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Introducing of Bacillus subtilis UTBMS?7 as a probiotic bacteria against on wheat
Evaluation of the potential of some bacterial isolates for biological control of angular
leaf spot disease of cucumber
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Abstract

Plant growth-promoting rhizobacteria have great potential for increasing plant biomass and controlling plant
diseases. Therefore PGPRs can be a good substitute for the use of pesticides and chemical fertilizers in
agriculture. For evaluation of the effects of antagonistic activities of several PGPRs against Pseudomonas
syringae pv. lachrymans the causal agent of cucumber angular leaf spot disease in laboratory and greenhouse
conditions. Several bacteria isolated from different cucumber rhizosphere soil in Kerman province and a
number of bacterial strains in the collection of Vali-e-Asr University of Rafsanjan were used. After in vitro
screening, four isolates with the ability of growth inhibitory effect were selected for further studies in vitro
and in planta. Antibacterial activity characteristics of biocontrol agents such as the production of secondary
metabolites and some of their plant growth promoting traits were evaluated in vitro. During in planta study,
the ability of bacterial strains to prevent the development of symptoms using the area under disease progress
curve (AUDPC) and increasing the biomass of cucumber plants were evaluated. Greenhouse study showed
that Pseudomonas fluorescens VRPF 54 strain has high biocontrol efficacy. During in planta study, this
strain, both alone and in the interaction plant-pathogen in comparison with the control plant, significantly
increased biomass and controlled cucumber leaf spot disease. After the selection of this strain, some of its
antagonistic activities, biochemical properties and molecular identification were screened in vitro. Also, the
assay of antioxidant enzyme activity such as peroxidase, guaiacol peroxidase, phenylalanine ammonia lyase,
polyphenol oxidase and total phenol content were considerably increased.
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Table 1: Resistance degree of native cucumber cultivars against Psl at the level of 1% based on Duncan test.

Cucumber cultivar Degree of Cucumber cultivar Degree of Cucumber cultivar Degree of
number resistance number resistance number resistance
KC361001 resistant KC361063 resistant Kc56007 intermediate
susceptible
KC361002 highl resistant KC361064 resistant KC56008 resistant
KC361005 susceptible KC361065 highly susceptible KC56012 susceptible
KC361006 intermediate KC361066 moderately KC56013 moderately
susceptible resistant resistant
KC361016 moderately KC361076 moderately KC56014 intermediate
susceptible resistant susceptible
KC361022 moderately KC361087 intermediate KC56017 intermediate
susceptible susceptible susceptible
KC361024 highly susceptible KC361098 susceptible KC56018 moderately
susceptible
KC361025 moderately KC361120 resistant KC56033 moderately
resistant resistant
KC361028 intermediate KC361121 moderately KC56034 highly susceptible
susceptible resistant
KC361029 highly resistant KC361122 susceptible KC56043 highly susceptible
KC361030 susceptible KC361126 intermediate KC56044 susceptible
susceptible
KC361031 highly susceptible KC55947 highly susceptible KC56092 moderately
susceptible
KC361036 highly susceptible KC55949 susceptible Kc56094 highly susceptible
KC361038 intermediate Kc55950 moderately KC56097 resistant
susceptible susceptible
KC361040 highly susceptible KC55951 highly susceptible KC56102 resistant
KC361042 resistant KC55955 resistant KC56117 susceptible
KC361043 susceptible KC55962 moderately KC56118 susceptible
susceptible
KC361045 moderately KC55963 susceptible KC56134 highly resistant
resistant
KC361047 highly resistant KC55987 highly susceptible TN-94-135 highly susceptible
KC361048 intermediate KC55995 highly susceptible TN-94-141 highly resistant
susceptible
KC361053 highly susceptible KC55996 moderately TN-94-154 susceptible
resistant
KC361060 resistant KC56002 susceptible TN-94-152 intermediate
susceptible
KC361061 resistant KC56005 susceptible TN-94-162 intermediate
resistant
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Fig 2. The phylogeny tree was generated by ClustalW (MEGA 7) and the neighbor-joining (NJ) method was
used to construct the tree and it was shown based on partial sequence of 16S rDNA.
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Figure 3. The average length of shoot and root in different treatments of cucumber plant; Infected plant

(C), Un infected plant (C); Treatment of bacterial antagonistic isolates (VRPF 54, VR 87, VRPF 1,

VRPF 738) alone and in intraction with Psl pathogen. The letters indicate a significant difference at the
5% level based on the Duncan test.
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Figure 4. The average fresh and dry weight of cucumber aerial parts and roots in different treatments of
cucumber plant; Infected plant (C°), Un infected plant (C); Treatment of bacterial antagonistic isolates

