genomics, 14(1), 75-83.
https://doi.org/10.1007 /s10142-013-0341-4

Gherekhloo, J., Hatami, Z. M., Alca’ntara-de la Cruz, R., Sadeghipour, H. R., & De Prado, R. (2018). Continuous use of
tribenuron methyl selected for cross-resistance to acetolactate synthase inhibiting herbicides in wild mustard
(Sinapis arvensis). Weed Science, 66, 424-432. DOI: https://doi.org/10.1017/wsc.2018.23

Grand, F, & Tucci, P. (2016). Titanium dioxide nanoparticles: A risk for human health? Mini-Review in Medicinal
Chemistry, 16, 762-769. https://doi.org/10.2174/ 1389557516666160321114341

Igbal, A., Hamayun, M., Shah, F., & Hussain, A. (2020). Role of plant bioactive in sustainable agriculture. In:
Environment, Climate, Plant and Vegetation Growth. (eds. Fahad, S., Hasanuzzaman, M., Alam, M., and Ullah, H.)
Pp. 591-605. Springer, Berlin/Heidelberg, Germany.

Janusauskaite, D. (2023a). The allelopathic activity of aqueous extracts of Helianthus annuus L., grown in boreal
conditions, on germination, development, and physiological indices of Pisum sativum L. Plants, 12, 1920.
https://doi.org/10.3390/ plants12091920

Janusauskaite, D. (2023b). Allelopathic effect of aqueous extracts of common sunflower on seed germination and
growth of field pea. Zemdirbyste-Agriculture, 110(1), 17-26. DOI 10.13080/z-a.2023.110.003

Khaledi, R., Fayaz, F., Kahrizi, D., & Talebi, R. (2019). PCR-based identification of point mutation mediating
acetolactate synthase-inhibiting herbicide resistance in weed wild mustard (Sinapis arvensis). Molecular Biology
Reports, 46(4), 5113-5121. DOI: 10.1007/s11033-019-04967-5

Khan, M. H, & Panda, S. K. (2009). Alterations in root lipid peroxidation and antioxidative responses in two rice
cultivars under NaCl-salinity stress. Acta Physiologiae Plantarum, 30(1), 81-89. DOI: 10.1007/s11738-007-0093-7

Korenkova, L., Sebesta, M., Urik, M., Kolencik, M., Kratosova, G., Bujdos, M., Vavra, |., & Dobrocka, E. (2017).
Physiological response of culture media-grown barley (Hordeum vulgare L.) to titanium oxide nanoparticles. Acta
Agriculturae Scandinavica, 67(4), 28-291. https://doi.org/10.1080 /09064710.2016.1267255

Lalchand Soomro, A. A., Buriro, M., Chachar, Q., & Kandhro, M. N. (2021). Comparative weed control by allelopathic
influence of sunflower and Johnson grass residues and aquatic extracts. Annals of the Romanian Society for Cell
Biology, 25(7), 1752-1765. https://annalsofrsch.ro/ index.php/journal/article/view/10621

Larue, C., Laurette, J., Herlin-Boime, N., Khodja, H., Fayard, B., Flank, A. M., Brisset, F., & Carriere, M. (2012).
Accumulation, translocation and impact of TiO, nanoparticles in wheat (Triticum aestivum spp.): Influence of
diameter and crystal phase. Science of the Total Environment, 431, 197-208. https://doi.org/10.1016/].
scitotenv.2012.04.073

Macias, F. A., Mgjias, F. J. R., & Molinillo, J. M. G. (2019). Recent advances in allelopathy for weed control: From
knowledge to applications. Pest Management Science, 75, 2413-2436. https://doi.org/10.1002/ps.5355

Macias, F. A., Torres, A., Galindo, J. L. G, Varela, R. M., Alvares, J. A., & Molinillo, J. M. G. (2002). Bioactive
terpenoids from sunflower leaves cv. Peredovick. Phytochemistry, 61(6), 687-692. https://doi.org/10.1016/S0031-
9422(02)00370-9

Maguire, J. D. (1962). Speed of germination, aid in selection and evaluation for seedling emergence and vigour. Crop
Science, 2(2), 176-177. https://doi.org/10.2135/cropsci1962.0011183X000200020033x

