[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

IFAY Jlo & ojled ¥ Al (aLS 5 S, 5 i 3

5N Angd et (S e B B ol L 1 S s L Ol S
(Vicia faba L.) Y3\ o\3 5354 63, 90

¥ . . Yo, - . \ I3 - \ s - .
S99 drw 9 d‘*@‘#é‘#ccﬁd‘%ﬁ ¢ CJ._"J;L-&);,‘W
A;J@J‘ve@.‘iﬂ:;‘5})}LiSam|:;63‘9;‘};‘0};"'}‘}3}?&\.‘55};' ‘&‘)33};‘ e
OYRY/E/X0 1 ol oy, AYNYAY tdlie 2l 50 5 ,0)

s
oS N5 aid 5 (NP Do ol dir S GLosi sl o f SU A b SIS ) sk 4
e T Y e i) il gl b Bslas SLS £ b B 53 oy s e LSS 4 b (b L
iS5 5 05 chradyy g araile Jsb wsiailer sad a3 lssae Sl ks 0L s Al plxil (3 4 p S
aops O o 5 2y TN Jlaiml mh 53 S s S 5 0,8 S les o carads, Cunslie  erady; o il
g Ot clle S s LS edkd Jlesl Syt s 5o 1) ol e sl Siale e 5 ale L)
rale Job Olaw )3 570 Jll mhaw 55 G54l Ob) dojs 00 5 S58lsr o pu cazaila SliE g 5 05 wlaw
dsb 35 sls s 1) Jlail i 53 03580 g 55 ol 5 azady ) Cuslie Gasld azady ) KOS 5 § 05y azaty; Job
Cdls 1) Ledile 5 bl plo b ls snn Sl o ey 2 5 p S e Yoo CBE Jlad o arady, S5 055 5 axaile
Al om 05 ARSI ) Hlagre Sl op ml ) p f)f‘}* Yoo Sl sl dob g ads) 05 e Cuplis Slas
Ol olsme a1 Jlazm! mhaw 53 Sl N 5o s gme 10 ez T 53 G50l S ajleg Jolie
S 3 i rﬁa‘:‘ Yoo Chle wsjalsr Had aldss y ady) Cuplie ady; S 055 Slie o eomen il

LR ‘))‘b‘;'M u:«hls ‘:ﬂf.\:.:..) MwJLA.; e‘;;).tﬁ‘f C}Lﬂj M)JO' )é}ﬁ:‘ﬁr;‘;ﬁ\" )L&.; e‘;;).tﬁ“”"
GJEJ _,.;U ‘3J|.\>..\;”"}J.3Js g‘,.;‘,.?l.i ‘)Bl.g BL\‘f “;jdlf :6J-:ls h:)\-ﬁ-ls

AJW W g ;CMZ\:J{ )\ o QYW :MJ.SA
Ghal 4SS s 5 bk 4 DY e i gl L hry s Ay sl 05 Ll Sl gl SU cms

5\ 355 (Joseph and Morrison, 2006) w5 55 sl N e SO P TN PR W RPSCI PCC I g e

J":j); 02 j"L’ Q]); )‘ C:""ﬂ eslaal 2 'J‘?S); ‘uﬁ}b | abjji Sy & aJ.l.J BE L;)')}L:S &.)‘:"U C)m
3 A gl e gl o Yy o Kl s 55550 (Moraru et al., 2003)
sl ol Dl bl 4 e Ll a Sl 2alS (65,5l SN pame (50 e il

mrtadayon @ yah0o.com : S 5 2SI oy (S5 ¢ s ok 5


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

b3l OF 53 23S 13 s 3550 Ol 5 003
5o ki b sl ey Sialer 4 w4 S edalis
LSt 5 s 0350 Sl a8 ke Yoo s
3 G0 el glackle 4k o 5 LS By (g
oialesl O s i saalie gols pme il (g5, AuS]
Oled ala L) Fol8 e (528 s 5L O sl e
.(Lin and Xing, 2007) sl.5

Sl g e, sU S ey 5 5 s ask
SO e F s L3 S s s Sas 5 ) e
el (el Yor s Tee e ) o Dl s o8
T Sl Slas sl Ol bl 23 8
(Seif sahandi, 2011) A3 ;4 5> Shae JalS (o f\&:

3 bl s 5 Sllllas S 8 e
B 3550 53 e Ul sls sy o5 OLLS 5L
Ll 5 il e Sl el oalS gl s ol
Shde (s es 4ol g Ras e sla s
ol 5 i BU Oy J s Al Lk
G, Jole Sl s G3sler ool e S
OF G SUl Sldllas 3 S6 a5 Al e YL oL