(VRPF 54, VR 87, VRPF 1, VRPF 738) alone and in intraction with Psl pathogen. The letters indicate a
significant difference at the 5% level based on the Duncan test.
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Figure 5. The effect of bacterial antagonistic isolates (VRPF 54, VR 87, VRPF 1, VRPF 738) on the

reduction of cucumber disease severity inoculated with Pseudomonas syringae pv. lachrymans in
comparison with infected plant, * and ns indicate a significant difference at the 5% level based on the
Duncan test.

ol lanals (aalidl W) (5 ale 51 ) Sae 5,
Olee Sl 4 (55 ale 5l oam o)l 595 5 GlBl
Sz Jles SlS GalS 4 gy e g S 395
5 VRPF 1 WR 87 VRPF 54 Sigugn 4l
wali g ,8b oy Psl g las b ples VRPF 738
J gima 5 o3l ol o 1y b ke ol

O gAY F Sy sl Js

oW

S0 (s 5T (i G § gy 2
(POX) oSy sloes 3l s puSojlal 51 Jol>
Wlisel 5V s (GPX) 5l JoSLE
JS U8 sgime 5 (PPO) jlapest b L «(PAL)
woles yo a5 o las L sl (phenol)
by plei o U b 5 sls lamsl dales
@ S () ale sl am 59, Vg T V) (5)lsp diges

4.5
4 m(Oday = 2day m4day = 7day .
—~ 35 T
E 3 i
c 25 - I iy
= 2 I I
n 2 1 I B
dn £
£ 15 Iz bl
2 05
)
= 0 -
=
= 7 % N A N A X
=] g < ™ < % > > < ) &
N N
> & & ¢SS
Na PR\ X &
o= < < X S X
< X RT R F
Treatment R

slalaz L (€7 plo olS «€) eagll olS ¢ )L oS alises sla Lo 5o jlonSTy JoSLE ou il cdlad -5 IS
59y i g ke 90 ao ooy ;o Psl S ileo b (JBJ 5 k5 & (VRPF 738 WVRPF 1 VR 87 VRPF 54) 5905,
(S 9031 wbeol s o pd gty mhams yo lo cme IS saias (lis %) (55 asle 51 e
), Un "Figure 6. Enzymatic activity of guaiacol peroxidase in different treatments of cucumber plant; Infected plant (C

); Treatment of bacterial antagonistic isolates (VRPF 54, VR 87, VRPF 1, VRPF 738) alone and in “infected plant (C

intraction with Psl pathogen at 0, 2, 4, and 7 days after inoculation (* indicate a significant difference at the 5% level
based on the Duncan test.)



AAIE S W\ COWO S U] PR, P PUWIP ISP “Salﬁfdbd)la.ﬁsgléﬂ_igs]% Js \YF

3 7 m Qday = 2day =4day = 7day
- *
5 2.5
e I
£ 200 I i
S E15 - 1 I
=g P |
231
&
S 05 -
S
o4 & q)cb Q\ Qé\ ‘DD‘ a;b Q\ %\ 6b&
T FHIES ST
I AT
X s <

Treatment ]

Sl €€7) @il oS ) 009)T oS ¢ )L oLS il (sl o o 3Ligal VT i cou 5l codled -V S
95 o soloy ;0 PSl 5 Lo L algs 5 2les 4 (VRPF 738 VRPF 1 VR 87 VRPF 54) Siigug, sbaalax
(OS1s y903] bl duo s i han 5o o ime OB soims yLid %) 5 ale 5| e 39, Cuke 5 L
Figure 7. Enzymatic activity of phenylalanine ammonia lyase in different treatments of cucumber
plant; Infected plant (C°), Un infected plant (C"); Treatment of bacterial antagonistic isolates (VRPF

54, VR 87, VRPF 1, VRPF 738) alone and in intraction with Psl pathogen at 0, 2, 4, and 7 days after
inoculation (* indicate a significant difference at the 5% level based on the Duncan test.)
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Figure 8. Enzymatic activity of peroxidase in different treatments of cucumber plant; Infected plant (C°), Un
infected plant (C*); Treatment of bacterial antagonistic isolates (VRPF 54, VR 87, VRPF 1, VRPF 738) alone and
in intraction with Psl pathogen at 0, 2, 4, and 7 days after inoculation. (* indicate a significant difference at
the 5% level based on the Duncan test).
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Figure 9. Enzymatic activity of polyphenol oxidase enzyme in different treatments of cucumber plant;
Infected plant (C°), Un infected plant (C*); Treatment of bacterial antagonistic isolates (VRPF 54, VR
87, VRPF 1, VRPF 738) alone and in intraction with Psl pathogen at 0, 2, 4, and 7 days after
inoculation. (* indicate a significant difference at the 5% level based on the Duncan test).
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