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Table 1. Soil chemical characteristics of experimental field.

Cu Zn Mn Fe K P N O.C. EC pH
(mg kg™) (%) (%) (dsm”)
2.56 0.6 9 25 305 12 0.062 0.78 0.52 7.9

£33 53, Sk il 3 Shas y (F) 28 258 5 (M) 5558 R s oy 1 (Sl o 0 K0e) sl ls 4255 Y Jgor
B s 50 b aty Sy solen
Table 2. Analysis of variance (mean square) of the effects of Rhizobium (R), Mycorrhiza (M) and Fungicide (F)

onyield, yield components and root rot disease incidence in bean (cv. Ofogh)

Sourcesof Degreeof Number of Number of 100 seed  Seed Biologia Harvest Disease
Variation freedom podperplant seedperpod weight yield Yield index  incidence (%)
Block 2 56.6 "™ 0.082 "™ 894"  538917™ 171786™ 7.13™ 3.88™
Treatment 6 17.9™ 0.660 " 7357 3019067 454636 10.6™ 597"
Error 12 6.90 0.100 9.46 676393 67599 19.9 0.402
CV. (%) - 14.7 12.0 9.99 12.2 13.0 15.0 16.4

ns

oy S i Jlol o 3 5l fan l3 gme 5 PR
ns, nonsignificant; *, significant at P<0.05; **, significant at P<0.01.

St ol 85 53 ke (sl 0 Shae 5y (F) S 756 5 (M) 515580 dR) pamn s 1 S0k amglin -1 U slor
G ) e gy
Table 3. Mean comparisons of the effects of (R) Rhizobium, (M) Mycorrhiza and (F) Fungicide on yield, yield

components and root rot disease incidence in bean (cv. Ofogh)

Treatment | Numberof - Numberof  100Seed  Seedyield Biological yield Harvestindex . ,Diseaseo
Podperplant seedperpod  weight(9)  (Kgha®)  (Kgha) (%)  incidence (%)

R 188% 2.16°¢ 31.1° 1873 6278° 29.82 21%®

M, 16.2%® 242" 25.2°¢ 1720°¢ 5970° 29.1° 15.8

M +M, 19.62 2.43 276" 2340 ® 7072 ® 33.242 10.8

M +M,+R 16.3% 3572 40.12 25102 8186 2 3062 3.33°
R+M, 21.2° 231" 32.2° 2332 78892 29.9°2 7.5%

F 13.9° 2.80° 26.9" 1541 ¢ 5719° 27.32 250%®
Control 18.3%® 2.66 ™ 32.1° 1655 ¢ 5921 ° 2822 33.0°

1SS b 5l e Bk s ety Sl a3 (LT i 518 2t U g o (sl (5la o Sibe slai A (51 5 85 203
Means in each column and for each treatment followed by similar letter have not significantly different at 5% probability level.
R= Rhizobiumetli b.v. phaseoli, M 1= Rhizophagus irregularis, M2= Funneliformis mosseae F=Fungicide



£

yyray JLM.' “S'.'. ;D)LM 5W .\.l? céw};bl.ﬁf » M} )LQA

op S (¥ Jada) sl Olis Jaal 581 oy YA/Y aale 3T

LS 53 05 5 LS 0VNQ) 8055y 5 Shae KL
olaST asls L oS s g 8506 5008 Jles 0 lees
LS (gl e Do gl
Canld g Ll

Jlse Vool g bl 4 2 i el
oS il e ls Cdo ol imn Sl s 3050
i 4515 0L e 4l s I Ly )
Sles 4 e o3 YEIYF L Cils e s o SSle
Ol e o2 S s MD R irregularis ;S 5L
Jor) 55 A8 5B 5,208 s 4 b e 5 o ys YVIY

K\

X
05 an S L 0l b 5 0 sla)STB Sl
T8 o s M m (5,55 g Il 5 pslis S
e Sadaly 5 oS LS 5 00 a e 5 SSBE )s
S s S (o 5 lim (S S
slagslew S e (Smolinska & Kowalczyk, 2014)
10 5 ol 03 S sy | 31 S LS Jealge 51 8L
eyl 51 eslinal a6 oless el b dgarlzn 555 sl
Sobon oml Dolust alS gz )3 flse 45 gozes
o 3 ey 3,815 ol g Obusl ol (3Ll 5 g
RO s e &S (pmpsmany Jlb sk
S Sliis gla zlasT 5o JsShe luls bl
sl (852058 Glag L 5550 03ls DL 1) 55
S5 psY s eslizal 5 plil Sl gl b (6,8 5L
g5 35 ol sy SLap 15 See o 51 S
OT dal 48T U1 g ot Sl 65 ) 5 ol
Sl (2lae 6,85 L 5 (AE A8, 213l LG
G300 5o 5 s 1) (s sl gslen J 1S L
L gt e SiSutal 5 K00, O Olsis 4l
Jelse 3,58 5 il 035 5l (Akhter et al., 2011)
Jeol 58 Ctmar s Csl sy 4o e 9 S

