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Abstract

Ascochyta blight disease of chickpea plants caused by Ascochyta rabiei is one of the important agents
that reduce the yield of this crop around the world. In this study, the effect of separate and combined
application of two arbuscular mycorrhizal fungi (AMF) including Glomus versiform and Glomus
fasciculatum, and four plant growth promoting rhizobacteria (PGPR) including Bacillus subtilis BS,
Bacillus velezensis JPS19, Bacillus pumilus INR7 and Alcaligenes faecalis 1624 for controlling the
Ascochyta blight of chickpeas was investigated under greenhouse conditions. The fungicide
chlorothalonil, which was used for comparison, was the most effective in reducing the disease. All
biological treatments reduced the severity of the disease compared to the diseased control, and most of
them enhanced the growth parameters (wet and dry weight of roots, wet and dry weight, and the length of
foliage) in the presence of the pathogen, except for root length. Compared to the separate application of
AMF, some PGPR+AMF combined treatments had a synergistic effect on disease inhibition, enhanced
growth, or root mycorrhizal colonization rate, but this effect was not present in all combinations. There
was no direct relationship between the amount of mycorrhizal colonization and the reduction of
Ascochyta blight; In general, the use of AMF and PGPR, separately and in combination, was effective in
reducing the Ascochyta blight disease and enhancing the growth of chickpeas, but the efficiency of the
combined inoculation was not always synergistic and depended on the bacterial and mycorrhizal strains
used.

Keywords: Alcaligenes, Bacillus, Glomus, Rhizophagus, Synergism

doddo

Aoy Vo bl ¢L5)\ 05 el s 2 s 5 (@l 2021 slals b g R 5 s (Cicer arietinum L.) s o o5

.(Benzohra et al., 2020) . 5 0L « (Parmasi et al., 2019) ol Olgr ol oo 3 ol CES

db“) u,».als lef sl amtlid 5)-«-“‘) u—,’,j«‘-@-‘ ..‘. . \:’J“J'LV\'A )l LS)L:.M.: BE J}JL;« e u.ﬁL.a.&-l Q‘ [GIRAY NPT 6@‘)‘
Jols 5 (Manjunatha et al., 2018) ol 5355 S5365  (<olew Gotd SR M 53 W pame (2 S8 5 A5 Ol bas 58

Manjunatha et al., ) _¢l,5 55 wslie ol Sl S e $olez (Newman et al., 2021) dbe ol st s

lagil (Ben Mohamed et al., 2010) =ilS &) b (2018 e s 5l S (Ascochyta blight) s s (S350
QL@_?- j“"\j‘“" )J \) 5L3§ h)"\ J)SJS 45 &:»-w‘ V.«_A )t:-\m.f

a8 (Vafaei et al., 2016) ol ;| 5 (Akamatsu et al., 2012)

Davidson ) (s b 3l sule saails 5,58 S lew alesl; s
sl slaell obd e L wls s 5 (and Kimber, 2007

Obe > (Ennouri et al., 2020) .l ol olS 5 L
UJJJ.,\.AIJLS B w}@b LAUA‘SP-)B JJ..:)LS ol asS 6@&)}
5,8 Ll «(Sherazi et al., 2016) ol solew 0! sles )
Llg o A slaaa s Rl 2 0558 lse onl by 5 s
s (Liuetal, 2016) swl=ls pole (OB slaalir Ll &

sl hdy e 5 Ol mwydS Gl el sae

e aly o8 cul ansl o, ol 31 (Mustafa et al., 2017)

el a (B 55,500 Hanes e ol K olew (pl ols das o
Didymella rabiei :_s, 4 425) Ascochyta rabiei (Pass.) Labr
sas (Baite and Dubey, 2018) <. ((Kov.) v. Arx
bt LE Wl ol (55 1L sl L sl B o gle s
.(avaid et al., 2020) L5 o SlLL Slaw olS Bl 5 axS
Soles opl (Pande etal., 2005) b o 5 St (glpasl s

Newman et ) .S o301 1, olS olga sla e ol oo Ll 5 0



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

sladis, 0Ad o3l Wi ¢l (Mustafa et al., 2017)
Funneliformis L (Solanum lycopersicum) G s> S
Glomus fasciculatum L Rhizophagus irregularis mosseae
Botrytis cinerea sls S Lo ol 5 55 olS ol Cueslin il 53l 4
Fritz et al., 2006; Fiorilli et ) c.l sislil Alternaria solani
el L) R irregularis e ;b (s S5 rasy 5o (@l 2011
Sgam 3 g o A, ilssl s (R intraradices s
sde, L3I 4 Fusarium oxysporum f. sp. ciceris S Lo

.(Moarrefzadeh et al., 2021b) ..l

Sk glag SU op Saee Sl olS L 0k p st glas SLss,
Kilam et ) auS o o508 15 OLLS 0N 555 5 jaws 3y 45 L
5 s OSUS Bl L Wl e s Gl 2017
oyl Sl als s WS sy il w4 rels 26
(Krzyzaniak et al., 2021; Chausali tul=ls aLS sla Sl
o3, 0508 slag SL s ¢l and Saxena, 2022)
5 Al e 3550 3 (S350 5 Solew Sold 2alS 4 Bacillus
Lladls 35 oS Wi, sla el sy 3 (gl ime LU

.(Rhaiem, 2020)

5 BT e Ll sl O s, aUls Sl s L
55 Lol o3 28 5 008 6l ol a2l 51 (S s lew
ol 5228 Ll 55 sdalisay s 5 sSKeal (s3)sliS
2o e b s 1 ol (Mitter et al., 2019)
Sarma et al., 2015; ) Wlos s 5 jeze OLILL5, O 5,58
wlosly 3 S8 5 g 8wl (Kos (g5 ) (Trivedi et al., 2020
BRI PI PRV PNt USRI CICI JCIESVIRE N g W oS
Barea et al., 2005; ) coul ko 5 S o5 S el Ol
ol (s, opl ) (Trivedi et al., 2020; Pozo et al., 2021
SUls s a4 Wl aes ol Sl (lalinSS 5 SIS
Lild 5 s slos,Se b osles sl LOD ssdms
Lebsily Lol el ,5E L bS58 S5 4 0SS e
2 S 8l ol sl 5l G (Trivedi et al., 2020)
S 5 S e lee et (OG5 SUlsE )

sy 68 el 5 olew ) Dl Gl DL s i
(Imperiali etal., 2017) X35 st olard

53 Sledisl G Grasns s S desge 0L
PR ED RS e PSR IRV COPRN S W A
Lol o Jaos Ll 3 51 S6 e 36 5 (LS slags sl
rudsl LS U Sl 5 (Chausali and Saxena, 2022)
Imperiali ) daa Jgame (5550 0 5 (SoskS 31 oIl 10
Arbuscular ) slalels (g5, 5 slagol (et al., 2017
Ly ok i sl Sy, s (mycorrhizal fungi, AMF
5,3 s3> (Plant growth-promoting rhizobacteria, PGPB) LS
WOSUS sl sl wlyl L aS tites iy, ol sl
WS o oMl 0SLS lasslen 5 BT Ll 55 OlaLS
sl mSen n 5 OllKkr5, ol (Minchev et al., 2021)
S Al o Ll Sihws s ko s &S (gadate
Ll anils olS sedS 5 Ay I P PRSIt

.(Santoyo et al., 2021)

bkl ssnles sbgol il (5,55 slag B
Av sl i ado, b alg e oS waes Glomeromycota L
Auled S8 s ses Lge (3 S 0SS slad S ds s
2B 5 oS Ole e slpe sl ¢ blize (Sen  cnl al
Emmanuel and Babalola, 2020; Krzyzaniak et al., ) <.l
JeoSS Gl glilesls 6555500 sz, &S ol (2021
3G ol s Smess slaesyslp 4 s S5 4 s
e 3lge « 5se ;3 5 (Pozo de la Hoz et al., 2021) w15
olS 4 5 o3 ged ol S 11, O35 5 Shed o S
» Os; (Emmanuel and Babalola, 2020) .S o Lel>
LI s 0 bl 658 Slagl o S
Ol ok ) S5S0l Sbe il Sy 4 g () oS
2l 55 o Jess I3l 5 (Igiehon and Babalola, 2018)
(Comby et al., 2017) 1S o S&S 2ol 5 s sla s
S Ol Ll e glailasls (655550 slazl wsss onl
S Ll K 5o s (Parihar et al, 2020) wsS ab 35S

LSl ke A bbb St s il Lt

VFe) Glmoy 9 3l [V o o [0a03b 0590 / (Sw j (s 9 St (owidiieo


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S 5 eslid

S S 55 55 5 (S350 5 Golew ) ks

2D e 5 2Ll Sass nl s pl Sl AL Sl
52582 e s3> AMF 5 PGPR = «l8ss 5 Lo 508
sy 5> oS s Sl Shs 2 LOT I et 55 5 258
2 PGPR 1l 0553l s plonil S Lld 5 5 Sl
Sl b (65,5500 O el 52dS g 5 Wa s Ss O gl 5218

A s Solens il 3 olS

L sy 9ol

28 shiclen alir i F ke 20U w25 5 S
23 Sipals o5 S slazol 05mSIS 5l Ascochyta rabiei
PO PR PO P DR WV Bp-S | FRN (O PP S SPTRA G LG
2 3 O alisolon 5 odd plubd liacsn; gla Shos
old o p Al Luls s Bivani]) mie s el
4> A. rabiei «lo> .(Moarrefzadeh et al., 2021a) ..l
SBT 5 maSss s ails 5, S Lo gol> s lacsais
B> 5,1 0 8 0 dass gl 035 e3lal (gl s S (CDA)
Bl sl Sl el i OT Al Yoo L s
ST e SIA 5 55,285 S T Jol ojlas 4 s oIS
IS o 3 0l 1) SO o 4 e T L 5 A 03533
arys YoEY sy B S gl o slasilis s
{(Farahani et al., 2019) Wi ¢ IS o gaeddas

