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During the growth period, the potato crop is exposed to a combination of biotic and
abiotic stresses. Rhizoctonia solani Kuhn is the causal agent of potato stem canker
disease and one of the most important soil-borne plant pathogens that reduce the yield
and quality of potatoes worldwide. Antagonistic bacteria seem to be a good alternative
to chemicals in controlling plant pathogens. This study evaluated the biocontrol
properties (hydrolyzing enzymes, siderophore, surfactant, biofilm) of 20 Bacillus
isolates against R. solani AG3. In total, 23 to 64.9 % of isolates in dual culture assay,
38.2 to 85.4% in volatile compound production, and 76.9 to 90% in antibiotic
production showed inhibition against the tested fungus. The isolates were variable in
terms of biocontrol properties. Based on the in vitro results, five isolates including
Bal, Ba5, Ba8, Ball, and Bal2 were selected for identification and additional
investigations under greenhouse experiments. The selected isolates inhibited the
germination of fungal sclerotium and caused mycelial fragmentation and cytoplasmic
coagulation. Strains Bal, Ba5, Ba8, Ball, and Bal2 belonged to B. mojavensis,
Bacillus sp., B. pumilus, Bacillus sp., and B. velezensis, respectively. In the
greenhouse trials, the disease severity index was zero in treatments Ba5 (Bacillus sp.)
and Ba8 (B. pumilus), similar to Rovral -TS fungicide and completely controlled stem
canker disease. Therefore, they are suggested for additional investigations and
preparation of optimal formulations.
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Extended Abstract
Introduction

Stem canker disease caused by Rhizoctonia solani is one of the destructive diseases of potatoes that leads
to the loss of the annual yield of the product all over the world. Disease control methods include planting
disease-free seed tubers and using chemical compounds that inhibit the fungus. The continuous use of
fungicides causes the emergence of resistant strains and environmental pollution. Bacillus species have a
unique ability to multiply rapidly, compete for space and nutrients with the Rhizoctonia pathogen, and survive
under adverse environmental conditions. They secrete different types of antimicrobial compounds such as
lipopeptides, antibiotics, enzymes, and volatile organic substances. They also strengthen plant growth and
induce systemic resistance. The current study was conducted to investigate the biocontrol and growth of
Bacillus strains in reducing potato stem canker disease and improving the growth characteristics of the plant.
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Materials and Methods

To evaluate the inhibitory mechanisms of Bacillus strains on Rhizoctonia pathogen, three methods including
dual culture assay, production of antifungal volatile substances, and antibiotic production were used. All
experiments were performed in two separate experiments based on a completely randomized design with 20
treatments and three repetitions. The biocontrol characteristics of the antagonists consisting of the production
of hydrolyzing enzymes, siderophore, biosurfactant, and biofilm development were evaluated. Five selected
strains were identified using 16S rRNA sequencing. Also, their effect on the germination of sclerotia of the
pathogenic fungus and the morphology of its mycelium was checked. In pot experiments, in addition to
candidate strains (Bal, Ba5, Ba8, Ball, Bal2, Ba5 + Ball), other defined treatments including Carbendazim,
Iprodione-Carbendazim, potassium phosphite, negative control (healthy plant), and positive control (fungus
infected plant) were determined and disease scale calculated. The results of biological tests were analyzed by
SPSS software version 24.

Results and Discussion

In dual culture screening, strains Bal2 and in the production tests of volatile and antibiotic compounds,
strains Ball and Ba8 respectively showed the highest inhibition against the studied fungal pathogen. Apart
from the 3 mentioned strains, Bal and Ba5 candidates are in the next degrees of inhibiting the growth of the
fungus. In evaluating the production of extracellular enzymes, Ba8 had the highest amount of chitinase and
Bal2 had the highest production of cellulase, protease, and pectinase. Also, strains Bal and Ba5 secreted all
the examined enzymes except pectinase. Five candidate strains also belong to moderate and strong biofilm-
producing groups. All of them led to mycelium swelling and fragmentation and cytoplasmic coagulation in R.
solani AG3 mycelia. According to the sequencing data, selected isolates including Bal, Ba5, Ba8, Ball, and
Bal2 belonged to B. mojavensis, Bacillus sp., B. pumilus, Bacillus sp., and B. velezensis, respectively. Among
the selected Bacillus strains, Ba5 and Ba8 showed zero disease index and controlled the disease, just like the
Iprodione-Carbendazim fungicide. Another strain (Ba8) which controlled the pathogen 100% in greenhouse
experiments, also produced high chitinase, which is effective in destroying the fungal wall and also completely
prevented the germination of Rhizoctonia sclerotia. The combined treatment did not show an additive effect
compared to the single treatment.

Conclusion

Due to their genetic and metabolic diversity, Bacillus species are well-adapted to a wide range of
environmental conditions. Based on the results of the present research, it seems that the usage of Ba8 (B.
pumilus) and Ba5 (Bacillus sp.) strains in combination with other available control methods should be
appropriate for stem canker reduction. However, achieving the optimal formulation and validating the results
requires field experiments on a larger scale.



» Y, ‘/ R
Vo ke ¥ auns A~V
» Qo »

e

YFYP—VASA Muﬁ el
]

Homepage: http://ijpps.ut.ac.ir/

Rhizoctonia solani o5 ylow b Jolai 48 wghuwl SGINS (G § J 5 Sy

-

(S0 )

" ol yag0 00w |7 5 p0ly (2l 0 )l | (559,595 o

hossein.norozi20@gmail.com :asllly .l cauie cguio (g3, oKl ¢(g5y9liS 0aSLily ¢ S jy oLS 05,5 )
s.baghaee@UM.ac.ir :asbll, .l oo ciguie wgd,d olKuiily (55)9LiS 0aSiily ¢ Kisjs oLS 09,5 ¢ Jggume odiunr g .Y
shideh.mojerlou@shahroodut.ac.ir :asbll, . o))yl og,mls wgymls ais oI5l (g5)gliS oasiisly ¢ Kb ;alS g SLEL 05,5 ¥

oS> Ao ML
BB 25 o0 )8 0355 pé g o) G | (S 5 o ) (Seeiomn Jgae S) 0)93 Job ) Wlie £4i
S b )8 o (ot 3 (S g e jamw dBlu ,SOLS (glews Jole RhizoctoNia solani Kuhn

it ol dgo sl (e 3Rl (AL sla S o S8 53 CrndgST (slags Sl
b Vo (oldgn Ol )gu (59,0 @S 3gpin sl m3l) JiSsn (o Shy adles ()
VY blize cuiS 53 balis ggesme 3 i oy (2Kl Lulys )3 R, solani AG3 ade yoolusls
oo 20> A0 BVEA Sgn (51 W 53 9 200 ADIF B YAV )16 S adg o o p SEA L (0 o) oo 5,505k U
(AR 5 ololy 35 it S5 Sl Sy ol 253 A8 2B S5\ 5 s
Sd Gl S LSS sla pwyp g ololid Iy Bal2 4 Ball Ba8 Bab Bal 4l xy VEY/-FIVY Ui e G

VYN0 el s )b

2 owdgiw dlasil g b dsad dslad 5 7,6 g ISl Siailes  SWHbL caw conie sl

B. s 4 iy 4 Bal2 4 Ball Ba8 Bab Bal slale .uus Siles g8 poduse

WS byl s o ., 3les B. velezensis 4 Bacillus sp. B. pumilus Bacillus sp. mmojavensis 3‘*505’9-\4:15

& Jhsy Sz, wiles Bad (B.pumilus) 4 BaS (Bacillus sp.) sbejles o (g)low i (s li i piiSa o poslel

48 9 (oSS ooy sl ycnl J w908 S8 JolS job 4 ) dle S (g)low 9 392 oo 0] Rhizoctonia sl il
g oo Sl dinty yomw Vg0, solani AG3

