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Fusarium oxysporum f. sp. lycopersici is the causative agent of fusarium wilt ,a disease that
affect tomato crops. The wilting significantly affect the yield and production of tomato . In
this study the biocontrol potential of plant growth-promoting rhizobacteria Enterobacter
bugandensis strain 247BMC(CPR2) and Pseudomonas aeruginosa strain DSM 50071
(CPR16)were tested against Fusarium oxysporum f. sp. lycopersici.Both the strain were
isolated from the root region of chickpea plant . The results point out the ability of both
rhizobacteria  as safe substitutes for chemical fungicides in sustainable agriculture by
demonstrating their effectiveness in lowering disease incidence and improving plant growth .
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Introduction

In India the tomato (Lycopersicum esculentum Mill.) is one of the most extensievly cultivated
and commercially significant vegetable crops is. It is an essential element of the agriculture
industry due of its extensive utilization as both fresh fruit and a processed food product.
Nonetheless, several hurdles impede However tomato production , moistly due to soil- and
seed-borne illness that adversely affect quality and yield.[1,2].

Fusarium wilt, mostly induced by the fungal pathogen Fusarium oxysporum, is one of the most
severe illness among them. Fusarium is a saprophytic fungus ubiquitous globally and pose
significant health risk to human ,animal and plants.[3] Fungi produces mycotoxins including
trichothecenes and fumonisins can contaminate food supplies and animal feed. These can
result in diseases including cancer and suppression of immune system[4,5,6]. Theglobal soil
fungus Fusarium oxysporum is particularly well-known for its detrimental effect, affecting
several crops through more than 120 different specialised forms|[7,8]. Tomato wilt is caused
by Fusarium oxysporum f. sp. lycopersici (Fol) which initially colonize on one side of the
pedical and in later stage the plant leaves turn to yellow margin and wilted further symptoms
manifest as a brown discoloration of the xylem vessel. Its ability to thrive in warm, sandy,
acidic soils renders it a significant danger to global tomato production.[9,10,11,12]

The rhizosphere harbors beneficial microorganisms known as plant growth-promoting
rhizobacteria (PGPR), which have contributed to the understanding of biological management
in plant diseases. They enhance nutrient absorption, nitrogen fixation, and disease resistance,
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hence facilitating plant development[13,14]. A potential and sustainable method of controlling
Fusarium wilt in tomatoes, which is caused by Fusarium oxysporum f. sp. lycopersici, is the
application of plant growth-promoting rhizobacteria (PGPR). Some of the PGPR species
which are commonly used to combat Fusarium wilt are Rhizobium, Bacillus, Enterobacter,
and Pseudomonas[15,16,17,18]. Pseudomonas and Enterobacter species are best examples of
rhizobacteria that able to diminish Fusarium wilt in tomatoes. In the rhizosphere, Pseudomonas
and Enterobacter compete with the Fusarium pathogen for nutrients and space and preventing
the pathogen from fully infecting the plant[19,20,21]. Pseudomonas species particularly
Pseudomonas aeruginosa, generate bioactive substances such as siderophores, lytic enzymes
(glucanase and chitinase), hydrogen cyanide (HCN), and antibiotics (phenazines, pyoluteorin).
These bioactive chemicals directly inhibit the growth of Fusarium oxysporum. Fusarium's
fungal cell walls are broken down by enzymes produced by Enterobacter species called
chitinases, which prevents Fusarium from colonising and spreading disease. In tomato plants,
Pseudomonas and Enterobacter may both induce systemic resistance mechanism which
activates the plant's defaces system against pathogen invasion[22,23,24,25,26]. The aim of
the current investigation was to determine the antifungal activity of Pseudomonas aeruginosa
and Enterobacter bugandensis isolated from the rhizospheric soil of chickpea plants against
Fusarium oxysporum f. sp. lycopersici, cause of tomato wilt. The objective was to evaluate
their potential as biocontrol agents to inhibit the pathogen that causes Fusarium wilt in tomato
plants.

Material and Method

Isolation of PGPR — Sample were collected from the different region of Raipur. The bacteria
was isolated by serial dilution technique on LB agar media, fully grown bacterial colonies
were subculture at 36+1 °C for 24 hours. The culture are named as CPR 1,2,3..n (based on
number of isolates). Morphological and molecular identification of isolates was done by
available literature and 16s r-RNA sequencing respectively, the selected strain were send to
Biokart India Pvt. Ltd., Bangluru, Karnataka for molecular identification.