3 Sk g Sy Sl wlesls slueslal (sl
Sl s,m sl s Al rabiei Sl g8 Ol s
oKin b i sl K (sl WaSai5 13 oS CDA Lo
b a3 YoEY Glos 53 0l 3 Lap eSSy iy
Ol oldis Wlosde ol OLE (G 3l o LA (G
Voo 4 esedes 420 VTY) SIS SI L el O e i
R I I S e e e e
055 (Slap i) Sl s 5l D000 M sl sl
Da) ISl Sl bl Lo siSy o ag iy
03 bendes SISl gl ad eddl s (dad b oels
Dt dpalS oY 51 e 55 o ael ¥ xV0F Ol 0 & gl pon

Ao 503 Sali sl s See (Glap s S) Slags e
dlie apis ol YU SSUS LS slawle S
Sarma et al., 2015; Arifet ) s 5,5, 0T L Jos ;5 &S 1S
Sl asle ol 058l (@l 2020; Pozo et al., 2021
Glosss1 3 S8 Lls 5 sl oS5 ke 3 0SUS
L bl s Ol ) b oman 53 b S 1S o sher
Sarma et al., 2015; Minchev et al., ) 1S jlee ze | oo lew
ol das o OLES 45 35l ssmy (g3l dalss (2021
5ol Wiy G s 55 4 Sl el 5 AMF 5 PGPR &8 55
8 Wl Siule elmily olew 2ln 3 olS 51l b
Bacillus circulans (sla SL 51 pliS 2 L Glomus (sl
aes il 4 Pseudomonas sp s Serratia marcescens
R LY BY NSRS S SR S-S RNT- Lk ST
Pseudomonas putida < s s .,I5(Hameeda et al., 2006)
Chrysanthemum  (¢s55l> (slaaiy Joms 53 F. mosseae s
ool esls Rl (gasls slewdl b (95,5 4 |, carinatum

.(D’Amelio et al., 2011)

3 AMF S5 5 Olojen Soale o 3 (ol oS 00l b
LGL:§ J\..:') Jj..@.: LS‘J" AZ.M.E‘L;: 9 J"”"\‘:‘“ 6)‘J.:‘ QL..J b PGPR
slld Jyame W5 olil 5 A8 b Sl e
gl Ol la miSan o 31 F o Lle s ol Loles S
5 (Artursson et al., 2006) Ll o5 Sl uw@)\};:a
2 e b e (o b iSen s 0SS lags S
«$3, o 3 .(Bonfante and Anca, 2009) .51, AMF il
Olas AT LLlS 35 8l dalye cpl oS5 5,08 51 i
SRS Obaabl g 5 sy sbeo S b s Lles Jelse
53len S35 85 ol 03V alse nl (3LaslsT sy
or A g Olhse sl 50 5 e L Lol g ST
(Martinez-Medina et al., 2009; Saldajeno and s,
s S ol glaldS sla iass  Hyakumachi, 2011)
e 02 olS Al slnhy 0SS sl Slsns S
Wang et al., 2003; Liu et al., ) dcus SLl s S5583 2

 (2016; Parmasi et al., 2019; Moarrefzadeh et al., 2022

;)LQ.:J Lﬁ.\prPR}AMF g.,.:SJS (.5”’“.)5‘ c)LZJJ ‘_5"”)‘;



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

058 0 e Lol (S5338 5 Golew 4 ple= 5 olile S Ol
S AS spep g 5 Ao Vo IS L s 55 sladils a5
Lo ) ey A bl (ads S sl plS j0) Ao o5 s
0305 Lals (IS5 L edd 0520 i Of L sizes Sl
gULl 5 el W 250 el TY I b 4) (St 5 b
03 il Yo ol 4 Sl asts ol jan 0 el VY
53 S 1E (YL s Slis agss 5 OF S s resle V1
U as gy Ospe e OF gl e Vooapae GBS
SIS LI slos 3 555 55 adils 35 wal b 5L 3,50 s,
Ly ¢lp b CiS mew 35S eslel (gl Sy Ll b LA
VYV OS5I L add O e mleig 5 Sl bslss 51 0laLS
w(Celo YE ol Lol oo cadds Vo e 4 gk a2 3o
SLOIUS 0555 bslos ol s 8 S 0, ) 4T ez o
Wl 5 s s ) Al 80 e b SEB
e 3SR E 5 el lasles po Al ae; (e Sle
Il 4 OIS 05 S 5 5l ey 5 S 4B S o e al CiS
25755 &ila Jlem OIS o 0 ((lnS poleman 5l e 4 S5
Sl 53 GlaY Lol g5y e 5 A el I3
GLa S b glasles L3 i odslay Oy & 5 mleca
Srosses sbaa S wlesly {x)f\”\ OIS a6l (S 55
LOIST 0555 upwr 5 o byloe e wl CiS s |
22 b Sl S sl SL L slales j dd sy,
O gl g 5 b oles 5wl Hles ol 31 bakils cils ¢L<;A
555 gladils S Olau b (Lad 03558 OIS S 4 =L St
Vox VN el O il s 3 sl K gl S 31 i
Laails il 5l a5 L eols sl 2 s 53 (6 8L e
Vo Ol 4 ol et Gl b SO el g 3
LSL‘”G')L; Lol slajles o dd eny38l OIS a4 2 Lo
Laals cals jles be 50 Ssms n s SL 5 555
L e dild g O e S s elec Bl g e Bl o Y
S OIS a5 amalS an ey 0 s Sl Oluebsl ) o
Looles o s Gl iy gbazalS 5 s aib
Solew b Siale 51 i cele A (LIS 285006
FUs 025) ol OaeVse b 5l sl 53 S cble b sl

Moarrefzadeh et al., ) .i 435 o, (Hemocytometer)

(2021a

Sy bl sileesbl 5 SSgmsn L AL 4 olaws
8 o LSk Sisnsn wb Sl Sl hask ol el
sl S OseSIs 51 Bacillus subtilis BS (B.s) ..
oils (g3,sliS saSiils 3 (K3l o8 s SKI
Ly S5 b+ 5l Bacillus velezensis JPS19 (B.vI) «s3l,
GLisle S 5 ply olKils ¢ ol wlisgloy Slslind) sow
sbeal) ,slS 555, 31 Bacillus pumilus INR7 (B.p) s ,SU
sdoze VLl (sl oKl AlS abidglen atadisl
S, 5| Alcaligenes faecalis 1624 (Alc) s SL 5 (K
Al Ol sl s (_;u(.ﬁ.,:;tfj\b@

S B i e 8T Lo 555 S sla Sk
sl b ol gyl o o el pele EA S
A Cde 4 Lol s Ssale (nutrient broth, NB) (gdss
bz 53 5 aids 53 553 W S b ST olSius (545 el
ooy KaS L oL SL el el Lus )l Gbl
S S Dol oy el Ve maadsb e g 1S
(Moarrefzadeh et al., 2021c) . Lo

Sl b glaluyls s sz, Lsp alp
s Glomus versiform (G.v) s § 51 glaluyls (5,550
Sh ol OsemY ge 3 o5 4 Glomus fasciculatum (G.f)
sl Gl e ald) Oy sl ey oSl
Les sl 5 cpl Sl e S A s e = (http:/turanbiotech.ir

25 S5 B (spore) SlaVee clyls
solkew 2 PGPR 3y AMF 43\?3: F) 43\§qu- 3,8 4 LSS
2508 S an Sl 22558 gy S SR 5 S35
Gl Sl s slilasls oS szl W5 5 Sl
Gdy s Sy ol 5t 5 Al rabiei Jle 3 S
Sl sk LB s nll Sl onl Ll s s
Slasles pU Ll el SIS 3 Sl WV 5 LSS iy b bl

£l )1 el ol oJ)jT \ J)J} BE g:"“)}l U'i‘ 3 ekl fbu‘

BL C,..:Sﬁ) C’b («G)‘ )l S LS 41.9J§ o 6.»)..; v:‘i) b)>u

VFe) Glmoy 9 3l [V o o [0a03b 0590 / (Sw j (s 9 St (owidiieo


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S 5 eslid

S S 55 55 5 (S350 5 Golew ) ks

b Sols rimes Lk (530515 olas DLl = b gl
53 bl sl Jlazst 5 s plosil (SSls lawls L 05051 L

Srosse Szl b a5 4l SamlpldS Ul (w)
3 AMF L s glaals ) OsenlsldS Olsee en tslailayls
95 s osSen Gzl b O gl 38 Olse » PGPR iU
ol el <=L>,L;\ x5 Sl L Phillips and Hayman (1970)
Srossee Dl LSS Ol by, 1 S s
Gt 5l 5 A M S3U o slaain ) Sl e S paa
A5 osls 6 el S U slaaS 4 e T L elS
Vsl Gl ke 0 ) Sk LIS S e s
AL e el LS gods o Vo dgee 2] e
oS Ol el s cole il 65K sl bady,
JolS it Sl i 5l 5 KA S e a3
Al hos S Ugbe 053 4R35 0 (ln Ghie O L
S Sl L it oS O (g e LS 0303 (gl S JS
) Skl L) Js S aSY s b el Jalee s csle
a4 p-f o plom s Cole S sl G Lo (,5
il 4S5 Jg el 5 Jsloe 53 B3 T s 5 e
Slaaie, 55 Ve s 5K slelll s LB
DS S Ve s QS L olSE e el (55l
2 (K 00 Labomed =S & el Lx 400 Jus) ()5
GosSer golB bl 2341 503 1 laaisy sl 5l ey S
s Sohrabi et al. (2015) (a5, 5,0 Wais ) O seml 5008 Ao s

S

@U
A5l e 2050 sl aS sl OLAS Laesls Ll 4 s
L o540 VL Oluabsl dojs Lo L35l sla el aan

Y i) aeils Sol3 sae B o

Sl ks 1 ol gt (8350 2 solen 2 sles S
J§)L¢.~: 4.:1& PGPR jAMF MKJD 9 L@,ﬁ 51{)5 9 J.:JJJUJJIS

b ks 3555 s S L g5, 5 S eslel (Www.ariashimi.ir

.(Bretag et al., 2008) .