Marslin, G., Sheeba, C. J., & Franklin, G. (2017). Nanoparticles alter secondary metabolism in plants via ros burst.
Frontiers in Plant Science, 8, 1-8. https://doi.org/10.3389 /fpls.2017.00832

Marsni, Z. E., Torres, A., Varela, R. M., Molinillo, J. M. G, Casas, L., Mantell, C., Ossa, E. J. M., & Macias, F. A.
(2015). Isolation of bioactive compounds from sunflower leaves (Helianthus annuus L.) extracted with supercritical
carbon dioxide. Journal of  Agricultural and Food Chemistry, 63(28), 6410-6421.
https://doi.org/10.1021/acs.jafc.5b02261

Mokhtari, H., Hosseini, S. Z., & Kazemeni, S. A. (2014). Allelopathic effects of sorghum on Milk Thistle (Silybum
marianum L.) seed germination and growth. Research on Crop Ecophysiology, 9(2), 115-123.

Muhammad, Z, & Majeed, A. (2014). Allelopathic effects of aqueous extracts of sunflower on wheat (Triticum aestivum
L.) and maize (Zea mays L.). Pakistan Journal of Botany, 46(5), 1715-1718.

Mukondwa, O., Rugare, J. T., Mabasa, S., & Mandumbu, R. (2019). Study of pre and post early emergence
allelopathic effects on selected weeds of several sorghum (Sorghum bicolor (L) Moench) and pearl millet
(Pennisentum glaucuum (L)) cultivars in Zimbabwe. African Journal Agricultural Research, 25(1), 1-15.


https://doi.org/10.21931/RB/2022.07.04.38
https://doi.org/10.1002/ps.5355
https://doi.org/10.1016/S0031-9422\(02\)00370-9
https://doi.org/10.1016/S0031-9422\(02\)00370-9
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://doi.org/10.1021/acs.jafc.5b02261
http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

3 R I PR o JU {PRICHPEP A OLKen 5 gole

DOI: https://doi.org/10.28941/pjwsr.v25i1.757

Naeem, M., Cheema, Z. A, lhsan, M. Z., Hussain, Y., Mazari, A., & Abbas, H. T. (2018). Allelopathic effects of
different plant water extracts on yield and weeds of wheat. Planta Daninha, 36, e018177840, 1-8.
https://doi.org/10.1590/S0100-83582018360100094

Nafees, A., Abbas, A., Us-Salam, I., & Hussain, F. (2021a). Bioassay test of allelopathic potential of sunflower
(Helianthus annuus L.) against mung bean (Vigna radiata (L.) R. Wilczek). Ghazi University Journal of
Phytosciences, 1(1), 70-79. https://jphytosci.com/index. php/GUJP/article/view/24

Nafees, A., Abbas, A., Us-Salam, I., & Hussain, F. (2021b). Allelopathic effects of sunflower (Helianthus annuus L.)
against Luffa cylindrica (L.) Roem. Ghazi University Journal of Phytosciences, 1(2), 124-132. https://jphytosci.
com/index.php/GUJP/article/view/29

Nivas, D., Uttam, D., & Dattatraya, G. (2017). Allelopathic effect of Excoecaria agallocha L. mangrove leaf leachate
on germination and growth behavior of Eleusine coracana (Finger Millet). American Journal Plant Physiology, 12,
38-44. DOI: 10.3923/ajpp.2017.38.44

Ntoanidou, S., Madesis, P., Menexes, G., & Eleftherohorinos, 1. (2020). Growth rate and genetic structure of
Sinapis arvensis susceptible and herbicide resistant populations originating from Greece. Euphytica, 216(12), 1-13.
DOI: 10.1007/s10681-020-02723-6

Okrushko, S. E. (2022). Allelopathic effect of couch grass (Elymus repens L.) on germination of common wheat seeds.
Zemdirbyste-Agriculture, 109(4), 323-328. https://doi.org/10.13080/z-3.2022.109.041

Oliwa, J., Mozdzen, K., Rut, G, & Rzepka, A. (2017). The influence of alcoholic extract from leaves of
Helianthus annuus L. on germination and growth of Sinapis alba L. Modern Phytomorphology, 11, 91-97.
DOI: 10.5281/zen0d0.1034526

Perry, D. (1981). Methodology and application of vigour tests. In Handbook of Vigour Test Methods International Seed
Testing Association. Pp. 3-7. Wallisellen, Switzerland.

