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ABSTRACT

Growth-promoting bacteria or plant probiotics are an effective part of biocompatible
and sustainable agriculture. In this study, changes in some vegetatative i and plant
physiological indicators and the biocontrol of P. ultimum (damping-off disease agent)
in Lettuce plants treated with two types of growth stimulating bacteria (A lipoferum
and A. brasilense) and a biocontrol species (B. subtilis and two gamma irradiated
mutant isolates 419 and 600) were investigated in greenhouse conditions in the form of
a completely randomized design (CRD) with four replications. The results showed
bacterial treatments inthe all growth and physiological indicators, were significantly
different from the control at the 5% level. In the P. ultimum inoculated treatments, the
damping-off and diseases severity(DI) were significantly reduced as a result of the
treatment with B. subtilis mutants obtained from gamma ray irradiation, but
Azospirillium strains were not effective in biocontrol. The comparison of physiological
inddexs in infected plants showed that peroxidase, polyphenol oxidase enzymes and
proline increased and malonaldehyde decreased as a result of treatment with B. subtilis
mutants. From the total results of this research, it can be concluded that the induction of
mutation with gamma ray due to the improvement of antagonistic potential of B.
subtilis ,leaded to increase the biological control activities of B. subtilis mutants
without adverse effects on the growth and physiology of lettuce, so that the efficiency
of these mutants in the biocontrol of pseudo-fungus P. wltimum and induction of
physiological indicators of resistance in the lettuce plant is higher than that of
Azosprilium efficiency.

KEYWORDS

Pythium ultimum, Azospirillum lipoferum, Azospirillum brasilense, Bacillus subtilis,
Biological control.

© 2024, by the author(s). Published by Payame Noor University, Tehran, Iran.

This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

https://cropbiotech.journals.pnu.ac.ir/



=) oblE Gigldw )

DOI: 10.30473/cb.2024.70671.1960

« w93 dlaoy

J =&~ 4= Bacillus subtilis 9 A. brasilense ¢Azospirillum lipoferum (gly s o570 x:“;l.?

Pythium ultimum g sBdud s

XN EY

(=5 ol )3 05l g e Canj (65)9liS I 65350 it w0lS Sgmgn b ad) Syme slagg xSl
P )l Syo i on Jole s S5 5 908 oS (el 5 oy cslopmls (g Ol
o B. ubtilis &5 w o (A. brasilense g A. lipoferum) iy S y>o 5538k dyomw 93 b jlos cos (ultimum
slo dow lois 4 LB g0 b LUgy 5l ol B. subtilis soyids g 03j5sho,le (slao o Cilige
lapasls a8 sl (i 3200 gl AD oy 33k Sl )b B 3 laldlS s )3 o J S
2 (lipoferum, A.brasilense, Bacillus subtilis) A. La s xSU Ly jLa jil 15 60lS Sy5glg05u8 o (oilng)
9 (S yso A590 Mo y> (sl 2l P ultimum b odgll (slaylas 5> xidly sali b (gl sxe oglas 70 pedasw
Azospirillum glandyguw ol (8l (g)> gmo LialS B. subtilis scibse b e 5150 (g)low jop i
Lm0 G5 Syl 4 039l AL 53 CSilgrib cslnpals Auslio s 0 Ny S
oials il e glle o Lialssl B. subtilis slcibse b jles 1 )3 oy Jgp g 5lasT b L ojlasTy,
e ST e Jlad sgpy Jdoas B. subtilis ¢ S p3 LolS (655 b i <l g gomm0yd sl aily
B. subtilis Wacibige ]S s obles dort 41 cgnlS oS (c5e)es b g A5y p ogllacls 3l oy daslys
sl asls Ll g Pooultimum g 84 i JyiS e o Lacailbse ol olHLS &S bbb 4 s SaS

b Azospirillum 3l 5N salS olS 1> Coglio b lad yo SG5elg 38

S sl
J =8 Bacillus  subtilis Azospirillum brasilense Azospirillum lipoferum Pythium ultimum

