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Effect of non-pathogenic Pseudomonas strains on the severity of
diseases caused by Botrytis cinerea and Alternaria alternata on tomato
and Arabidopsis plants
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Abstract

Non-pathogenic Pseudomonads are the main biocontrol agents that are used in plant disease management. In
this study, effects of four strains of Pseudomonas fluorescens (Pf1, P2, P{3, Pf4), and P. putida (P13) were
studied for their ability to elicit induced systemic resistance against diseases caused by Botrytis cinerea and
Alternaria alternata on tomato (Super Majar and Queen cvs) and Arabidopsis. The ability of biocontrol
agents to colonize roots of tomato cultivars and Arabidopsis and induce resistance was shown to be highest
for P13, and Pf3 strains and P13, and Pf3 were able to reduce the average lesion diameter of diseased leaves
to 30% and 25%, compared to that of control, respectively. The ability of biocontrol agents for direct control
the pathogens was also evaluated. The results revealed that P. putida (P13) was the best biocontrol agent as
measured by the reduction in disease severity. P13 reduced the average lesion diameter of diseased tomato
leaves by about 45%. Finally, Pf3 and P13 were identified as more powerful strains. Moreover, these strains
could induce some level of resistance against various pathogens and they had the ability to enhance plant
growth.
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Table 1. Results of variance analysis of the treatment effects (including Pseudomonas fluorescens (Pf1, Pf2, Pf3,

Pf4), Pseudomonas putida (P13) and control plants (Ctr)) over the reduce of disease severity caused by Botrytis
cinerea (RA) and Alternaria alternata in tomato (Queen and Majar cultivars)

Source of variations Degree of freedom

Mean of squares

A. alternata

A. alternata B. cinerea B. cinerea

(Majar cultivar) (Queenr cultivar) (Majar cultivar) (Queen cultivar)

treatment 5 33 7.1 4.7 6.3
error 72 0.04 0.08 0.04 0.04
CV (%) _ 4.2 6.4 34 4.2

**: calculated F is Significant p<0.01
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Figure 1. The effects of the various strains of Pseudomonas fluorescens (Pfl, Pf2, Pf3, Pf4) and Pseudomonas

putida (P13) on a: the disease severity caused by Botrytis cinerea (RA) and b: Alternaria alternata in tomato
(Majar cultivar); c: the disease severity caused by Botrytis cinerea (RA) and d: Alfernaria alternata in tomato

(Queen cultivar). Note: the disease severity was evaluated by spot diameter (mm).
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Table 2. Results of variance analysis and the effects of
the various strains of Pseudomonas fluorescens (Pfl,

Pf2, Pf3, Pf4) and Pseudomonas putida (P13) over the
tomato root colonization (Majar and Queen cultivars)

. . CFU/ml Log

The various strains -

Majar Queen
of Pseudomonas : .

cultivar cultivar
Pfl 8.76 a 8.68 a
Pf2 8.53d 86a
Pf3 8.6¢ 8.63a
Pf4 8.6¢ 8.56 ab
P13 8.66 b 8.65b
Mean of squares (treatment) 0.01%* 0.03**

**: calculated F is Significant p<0.01
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Figure 2.The effects of the various strains of Pseudomonas fluorescens (Pf2, Pf3) and Pseudomonas putida (P13)
on a: the disease severity caused by Botrytis cinerea (RA) and b: Alternaria alternata in tomato (Majar cultivar.