L;urﬁ,\?-s O gpwilow g 3555 gladils S 5w auis an
b (O mlibe 53 o a ¥ ox VoF Bl L) Sl zob
Al el 55 slaanalS sy SB[ ba s Gl
Sl s i pe B lap iSOl s 3L

3L aslsl OIS a glaS s,

Glas s il O ade Of L (ol dals e
e b as sl Glas Koy by 4w ol Siale
Lyl s s el Sial 0blS (Liuetal, 2016) 552 ¢ |l
bl s (IS ol 8 Sl 4y YeEY gles s 4l
JoB 2sS el Vsl Sl edle 0L b wls, ol
Ohleg o858 5l eal 4 Fermolife, NPK+TE, 18-18-18)

A el (hitps://baharan.co : ozl SLS Ol

o 3555 Sl g hd; Oliw 5 55502 ol b5
Golew O3 gluar)s Sl L Siale 5l amis
Chen et al. (2004) s, 5,0 OSUS slajles 5o S536 5
Wl olS (V) il el 25 25 4 4 s elde b
won opl bz ol gl (V) o Dl 5
Lbgd o odos Slal 4 baasd (7) clilodalie LB & 5 S S
FB s L e (8) conl jaw i olS aan oyl
S Sas s Mlas S s 1) badle LasT (0) e O
Sadlo o 5 ol Jlgs w5y olS ()t 0 ados S
bl S e d s olS (V) ttizen SuSlis js oS
5030 yiolaS olS (A) (il o s S s glyls v.i:.ﬂz Ao
0358 LS (4) 583,13 jow Bl 5 bl o ilad3l (S5 S 2 et

.)ﬁﬁa&)alﬁ;é))&ﬂuiﬁq@ﬁﬁij‘

sbasy OSUS sbajles 55 olew atls Sl 5l e
Gt 3l w5 LS 03,50 05w OIS 51 lila 3550
5 (a5 5 ady; 05 L) aies i) G Sy wis,
(Kex 5 5 oolrlas 055 o) oS olse le i

BEEEE) (94 w) SAS )l).?\rj: L laesls oS L5f§e)‘.)u\



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

oL Cl}ul Lf.;w'i) éu)w DL L.E)L“:" [GER WA ‘J:..hls Q‘J:.o k;u-:flb
xie (B.S Hlad) Ao s Y0/0A B (BVIHGY [lad) VE/EY 5l 58
23 0SS ks 3l Ol s Sl e L;LAJQJK.«AU 93

() JS) s sl ol Ll

ol sloles e oS sl 0L SIS Ll s s Al rabiei
Jals U ommen 53 (lew Ll b s J2alS @ ilesl
VAL Jo b ls 2B iy oa ) Kbl 63
ol Llee 5o L e (ol el S Ao

oarls 5 olS s Gl S Sms e S s lalagls 5555 szt G 5L 5 8 1 a3l (laasls uills 4 ses =Y Jgds

$l=lS s Ascochyta rabiei S Ly 26 51 26 6ol

Table 1. Anaylis of variance of data obtained from the assesment of separate and combined application of arbuscular mycorrhizal fungi and
probiotic bacteria on growth traits of chickpea plants and disease severity caused by the fungal pathogen Ascochyta rabiei in greenhouse

Mean squares

Sources of DF Disease Root Shoot Shoot Rootwet  Root dry Shoot
variation index length height wet weight weight dry
weight weight
Treatment 16 10.585 39.617 95.978 7.467 2.042 0.008 0.036
Error 68 0.149 2.073 6.545 0.170 0.119 0.001 0.004
C.v. 9.916 9.544 6.384 8.610 12.324 14.156 10.319
F value 71.08* 19.11* 14.67* 43.86* 17.22* 13.71* 9.66*
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b
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Fig 1. The effect of separate and combined application of arbuscular mycorrhizal fungi and probiotic bacteria on the index of chickpea
Ascochyta blight disease caused by the fungal pathogen Ascochyta rabiei in greenhouse. The means were compared using Duncan's test (o =

5%). The means with common letters are not of statistically significant difference.
The abbreviations of treatment names are as follow: Alc: Alcaligenes faecalis 1624, B.p: Bacillus pumilus INR7, B.s: Bacillus subtilis BS,
B.vl: Bacillus velezensis JPS19, Chloroth: Chlorothalonil, DC: Diseased control, G.f: Glomus fasciculatum, G.v: Glomus versiform and HC:

Healthy control.
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Table 1. The effect of separate and combined application of arbuscular mycorrhizal fungi and probiotic bacteria on growth traits of chickpea
plants in the presence of A. rabiei in greenhouse

Treatment Shoot Shoot Shoot Root length Root wet Root dry
height wet weight dry weight weight weight
Alc 33.52h 4.21 ef 0.51 fg 17.04 b 3.19 be 0.22b
Alc+G.f 48 a 3.75fg 0.6 cdef 14.3 defg 2.57 def 0.13 fgh
Alc+G.v 38.9 defg 4.7 de 0.61 cde 15.1 cde 2.83 cd 0.15 def
B.p 37.08 fgh 4.77 de 0.58 def 193a 3.21bc 0.18 cd
B.p+G.f 36.4 gh 4.68 de 0.7b 13.6 efg 1.74¢ 0.11 gh
B.p+G.v 38.4 efg 4.47 de 0.59 cdef 16.1 cd 3.52 ab 0.18 cd
B.s 38.88 defg 599c¢ 0.64 bcd 9.17h 2.51 def 0.15 def
B.s+G.f 45.8 ab 4.61 de 0.52 efg 1249 2.4 def 0.14 efg
B.s+G.v 42.23cd 4.24 ef 0.58 def 12.58 fg 2.8 cde 0.27a
B.vl 41.1 cde 4.85d 0.61 cde 14.47 def 3.2bc 0.17 cde
B.vI+G.f 44.15 be 3.68 fg 0.52 efg 12.31¢g 2.32 ef 0.15 def
B.vI+G.v 34.1h 3.68 fg 0.51 fg 12.85fg 3.55ab 0.2 bc
G.f 40.9 cde 4.57 de 0.54 efg 15.65 cd 2.78 cdef 0.18 cd
G.v 41.62 cde 4.62 de 0.59 cdef 16.55 ¢ 3.86 a 0.18 cd
Chloroth 40.3 def 717D 0.67 bc 18.64 ab 3.24 bc 0.17 cde
HC 46.23 ab 8.04 a 0.82a 19.81a 2.29f 0.18 cd
DC 33.64h 3.42¢g 0479 16.58 ¢ 1.49¢ 0.1h
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Data are means of the data from five replicates. The means were compared using Duncan's test (o = 5). The means with common letters are

not of statistically significant difference. The abbreviations of treatment names are as follow: Alc: Alcaligenes faecalis 1624, B.p: Bacillus
pumilus INR7, B.s: Bacillus subtilis BS, B.vl: Bacillus velezensis JPS19, Chloroth: Chlorothalonil, DC: Diseased control, G.f: Glomus

fasciculatum, G.v: Glomus versiform and HC: Healthy control.

cloles 53 Ko wld bl slajles wen 53 Jlen dald L
auls 53 a5 A% ous G.f 5 BVIHG.f B.s+G.f Alc B.vI+G.v
Aoys Bp+G.F Jls 53) EAAT b (B.p Llas ,3) Yo/ WA 5l ol

2
Do L3 0l adyy hgs B Shs p A bolse S
Slspae SRl Bp led 53 Ll el alnil s slasbes
L 0dod len Al 4 (Ao VVE ) ol Wiy slsls
Lo sl leg dald b (ols e 50Kl b Lajlas S0 5
a3 adyy 5 055 (Y dadx) Wil axls cpl fals @
35 ey slew ald 5l (g5ls sne sbay BPHGF s S bajles
U BVIHGE L) 00/V 51 0 SLS slajles jo Jaalsl opl o
closles 55 Ko pamen p GV s 3) doys 104/
ol sdl erls )l G Alc+Gf B.s B.s+G.f B.VI+G.f

5 Slsls (g3, sz, LB 5 W sl S
I3 53 255 phsy SB SRy 2 Sismsn LS
SdS Lyl s s Al rabiei 3l

LotelS oyl b sy s Shy » () sloles S
S Ad gy Solew syl 03 3555 ass G SRy e n
Glasles dan 53 slew Jald L mian 53 ol o5l gt
B.p 5 Bp+G.f BVHGYV Alc slajlas 5 Ko odd ol
B BP+OV L) VENE 51 Liulpl ol wls 5 5 iy
dad 3 5w oyl ld 505 e (AlCHGT Jled) A s LY/
Alc+G.f 5 BVI+GV BVHGE slals 55 S lajls
b s ol DL Slay dald b a3 1) (ol e Al 58
(B.S jlew) doss VONE b (Al jla) YW/04 wals 55 20530

MJ) e)L..v:'-L."& S Q)j )‘Jk;'au w\fé‘ J:.q«-.a.sﬁ D



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

33 Ao 3 VY VL b5 sSe lasles aen o 550 glaals
Ol les (2 56 s 5l solsime JsSKeal
03wl sl S Ol eSS 3013 35y ada) Ol dS
53 01 i 5 Aoy VY Olse 4 GV 5 BSHGV sla e
© o5 4 AletGy 5 BstGf 5 AlctG.f w855 slajles
Ogel lS Olsn s 51 e Cad doss M 5 QY 5 A8 e
Slagob b glasles b ool gme SN ol jles an aly

