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ABSTRACT

Aim: Plant Growth Promotion in Solanum lycopersicum through Endophytic bacteria isolated
from Flower of Samanea saman and antifungal activity against Fusarium oxysporum. Materials
and Methods: Endophytes were isolated from the Rain Tree Flower samples collected from
Sadakathullah Appa College Campus, Rahmath nagar, Tirunelveli, Tamil Nadu, India and assessed
for their protective activity against Fusarium oxysporum, which causes wilt disease. The flower
samples washed in tap water for removing dirt particles and it is soaked in 70% ethanol for 3 min;
further washed with sodium hypochlorite solution (2.5% available Chlorine) for 5 min and cleaned
well with sterile distilled water. Flower sample were crushed with a sterile mortar and pestle and
then plated on nutrient agar media. The plates were incubated for 3 to 5 days at 28°C for bacterial
growth. bacterial strains was tested antagonism activity against Fusarium oxysporum using Potato
dextrose agar. The actively growing fungal (F. oxysporum) here mycelial disc (5 mm) was inserted
at one side and a loop of endophytic bacteria was streaked in a line of about 6 cm in length. One
control plate was also kept for observation. Those plates were incubated at 28+2°C for 7 days and
after inhibition zone of inhibition was measured. Results and Discussion: In the present study,
a total of 2 endophytes SRFB1 and SRFB2 were isolated from the Rain Tree Flower samples,
among them, endophyte SRFB1 showed significant results on shoot and root length, fresh and dry
weight, respectively, when compared with the control. One of the isolates considered as efficient
endophytic isolate as it possessed plant growth promotion and SRFB1 showed positive results
against Fusarium oxysporum. Conclusion: The present study shows that the endophytes isolated
from the flower samples can be commercially formulated as effective bio control agent against
soil-borne fungal pathogens which affects plants. In future those formulated endophytes can be
served as a good replacement against chemical fertilizers which cause had effect to agriculture.
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INTRODUCTION

Chemical fertilizers, manures and insecticides are widely
used techniques for increasing crop yields. Which
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mostly harm the environment by nitrate leaching into
groundwater, phosphorus and nitrogen running off the
surface and eutrophication in aquatic environments.!"
Efforts have been made to reduce the usage of chemical
pesticides and fertilizers by substituting (or combining)
with environmentally friendly products, including
beneficial microorganisms which leads to environmental
sustainability.** The microorganisms and plants have
mutually beneficial relationships.”) Which are crucial
to food and agricultural safety. The microorganisms
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reside inside the plant may live in the phyllosphere
and rhizosphere, known as endophytes.”) The plant
endophytic bacteria coexist in symbiotic relationships
with host plant that promote the growth and protection
from biotic and abiotic challenges. Endophytic bacteria
lives in the xylem and root cortex of the plant involved
in exchange of nutrients and enzymes.” Endophytes
invade the tissues of the hosts, multiply without
posing a threat to the host’s health and promotes the
growth of the plant. Endophytic bacteria stimulate
the plant growth and health through phytostimulation,
biofertilization and biocontrol methods.”! Tomatoes
(Solanum lycopersicum) are the most important significant
agricultural crop which are high in minerals like
potassium, iron, etc., and plants with phytochemicals
like lycopene and vitamin C. those plants has phenolic
components such as flavonoids, hydroxycinnamic acid,
chlorogenic acid, homovanillic acid and ferulic acid.
Tomato (Solanum lycopersicum 1..) is an essential part of
the daily diet, eaten both as fresh, unprocessed fruit
and in a variety of processed forms."
dense food that may be eaten raw or cooked and can
contribute significantly to a balanced diet."" The fungus
Fusarium oxysporum, causes wilt disease, in tomato crops
with great susceptibility due to the pathogen’s extensive
host range and soil persistence. This is one of the most
critical diseases impacting tomatoes globally." Fusarium
wilt causes significant losses in susceptible tomato
varieties, particularly when soil and air temperatures are
high during the warm season.!”l The pathogen causes
a significant yield loss, ranging from 25% to 55%, in
optimal infection conditions, yield loss can be as high
as 90%."" The pathogen can be managed through
soil disinfection using methyl bromide, chloropicrin,
or metham sodium, as well as systemic fungicides like
benomyl, thiabendazole and thiophanate. However,
sustainable fungicide wuses in managing Fusarium
oxysporum is challenging due to the development of
resistant isolates and their detrimental effects on the
natural environment, and human
health.™ The management of this organism using
chemicals was highly challenging, costly and harmful to
the environment. It is necessary to go for a substitute
or alternate eco-friendly device. As a result, substitute
strategies must be devised and evaluated. The present
study was designed to isolate the endophytic bacteria
from the flowers of Rain tree (Samanea saman) and
examine its growth promotion and protection against
tungal pathogen (Fusarium oxysporum) in the Solanum
lycopersicum and evaluate its efficiency.
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MATERIALS AND METHODS
Collection and isolation of endophytes