Pula, J., Zandi, P.,, Stachurska-Swakori, A., Barabasz-Krasny, B., Mozdzen, K., & Wang, Y. (2020). Influence of
alcoholic extracts from Helianthus annnus L. roots on the photosynthetic activity of Sinapis alba L. cv. Barka
plants. Acta Agriculturae Scandinavica,Section B Soil and Plant Science, 70, 8-13. DOI: 10.5281/zen0d0.1034526

Rashid, H. U., Khan, A., Hassan, G., Munsif, F., Tahir, N., Zamin, M., & Shehzad, N. (2022). Integration of some
allelopathic species for weed management in spring planted hybrid maize under different tillage regimes. Journal of
Animal Plant Sciences, 32, 114-126. DOI: 10.12775/EQ.2022.031

Rigon, C. A. G, Salamoni, A. T., Aguiar, A. C. M., & Cutti, L. (2018). Allelopathic effect of aqueous extracts of
different organs of three sunflower cultivars on germination of radish. Bioscience Journal, 34(3), 577-586.
https://doi.org/10.14393/BJ-v34n3a2018-36771

Romano de Melo, G. S., Constantin, R. P., Abrahao, J., Foletto-Felipe, M. D. P., Constantin, R. P., Dantas dos Santos,
W., Ferrarese-Filho, O., & Marchiosi, R. (2021). Titanium dioxide nanoparticles induce root growth inhibition in
soybean due to physical damages. Water, Air and Soil Pollution, 232, 25, 1-12. http://doi.org./10.1007/s11270-020-
04955-7

Sahoo, T. R., Behera, B., Paikaray, R. K., Garnayak, L. M., Sethi, D., Jena, S., Raza, B., Panda, R. K., Song, B., Lal, M.
K., Kumar, A. (2023). Effects of sunflower residue management options on productivity and profitability of
succeeding rice under different crop establishment methods. Field Crops Research, 290, 108763. DOI:
10.1016/j.fcr.2022.108763

Salvadori, M. R., Ando, R. A., Nascimento, C. A. O., & Corea, B. (2014). Bioremediation from wastewater and
extracellular synthesis of copper nanoparticles by the fungus Trichoderma koningiopsis. Journal of Environmental
Science and Health, 49, 1286-1295. DOI: 10.1080/10934529.2014.910067

Sant’as-Miguela, V., Arias-Estevez, M., Rodriuez-Seijo, A., & arenas-Lago, D. (2023). Use of metal nanoparticles in
agriculture. A review on the effects on plant germination. Environmental Pollution, 334(2023), 1-17.
https://doi.org/10.1016/j.envpol.2023.122222

Sarvadamana, A. K., Singh, V. P,, Guru, S. K., Singh, S. P, Pratap, T., & Nath, S. (2019). Allelopathic potential
assessment of sorghum and sunflower on germination characteristics of Phalaris minor and wheat.
International ~ Journal of  Current  Microbiology and  Applied  Sciences, 8(10), 256-260.
https://doi.org/10.20546/ijcmas.2019.810.026

Scott, S. J., Jones, R. A., & Williams, W. A. (1984). Review of data analysis methods for seed germination. Crop
Science, 24(6), 1192-1199. https://doi.org/10.2135/cropsci1984.0011183X002400060043x

Sin, B, & Kadioglu, I. (2021). A study on germination biology of wild mustard (Sinapis arvensis L.). Turkish Journal of
Agriculture-Food Science and Technology, 9(4), 728-732. https://doi.org/10.24925/turjaf.v9i4.728-732.4054

Stewart, R. C, & Beweley, J. D. (1980). Lipid peroxidation associated with accelerated aging of soybean axes. Plant
Physiology, 65(2), 245248. DOI: 10.1104/pp.65.2.245