NGV P WS rt}u‘

Zuufa}J‘g.:l}a
Wl = b B s JosSh S 4 bl
S sl Sl s A el dKles] s sl
A }Y" AEEEF &Lﬁ%)}@;ﬁ}li}b)be.ﬁg
e $5U Bl 23S I3 s e A e S ke
a0l ol S50 S e 5 Galesl cpl s eslizd
ol S s e gl ag g Al Ol 2 UL
Cogr g Ldal 53 O s los gon QJl;-pJJa.iagijs 3l g0
ol 1S5 5 Of 3 sl 5 sl 3l 5SS
5 bl S ol&as 5l eslinal b o San 5 ol o250
e 4 (o Py Vo) Sl sl ol

S50 65U s LS oSl Jalee y3oagds Y

WAY Jlo & ojled ¥ W (aLE 5 S, 5l s Y

orat 2 L GLGS sl S i S
Lo 5 b3 ol 56 5 ees oS s WOT OE axal)
S ol SSslem Ol 5 Ol el b3
S 9o 94 ‘JW.TJL» asls aJu')' LQLQJ_}L.& S92 Sl U"{M
(Nel et al., 2006) <l o351

Oisfs IS xS s W 4 LA“Q
Uiars 5 DS paisel ) edd o 0 4 (6 phema]
Coenl (63,538 5 S5 0,81 Bl 5l S e Wl (JT
el L L (Thalji and Shalaldeh, 2006) .G l> (¢sL 3
e el Wl Jluss sl Wicia faba s
5 (Sattell er al., 1998) ol Srogys Ay L S,
S slageluy 5 G Sl (S 2 e
0> s sb 4 5 (Senayit and Asrat, 1994) 1L
LopS Gble 5o 56 5 Jhime 5 (e S 4e bl
Hawtin and ) >33 0 <25 Lo éa.w BIIEI'S) CL&JJ\
AL L seier Mo 4 5 (Hebblewate., 1983
«(Mc vicar et al., 2005) Rhizobium leguminosarum
St 5> S St Jel b 3 e B
S =0l 1 .(Graham and Vance, 2000) 3,15 (5, sLiS
Slss gl by oS Sose 4 S0 ol el
S3a3S Slaptunn ST 5 Sy Jae )1y (ol
Loy 5 G ol WS e Wl e
Bl e (Vo eh s 4 SLLS

aw 5 MZVI) 25 b jio ool 0,3 45U &l andlas
9 ;)bjb; dﬁht:s AJ; dw ;5’)4"[)} » ajj; US}:U
YO clale b el O gl s 45 il a3ls OLES QLS
oSk Vo shlens o8 0350 5 ) e S ke
.(El-Temsah and Joner, 2012)
BE (Nal’lO-A1203> B tw_}ﬁ RES) J:.WS' (S5 ca)\.lz
LS’)M‘)}J’):'SJJJ €J§6L:ﬂ Youn jY" AL 6@@2}9
‘}MS L)‘)jL?: “j.LS LA%L.)]?) eL\“§ 4);?4“:".’.) J}l&j


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

4l g gals B el 86U g eslue s S s 8L O S

MSTAT-C Jl8le 5 b o) 3550 Slio oSSl
Glresls Kle anslis (gl kb S 13 aslis 540
(LSD) (s,ls gre Pla= O30 5 ialesl 550 i
o5 Bxcel Sl53le 5 51 eslizad b lals sad 5 A eslizad

.JJJ.;»;J,f

@L’b
AT @l ady, Cuslie 5 4y, Jsb Wle Jsb
dsb wlo, dsb a5 s e 0L (V Jod) ills
JA JLQb-lda.»): ML iy y Coglis poomen 5 adle
5 ol chle ol sl 85U ocss
wxale Job olie oy &S das e OLAS Y Jsd>=
Ot 03 amadsy Sl pames 5 oazeds; Jsb
Sy Sols e sl s Jlesl D350 gla s
Shils o)l ke n S Csdsl Sk 4 clls
e Jsb 4 ol 5 ep Jbame SulE o 2l
ol camain s Jsb o4 Cand FONVA dslae LAl58
o Ol il A sdalie Ao s YV/AY R E At
f:JfffJgdL:‘Y“ cble s sale Jsb & das
e Yoo gV lackle 5 aals glajld 4 s
Jsb &8 (gm0 4 Sl b pae ol 2 (’J§
vgﬁmr“:)j€;&cﬂvu j\" 6L&¢JQLPJML;
53 23l OLES a3 WV/EY 5 A Y/VO AY/Y Jslee 200530
Chle wrals; Caslie Loy 5 axady; Jsb Slis
SLBE 5 aals s 4 S 2 oS e Yo
\)J‘AW&AGJM ‘Jzﬁjﬁ r)f‘.;.:ﬂ\'" j\"
Dde:a\‘n clle s amdis; Jsb gl oS sl oL
YANA 5 VMY YEYY dolee 28 S5 a4 2 5