Ny,

~~~~~~~ YAYAYAAY 208 )|
3

" S 3 [ gmoms ¢! 5SB paits Lo yohozxo

ol olutils eyl psle 21Kl ¢ ol 09,5 )

Al ol o9

cslin (gj)sliS oaStmghy ¢ SSjalS 095

Ol OIRG slan ()9 5 pole olKing}y

Sl el 9 plo RS (siglgiSIg 09,5 ¥
olRigh  dadilols  awlbcw) isw o

wlides gljle lpl 6hsliS GGdeSSn

Inl @5 «s5suiS s g obisel

JW [XVewepY
Sl oo
sshahbazi@aeoi.org.ir :aslL),

VEYAYNY il go,l
VXX 2o s gu )b

:Wlie ol 4 sl
oo e sagtlpl Hrow (gilaed Lo pdeme (S8
Slossst b () ses olibrw 5 e
A. Azospirillum  lipoferum
Jgs » Bacillus subtilis , brasilense
wollas Pythium ultimum g )sas )
DVFA N ool SlolS oplid Cuj ol
(DOL: 10.30473/cb.2024.70671.1960)

sl yg plo oKl lio pl 256 .© VFY sl o (Bain g 4 Blaie e opl L] G

sl jlre o gl )l b )] 5l odlisl § oas e Creative Commons Attribution (CC BY 4.0) jgoxe s dllis oe.l

(http://creativecommons.org/licenses/by/4.0/)
https://cropbiotech.journals.pnu.ac.ir/



oy V¥ L')tmﬁ} XA Lﬁl“" &Y o)l«i} c,,m.))l.ea JL» ;Ucl))‘ QL"’L‘S d)BuC"M?.)' @‘L‘ Ayl

sl 01 a0 galS a0 g 41 il
9olS csls aS Lls o 5l (Rezaluer al., 2022)
o (S g0 il ()5l g0t ;\faw
Syo joym 5 o )Sslis als o > P ultimum g Bas
2y LS am PV ©jlusd (g ypedn) aals
Sl dg 9> LS 3 ol g e
Sy e & &) A, brasilense ¢ A. lipoferum
B. subtilis 5 ySU cilige 89 o (Lo 0 adblid A,
Job saidy 0359 9 do)lea sl o)led Slerese)
bl 45 lg w9 pgif ) (2Ugin b pika W )
asllae 3y90 Ban 93 b 1y (Miud  adsSW] oUlgs
Sles— o=l 2D (e (G el 03> 1,8
o LS azals (ol o phalS )y ol S
ooy 1 eslaiwl el wwyy (@ P ultimumeg,Bacs
4y L8 o5 U Bacillus s 5SU pg5 > Lige =)
o P. ultimum aJs )] usoSUl @ )a8 il 31 jslate
B ebge pSL L las (sl Sl o)

925 (S5l 3d 9 45) slapadls

oS lew oyt s I P ultimum g\ 34,
ol s 53 98l S W] 0a S dgue 5 LS Bl SLS
(Cosagsl) (2)Band Slapusils)lg e 4 45 Canlid
Jld SBjd (65009 ©ygods gyBas pl )b sl
Lol 35T eLts «SLs el 5l ol 208 5 il e
(Bl 5 len cpl b Jlas! sl ﬁj PRULINT
Sl S & (papligewl) gl dunS W5 L
o Bygegiy 25800 piitie sl 90955 oo
g 03] alox (A S g ) o 4 (e
S o 43y So3gll Spgrine lgi b ady; L
ool 988 )3 Sl nl b (Sl g0 slaailiss
aomalS S jo )50 Casl (Sen (S99 oo
5 sk (Supwgy jor Ly (L alsye p> (adodgll)
5 a8 3 oL il Jolpe po osengll) ads,
S, .(Amaradasaet al., 2024) ke jop (4s )0
Hom b SB 5l aolS 793 jlote Sl o0 aals

4o
3508 lagsilon S8 sl (oliond Slge 5l oolial
dao oyl Gl Jlis] (S ptupwsST Sy Jdoa
by a8 lg S0 plor cdgrlio 1l S5 clandsls 5o

Sslon ade olond pgon 3)l8 b dlie )3 55
FgiglsS e guazme (BASalg cnlply )0 Sljle
odliiwl 3,515 slag)lon ale pgow 3L (glajd
ap ol et 9395 (el a5 390 S b S e
3 xSl sl el o SB g o o (So9ll 5o
il o Slagelyy 3 e dome Cansj (sl Sagll
48 SLSp L SB e Gl 5816 slaslon
Ly a5)ls (B. subtilis 5SS alo) s 0550 03lo
Rostaminiaet al., ) 5,5 slesss OS5 43Sl
e sl Sl 5l e s S SilsEl (2021
Lacs)bon J)i8 sl (oiole (g 0S5 o)
IS el olord pgo Byrmae (ials polaioas
@8 L) (e LS GBSl
Afsharmaneshet al.,) col usje > ) GundoS Ul
(PGPRs) ' LS 15, Sy e slaspSL (2014
0 A5 s LS L L slocg on 25
St g o) SLa i 4 Jood dgme 5 ke
olals bwg (gdae dlge Ll a o oS opl )l
ey Cawlgp] 13U 5l olS oo £la5) g 03,5 oS
(Uiseg pl (wligogsss Jolis PGPR (sl iz
cp oy sl epsly gl 1Sy il ¢ oS gl MewnlS
