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ABSTRACT

Control of phytopathogens by microorganisms means biological control. In this study, three bacterial
strains Pantoea agglomerans B1, Serratia plymuthica B2 and Proteus mirabilis B3 are the strains of bacteria
originally isolated from source of drinking water a temperate site at EI-Gharbia Governorate, Egypt. The origin of
isolated bacterial strains contains three sources of drinking water: Nile, tap and ground. The commercialization of
this aquaculture has of bacteria generated economic profits while the water contain bacteria produced the
antagonistic materials have an adverse effect on the soil-borne fungi. These sources of water are very important in
agriculture especially when using for irrigation of crops. In vitro, Pantoea agglomerans B1, Serratia plymuthica
B2 and Proteus mirabilis B3 are examined for its antagonistic activities against soil-borne fungi Rhizoctonia
solani, the seedlings damping-off fungus for several plants. Serratia plymuthica B2 showed high level of
antagonism against fungal growth. Also, production of lytic enzymes (chitinase, 8-1,3 — glucanase), siderophores,
salicylic acid (SA) and hydrogen cyanide (HCN) by the three strains of bacteria were evaluated. All antagonistic
materials production recorded high-level values with strains B2 and B1 respectively. A most high relationship
between the antagonistic potential of three bacterial strains against R. solani and its level of 8-1,3 — glucanase, SA
and HCN were observed. The antifungal metabolites by the bacterial strains mentioned were considered
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contributing to the antagonistic activities of these bacteria.
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INTRODUCTION

The pathogen of Rhizoctonia solani kuhn is main
reason to infect the plant at seedling stage causing great
economic losses under different conditions of several crops
worldwide (Nyvall, 1981 & Wolf and Verreet 1999).
Pathogen that most commonly cause seedling disease
problems in many plants is Rhizoctonia solani kuhn (Robert,
2008). Under different conditions, a fungal pathogen of
Rhizoctonia able to survive for many years in organic matter
and soil (as mycelium or sclerotia) Rhizoctonia pathogen has
a wide host scale (Ogoshi 1987), furthermore R. solani is
saprophytic life supported by organic matter, these factors
increase problems to control Rhizoctonia disease and increase
problems in crop production. Biological control as biocontrol
agents (BCAs) are environmentally friendly to protect plants
against soil-borne pathogens (Weller et al. 2002). Researchers
have developed microflora to decrease diseases caused by R.
solani (Ross et al. 1998). Today, biological control by strains
of bacteria successfully used to suppress several fungal
pathogens (Vidhyasekaran and Muthamilan, 1999 & Whipps,
2001). In vitro and in vivo assays, the antifungal activity of
434 bacterial strains was evaluated against R. solani based on
hierarchical mixtures (Faltin et al. 2004). In vitro, isolates of
bacteria were tested against the phytopathogenic fungi
showed antagonism between various species and pathogenic
fungi (Sheikh et al. 2022). Screening strategy development,
three bacterial strains from Serratia plymuthica with
antagonistic effects (ranked in the order) showed activity of
antagonism in vivo by a leaf of plant and with plant-growth
on lettuce seedlings (Grosch et al. 2005) and on cotton
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seedlings (Afify and Ashour 2024). Also, strains of Pantoea
spp. as bioagents are able to produce antimicrobial
metabolietes to suppress several soil-borne fungi (Smits et al.
2010). Biological control of phytopathogens by bacteria
generally involve the following mechanisms: induced
systemic resistance, plant growth promoting effects in assays
on plant seedlings, production of siderophores, hydrogen
cyanide (HCN), antibiotics, and Iytic enzymes (Van Loon et
al. 1998). The best bacterial antagonists are combination of
mechanisms for a successful antifungal interaction (O
Sullivan and O Gara 1992). And cell walls of phytopathogens
consist of chitin and laminarin (Bartnicki-Garcla 1973). The
current work was to evaluate the suppressing R. solani by
bacterial strains isolated from three sources of drinking water
(Pantoea agglomerans B1, Serratia plymuthica B2 and
Proteus mirabilis B3) in vitro, through the production of
chitinase, #-1,3 — glucanase, siderophores, salicylic acid (SA)
and hydrogen cyanide (HCN).