Note: the disease severity was evaluated by spot diameter (mm).
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Table 3. Results of variance analysis of the treatment
effects (including Pseudomonas fluorescens (Pf2, P{3),
Pseudomonas putida (P13) and control plants (Ctr))
over the reduce of disease severity caused by Botrytis
cinerea (RA) and Alternaria alternata in tomato
(Majar cultivar)

Source of Degree of Mean of squares
variations freedom The disease servity

A. alternata B. cinerea
Treatment 3 147 147
Error 48 0.07 0.07
CV (%) - 7.2 7.2

**: calculated F is Significant p<0.01
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Table 4. Results of variance analysis and the effects of
the various strains of Pseudomonas fluorescens (Pf2,

Pf3) and Pseudomonas putida (P13) over the tomato
leaf colonization (Majar cultivar)

the various strains of Pseudomonas Log CFU/ml
Pf2 945a
Pf3 94b
P13 9.35b
Mean of squares(treatment) 0.011%*

**: calculated F is Significant p<0.01
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Table 5. Analysis of variance of the treatment effects
(including Pseudomonas fluorescens (P{3), Pseudom-
onas putida (P13) and control plants (Ctr)) over the
reduce of disease severity caused by Botrytis cinerea
(RA) and Alternaria alternata in Arabidopsis taliana

Source of Degree of Mean of squares
variations freedom The disease severity

A. alternata B. cinerea
Treatment 2 107 9.17
Error 36 0.07 0.06
CV (%) - 6.5 6.0

**: calculated F is Significant p<0.01
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Figure 3. The effects of Pseudomonas fluorescens (Pf3) and Pseudomonas putida (P13) on the disease severity
caused by Botrytis cinerea (RA) (a) and Alternaria alternata (b) in Arabidopsis taliana. Note: the disease severity

was evaluated by spot diameter (mm).
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Table 6. Results of variance analysis and the effects of

Pseudomonas fluorescens (Pf3) and Pseudomonas
putida (P13) over the Arabidopsis root colonization

the various strains of Pseudomonas Log CFU/ml
Pf3 8.66%
P13 8.6
Mean of squares(treatment) 0.011°

**: calculated F is Significant p<0.01
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Table 7. Analysis of variance of the treatment effects (including Pseudomonas fluorescens (Pf1, Pf2, Pf3, P{4),
Pseudomonas putida (P13) and control plant (ctr)) weight, fresh weight, the shoot and root growth the shoot and
root of tomato (Majar cultivar)

Sources of  Degree of Mean of squares

variations freedom Fresh weight ~ Dry weight of  Fresh weight of  Dry weightof ~ Root Shoot
of roots roots shoot shoot growth  growth

Treatment 5 347 0.147 227 0.147 7867 14917

Error 72 0.14 0.002 0.69 0.006 4.0 9.6

CV (%) - 17 14 15 18 8.6 10

**: calculated F is Significant p<0.01

Cow Lo Sb ol s J 28 OLalS o o oS

K oLS adyy s Al ddy il Sl Wlg
s P. fluorescens « s ;Lgxr oLl Gud=d pl )3

oS o sdaline P2 G = 2 .L,w) g_):"ib"é‘ Lfi}:":‘?}
A 4 B. cinerea S,.. s5, P. putida a4 S