G a amady, Ceglie Aoy gl s Ao

Sl rals W a0 S5 (6,858 5 ey el
Lols 15 ObalS o olarls b SVL ol bl (5L
i gl slaplll gl 5 S Sl w

ol sn Jslome b Gsieds 5 e DB ol
B (sl o pasie By b 55 ke O 5TV i
S a5l ke Ve S esls L3 sl
3 s S Blal s g a4 855 s slad o
Yool cod Ld, SCUl 4 Ll ool sk e
Sl o LS e 55, Y e 4 318 il a3
o RS C s oled eajailp il Slas G, T
Gl Lo pw Slio 5 e Jidler O Dl
oslanal b alyy Cwslis 5 Jialex Oley Ao ys 00 55
iy g azale b 5 Ll sl 5 slad s 2
Jlzms ©ool5 beadsy 5 @Ble 5055 5 o s &
O35 5 Ble i 0hs eomer Ll S 5 (5505100
Osl oaws 3 3 8 13 el YA Sl ado, S
A3 S (6,803l 5 S Sl a3 VO sles L

:(Maguire, 1962) ialer e

o Sl ey (5.G) =>(") [V] abat,
[ BE3) sl =t QLA) [ 03} 4.'»'_52.- 6&).}@ A =n
J.]m J)‘}A J::)Lo.:u

:(Epstein and Rains, 1987) j; «ls> Ol Lo )5 O
T50 = [(tz-t)* 50 + (pats = p1t)1/(P2—p1)  [V] sl
ol Ao 00 4 5l &S olags, sl 1y

Glgr L3 00 4y oy &S Hlass, sl ity cLlodews

Or 31 g esjailsmr 5oy dlex=l do s pr ekl (55

S o34l 5 dleaml Ao Py 5 Soalr Ao
o i%le Ao s O

:(Taylor and Foy, 1985) 4., s slis [V] alal

ol Ao s Slegd po axr dy, Jb

= FARK
Ao, Cuglie dald )3 axady,; Jgb

© a3l ol glaosls taesls 450 o LT

5288 3 o 5 e oy 5e SAS Sl 5 e


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

WAY Jlo & ojled ¥ W (aLE 55,8 5l S

el sl jles Con 0dd (5031 Sl il ls LT s Y i

K O3 K O 500 505 S glin Jsb Jsb PR Q‘;:.-‘J@‘J»
sl el ekl el araly; el sl ol
of O Y/vy 0 A (LS A7/ N V7 R 7o VA 3 o3 5t
oy VIR it VAL VIS 2L 1% Y/ C R d b Y ol el ke
vy YT A o e AT ey T e ¥ Ll bl ol i
YO Cfeaeay 00 Waaey FA/N Y B i Vs o
YV/AY F/IAY Y/ oY £/VE v/YS V/AY v/YS$ CH I U

ST e e ™ 570 5T el a3 syl e S ST 5T

Ml axadsy Caglie g araty, Jgb araile dgb Sliv O3k s 5 O3 5 sl jles ST amlie Jgdr — ¥ g

(em) azaly; Jsb

(A y3) amaiy ) Cuslis

(em) axasle Jsb

Ol 3 gl Cf

qq/5p @ Y/ON? Y/45 @ oS s sb
AV/VE P Y/4v P YAAP o5 $b
VIAD oYY NE LSD
(mgI") o35t clale

Voafen? Y/04 ° Y/0v ° .
qe/AY ® AT Y/0) ° ARK
450 \VA T Y/AY Yoo
vo/ts ® Y/VY © Y/f) © Yoo
WA NS oYY LSD

M)iﬁwj\&._ﬁl,fﬂau.a .M:L;QL.‘Z.J\)LAJLQ.;&:..»)lzd;uJ)A:;l\r»‘)wfmélﬂ}o):w,aﬁpwdjf

WIS QYN dolae Ll i o S oo T
QWMQ)LA&‘MJJ}}&W})}M)}\V/YY’)
b’:‘j ‘bﬁjjﬂfggfk?‘ Y‘nnj Ynn ‘\nn LQLQC»JG-L&‘
Sl QLIS Ao 53 WV/B0 5 YIVE N4 /F8 Jalae L2158
)La.:.'»' B 4.:»4”) C,.A}u.ads.l.hbj QL.L»Y Jg,&
ollr Lo S sl ) e Ske Yoo 2B
sl bckle 5 bl sl b Sl ome sl (glyls
Wy Cwslis dons (Bsh Sled )8 L Sk o