21 (9,5 ol 555 o DL joe a4 (6 s 3

410 o 039
Sl Ao 055 4 b g o Glresls il ls 4 2
T 03 (s 2050 SWsles S48 015 0L (Y J )
3 b ima Ly olS ls Ao 035 1 o3 S Jlez|
s o 035 Sl o ey ooeT Cows 4 gl oLl
s oS 5 S Sl a b 50 8
ORI 53 YEA L il 55 55 58Ka slag ,6 o o
OF 3l (¥ Jgelr) 50 el Oub dald an
3 033520 oS 5 oled 4 g s Ao 055 o b
sala b sy e SYYY LR irregulars ;s 5
A3 LT 05,8 &S 55 el p s Jlesd (e

sl
413 & Khos

a1 5 Shas 4 b g o slaosls il ol 4 s
Tl 03 (s 2050 SW)les S48 015 0L (Y J )
3 5l3 e L oL wls 5 Shee  do s oy Jlaz|
wils 5 Shae o i 45 515 OLE 5Kl Anlie ol
S 5 28 slas 4 by e 1S s p LS YOV L
o550 GLag LS (s 355 ol pod & (a2 p 50
el 030 L & S 4 5 5 (ML+M2+R) 68
Aoy OV GLSa 3 p 8 kS 1500 5 Shes L ¢ Julse
e 5 35S Hlad 5 slad 3l sl ol a1 58
2 adls o S LS Y L (MLHM2) 408 55 51,5, S
Fo3Sn 5 pasis oS S les LA Sils )l 5 S
Sl o eSS (gl ian S slis (R¥M L)
olas g Ghaze JESs 53 0 FHLSVOFY L 35 il 5 Shes
ol LileiT dals b aS Col 28 )6 5,058 sland
(F Jsde) Ssls 5l 3 oleT0g & 45 5 SAIL s ime
2 39gm o lae

s 3 Shas 4 L gy jo shosls [uills 4 2
o 53 gt 3550 Slasles 1S 5ls 0L (Y i)
N3stme by olE ¢S5 g 5 S 1 Aoy & Jle!
3 Shos oty 457 313 0L L aslin gl 5
e 15 Sl 535S 53 0 S AS AAS &S5 5 e
Lol 4 o 457 S oaliie 355G glaz B ol jen @



e g Qs ) (Sdawgr 2 325050 9 (092 o9y Olojed 32,8 (iU, 1l ed g (Slie b

23 0ol Jels gz L O3 Gl Wl e o5 S
Cnslin 5 g (BT e 3Ll K55S LT Jlkal
s (Avis et al., 2008) Lil 0L s oy 55 oW
402U 48T el ol QLS Cadides sl fs 5 S
Slap S 0t Jlb ol S5 5 ol 52 5,5
I a3 sl T OT 1 4 5 o plaime J 28 5
el B,

0T Sl ot 5l oy a5 S 31 )
St o LU 5 gy 4 )8 5l s 4 o8 ol
Sl e 03 LS (Sl (a4l poione 5 e
z Lol - (Babalola & Akindolire, 2016) .,
pssps 2D Lo smas 53 (YA) Oen 5 S5
JS 55 Ml 5 e 3555 LS 3lods i o g sla
5 liesdy Sl cpsin (LS 55 51 (30 olan £ 585
ol e 53 0L son lablone 51 YU e oy 1553
s 1 Sy ol 5 315 0L 1y S5l slag L
Sl gl ez 5 o GLs pymss S A F
ol 015551587 4y oSS 5 bagsslos 4 ST 2alS”
sl 5 oS mls el (Kanouni et al., 2018)
S Ay Solan o S cslas s 50 4 lie 53 (WAY)
A 5007 & s o sl 53 (S sl )
AT s oy gl Sl 5557 5las 3 4l 5 Shee
.(Lak & Khodashenas, 2008)

3= 3 S s Jel 382 20l ey e i
5 4y S 58 danl g (6525 Sz ol jen 4 psms
sl Sl axdl 5 g len b (ALS (slaphtl b 3 50
52 S Wl s s s Rl s s bl s Jols
334 OT o5 a5 e 3 Lo oS 55 S5 01y Ul 3!
g 85 Sacter 2alS 53, Slae sl 3 Shes Slio
3l las 53 Sola By s alS 50 g ley
3 B ey oo i 4y 8 93 51, Ks 5 pama s Ol s
ool 5T (S5 Bl ool Jod 5l il ol 5
Il Londy Slaig 5 Sl 4l ) S jon Glag 6
5T Ale J 85 (sla a8 B s gl ole

Dbass 0348 osb a3l e 5L 5 Sl s

5 Cmex LS 5 e foalge Comer S sl g
iy abe gL S (B Sl Julse o
(Linderman, 1994) & 5%

dw‘ﬁuﬂu)}ngl_;c_ﬂ:quﬂjl
S s Sola Jale il ale b5 SO 5 S
o el L pslie S STl s Ly et
<! (Smolinska & Kowalczyk, 2014) , 5w stedS”
MSL;(JKH,;,JHJ,L:A%\M sl 4S”
S oo U b e Cmer s 8 o T
O OS5 es i glaciS s bl &S Jsls
22 o5 g IS W GV e oG s S5 sk
(Nicoli et al., 2013) ol ol 40 55 S5 S 2