(senjic RNIZOCTONIA SOANT )5 )loss b Jolss 53 ogluasly sl s J5S Juwsly & (VF+Y) e egl 290 5 fo)lo cspoly (ol Sy cc59y95 :0Uww]
DO http//doi.org/10.22059/1JPPS.2023.357079.1007026 \AY-Y-D (N) OF /K fualef 2 4

® @ B g © Ol o8y ol L] e :)*SU
DOI: http//doi.org/10.22059/1JPPS.2023.357079.1007026



mailto:hossein.norozi20@gmail.com
mailto:s.baghaee@um.ac.ir
mailto:shideh.mojerlou@shahroodut.ac.ir
file:///E:/drive%20d/1402-1/گیاهپزشکی/10.22059/IJPPS.2023.357079.1007026
file:///E:/drive%20d/1402-1/گیاهپزشکی/10.22059/IJPPS.2023.357079.1007026
https://creativecommons.org/licenses/by-nc/4.0/

40dio

Cotol )3 ot GEE 5 1Bbie @8y 9 )3 paS l dn Ag e ] o)) e Jpae eyloe (e i
9 bl I amwg atel dlos )5 yme )3 uejuw olS (Bradshaw and Ramsay, 2009) .S o ) san] olie
doly 530, Sles s cdl el delue olod byl (0 (SUle Slods JUS (o felos pl 2535 a8 2> ))8 )5 jlaws
31 b o i ol 0y95 ¢ alw 5L (gylew . (Pinhero & Yada, 2016) 545 0 039l bl )3 pedaw
e sl lew ;I (Thanatephorus cucumeris Frank Donk  ..> ¢,8) Rhizoctonia solani Kuhn
Srivastava ) 595 o s ywl o 13 Jgazo aVlo 3 Slas Jo > Fr BV 58y Cawd jl el a8 Wbl o (o jm
9031 1 a8 5 yl> o)Ll ladiu ) g aglgiasl ((4Ble ,SGLB) Wby b 1 olalS Sagl a4 o5 @)lus (et al., 2016
03y Jead 35l 53 g Sl LS b aose (Sogll syb jl Bies LS @jlud a5 s yd 5,035 o il 0ad slas
(Atkinson et al., 2010) sa5 o yidlS 1y Jgammo (i )lib a5 515 o & yguo (oluw 0945)

Lo oS T L o jlows (slmose b g ()lom 31 sl 5)0 slaoss cusls gylom (il Joho 4 (sl Sl 51 (S
Sl elS s el 35 gyd slaeae 18 Jbales i (Wharton & Wood, 2013) wib slg o b iSz,B L
S slew w53 uejcaw pB)l STy (Wale et al., 2008) w8 o 550500 1y olS &y )5 jlaws dlos s b g 0 (4)lows
Woodhall et ) cool sais (5)155 (s5lewr cpl 4 palie Mol swojcum | l6Szun 81 unl Cglate Ligisy o)
ST b Lol iyl LigcS) o 3 (VU ool gpSnsty 5 JuigusS 23988 alas  plimd S 5 (2., 2013
b geo e oy Csllaol glerd lasilony Glsisa 5 S (ejn; ol Gile 0 ek
polie slaaslin jorbs cel olows GluS 5 a3l yiw 5 polie (slad )8 <l 0sMe (Lamichhane et al., 2020)
G jlasmol )55l aa; sla il anwgs Jolis ailgles  J S @lolidl ooyl (Lee et al., 2017) cowl o
(Rahman et al., 2018) ¢l (5,95 R. sOlANT 5 5iuS by JBls 4 (4l

oS g 1 dlon | iliseo 9,80 15 S8 5 32k ol 5 S8 (glapounsdlSo b (6 yhunge) o slag Sy
2 315 o sl i (53l b g (LS (slagigeygn g5 55 g Siidgylen slam Bl g 989,00 (50 Ak
by waluwl 5,:SL sbaisS (Keswani et al., 2020) wsl g5 olS wiby il o golew oliee Sials
S gl g w8 o ) LipSTpiy Silan b gdhe dlge g Lad (gl alls myw 5SS l (63 84 parxie
Sl 5 il elgl ey 0k Jaomo aluasl Ll o b il o 2B 1) o &84S oo 055 yopmogail b &y caglie
5005 Caghi ) olS 4y 5 g WS o by ) S Sl g bl Sgn 5l daatged A8l 09)Sse 15
(Shafietal., 2017) ssled oo Wl 1) St Canglio

oals g R.solani poduse g8 s jd Bacillus calisee (gla aigS S sl 030> L oss plodl (sl wyps 3o
Uik 5> (Hussain et al., 2020 <Khedher et al., 2015 Brewer et al., 2005) ! 034 g0 a8l ,SOLS s
8,55 plonil uphaol glayli jlolinul b (e R SONBNTE (5 J 8L bL3)I > (oo 320 B3 glo
)] 5 (sojou dBlo ;LS (gilaw (2L 5 uphaol e (a3) 5 (JySon (o p Saal pob adlas .l
ol 48 Sploxl oS (1) (sla S

S ol aduy L gy Bacillus amyloliquefaciens FZB42 (¢,iSL J S g0 punlSo (obj)l 9 (ow)y
0154055 51,8 Slge 5 (S5l (Sladsingnd 01l pj slacdale Dbl ]y sbe lags ySL bawgs ol 5l clable pugilSee
6 Lo clé (Chowdhury et al., 2015) us ol Siottunw Cuoglio (sl o 3wl el lag iSb lawgs



AR} IR0 9 559,95 /e Splow b Jolad 40 wglewl lodslus i j oS Jawiily ((ntgps — (ole)

Wle (2B slacan wldcou, )0 s Gygo & dwejoww ,d R.sOlaNi ui, ly 4o B. subtilis V26 4l
oSl (¢S bl )y ,> (Khedher et al., 2015) wi osalin 5 sl g cundbgigy cuis (s dbigSly
23,5 Ao DAY 5 Y e 4 Cui g oS jlewd dald b dslie ) oluw 05 g dBlu ;SOLS G900 ialS el V26
=i 05, ke Bacillus subtilis ATCC 11774 1 ouis gl seuwl jluins (g9l PDA ¢S bae 3 (awyp S
9 2o VYV e 4 dBle ;SOLS (gylow ials 50 abS bylyds 3 .005,8 dalie 0oy ¥Y/Y 5 4 R. solani
ol yild Jolw cuiS” mle (Saber et al., 2015) i jasuie sad 3 Slas g gy ¢ olowbion (sla ol )l ]38l
25 Bkl bl s > R.s0laNT )3 lew poduse A5, 4595 b Jles 4 e B. subtilis HussainT-AMU «lus
B. L (Hussain et al., 2020) wsls Lials de 5o 1> b0y B+ 1y (gl goBg 0dd ;5  uunigSLil il 5
DoyS jl camlon b 35k 5l g canl anisly i85 olS wiy 15)) ) jlels ACC clllad 5 ST 0J 55 L subtilis PM32
1955 J31> 5> (Mehmood et al., 2021) el ools Lzals (303 YA/AY) 1) o Lljs ke R. SOlANT 2,5 pgilunse
Entesari ) Pseudomonas fluorescens (Shahrokhi et al., 2005) Streptomyces ¢la (¢3Sl oSl cllad
slisslew R.osolani g6 .1, 5 (Soltani et al., 2006) Trichoderma harzianum g, 4 (et al., 2018

el 4B 13 gy 3)90 (e

Ty YEL S TY)
LT b Wl g F slow 746 55l 00k T

S9y B S 3,8 A dgpmls mio o5l wlis (o)lan sBiulej] eSS 5 R sOlani AG-3 ¢,ls
0SS 3l wpluaol iz &y 3laite oL ySL cladlan a5 plosl (PDA) JBT =g s’ = e joms 05las i Lagxe

