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Evaluation of seed biopriming on tomato leaf spot biocontrol and plant growth factors
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ABSTRACT

Tomato bacterial leaf spot caused by Pseudomonas syringae pv. syringae is a serious problem for tomato
production in the greenhouse and field. In this study, effect of some probiotic rhizobacteria evaluated on seed
indexes, plant growth factors and biocontrol of syringae leaf spot in the laboratory and greenhouse. All
probiotic and pathogenic bacteria isolated from tomato fields in West Azarbaijan. Identification of beneficial
rhizobacteria carried out via phenotypic and molecular methods. Ability of 21 selected rhizobacteria of
Bacillus subtilis and Pseudomonas fluorescens strains in secondary metabolites production was investigated
via two methods. In first method, filtered suspension spotted on medium, and in second one bacterial cell was
poured in wells created on medium. In addition, the strains were studied for lipase, protease and alkaline
protease production. In both methods, studied strains reduced the pathogenic bacterial growth in the
laboratory, and hydrolytic enzymes produced by all strains. Some of the studied strains increased percentage
and speed of tomato seed germination. Selected strains increased the growth factors of tomato plants in
greenhouse. The greatest effect was observed in Pf23 and Bs11 strains. The probiotic bacteria reduced the
disease between 25 and 81.25% compared to the control. In the greenhouse, Bs11 with 81.25% and Bs6 and
Pf23 with 61.50% disease decreasing compared to control, showed the most effect in reducing leaf spots.
Bs11 and Pf23 were selected as the best strains in effect on tomato growth factors and biocontrol of syringae
leaf spot.

Keywords: Pseudomonas syringae pv. syringae. Biological control, Pseudomonas fluorescens, Bacillus
subtilis.
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Table 1- Phenotypic characteristics of probiotic bacteria used in this study.

Phenotypic traits Gram- Gram-positive Phenotypic traits Gram- Gram-
negative strains negative positive
strains strains strains
Cell morphology Rod- Bacilli Starch hydrolysis - -
shaped form
Aerobic growth + + 5% NaCl tolerance + +
Anaerobic growth - - 7% NaCl tolerance +
Endospore production N + Nitrate reduction - -
(Central)
Hypersensitive reaction - - Lecithinase + +
Motility + + 3- Keto lactose formation - +
Fluorescent pigment on KB + N Urease - N
Oxidase + + Methyl red - N
Catalase + + Utilization of: - +
Growth at 4 °C - - Citrate + +
Growth at 40 °C - + Sorbitol + +
Indole - N D- Glucose + +
Gas from glucose - N D- Arabinose \Y +
Gelatin hydrolysis + + D- Xylose + +
Aesculin hydrolysis \Y N D- Manitol \Y +
Casein Hydrolysis N + D- Mannose V \Y
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-: Results of the experiment was negative for 80% of strains. +: Results of the experiment was positive for
80% of strains. N: This test has not been conducted for strains of this column. V: Results of the experiment

was variable in studied strains.
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Figure 1- Amplified fragments of 1500 pb related to 16S rRNA region by studied rhizobacteria via PCR. L) |
Kb Ladder, Pf) Pseudomonas fluorescens, Bs) Bacillus subtilis and C) negative control.
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Figure 2- Inhibition zone of pathogenic bacteria by filtered suspension of probiotic bacteria (A), opaque zone

around bacteria colony due to lipase production (B), clear halo around bacterial colony because of protease
production (C) and clear halo around bacterial colony due to alkaline protease production (D).
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Table 2- Production of secondary metabolites by studied probiotic bacteria, in vitro.