d‘ﬂw%}@otﬁgwbéuvudﬁl)wb

g 53 S 3l LA S uS )  alternata

Gl 35 LS iy (595 2 SU Glag s 5 )8

Yo 45



v B g5 0 Sbul (g b Al (55, Pseudomonas sl e pb B4 s 36 01,IK0n 5 s

S Rl 4 5ol laay g ol 4 (28 S et Ol
Al e olS 3 (golew
5 P. fluorescens 4 s Jlgz L gl ain; 5 SLLS
Aol olS & ol 35 0 0350 P putida 4 s S
508 51 ol L o Wl isls LSS A, T3
sl ol s (Bl ad, Ol 5 olS aiy, S
e O o3 IS s 2UlS p i s PAT e
53§ S bl st s ple & i Lol il o olS
sl iy RS ls dald & s olS A )3 ks
S s OAE Jld 5 Ol g5 o 1y oS 53 PFT Lass 5 0l
Il 15 ks o oS 55 sl SG ponsl 052 20
S35 s Jolss 2,0 ahesay 2ls o Sty 05 5e
s Sy AU Al olS gl alaau e oDl A
.(Conrath & Gollner 2008) <ol LS 6 500 A 55 L oLS
PR genes Oy o185 a0 Oy 4 Ol 55 o 2550 () 5o
o) O L elen (SI558 o g8 W oS 550l oL
olaalis (Heidel et al. 2004) cwl oo odus a0
ol slaaun 5l bS58 o cl sl 0LES
(Conrath et al. 2006) AL s 5 Al K saslr
sl olow s a8 53 g opl oLl (e
SPE3 lan s i ol (S5 5ax S 6,1 (g, 0l
o Vot 1y el sl e 155 e 45 (ool S P13
5 a0 SLiS 5 A5 53w al oS oUlS
sl plouil Slidos Gl |5 Sl 0 5 S S
sboml olbap a5 e i OLS 5l
lavicoli et ) Wls olS 55 ey J 8 bole Loy ol
s Ady Jaalsel o iy (al 2003, Bakker et al. 2007
05 Sl R Ay Al ol S s e ds P2 (g s
o) Aile ddiy sdcs o las gla0gay s 53 pess
35 Opassn ool e Ll A5l (TAA) dl el

46

il g6 B Sl Sl dem 4 o
JLed an 38 eyl Jool il @ a5 L 3L
S aglie 3l e Ol els glanSTs o5l
o3 e Glasles 5 dals OLLS 655 2liolen
S S op it Al e § s e cpl dias DL
P. putida U ;e 53 o 55 5 slome 035 S55 Solews
Dlome o35 S0 g (ol e s Solen Al A e
L aS g o d T sgd> 5 S r:a));) YA 590>~
o 53 )l Eillas (Y+40) OLlSes 5 s ol
33 5 2SSt olaie SIS (Y 00) OLes 5 5L
s s e oS 53 ol sbwl Cooslie s s
b odd a5 Sl s oal &8 das e OLES
Ll censlie 53 ol 5L sl LPS (piamen 5 550
Meziane ) L3l o S0 ol SU 4o pl o ss o
=55 55 2 S S 3d xS Jele ol (et al. 2005
B, ol J,m8 55 GLSS Lo i 3l (K5 pas S
das s OLLS ulas s A alternata s cinerea
e il a5 S S oS 3 o bl i
Atk dBl (55 5 il e o35 4 el oL S
Spbe oy Sl
2 PI3 S PE lag o S eSS Sl e ar s
o 3 ) AUl S i g s J S
SLalisly vy sl dolanl Goley ol Jlals
S35 2 32 S0 4 A alternata 5 B. cinerea S
DSl ey A i e 3T Je ol
P lasles 5o LaaS) s oS sl 0Lt e ks
eI Ls sl S P. putida (P13) s fluorescens (Pf3)
! 53 edel s s e sy dals OLS s
pL3l (5,5 ot ol o sesl 5l ol 2B L e

old ol @Lﬁjljg_.ib RPN u_fafvjf

¥5



FA-YY AFAA o/ Y ojled / 00 dl / aLE sla s les

SN S B S g s om A S s Sl
Bl sl 55 P13 w il o e oS S
PI2 5l 48 ()5 a5 olS ) 3 i 0> L
edaliio P13 e 3 sl sl A, il il o 2t
Ul S st s v s 4 o ol rman LS
S5 0157 5 Sobe DA S s (g i
P. s P. fluorescens (Pf3) slaw s sl 5o
2 oot eSS 5 VL Uls oo 4 putida (P13)
o5l s onslia Ll 5 idisen (gl S ey J S
Slass s Ol & g sl 5 (S e S e
Caslin Ll 05 Loty g ol Bkl b jne 5553