W Ak wgd,y8 oSl (S 50lS 09,5 wlid (6 lew oKisle !

gkl G aloa (I 55 0w s 5 39
R. solani oy 31 S0 18 31 38 Cannd 5T b Mo 1,65
Slgo 2g5 (Jlite S (ygel a5l Lisirhy )5 ew g9y mpbl slaiin (S3)b3L GlapulSo (23] jolaion
13 B85 (£ W1 5 e B Laassy anls lage s 45 o) b g 433 YA (glod 3 e,z .4d plogl
Slon @B 13, 31 (S8)b3L 203 lire 5 (55031l )5 elad 4 30 1l 5 Cun ST (6 5L (g5l sl Lo
A8 T g aals gy 40 )8 a8 5 4hd C( Su)bjl 0o )d 16 blee )0 .0 dpuloe pj Al 3b )l 2 (gly
(Srilakshmi et al., 2011) 1l oo ConmsSLl alis jgn 15 2,8 45 5
IG = [(C-T)/C] x 100

5 e gile G alols 4 PDA cutS base (gsl> (550 BybeSy j3 658k a1l s illie CulS' (9037
S dlols @ gyin o O Suwd S ojgyhw (2B A5y Jld Al I e b S s Ohaod g0 4
odlatal gyt ylaiio Ol 16yl wlia (sl aals jla )5 ab 03l H18 (658 blie il )3 (% 4d 5l (gt Bl
D (5SS j5S e (slod )3 o) ¥ e 4 sy

zoedib 2 Ko 69 JBe b (Gomilgu (sySL alin o wielo Y (lacuiS 320 wo 419 OluS 5
VA slod 5 5 i ST iy g Laoms 1 (o jobods (ygmmilpmngus y 31 32g)Seo Voo line 00,5 ad tegil £ -
0jgytu &5y JUb andls I (syte e gy Seund Ko 55l PDA (6 (lojan jsbodr ad (65100 ogpnds 423



1FoF o Jol 6)lads  ylgzr 9 olmiy 6,90 o)) (Kot bS il g pils \ay

So)ly ysbdr @) ool iy g andlay (638l 5 S ke @B 55l slas i s g lailyd Cale) L g and )8
Soy s Sdo dy 5 93,5 Sguas WalS oLl s 51 onlinl by Snis g3 Jlas! Joeo i 0315 515 (6,55h (o> (6 (65
BB oy blie » Sl z)B g9l 0 wals s, (Fernando et al., 2005) L (6)leSS j5S ke slod )
A5 0ald 41,8 wﬁb! FHETS

S Lo (g9) 5 45 )18 dlge A IS 3 02855 gy 4 bl i o G greilinsgus 1S ST W g8
@ b S 4 ansel asy i SU oyt pdaw 5l MolS «yg i dsiy Lawgs by S el VYl aey s oS PDA
sshaiods )lieeY 350 5 sy (2olsn gy oy S sl B osdosls )8 wg)ly oy )d ) casl 93 e
B 5 3 550 33 B eigyis &5 JUb aptlo i oo et b Sepd Sy 5 Rplonl p 35 S Sy s
[(Kraus and Loper, 1991) suib (o)leSS 59, ¥ e &y jsSe (slod jo gy 9 85

Y (KeHPOR) i by o5 +1V) St S baueays SiiS il s 2008 udg ytad 5o o 57
ol Sligw p)S +/+)V (MPSO045H:0) i lilguw p,5 +/0 (KH2PO4) cliwd y59,0n (63 puwli p)5
ol (e T sz K5 3 (MNClo) 5:5ie 0,18 5,5 o/« <) o (ZNSO4) g5y Slilgus o5 +/+ ) (FESO4.7H,0)
1o y3 5 3y oSS Jolome (3905 48lal L g (Murthy & Bleakley, 2012) (casglS opiS do)y> o/ Yg 5T 20)5 V/0)
(Schaad et al., 2001) wuolis £V (g9ls 8T i g caiS b 3 (655l IS Glbl GBlad Al Wgs oAb oy
S b )3 5Ly ol sl Mool w531 sl oaimd (Lt cupuliy 2 7Y L0 7Y Jolre (13505 Ll 1
sdiw /o L CTAB oo b 5less o (Jayasankar & Graham, 1970) sl Ksg,68YE L sols )BT e 5y
2o Sllgs p)5 [0 (K2HPO4) i ool 63 5 V) dbgaye S bamo 51 Y shos 51 0y (o)l el s
) S5 53 51 5,530 5 (NANO3) s &y p)5 ) pass ylas o5 +/0 KCI) 1S puusly 5,5 ) (MgSOu)
Glybl Glas s osalie ¢ odliuwl (Hankin & Anagnostakis, 1977) ol o wSe)S duoyd +/0 (gols (i O
P50 ) BT oo sl Lo 1 5590 31 g5 izmam i plorsl o> S 3, 68U Jslomo bl 51 ey (IS
5 (Sacherer et al., 1994) (Jhis 1 ) 5 ) 5T 5,5 VF o ss 5T .5 F yadis oylas p,5 +/0 «Sho S
WA a8 la > cue o IS Bl Blad dlla sdalie b

€8S plosl (g, 0 )lad il g, ab coliSEguwgn Jlaisl 1 )3 laaslin o)y 29589 sk g SIS g
o5 oo s Lags 013 S5 dln 28,5 )3 o) ok 5550 55 es Sl il YF (peailiogs as) lo
S bl (S5 dlla a5 e85 518 bl 2)90 (20,6 4 o 5l bame Sy i )z b g (& Neilands, 1987
3,5 g pSojlul alie

O'Toole &) 55 5 Jgig) (bg) 4 &l 8 oplil y clacady | pldse W55 5p:Sojlul ol splidon Jusd
)90 658U ygmmiliwauw 5o o Vo ol ped 4 &l iy g Lo yidg ) Sie Yoo Ll Ly )3 el (Kotler, 1998
I8 el YA Gde dr wgaabio 43 )3 YA clod 13 (Sl &ygods g Lol culy clacSals 4 (107 cfu.ml™?) 905l
CabiS b g alsl doyd /Y dag s )S Jobre 1 yidg o YV e bSals 51 SO po 4wl (gt j dn .85
lacSals (5555 i Uil 730 Jybl 12 gpSs Y1+ 32938 b g 55T dls o 13 .08, plool Sdoma (ggubtans cdiad> £
§l 26,5 plogl (Stat Fax 2100, AWARNESS Tech. Inc. USA) ) 15] olK3 busgs yiosh O+ g0 Jobo
b odlizad 0l e & (555 gy Sl i e



1y O 9 559,85 /e Soloss b Jolai 40 yoglowl sl i j J oS fewily (ibgfs — oole)

(Nyenje et al., 2013) (5,5 i (Sle dunlio gy ool 2 plidgn 155 a5 J) osheasls slo i (saivog )Y Jguor
ODC<OD<20DC Gions S dimr 0D<ODC T