Sudhakar, C., Lakshmi, A., & Giridara Kumar, S. (2001) Changes in the antioxidant enzyme efficacy in two high
yielding genotypes of mulberry (Morus alba L.) under NaCl salinity. Plant Science, 167(3), 613-619.


https://jphytosci.com/index.%20php/GUJP/article/view/24
https://doi.org/10.13080/z-a.2022.109.041
https://doi.org/10.14393/BJ-v34n3a2018-36771
http://doi.org./10.1007/s11270-020-04955-7
http://doi.org./10.1007/s11270-020-04955-7
https://doi.org/10.1016/j.envpol.2023.122222
https://doi.org/10.20546/ijcmas.2019.810.026
https://doi.org/10.2135/cropsci1984.0011183X002400060043x
http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

VECF o $0 o led N F W alS 5 5,18 5 dul Y

DOI: 10.1016/S0168-9452(01)00450-2

Tanase, C., Bujor, O. C., & Popa, V. I. (2019). Phenolic natural compounds and their influence on physiological
processes in plants. In: Polyphenols in Plants. (ed. Watson, R. R.) Pp. 45-58. Academic Press, Cambridge, MA,
USA.

Trusheva, B., Trusnkova, D., & Bankova, V. (2007). Different extraction methods of biologically active components
from propolis: A preliminary study. Chemistry Central Journal, 1(13), 1-4. DOI: 10.1186/1752-153X-1-13

Xuan, T. D., Shinkichi, T., Khanh, T. D., & Min, C. I. (2005). Biological control of weeds and plant pathogens in paddy
rice by exploiting plant allelopathy: An overview. Crop Protection, 24, 197-206. DOI: 10.1016/j.cropro.2004.08.004


http://dx.doi.org/DOI: 10.22034/14.66.47
https://jispp.iut.ac.ir/article-1-2089-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-07 ]

[ DOI: DOI: 10.22034/14.66.47 ]

Y el sslas badd i pailis AnSTiss Sl55 50 A OLKen 5 gole

Investigating the impact of sunflower (Helianthus annuus) allelopathic aqueous
extract in the green synthesis by titanium dioxide nanoparticles on wild mustard
(Sinapis arvensis L.) seed germination

Ali Ebadi ", Solmaz Feizpoor? and Fatemeh Ahmadnia?

! Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran
? Postdoctoral Researcher, School of Integrated Circuits, Wuhan National Laboratory for
Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, P.R. China
(Received: 2024/07/04, Accepted: 2024/11/26)

Abstract

The increasing use of chemical inputs and their environmental consequences have led to the creation of strategies for
targeted control of weeds, including the synthesis of nanoparticles with plant extracts. An experiment was conducted as
a factorial experiment based on a completely randomized design with three replications at Mohaghegh Ardabili
University in the spring of 2024. The treatments included Sunflower aqueous extract (0, 30, and 60 g L), titanium
dioxide nanoparticles synthesized with sunflower aqueous extract at 30 and 60 g L?, titanium dioxide nanoparticles
synthesized without extract and control. Titanium dioxide nanoparticles were synthesized by the sol-gel method for 48
hours, and the type of bonds was identified using FTIR. Germinated wild mustard (Sinapis arvensis L.) seed counting
continued for 14 days, and at the end, seedling length and weight indices were measured. The results showed that seed
germination decreased 25 and 50% and dry weight decreased 21.49 and 53.48% in 30 and 60 g L™ of sunflower
aqueous extract by titanium dioxide nanoparticles compared to sunflower aqueous extract. The minimum radicle and
plumule length (1.20, 0.93, 1.90, and 1.33 cm) and catalase enzyme activity (55.46 OD ug protein/mint) were obtained
from 60 g L* in both treatments. The increase of lipid peroxidation in nanoparticles synthesized with 30 and 60 g L™ of
extract was more (10.71 and 3.65 %) than that of aqueous sunflower extract. The results showed high inhibition of
titanium dioxide nanoparticles synthesized with sunflower extract on germination and length and weight indices of wild
mustard seedlings.
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