(Y J&.;) S N AN (CAAPY CR Y RVIVETSVEPLEW

100 | a 2
ab

90
bc
80
70
60
50
40
30

20

Mycorrhizal root colonization (%)

10

bc

7ol Lali b s s slsles 3 1 ol sne
O3 AlcHGE 5 BptGf o Ko lajled aan 3 s Ol
Olee 5 250 i Hlaw Al 5l (gobs pme jsbas 50 aly ) S
B BSHGF jlas 53) £+ 51 0,56,8 bl 53 il ol
WAIC 5 BSHGY Jles 55 55 BSHOV jlas 3) dsys 1V
S 6l el L s s | als ol dmls

Y Jsd=) ks el 33l s 55 OA/AY B Y4/

Slais, oSS wop ey Ogelpls Ol

Dgel 338 Olsn a8 ols 0L 0dd (55l S0, (550550

5
iy

<4 e L5 &4 &

);‘: . o Lo x(:__\ - &

SRS ¥ 9

Treatments

A5 el (A3 0= WD) (STls 05050 51 680 b LapeSils anslie . slalals (555550 Gz B Lo 5 (o 2) 355 slaaty s 0ol 1S Ol =Y S
(Llos 03,51 Ko et oSl s 5 bl 3 bl lS Glapl) LI (65l sxe bl Ol oa b oS 2t Gy (sl sla Sl
Fig 2. Chickpea roots colonization rate (percentage) by arbuscular mycorrhizal fungi. The means were compared using Duncan's test (a = 5).

The means with common letters are not of statistically significant difference.
The abbreviations of treatment names are as follow: Alc: Alcaligenes faecalis 1624, B.s: Bacillus subtilis BS, B.vl: Bacillus velezensis
JPS19, G.f: Glomus fasciculatum, G.v: Glomus versiform and B.p: Bacillus pumilus INR7.

SR Sals (S sl 5 g0l Sl ol 5 sl
Loghs Wy 5 olS musdd 5 L) 55 (ol slreslg
©ong Bl Ll Jele nl o&an 5 )8 il el 5 kS
b Solen slee 5 #5 SV pame S 5 5 S A1
Emmanuel and Babalola, 2020; Giovannini ) deb=ls OALS
ol Glawey s SU s sl 1S (et al., 2020
e Soles pln 5 OlalS 51 gl s PGPR s AMF <55

;.Pra.

Sl el SIS ol (g3oslES ol sla L
Olaspr 5 &S 5 Sler plde 53 S ol slpe Ll &S
5o bt paee 5 WS S Jal e SOl &
51 S (Food and Agriculture Organization, 2011) dsl=il,
S dws g 0L 35 3 208 Olo)T pl 0 Oty Sla s,

LSLAJ“L LJ'\)J QLA)JJG\SA;MN‘PGPR)AMF Lol cjé.w‘j)i)j

VFe) Glmoy 9 3l [V o o [0a03b 0590 / (Sw j (s 9 St (owidiieo


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S 5 eslid

S S 55 55 5 (S350 5 Golew ) ks

Pozo et al., 2010; Comby ) il ,al, to 5l sloswel Al
Ol b 5See 55,08 (ol 5050 51 S S (et al, 2017
Song et ) ol oLS bl Priming) (651 i sl szl
(S5 OLLS S L, s .(al, 2015; Santoyo et al., 2021
Pathogenesis-) ol5 les b Lo 55 S Olo sl
S 5 bl b Lsw 53 sl s 5, «(related proteins
Pozo et al., 1999; Campos-) oul ol s s (gLl éumﬂ
Ol @ o opl 0458 .(Soriano et al., 2012; Song et al., 2015
i 53 ek slwl AMF L olS 0 sl S oK ey o
Sl 0blS Sl ke s (gl (Hormones) (glaoY 5330
Nair et ) asb 55,8 Sk ol s sl Glagaly Sl
) Caslie 4 olS s el aS slaanl b (al, 2015
5 o35 4 (Mycorrhizal Induced Resistance, MIR) (s 5, 5K
Pozo and AzCON-) Lwbxil o 3030 b Siles ol
Alr o ol Jesd b Caslis  plsil e s (Aguilar, 2007
Cd 54 (Pozoetal., 2009) Ll 33l o ol ls sla S les
S ol (6 505 e Dl 0l (55 e OS5 a5l
LS sl 0L Ol gl s das 55, S Ol il
L SbLS & Lol jI 2als L s (Parihar et al., 2020) .S LIS
s (Campo et al., 2020; Anand et al., 2022) :e 50 5 LS,
Caslin oS sl Sl il s 5 e oS el 55555
Li et al.,, 2013; Nadeem et al., ) xas olis s 5l (6 i
Solome 3 oo 5sS S5 sbul bl AMF (pioeen (2014
S b oS bl elS asy, sl il boady, sl
Sholaly 5o o SL b)) dus )y 05,5 lacame

.(Pozo et al., 2010; Parihar et al., 2020) il 5,8 oLS

o s opl oo el a3 S LS 4 PGPR AMF (3l
O sy W Shs 5 LaalS 1) 550 (53305, olen
Ol s 3,08 55 6500 Shasy o3 Ldedsy e )
glaals c2ls (s s B.osubtilis g sL 1 glalar
LamalS ot Caaglin 5 sy Sla Shs (S par S
b ) o s (S 5 pas sy St 2l s
sl &bl |, (Phytophthora infestans ,  A. solani

sSL 31 glalas 5,8 (Chowdappa et al, 2013)

sloles Jooyse 53 5 L s 5 ales bl
S 3L S s o (S3360 ke U3 Lol 8 5
SealBlas 5,058 5 05l (slalslS g cpl s (S ol
b s 612 PGPR &5 Jlex 5 AMF &5 55 &8 53 L
23 ghd,y b Sy F s olen ) e Ll Lo

A bl Sl g

Ol hass el o edd bl lajles Ole o
oAl Ao A Loy ad) S8 4 s Gl oS LSS0 NS
Dles 3 L oty Oleg ala b e 55 (Golen Ul
Sl 03 BB cpl GV sl sls Ol (3555 0 oles
ol ol gy 8 S0 glatesn 3 esn ol Soley
.(Benzohra et al., 2020; Moarrefzadeh et al., 2021a)
ol olee s bl gla i 6 el Sl s IS
slaes S L« (Davidson and Kimber, 2007) <ol (ks
Chang etal., ) aas o ,5S15 Sl ool lawlln 53 Jys

.(2007

S ) Jolse A8 55 5 Ll lajlas aan (Rass opl 5o
3ok 5 sls 1Al a3 T dals b aien 53 1y (5 lau
dald 4 Cans |y 3955 53 e kd sy (G L;Laﬁf}u LLAQT
et 3 |y Al ) SIS 035 9 5 O Lol o oles
Oy LS L bl pl Bais s 58 Wl dals |
b b Sk Ll 3 else ol oD wes o
Lo w45 Ksls Jlsen OT Ad, (il 5 ol o lsls
035 inle Lo 3 AMF 3550 55 555 s oLl OT 5155
ol 4 Funneliformis mosseae L S jax S slaws
P ss (S p olew 03 oS opl S Caslis
WL B xS 5 ldy als s Alternaria solani 5l b
F. sl (remen (Song et al, 2015) ssbxil ()l
G pb)l 2hy bl 4 R irregularis L mosseae
Magnaporthe ) codb gslew b (ST ol 55 olS 51 (golhuls
Campo ) Al (§ 35 5 Er sbd s Ll 25 s (Oryzae
) Sl oS Ay o OlS  ah - S (et al., 2020
bt li g Sl ol 53 oS OLLS 55 ol sl



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

L el ladly,

sl

soule o ady,

ool iz 5,0 olS W 4 aS ol L Pseudomonas PS01
orl OS5 o8 Sl bl s ady s 305 s s
ol ORI 5 et ;s 003 5L S Sl bl
L ady, dble golars caly) olilS oyl 5 b glaaly,
Chuetal., ) 55 cdull olS Ay il a4 5 035 05 Ss
SLOVs3 (S L g e K S5 SLS (2020
(oS Ct bt 5 iy e | adas dble golars (LS
o s oolsd iy ey 4 arla 50T b 4 s abelr
‘)M@)M)Léﬂﬁ=uwﬁp—r~‘:&bﬁb]w
(el slbadly, Suldy S S . ("L'; s e e jals
Sogr 4 OB pl ey e Sl als s oS sla b
b0l s w s akyy mae GBI ety bl glens
oS A2, ShlEl el 5 sdke sl 5 STl 15
Delaplace et al., 2015; Tyagi et al., 2019; Chu et ) Jel=il .
al., 2020; Garcia-Gomez et al., 2020; Li et al., 2021; Sharifi

(et al., 2022
PGPR 5 AMF & slalas 5 sy ol Lo
L meer 3 (GBS 5 Bs+Gf Bp+G.f BvI+G.f)
Sler 53 S sl sme FIGY 5 G sl See ST 5 18
Lot b Sy Fr omamer il (5558, ol
Ll b s b L sele 51 i 0858 cla s
i3 G G1as 5,8 51 2 BS+GF 5 Alc+G.f [l 5o
Shall s BSHGV al€ss jles i sls Ll | elesls
Ses b 5 s e GV ke sl Sl Ak, Sas 0y
3, 3 5 el ls s 05y Il Bp+GF 8 s
Gz g o3ls 55 K SIS e e GF les
L AL b Soles Slee 3 PGPR 5 AMF 655 slolas
F. s Pseudomonas putida <8 55 jles (e oS A 5 sug
(Chrysanthemum carinatum) (ssssls OlalS  Jass mosseae
o 48 3l Ll ooty (63,5 plewdl st (Soban ol 5o
L) s 5 Sl OKLE SRl 5y K3 b ol
(D’Amelio et al., 2011) 3,5 sdois o341 OLLS o lls