& &S sl 0lis i lesT ol Sl el Sy mb
o a5 L e 3 Sles 61l 55 Shes ((5)los
s 8l B sl 3 50 6855 Jal e SUs
2248 GlasT 5 sled b sdalin sl 53 45 shailes
33 4303 3 (6 5ln g8 Jals Cialiies Slis |
S5 g 3, Sas 5 Sls 5, Shas s Ao 035 (D
Olajomd il jlas 313 0L ()13 tmn 5 e 3
M54 oS 3 08 55 slas s 5 5 (oo pomsns
OLES Cude Jldald 4 Cad Aoy YA 5 0V/7 (YF/Q XF
.l

3 Lad dpame (aoms Sl o 5 5 (San
(Mecedo et al., 2017) (¢ s 5 3ble )5 (6 los dam 55
93055 An 0 b 5 ol T A Ly s Sl 4l
«Shekari et al., 2010) 55T s a5 5 (23 S8 al 5o
F. gobosaans (3J .(Sabbaghpour, 2014

Soil ) eSLs e 85l &S Oy 4 SOlAN

Sl 53 Sl g iS5l s (inhabitant
5 St O ek 4wty 5 lab OG5 4ty 5 513
03 g o S5 5 b5 Jalse 3,087 sy 53 1 e
Ul n Ly ay ) (S s frer (Sl Gkl ke
OLaT Jdl 5 6, Kt ool 30 5 Cute 3 SIS 51 ab
il a3 813 4l s oS5 48

Jlse IS Cols s st sl S



]

yyray JLM.' “S'.'. ;D)LM 5W .\.l? céw};bl.ﬁf » M} )LQA

ls 5, Shee o 505 5 555 85555 09550 il
ST pl 53 535 265 @ 5205 26 les 4 Glaa
(Sefapour et al., 2011) C ik s 425 glacd Hlas
3 5105 a5 53 el (Y+49) 0, LSKea 5 LS5
eSel d yame St 055 il 35l g 315 pss
5508 o sas 3 (Ardakani et al., 2009) 455 S
e Ol o e Hles 53 S 5, Sas
e 6‘-ﬁp--:;‘fj‘))§’:‘ Sl 2l o &y gy
Sosba uils Jiga Jale 1y 4ty 3 515 anbly Las e
3 S, el o g maS s dals Hlas Gl o> oS
(eSS gl e i LaT s 55 (YN F) Ol Kes
53 oo ol St 09 a3l 1y oS o i dter
AL TS 505K b ks Ol IS S Las
35 o 45 osb an 4 S el p gl s 5T
5 Shas 5 &S i 0y ol s JLil 5 |85 ot b
Sl il (et 5 s e b &S5
(Ardakani et al., 2014)

OSar 5 5555 Loy tass 0 pamsins il
Wl b aslis jo 5 5 gddy Sl 4 s (Y01V)
oins il 3l sler UL (oS 5 il (BB 515 s 8
slaoles L anslie )5 il Olio 11580 4 e LS
3L e (Korir et al., 2017) w681 o555 5
SRIB S5 g Jelse gl B e ey 5 Ol on
o Lome CBls 5 (i o iy ) M 5 Ol
Tavassolee et al., ) oy SN s sdaze Oladss o
<Egamberdieva et al., 2017 «Korir et al., 2017 ¢2011
G5 3 9 (Huet al., 2010 <Matloob & Juber, 2013
B L 65 5 osmans 2IF o s Soker 5 5
55 LS 5 Lo e 5, Sas 3000 03 o) S0
13 0L 6 f 50 5 Cote il sy (S ot Sl
Solas Jlie 5o Olajon g odnie Joal e (208 0
K R P DU TSR ) J gy
(Duttaet al., 2008) Coul ol iyl 5 35 Satuums