Rain Tree Flower (Samanea saman) Samples were
collected from Sadakathullah Appa College Campus,
Tirunelveli, Tamil Nadu, India.

The flower samples were washed in tap water for
removing dirt particles and it is soaked in 70% ethanol
for 3 min, further washed with sodium hypochlorite
solution (2.5% available Chlorine) for 5 min and cleaned
well with sterile distilled water. Flower samples were
crushed with a sterile mortar and pestle and then plated
on nutrient agar media. The plates were incubated for 3
to 5 days at 28°C for bacterial growth.["!

Morphological Characterization of isolates

The isolated endophytic bacteria were cultured in
NA agar plates using the quadrant streak method
and incubated for 3 days. After 3 days of incubation,
different characteristics of colonies, such as size, colony
diameter, colour, form, surface, elevation and margin
were recorded.

In vitro antibiosis test

Dual culture technique

In this method, the bacterial strains was tested for
antagonism activity against Fusarium oxysporum using
Potato dextrose agar. The actively growing fungal
(E oxysporum) here mycelial disc (5 mm) was inserted at
one side and a loop of endophytic bacteria was streaked
in a line of about 6 cm length. One control plate was
also kept for observation. Those plates were incubated
at 28%2°C for 7 days and after inhibition zone of
inhibition was measured. The fungal hypha growth was
measured, and abnormalities seen in zone of inhibition
was recorded and compared with control plates.

In vivo screening-Endophytes on plant growth
promotion

Sterilization of seed

Tomato seeds wete soaked in 70% (v/v) ethanol for
2 min and immersed 0.2% (v/v) sodium hypochlorite
and after washed with sterile distilled water for surface
sterilization."”? The seeds were dried overnight under
sterile conditions.

Seed bacterization

Endophytic isolate SREFB1 and SRFB2 were grown on
nutrient agar for 24 hr at 2842°C, culture were scrapped
from the plates and finally suspended in sterile 1%
Carboxymethylcellulose (CMC) to a concentration of
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approximately 10" CFU/mL. 1 g of sutface sterilized
tomato seeds were soaked in endophytic bacterial
suspension with CMC for 30 min and after that it was
kept for drying overnight in sterile plates. Seeds treated
with 1% CMC to take as the control.

Plant growth assay

Bacterized seeds were transferred to plastic pots (5 seeds
per pot) containing non-sterilized soil and cow dung in
the ratio of 4:1 and kept in a greenhouse. A control pot
without bacterized seeds was also maintained. The pots
were kept at 26£2°C, RH of 90% observed regularly.
These pots were photoperiods of 16 hr for 60 days.
Every day the plants were watered and observed keenly.
The measurement of plant shoot and root length, fresh
and dry weights were noted and recorded for 10™ and
20" intervals (Figure 1).

RESULTS
Isolation of endophytic bacteria

Rain tree flowers were collected from Sadakathullah
Appa College Campus, Tirunelveli, Tamil Nadu, India.
Sterilized and further 2 endophytic bacteria were
isolated from those flowers. The isolated bacteria were
named SRFB1 and SRFB2 and kept for further Studies

(Figure 2).
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Figure 1: Plant growth promotion study.
Morphological Characterization of PGPE isolates

Morphological characteristics of the colonies of each
isolate were examined on Nutrient agar (Table 1).

In vitro antagonistic activity

The endophytic isolates were screened for their
efficiency in inhibiting plant pathogen F. oxysporum.
Among the isolates SREFB1 and SRFB2, SRFB1 showed
the highest clear zone of inhibition of (12 mm) against
F. oxysporum (Table 2). SRFB1 was a potent antagonist
against Fusarium oxysporum (Figure 3).

Figure 2: Endophyte SRFB1 Isolated from Rain tree flower.

CONTROL

Figure 3: Antifungal Activity of Endophyte SRFB1 against
Fusarium oxysporum.