Strains Inhibition zone, Inhibition zone, Lipase Protease Alkaline protease
filtered suspension well method production production (cm) production
method (cm) (cm) (cm) (cm)
Pf5 0.7+0.09 %9 0.3+0.09™ 0.5+0.04 T 1.77+0.13% 0.15+0.02°%9
Pf12 0.32+0.06 ™" 0.12+0.06 ! 0.17+0.02% 1.35+0.09 % 0.075+0.04
Pf14 0.3+0.09%" 0.15+0.09 0.47+0.13°%" 1.45+0.14% 0.35+0.11°¢
Pf 23 1.37+0.11% 0.72+0.10%9 0.97+0.08*¢ 1.52+0.06 % 0.57+0.04®
Pf43 0.95+0.10*¢ 0.40.09¢" 0.2+0.04™ 0.85+0.11% 0.17+0.02%¢
Pfg87 0.65+0.09 ¢ 0.45+0.06 9* 0.55+0.07 ¢f 0.7+0.04 % 0.12+0.06 9
Pf92 1.12+0.9%¢ 1.05+0.06 °* 0.4+0.10°¢ 1.6+0.09° 0.450.02 *¢
Pf96 0.72+0.13%¢ 0.65+0.15°" 0.67+0.04"¢ 0.8+0.04™ 0.27+0.02°f
Bsl 2+0.00° 1.3+0.10% 1.07+0.04%® 2.2+0.09% 0.62+0.04°
Bs6 1.35+0.11% 1.07+0.04 0.82+0.04%¢ 2.27+0.16°¢ 0.55+0.06 *°
Bs7 0.3+0.07°%" 0.15+0.02 0.62+0.16"f 0.7+0.04™ 0.12+0.06 ¢
Bs8 0.77+0.09 %9 0.6+0.10 " 0.72+0.13%¢ 0.77+0.06 ™ 0.1+0.00°%9
Bs 11 2.32+0.11° 1.67+0.11%® 1.3+0.102 2.85+0.10° 0.67+0.06
Bs13 0.25+0.06 %" 0.2+0.04™ 0.42+0.04%9 1.07+0.04*f 0.17+0.04 %9
Bs17 0.5+0.04°" 0.2+0.04 " 0.55+0.06 ¢ 0.57+0.049 0.3+0.00 °f
Bs20 0.85+0.25°" 0.77+0.09 %9 0.7+0.10°¢ 0.75+0.06 0.15+0.02%¢
Bs22 0.77+0.04 %9 0.55+0.06 " 0.57+0.13°" 0.47+0.04¢ 0.240.04 %9
Bs25 1.45+0.13" 0.9+0.04 °f 1.02+0.10%¢ 0.57+0.09°¢ 0.55+0.08%°
Bs28 0.95+0.06 *¢ 0.55+0.06 0.72+0.04"¢ 0.52+0.069 0.17+0.04%9
Bs30 0.52+0.08°" 0.45+0.06 ¥ 0.67+0.10"° 0.65+0.05 ™ 0.25+0.02 %9
Bs31 0.45+0.06 " 0.52+0.08 0.82+0.04"¢ 0.850.02 % 0.17+0.02%9
Control 0+0.00" 0+0.00 ' 0+0.00 ¢ 0+0.00 " 0+0.00 9
Gentamicin 2+0.00? 2+0.00° - - -

il oo (T g3l bl doy0 ) aw 40 o cime (Lol iglis saims LiS gy 40 gl g, -

-Pf) Pseudomonas fluorescens «(Bs) Bacillus subtilis 4 (Control.(aals L)

- Different characters in each column indicate statistically significant difference at 1% level according to
Tukey’s multiple range tests.
- Pf (Pseudomonas fluorescens), Bs (Bacillus subtilis) and Control (control treatment).
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Table 3- Effect of studied probiotic rhizobacteria on tomato seed indexes.

Strains Seed percentage Seed speed
germination (%) germination
Pf5 98.50+0.86 ® 77.50+2.59°¢
Pf12 93.25+0.62 " 85.75+0.85°

Pf14 97.50+1.19%¢ 65+0.91°"
Pf23 97.25+0.62 %1 74.25+1.25 "¢
Pf43 97+0.57 ¢ 86.75+1.10°
Pfg87 92.75+2.13°F 67.25+0.85 %"
Pf92 95+1.91%¢ 71.25+3.63 9
Pf96 98.25+1.43%°¢ 75.25+0.94 >4
Bsl 97+1.78%¢ 72.75+5.12 ¢f
Bs6 99.25+0.25° 71.50+4.05 9
Bs7 97.50+0.64 % 61.75+1.10 "

Strains Seed percentage Seed speed
germination (%) germination
Bs8 89.57+0.47 64+0.70 "
Bs 11 97.25+0.75 %1 86+0.70°
Bs13 98+0.70%° 75+0.00 ¢
Bs17 89.75+1.03 77.50+0.502°
Bs20 97.25+1.31%¢ 72+0.00°
Bs22 88+0.91° 66+1.58%"
Bs25 98+0.70%¢ 83+0.40%®
Bs28 98.75+0.47® 78.50+0.282°
Bs30 88.50:+0.64 ' 61.25+0.47"
Bs31 98.25+0.62°° 73+1.08°
Control 99.25+0.25° 65.50+0.50 4"

(sals L) Control ¢ Bacillus subtilis) Bs .(Pseudomonas fluorescens) Pf -
- Different characters in each column indicate statistically significant difference at 1% level

according to Tukey’s multiple range tests.