40DC<0D S SV 20DC<0D<40DC bugio (Siime

<3S g5 wle 55k = 0D
wls Saly g5 wlr (:Sike = ODC

i 5l 41> 9S50 Sl g DNA (s3luti
0155l S 5 Joalljgiwd Lolwl o (Lojl jo0 1SG) cdl o955 DNA gl el cuS” ) oslizwl L DNA zl5el
Bredow et ) \YaYr 5 YVF _egece )55l b jlouh (glopums; iiSly 5l oolitwl b V8 SIRNAAsL iS5 .cé )5 plol
«&lp PCR ¥ guasma .83 plosl yidg Sao YO ol o> b g (le)]) Biometra JISGlo g5 olSiws > (al., 2015
05 b 3l Jols agtS s ol wiad Jloyl g 05 5338 (0555l €855 & Bl sl 5 il
Sl cadyen 00,5 dulio ) by eadcd slaalis plo L BLAST 5 (gigdsen e lasjl V5 STRNA
2y sbalis 4 by e o5 Kb o onscd sl Jlgs 5.3 plosl Clustal X jl58le 5 51 eolawl b la g a5 xs
Hl38le s dluwgas (Maximum likelihood) aiis Jleis! josy b alols cé 50 103,58 eolaiw] Sisjalid Gluslis ol
30,5 w5 (BOOLStrap) ), Ve« b ol o MEGA 6.0

T g ISl 5 dils2 3 skl S il it
sl S | Sommilugus 3 (65los Jole @B (slacg Ml (alojl ) > ugliasls (sloalin S )y sl
guitands | o I 0313 )3 wgendes d ) YA (clod 13 el VY e 40 107 cfuml™ cdale b wly i g oo )
Shom bl Gl aoys g aib 03ld J1,8 PDA cuiS lase (59 g Sl dae Vo (3905 SUiS g (95w ylate Ol b

.(Kazempour, 2004) ¢.é,5 1,3 obj)l 5590 39, 9

36 p ot (il Cou 5 1 gl S il !

&S Sl PDA cuis b o (6,81 claalin b ad,bod cuis’ o 5l 258 pocune wlibcsy, oy
2 S en g8 a8 il BT SIU o8 G ekt ks 35 ey b Sl @B byl (g
(0213 9:559) BHZ Gogpaddl 589,50 b s 5 5300150 e 315 b g oy 68 apbia b 4d )by i
O S P UCRPIIITe

SIS gt s 39 0L 5ok 3 (510 195516 5t 31 3 ino v Bl 3SIi (5 ylo RIS 3 uglanls S0 sl it
)8 zal (Papavizas & Lewis, 1986) ui ,uisS (g e puS (gols slo SMs > (T jlow )8 il alo
S ye 3 02b405) 1S 08y 6k (sloose 5 plodl S bgls pSlS o lil 25 je 4 (035)] p1S) 5 oy
Ay A jl a5 (Fereds Al Y e 4y duopd /0 s o S 0ud b (5, cdpuiie b mlio g (55 y5lilS” Clanisg
S5 g a8l g yia o VO Jhd b IS a4 )lan Jole a4 03glS1E 5,5 Yo v e jlade s S Ol b g g
Coiians § 598yl L CandsS Ul clae Sl s alo s cutS S maw pj (60 ko ¥ B Y alold )5 0ae
ol Gty jtoglh v mgasb 3 o (6y58 e liee b Bl (sge St b )3 (658 il VY (gl
33,5 L3]S T el g Sy el asle 1 yid oo Yo 038l S15 Liglsee 2,5 VYoo I3l &



S 5 Bal2 Ball Ba8 Bab Bal cocie cloalis ol SIS 1505l )5 (LS5 F ) sibiciy 5 (gl oy

Ol P YIB 9 Y (lie & e & i)l s (W 5 Uy mili)=oms sl slepise)B Bas+ Ball 4l
(@5 & 03901 oLS) st 10L5 5 (o o) (o nlis (unglio ssiS) JiSn 13 2 5 live &0 ol s
S Sl cslo A g alids, colo V8 ol b Lugmudis a3 YO B ¥+ clod ;3 &S )5 b Lo .05 jaseiie
OlalS 85 pbxl o 53 59, o Ly )bl WS (slo izman 5 S S8 (S35 e 4 a257 b g o
OS5l 05 deds ek g oyl LS BT 3wy 350 s A3 A, ALS (D dian cdn Gse 4
oaxls g byl (2005) Brewer & Larkin, sanas > bl 5 06« obie j> a8l ,SOLS o 5 oddz B

[(Taheri & Tarighi, 2010) s awslre gy, 0 @l dsleo 31 (6 )low i

Ony + 1n, + 2n, + 3n; + 4n, + 5n
DI = ( 0 1 ZSN 3 4 5)><100

@gr Slawi N {48l (gl 0983 S5y yuuis) (S391 ) amyd b gy oluwi N1 ¢ (W5Me y9) (So9)] + an )3 b gy dlaws o
10y YO B YD) (Sogll ¥ dn > b aig slaws N3 (0> (oo yinboy |y Bl 5l duoyd YO 5l j2aS ,S5Li) (Sogll ¥ as o b
3145 N5 4051 0s oddgn ,SGLS Lawgy adBl o yd VB) (Sdgl ¥ dn )3 b gy laws Na {(Comlod odndoy ,S5LS ) Lnasles
30 0LS sy (cla g laasgy JS laas N (] @by o 51 olS b g alad JolS jgbody dBlos) Sogll & as 3 b &gy
.(Brewer & Larkin, 2005) 5155,5 cuslaol alBlis job 4 56 olsa slaplil g adsy Job 9 5059 dles ]

SaboT Jokxigas 3205
glis b wyyp (SPSS Inc. Chicago, IL, USA) Y¥ asws SPSS e by ) slagge;l zls
V) doyd S gsls gy gy sime o 3 Slaslio s oliil Luibls 5T ygejl 3 oslizal b o)Ll (claog,S
a5 5090 S8l L yg03 coles b plosl (SOl (glaiels win yg05] Lawgs s uSilio duanlio b 48,5 L5 > I sxe (P <

205 G s ged] K0 bt 5 Sl plos [me g S5 4 5

S g g B sadl
55 oo @50 Wiy (T 103U 30 Cund ST il 1,15

2oy S a3 5y ¥ 3w geil ol 3 Solew 2y 51 (S0)3L 0 Cuns Sl claaslie 51 3 lEie CuiS
Gl A do B 5l i) (698 S5k 09,5y wdy I Sl bl alis A wlal pl g ol 039y 5 bixe
ST U5 (1 JS2) 538,58 (03 Vo ) chonsd (S50 i ¥ g (4003 B0 B Y+) bagio Sl
Asaka & shoda, cul o Gasuive Cpiw Oldlas > RSOIANT podise 1y Hlee ;0 (woluwl calisee (sla 456
. (Chowdhury et al., 2015 Khedher et al., 2015 <1996)



18 IR0 9 559,85 e Sola b Joloi y0 poglewl sloaylis s j oS fewily (ibgfs — oole)

S aoy
- %) w - wn
© © © © ©

]
Q o o A Q ™
Q""\ < ‘bg) <> Q)';, < Q)éb Q'S’Q;b\ @9\‘9'»@;,‘2? P Q,‘be-b Q'b%‘b“" <
| skl sloaslon

9y ¥ 5 s lize cusS 9050 1> PDA cutS’ e (¢9, Rhizoctonia solani AG3 wi, jl (S5,55L 3 Juslaol sladlis SUlyy awyp ) S5
(P <0.01 waw) 551 yg0j] (bl o Wadulis (caieg,S 9 .BaL2 alis (D) Bab wlis (C) Bal wlis (B) wals (A)

AFA Sl b Ball alis ol lis aalis bawes sndidgr ) luS 5 3 uSSke dwslio 318 lacwd gl
OB 3, 5l Syl 1y 18l o jmeS 1oy YOIAF L Bal9 wlis g cpjiin doyd AV/AR L Bald alis woy

o ol Joge 039 b (a8 Sl gl (SLoaisS b ondadgs )8 I Sl 5 (Y JSa) izl 5 ey
(Saxenaetal., 2020) xiiwn 50 Sl gyl by oopilp uwl (S (958 ] Bl Jols 48 anil

/- v )