3 PSS S oy S oSy
e L oals (Rezaluer al., 2022 )xcs b ool
5 g awlyinl odlgils < 5> (Lactuca sativa L) e
i 9 IS 2l pie (S Sl o
IS Jedsa 930> (peling 5 (Same dlge I JSiie
OlaS 5l sl (o o)) g 0jl &gt Bpas

13y Sy o ySh b oS 0 ©ygo (pliend
ol yo laiedy Bacillusg Azospirillum sl

1. Plant growth promoting rhizobacteria (PGPR)



we y2 Bacillus subtilis o A. brasilense Azospirillum lipoferum s :S\ )ul) b 1‘.'3‘;‘5*"’ 9 ‘_,Sﬁ‘).wu Of

ly 5 cbise loreg— Lo jlosipd Silen (90
23,5 duolde B. subtilis
DI H (owlm 9
slacibse o Bacillus subtilis ¢ yxSU sladygw
L s L)i )I J_.ob Ao i g DJ)’}J'aA_»O)LQ(? D)Loa:}
G5y 3l Jols aolay igs sl ST 51 oolazl
;| (Afsharmaneshet al., 2014) sl o LoS
09)5) (LS (olib s o olSloj] (29 Se (ygrnSIS
il aslis s bl (slgmn 9 g pode
=950 oSS 5l 55 P ultimum gyl 84
—Ler.ng)l_A.u 05)_?) u_(bl.«f wl.wd)l.o.u olim.il.oﬂ
(edbigig) Wy g 23 5l il QU5 ()2
o9y 5l odliwl b ol slacilige o B. subtilis (¢ xS\
92 2 JS e Ul g 2 el () Ke 5 (gaee
4yl Wl glaslis . (Mohamadyer al., 2017)
bl &8 5 5l 2l S ol il gy 59l Bpany
Ve sled) o SIS Ll 53 5 as (cngs® Gl ied)
5 VA (S5 a9 Cad g ogpaslo 42 VY B
L oolS ¥ slaglils SB s cus (ZAd cugb,
oot 200 5 ((oog) =(8) asy50 S0 S5
don S5 g o lals £/5 dg0s A8 S pH s
S Jolge b uges fou byl g Mgl b s
Lo 28 92 10d) S e Sy Ly jloss
Azospirillum cbdieS ol plaS o cmlo oY 90,8
9 ol Glidss d e 5| A. brasilense glipoferum
Vo oolaul Lglm‘&:lf LS’L))l Lfl)" 9 Axpd )9445 Sk
>3 oSl L S e il mle w358 Sl e
Uols b sl 5y dus dlo yo j1 45 b Jldus) SIS
Gk (S5 9y = J5 Bloo st IS U slasanan

A 0ol (g §9) g 0T YD Aoy

PP 2yl 2y s1as Ojlud g 398 palls
IS @l Bas Ly (Soodl coppice gl LS,
o s U5 65 ol ol S 5 e ool
L ot procs L S Ggiens eslizl L o5
S Ly dlS s 3,5 8 Lyda) aaot
Jeolss 3l o3l L b ((gisssd lom ofpgas 41505
oiily Jdsas Bosubtilis ol plol o ] 58
Sy 5T LS 5 5 i) ool o Sy
5 Sty slaw il g sl ofag (2,8 15
dle 3890 ()38 Jole ol joel W5 Ul
Constantinescuet al., ) cowl —aLS sl g)lon
S oo glag,i8L sl ool lis ©ldllas (2010
u.,_w.s;L.,I cJld ax 81 Azospirillum sile A,
olie Cis clild g e ol b as)ls oYL
Sg-te rge Hlg5 oo ol Ly Cially S g 55
sy 0315 0lS g odd (gladyy w5 olS ) 9 4y
Yasari and ) oS pol e 5oyl Jnlos
.(Patwardhan, 2007
P Fe (oms Jole pluolid Cenl 4 do gl
e alS g blow (st J S sladely cngs
9l S 1ile ()l Y paxe )3 (glerd pgo
S yome Slagogw LS dslie Bua b ol aslllas
= B subtilis eS| &g g Azospirillum s,
P Sl jl (b oMo o palS e
= LS ol U jlaws 58l opiomon 05 pboslultimum
5 gy sadlye 6 Sailul 5k Sl a8 slaaals
o P ultimum S ylos b (st G35 CO5 (5ol 35
o day basd alie (5)len (gi) o3l Lailyd
P. i e 0 B. subtilis aygm yiap o), oanlive
s Mol 3 Ll gy b e Ll 5 adtimum
A 565 )\ S 3 &0 9
g a]lg dygw Ly jlews duslis 3 )b 51 B, subtilis
byl i > galS 3 P ultimum a)eB. subtilisciliso

SR g gy slaadye g 4d o) p SIS
o P. ultimum U i) (i cod oplS sladasals




(A1) V¥ L')tmﬁ} XA Lﬁl“" &Y o)l«i} c,,m.))l.ea JL» ;Ucl))‘ QL"’L‘S d)BuC"M?.)' @‘L‘ Ayl

Ol dlone (sl piomen b OB yiagidy Sl
Oy 3l edalcuwday 3 ylaibisl Jages 5l eslazul b iigy
Veree clale e3ga e )3 gglS esll s 2l
Rezalouet al., ) 35,8 a b y 2 Joo 3 p )55,k
JaraSy JSUE o5l i e cs,Sailsl (2024