MATERIALS AND METHODS

Strains of bacteria

This study used three strains of bacteria as biocontrol
agents (BCAs). The strains of bacteria were isolated and
identified during the following study "Bacterial and physico-
chemical evaluation of drinking water quality at EI-Gharbia
Governorate, Egypt" (Afify and AbdAllah 2023). The strains
Pantoea agglomerans B1, Serratia plymuthica B2, and Proteus
mirabilis B3 were derived especially from different sources of
water like the Nile, tap and ground. These sources of water are
very important for agriculture. All bacterial strains were tested for
their antagonism against phytopathogen as R. solani.
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Pathogen

R. solani Kuhn as soil-borne fungus was isolated from
soil and maintated on potato dextrose agar (PDA) medium by
Plant Pathology Research Institute, Agricultural Research
Center (ARC), Giza, Egypt.
In vitro interaction between bacterial strains and fungal
pathogen

The interaction between bacterial strains: Pantoea
agglomerans B1, Serratia plymuthica B2, Proteus mirabilis
B3 and fungal pathogen: R. solani were studied using plate
culture technique according to Vidhyasekaran et al. (1997)
zone of inhibition (mm) as antagonism was recorded. Five
replications were kept for each strain.
Chitinases assay

Bacterial strains were cultured for chitinase production
(Lim et al. 1991). Chitinase was determined by using bovine
serum albumin as the standard as described by Bradford (1976).
-1,3 — glucanase assay

Bacterial strains were cultured for B-1,3 — glucanase
production (Lim et al. 1991). Enzyme was determined by
using bovine serum albumin as the standard as described by
Bradford (1976).
Salicylic acid (SA) production

Bacterial strains were cultured on succinate medium
containing succinic acid (Meyer and Abdallah, 1978). SA
(ng/ml) was recorded at 527 nm in a spectrophotometer as
described by Meyer et al. (1992).
Siderophore production

For siderophore production as (umol benzoic acid/
ml), this method determined by a spectrophotometer at
700nm according to Reeves, et al. (1983).
HCN production

Bacterial strains were cultured for HCN production,
the HCN was measured when the color in filter paper reddish
at 625nm (Meena et al. 2001).

Mean of data obtained from five replications were
kept for each strain.

RESULTS AND DISCUSSION

Inhibition of R. solani by Pantoea agglomerans B1, Serratia
plymuthica B2, and Proteus mirabilis B3 strains in vitro

Three bacterial strains of Pantoea agglomerans B1,
Serratia plymuthica B2, and Proteus mirabilis B3 were
isolated from three sources of drinking water. The strains of
bacteria showed high level of antagonism against the tested
fungus in vitro. Among them, B2 was the most effective one
as value of zone inhibition (13.8 mm), after that the B1 and
B3 strains recorded inhibition zones (10.6 and 9.8 mm),
respectively (Fig. 1). Fifty years ago, Howell and Stipanovic
(1979) reported that the antagonism exhibited by the
bacterium is possibly the result of the production of the
antifungal, which is itself an effective protectant against
damping-off. These results are in agreement with the reports
indicated that three bioagents are bacteria-associated-plant
with high inhibition pathogens in vitro (Faltin et al. 2004).
Serratia plymuthica and other several bacteria showed
antagonistic activity in vitro for R. solani and reduced disease
effect (Grosch et al. 2005). Other bacteria distributed among
the Gram-negative bacteria of several families can be used for
development microbial biopesticides. They reduce plant
pathogenic fungi infections; these bacteria include species
such as Pantoea spp. (Bonaterra et al. 2022).
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Fig. 1. Inhibition growth of R. solani by three bacterial