Loawslas 5 YVA 5 12/8) OYF/0F Usles s

A e Sk Yoo s e glackls 5 el L
Gl xSl i o) S s sl Gl
old osls OLE SBL a; Job 5 le Jgb L Sdst
}éLﬂJ_}Lw};Jﬁﬁﬁ.&MdﬁQw@u.w\
2 e L S sl led el b
b olsime Sl (it A e S ke Yoo clale
Yoo Gl L 5,5 b wile Jpb s 5 el 4l
sV rels gl bls sl @ Cad 1) p S e


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

20 g gals B el 86U g eslue s S s 8L O S

(o Sle) Jsb

140
1204 b
3“100-
3 80{0 :
3 60-
j 40-
zg:
0 100 200 300

=

AN

<

o

it

)
)

MHTIITINN

o,

b

ML adyy Coaglio M) oS bl 5 0,8 3L slasled Jolize Sl 31-Y K3

Vodsds il ol g slacsls (ol gl clale
AU S ool i (S0 sd SU oS s e 0L
el 5 amdle KU 5 5 05y 2 Sl Sk
oAl ardle 505y Cde 3 Sk 4 ol
3 MM asile S Ohs Siw > VA Usles
St 035 o 3 5 VWY iy, 5 05y b
Dl 53 SIS Aoy YVIO dslee 201581 camaly
I sl S odd 03 S 4 glackle 4 by
AL 5oyl L (S s Bl 03U T glachle
5 O5s e ot S dasge Ol s il
LASJuiaJ&Lin::Jﬁpf&L:»VH chle s aals

bl T aady, 5 ardile K25 5 5 05

S 05y exale SUS Oy wgdle 5oy ol
oals QLS N sl o amady, S 05 5 araly
A omen 5 D350 g oS sl 0L s ol el
CL.N 23 G Slie DIl clle y ps il
055 Sliw 5 ol gal cble 5 ag s gme ) Jlazs|
370 Joiml gl s e sle Six 035 5 araile 5
03 Amady, KU Uiy oy axadyy S oO5y Slis
Y Jsd @l 2l 0L Jls sxe sl JARSI C]”
s ol Six 5 05 polie 4S5 das e 0L

5 g5 sl Lo amaly, S 5 00y e


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

WAY Jlo & ojled ¥ W (aLE 5 S, sl 5P

il g axady, SiF 5 5 05 Sliw p O3St cdale 5 O3St sl les Ol S anslie d gk ¥ J s>

iy, i 05 apaiyy 5055 il S 035 apale 5035 Sl b
() G5 G5 G5
Ol 3 6L
AN Ve /4y Y/YY® S $b
AP ysd sVt Vial o b
e o/ AN /YY LSD
(mg.I™") o3 6k clale
/04 e LW VO VAP '
/1A P P JAY V/ag Yoo
AN Tinh Al AN Ve
VAR C Ys© A VVO P Yoo
/v /Y iYe /YA LSD

e 1S5 ) il palie Ans gn OLE 1) sl o Sl gime NS pds Lot 8 5l 5 Dt A s il Sy

wlls araly) 5 apdle S 055 & das e 0L
SU bl ol b cou canllas 3,50 Slis L
Lo Sosdpbsled ey DL SL Chle o ol
orile 505555 A g e Sike Yoo 2l 5ol
bl ol bl pme Dpl& ST Gl azats )y
SO A e S e Yo 2Bl il 50y s s
Voo Sl L (b g Dl el X S s
el 2l 1) e S e
sl chble x Dl g s bl Y S5 s
sl s enls OLES amads; 5 azaile SUES 05
b o Ay 5 Bl K 035 S das e Ol s
G335 e3m gl chle 5 o3l Jline ol jf
Cl A e Sk Trr Sl s al S
ke Ve Clle Lol e Sl el X o S
L golime Soli boles plo b bl wils 2 50 8
Sl 5o Ay S 055 45 ol DL 5 il s 0L
Sl eyl dm S oS e S ke Yo 2 le

by ajles sl b gols e

IRV R R pfé.a Yoo clle 5 wald gbasles
ald lajleg ol @ ol Jy il (gl pme
Jolee Rl i w o ad S T 5 e
S Oy s LS edaline Loys YY/YA 5 4/0A DA/AQ
JM‘J;‘:‘ffJigfoY.. j\" LQLQCJQLO}MLJJ
cY/?V J)bu L;S&ISWJJMASMAJ\J QLZJ b u:,.mlS
S ol LS 50 @\;} Sbal Bl dsys YA/AL 5 V+/8A
A S Yoo e s mad, S 5 5 035
S Trr sV e glackhle 5 aals gl jls 4 s
JS Q)} ‘_5“/.» 453_9_3 )\Jk;'.su CJ}UJ LQ‘JBJ:‘:JJ" r‘/j
G e S A e Sk Yoo Bl
L;.i.il)élj::.lﬁrjf‘jli»vn o Ve cble wals L
dmadoy S 055 gle s YEAY 5 AYVA Uslee
dous YIS 5 AYTE DOV dsbe il O w