Isolation of Fusarium oxysporium- The infected plant samples were collected from different
areas within the Raipur district and after being cleaned and surface sterilization, the roots of
contaminated plants samples were transferred on PDA media and incubated in the dark at
28+1°C. After the desired period of incubation (five days) the fungal colonies were develop
and were transferred to new PDA plates and identified on the basis of available literature.[27]

Evaluation of PGPR traits of Rhizobacteria:

Qualitative assay for phosphate solubilization

The ability of the rhizobacteria to solubilize phosphate was assessed on Pikovskaya's Agar.
The agar was inoculated with the isolates and incubated at 36+2°C for five days. Phosphate
solubilization was indicated by the formation of a halo around the colonies.[28]

Determination of Indole Acetic Acid production

IAA production was tested using a modified method from Fischer et al. (2007). For this test,
PGPR isolates were inoculated into 10 mL of nutrient broth supplemented with 0.2% (v/v)
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Ltryptophan and incubated at 28°C for 10 days. Following incubation, the cultures were
centrifuged at 3,000 rpm for 20 minutes, and the supernatant was tested for the presence of
indole acetic acid (IAA). To screen for IAA, 1 mL of the supernatant was mixed with 2 mL of
Salkowski reagent (35% perchloric acid, 0.5 M ferric chloride), and the tubes were incubated
in the dark for 30 minutes. The development of a red color indicated a positive result, with
uninoculated broth serving as the negative control. [29].

Ammonia production

For this, the isolates were inoculated into peptone water and incubated for 2 days at room
temperature. After incubation, 2-3 drops of Nessler's reagent was added to the culture.
Formation of a brown to yellow color was considered as positive result. Untreated growth
medium was used as negative control[30].

HCN production

Nutrient agar was amended with 4.4 g glycine/L and the culture was streaked on modified agar
plate . A Whatman filter paper (No. 1) soaked in 2% Sodium carbonate (in 0.5% picric acid)
was placed at the top of the each isolated strain seperately. Plates were sealed with parafilm
and incubated at 36£1°C for 4 days. Development of orange to red colour on the paper
indicated HCN production.[31]

Siderophore production

Siderophore production was tested using the Chrome Azurol S (CAS) assay. To carry out the
test, isolates were carefully inoculated on the plates containing the CAS dye. The plates were
then incubated at 37+1°C for a period of 7 days. After incubation, an orange halo or zone
developed around the bacterial colonies indicated a positive result for siderophore production.
The absence of such a zone signifies a negative result for siderophore production.[32]

Antifungal activity of Enterobacter bugandensis strain 247BMC and Pseudomonas
aeruginosa strain DSM 50071 against Fusarium oxysporum f. sp. lycopersici

A dual culture assay was used to evaluate the antagonistic potential of bacterial isolates against
the fungal pathogen Fusarium oxysporum f. sp. lycopersici on Potato Dextrose Agar (PDA).
A fungal mycelial disc was placed on one side of the plate, while the bacterial isolate was
placed on the opposite side. The plates were incubated at 28°C for 7 days, and a control was
included with only fungal growth. The formation of a clear inhibition zone around the bacterial
colonies indicated antifungal activity. The size of the inhibition zone was recorded as a
measure of the bacteria's antagonistic effect [33].

Pot experiment-Seeds of tomato were surface sterilized with 2.5% sodium and treated with
the 48-h-old culture of the selected PGPR isolate. Fungi- infested soil was prepared. The
bacteriatreated tomato seedlings were placed in the fungi -infested soil. Observations were
recorded on root length, shoot length and wet weight of the seedlings ever two weeks interval
of sowing by Three weeks after pathogen inoculation, the fresh weight, shoot length, and root
length were measured and the wilting score was evaluated. Wilting score was evaluated based
on leaf symptoms of wilting as follows: 0 = no wilt symptoms; 1 = <25% of wilting leaves; 2
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= 26-50% of wilting leaves; 3 = 51-75% of wilting leaves; 4 = 76—100% of wilting leaves
[34].
Result