Sinorhizobium s :SU 5 Glomus mosseae Oljer Sials

Wigy o liS st Osewiliwsw Oy 504y Streptomyces lydicus
Aol 2B 5 ol Rl 1 L as, LS sbay
Wang et al., ) 55 ,lge LS ol ;3 |, Alternaria alternata
L ool b 5 s A1 55 0 PGPR (i oa (55, (2020
5 B B L) oS i s il 05U S,
W5 O5s Sl (Dlend Wb 0 SUS 8 blpe
5 oA I ol Wy (ol il Gl st
ol W5 i 5 S s (S A8l AL a0 5
Sl AMF Sl s s sl sen Gl e 3
Pl Gl less il ol 5SS o s Al
L alS b Sl LU A SEalS 5 b ol i
Induced Systemic ) Sl Satow Cuslie 255
s iy bl 4 da Shles s Llee s (Resistance, ISR
Hayat et al., 2012; Wang et al., ) tulxw (g5,5LaS olS WS 5
L8 @ slaalas 5l & 55 (2020; Krzyzaniak et al., 2021
SRS 0 e S S e e rl s el a8 S
B. A faecalis 1624 slaalix cbloas lulis olS Az,
My sdailg lls B, pumilus INR7 5 velezensis JPS19
Al s dmes Sl ope Jo Ul 5 Sl LSS
Ly ssadew M5 Ul B. velezensis JPS19 , faecalis 1624
55 L peamen (Seifi, 2019; Seifi et al., 2020) wlazils 50
Sl Fay 4 AMF 580 Jass ol s oS Sl ol &
S5 als Jles s a2l SL S s 5 0208 5 S
3555 55 15 (S238 0 Sl Sl b it (RS 05 5
ity s Jolge nl S8 015 0 5 0rl 3l ol 2al8
Solen ol La) Rl @ e s Gl sy 4 Sl
Caslie Ul edin b SR, e Ol el
33 GrosSer a5 MIR 5 (5 5L a5 ISR) aie Sl Son

sl oLS

53 5 o slasles Shasy cul 3 b auS iy &S Ol
iy b S sse a lse Sl oben 53 s Jelse
s idoalonil Sla dals b omees 53 5555 olS ol e
5 ezl o (il 55 gl Lol 5l & &8 s, S

ool Slow Al b amiaan 53 0T 2l & 50 5y

VFe) Glmoy 9 3l [V o o [0a03b 0590 / (Sw j (s 9 St (owidiieo


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S 5 eslid

S S 55 55 5 (S350 5 Golew ) ks

Sdiew Golew ol sl « (G mosseae ; fasciculatum
5 « |, Sphaerotheca 4,5 & 5l iU Koy goos
ol Olses el aes cul b ksl 2alS ds s VY 5 01
Aile g3 53l il 1y S oles ol 53 Cblis Ol ¢ Jol 5o
Lowe et al., 2012; Krzyzaniak et ) c.ils AMF les 5 558
AMF L o35 olKan s pdS sl S 5l s (@l 2021
53 Lol b &l las (i (sl3sole slas 5li 5 PGPR
Sllen L L 6 s Bl 5, L e
Imperiali et ) C2l olS (g0, 5 Coodl 3500 3 (Sol3 Sxs
SSUS Jalse O SUS sla iass sbasl s, .@l., 2017
3 S e S Kasan s AMF 5 L SU slaalis aib
2 OSUS e Jolse 5 haome Bl 5 o 5550 S
Lol 685 Siale s S8 s PGPR 5 AMF Sl gla ,iiKans
Sanon et al., 2009; Miransari, 2011; ) X138 o 56 Sk s

Cruz et al., 2014; Yasmeen et al., 2019; Aalipour et al.,
oy Jalse opml (g5, cpl 31 .(2020; Santoyo et al., 2021

Aol ons g 1SS a5 o il (S s LS OSUSS
3508 51 Ghy s e 0L ¢ 5550 ol (IMperiali et al., 2017)
oS Mo 5 glasjslws 4 oliws ¢l PGPR 5 AMF o5l
3533 o p ol Ll 5 olS ) @ OAESy 5 ae 3
Jaderlund et al., ) 5,05 ol Cuenl wojmel o Sazasls L

.(2008

Ol oS bl bl wan 3 (hash ool 2
DL &S 4SS dons VY VL 5 glaady; O gl 3lS
sballr ol Gl abasl Olpe 2558 & das o
Il aman 1 LOT L o 85l 5 030 (50550
S5 lales (F o 3 oy OseelplS Ulie S5 (ool s
o8 28 L e o (Alc+G.v 5 Bs+G.f 4 Alc+G.f)
s gl s 5 dd e ds (GV 5 G s (65,58
4 AMF 5 PGPR L Olojes jiale i 0SU,S OlalS L
Hashem et al., ) ol sdoalosl AMF L 4l O gunsl 5008 20550
(memes (2016; Khalid et al., 2017; Aalipour et al., 2020
Sroa ol 6l s 53 Olisdeils Wb« 1, PGPR

S SL (SrosSer Slag B b ey, Ol dS 5 5585

onle 31 i 1y olS s S8 5 sy 58w > meliloti
slaasl (Zhu et al., 2016) sls il b5, s ol
Sl iiSan 5 odiasOlis el e sl iyl 5 SaS ash
AMF OLILLr 55 Obe sy 53 oS ol hsud g 5 Cua
Las e o b tasy cpl 2 el S 85 & PGPR
Lol slsdles oI5 4 5 (Sandepogu and Mamatha, 2022)
(Nadeem  ulil o oS (s sla S5 250 b (olon Llge
Fo 3 el dles e nSea s s et al, 2014)
Olee s (Miransari, 2011) 108 sl g Cdor 55 LSl a Sl
2L SU slac sea L (Miransari, 2011) alS sbs S jles
Gl Sy 0 e Gl S8 S5 w5 s e gas 2B
o oS s s plbedse (LS (lhcs,
Las e bl L elS kS 5 ads plaile 5 Al
Js 4 55 2 PGPR 5 AMF Ls (Yasmeen et al., 2019)
Ly e Sk e slge ol 5 Dl JeSe b
LU o Sy s ) olS A, Rl O sew
S OLIL s pl b oolS glaats; Olojes O el 2lS
Slagaly 5 03l D o) G55 2 s 5l
550 MIR 5 68U 51 ol ISR) (5 ey 0 (sl
(Krzyzaniak et al., 2021) auS sl Olse 53 (S
03,5 wali L PGPR 5 AMF &8ss glajled (opomos
Lo Jeol Slee ol 5 Ol iS5 e dlBan sla Sl
Sl oS SO SUS s 5o b Lol 53 5 s Rl

(Gupta et al., 2022) 1ol

Slsles o s ol oo b cbadl L v o
(Jalse ol Wlas 55 L _sinean 53 PGPR 5 AMF &8 53
Olin g0 (Sl ki o ss (Soloy ki 2815 s ol5dl s
sx) Ale U ales 3 ol 685 Sl 5 olgs o GF
S sl & s oS 4 GV SOl 50 5 (Alc+GLf
ss5anl (glew i, (Al+GY B.p+GV Bl+G.Y) o
3 PGPR 5 AMF <85 JSiale 50 a8 55l (ool sms
Lol Gles Simbe 435 s b ol Llee 2 i oS
s B.subtilis s :SU 31 glalier 6 gad gl sl a3l (5 5 5

Glomus caledonium, G. ) 5,55 455 4w 5| (lojpel 3



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

e Shide olen Solew 206 oln oo mie bt
Mustafa et al., ) sl 5 (Blumeria graminis f. sp tritici)
2 AMF aoses b 01 Kiays S sl 4 (2016
oS 555 4 AMF L 0§50l 5208 Olse 51 2ty olS oy

(Dugassa et al., 1996) s I Kiws Slews 5 Ol se

S S e
SAMF 5l S8 s 5 Blus (6 8o g 28 (S5S Jash o
Sl S dse 5 S350 ol oAd 2alS s PGPR
3 AMFE Olejea Siale dow) OUl a4 i s o8 3550 a5
(Slas ge 5 s S il 5 PGPR (laalir
3556 adyy SrosSes gl b Ol S Oljee 5 Al s
5248 Sl (gade 5 ke SlaiSen » Sbled o5 AL axdls
ol s o) 3 el s ) Ol ol Ol s
53 epsies b Sl 5 DS Sl S Ol KI5 e b
S 2 5 A s 5 (5250 2 Solen D S e sl
DB lberd pse 5 LS 8 A LB s b S
S3oslS a plaes et Sl oty 5 A8 glaay e
(s opl s a8 il s b adl sl edslal Sl
5 ller 3 ien OSUS as Jelse 655 lajles
S A LS w5 L 558 A 25 5 Solew Dl
Sles 3 4 S 4 650550 glagul s ol SL bl
S 3ph e ok (s onl 3h s 8GOl LK a8
el 5o 3,18 (Sl (6 Sl okl Sla Rty
Sl s Lelse el sl A S S e 5 3l ol
5o s Lt el len Dl 5 oS 5 SUE 5 LG
Ghle 53 5 l5iS Luld s baallr Glaegal o saals
W5 boled I ramas 53 038 5 0SUS Gl s
Glae S sled Il s a0 Ll A4S 5 WS
odd A5 slapld Hlad 5 by D lyme (Jl s 5 b
LB 5 s oS s s el glatann s Als e