J.J.JI‘J j’:" b cl.:§ Ju.f:) LJ’:".'“J'B‘ L}J“Lv‘j.? cl.:§ DL

oLS Glaarli 5 iy, Job i) (ll S e oS
Las S ol (pmomen (Gravel et al. 2007) aib
ed e M slge 055 Jo (ol LS L Kl 5
LS 5 AL bl ilelsy sl A5 b
s B 5 Gy e BB T e
Yo LUls 5 ede 45w ol (Van loon 2007) il
oS aiy VL 055 05 slS 4 2B ol Ay Al )
S35 s ol s3I S A 58 (K e S
2L 3 S o) s 5 sline S5 ax S pL
S o) s Sl DS LS 55 (6 S
2 S GUIs P 5 PI3 sl g 55 o)

Ul Ll izl ([ am 58 olS wi ) 035 o505l

Lﬂijb@‘éJWQM&AUJJPB 4.:),‘..4

@l:.o

Achuo E.A., Audenaert K., Meziane, H. and Hofte M. 2004. The salicylic acid-dependent defence pathway is
effective against different pathogens in tomato and tobacco. Plant Pathology 53: 65-72.

Audenaert K., De Meyer G. and Hofte M. 2002a. Abscisic acid determines basal susceptibility of tomato to
Botrytis cinerea and suppresses salicylic acid-dependent signaling mechanisms. Plant Physiology 128: 491-
501.

Audenaert K., Pattery T., Cornelis P. and Hofte M. 2002b. Induction of Systemic Resistance to Botrytis cinerea in
Tomato by Pseudomonas aeruginosa 7TNSK2: Role of Salicylic Acid, Pyochelin, and Pyocyanin. Molecular
Plant-Microbe Interaction 15: 1147-1156.

Bakker P.A.HM., Pieterse C.M.J. and Loon L.C.V. 2007. Induced systemic resistance by fluorescent
Pseudomonas spp. Phytopathology 97: 239-243.

Barnett HL. and Hunter B.B. 1998. Illustrated genera of imperfect fungi. 4™ ed., APS Press, Saint Paul.,
Minnesota., USA.

Conrath U., Beckers G.J.M., Flors V., Garci'a-Agusti'n P., Jakab G., Mauch F., Newman M.A., Pieterse C.M.J.,
Poinssot B., Pozo M.J., Pugin A., Schaffrath U., Ton J., Wendehenne D., Zimmerli L. and Mauch-Mani B.
2006. Priming: Getting ready for battle. Molecular Plant-Microbe Interaction 19: 1062—1071.

Conrath U. and Gollner K. 2008. Priming: it’s all the world to induced disease resistance. European Journal of
Plant Pathology 121: 233-242.

Dimkpa C., Weinand T. and Asch F. 2009. Plant-rhizobacteria interactions alleviate abiotic stress conditions.
Plant Cell Environment 32: 1682—1694.

Egamberdieva D., Lindstrom L. and La K. 2015. A synergistic interaction between salt-tolerant Pseudomonas and
Mesorhizobium strains improves growth and symbiotic performance of liquorice (Glycyrrhiza uralensis Fish.)
under salt stress. Applied Microbiology and Biotechnology 100: 2829-2841.

El Oirdi M., El Rahman T.A., Rigano L., El Hadrami A., Rodriguez M.C., Daayf F., Vojnov A. and Bouarab K.
2011. Botrytis cinerea manipulates the antagonistic effects between immune pathways to promote disease
development in tomato. Plant Cell 23: 2405-2421.

Y 47



v B g5 0 Sbul (g b Al (55, Pseudomonas sl e pb B4 s 36 01,IK0n 5 s

Glick B.R. 2015. Biocontrol mechanisms. In: Glick BR (ed) Beneficial plant-bacterial interactions. Springer,
Heidelberg. pp 123-157.

Gravel V, Antoun H. and Tweddell R.J. 2007. Growth stimulation and fruit yields improvement of greenhouse
tomato plants by inoculation with Pseudomonas putida or Trichoderma atroviride: possible role of indole-
acetic acid (IAA). Soil Biology and Biochemistry 39: 1968-1977.

Harman G.E., Howell C.R., Viterbo A., Chet 1. and Lorito M. 2004. Trichoderma speciesopportunistic, avirulent
plant symbionts. Nature Reviews Microbiology 2: 43—56.