sbal Gl
cble xSl gl gy Jlie Jloa by, ¥ IS


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

144 g gals B el 86U g eslue s S s 8L O S

3.5 1

3 4

2.5

2

1.5

(65 855

1

0.5

B sl 505

B sy, 505

Ml ar sy 859 5 4 Bl 5 035 Sl p M) 028 S350 5 08 5356 sl iz ST -F IS5

1.4
1.2

0.8
0.6
0.4
0.2

(('Jf) KLY

ab

I

M

100 200

ol L S o U

ML ax aly; g ax le KEF O3 (M) S 36 s e O3 EL gl les lie o 31 -F S

SUoled 4 Sod ol o S s S Sled &S
VOB Jslas il 5 o35 Slsgme sl Sl o,
osdy sl &S e e 0L @Ld das e Ol A s
4 ooy olan Obigl cble Gl s enjalse
Der lastes b sl sl dali g Sis,5b
0338l 52 55y ol 5 s 1 e S e e 5 Y
XN Dol 200580 s jlag ) eSS A 4 o S e
Sl o slaasls sl 0L Ay FV/E Y

LQLA)LQ.; BE «v.») 44'\_92.- QLA) Loy O 9 J)

Lo ;3 O 5 G4l e oy c0njail g 5 9dy Slas
Hlols LT Jaar 3 &5 shailes 1 55wl 0L
«ly3 4L ¢ sl b (el sl esls OLES (F Jso)
2 ol 2 bl Jlie S5 Sl 50 chle
Wogr s omn 1Y Jlazml o 3 03380 g sds 3l
Ao )3 O 5 0L jew Co e i 5 O350 Sl Ll

S Sl e 55 il Ol
2 L5l s sl & das e 0L 0 sl w8

Sosb 4 ool atils (gl pme ﬁ;b 0334l g Lds sl


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

WAY Jlo & ojled ¥ W (aLE 58,8 sl pA

5 Alg Ol) daoys 00 g 5540 g b 0354l g 5o 3ldns Slhs byl BT -F J g

5wl ol Ao s O il S 0338 g 59y 2l @3l3l 4 Sl e
V08 ™ V/VE S Yy/ev FF | 05350 ¢
v/ay * \VAMIM F/A¥ *F Y b cble
AgN FE V0 F AR 7An Y sl blize ol 31
«/VAY /Y /YA \$ Uas
\E/YY W/ T/00 (CV) Sl puis o i

Yy JS L;:\j 4=y

10 57 el da.—n DSl e S Ly (Sl p s e

O }J}Aﬂf S ‘a:jdlf )}.:\._o Sldes Qu.‘éﬁ CJ|)3_3JU CJ&.L’G} CJb.’:_,JU ‘5‘.&)Lo.§ &l;ﬂ M&a J}J} -0 J}J."-

(Ao y3) 55wl Obey dpys O (Lo )3) F38lgr ooy o3 jal s 5o Sl s
ol el
VY ? NI YAFY S s sl
WARTS o/fY VE/AD o, 5
\/+ & +/4Y +/VY LSD
(mgI") ol 5t chale

/70" 20N Yy/ee® .
oA% /AP \O/85 € Voo
O/AY SIVAD W/ Yoo
O/AY o/ve VE/AY © Yoo
\/¥4 A \/Y LSD

.Mﬂﬁwj\&ﬁl«:ﬂ:&: .M:L;QL.‘Z.J\)LAJLQ.;&:..»)lzd;uJ)A:;l\r»‘)wfmélﬂ}of_ﬂﬁ)apwdjf

A\Mﬁﬂsdngu;?djkjlawi@;@@u

Sl 3 1y Sl pme SRalS o i UL esjall e o
L ks o8 wxils o 0350 2d S la Yoo chls
S Sli s o356 A Sk T Sl
ASMJJQL:J}:.'»?J}J?GU} ASL e Sl e
Oeen 3 038l S5 A e SS8lr S e
gerla sl gl ol b s esle clale

‘}:J' J) 44'\_92.- uLa) Loy O 9 J)“\j} & L;Lh

ALt g s b3Sl A e Sike Ve kil
g sl Ol bl ple 4 Cond ol a8
Ao glchle 4 o el o Sk
oloe 28l i i) e Ske T s Y
Bloj Aoy O Larls 5 dws 44V 5 VYV JED
A glackle jlas 4 o dald jlad 5o (G5 &l
s 20 5 A e Sk Yoo s Yoo