Isolation and identification of Rhizobacteria

Isolation and identification of rhizobacteria- In this investigation, bacterial isolates from
the chickpea rhizosphere were designated CPR. These designations were utilized during 16S
rRNA-based phylogenetic analysis, to identify and contrast them with known sequences.
Among all the isolates the strain CPR 2 and CPR 16 show maximum similarity to Psedomonas
and Enterobacter . For molecular identification, the isolate CPR 2 and CPR 16 that was
extracted from the chickpea rhizosphere was sequenced using the 16S rRNA gene. The NCBI
BLAST n tool was used to evaluate the 1378 bp (CPR 2) and 1211( CPR 16) bp sequence that
was obtained. CPR 2 had the highest sequence similarity of 99.56% with Enterobacter
bugandensis  strain 247BMC (Accession No. NR\ 148649.1) CPR 16 Pseudomonas
aeruginosa strain DSM 50071 (Accession No. NR\ 117678.1) had the highest similarity
(97.52%). Both of the strain are variants of already existed rhizobacteria from the chickpea
root region and have been previously studied for antifungal activity against F. oxysporum f.sp.
lycopersici .

? Leclercia tamurae strain H6S3 168 nhosomal RNA, partial sequence
> Silvania confinis strain HANS 168 ribosomal RNA, partial sequence
’ Enterobacter sichuanensis strmn WCHECL 1597 168 nbosomal RNA, partal sequence
Enterobacter quasiroggenkampii striin WCHECL 1060 168 ribosomal RNA, partial sequence
Enterobacter mon struin YIM Hb-3 168 nibosomal RNA, partul sequence
Enterobacter chuandaensis stramn 090028 16S ribosomal RNA, partial sequence
*) oCPR2
9 Enterobacter bugandensis stram 247BMC 168 nbosomal RNA, partial sequence
Enterobacter asburise strain JCM6031 1685 ribosomal RNA, partial sequence

}""'—1 3 * Enterobacter cancerogenus stram LMG 2693 168 ribosomal RNA, partal seq

Enterobacter cloacae stram ATCC 13047 168 ribosomal RNA, partial sequence

Fig. 1: Phylogenetic tree based on 16S rRNA sequences showing the relationship of CPR2
with reference strains
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ACPR 16
Pseudomonas guezennei strain RA26 168 ribosomal RNA, partial sequence
Psendomonas otitidis strain MCC10330 168 nbosomal RNA . partial sequence
'Pseudomonas lalkuanensts strain PEOS 168 ribosomal RNA, partial sequence
Pseudomonas resinovorans strain ATCC [4235 168 ribosomal RNA, partial se.
Pseudomonas boanensis strain DB 165 ribosomal RNA, partial sequence
Psendomonas furukawaii strain KF707 168 ribosomal RNA, partial sequencd
Pseudomonas acruginosa stran DSM 50071 168 nibosomal RNA, partial sequence
Pseudomonas aeruginosa stran ATCC 10145 168 nibosomal RNA, partial sequence

l"”:—.| Pseudomonas aeruginosa strain NBRC 12689 168 ribosomal RNA, partial sequence

Pseudomonas aeruginosa strain DSM 50071 168 ribosomal RNA, complete sequence

Fig. 2 : Phylogenetic tree based on 16S rRNA sequences showing the relationship CPR16
with reference strains

In the phylogenetic tree constructed using 16S rRNA sequences, the scale bar represents
genetic distance between similar species . Value of 0.01 and 0.005 indicates 1% and 0.5
sequence difference. The close grouping of CPR2 and CPR16 with the reference strains of
Pseudomonas aeruginosa and Enterobacter bugandensis, respectively, showed high genetic
similarity and support for their identification.

Identification of Fusarium Pathogen

F. oxysporum f. sp. lycopersici isolated from the tomato plant and identified on the basis of
morphological and colony characterstic .Fusarium oxysporum generates fuzzy or cottony
colonies with pigmentation on the reverse side that range in from white to light pink. The
fungus produces macroconidia and microconidia. The macroconidia are curved, larger, and
feature three to five septa. The microconidia are smaller, oval to elliptical, typically single-
celled, and they sporadically have one or two septa. The fungus also produces spherical, thick-
walled chlamydospores, which can be isolated or found in clusters. These chlamydospores
provide the fungus the ability to withstand extreme conditions, which aids in its survival in the
soil.[27]

Characterization of isolates for plant growth promotional (PGP) traits- Enterobacter
bugandensis strain 247BMC and Pseudomonas aeruginosa strain DSM 50071 were further
analyzed for their plant growth promoting trait such as Qualitative assay for phosphate
solubilization , Determination of Indole Acetic Acid production, Ammonia production, HCN
production,and siderophore production. The result are shown in table 1.