In vivo Plant growth promotion studies

The isolated endophytic bacteria SRFB1 showed the
maximum shoot length and root length 20.6 ¢cm and
11.52 cm when compared with control in the 20™ day,
respectively. The SRFB1 showed a significant difference
in shoot length and root length when compared to
control in the 10 and 20 days (Figure 4). The highest
Biomass, 1.318 g 'was observed in SREFB1 treated tomato
plant. The dry weight also showed a higher weight of
0.462 g than the control (Figure 5).

Table 1: Morphological Characterization of PGPE isolates.

SI. No. Strain Size Colony diameter Colour Form Surface Elevation Margin Opacity

1 SRFB1 Large 3 mm White Circular Smooth Flat Entire Opaque

2 SRFB2  Large 4 mm Yellowish white Irregular Dry Flat Undulate = Opaque
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Effect of endophytic bacteria on shoot and root
length of tomato plants
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Figure 4: Effect of endophytic bacteria on shoot and root
length of tomato plants.

Influence of endophytic bacteria on biomass and
dry weight of tomato plants
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Figure 5: Influence of endophytic bacteria on biomass and
dry weight of tomato plants.

Table 2: Antifungal Activity of Endophytic isolates

against Fusarium oxysporum.

SI.No Strain code Zone of Inhibition (mm)
1 SRFB1 12
2 SRFB2 -
DISCUSSION

In this study, we report the isolation of 2 strains thus,
in vitro antifungal test!™”! and green house study™
investigating the use of a fungal antagonist to suppress
or eradicate pathogens. We isolated culturable bacterial
endophytes from Rain tree flower and explored
their potentiality as PGPB. The bacterial community
associated with the pods of rain tree has been previously
studied.?"! However, this is the first study describing the
presence of bacteriain the flower of rain tree. In the eatly
stages, bacterial endophytes are crucial for sustaining
plant health, helping with nutrient mobilization and
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promoting plant growth.” Therefore, identifying and
analyzing bacterial endophytes from flowers may help
choose strains that have the potential to increase tomato
plant growth. This is the first report of endophytes from
rain tree flower that promote plant growth; although
certain distinct bacterial species have been shown in
the past to facilitate rice seedling growth, endophytes
isolated from maize rhizospheres has recently improved
rice growth and yield by changing the rootarchitecture.!
Previous research has shown that inoculating plants
with microorganisms that promote plant growth can
have positive effects on their growth. For example,
inoculating Zea mays L. with Pseudomonas tolaasii IEXDb
and Psendomonas koreensis SP28 has been shown to
stimulate plant height and shoot weight.*! Kumar e a/.
reported that various endophytic strains of Bacillus and
Pseudomonas demonstrated positive results in plant
growth-promoting trait analyses.” Fang ef al., reported
that the strain Psexdomonas anrantiaca J1D37 exhibited
excellent colonization potential and promoted maize

growth. !

Our study also reported similar observations
following seed treatment with endophytic bacteria in
tomato plants. In this study, Tomato plants inoculated
with PGPB endophytic bacterial strain SREB1 showed
a greater increase in shoot and root length, as well as
in fresh and dry weight, compared to the control.
Therefore, this study represents an ecological method
for detecting the plant growth-promoting features of
seed endophytes interacting with tomato plants during
the early phases of plantdevelopment. Fungal pathogens
are preferred as test organisms for antagonistic
confrontation assay due to their wide host range,
prolific growth and ability to cause major economic
loss in wvarious crops.”) The biocontrol of fungal
phytopathogens is an indirect mechanism by which
symbiotic bacteria can promote plant growth. Bacterial
seed endophytes from the genera Pseudomonas, Pantoea,
Paenibacillus and Bacillus have shown antifungal activity
against some phytopathogenic fungi such as Cwurvularia
sp., Fusarium oxcysporune, Pythinm nltimum, Rhizoctonia solani
and Pyricularia grisea.” Radhakrishnan es al., focused
on the endophytic bacterium showed significant
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antifungal  activity against oxysporm.
Our study also made similar observations regarding
the antifungal activity of endophytic bacteria against
Fusarium oxysporum. In this study, we found that SREFB7
inhibited the growth of the phytopathogenic fungus
Fusarium oxysporum (Table 2). The results of this study
have shown that strains SRFB1 have the ability to

promote plant growth and operate as biocontrol agents.
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SUMMARY