Swifoslsaop

D o P T P PP T ® DD DD O D D9
T QDT QY QY QDY QT QYT QY Q’QQQ?L?Q'@QQ@Q‘DQQQ’%GI’Q%Q’&
ool sle alus

9y ¥ 5l as 58 olge 0Jg yejl )3 PDA S’ e ¢4, Rhizoctonia solani AG3 ws, jl (Sus)ojb p juslaol claalis oUlg oy p ¥ (S5
(P <0.01 aw) 5551 0] wlal o aashis (cai0g,5 9 .Ba6 alis (D) Ball alus (C) Ball sl (B) wals (A)



1F2F S5l 6 )lads ylgr g olmily 6,90 oy p ] (Kb jedbS o 4y pili Vag

(Zhang et al., 2020)

Loy AV L Ba8 alis ol ol bals bwy oxdiy Sgn 51 5l ke duslie 3Swign ST vl gd
32 sloyS il pl o gl (Suylosl called g aitn Sign 5T slaJsSge 30l Jlou BRI 1)5 Goghoosly
(Bacon et al., 2015) cul sriaslis wusilSKo oy yiao o o5l 2 yb

ab 2 abe ab

80 T° def def ef;
2
70 || feb

efo :
fgh i _ ghi

I I R R - N R N T T S G S P
PTITRT TT IT ITIPC G o o S
wrolewls e aslasr

Y5l am Sgm 5l Wg 9ejl 0 PDA S e ¢4, Rhizoctonia solani AG3 s, jl (S5, ,> jwsbwl cladlis oUlg poyp ¥ S
(P <0.01 o) (5Sil> g0 Lol p laslis (cai0g,5 .Bal0 wlis (D) Bab wlus (C) Bad wlus (B) wals (A) .59,

S g T 5o e (I 5 g s (5 309

90 slo ol sl 01d 4oM ) Jgan 53 kS guge 55 5 il 0uiS gy slam 3 g il
2 B SuS oo el sl (Olanrewaju et al., 2019) w)bly o,8 Jsbo o)led <o 50 cud)ls ouiis
ks &5 Sle; B. amyloliquefaciens MB101 4 B. subtilis MB99 B. subtilis MB14 B. megaterium MB3
slaalis @uls 4 495 L (Solanki et al., 2012) el oss )35 53,8 sy R. solani g )3 CassS Ll (¢ SL
0diS Mg slaalis aivges dbul 1y (o oo Vo 5l i) €9 okl i 5L ddkais 35,5 BaB8 4 Bab Bal
Sgdie el |y olS 3 Sats Canglio Al (iman 5 03305 oS Tl Jobo (SLiE o5 & ColiSE g
(Tran et al., 2007)

W5l siSh aS Bl s saddbyl 20,0 dla ylad 686l b 6 5SL slaalis jeds 0w Mg ol
Glis 93,0 355 Laslis 1o o yd SO e j3 (4l dme BMA] aS oy i il ylg 4355 ol b ey el
kol y99)dw M5 (¥ JS5) 392 )15595 0 5589)8 M98 53 VL (2l 5l e lee VY Jlad 4y (slalla 2o L BaS



1y IR0 9 559995 /e Splow b Joloi y0 wglewl slody i i j S Junily (it gfy — cole)

st paf jobody a5’ Jls ) (! Qﬂ ods Lugluaol ) Cj shol i Dgd 0 dbul i ) O“’T d9eaS o & S
(Andric et al., 2020) 5,li5 o Fe™ ox 1) a3 )lows

cd cd ed ed
cde T dg + d-g T T dg of d-g of

o =S R S O iy B b B N
¥ P P T T s Se\f\‘;b&%& e <
cslonls slonglaz

(P <0.01 o) 55 cygnsl ool 2 laaslin (6302095 5 sl satslin Laugs y5gyhms 155 (9011 53 oadolol dlla jhad (5, Solia o JSUd

ool slolin by ColiSh ) gus 5 008 gy slam 3l W Ol 2 2) Jgoa

o el P eilSegn ale
Bal
Ba 2
Ba3
Ba4
Ba5
Ba6
Ba7
Bag8
Ba9
Bal0
Ball
Ba 12
Ba 13
Ba 14
Ba 15
Ba 16
Ba 17
Ba 18
Ba 19
Ba 20

2 o) wlaly dilale Jlad o+ jdg, sy SST leolil b () eplad (50 b &ygody COLSE)gusn A)g

o oo A-YO ol

CTAB 19 b ylass 5 o K39 SV L (sl 15T iy 5 bima (59, Slis Al 50 125, il 255

Al o+ J5Sg) Jgloma b jloss g 4ol o3 ) (gl BT i g lama (59 Blad Al &ygoy Dl 51 455

e she VESYY alely j> Blad

oyia ke VWYY aialy (> S5,l55L alla =+ Skim milk agar Lo (g9, <3las dla &g 59, wo il 1g

SVY el j3 Blad dlla o3 ) 3y 65 bl g CMC agar Lo (ggy Blas alla & jgods Yok oo il AJg5°

<o e A

VA el 53 Glad Al oy YV 3y oS b jless g S sol Lazxe (69, Blad dlla &g S wopl Mg

(oS oo e (53 Blad dlls JS5) o e 8

f}|.“~“§ e}y"m
+

+

+ —

+ —

o+ o+ o+ o+ o+ o+ o+
+

+ o+
+ 1+
I
+

+ o+ o+ o+
I

+

|
+ 4+ + F A+ +

d).w
+
+
+
+
+
+
+
+ _ _
+
+
+
+
+
+
+
+
+
+
+
+

+ o+ o+ o+ o+ o+ o+
I

+

+ —




1FoF o Jol 6)lads  ylgzr 9 olmiy 6,90 o)) (Kot bS il g pils VaA

S 90 JuSid (361 g8
buogle (S 20 ¥e () (88) o Sk @b balie sop Fr pldse S (ou)p
2 Sl sl )3 are 1B s (0 JS5) Al oo (S5 ) chind (Shin (b 203V 5 (S5 (290)
2 J5S s wesle Oy plidsn S 5 ade) gelisfsls S (oo ) aSig il 5 Gliseo (oo bl
Pandin et al., ) cuwl oais )35 B. subtilis 4 B. atrophaeus B. velezensis wile  waluwl calisee (sladisS
(2017

B nd Sk
" g Sas
" et S

s g5 5k ) adllansjge uslaol sl (saiog)S 0O JSud

Cip & Sgnl g )l Sy g clagsel 3 9 Bal2 ale (blite cuiS pgeil o adgl e
025,55 alis ¥ ) i sl Lo adlaesyge B 5 lam ply 3 |y S0 e cp YL Ba8 5 Ball slaclis
Ba8 . Jsks z)5 cslampl g5 iy 93 oy g5 45, j) LS Bk se lsys > BAS 5 Bal claglis
plos BaS 5 Bal laalia cgpomen aidls 1) 5Ly o 59 Yok Agi 5Vl Bal2 o jlas’ oliee o 5L
CBl 35 (698 g bawgio whidgn 01Ul (slaog)S 5 LIS i gy g5 e 5 |y LSy s o oy Loy 3]
R

i gty S 41 I 9 g0 (ALulid

,551 Bal2 4 Ball Ba8 Bab Bal wlis ziy «yivlejl 3)50 sla alis JyiSen clo el ol & 495 b
(5L s A+ +) 16SIRNA 5 cws ob g (oll .0 solitwl S Gldlas gl 5 ool JoSIge
A o3 O 4w MeGA 138l 5 00 Sl5ils 80 (5 SSL o 090 sla Jlgi (605 S b g adllasd s (slaaylis
sladiss 4 cui 4 Bal2 yBall Ba8 Bab Bal Jols bl sladlis oselcwsd slaodly 4 an g b (5 IS3)
5yl 3ls B. velezensis 4 Bacillus sp. B. pumilus Bacillus sp. B. mojavensis