(glantllan 53 (\YAY) o513 a0l 6\4;;’5;:\5‘.#\5

21 28 O 5 (s it Gla 4 g il

D 55 (5525558 5 s p s el L (oS 5
e &S b onya s Ois s gMHE pols Ol 4
Fdslate &) 4 el (AL Caglin s 5 g
N5 g bl S ol oM say 5ol
S jod (5 520555 Loz U I 2L (bioprotection)
Goleer OLje L (5 5 Caelide &y 50 40 45 4l
ST Jals Eel saaze SLaylE bl 5 Llazils
SN s leds 4ty Sy Jule 2L 4
S ST L i 03,5 Sl 48 sl 0Ls (1¥41)
ol ed 9505 Sl 5 p sy S AL s ST
Sds ialS 3 gl cime Sl s ST glaalus
s s L st sla s ls Ll 3l 5 e
Sl S L YU Jomily KLy G ! 51 Jol
il ) Sy ol IS 53 Ll s
33 Oy Olial 5l 53 dyaamn sl 3 - Sae
glr s ST sl oL 3,0 (Kalantari, 2011)
Sliolas sls o8 ade (55050 5 (p 930
L& F. solani s Fusarium spp. (Rhizoctonia solani
Sl s Bl 25 G1ls OT pl 5 3,187 o 515
LS o Jos oS (6 Sy Sl 5 Ol
Odoh, 2017 ¢Hu et al., 2010 <Mazen et al., 2008)
Cblis 5 Sl Ol e 4 Jlg e 5 (Muleta,2017¢
ol anw s 5 iy b 8 len ol 53 slbad SlaoS
(Maksimov et al., 2011) &, i
AT a8 Sl p3 ails 5 Slas Clasl w4z 5 b
Y pammn 53 gl 5 (S5 bl IS
st e 1 ol ot iy o 5 4 ol S
5 A5 03 (=3 S S sl 5l 56 1S LS
Mt olie b 5 a5 Sn Jolas 3 IDles|
Jeos Gt dals 28 55 (394> U a5 (5 5k 40l
38 5l U (ol e daly 4 (b 51y Sl 0n S
iy b B Sl 5, S SLzB L s psmsny Olejes
JUESN Al 3 Sl 5 S5 g 3 5 0 o Sl go il
OLSan 5 ) plio il 03 S a3 (413) e 4 510



e g Qs ) (Sdawgr 2 325050 9 (092 o9y Olojed 32,8 (iU, 1l ed g (Slie oY

2355 (VN0) S gwse 5 6,0l mls polal .@al., 2014
S s Gole (IS B L ods Sl 5l glaeSTl
AS 7oL e Osb (ol s gl 4l
Ols5 oo 10 .(Naseri & Mousavi, 2015) &3 £ sualie
Sl Sless o5b G plasd pyan a0 05 5
SN Sl s e 0y 1 48T DL s
(s 4k 3 olS gkl e e Olye & 055 5
Gaels 5 0T 5, Shee sl ol 5 ol (61 oo SalS” & 31
3yl s seST l s HLok 5 sladely

ol 3550 (psm )y Jolo O35 (oh 52 cf yoes 03
Slaoles 53 oo S35 95 Jalse 5,08 03 S 5
s 3 s letasy bl oS Lo ash
Wlodkd o gume 65 5) g Jal s 2 )87 o ol s
Babalola and Akindolire, ¢Vlassak et al., 2010)
Al o GaaleT gl 55 S g e Vs 515 (2012
R ) S S M S lmsl al m nl
lr oslgs O man falST sl 53 (05 p 590
slaplls 53 ad g ool 5 LassS 5 p e plod
el L8 5 o3 #10)

A EalS o (e 5 (il 3) ks bl
OVF il 3 5y (S gy (Solos £ 385 Sho s
:ﬁ)ljl_g()\_:gzajs(:;}_lzfl\&é):)_ﬁl&su):
S 03 2058 3 P S Jelse Olejes
54ty Sy Solos s Dl 5 SRl Sy e
O e o Bl Wl o s Shas sl 5 5 Shes 5 5
el Sl eslizal 33 8 Slanh Glas S 5 ol p g
LS e s sy Jalse gl Blen 5 Olejen
Sl e Jole S glant o35 5 g 3 s
3, Sas (@laaig 5 a5 GOl (il (i jen
S sl 5 S Dl st 3 5 5 Lo oyl J pame
03 055558 5 i (S5 S 5 e e s
s by LS G ol e e L 1y 4ty
=S 5SS s s p s i SWassS
SLapllss 55 Db g 4l s Sy o (236 Jul e L 0T

5leeen s 1y S8 e p s

5030 plonil ) plid o 355 3 Shes gl 5 3 Shas
Ols 3, Shes 5 YL SWRIL2 el Lo 5 Al o
L lag 4 S 455 500 5 5 655 0 5 Shas
oo YO il A (slajles 4y Sl 5 Ao ys WV 5 Y
el aple 51 oLzl g gamma 3 315 0L 21531 s 3
505558 Ay (K5 055 I o 3,5l 50 o3 5
V3 Laa s s 3 Sl ol 45T Ui J geaes 5 Shes
Ghasemzadeh-Gangel & ) 5 5 e Lo ;3 YO U Ao s
.(Asgharzadeh, 2013

Jols 2S00 plad jlas 3l Jole il s
=5 Jad 53 Joe sy 2 )l 5 eSS o Hled
AU ST 5 6,8 oo 55 5les ol 45 ds otalie
S (gHlay § 585 Dliw 5o w" 5 Sl @il S
il el 5 6805 g 5, Slas a5 5 > SN
b Kl o dltss cpl el 035 At Sladaly (6l yls
5 S 6 3L e 3 S 76 ol e S ps
Len (sl e 15 Sn (1 o 5 JEIE L (2 L
=9 ol Jsles 53 S| IS 1 5L caray
Y sl 3 48 sboben il oL (o3l (il L)
S 5 oled 53 8 5 55 ONE slel Lo 555 0 ale>la
37 (ML+M2+R) 68 55 51, 5o o3y o 32970
Gl elsyl 3 os 8 oSS 5 g 5155Kn sloi b o 58
13 1y Sldie cp i CDE 5 &l sl s 51 oS
D3 aS sl 5 S ey ML sl 45 gysb oy
Wals 4 Cad (MIHM24R) lesT 5 5 5l 5o O
Sl 0l il 3l Aes YF 5 als ds sV C 5w