1y OLES Ao, TEAA 5 YV/) (YA/KD


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

74 g gals B el 86U g eslue s S s 8L O S

b 03340 59 215 sl Lt li Bl ke x S5 EL b yles Blite 31 pSile amslie J g -5 i

;;‘J 45‘_,? dLe) Loy O 9 ‘;s'jd.ﬂf

Sl Ol Ao ys O ST PE LI o34l yr 5y sl Sl gl
(Aoy3) 55 (A2,2)
(mg.I™) s b clale oly3 6l
o o AT YAfee '
ong b o/ ™ e Voo o
V/AY * frov © AR AN M
AN A Y2 A Yo
AT A \AVOR .
S/YA e T /sy P Voo BIE o
YAY ¢ Vv Yv/PY Yoo ol L
$/fv ® Ay b oY ° Yo

M)ljgjwjl&ﬁﬁ@ﬂ>uﬂ.uzwowIJLa:)Lo.“ijl:wJ‘)&:;'-‘f.Lag)Lo.gJaélﬂ}QJ;«,a:pA{Liwx_’Uf

A s 48 Y aky dsb s ikl p gl
Gl il g p S T B s ) bl
23k Sl QLS ples i, dsb 5 5

3V IS8 ) Caslie el ) 53 e
Conslie o 0,350 Clale 151 L oS s jasiie (F
A Pl sl ks O 5 Sl SRals YL wl
S Sl OF 5ol o313 alad K Sl L oS ol
X3l e QLS 3 5 4 Jass 3 sslazel LB Soles
Cuoglas Latld 50 W iags & s (Xiong, 1998)
i S 5 s sl Shle @lp pasle o spes o)
5> -(Rout and Das, 2002) 43 o Sl 4 fomd )2
Wigy Coglie jastls 5 a8 AS jasie Jagh ol
sl ki S sl A e S ke T 2Rl
A e o 00350 ) e S e Yo clale
Llazils 1y Cuoglia (1 FYAY) p zaS 5 (1IVV/FV)

SU S W panie ol Jlasy b ol
P e Sk Ykl s ol ka8 oy
5 oapale KU O35 5 S00s Jsb p ade S

D5 sl clale x ol gl blae 5t o
5 B e S 4 Seosk 4 S
L oS sl A e Sk Yoo slachle
0B o350 A e Sk Yoo 2l 5 ol
.J\i;jf odalis

1eu

A sl Sl sl DL ol fash mlo
(Y 5 el JS8) amals ML axaile Jsb , de
CoiAl S Wl S IS 5 6 O asn
Sl S per S amdle sk e Jbls o8
sl oyl s wil A, (S S il
o3y Mald Sl U3 g gk Sl Sk (S
SU b ey 55 imes (Morla et al., 2011)
(Y 5V IS ol Ol sl YL azal s I b 23
b o2l i 0,8 50 2 p e Sk Yor clile &S
Watts 5 Yang bl cen 53 (Y 5 sla JK5) cils
e Sk YooY lackle &8 Kisls 0L (Y+10)


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

2l ek o3l aw s MZVD) 2 b is sl o340
O posp O 5 Olaglr AL 68w S3aile
Oen 5 sl s sy 53l cilas
wldr X n S sl a3l 0 5 (\YAV)
S35 2 G20 eS| 5 S oIl XS] sl
5 b alS le dr e IS o 5 olS A
ol o s S dnls Ol s wsls I3 ey p 3yse Iy
Veor cllE s 655 St 5L 5 oy U Lk bajlas
5l Sk s e A p e Sk
ol Al b 5l di e OLLS Wi, S,
S Lol 5l oles s 51 Syl i bles
“lay My s 55 Wl Sl eSS ok Gkl el
SRl Coslie jartls 4 Cand cplply ol
LS o oSae e b odlse e I Ole 5 e
O, 5 Barna « iagi s (Barna et al, 2009)
oAl O3 5b sl glad s 45 Wis e Ol (Y409)

3yd e ol olS LAy el ralS el

LS (6 S o
oS S 55 0 a8 s ol fash 4 axs L
uiﬁ\ﬁggljsjjbgju;nducﬁﬁlb)@iqw%l{
P D Sk a4 s e 0L Ssli gla
e Yoo Clle) olus ks o S O sl glackls
L babls ol oo s cte ST (1) 4 e S
s e 0Lz e el oS o8 03 5k el 03 S

ecotoxicity of model nanoparticles.
Chemosphere Journal. 75:850-857.