194 IR0 9 559,95 /e pSolaw b Joler y0 oglewl slody i i j Sl eunily (g fy — cole)

@ B1
o5 | B.mojavensis-MT122067
B.mojavensis-MF101137
190]  IB.mojavensis-NR024693
®B12
62| | B-velezensis-MT271916
651 B.velezensis-MK629006
@®Bs
B.pumilus-MT065814
100 [ B.pumilus-ATCC7061
B.pumilus-MN581193
@ B11
| B.paramycoides-MT611870
2 B.mycoides-ATCC6462
¢o| B-Cereus-ATCC14579
- @B5
191 B thuringiensis-ATCC 10792
Paenibacillus-polymyxa-NR03700

84

100

0.01
Bootstrap ;1,6 Vere b aiins Jlaisl (g 5l ool b cotie usleol balis gl T6STRNA 5 oL Jlg 5l ol Gl) )l cép & IS
Ausle NCBI (5 SSL 55 ()8 slaaslin 4 bgsje claihir plo 5 wloadjasiie ngi opls b adllaesjgo (sloasli>

Dy Sl ) dilg2 ¢ gkl S wla
4 Bad i (JuS b dwslis o (Y JS5) sid lacug ISl Sidiles 5l (oS els 4 018 Lot sailins g 2
D905 (& S gle gl (Gjalgx jlaoyd Ver e

control Bal Ba5s Ba8 Ball Bal2
woglesls aslon

39, Y 3l ax PDA ¢S e (g4, Rhizoctonia solani AG3 &g JSul S5ailes 51 (S5,1050 5 cotito uslawl slaalis SUlg wyp ¥ S0
(P < 0.0 o) S0l (9051 Lol 2 sl caisos S 5 iz Bal alis (D) Ball aylas (C) Ba8 aylas (B) o, (A)



1FoF o Jol 6)lads  ylgzr 9 olmiy 6,90 o)) (Kot bS il g pils Y.

255 P o sl k3 33 ki gl S1b 410> I

&5 slopgslase JS5 Ll (A A JS8) 3 1, 355 ot S poslase canli slosigns 15 o8 Sl Ly
0555 <ol (5 deaaned el IS i3 45 5 ity ol €l s sl 10 b i 2S5 5 o
slo b (B-E A JS3) 45 oanlin Slew )8 lapgrans ) (coudhginw dlinl g bapgduns pyg cllail (05
b cillas >)B podiws g5y B. sublilis V26 alas (o)l 5l 5j50 0 K> o Kiidgh gl b pols suisd
.(Khedher et al., 2015)

(B) Uy (A) PDA cuiS baxe goy 48,bgs cuiS > Rhizoctonia solani AG3 £, agsluws wlidcss, (o) woin sbaslis 15t A JSs
Bal2 4l (E) Bab 4l (D) Bas 4l (C) Bal 4l

R. solani § 6 G313 slowt O ) wiiin S 412> oy

S lasine ysbs (o5 g)8) 039)] ol b dunlis ;3 dBlo S5y i ccitto (sl (6L olyon 4 5B (gl jlos 5
5 0> Soles @ 0y 3 LS8y5k 3 1y sl oyt BAL2 alis a5 ol ol alKiylefl mbs el ials
5 iyl bolse) wl (5 ey (iSz)B s LS 5 Ba8 g BaS sl lulS mls 3 a5 Jlsyd )l
58 S8 1y (splany 23 Voo g 0 L5 |y (Gl Sl pte =) (6w 05 (a3 el (32090
» 9 03g oSy BaSHBAll wli 95 oS5 9 Bal al uzxen Ball ali> 5 mujlin)ls (5,6 cbojlos il
oL 1y 63V ol cladus o9y clivlejl 5 Bal2 aplis aSulbgs ol (Ve g & JSib) w85 )5 g,lol 09,5 s
olow s 2l b 500 (6 alis g0 Joo 53990 (b 9 JyiiSan L)l BaS alis a8 ejl 3 Jg o
gyl 58052 | Jo by 35 5 canl 50 2B 0)rd 55 3 o 3905 Al VU S 55 (BaB) o
(B.pumilus) Ba8 4 (Bacillus sp.) Ba5 (slaaslis ;| ax cuoglio oSl lgicds puwly lawd D50 (5,8 gl Liaisy o/,
3 55 o b o> o bl b duslie )3 jles o balS )3 (Mo g 2) )3 )l S8 pos a5
S5 (5 S5 o s i gislte Sy



AR IR0 9 559,97 /e pplows b Joled y0 wglewl slodslas i j oS Jawily ((intgfs — (oole)

w3gll aals (A) azin can ) 4 Rhizoctonia solani AG3 g5 5l il uejou 48ls ,S0L3 (gylan (adls (coy ik sla)low u3b A S
Bab alus (E) Ba8 wluis (D) (! 5 Jbysy 0576 b jles (C) (ol sals (B)

90 r

(DD 5 )ley oLl

o 2 "
< -
W
_qﬁ

5 wlosd OS5 g Juslawl L saalis jeas > Rhizoctonia solani AG3 Jele b e joumws dblo SOL (g)low coad asls Ve JSS
P £0.01 gaws) ;5315 (9051 bl 2 loylos (gizog)S

(0 ) e 0L Gy 51 3956 g3 L gluwily o S i Y
loygiSe 5 |y g B Ll o Jlas LS a8 ol i SIS slaosls j) Lols il dunlio gl
o Job 15 oo cpyidin (¥ Jgin) 831 Ui S len 4 o3gl] aals o594 5 sald GlalS b dwmlie ;3 (0,
Jsb Gil331 s VY 5 YIYR i o ol g 0391 L jloss 4y Canmss 48 sl (50 5o VA/D) BA5 jlos 4 bogs o
03g)] Jali 4 Cans plp YIAY (lie a0 joShe jlosd )3 dusjiamw (olon plil 559 (Byb 5l el ool ol 1) 4l
ey Job e oyt yio 8l VA0 5 YWIVO L s & (ol 5 gy (85208 9 Ball jles 9 0l (o puiin
AL I3l ol g 02gll Sal 4 Cd o5 4 2l MOV 5 YV lie 0 BAL il Jlos )5 ady; Jobo izl



1FoF o Jol 6)lads  ylgzr 9 olmiy 6,90 o)) (Kot bS il g pils

Y.y

ls b duolde )3 (p,5 VIAY g A s @) adoy 5y Ol 3Vl ol (5 Jbgy <8 9 Ball jlas 5 ciomen
(¥ Jsi2) a5 5 (5.5 YIA) oagll 5 (5,5 F1Y) ol

Lyl )3 olesd ©luS 5 ple 9 Rhizoctonia solani AG3 L sd jled wejous (sady sloygiSlh (55 5 candsSll claalis 51.Y Joaa