w131 (ol b IS (0805051 Slze ol (POD)
Altunkayaet ) 4 awlbxo yiogils Ve zoo Jobo )3 g
5L ) ooliasl b JapnST S Y o clled (al, 2011
Altunkayaet ) 3 pbl JJB g0 (ol yingw g Olawsd
B Sy p )5 S5 by IS 6 pS03l8l 4l (al., 2011
SrSojkas ZA gl b aslil gl (139555 0 1) b
Py A ey b ddds Ve Gde dlols ojlas G
VO e Lol )3 (29) Jolore b Jouds yil 48>
ol Jolome s osibusy w4 ZA- gl b (32 e
Ve o SEY S5 clagge Jsb ) yesiypSpul olKiws |
b Jd9)lS 5 (V atuly) @ Jodg)lS (e g <813 siogil
1 apuline 5 Ll U (1 elaf)) 155505 5 (Y o)
Chlorophyll a (U/g FW) = () alaly
(12.25 Abs 663nm — 2.79 Abs 646nm)

Chlorophyll b (U/g FW) =
(21.21 Abs 646nm — 5.1 Abs 663nm)

(¥ o

Carotenoid = (¥ alal,
(1000 Abs 470nm—1.8 Chl a—85.02 Chl b)/198
Lg)So}‘JJ] ‘_g|)g QIJJ.? s Emwlbx 03 Lglmj)g 5l
Sl yaSges (ol y5bdy (S ges p)5 +10) Wy
035 (igealt ¥ Sebuellogdlgus sl yd o Ve b g a5
S Souy ySlaw 4 @B 0 53 VWerr L addd VO e g
5 O O gl 1l e 93 L oadidlo Jslowe pugus
Gl celwcSy 5 bgbro Sl ol il Juo
o Gialajl adg p a9 S5 alS b 03l
meblite (5o L 428 Y+ 5 L1 gl 2l
lome (i 93 4 llel g 3 35290 o b bl
5o Job 2 PP 5o () i ol (lime g e
=cn jl ol L (g jlade Al <38 yiegil Y
oSy e gy Sl el cossay 3 st
b (TBA) sl S25900)b95 Cond gty 2Lt (sloteed

) SIS o ST slaagm b jlos
sladgw b (bLis (5w adoye 30y b
o Vo oliee & o) slacibse o B subtilis g xS
Pl (e 52 53 55t Jgho) V- clile b )
e il g ady) gLi)l) (dag) slapasls s
= I Bl S5 ot (Lo g ada) 5 () e
B Ly gjl 5 SeS @ 5 g D s pSojlul Sy )
x> O Sl g gode LSS by i)l g o/ e 0)
A 03l zyde wlgtul 1> Ol pos juks B9, 5l A
e ) 9 (2lop plil WS ()5 (e Sl kg
o3> 1,8 5,5 b a0 VY glad j5 9l 5 el ¥A
Olie il sl WS 2 Jpasme cuiS IS Al
ald jrar jloss 1 53 1S5 e b esilow jop J5sS
0iss V- iS) 5yhom B a5 B i
B3l (0 o 5 Jg> Blanli 1y 5oy 2 poslenss
do)d dewbe Ly doalS Sy jgym do)d A
02l A dwbre dopd Oygod 085 (sladals
o 5o Ve V) datly jlao)d G gilow 0l
ool bg 10 L\ slie pobly s s
Fatouroset ) cowl o0 duobxo ) )San g wg,g5l6
(al., 2019

Sogl dle BsSn g 5 ol ol

S Sy il g ot oogll ol 7Y+ 51 a8 -
A8l andly 9,55 g yiadhe Voalal b

3l e
Sl b S S5l gl s olS VD=5 jl i Y
A8l o oo ¥

Job «SLS 5l 3 s Sl aoalS S pe ¥
8l ol B ) 1S aoals
L SLS 1o e SIS 4l S e -0
slapasld Jomiw jplaieds Jodow (159
(S dig0s p35 <10 o p2) (5 <8l jl ((Sojelsa b
Oan Cale (i gl 3)5830 0 g 135S gl Pl
L yiogls 090 g0 Jobo ;3 LandSges s g odlaiwl



w32 Bacillus subtilis o A. brasilense Azospirillum lipoferum s xS\ )ul) bl oy Ko g usﬁ‘)-_yd g

o9 (sasy
gy L aSLE p byl 5T
olS 55 s (6 S0l ingy slepasls uiblg U]
le Oa¥ 90,8 Ly (i 355 L losd Cod (5508
1 A. brasilense g A. lipoferum gladssS sql>
il dwlie Iy LS Iy dme /0 paw 1) e
2 5583 46580 b jlowd oy L 55 b e ld oles yo
ol 035 3YL (o) ime & ygods dald b duslio
Casleds cpl dall pj S
Sl s Li 598 0 oaalin V JSS jd oS b len
g ddyy g (2lon plisl SiS Gy g Jsb) (o)
bl ()b pxe ©olts (638 9 90 oy (i) e
ol A. lipoferum U jles Lo jas i plos ) Ll
M)y Ao ol & lgi e 5 bl el b ()l me
S A, lipoferumc s jon 5 3SUs aygw opl &
A. brasilense b aulis > &g Ay Liol38l 53 (g o

ol 03l LS 295 5]

el p)S /0 Jude s plol will o3 yglle o ime sioius
(TCAY sl Sitaly S 55 5 Lo 0 9 ady 5 S 5