Biological controlagentsusedas crucial toolsinagricultural
biotechnology for reducing the use of chemical pesticides.
In this study the two endophytic bacterium associated
with the rain tree flower (Samanea saman) were isolated
characterized and applied for the growth of tomato
plants. The research focuses on improving tomato plants,
testing efficacy, in green house conditions and selecting
the potent isolates for PGPR in crop colonization may
have a wide range of hosts. One of these strains namely
SRFB1 has been shown to progressively promote plant
growth in tomato plants. This one strain has the potential
to be used as biofertilizer, biostimulant and biocontrol
agents; In witro tests demonstrated that the bacterial
endophyte SREFB1 performs well against the fungal
pathogen Fusarium oxysporum, which support for further
research, in discovering novel species that can promote
these protective effects. Therefore, this study suggests
that endophyte-inoculated plants may have increased
resistance to pathogens such as F  oxysporum. The
strain SREFB1 may be selected for the development of
biostimulants for enhancing tomato plant growth. This
is one of the pioneer studies in the field of agricultural
biotechnology.

ACKNOWLEDGEMENT

We acknowledge the management of Sadakathullah
Appa College for their support and encouragement
during the conduct of the study.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ABBREVIATIONS

NA: Nutrient Agar; PDA: Potato Dextrose Agar;
PGP: Plant Growth Promotion; SRFB: Sadakathulla
Appa College Rain tree Flower Bacteria; CMC:
Carboxymethylcellulose.

REFERENCES

1. Camargo JA, Alonso A. Ecological and toxicological effects of inorganic
nitrogen pollution in aquatic ecosystems: a global assessment. Environ Int.
2006;32(6):831-49.

2. Farrar K, Bryant D, Cope-Selby N. Understanding and engineering beneficial
plant-microbe interactions: plant growth promotion in energy crops. Plant
Biotechnol J. 2014;12(9):1193-206.

3. Hardoim PR, van Overbeek LS, van Elsas JD. Properties of bacterial
endophytes and their proposed role in plant growth. Trends Microbiol.
2008;16(10):463-71.

Asian Journal of Biological and Life Sciences, Vol 13, Issue 2, May-Aug, 2024

20.

21.

22.

23.

24.

25.

26.

27.

Enya J, Shinohara H, Yoshida S, Negishi TTH, Suyama K, Tsushima S.
Culturable leaf-associated bacteria on tomato plants and their potential as
biological control agents. Microb Ecol. 2007;53(4):524-36.

Lugtenberg B, Kamilova F. Plant-growth-promoting rhizobacteria. Annu Rev
Microbiol. 2009;63:541-56.

Mendes R, Garbeva P, Raaijmakers JM,. The rhizosphere microbiome:
significance of plant beneficial, plant pathogenic and human pathogenic
microorganisms, 2013;37(5):634-63.

Parsek MR, Greenberg EP. Acyl-homoserine lactone quorum sensing in
Gram-negative bacteria: a signaling mechanism involved in associations with
higher organisms. Proc Natl Acad Sci USA. 2000;97(16):8789-93.

Hardoim PR, van Overbeek LS, Berg G, Pirttila AM, Compant S, Campisano
A, Doéring M, Sessitsch A. The hidden world within plants: ecological and
evolutionary considerations for defining functioning of microbial endophytes.
Microbiol Mol Biol Rev. 2015;79(3):293-320.

Bloemberg GV, Lugtenberg BJJ. Molecular basis of plant growth promotion
and biocontrol by rhizobacteria. Curr Opin Plant Biol. 2001;4(4):343-350.
Brookie KL, Best GL, Conner TS. Intake of raw fruits and vegetables is
associated with better mental health than intake of processed fruits and
vegetables. Frontier Psychology. 2018;9:487.

Bhowmik D, Kumar KS, Paswan S, Srivastava S. Tomato-A Natural Medicine
and lts Health Benefits. J. Pharmacogn. Phytochem. 2012;1:33-43.

Ajilogba CF, Babalola OO. Integrated management strategies for Tomato
Fusarium Wilt. Biocontrol Science. 2013;18(3):117-27.

Nirmaladevi D, Venkataramana M, Srivastava RK, Uppalapati SR, Gupta VK,
Yli-Mattila T. Molecular phylogeny, pathogenicity and toxigenicity of Fusarium
oxysporum f. sp. lycopersici. Scientific Report. 2016; 6:21367.