Lol 5 (Y0 A) OLas 5 lsts o il bl
GaslaS 5 olend gla 28T 5,8 (Ye) ) Ol
S S Ay Slaszse o (el D ST S (o
Sirinivas et al., 2008) 45l 4sls 6T g peslSo
$93 ﬁj‘v\_:.ljg‘s:_w <l ,51 . (Ahmed & Khan, 2010
s(Kaur et al., 2007) SU s 53 sww jon sLao, S
Dt sl 5 A LS el Ldd el
Gy 3 S S s a5, 815 s s S
Soltani Tolarod et ) Cul o i, 8 R-34 .54l 5



oy WA o K5 B ylows qoniond sl (S5 320U 43 ans 5 g0

3031 Do o] S5  stane 5 5 0 L ke Sl ol
oo 5 3 Sla)lSan bl oK ol Sl St O55en don Sels Sl als ok
b n 6 Kl SBT3 5528 0T 5 ST Dados e yo ST (5

Slgs ags 90yl sla Slaal, LS ( Jbmjysla 5 2S5
s 5 Llaels (6 f5e AR s ol plil 53 p3Y

References

Abd-Alla, M.H., Elsadek El-Enany, A.W., Nafadi, N.A., Khalaf, D.M. & Morsym F.M. 2014. Synergistic
interaction of Rhizobium leguminosarum bv. viciae and arbuscular mycorrhizal fungi as a plant growth
promoting biofertilizers for faba bean (Vicia faba L.) in alkaline soil. Microbiological Research, 169:
49-58.

Ahmadi, K., Gholizadeh, H., Ebadzadeh, H., Hoseinpour, R., Addeshah, H., Kazemian, A. & Rafiee, M. 2016.
Agriculture Statistics. Ministry of Jihad e Agriculture of Iran. Tehran, Iran.Vol:1, 125p.

Ahmed, M. & Khan, M.S. 2010. Influence of selective herbicides on plant growth promoting traits of phosphate
solubilizing Entrobacter asburiae Strain PS2. Research Journal of Microbiology, 5(9): 849-857.
Amanifar, N., Ghadirian, M. & Salehi, F. 2017. Common bean cultivars and genotypes reaction to Fusarium
solani f.sp. phaseolina with and without wet stress in greenhouse condition Journal of Applied

Entomology and Phytopathology, 85(1): 56-68.

Ardakani, M.R., Mdeki, S., Aghayri, F., Reali, F. & Faregh, A.H. 2014. Tripartit symbiosis of lentil (Lens
culinaris L.) Mycorrhiza and Azospirillium brosilense under rainfed condition. In: proceeding of the 4™
I SOFAR scientific conference Building Organic Bridges, Turkey, 691-693.

Ardakani, M.R., Pietsch, G., Wanek, W., Shweiger, P., Moghaddam, A. & Friedel, J.K. 2009. Nitrogen fixation
and yield of lucerne (Medicago sativa L.), as affected by co-inoculation with Synorrhizobium meliloti
and arbuscular mycorrhiza under dry organic farming condition. American-Eurasian Journal of
Agricultural and Environmental Science, 6(2): 173-183.

Arfaoui, A., EI Hadrami, A., Mabrouk, Y., Sifi, B., Boudabous, A., El Hadrami, I., Daayf, F. & Che’rif, M.
2007. Treatment of chickpea with Rhizobium isolates enhances the expression of phenylpropanoid
defense-related genes in response to infection by Fusarium oxysporum f.sp. ciceris. Plant Physiology
and Biochemistry, 45:470-479.

Avis T.J.,, Gravel, V., Antoun, H. & Tweddell, R.J. 2008. Multifaceted beneficial effects of rhizosphere
microorganisms on plant health and productivity. Soil Biology and Biochemistry, 40: 1733-1740.

Babalola, O. O. & Ekindolire, A. M. 2012. Identification of native rhizobacteria peculiar to selected food crops
in Mmabatho municipality of South Africa. Aviaable in: http://www.tandfonline.com/l ci/tbah20.

Bhale, U.N., Bansode, SA. & Simranjest, S. 2018. Multifactorial Role of Arbuscular Mycorrhizae
in Agroecosystem. Avialable in: https.//www.researchgate.net/publication/327720150

Blair, M.W., Astudillo, C., Grusak, M.A., Graham, R. & Beebe, S.E. 2009. Inheritance of seed iron and zinc
concentrations in common bean (Phaseolus vulgaris L.). Molecular Breeding, 23: 197-207.