Heidel A.J., Clarke J.D., Antonovics J. and Dong X. 2004. Fitness costs of mutations affecting the systemic
acquired resistance pathway in Arabidopsis thaliana. Genetics 168: 2197-2206.

Iavicoli A., Boutet E., Buchala A. and Métraux J.P. 2003. Induced systemic resistance in Arabidopsis thaliana in
response to root inoculation with Pseudomonas fluorescens CHAO. Molecular Plant-Microbe Interaction 16:
851-858.

Islam S., Akanda A.M., Prova A., Islam M.T. and Hossain M. 2015. Isolation and identification of plant growth
promoting rhizobacteria from cucumber rhizosphere and their effect on plant growth promotion and disease
suppression. Frontiers Microbiology 6: 1360.

Jha Y. and Subramanian R. 2014. PGPR regulate caspase-like activity, programmed cell death, and antioxidant
enzyme activity in paddy under salinity. Physiology and Molecular Biology of Plants 20: 201-207.

Kamilova F., Lamers G. and Lugtenberg B. 2008. Biocontrol strain Pseudomonas fluorescens WCS365 inhibits
germination of Fusarium oxysporum spores in tomato root exudate as well as subsequent formation of new
spores. Environment Microbiology 10: 2455-2461.

Kerepesi 1. and Galiba G. 2000. Osmotic and salt-stress induced alteration in soluble carbohydrate content in
wheat seedlings. Crop Science 40: 482-487.

Majeed A., Abbasi M.K., Hameed S., Imran A. and Rahim N. 2015. Isolation and characterization of plant
growth-promoting rhizobacteria from wheat rhizosphere and their effect on plant growth promotion. Frontiers
Microbiology 6: 198.

Meziane H., Van der Sluis 1., Van Loon L.C., Hofte M. and Bakker P.A.H.M. 2005. Determinants of
Pseudomonas putida WCS358 involved in inducing systemic resistance in plants. Molecular Plant Pathology
6: 177-185.

Narayanan P., Parthasarathy S., Rajalakshmi J., Arunkumar K. and Vanitha S. 2016. Systemic elicitation of
defense related enzymes suppressing Fusarium wilt in mulberry (Morus spp.). African Journal of
Microbiology Research 10: 813-819.

Pieterse C.M.J., Van Wees S.C.M., Hoffland E., Van Pelt J.A. and Van Loon L.C. 1996. Systemic resistance in
Arabidopsis induced by biocontrol bacteria is independent of salicylic acid accumulation and pathogenesis-
related gene expression. Plant Cell 8: 1225-1237.

Pieterse C.M.J., Zamioudis C., Berendsen R.L., Weller D.M., Van Wees S.C.M. and Bakker P.A.H.M. 2014.
Induced systemic resistance by beneficial microbes. Annual Review of Phytopathology 52: 347-375.

Planchamp C., Glauser G. and Mauch-Mani B. 2014. Root inoculation with Pseudomonas putida KT2440
induces transcriptional and metabolic changes and systemic resistance in maize plants. Frontiers Plant Science
5:719.

Pozo M.J. and Azcon-Aguilar C. 2007. Unraveling mycorrhiza-induced resistance. Current Opinion in Plant
Biology 10: 393-398.

Ryu C.M., Farag M.A., Hu C.H., Reddy M.S., Kloepper J.W. and Paré P.W. 2004. Bacterial volatiles induce
systemic resistance in Arabidopsis. Plant Physiology 134: 1017-1026.

Mirzaei S., Goltapeh E.M. and Shams-bakhsh M. 2007. Taxonomical studies on the genus Botrytis in Iran.
Journal Agriculture Technology 3: 65-76.

Sarikhani M.R., Malboobi M.A., Aliasgharzad N., Greiner R. and Yakhchali B. 2010. Functional screening of
phosphatase-encoding genes from bacterial sources. Iranian Journal of Biotechnology 8(4): 275-279.