JLisl 6L 4 Jols ojlac oSS tosds Ko 7o/
Souy ySlaw 88D 0 jed Free > A By D Lo g Bl
X el Sy lS 55 2l oo o oo i
Jobe ) 3l oo 6 4 sl G5920)b905 72410 (54l
O plos > aads Yo Sdo g8 byl .ub adlsl Lo,
g plos 3 Aol 5 450l (o], Kislo a3 A0) p 5
4883 Vo Cdody A 40 jed Frvr s ypw Ly g 0w
DY g9n b 1 sy e ok ol S Sl
by 5l gagl See 1 05agls e g OB sregl

e oyl olal L sl oo yglle clale
Sp ¥ 0je e pJsearSee 2ly Gl g dvsle V0D
Lowgs L iilgd S a3yl g dulxa (umol g FIW)
S pOlGENWAY 5YV0 e yiogssdg piSum] ol&iuwd

J=olS Sob gyl B 1S5 e b oliolojl
SPSS Var. 13 ,l33lp 5 b 4l slaodly g plowl bslas
OS> (glaialiazy g0il b o Sike duglio 5 400
S Sygo L0 Jleis pdaw b

25 4 a

20

15

10

A. brasilense Control

A.lipoferum

A. brasilense +
P.ultimum

P.ultimum A.lipoferum+

P.ultimum

B stem Dry Weight 3138 phil S35 5y39gr @ Root Dry weight 4y, Xid ;yegr ¥ Stem Lenghtdig Jgbcm  ® root massady; pmacm3

: A:lipoferum.salsl A. brasilense y A. lipoferum (slaagw b jlos <o 590lS olS Lingy slo Shg amlio .Y JSud
sl olS :Control A. brasilense s ySL L osisjlos LS 4. brasilense: A. lipoferum (s :Sb L odis e lalS
&xSL L oddles LS A lipoferum + P. ultimum ol 5 o 55 low b oddsjloys LS :Pultimum (o oy94)

owdSl g yn) )5 Jlows 9 A. brasilense s ySb |y odisyles LS :A. brasilense + P. ultimum S )low o A:lipoferum

(w3 o i |y lajlass o +/+0 pdaws o L;)Loi s ime M LSy S5y b lggiw (55 00 )0 glate
Figure 3. Comparison of vegetative characteristics of lettuce plants treated with P. ultimum, A. lipoferum and A.

brasilense strains with the control; A. lipoferum: plants treated with 4. lipoferum; A. brasilense: plants treated with

A. brasilense; Control: control plant without pathogen treatment; and P. ultimum: plants treated with pathogen; 4.

lipoferum+ P. ultimum: plants treated with A. lipoferum and P. ultimum; A. brasilense+ P. ultimum: plants treated

with 4. brasilense and P. ultimum. (Different letters in each column indicate a statistically significant
difference between different isolates p<0.05).
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Figure 2. Comparison of vegetative characteristics of lettuce plants treated with P. ultimum, wild type and mutants
of B. subtilis with the control; B.subtilis: plants treated with wild type B. subtilis; B. sM600: plants treated with

mutant 600 of B. subtilis; B. Sm419: plants treated with mutant 419 of B. subtilis; Control: control plant without

treatment; P. ultimum: plants treated with pathogen; B.subtilis+ P.ultimum. plants treated with wild type B. subtilis
and P.ultimum; B. sM600+: P.ultimum plants treated with mutant 600 of B. subtilis and P. ultimum; BsM419+

P.ultimum: plants treated with mutant 419 of B. subtilis and P. ultimum. (Different letters in each column indicate

a statistically significant difference between different isolates p<0.05).
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Figure 3. Comparison of the of seedling damping off percentage caused by P. ultimum in lettuce plants treated
with A. lipoferum and A. brasilense strains and wild type and mutants of B. subtilis with the control. B. subtilis:
plants treated with wild type B. subtilis and pathogen; B. sM600: plants treated with mutant 600 of B. subtilis and
pathogen,; BsM419: plants treated with mutant 419 of B. subtilis and pathogen; A. lipoferum: plants treated with A4.
lipoferum and pathogen; 4. brasilense: plants treated with A. brasilense and pathogen; Control: control plant

without pathogen treatment and P. ultimum: plants treated with pathogen (Different letters in each column indicate
a statistically significant difference between different isolates p<0.05).
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Figure 4. Comparison of the of diseases severity caused by P. ultimum in lettuce plants treated with 4. lipoferum
and A. brasilense strains and wild type and mutants of B. subtilis with the control. B. subtilis: plants treated with
wild type B. subtilis and pathogen; B. sM600: plants treated with mutant 600 of B. subtilis and pathogen; BsM419:
plants treated with mutant 419 of B. subtilis and pathogen; A. lipoferum: plants treated with 4. lipoferum and
pathogen; A. brasilense: plants treated with A. brasilense and pathogen; Control: control plant without pathogen

treatment and P. ultimum: plants treated with pathogen. (Different letters in each column indicate a statistically
significant difference between different isolates p<0.05).
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Figure 5. Comparison of Total protein (mg/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without treatment;
B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B. subtilis; B.
sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and pathogen;
A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild type B. subtilis and
pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P :plants treated
with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen; A. b+P: plants

treated with A. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters in each column
indicate a statistically significant difference between different isolates p<0.05).
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Figure 6. Comparison of Chlorophyll a and b and carotenoids (ng/g fw) of lettuce leaves treated with P.
ultimum, A. lipoferum and A. brasilense strains and wild type and mutants of B. subtilis and control; Control:
control plant without treatment; B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated
with mutant 419 of B. subtilis; B. sM600: plants treated with mutant 600 of B. subtilis; A.brasilense: plants
treated with 4. brasilense and pathogen; A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P:
plants treated with wild type B. subtilis and pathogen; BsM419+ P: plants treated with mutant 419 of B.
subtilis and pathogen, B. sM600+P :plants treated with mutant 600 of B. subtilis and pathogen, A. [+P:
plants treated with A. lipoferum and pathogen; A. b+P: plants treated with 4. brasilense and pathogen; P.
ultimum: plants treated with pathogen (Different letters in each column indicate a statistically significant
difference between different isolates p<0.05).