Table 1 : Plant growth promoting Trait of Rhizobacteria
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Isolates Phosphate 1AA Ammonia | HCN Siderophore

solubilization . . . roduction
production | Production | production p

Enterobacter

bugandensis + + + + +
strain

247BMC

Pseudomonas + + + + +
aeruginosa strain
DSM

50071

Both Enterobacter bugandensis strain 247BMC and Pseudomonas aeruginosa strain DSM
50071 can solubilize phosphate and makes phosphate available to promotes plant growth
(Table 1). Both of the isolates produce plant hormone IAA. Both PGPR produce ammonia,
which increase nitrogen availability and promote plant growth . HCN is a secondary
metabolite that is useful in suppressing root pathogens and providing a biocontrol mechanism,
is produced by both isolates. Siderophores that chelate iron from the environment and increase
plant availability while depriving pathogens of iron and preventing their development, are
produced by both isolates.So both Enterobacter bugandensis strain 247BMC and
Pseudomonas aeruginosa strain DSM 50071 show a full range of plant growth-promoting
traits, making them promosing for improving plant health and defense against pathogens.

Antagonistic activity

The antagonistic activity of Enterobacter bugandensis strain 247BMC and Pseudomonas
aeruginosa strain DSM 50071 were tested against F. oxysporum f. sp. lycopersici by dual cultre
technique. Both the strain inhibit the growth of fungal pathogen. The percentage growth
inhibition of Enterobacter bugandensis strain 247BMC is 46.2% and Pseudomonas
aeruginosa strain DSM 50071 is 47.4%.

Table 2:Antifungal activity of PGPR isolates against F. oxysporum f.sp. lycopersici in dual
culture assay

S.NO | Treatment Myecellial growth inhibition %
(C-T)/Cx100
1 Control Nil
2 Enterobacter bugandensis strain 46.2%
247BMC
5 Pseudomonas aeruginosa strain DSM | 47.4%
50071
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Mycellial growth inhibition %

47.50% -
e 47.00% -
c
o
B 46.50% -
2
<
€ 26.00% -  Mycellial growth inhibition %

(C-T)/Cx100 Nil
45.50% -
Enterobacter Pseudomonas
bugandensis strain  aeruginosa strain DSM
247BMC 50071
Treatment group

Graphl1: Growth Inhibition of Fusarium oxysporum by Selected PGPR Strains

Fig 1.1 Dual culture technique

Pot Experiment —

Table 3: Comparison of disease incidence (%) and severity among tomato plants treated with
PGPR isolates CPR2 and CPR16 under F.oxysporum f. sp. lycopersici

Group Toatal | Infected | Disease Disease | Disease
plant plant incidence | severity | Reduction
(%) (%)
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Control Infected 18 16 88.9 81.1
(F.oxysporum f. sp.

lycopersici)

Enterobacter bugandensis 18 6 333 6.7 62.5

strain247BMC+F.oxysporum
f. sp. lycopersici

Pseudomonas 18 3 16.7 3.3 81.2
aeruginosa strain DSM
50071 + F. oxysporum
f. sp. lycopersici

100 -
90 |
80
70 - m Disease incidence (%)
=60 -
§50 .
30 4 B SeriesDisease severity 2
20 |
10 -~
0 SerieDisease
Reduction (%
@6 Q& uction (%)
;\?}' @o s3
\\Q 60
3 >
$ S
s ¢
Treatment group

Graph 2: graph showing the effectiveness of Rhizospheric Bacterial Isolates in Reducing
fusarium wilt severity