- Pf (Pseudomonas fluorescens), Bs (Bacillus subtilis) and Control (control treatment).
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Figure 3- Biological control of tomato syringae leaf spot disease by selected rhizobacteria in the greenhouse.
Pf (Pseudomonas fluorescens), Bs (Bacillus subtilis) and Control I (Infected control).
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Figure 4- Effect of selected probiotic rhizobacteria on tomato foliage and root length. Pf (Pseudomonas
fluorescens), Bs (Bacillus subtilis), Control H (Health control) and Control | (Infected control).
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Figure 5- Effect of selected rhizobacteria on fresh weight of tomato foliage and root. Pf (Pseudomonas
fluorescens), Bs (Bacillus subtilis), Control H (Health control) and Control | (Infected control).
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Figure 6- Effect of selected rhizobacteria on dry weight of tomato foliage and root. Pf (Pseudomonas
fluorescens), Bs (Bacillus subtilis), Control H (Health control) and Control | (Infected control).

GelS g (5,842 55 olS gud, slo,gS il
28 odalie (K 8arsS s (S n oS ()len
JrsS Jelss g9, adgl oldlas flge 4y oS
blge azgs LB Ll (pl o 2l Sl Suglee
oyp S AL g oalesl o 5 sladgw
Sz 2bySh sl len nle s, U
Je o bl gy eSS Dliasd  wiod ol

el plosi

oads ilwlaz glas S (Buiod (ol @l ull
Ol jo (KpaxsS oS aly; g yhwgh,
YL PRy PO CORY- SURPIPX S N P Y
Asls i (KpaxsS o0 e (S pas sl
oBaalejl ;o Vb JySen oly b basw Sy
olas AldS o glews malS o 1y 5L o xS
oo Sy940 &45»)5)-’ 6L‘°6)"5L O 0 dsls

Ok glaiarls il o YU ol b lbeayge

REFERENCES

Ahemad M, Kibret M (2014) Mechanisms and applications of plant growth promoting rhizobacteria:
current perspective. Journal of King Saud University-Sciences 26: 1-20.

Ahmadzadeh M (2013) Biological control of plant diseases, plant probiotic bacteria. University of Tehran
Press, Iran. (In Persian)

Al-Karablieh N, Al-Dokh A, Mutlak I, Abdulhadi Z (2017) In vitro biological control of Pseudomonas
viridiflava by Pseudomonas fluorescens via siderophore competition. Jordan Journal of Agricultural
Sciences 13(3): 629-644.

Ardalan A, Abbasi S, Sharifi R (2017) Effect of some mineral elements on biocontrol efficiency of Bacillus
pumilus INR7 against bean damping-off caused by Rhizoctonia solani. Biological control of Pest and
Plant Disease 6(2): 187-195. (In Persian)

Al-Amri SM (2013) Improved growth, productivity and quality of tomato (Solanum lycopersicum L.) plants
through application of shikimic acid. Saudi Journal of Biological Sciences 20: 339-345.

Bashan Y, de-Bashan LE (2005) Fresh-weight measurements of roots provide inaccurate estimates of the
effects of plant growth-promoting bacteria on root growth: a critical examination. Soil Biology and
Biochemistry 37: 1795-1804.



Vo VAV i 5 5ml o 5l o 5,00 ¢ alS sl (5 lom 5 ST S5l J S

Bultreys A, Kaluzna M (2010) Bacterial cankers  caused by  pseudomonas

syringae on stone fruit species with special emphasis on the pathovars syringae and morsprunorum race 1
and race 2. Journal of Plant Pathology 92: 21-33.

Cazorla FM, Romero D, Perez-Garcia A, Lugtenberg BJ, Vicente AD, Blomberg G (2007) Isolation and
characterization of antagonistic Bacillus subtilis strains from the avocado rhizoplane displaying
biocontrol activity. Journal of Applied Microbiology 103(5): 1950-1950.

Chantawannakul P, Oncharoena A, Klanbuta K, Chukeatiroteb E, Lumyonga S (2002) Characterization
of proteases of Bacillus subtilis strain 38 isolated traditionally fermented soybean in Northern
Thailand. Science Asia 28: 24-245.

Contesini FJ, de Melo FR, Sato HH (2017) An overview of Bacillus proteases: from production to
application. Critical Reviews in Biotechnology 38(3): 321-334.

Daes J, De Maeyer K, Pauwelyn E, Hofte M (2010) Biosurfactants in plant-Pseudomonas interactions and
their importance to biocontrol. Environmental Microbiology Report 2(3): 359-372.

Dariush S, Ebadi AA, Khoshkdaman M, Rabiei B, Elahinia A (2012) Characterizing the genetic diversity
of Pseudomonas syringae pv. syringae isolated from rice and wheat in Iran. Plant Protection Science
48 (4): 162-169.