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Figure 7. Comparison of Peoxidase activity (U/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without treatment;
B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B. subtilis; B.
sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and pathogen;
A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild type B. subtilis and
pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P :plants treated
with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen; A. b+P: plants

treated with A. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters in each column
indicate a statistically significant difference between different isolates p<0.05).
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Figure 8. Comparison of Polyphenol oxidase activity (U/g fw) of lettuce leaves treated with P. ultimum, A.
lipoferum and A. brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant
without treatment; B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of
B. subtilis; B. sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and
pathogen; A.lipoferum: plants treated with 4. lipoferum and pathogen; B.s+P: plants treated with wild type B.
subtilis and pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P
:plants treated with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen;

A. b+P: plants treated with 4. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters
in each column indicate a statistically significant difference between different isolates p<0.05).
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Figure 9. Comparison of Malondialdehyde (ng/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without treatment;
B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B. subtilis; B.
sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and pathogen;
A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild type B. subtilis and
pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P :plants treated
with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen; A. b+P: plants

treated with A. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters in each column
indicate a statistically significant difference between different isolates p<0.05).
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Figure 10. Comparison of Proline (ng/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without
treatment; B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B.
subtilis;, B. sM600: plants treated with mutant 600 of B. subtilis; A.brasilense: plants treated with 4. brasilense
and pathogen; A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild
type B. subtilis and pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B.
sM600+P :plants treated with mutant 600 of B. subtilis and pathogen, A. [+P: plants treated with A.
lipoferum and pathogen; 4. b+P: plants treated with 4. brasilense and pathogen; P. ultimum: plants treated

with pathogen (Different letters in each column indicate a statistically significant difference between
different isolates p<0.05).
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