Dehghani, A., Panjehkeh, N., Darvishnia, M., Salari, M. & Asadi Rahmani, H. 2019. Importance and climatic
distribution of pathogenic fungi associated with bean root and crown in Lorestan Province. Journal of
Applied Entomology and Phytopathology, 86(2): 219-234. (in Persian)

Dhingra, O.D. & Sinclair, J.B. 1995. Basic Plant Pathology Methods. CRC Lewis Publishers. 433p.



e g Qs ) (Sdawgr 2 325050 9 (092 o9y Olojed 32,8 (iU, 1l ed g (Slie of

Dutta, S., Mishra, A.K. & Dileep-Kumar, B.S. 2008. Induction of systemic resistance against fusarial wilt in
Pigeon pea through interaction of plant growth promoting rhizobacteria and rhizobia. Soil Biology and
Biochemistry. 40: 452-461.

Egamberdieva, D., Wirth, S, Li, L., Abd-Allah, E.F. & Lindstrom, K. 2017. Microbia cooperation in the
rhizosphere improves liquorice growth under sdt stress. Avidable in: http://www.tandfonline.comvloi/kbie20.

Elkoca E., Kantar F. & Fiahin, F. 2008. Influence of nitrogen fixing and phosphorus solubilizing bacteria on the
nodulation, plant growth, and yield of chickpea. Journal of Plant Nutrition. 31: 157-171.

Estevez De Jensen, C., Kurle, JE. & Percich, JA. 2004. Integrated management of edaphic and biotic factors
limiting yield of irrigated soybean and dry bean in Minnesota. Field Crop Research. 86: 211-224.

Farfour, S. & Al-Saman, M.A. 2014. Root-rot and stem-canker control in faba bean plants by using some
biofrtilizers agents. Plant Pathology and Microbiology, 5: 1-6.

Food & Agriculture Organization (FAO). 2015. FAO statistics. Available in: http//www.fao.org

Ghasemzadeh-Ganjehei, M. & Asgharzadeh, A. 2013. Effects of Rhizobiums sush inoculation and fertilizer on
yield and yield components of chickpea (Cicer arietinum) in Khorasan-Razavi. Iranian Journal of
Pulses Research, 4(1): 51-58.

Gouveig, C.S, Freitas, G., Debrito, JH., Slaski, JJ. & de Cavalho, M.A.P. 2014. Nutritional and minera
variability in 52 accessions of common bean varieties (Phaseolus vulgaris L.) from Madeira Island.
Agricultural Science, 5: 317-329.

Hall, R. 1996. Inoculum dynamics of Fusarium solani f.sp. phaseoli and management of Fusarium root rot. In:
Hal, R.(Ed.), Principle and Practice of Managing Soilborn Plant Pathogens. The American
Phytopathological Society, St. Paul, MN, pp. 279-320.

Harvenson, R.M., Smith, JA. & Stroup, W.W. 2005. Improving root health and yield of dry bean in the
Nebraska panhandle with a new technique for reducing soil compaction. Plant Disease, 89: 279-284.

Heydari, A., and Pasarakli, M. A. 2010. Review on biological control of fungal plant pathogens using microbial
antagonists. Journal of Biological Science, 10:273-290

Hoseini, N. M. 2008. Legume Crop and Yield. Tehran University Publication. 284 p.

Hu, JL., Lin, X.G., Wang, JH., Shen, W.S,, Wu, S, Peng, S. P. & Mao, T.T. 2010. Arbuscular mycorrhizal
fungal inoculation enhances suppression of cucumber Fusarium wilt in Greenhouse soils. Pedosphere,
20(5): 586-593.

Itelima, JU., Bang, W.J., Sila, M.D., Onyimba, |1.A. & Egbere, O.J. 2018. Bio-fertilizer as key player in
enhancing soil fertility and crop productivity: A review. Direct Research Journal of Agriculture and
Food Science, 6(3): 73-83.

Kalantari, S. 2011. Biological control of common bean root rot using microbial agent in Zanjan. Master’s thesis,
Zanjan University, 100 p.

Kanouni, L., Larous, L. & Mezaache Aichour, S. 2018. Inhibitory effect of rhizobia isolated from severa
leguminous against phytopathogenic fungi. Annual Research & Review in Biology, 22(6): 1-16.

Kaur, C., Maini, P. & Shukla, N.P. 2007. Effect of captan and carbendazim fungicides on nodulation and
biological nitrogen fixation in soybean. Asian Journal Experimental Science, 21(2): 385-388.



bod IVAY Jlo oS5 b ylowd i M S398L5 43 (annr § 540

Korir, H., Mungai, N. W., Thuita, M. & Masso, C. 2017. Co-inoculation Effect of Rhizobia and Plant Growth
Promoting Rhizobacteria on Common Bean Growth in a Low Phosphorus Soil. Available in:
https:.//www.researchgate. net/publication/313422508

Lak, M.R. & Khodashenas, M. 2008. Effect of different sources of nitrogen on bean root rot disease. Fina
report, Markazi Agricultural and Natural Resources Center. 30p.

Lak, M.R. 2016. Determination of the main agents of bean root rot and evaluation of potential and damage in
Khomein. Final report of project. Markazi Agricultural and Natural Resources Research and Education
Center. 20 p.

Lee, JY. & Song, SH. 2007. Evaluation of groundwater quality in coastal areas: implications for sustainable
agriculture. Environmental Geology, 52: 1231-1242.