El-Hendawy HH, Osman ME, Sorour NM (2005) Biological control of bacterial spot of tomato caused by
Xanthomonas campestris pv. vesicatoria by Rahnella aquatilis. Microbiological Research 160: 343-
352.

Farghaly FA, Nafady NA (2015) Green synthesis of silver nanoparticles using leaf extract of Rosmarinus
officinalis and its effect on tomato and wheat plants. Journal of Agricultural Science 7(11): 277-287.

Filho RL, de Souza RM, Ferreira A, Quecine MC, Alves E, de Azevedo JL (2013) Biocontrol activity of
Bacillus against a GFP-marked Pseudomonas syringae pv. tomato on tomato phylloplane.
Australasian Plant Pathology 42(6): 643-651.

Fousia S, Paplomatas EJ, Tjamos SE (2016) Bacillus subtilis QST 713 confers protection to tomato plants
against Pseudomonas syringae pv. tomato and induces plant defense-related genes. Journal of
Phytopathology 164(4): 264-270.

Garibaldi A, Minuto A, Scortichini M, Gullino ML (2007) First report of syringae leaf spot caused by
Pseudomonas syringa pv. syringae on tomato in Italy. Plant Disease 91(11): e1518.

http://doi.org/10.1094/PDI1S-91-11-1518B

Gilardi G, Gullino ML, Garibaldi A (2010) Evaluation of spray programmes for the management of leaf
spot incited by Pseudomonas syringae pv. syringae on tomato cv. Cuore di bue. Crop Protection
29(4): 330-335.

Gouda S, Kerry RG, Das G, Paramithiotis S, Shin HS, Patra JK (2018) Revitalization of plant growth
promoting rhizobacteria for sustainable development in agriculture. Microbiological Research 206:
131-140.

Gullino ML, Gilardi G, Sanna M, Garibaldi A (2009) Epidemiology of Pseudomonas syringae pv.
syringae on tomato. Phytoparasitica 37: 461-466.

ISTA (2003) ISTA Handbook on seedling evaluation. Bassersdorf: ISTA.

Jones JB, Stall JP, Zitter TA (1991) Compendium of tomato diseases. APS Press, St. Paul, MN, USA.

Kaluzna M, Pulawska J, Sobiczewski P (2010) The use of PCR melting profile for typing of Pseudomonas
syringae isolates from stone fruit trees. European Journal of Plant Pathology 126: 437-443.

Kempf HJ, Wolf G (1989) Erwinia herbicola as a biocontrol agent of Fusarium culmorum and Puccinia
recondite f. sp. tritici on wheat. Phytopathology 79: 990-994.

Khezri M (2017) Effect of biofilm by plant probiotic rhizobacteria on root colonization and growth of wheat.
Biological control of Pest and Plant Disease 6(1): 93-102. (In Persian)

Khezri S, Rahimian H, Ahangaran A, Mohammadi M (2010) Comparisons of Iranian strains of
Pseudomonas syringae pv. syringae from various hosts with different methods. International Journal
of Agriculture and Biology 12: 106-110.

Lawson VF, Summers WL (1984) Resistance to Pseudomonas syringae pv. tomato in wild Lycopersicon
species. Plant Disease 68 (2): 139-141.

Lelliot RA, Stead DE (1987) Methods for the diagnosis of bacterial diseases of plants. Blackwell Scientific
Publications, UK.

Lingaiah S, Umesha S (2013) Pseudomonas fluorescens inhibits the Xanthomonas oryzae pv. oryzae, the
bacterial leaf blight pathogen in rice. Canadian Journal of Plant Protection 1: 147-153.

Llop P, Caruso P, Cubero J, Morente C, Lopez M (1999) A simple extraction procedure for efficient
routine detection of pathogenic bacteria in plant material by polymerase chain reaction. Journal of
Microbiological Methods 37: 23-31.

Mezaini A, Chihib NE, Bouras AD, Nedjar-Arroume N, Hornez JP (2009) Antibacterial activity of some



g N84z eS (5 p aS) (glew (s J5S 2y Sel o S 0l 0 es 5 (6 o Vs

lactic acid bacteria isolated from an algerian dairy product. Journal of Environmental and Public
Health. http://doi.org/10.1155/2009/678495

Mota MS, Gomes CB, Souza Jiniora IT, Moura AB (2017) Bacterial selection for biological control of
plant disease: criterion determination and validation. Brazilian Journal of Microbiology 48: 62-70.

Murthy KN, Uzma F, Srinivas CC (2014) Induction of systemic resistance in tomato against Ralstonia
solanacearum by Pseudomonas fluorescens. American Journal of Plant Science 5: 1799-1811.