strains isolated from sources of drinking water,
Data are mean of five replications.
Production of lytic enzymes by three bacterial strains
isolated from sources of drinking water
Among the three strains of Pantoea agglomerans B1,
Serratia plymuthica B2 and Proteus mirabilis B3 tested for
production of chitinase, Pantoea agglomerans B1 recorded the
highest chitinase activity followed by Serratia plymuthica B2
and Proteus mirabilis B3 (Fig. 2). No relationship was observed
between the antagonistic potential of three bacterial strains and
their values of chitinase production. The strain Pantoea
agglomerans B1 recorded inhibition zone of 10.6 mm less
chitinase than the strains Serratia plymuthica B2 and Proteus
mirabilis B3. Serratia plymuthica B2 introduced the high values
R3-1,3 —glucanase activity followed by Pantoea agglomerans B1
(Fig. 3). Their relationship between inhibition zone recorded and
the antagonistic activity of three bacterial strains, exhibited the
lowest 13-1,3 — glucanase activity. Some biocontrol agents such
as Serratia marcescens were able to degrade fungal cell wall by
enzymes (chitinase and R-1,3 — glucanase) (Lee et al. 1992).
Sadeghi etal. (2006) showed that bacterial isolates had antifungal
materials such as siderophore and chitinase. Also, the chitinase
production from Serratia has shown high activity against R.
solani (Jaganmohan et al. 2010). The same authors reported that
anti-fungal materials from chitinolytic bacteria have been
reported positive action by production other lytic enzymes.
Several studies have reported that bacterial strains reduced the
growth of many plant pathogens by their antagonistic activity,
with different modes of action such as production of enzymes
(chitinase and 1,3-glucanase) (Sheikh et al. 2022).
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Fig. 2. Production of chitinase by three bacterial strains
isolated from sources of drinking water, Data are
mean values calculated from replicates.
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Fig. 3. Production of 3-1,3 — glucanase by three bacterial
strains isolated from sources of drinking water,
Data are mean values calculated from replicates.

Production siderophore and SA by three bacterial strains
isolated from sources of drinking water

The results recorded maximum siderophore
production with strain Serratia plymuthica B2 followed by
Pantoea agglomerans B1 and Proteus mirabilis B3 (Fig. 4).
There was no relationship between siderophore production
and the antagonistic effect of three bacterial strains. Of the
three strains recorded, the maximum SA production was
found with Serratia plymuthica B2 followed by Pantoea
agglomerans B1 (Fig. 5). The strains Proteus mirabilis B3
showed low SA production. Observations of results showed
that there is relationship between values from SA production
and the antagonistic effect of three bacterial strains. The
isolates of bacteria were found produced SA in vitro.
Systemic acquired resistance (SAR) known by siderophores
and SA (Leeman et al. 1996). Similarity, SA- mutants of
Serratia marcescens strain 90-166 retained the same ISR
activity against the pathogen in cucumber plant (Press et al.
1997). In alkaline media bacterial strain of Pantoea eucalypti
M91 is able to produce siderophotes (pyoverdine and
pyochelin) (Campestre 2016). Most studies showed that
inhibation of fungal pathogens as Fusarium as well as
increase improvment plants growth by produced bacterial
metabolites such as siderophores (Sheng et al. 2020).
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Fig. 4. Production of siderophore by three bacterial
strains isolated from sources of drinking water,
Data are mean values calculated from replicates.
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Fig. 5. Production of SA by three bacterial strains
isolated from sources of drinking water, Data
are mean values calculated from replicates.

Production of HCN

From the three strains of bacteria tested for the HCN
determination, the strains Pantoea agglomerans Bl and
Serratia plymuthica B2 showed higher production of HCN.
The third strain recorded negligible amount of HCN (Fig. 6).
Bacteria are found to play an important role in biological
control by the production volatile compounds (ammonia and
hydrogen cyanide) (Brimecombe et al. 2001). The
microorganisms can be found decrease the deleteious effects
of pathogens on crop vyield through the production of
hydrogen cyanide and siderophore (Larkin 2020;
Mohammed et al. 2020).
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Fig. 6. Production HCN by three bacterial strains
isolated from sources of drinking water, Data
are mean values calculated from replicates.

CONCLUSION

The current research is important as the several
possible mechanisms with the especially antagonistic
bacterial species. Research should focus on pathogenic fungs
as cause damping-off disease and biocontrol agents, it is a
prior knowledge of the interaction recorded, as even a
producer of antagonistic materials can be reduced and
suppress growth of soil-borne pathogens. Important aim of
this work was to know high potontial of bacteria which
isolated from three sources of drinking water as a biological
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control agent against Rhizoctonia pathogen in vitro. To
understand role of these bacteria as biological control agents
must be underlying field studies are required.
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