Linderman, R.G.1994. Role of VAM fugi in biocontrol. In: Mycorrhizae and plant health, eds, F.L. Pfleger &
R.G. Linderman. APS Press, St. Paul. MN, pp. 1-26.

Liu, Y., Wu, L., Baddeley JA. & Watson C.A. 2011. Models of biological nitrogen fixation of legumes.
Agronomic Sustainability, 31, 155-172.

Macedo, R., Patricia Sales, L., Yoshida, F. Lemes Silva-Abud, L. & Junior, M. L.2017. Potential worldwide
distruction of Fusarium dry root rot in common beans based on the optimal environment fir disease
occurrence. Available in: http://journals.plos.org/plosone/article?id=10.137/journal.pone.0187770

Maksimov I.V., Abizgil’dina, R.R. & Pusenkova, L.I. 2011. Plant growth promoting rhizobacteria as alternative
to chemical crop protectors from pathogens. Applied Biochemistry and Microbiology, 47:333-345.

Maoy, O.C. 2005. Plant Disease Management. The Plant Health Instructor. Avalable in: https.//www.apsnet
.org/ edcenter/intropp/topi cs/Documents/PlantDiseaseM anagement.aspx

Matloob, A.H. & Juber, K.S. 2013. Biological control of bean root rot disease caused by Rhizoctonia solani
under greenhouse and field conditions. Agricultural and Biology Journal of North America, 4(5): 512—
519.

Mazen, M.M., El-Batanony, N.H., Abd El-Monium, M.M. & Massoud, O.N. 2008. Cultura filtrate of Rhizobium
spp. and arbuscular mycorrhiza are potential biological control agents against root rot fungal diseases of
faba bean. Global Journal of Biotechnology and Biochemistry, 3(1):32-41.

Messing, V. 2014. Nutritional and health benefits of dried beans. American Society for Nutrition. American
Journal of Clinical Nutrition, 437-442.

Muleta, D. 2017. Legume Response to Arbuscular Mycorrhizal Fungi Inoculation in Sustainable Agriculture.
Microbes for Legume Improvement, Avalable in: https://link.springer.com/chapter/10.1007/978-3-319-
59174-2 10

Naseri, B. 2008. Root rot of common bean in Zanjan, Iran: major pathogens and yield loss estimates. Australian
Plant Pathology, 37: 548-551.

Naseri, B. 2014. Bean production and Fusarium root rot in diverse soil environments in Iran. Journa of Soil
Science and Plant Nutrition, 14(1): 177-188.

Naseri, B. & Mousavi, S.S. 2015. Root rot pathogens in field soil, roots and seeds in relation to common bean
(Phaseolus vulgaris L.), disease and seed production. International Journal of Pest Management.

Published online:http://www.tandfonline.com



e g Qs ) (Sdawgr 2 325050 9 (092 o9y Olojed 32,8 (iU, 1l ed g (Slie g

Nicoli, A., Zambolim, ., Paula Jonior, T.J., Viera, R.F., Teixeira, H. & Carneiro, JE.S. 2013. Clamidospore
concenteration for assessment of Fusarium root rot on common bean. Tropical Plant Pathology, 38(2):
149-151.

Odoh, C. K. 2017. Plant Growth Promoting Rhizobacteria (PGPR): A Bioprotectant bioinoculant for Sustainable
Agrobiology. International Journal of Advanced Research in Biological Sciences, 4(5): 123-141.

Pawar, V.A., Pawar, P.R., Bhosale, A.M. & Chavan, V. 2014. Effect of Rhizobium on seed germination and
growth of plants. Journal of Academia and Industrial Research, 3(2): 84-88.

Rezaee, A. M. 1995. Concepts of probability and statistics. Mashhad publishing co. 431p.

Sabbaghpour, S. H. 2014. National document of iranian research strategy. Publication of Agricultureal Research,
Education and Extention Organization (AREEO), 417 p.

Safapour, M., Ardakani, M.R., Khaghani, Sh., Reali, F., Zargari, K., Changizi, M. & Teimuri, M.2011.
Response of yield and yield components of three red bean (Phaseolus vulgaris L.) genotyps to co-
inoculation with Glomus intraradices and Rhizobium phaseoli. American-Eurasian Journal of
Agriculture & Environmental Sciences, 11(3): 398-405.

Safarloo, Z. & Hemmati, R. 2014. Identification and pathogenesis study of Fusarium species related to
commonbean root rot in Zanjan Province. Aplied Research in Plant Protection, 3(1): 77-92.

Saremi, H. & Saremi, H. 2014. Isolation of the most common Fusarium species and the effect of soil solarization
on main pathogenic species in different climatic zones of Iran. Europian Journal of Plant Pathology,
137: 585-596.

Schwartz, H.F., Steadman, J. R, Hall, R. & Forster, R.L. 2005. Compendium of Bean Diseases. APS Press, St.
Paul, Minnesota, USA. 109 p.

Shekari, F., Esmaeelpour, B. & Shekari, F. 2010. The physiology of vegetable crops. Vol 2. Danesh Publication,
Zanjan. 336 p.