5,8 58 el

Ll s (Mycorrhiza Helper Bacteria, MHB) 5, S S04
S ob,Kal, (Rigamonte et al.,, 2010; Xing et al., 2018)
i3 3 L5l e |y AMF L O senl 58 0T L PGPR
e M A e 0S4 es ol Lol sl
LG oS abaeslet o s Y5580 dile oL U &Y poames
Nadeem et al., ) ol 33l o 1) olS ais ) slaasl (g ploas; oS
e Y e ol iman (2014 Santoyo et al., 2021
Szl Sl s cas o SRl | ey, Sl
ey B RIB s oas Kas 5 gl s
iy Osenl S Olgme ilsil & 5 2,138 s L35G (Hypha)
() 0538l (Azcon, 1987; Barea et al.,, 2005) Ll o0
e Gl e ls anal = U S alS L sl e MHB
3 5 elS aky, saldS gl wd, 35Sl 5 Ay A3
ool Odisy 3 b s (Miransari, 2011) s sk AMF
Loz IS oS emser Ll (S glend
S las,skws b wwan 55 (Krzyzaniak et al., 2021)
B.s+G.f 5 Alc+G.f ) slajles 3 Ko 5585 ash o el
55 6,56 PGPR 3455 85 slales s s (Alc+GLV
S SbzB Loaly, Opmlpls Jbime S5
AMF (a8 3 50 K Jrasn L ol glalals
soule 5 o5l 5 (G intraradices 5 G. mosseae) o St S
S dnls QLS 1) 55Kl sla 2Ty o6 8L K L Olesen
ool 4 S w53 AMF {penl 5208 Ol 01 Sty 55k
ol ails o PGPR 5 (30,550 slagb slaalis

.(Jaderlund et al., 2008)
5 Osel2dS Ol o sepliew Lgw (595 Jagh o
Sles a3 48 cpl b odos olew 2l 53 olS Sl golly
Cud ads )y Ogel S o i AlC+GV 5 B.s+G.F 5 Alc+Gf
Soles Slee 3 asless o i 5l BSHG.F) Lol 51 S s s
Gl o 058 53 ol Ulge oSs 51 S0s Sles 53 5 5
S BVIHGE 5 BstGv <85 lajles ool p 5 dzils
e b kil 1y aday SrosSes sl S Ol o S
odd pdas 8 6, sk Lo e Solen Lles L3 Lajles
4 Loy AMF L pdS glaaiy; OsmlplS (i3l S ol

VFe) Glmoy 9 3l [V o o [0a03b 0590 / (Sw j (s 9 St (owidiieo


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S 5 eslid

S S 55 55 5 (S350 5 Golew ) ks

4 b SL bl S s Solen 206wl 035
v\-o\iLMdﬁ é)\]{aﬂkmﬂ )L:Mu J;Ajﬁ Lfi‘ )J ol 4:.5;

&l

Aalipour H, Nikbakht A, Etemadi N, Rejali F, Soleimani M.
2020. Biochemical response and interactions between
arbuscular mycorrhizal fungi and plant growth promoting
rhizobacteria during establishment and stimulating growth of
Arizona cypress (Cupressus arizonica G.) under drought
stress. Scientia Horticulturae 261: 108923.

Akamatsu HO, Chilvers MI, Kaiser WJ, Peever TL. 2012.
Karyotype polymorphism and chromosomal rearrangement
in populations of the phytopathogenic fungus, Ascochyta
rabiei. Fungal Biology 116: 1119-1133.

Anand K, Pandey GK, Kaur T, Pericak O, Olson C, Mohan
R, Akansha K, Yadav A, Devi R, Kour D. 2022.
Arbuscular mycorrhizal fungi as a potential biofertilizers for
agricultural sustainability. Journal of Applied Biology &
Biotechnology 10: 90-107.

Arif I, Batool M, Schenk PM. 2020. Plant Microbiome
Engineering: Expected Benefits for Improved Crop Growth
and Resilience. Trends in Biotechnology 38: 1385-1396.

Artursson V, Finlay RD, Jansson JK. 2006. Interactions
between arbuscular mycorrhizal fungi and bacteria and their
potential for stimulating plant growth. Environmental
Microbiology 8: 1-10.

Azcon R. 1987. Germination and hyphal growth of Glomus
mosseae in vitro: Effects of rhizosphere bacteria and cell-
free culture media. Soil Biology and Biochemistry 19: 417-
419.

Baite MS, Dubey SC. 2018. Pathogenic variability of Ascochyta
rabiei causing blight of chickpea in India. Physiological and
Molecular Plant Pathology 102: 122-127.

Barea J-M, Pozo MJ, Azcon R, Azcon-Aguilar C. 2005.
Microbial co-operation in the rhizosphere. Journal of
Experimental Botany 56: 1761-1778.

Ben Mohamed L, Cherif M, Harrabi M, Galbraith RF,
Strange RN. 2010. Effects of sowing date on severity of
blight caused by Ascochyta rabiei and yield components of
five chickpea cultivars grown under two climatic conditions
in Tunisia. European Journal of Plant Pathology 126: 293-
303.

Benzohra IE, Bendahmane BS, Benkada MY, Mégateli M,
Belaidi H. 2020. Use of three synthetic fungicides to reduce
the incidence of ascochyta blight (Ascochyta rabiei) in
chickpea (Cicer arietinum L.): A susceptible cultivars case.
Indian Journal of Agricultural Research 54: 459-464.

Bonfante P, Anca IA. 2009. Plants, mycorrhizal fungi, and
bacteria: a network of interactions. Annual Review of

S el

5 (lisle S (g3l o&ils) Ll dme 585 BT 5l 0B

Sy e Ll S g ply o KE) s g S5 (Sl

Microbiology 63: 363-383.

Bretag TW, MacLeod WJ, Kimber RBE, Moore KJ, Knights
EJC, Davidson JA. 2008. Management of ascochyta blight
in chickpeas in Australia. Australasian Plant Pathology 37:
486-497.

Campo S, Martin-Cardoso H, Olivé M, Pla E, Catala-Forner
M, Martinez-Eixarch M, San Segundo B. 2020. Effect of
root colonization by arbuscular mycorrhizal fungi on
growth, productivity and blast resistance in rice. Rice 13: 42.

Campos-Soriano L, GarciA-MartiNez J, Segundo BS. 2012,
The arbuscular mycorrhizal symbiosis promotes the
systemic induction of regulatory defence-related genes in
rice leaves and confers resistance to pathogen infection.
Molecular Plant Pathology 13: 579-592.

Chang KF, Ahmed HU, Hwang SF, Gossen BD, Strelkov SE,
Blade SF, Turnbull GD. 2007. Sensitivity of field
populations of Ascochyta rabiei to chlorothalonil, mancozeb
and pyraclostrobin fungicides and effect of strobilurin
fungicides on the progress of ascochyta blight of chickpea.
Canadian Journal of Plant Science 87: 937-944.

Chausali N, Saxena J. 2022. Role of Bacillus species in
alleviating biotic stress in crops. In: Islam MT, Rahman
MM, Pandey P, Boehme MH and Haesaert G (Eds.) Bacilli
in Agrobiotechnology. Springer, 365-391.

Chen W, Coyne CJ, Peever TL, J. Muehlbauer F. 2004.
Characterization of chickpea differentials for pathogenicity
assay of ascochyta blight and identification of chickpea
accessions resistant to Didymella rabiei. Plant Pathology 53:
759-769.

Chowdappa P, Kumar SM, Lakshmi MJ, Upreti K. 2013.
Growth stimulation and induction of systemic resistance in
tomato against early and late blight by Bacillus subtilis
OTPB1 or Trichoderma harzianum OTPB3. Biological
Control 65: 109-117.

Chu TN, Bui LV, Hoang MTT. 2020. Pseudomonas PS01
Isolated from maize rhizosphere alters root system
architecture and promotes plant growth. Microorganisms 8:
1-22.

Comby M, Mustafa G, Magnin-Robert M, Randoux B,
Fontaine J, Reignault P, Lounés-Hadj Sahraoui A. 2017.
Arbuscular mycorrhizal fungi as potential bioprotectants
against aerial phytopathogens and pests. In: Wu Q-S (Ed.)
Arbuscular Mycorrhizas and Stress Tolerance of Plants.
Springer Singapore, Singapore, 195-223.

Cruz A, Soares W, Blum L. 2014. Impact of the arbuscular
mycorrhizal fungi and bacteria on biocontrol of white root
rot in fruit seedlings. Journal of Plant Physiology &



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

Pathology 1: 1-6.

D’Amelio R, Berta G, Gamalero E, Massa N, Avidano L,
Cantamessa S, D’Agostino G, Bosco D, Marzachi C.
2011. Increased plant tolerance against chrysanthemum
yellows phytoplasma (‘candidatus Phytoplasma asteris”)
following double inoculation with Glomus mosseae BEG12
and Pseudomonas putida S1PflRif. Plant Pathology 60:
1014-1022.

Davidson JA, Kimber RBE. 2007. Integrated disease
management of ascochyta blight in pulse crops. European
Journal of Plant Pathology 119: 99-110.

Delaplace P, Delory BM, Baudson C, Mendaluk-Saunier de
Cazenave M, Spaepen S, Varin S, Brostaux Y, du Jardin
P. 2015. Influence of rhizobacterial volatiles on the root
system architecture and the production and allocation of
biomass in the model grass Brachypodium distachyon (L.) P.
Beauv. BMC Plant Biology 15: 195.

Dugassa GD, von Alten H, Schonbeck F. 1996. Effects of
arbuscular mycorrhiza (AM) on health of Linum
usitatissimum L. infected by fungal pathogens. Plant and
Soil 185: 173-182.

Emmanuel OC, Babalola OO. 2020. Productivity and quality
of horticultural crops through co-inoculation of arbuscular
mycorrhizal fungi and plant growth promoting bacteria.
Microbiological Research 239: 126-569.