Schaad N.W., Jones J.B. and Chum W. 2001. Laboratory guide for identfication of plant pathogenic bacteria. APS
Press. 373 p.

Simmons E.G. 1992. Alternaria taxonomy: current status, view point, challenge. In Alternaria Biology, Plant
Diseases and Metabolites (Schakowsky J. and Visconti A. eds). Elsevier Science Publishers. Amsterdam.

48 A



FA-YY AFAA o/ Y ojled / 00 dl / aLE sla s les

Ton J., Van Pelt J.A., Van Loon L.C. and Pieterse C.M.J. 2002. Differential effectiveness of salicylate-dependent
and jasmonate/ethylene-dependent induced resistance in Arabidopsis. Molecular Plant-Microbe Interaction 15:
27-34.

Van der Ent S., Van Wees S.C.M. and Pieterse C.M.J. 2009. Jasmonate signaling in plant interactions with
resistance-inducing beneficial microbes. Phytochemistry 70: 1581-1588.

Van Loon L.C., Bakker P.A.H.M. and Pieterse C.M.J. 1998. Systemic resistance induced by rhizosphere bacteria.
Annual Review of Phytopathology 36: 453—483.

Van Loon L.C. and Bakker P.A.H.M. 2005. Induced systemic resistance as a mechanism of disease suppression
by rhizobacteria. In Z. A. Siddiqui (Ed.), PGPR: Biocontrol and Biofertilization. pp 39—66.

Van Loon L.C. 2007. Plant responses to plant growth-promoting rhizobacteria. European Journal of Plant
Pathology 119: 243-254.

Van Wees S.C.M., Pieterse C.M.J., Trijssenaar A., Westende Y.A.M., Hartog F. and Van Loon L.C. 1997.
Differential induction of systemic resistance in Arabidopsis by biocontrol bacteria. Molecular Plant-Microbe
Interaction 10: 716-724.

Van Wees S.C.M., Van der Ent S. and Pieterse C.M.J. 2008. Plant immune responses triggered by beneficial
microbes. Current Opinion in Plant Biology 11: 443-448.

Vanneste J.L., Cornish D.A., Spinelli F. and Yu J. 2004. Colonisation of apple and pear leaves by different strains
of biological control agents of fire blight. Journal of the New Zealand Plant Protection 57: 49-53.

Verhagen B.W.M., Trotel-Aziz P., Couderchet M., Hofte M. and Aziz A. 2010. Pseudomonas spp.-induced
systemic resistance to Botrytis cinerea is associated with induction and priming of defense responses in
grapevine. Journal of Experimental Botany 61: 249-260.

Verhagen B., Trotel-Aziz P., Jeandet P., Baillieul F. and Aziz A. 2011. Improved resistance against Botrytis
cinerea by grapevine-associated bacteria that induce a prime oxidative burst and phytoalexin production.
Phytopathology 101(7):768-777.

Walker T.S., Bais H.P., Halligan K.M., Stermitz F.R. and Vivanco J.R. 2003. Metabolic profiling of root exudates
of Arabidopsis thaliana. Journal of Agricultural and Food Chemistry 51: 2548-2554.

Walters D.R., Ratsep J. and Havis N.D. 2013. Controlling crop diseases using induced resistance: challenges for
thefuture. Journal of Experimental Botany 64: 1263-1280.

Zahid M., Abbasi M.K., Hameed S. and Rahim N. 2015. Isolation and identification of indigenous plant growth
promoting rhizobacteria from Himalayan region of Kashmir and their effect on improving growth and nutrient
contents of maize (Zea mays L.). Frontiers Microbiology 6: 207.

Zhang H., Xie X., Kim M.S., Komyeyev D.A., Holaday S. and Paré P.W. 2008. Soil bacteria augment
Arabidopsis photosynthesis by decreasing glucose sensing and abscisic acid levels in planta. Plant Journal 56:
264-273.

¥4 49