Shepherd M., Nguyen L., Jones ME., Nichols J.D. & Carpenter F.L. 2007. A method for assessing arbuscular
mycorrhizal fungi group distribution in tree roots by intergenic transcribed sequence variation. Plant
Sail, 290: 259-268.

Sirinivas, T., Sridevi, M. & Mallaiah, K.V. 2008. Effect of pesticides on Rhizobium and nodulation of green
gram Vignaradita (L.) Wilczek. ICFAI Journal of Life Science, 2: 36-44.

Smolinska, U. & Kowalczyk, W. 2014. The impact of the Brassicaceae plant materials added to the soil on the
population of Fusarium solani (Mart.) Sacc. and Fusarium oxysporum Schlekht. Jounal of Horticultural
Research, 22(1):123-129.

Soltani Tolarod, A.A., Abbaszadeh Dahgji, P., Khavazi, K., Asadi Rahmani, H. & Shahriari, M.H. 2014.
Evaluation of Vitavax ®-34 fungicide biological effects on growth and survival of plant growth
promoting rhizobacteria genus Pseudomonas and Azospirilium. Journal of Soil Management and
Sustainable Production, 4(1): 235-247.

Strullu-Derrien, C., Sdlosse, M. A., Kenrick, P. & Martin, F. M. 2018. The origin and evolution of mycorrhizal
symbioses: from palacomycology to phylogenomics. New Phytologist Trust, Available in:
https://doi.org/10.1111/nph.15076



oy IVAY Jlo oS5 b ylowd i M S398L5 43 (annr § 540

Tavassolee, A., Aliasgharzad, N., Salehi, G.R., Mardi, M., Asgharzadeh, A. & Akbarivala, S. 2011. Effect of co-
inoculation with arbuscular mycorrhizal fungi and rhizobia on fungal occupancy in chickpea root and
nodule determined byReal-Time PCR. Current Microbiology, 63:107-114.

Vlassak, K.M., Vanderleyden, J. & Graham, D.P.H. 2010. Factors influencing nodule occupancy by inoculant
rhizobia. Critical Reviewer in Plant Science, Available in: http://www.tandfonline.convloi/bpts 20.

Wang, Y.Y., Vestberg, M., Walker, C., Hurme, T., Zhang, X. & Lindstrém, K. 2008. Diversity and infectivity of

arbuscular mycorrhizal fungi in agricultural soils of the Sichuan Province of mainland China

Mycorrhiza, 18: 59-68.



OA Biocontrol in Plant Protection. Vol. 6(1), 2018

Effectiveness of simultaneous application of indigenous rhizobium and arbuscular mycorrhiza on root rot

disease and yield of red bean (PhaseolusvulgarisL.) in Lorestan Province

Ali Dehghani®?, Naser Panjehkeh?, Hadi Asadi Rahmani®, M chammad Salari?, M ostafa Darvishnia®

1. Lorestan Agricultural and Natural Resources Research and Education Center, Agricultural Research,
Education and Extention Organization (AREEO), Khorramabad, Iran

2. Plant Protection Department, Faculty of Agriculture, University of Zabol

3. Soil Biology Research Department, National Iranian Soil and Water Research Ingtitute, Research, Education
and Extention Organization (AREEO), Kargj, Iran

4. Plant Protection Department, Faculty of Agriculture, Lorestan University, Khoramabad, Iran

Corresponding author: Ali Dehghani, a_dehghanfarm@yahoo.com

Received: Dec., 17, 2018 6(1) 43-58 Accepted: Mar., 13, 2019

Abstract

Fusarium root rot of common beans is an important economic disease in Iran. It is broadly suggested that
farmers use ecofriendly methods of plant disease management, compatible with the sustainable agriculture to
minimize the application of pesticides in the fields. The current study was conducted to investigate the
effectiveness of native rhizobium, mycorrhiza and chemical treatment. The experiment was carried out in a
randomized complete block design in afield experiment at Sarab Changaie Research Station in 2017 with Ofogh
red-bean cultivar. The trial treatments exerted as follow, superior native rhizobium isolate Rhizobium etli b.v.
phaseoli (CCSM_B011401)(R), Rhizophagus irregularis(M2), Rhizophagus irregularis + Funneliformis
mosseae (M1+M2), R. irregularis + F. mosseae + R. etli b.v. phaseoli (R+M1+M?2), R. irregularis + R. etli b.v.
phaseoli (R+M2), fungicide treatment and control. Rhizobium powder was applied as seed treatment and
mycorrhiza was added directly in seedbed during the sowing of seeds. The best result was achieved from co-
inoculation of arbuscular mycorrhiza fungi and indigenous rhizobium, which showed a significant increase of the
number of seeds per pod, 100 seeds weight, grain yield and biomass yield as 34, 24.9, 51.6 and 38 percent
compared to control. In addition, the co-inoculation treatment reduced the incidence of bean root rot disease up
to 89%. Results indicated that the synergism of indigenous rhizobia and arbuscular mycorrhiza could be useful
for managing of common bean root rot disease, reducing the use of pesticides and producing the crop in a
sustainable and optimized manner.
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