Ennouri A, Lamiri A, Essahli M, Benchegroun SK. 2020.
Chemical composition of essential oils and their antifungal
activity in controlling Ascochyta rabiei. Journal of
Agricultural Science and Technology 22: 1371-1381.

Farahani S, Talebi R, Maleki M, Mehrabi R, Kanouni H.
2019. Pathogenic diversity of Ascochyta rabiei isolates and
identification of resistance sources in core collection of
chickpea germplasm. The Plant Pathology Journal 35: 321-
329.

Fiorilli V, Catoni M, Francia D, Cardinale F, Lanfranco L.
2011. The arbuscular mycorrhizal symbiosis reduces disease
severity in tomato plants infected by Botrytis cinerea.
Journal of Plant Pathology 93: 237-242.

Food and Agriculture Organization. 2011. Save and Grow; A
Policymaker’s Guide to the Sustainable Intensification of
Smallholder Crop Production. FAO, Rome, Italy, pp. 116.

Fritz M, Jakobsen I, Lyngkjer MF, Thordal-Christensen H,
Pons-Kithnemann J. 2006. Arbuscular mycorrhiza reduces
susceptibility of tomato to Alternaria solani. Mycorrhiza 16:
413-419.

Garcia-Gomez P, Bahaji A, Gamez-Arcas S, Mufioz FJ,
Sanchez-Lopez A M, Almagro G, Baroja-Fernandez E,
Ameztoy K, De Diego N, Ugena L, Spichal L, Dolezal K,
Hajirezaei MR. 2020. Volatiles from the fungal
phytopathogen Penicillium aurantiogriseum modulate root
metabolism and architecture through proteome resetting.
Plant, Cell & Environment 43: 2551-2570.

Giovannini L, Palla M, Agnolucci M, Avio L, Sbrana C,
Turrini A, Giovannetti M. 2020. Arbuscular mycorrhizal
fungi and associated microbiota as plant biostimulants:
Research strategies for the selection of the best performing
inocula. Agronomy 10: 106.

Gupta S, Didwania N, Singh D, Chowluru SN. 2022.
Microbial consortium: an eco-friendly approach against

Alternaria  brassicae in Indian mustard. Indian

Phytopathology 75: 979-987.

Hameeda B, Srijana M, Rupela OP, Reddy G. 2006. Effect of
bacteria isolated from composts and macrofauna on sorghum
growth and mycorrhizal colonization. World Journal of
Microbiology and Biotechnology 23: 883-887.

Hashem A, Abd Allah EF, Algarawi AA, Al-Hugail AA,
Wirth S, Egamberdieva D. 2016. The Interaction between
arbuscular mycorrhizal fungi and endophytic bacteria
enhances plant growth of Acacia gerrardii under salt stress.
Front Microbiol 7: 1089.

Hayat R, Ahmed I, Sheirdil RA. 2012. An overview of plant
growth promoting rhizobacteria (PGPR) for sustainable
agriculture. In: Ashraf M, Oztirk M, Ahmad MSA and
Aksoy A (Eds.) Crop Production for Agricultural
Improvement. Springer, New York, 557-579.

Igiehon NO, Babalola OO. 2018. Below-ground-above-ground
plant-microbial interactions:  Focusing on  soybean,
rhizobacteria and mycorrhizal fungi. The open microbiology
journal 12: 261-279.

Imperiali N, Chiriboga X, Schlaeppi K, Fesselet M, Villacrés
D, Jaffuel G, Bender SF, Dennert F, Blanco-Pérez R,
Van Der Heijden MG. 2017. Combined field inoculations
of Pseudomonas bacteria, arbuscular mycorrhizal fungi, and
entomopathogenic nematodes and their effects on wheat
performance. Frontiers in Plant Science 8: 1809.

Jaderlund L, Arthurson V, Granhall U, Jansson JK. 2008.
Specific interactions between arbuscular mycorrhizal fungi
and plant growth-promoting bacteria: as revealed by
different combinations. FEMS Microbiology Letters 287:
174-180.

Javaid A, Munir R, Khan IH, Shoaib A. 2020. Control of the
chickpea blight, Ascochyta rabiei, with the weed plant,
Withania somnifera. Egyptian Journal of Biological Pest
Control 30: 1-8.

Khalid M, Hassani D, Bilal M, Asad F, Huang D. 2017.
Influence of bio-fertilizer containing beneficial fungi and
rhizospheric bacteria on health promoting compounds and
antioxidant activity of Spinacia oleracea L. Botanical
Studies 58: 35.

Kilam D, Sharma P, Agnihotri A, Kharkwal A, Varma A.
2017. Microbial symbiosis and bioactive ingredients of
medicinal plants. In: Varma A, Prasad R and Tuteja N (Eds.)
Mycorrhiza - Eco-Physiology, Secondary Metabolites,
Nanomaterials, 4th edn. Springer International Publishing,
Cham, Switzerland, 283-302.

Krzyzaniak Y, Magnin-Robert M, Randoux B, Fontaine J,
Lounes-Hadj Sahraoui A. 2021. Combined Use of
beneficial bacteria and arbuscular mycorrhizal fungi for the
biocontrol of plant cryptogamic diseases: Evidence,
methodology, and limits. In: Shrivastava N, Mahajan S and
Varma A (Eds.) Symbiotic Soil Microorganisms: Biology
and Applications. Springer International Publishing, Cham,
429-468.

Li Y, Liu Z, Hou H, Lei H, Zhu X, Li X, He X, Tian C. 2013.
Arbuscular mycorrhizal fungi-enhanced resistance against
Phytophthora sojae infection on soybean leaves is mediated
by a network involving hydrogen peroxide, jasmonic acid,
and the metabolism of carbon and nitrogen. Acta
Physiologiae Plantarum 35: 3465-3475.

VFe) Glmoy 9 3l [V o o [0a03b 0590 / (Sw j (s 9 St (owidiieo


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S 5 eslid

S S 55 55 5 (S350 5 Golew ) ks

Li Y, Shao J, Xie Y, Jia L, Fu Y, Xu Z, Zhang N, Feng H,
Xun W, Liu Y. 2021. Volatile compounds from beneficial
rhizobacteria Bacillus spp. promote periodic lateral root
development in Arabidopsis. Plant, Cell & Environment 44:
1663-1678.

Liu N, Xu S, Yao X, Zhang G, Mao W, Hu Q, Feng Z, Gong
Y. 2016. Studies on the control of ascochyta blight in field
peas (Pisum sativum L.) caused by Ascochyta pinodes in
Zhejiang Province, China. Frontiers in Microbiology 7: 481.

Lowe A, Rafferty-McArdle S, Cassells A. 2012. Effects of
AMF-and PGPR-root inoculation and a foliar chitosan spray
in single and combined treatments on powdery mildew
disease in strawberry. Agricultural Food Science 21: 28-38.

Manjunatha L, Saabale PR, Srivastava AK, Dixit GP, Yadav
LB, Kumar K. 2018. Present status on variability and
management of Ascochyta rabiei infecting chickpea. Indian
Phytopathology 71: 9-24.

Martinez-Medina A, Pascual JA, Lloret E, Roldan A. 2009.
Interactions between arbuscular mycorrhizal fungi and
Trichoderma harzianum and their effects on Fusarium wilt
in melon plants grown in seedling nurseries. Journal of the
Science of Food and Agriculture 89: 1843-1850.

Minchev Z, Kostenko O, Soler R, Pozo MJ. 2021. Microbial
consortia for effective biocontrol of root and foliar diseases
in tomato. Frontiers in Plant Science 12: 756368.

Miransari M. 2011. Interactions between arbuscular mycorrhizal
fungi and soil bacteria. Applied Microbiology and
Biotechnology 89: 917-930.

Mitter B, Brader G, Pfaffenbichler N, Sessitsch A. 2019. Next
generation microbiome applications for crop production-
limitations and the need of knowledge-based solutions.
Current Opinion in Microbiology 49: 59-65.

Moarrefzadeh N, Khateri H, Sharifi R. 2021a. The effect of
some defence inducing volatile compounds against chickpea
Ascochyta blight. Plant Protection (Scientific Journal of
Agriculture) 44: 43-58 (In Farsi with English abstract).

Moarrefzadeh N, Khateri H, Sharifi R. 2022. The effect of
some probiotic bacteria and different methods of their
application in biological control of chickpea ascochyta
blight disease. Journal of Applied Research in Plant
Protection 11: 97-108 (In Farsi with English abstract).

Moarrefzadeh N, Sharifi R, Khateri H, Abbasi S. 2021b.
Biological control of Fusarium oxysporum f. sp. ciceris, the
causal agent of the fusarial yellowing and wilting of
chickpea by mixtures of some microbial agents. Biological
Control of Pests and Plant Diseases 9: 61-73 (In Farsi with
English abstract).

Moarrefzadeh N, Sharifi R, Khateri H, Abbasi S. 2021c. The
effect of some plant probiotics in the biocontrol of the causal
agents of chickpea Fusarium vyellowing and wilting.
Biological Control of Pests and Plant Diseases 9: 143-159
(In Farsi with English abstract).

Mustafa G, Khong NG, Tisserant B, Randoux B, Fontaine J,
Magnin-Robert M, Reignault P, Sahraoui AL. 2017.
Defence mechanisms associated with mycorrhiza-induced
resistance in wheat against powdery mildew. Functional
Plant Biology 44: 443-454.

Mustafa G, Randoux B, Tisserant B, Fontaine J, Magnin-
Robert M, Lounés-Hadj Sahraoui A, Reignault P. 2016.

Phosphorus supply, arbuscular mycorrhizal fungal species,
and plant genotype impact on the protective efficacy of
mycorrhizal inoculation against wheat powdery mildew.
Mycorrhiza 26: 685-697.