The table 3 elucidates the impact of several bacterial treatments on tomato plants afflicted with
Fusarium oxysporum f. sp. lycopersici. The presents the quantity of infected plants, total
plants, illness incidence (%), disease severity, and disease decrease (%) across three distinct
groups. In the Control Infected group plant was only treated with F. oxysporum f. sp.
lycopersici .Out of 18 plants, 16 were infected and recorded disease incidence is 88.9%. The
severity of the illness is at peaked, measuresed at 81.1%.A separate treatment including
plants treated with Enterobacter bugandensis strain 247BMC and F. oxysporum resulted in a
disease incidence of 33.3% and disease severity of 6.7%, indicating a disease decrease of
62.5% relative to the control. The subsequent treatment of plant with Pseudomonas
aeruginosa strain DSM 50071 and F. oxysporum. Only 3 out of 18 plants were infected,
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yielding a disease rate of 16.7%.The illness severity was just 3.3% and this therapy attained
achieved the maximum disease decrease of 81.2%

o \ ’ ConTRIL
CONTROL

UNINFACTLD

\TM(:YQ

28

Fig.1.2.Plant treated witF. oxj/sporumf sp.
lycopersici

o

Fig 1.4. Plant treated withF". oxysporum f.sp. Fig 1.5:Plant treated withF. oxysporum f. sp.

lycopersici and Enterobacter bugandensis lycopersici and Pseudomonas aeruginosa
strain 247BMC strain DSM 50071

Both of the PGPR treatments significantly reduced the disease incidence and severity as
compared to the control plant .Pseudomonas aeruginosa DSM 50071 showing the best results
in controlling the disease.

Discussion

The rhizosphere region is an ecosystem that supports microbial interaction with plant, animal
and other microbes. In the present study 2 plant growth-promoting rhizobacteria
Pseudomonas aeruginosa strain DSM 50071 and Enterobacter bugandensis strain 247BMC
isolated from cheakpea root region are effective in enhancing plant health and controlling the
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pathogenic fungus Fusarium oxysporum f. sp. lycopersici.The bacterial species belonging to
genus Psecudomonas have multiple plant-growth promoting properties and used as
biofertilizers and also used as biocontrol agent .[35,36,37,38] Both of the strain shows
multiple plant growth-promoting traits. The identified bacterial strains are capable of
solubilizing insoluble phosphate and make it available for plant phosphate. By converting
insoluble forms of phosphate into soluble forms, they make this essential element readily
available to plants, thereby promoting their growth and development. The isolates are also able
to produce the palnt growth hormone indole-3-acetic acid (IAA) and improve the nitrogen
availability in soil by production of of ammonia. Previous work done by many scientist
reported the similar result.[39,40,41,42,43]

Enterobacter bugandensis WRS7 isolated from the rhizospheric region have to reduce drought
stress in wheat and also improve the growth by fixing Nitrogen , phosphate solubilisation,
siderophore production , phytohormone like indole acetic acid and gibberellic acid production
, exopolysaccharide secretion and ACC deaminase activity.[44]

Apart from their plant growth promoting character, both the strain have potential to control
the development of wilt in plant. Enterobacter bugandensis strain 247BMC and Pseudomonas
aeruginosa strain DSM 50071 release hydrogen cyanide (HCN) and siderophore.Both the
compound play a pivotal role in controlling which cause disease in plants.[45] Siderophores
are the low molecular weight Fe-binding compounds, which binds Fe3+ and make it available
for bacteria and anavailable to pathogen.HCN is toxin which directly inhibit the growth of
plant pathogen[45,46]. The pot experiment clearly indicate that the Pseudomonas aeruginosa
strain DSM 50071 is effectively reduce the disesase severity in tomato plant as compare the
Enterobacter bugandensis strain 247BMC. P. aeuroginosa P11, P12, P66 and P112 isolated
from the rhizosphere of chickpea plant were tested for biocontrol activity against fusarium
wilt and plant growth promotion character evaluated under greenhouse conditions, in which
P. aeuroginosa (P10 and P12) provided better control than untreated control in seed treatment
and soil-inoculation.[47,48].

Conclusion

The research focused on the rhizospheric bacterial isolated from cheakpea plants are plays an
important role in controlling Fusarium wilt and enhance the growth of plants. Fungicides
are currently widely used in to control plant disease. The study on replacing pesticides with
another method which is cheaper and environment safer are currently being done at many
scientist .The application of bio control agent replace the utilization of chemical pesticides,
which is major cause of environmental pollution. A novel biotechnological technique to
increase tomato yield by reducing the disease severity by the inoculation of PGPR may also
be applied to other crops.
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