PH s
(9) adey 5033 (9) 2fom o1t S5 (cm) ady, Job (cm) &l Jobo sles
FIY £ -/v¥e YA £V /yvE \/ve £ v/vyved £5IV0 % o/tva o sals
YA £ ./ YYe V-/ASY £ -/vvh \W/va £ \/vod YE/vo £ o/fvd 039l sali
¥/5Y £ ./vade WY + - /ovgh YAIYO £ v/vybed £\ + Mvobc olly i
o/as £ -/ssbed YY/sva - /vod Y¥ + ¥/ovabc Y- £ oa/va o2l 8
YIAY £ -/¥0a YAIY £ \/¥¥C Y/ + v/5¥a vy at/vva ool by
¥/-0 % ./20€ \Y/AD £ \/¥YE WY * v/¥rd oy + £/vvb Bal
£Ivy £ -/svbc ¥y/.v £ ¥/-fa Y¥ * ¥/o¥abc va/o £ a/vva Ba5
o/sY £ +/sved va/o £ V/vaa Y¥/Yo £ v/oabe Y/ * £/¥0a Ba8
A% ./v-a YV £ y/vaef YY/VO £ o/voa sY/o * £lf0a Ball
£Ia¥ £ ./aAabc vY + Y/oAb Y¥/o + v/\-abc Y¥/o £ Y/s¥a Bal2
Y/\Y £ </vsab YY/¥a = \/vode Yo/vd  v/vvab vy/a £ a/sva Ball+Bal2

il sl aldiopue By (gl &S gl (1 SSbo )15 395 l.:n"j O b Gre gles L.S)L"] sl sl alie B SO JBls glib &S Sl Sile

D3 3939 (6> e glis ] w6l

Slallas do gl b alie .58 LR, solaNi ply 5 1) Goskul (claalis JSen Ul lalbdS cla il
ooshel sl .l ondpbul Cus Sl lacs b 5l elitel b (uejumw ) R.sOlANT J S on o) o3L;
Cons ST b 0 oy S 5l ool i 3 1y 315 SB (i lon Jole g o0ls (l3311) olS a3y (g2 B joboas
b oSl claalis lokwo .(Mehmood et al., 2021:Khedher et al., 2015 «dris et al., 2007) x5S o
D Laled 550 yel cpl o (Singhetal., 2019) sslate padius pé g paiioms (sl )5'g 5l

S 5 4o

5 ) 5 (S en el 2a5 L LS 09)She sl 4 pliwd cax ] g (SlEES e )3 S
3 g b L o930 ((Splio g (S5 £ J> 4 puglnl (SladigSio)ls Cpgps aslie (Al (S L
Bab 4 (B.pumilus) Ba8 (sla alus 3l eolitwl sy oo ja5 &y pols 3uind gl olul y sl H8 5k Jose bl s
Canilon ¢ Johs 01933 008 o 55 (sl w2 35T g5 poslume (wlid vy )3 i g by ol LalS L (Bacillus sp.)
slagsbyy plo b @il )3 ListSo )y )5 )low plp )3 o dBlu )OS ()lan a3 LS (92 [l 5 )8 g ISl (5 allg 5]
e 5 las e Slivles] diejls ol rw Hlicl g diuge amwYg0,d 4 oliwd 3935 plb b Calio ¢y yiwd )
)l e



Yov R0 9 559,85 /e pSolaw b Jolei' y0 uslewl (slodyfuz s j JpilS il (itgfs — ode)

S Sl
Soles o 19,05 VIOYSF 05 L 0g s cpl Jlo cules Hbli d puha angd b olSuisls jI 515,15

&b
»» Pseudomonas fluorescens (slaalus b .(VWA8) dgnus wdljran] g sudyb b (6,35 wplips ) 5olS ctosxa «(s,lasil

Rhizoctonia solani « exgll  uejww pl)) (cadgi (c)h sloore 1 olowdon 9 (So5dg b Slas o ylow i

Andric, S., Mever, T., & Ongena, M. (2020). Bacillus responses to plant-associated fungal and bacterial
communities. Frontiers in Microbiology, 11, 1350.

Asaka, O., & Shoda, M. (1996). Biocontrol of Rhizoctonia solani damping-off of tomato with
Bacillus subtilus RB14. Applied and Environmental Microbiology, 62, 397-404.

Atkinson, D., Thornton, M.K., & Miller, J.S. (2010). Development of Rhizoctonia solani on stems, stolons
and tubers of potatoes I. Effect of inoculum source. American Journal of Potato Research,
87(4), 374-381.

Bacon, C.W., Palencia, E.R., & Hinton, D.M. (2015). Abiotic and biotic plant stress-tolerant and
beneficial secondary metabolites produced by endophytic Bacillus species. In Plant Microbes
Symbiosis: Applied Facets.Springer, New Delhi.

Bradshaw, J.E., & Ramsay, G. (2009). Potato origin and production. In Advances in Potato Chemistry
and Technology. Academic Press.

Bredow, C., Azevedo, J.L., Pamphile, J.A., Mangolin, C.A., & Rhoden, S.A. (2015). In silico analysis of the
16S rrna gene of endophytic bacteria, isolated from the aerial parts and seeds of important agricultural
crops. Genetics and Molecular Research, 14, 9703—9721.

Brewer, M.T., & Larkin, R.P. (2005). Efficacy of several potential biocontrol organisms against
Rhizoctonia solani on potato. Crop Protection, 24(11), 939-950.

Chowdhury, S.P., Hartmann, A., Gao, X., & Borriss, R. (2015). Biocontrol mechanism by root-associated
Bacillus amyloliquefaciens FZB42—-a review. Frontiers in Microbiology, 6, 780.

Entesari, M., Kamkar, B., Ghaderifar, F., & Ahmadzadeh, M. (2018). Effects of Pseudomonas
fluorescens on the disease severity, physiological, and biochemical traits in the tubers of potato cultivars
infected with Rhizoctonia solani under greenhouse condition. Biocontrol in Plant Protection. 5(2),43-
54. (In Persian)

Fernando, W.D., Ramarathnam, R., Krishnamoorthy, A.S., & Savchuk, S.C. (2005). Identification and use
of potential bacterial organic antifungal volatiles in biocontrol. Soil Biology and Biochemistry,
37(5), 955-964.

Hankin, L., & Anagnostakis, S.L. (1977). Solid media containing carboxymethylcellulose to detect Cx
cellulase activity of micro-organisms. Microbiology, 98(1), 109-115.

Hussain, T., & Khan, A.A. (2020). Bacillus subtilis hussaint-AMU and its Antifungal activity against
Potato Black scurf caused by Rhizoctonia solani on seed tubers. Biocatalysis and Agricultural
Biotechnology, 23, 101443.

Idris, E.E., Iglesias, D.J., Talon, M., & Borriss, R. (2007). Tryptophan-dependent production of indole-3-
acetic acid (IAA) affects level of plant growth promotion by Bacillus amyloliquefaciens FZB42.
Molecular Plant-Microbe Interactions, 20(6), 619-626.

Jayasankar, N.P., & Graham, P.H. (1970). An agar plate method for screening and enumerating
pectinolytic microorganisms. Canadian journal of Microbiology, 16(10), 1023-1023.

Kazempour, M.N. (2004). Biological control of Rhizoctonia solani, the causal agent of rice sheath
blight by antagonistic bacteria in greenhouse and field conditions. Plant Pathology Journal, 3,
88-96.

Keswani C., Singh H.B., Garcia-Estrada, C., Caradus, J., He, Y.W., & Mezaache-Aichour, S. (2020)




Antimicrobial secondary metabolites from agriculturally important bacteria as next-generation
pesticides. Applied and Microbiology Biotechnology, 104,1013-1034.

Khedher, S.B., Kilani-Feki, O., Dammak, M., Jabnoun-Khiareddine, H., Daami-Remadi, M., & Tounsi, S.
(2015). Efficacy of Bacillus subtilis V26 as a biological control agent against Rhizoctonia solani
on potato. Comptes Rendus Biologies, 338(12), 784-792.

Kraus, J., & Loper, J.E. (1991). Biocontrol of Pythium damping-off of cucumber by Pseudomonas
fluorescens PF-5: mechanistic studies pyoluteorin, pyoverdine, siderophore. Bulletin OILB
SROP (France).

Lamichhane, J.R., You, M.P., Laudinot, V., Barbetti, M.J., & Aubertot, J.N. (2020). Revisiting Sustainability
of Fungicide Seed Treatments for Field Crops. Plant Disease, 104(3), 610-623.