Canas, J. E., Long, M. Q., Nations, S., Vadan, R.,
Dai, L. and Luo, M. X., (2008) Effects of
functionalized and nonfunctionalized
singlewalled carbon nanotubes on root
elongation of  select crop species.
Environmental Toxicology and Chemistry. 27:
1922-31.

WAY Jlo & ojled ¥ W (aLE 5 S, 5l s Ve

O,Ken 5 Khodakovskaya .ol aiils DBl a=dis
S S S oblS WS a5 (Teed)
sladle WLss @S 13 S slosd st 2
Sl S A Bl s Al (g Rie O35 5 S
5 Yang LQL&J»{L&)'I 5 edel Cws a C?Lu g
Sl sl ST S0 oS als QLIS 50 (Ye o F) Ol
e & Cond planl OLLS Sz 5 505 Sl
Gl Gl hea ol S opl S 35 e dald
ol b il sl (I e 108 Sl
chle oS sy QLS s Of mls asb o6l oS 5
S Ohs Rl Selpsils AT U WS gla
A a8 ol ge ol i O35 5 L OLS 3 4t
clale 30 as wols olis 58 (Y00 A) 0L, Kes 5 Canas
Wiy Ay el SO o S o g sl calshe (gla
g polantl kS 5 68 4wy ALS 65 8
wis b (S S f beS sp s Sk
oS 5 e o OLLS 5l s F s 5 SSL hals
L (Yor9) OLas 5 Gao .coils (gls e LU o
S oS dsls LS Zliul olS b tlesl el
gliul oS S 5 5 05 paslis ST 5L ol
RO WS A VAT IPE 2V s
e3 38l sy Blad S das e OLE O s s
why 8w sl SU S S hle 5 p s e S
ol dizr (S S Sl ashy nl 02 Tl sl
S o8 G0y e S ) e S e Ve 2l
ML slaydy Soalsr e Sl osline glac kil
ol as (Y+) ) Joner 5 El-Temsah CL‘” L as ils

ch.a

QOYAV) | G8eis 5 e O K Olaig e (gl
5 a3l Sl sl alS Caew
OV’/\—OV’O “‘f _yl; L;)}LJ ML»@LA 4.&4") .L.Z)

Barrena, R., Casals, E., Colon, J., Font, X., Sanchez,
A. and Puntes, V. (2009) Evaluation of the


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

\al g gals B el 86U g eslue s S s 8L O S

tions. Journal of Chemical Biological and Phys-
ics Science. 1: 328-334.

Nel, A., Xia, T., Madler, L. and Li, N. (2006) Toxic
potential of materials at the nano level. Science
Magazine 311: 622-627.

Rout, G. R. and Das, P. (2002) Rapid hydroponic
screening for molybdenum tolerance in rice
through morphological and biochemical analysis,
Rostlinna. Plant Production 48: 505-512.

Sattell, R., Dick, R. and Mcgrath, D. (1998) Fava
Bean (Vicia faba L.). Oregon State University
Extension Service P. 2.

Seif Sahandi, M., Sorooshzadeh, A., Rezazadeh, H.,
and Naghdiabadi, H. A. (2011) Effect of nano
silver and silver nitrate on seed yield of borage.
Journal of Medicinal Plants Research 5: 171-175.

Senayit, Y. and Asrat, W. (1994) Utilization of cool-
season food legumes in Ethiopia. In: Cool-season
food legumes of ethiopia (eds. Asfaw, T., Geletu,
B., Saxena, M.C. and M.B. Solh,) pp. 60-75.
International Center for Agricultural Research in
the Dry Areas, Addis Ababa, Ethiopia.

Taylor, G. J. and Foy, C. D. (1985) Mechanisms of
aluminum tolerance in Triticum aestivum L.
Differential pH induced by winter cultivars in
nutrient solution. American Journal of Botany
72:695-701.

Thalji, T. and Shalaldeh, G. (2006) Effect of
planting data on faba bean (Vicia faba.L)
nodulation and performance under semiarid
condition. World Journal of Agriculture Sciences
2: 477-482.

Xiong, Z. T. (1998) Lead uptake and effects on seed
germination land plant growth in a Pb
hyperaccumulator Brassica pekinensis Rupr,
Bulletin Environmental Contamination and
Toxicology 60: 285-291.

Yang, F., Hong, F., You, W., Liu, C., Gao, F., Wu,
C. and Yang, P. (2006) Influence of nano-anatase
TiO2 on the nitrogen metabolism of growing
spinach. Biological Trace Element Research 110:
179-190.

Yang, L. and Watts, D. J. (2005) Particle surface
characteristics may play an important role in
phytotoxicity = of  alumina  nanoparticles.

Toxicology Letters 158: 122-132.