Hibar KM, Daami-Remadi WH, EI-Mahjoub M. Bio-fungicides as an
alternative for tomato Fusarium crown and root rot control. Tunisian Journal
of Plant Protection. 2006;1:19-29.

Pritesh P, Subramanian RB. PCR based method for testing Fusarium
wilt resistance of tomato. African Journal of Basic and Applied Sciences.
2011;3(5):222-230.

Cao L, Qiu Z, Dai X, Tan H, Lin Y. and Zhou S. Isolation of endophytic
actinomycetes from roots and leaves of banana (Musa acuminata) plants
and their activities against Fusarium oxysporum f. sp. cubense. World J.
Microbiol. Biotechnol. 2004;20:501-4.

Ryu CM. Bacterial volatiles promote growth in Arabidopsis, Proc Natl Acad
Sci., 2013;100:4927-32.

Rocha ACS, Garcia D, Uetanabaro APT, Carneiro RTO, Araujo IS, Mattos
CRR, Goes-Neto A. Foliar endophytic fungi from Hevea brasiliensis and their
antagonism on Microcyclus ulei. Fungal Divers. 2011;47:75-84.

Kumar S, Kaushik N. Endophytic fungi isolated from oil-seed crop Jatropha
curcas produces oil and exhibit antifungal activity. Plos One. 2013;8:€56202.
Alwathnani HA, Perveen K. Biological control of Fusarium wilt of tomato by
antagonist fungi and cyanobacteria. African J Biotechnol. 2012;11:1100-5.
Marivignesh R, Hussain MIZ, Vijayalakshmi M. Evaluation and SEM analysis
of plant endophytic bacteria Isolated from rain tree Samanea saman (Jacq)
Merr on the growth performance of foxtail millet Setaria italic. | J Biosci,
2024;24(4):143-8.

Rodriguez CE, Antonielli L, Mitter B, Trognitz F, Sessitsch A. Heritability
and functional importance of the Setaria viridis bacterial seed microbiome.
Phytobiomes J, 2020;4:40-52.

Kumleh SA. Effect of Rhizobium trifolii, Pseudomonas fluorescens and
Azotobacter chroococcum on Growth and Yield of Crismon Clover and Rice
in a Rice-Clover Rotation. Isfahan Univ. Technol.-J. Crop Prod. Process.
2021;10:17-31.

Viruel E., Erazzu L.E., MartinezCalsina L., Ferrero M.A., Lucca M.E., Sifieriz
F. Inoculation of maize with phosphate sol-ubilizing bacteria: Effect on plant
growth and yield. J. Soil Sci. Plant Nutr. 2014;14:819-31.

Kumar A, Singh R, Yadav A, Giri DD, Singh PK, Pandey KD. Isolation and
characterization of bacterial endophytes of Curcuma longa L. 3Biotech.
2016,6:60.

Fang R, Lin J, Yao S, Wang Y, Zhou C, Wang H, Xiao M. Promotion of plant
growth, biological control and induced systemic resistance in maize by
Pseudomonas aurantiaca JD37. Ann. Microbiol. 2013;63:1177-85.

Ahirwar NK, Gupta G, Singh V, Rawlley RK, Ramana S. Influence on growth
and fruit yield of tomato (Lycopersicon esculentum Mill.) plants by inoculation

351



28.

Marivignesh, et al.: Plant Growth Promotion in Solanum lycopersicum from Flower of Samanea saman

with Pseudomonas fluorescence (SS5): Possible role of plant growth 29. Radhakrishnan R, Hashem A, Abd Allah EF. Streptomyces sp. mediated
promotion. Int. J. Curr. Microbiol. App. Sci. 2015;4:720-30.

Cottyn B, Regalado E, Lanoot B, De Cleene M, Mew T, Swings J.
Bacterial populations associated with rice seed in the tropical environment.
Phytopathology. 2001;91:282-92.

antifungal activity against Fusarium oxysporum and its role in promoting

tomato plant growth. Microbiological Research. 2013;168(5):327-36.

Cite this article: Marivignesh R, Hussain MIZ, Chithaiya P, Jameela MS, Vijayalakshmi M. Plant Growth Promotion in Solanum
lycopersicum through Endophytic bacteria Isolated from Flower of Samanea saman. Asian J Biol Life Sci. 2024;13(2):347-52.

352

Asian Journal of Biological and Life Sciences, Vol 13, Issue 2, May-Aug, 2024