Lee, Y.S., Cho, J.Y., Moon, J.H., & Kim, K.Y. (2017). Isolation and identification of N-butyl-tetrahydro-
5-oxofuran-2-carboxamide produced by Bacillus sp. L60 and its antifungal activity. Journal of
Bbasic Microbiology, 57(3), 283-288.

Mehmood, S., Muneer, M.A., Tahir, M., Javed, M.T., Mahmood, T., Afridi, M. S., Pakar, N.P., Abbasi, H.A.,
Munis, M., & Chaudhary, H.J. (2021). Deciphering distinct biological control and growth
promoting potential of multi-stress tolerant Bacillus subtilis PM32 for potato stem canker.
Physiology and Molecular Biology of Plants: An International Journal of Functional Plant
Biology, 27(9), 2101-2114.

Morikawa, M., Hirata, Y., & Imanaka, T. (2000). A study on the structure—function relationship of
lipopeptide biosurfactants. Biochimica et Biophysica Acta (BBA)-Molecular and Cell Biology
of Lipids, 1488(3), 211-218.

Murthy, N., & Bleakley, B. (2012). Simplified method of preparing colloidal chitin used for screening
of chitinase-producing microorganisms. International Journal of Microbiology, 10(2), e2bc3.

Nyenje, M.E., Green, E., & Ndip, R.N. (2013). Evaluation of the effect of different growth media and
temperature on the suitability of biofilm formation by Enterobacter cloacae strains isolated
from food samples in South Africa. Molecules, 18(8), 9582-9593.

Olanrewaju, O.S., Ayangbenro, A.S., Glick, B.R., & Babalola, 0.0. (2019). Plant health: feedback effect
of root exudates-rhizobiome interactions. Applied Microbiology and Biotechnology, 103(3),
1155-1166.

OToole, G.A., & Kolter, R. (1998). Initiation of biofilm formation in Pseudomonas fluorescens
WCS365 proceeds via multiple, convergent signaling pathways: a genetic analysis. Molecular
Microbiology, 28(3), 449-461.

Pandin, C., Le Coqg, D., Canette, A., Aymerich, S., & Briandet, R. (2017). Should the biofilm mode of life
be taken into consideration for microbial biocontrol agents. Microbial Biotechnology, 10(4),
719-734.

Papavizas, G.C., & Lewis, J.A. (1986). Isolating, identifying, and producing inoculum of Rhizoctonia
solani. In: Hickey, K.D. (Ed.), Methods for Evaluating Pesticides for Control of Plant
Pathogens. The American Phytopathological Society Press, St. Paul, MN, pp. 50-53.

Pinhero, G.P.& Yada, R.Y. (2016). Postharvest storage of potatoes. In: Singh, J., Kaur, L. (Eds.),
Advances in Potato Chemistry and Technology. Academic Press, London, pp. 283-314.

Rahman, S.F.S., Singh, E., Pieterse, C.M., & Schenk, P.M. (2018) Emerging microbial biocontrol
strategies for plant pathogens. Plant Science, 267, 102-111.

Saber, W.1., Ghoneem, K.M., Al-Askar, A.A., Rashad, Y.M., Ali, A.A., & Rashad, E.M. (2015). Chitinase
production by Bacillus subtilis ATCC 11774 and its effect on biocontrol of Rhizoctonia diseases
of potato. Acta Biologica Hungarica, 66(4), 436-448.

Sacherer, P., Defago, G., & Haas, D. (1994). Extracellular protease and phospholipase C are controlled
by the global regulatory gene gaca in the biocontrol strain Pseudomonas fluorescens CHAO.
FEMS Microbiology Letters, 116(2), 155-160.

Saxena, A.K., Kumar, M., Chakdar, H., Anuroopa, N., & Bagyaraj, D.J. (2020). Bacillus species in soil as
a natural resource for plant health and nutrition. Journal of Applied Microbiology, 128(6), 1583-




Y0 IR0 9 559995 /e Splow b Joloi y0 wglewl slody i i j S Junily (it gfy — cole)

1594.

Schaad, N. W., Jones, J. B., & Chun, W. (2001). Laboratory guide for the identification of plant
pathogenic bacteria (No. Ed. 3). American Phytopathological Society (APS Press).

Schwyn, B., & Neilands, J. B. (1987). Universal chemical assay for the detection and determination of
siderophores. Analytical Biochemistry, 160(1), 47-56.

Shafi, J., Tian, H., & Ji,M. (2017). Bacillus species as versatile weapons for plant pathogens: a review.
Biotechnology and Biotechnological Equipment, 31(3), 446-459.

Shahrokhi, S., Bonjar, G.S., & Saadoun, I. (2005). Biological control of potato isolates of Rhizoctonia
solani by Streptomyces olivaceus strain 115. Biotechnology, 4(2), 132-138.

Singh, M., Singh, D., Gupta, A., Pandey, K.D., Singh, P.K., & Kumar, A. (2019). Plant growth promoting
rhizobacteria: application in biofertilizers and biocontrol of phytopathogens. In: PGPR
Amelioration In Sustainable Agriculture (pp. 41-66). Woodhead Publishing.

Srilakshmi, P., Thakur, R. P., & Satyaprasad, K. (2011). Mechanism of biocontrol of Aspergillus
flavus in groundnut by species of Trichoderma. Journal of Mycology and Plant Pathology,
41(2), 249-254.

Solanki, M.K., Robert, A.S., Singh, R.K., Kumar, S., Pandey, A.K., Srivastava, A.K., & Arora, D.K. (2012).
Characterization of mycolytic enzymes of Bacillus strains and their bio-protection role against
Rhizoctonia solani in tomato. Current Microbiology, 65(3), 330-336.

Soltani, H, zafari, D., & rouhani, H. (2006). A study on biological control of the crown, root and tuber
fungal diseases of potato by Trichoderma harzianum under in-vivo and field condition in
Hamadan. Agricultural Research, 5 (3), 13-25

Srivastava, S., Bist, V., Srivastava, S., Singh, P.C., Trivedi, P.K., Asif, M.H., & Nautiyal, C.S. (2016).
Unraveling aspects of Bacillus amyloliquefaciens mediated enhanced production of rice under
biotic stress of Rhizoctonia solani. Frontiers in Plant Science, 7, 587.

Taheri, P., and Tarighi, S. 2010. Riboflavin induces resistance in rice against Rhizoctonia solani via
jasmonate-mediated priming of phenylpropanoid pathway. Journal of Plant Physiology, 167(3),
201-208.

Tran, H., Ficke, A., Asiimwe, T., Hofte, M., & Raaijmakers, J.M. (2007). Role of the cyclic lipopeptide
massetolide A in biological control of Phytophthora infestans and in colonization of tomato
plants by Pseudomonas fluorescens. The New Phytologist, 175(4), 731-742.

Wale, S.J., Platt, H.W., & Cattlin, N.D. (2008). Diseases, pests and disorders of potatoes: a color
handbook. London Pub, Elsevier. 176p.

Wharton, P.S. And Wood, E. (2013). Rhizoctonia stem canker and black scurf of potato. ldao, USA:
University of Idaho, Extension CIS 1198.

Woodhall, A. L., Peters, J., Kiezebrink, D., Sparrow, L., & Ophelkeller, K. (2013). Informing management
of potato diseases through epidemiology and diagnostics Rhizoctonia solani Reviews._Potato
council agriculture & horticulture development board. 46 p.

Zhang, D., Yu, S., Yang, Y., Zhang, J., Zhao, D., Pan, Y., & Zhu, J. (2020). Antifungal effects of volatiles
produced by Bacillus subtilis against Alternaria solani in potato. Frontiers in Microbiology, 11,
1196.