El-Temsah, Y. S. and Joner, E. J. (2012) Impact of
Fe and Ag nanoparticles on seed germination and
differences in bioavailability during exposure in
aqueous suspension and soil. Environmental
Toxicology 27: 42-49.

Epstein, E. and Rains, D. W. (1987) Advances in
salt tolerance. Plant and Soil 44:17-29.

Gao, F. Q., Hong, F. S., Liu, C., Zheng, L., Su, M.
Y., Wu, X.,, Yang, F., Wu, C. and Yang, P.
(2006) Mechanism of nanoanatase TiO2 on
promoting photosynthetic carbon reaction of
spinach: inducing complex of Rubisco—Rubisco
activase. Biological Trace Element Research 11:
239-254.

Graham, P. H. and Vance, C. P. (2000). Nitrogen
fixation in perspective: an overview of research
and extension needs. Field Crops Research
5:93-106.

Hawtin, G. C. and Hebblewate, P. D. (1983) Back
ground and history of faba bean production. In:
The faba bean (ed. Hebblewat, P.D.) pp. 1-22.
(Vicia faba). Butter Worth's, Landon

Joseph, T. and Morrison, M. (2006) Nanotechnology
in agriculture and food. European
Nanotechnology Gateway: 1-14.

Khodakovskaya, M., Dervishi, E., Mahmood, M.,
Yang, X., Zhongrui, L., Watanabe, F. and Biris,
A. S. (2009) Carbon nanotubes are able to
penetrate plant seed coat and dramatically affect
seed germination and plant growth. American
Chemical Society Nano 3: 3221-3227.

Lin, D. and Xing, B. (2007) Phytotoxicity of
nanoparticles: Inhibition of seed germination and
root growth. Environment Pollution 150: 243-250.

Maguire, J. D. (1962) Speed of Germination-Aid in
Selection and Evaluation for Seedling
Emergence and Vigor. Crop Science 2: 176-177.

Mc Vicar, R., Panchuk, K., Brenzil, C., Hartley, S.
and Pearse, P. (2005) Faba bean in Sasktchewan.
Saskatchewan Agriculture, Food and Rural
Revitalization. A. Vandenberg. University of
Saskatchewan, Canada.

Moraru, C. 1., Panchapakesan, C. P., Qingrong, H.,
Takhistov, P., Sean, L. and Kokini, J. L. (2003)
Nanotechnology: A new frontier in food Science.
Food Technology 57: 24-29.

Morla, S., Rao, R. and Chakrapani, R. (2011) Fac-
tors affecting seed germination and seedling
growth of tomato plants cultured in vitro condi-


https://dor.isc.ac/dor/20.1001.1.23222727.1392.2.5.2.4
https://jispp.iut.ac.ir/article-1-47-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.23222727.1392.2.5.2.4 ]

MAY Jlo oF ojlad ¥ Al aLS 5 5,8 5 Y

Effects of multi wall carbon nanotube and nanosilver on some physiological
and morphological traits of faba bean (Vicia faba L.)

Mahmoud Reza Tadayon*', Sayfollah Falah', Ali Akbar Fadaei Tehrani’ and Saeid Norouzi’

1Department of Agronomy, 2 Department of Plant Diseases, 3 Department of

Agroecology, Respectively Faculty of Agriculture, Shahrekord University

(Received: 3 March October 2013 ; Accepted: 16 July 2013)

Abstract:

Theaim of this study was to investigate the effects of nano silver and multi wall carbon nanotube levels on some
morphological and physiological traits of faba bean. This factorial experiment was conducted in a completely
randomized design with three replications and two treatments with four dufferent concentrations (0,100,200 and
300 mgl-1). The results showed the total number of seeds germinated, shoot length, root length, shoot weight and
dry weight, root weight and dry weight and root tolerance had significant differences at Ag and multi wall carbon
nanotube treatments (p<0.01) whereas, Ts, and germination rate traits showed no differences under nanoparticle
treatments. Nanoparticles concentrations had significant effects on shoot fresh weight and shoot dry weight indi-
ces, germination rate and Tsy (p<0.05) and shoot length, root length, root fresh and dry weight, root tolerance
index and total number of germinated seeds indices (p<0.01). Shoot length and root dry weight under 200 mg/1
concentrations, showed significant differences with other treatments and root tolerance, root fresh weight and
root length, showed highest significant decrease under 300 mg/l concentration. The interaction effects of treat-
ments, had significant effects on germination rate (p<0.05) and other indices (p<0.01). Root dry weight, root
tolerance and number of germinated seeds under 300 mg/l, and germination rate indices under 100 mg/l and Ts,
index under control treatment, showed the highest significant decrease.
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