Ongena M, Jourdan E, Adam A, Paquot M, Brans A, Joris B, Arpigny JL, Thonart P (2007) Surfactin
and fengycin lipopeptides of Bacillus subtilis as elicitors of induced systemic resistance in plants.
Environmental Microbiology 9: 1084-1090.

Panwar M, Tewari R, Nayyar H (2014) Microbial consortium of plant growth-promoting rhizobacteria
improves the performance of plants growing in stressed soils: an overview, In: Khan MS, Zaidi A,
Musarrat J (eds.), Phosphate solubilizing microorganisms. Springer International Publishing,
Switzerland. pp. 257-285.

Saraf M, Pandya U, Thakkar A (2014) Role of allelochemicals in plant growth promoting rhizobacteria for
biocontrol of phytopathogens. Microbiological Research 169: 18-29.

Schaad NW, Jones JB, Chun W (2001) Laboratory guide for identification of plant pathogenic bacteria, (3"
ed.) APS Press, St. Paul, MN, USA.

Shahbazi, H, Behboudi K, Javan Nikkhah M, Ahmadzadeh M (2016) Detection of hcnAB and phlD
genes in fluorescent pseudomonads biological control agent of Fusarium graminearum and studying
their ability to ectorhizosphere colonization of wheat. Biological Control of Pests and Plant Diseases
4(2): 143-155. (In Persian)

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.

Sun D, Zhuo T, Hu X, Fan X, Zou H (2017) Identification of a Pseudomonas putida as biocontrol agent
for tomato bacterial wilt disease. Biological Control 114: 45-50.

Szentes S, Gabriel-Lucian R, Laslo E, Lanyi S, Mara G (2013) Selection and evaluation of potential
biocontrol rhizobacteria from a raised bog environment. Crop Protection 52: 116-124.

Rahmoune B, Morsli A, Khelifi-Slaoui M, Khelifi L, Strueh A, Erban A, Kopka J, Prell J, van Dongen
JT (2017) Isolation and characterization of three new PGPR and their effects on the growth of
Arabidopsis and Datura plants. Journal of Plant Interactions 12(1): 1-6.

Ramezani Moghadam M, Mahdikhani Moghadam E, Baghaei Ravari S, Rohani H (2013) Evaluation of
antagonistic activity of Bacillus spp. in control of tomato root-knot disease. Biological control of Pest
and Plant Disease 2(1): 17-26. (In Persian)

Raza W, Ling N, Liu D, Wei Z, Huang Q, Shen Q (2016) Volatile organic compounds produced by
Pseudomonas fluorescens WR-1 restrict the growth and virulence traits of Ralstonia solanacearum.
Microbiological Research 192: 103-113.

Vessey JK (2003) Plant growth promoting rhizobacteria as biofertilizers. Plant Soil 255: 571-586.

Wang H, Shi Y, Wang D, Yao Z, Wang Y, Liu G, Zhang S, Wang A (2018) A biocontrol strain of
Bacillus subtilis WXCDD105 used to control tomato Botrytis cinerea and Cladosporium fulvum
cooke and promote the growth of seedlings. International Journal of Molecular Sciences 19: e1371.

http://doi.org/10.3390/ijms19051371

Weisburg WG, Barns SM, Pelletier DA, Lane DJ (1991) 16S ribosomal DNA amplification for
phylogenetic study. Journal of Bacteriology 173: 697-703.

Weller DM, Mavrodi DV, van Pelt JA, Pieterse CMJ, van Loon LC, Bakker PAHM (2012) Induced
systemic resistance in Arabidopsis thaliana against Pseudomonas syringae pv. tomato by 2,4-
diacetylphloroglucinol-producing Pseudomonas fluorescens. Biological Control 102(4): 403-412.

Wilson AM, Campbell HL, Ji P, Jones JB, Cuppels DA (2002) Biological control of bacterial speck of
tomato under field conditions at several locations in North America. Biological Control 92(12): 1284-
1292.

Youseif SH (2018) Genetic diversity of plant growth promoting rhizobacteria and their effects on the growth
of maize plants under greenhouse conditions. Annals of Agricultural Sciences 63: 25-35.

Zulueta-Rodriguez R, Hernandez-Montiel LG, Murillo-Amador B, Rueda-Puente EO, Capistran LL,
Troyo-Dieguez E, Cordoba-Matson MV (2015) Effect of hydropriming and biopriming on seed
germination and growth of two Mexican fir tree species in danger of extinction. Forests 6(9): 3109-
3122.



https://www.sciencedirect.com/science/journal/10499644
http://doi.org/10.3390/ijms19051371