Nadeem SM, Ahmad M, Zahir ZA, Javaid A, Ashraf M.
2014. The role of mycorrhizae and plant growth promoting
rhizobacteria (PGPR) in improving crop productivity under
stressful environments. Biotechnology Advances 32: 429-
448.

Nair A, Kolet SP, Thulasiram HV, Bhargava S. 2015. Role of
methyl jasmonate in the expression of mycorrhizal induced
resistance against Fusarium oxysporum in tomato plants.
Physiological and Molecular Plant Pathology 92: 139-145.

Newman TE, Jacques S, Grime C, Kamphuis FL, Lee RC,
Berger J, Kamphuis LG. 2021. Identification of novel
sources of resistance to ascochyta blight in a collection of
wild Cicer accessions. Phytopathology 111: 369-379.

Pande S, Siddique KHM, Kishore GK, Bayaa B, Gaur PM,
Gowda CLL, Bretag TW, Crouch JH. 2005. Ascochyta
blight of chickpea (Cicer arietinum L.): a review of biology,
pathogenicity, and disease management. Australian Journal
of Agricultural Research 56: 317-332.

Parihar M, Chitara M, Khati P, Kumari A, Mishra PK,
Rakshit A, Rana K, Meena VS, Singh AK, Choudhary
M, Bisht JK, Ram H, Pattanayak A, Tiwari G, Jatav SS.
2020. Arbuscular mycorrhizal fungi: Abundance, interaction
with plants and potential biological applications. In: Yadav
AN, Rastegari AA, Yadav N and Kour D (Eds.) Advances in
Plant Microbiome and Sustainable Agriculture: Diversity
and Biotechnological Applications. Springer Singapore,
Singapore, 105-143.

Parmasi Z, Tahmasebi Z, Zare MJ, Nourollahi K, Kanouni
H. 2019. Biocontrol of Ascochyta blight by Azospirillum sp.
depending on the degree of resistance of chickpea
genotypes. Journal of Phytopathology 167: 601-607.

Phillips JM, Hayman DS. 1970. Improved procedures for
clearing roots and staining parasitic and vesicular-arbuscular
mycorrhizal fungi for rapid assessment of infection.
Transactions of the British Mycological Society 55: 158-
161.

Pozo de la Hoz J, Rivero J, Azcon-Aguilar C, Urrestarazu M,
Pozo MJ. 2021. Mycorrhiza-induced resistance against
foliar pathogens is uncoupled of nutritional effects under
different light intensities. Journal of Fungi 7: 402.

Pozo MaJ, Azcén-Aguilar C, Dumas-Gaudot E, Barea JM.
1999. B-1,3-Glucanase activities in tomato roots inoculated
with arbuscular mycorrhizal fungi and/or Phytophthora
parasitica and their possible involvement in bioprotection.
Plant Science 141: 149-157.

Pozo MJ, Azcén-Aguilar C. 2007. Unraveling mycorrhiza-
induced resistance. Current Opinion in Plant Biology 10:
393-398.

Pozo MJ, Jung SC, Lépez-Réaez JA, Azcon-Aguilar C. 2010.
Impact of arbuscular mycorrhizal symbiosis on plant
response to biotic stress: The role of plant defence
mechanisms.  Arbuscular Mycorrhizas: Physiology and
Function. Springer, Dordrecht, 193-207.

Pozo MJ, Verhage A, Garcia-Andrade J, Garcia JM, Azcon-
Aguilar C. 2009. Priming plant defence against pathogens



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html

[ Downloaded from gebs.ir on 2025-10-28 ]

[ DOR: 20.1001.1.25885073.1401.11.2.14.3 ]

S S 55 35 5 S350 5 Solew ) s

S 5 el e

by arbuscular mycorrhizal fungi. In: Azcén-Aguilar C,
Barea JM, Gianinazzi S and Gianinazzi-Pearson V (Eds.)
Mycorrhizas - Functional Processes and Ecological Impact.
Springer Berlin Heidelberg, Berlin, Heidelberg, 123-135.

Pozo MJ, Zabalgogeazcoa I, Vazquez de Aldana BR,
Martinez-Medina A. 2021. Untapping the potential of plant
mycobiomes for applications in agriculture. Current Opinion
in Plant Biology 60: 102034.

Rhaiem A. 2020. Selection of bacteria with antagonistic activity
against ascochyta blight of chickpea. Journal of New
Sciences 76: 4461-4472.

Rigamonte TA, Pylro VS, Duarte GF. 2010. The role of
mycorrhization helper bacteria in the establishment and
action of ectomycorrhizae associations. Brazilian Journal of
Microbiology 41: 832-840.

Saldajeno MGB, Hyakumachi M. 2011. The plant growth-
promoting fungus Fusarium equiseti and the arbuscular
mycorrhizal fungus Glomus mosseae stimulate plant growth
and reduce severity of anthracnose and damping-off diseases
in cucumber (Cucumis sativus) seedlings. Annals of Applied
Biology 159: 28-40.

Sandepogu P, Mamatha M. 2022. Effect of vasicular-
arbuscular mycorrhiza (VAM) and PGPR on plant growth
response of two cultivars of Chenopodium quinoa Willd
(INIA-427, INIA-431) in both field and pot experiments.
Open Access Research Journal of Science and Technology
4:1-8.

Sanon A, Andrianjaka ZN, Prin Y, Bally R, Thioulouse J,
Comte G, Duponnois R. 2009. Rhizosphere microbiota
interfers with plant-plant interactions. Plant and Soil 321:
259-278.

Santoyo G, Gamalero E, Glick BR. 2021. Mycorrhizal-
Bacterial amelioration of plant abiotic and biotic Stress.
Frontiers in Sustainable Food Systems 5: 672881.

Sarma BK, Yadav SK, Singh S, Singh HB. 2015. Microbial
consortium-mediated plant defense against phytopathogens:
Readdressing for enhancing efficacy. Soil Biology and
Biochemistry 87: 25-33.

Seifi S. 2019. Screening of nitrate removal bacteria and effect of
these bacteria on biological control of Fusarium wilt disease
in tomato. PhD Thesis, University of Tehran. Karaj, Iran.

Seifi S, Behboudi K, Sharifi R, Shapleigh JP. 2020.
Introduction, mechanisms of action and genomic description
in plant probiotic bacterium Bacillus velezensis. Iranian
Journal of Plant Protection Science 50: 159-175 (In Farsi
with English abstract).

Sharifi R, Jeon JS, Ryu CM. 2022. Belowground plant-
microbe communications via volatile compounds. Journal of
Experimental Botany 73: 463-486.

Sherazi A, Jabeen K, Igbal S, Yousaf Z. 2016. Management of
Ascochyta rabiei by Chenopodium album extracts. Planta
Daninha 34: 675-680.

Sohrabi M, Mohammadi H, Mohammadi A. 2015. Influence
of AM Fungi, Glomus mosseae and Glomus intraradices on
chickpea growth and root-rot disease caused by Fusarium
solani f. sp. pisi under greenhouse conditions. Journal of
Agricultural Science and Technology 17: 1919-1929.

Song Y, Chen D, Lu K, Sun Z, Zeng R. 2015. Enhanced
tomato disease resistance primed by arbuscular mycorrhizal
fungus. Frontiers in Plant Science 6: 786.

Trivedi P, Leach JE, Tringe SG, Sa T, Singh BK. 2020. Plant-
microbiome interactions: from community assembly to plant
health. Nature Reviews: Microbiology 18: 607-621.

Tyagi S, Kim K, Cho M, Lee KJ. 2019. Volatile dimethyl
disulfide affects root system architecture of Arabidopsis via
modulation of canonical auxin signaling pathways.
Environmental Sustainability 2: 211-216.

Vafaei SH, Rezaee S, Moghadam AA, Zamanizadeh HR.
2016. Virulence diversity of Ascochyta rabiei the causal
agent of Ascochyta blight of chickpea in the western
provinces of Iran. Archives of Phytopathology and Plant
Protection 48: 921-930.

Wang H, Hwang SF, Chang KF, Turnbull GD, Howard RJ.
2003. Suppression of important pea diseases by bacterial
antagonists. BioControl 48: 447-460.

Wang M, Xue J, Ma J, Feng X, Ying H, Xu H. 2020.
Streptomyces lydicus MO1 regulates soil microbial
community and alleviates foliar disease caused by
Alternaria  alternata on cucumbers. Frontiers in
Microbiology 11: 942.

Xing R, Yan HY, Gao QB, Zhang FQ, Wang JL, Chen SL.
2018. Microbial communities inhabiting the fairy ring of
Floccularia luteovirens and isolation of potential mycorrhiza
helper bacteria. Journal of Basic Microbiology 58: 554-563.

Yasmeen T, Tariq M, Igbal S, Arif MS, Riaz M, Shahzad
SM, Ali S, Noman M, Li T. 2019. Ameliorative capability
of plant growth promoting rhizobacteria (PGPR) and
arbuscular mycorrhizal fungi (AMF) against salt stress in
plant. In: MirzaHasanuzzaman, KhalidRehmanHakeem,
KamrunNahar and Alharby HF (Eds.) Plant Abiotic Stress
Tolerance. Springer Nature Switzerland AG Cham,
Switzerland, 409-448.

Zhu RF, Tang FL, Liu JL, Liu FQ, Deng XY, Chen JS. 2016.
Co-inoculation of arbusculr mycorrhizae and nitrogen fixing
bacteria enhance alfalfa yield under saline conditions.
Pakistan Journal of Botany 48: 763-769.

VFe) Glmoy 9 3l [V o o [0a03b 0590 / (Sw j (s 9 St (owidiieo


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.14.3
http://gebsj.ir/article-1-439-fa.html
http://www.tcpdf.org

