Available Online at http://www.recentscientificcom

International Journal

of Recent Scientific
Resecarch

CODEN: IJRSFP (USA)

International Journal of Recent Scientific Research
Vol. 15, Issue, 12, pp.5063-5066, December, 2024

RESEARCH ARTICLE

ISOLATION AND CHARACTERIZATION OF PLANT GROWTH-PROMOTING

MICROBES, A STEP TOWARDS SUSTAINABLE AGRICULTURE
'Shaheer A. M., *Prabhu. V and *Dhinesh. V

'Nehru Memorial College (Autonomous), Puthanampatti - 621 007, Trichy District, India.
?Assistant Professor Department of Botany Nehru Memorial College (Autonomous),
Puthanampatti - 621 007, Trichy District, India.
3Assistant Professor, Soil Science and Agricultural Chemistry, Kumaraguru Institute of Agriculture, Erode, Tamil Nadu, India.

DOI: http://dx.doi.org/10.24327/ijrsr.20241512.0959
ABSTRACT

ISSN: 0976-3031

ARTICLE INFO

Article History:

Received 14% October, 2024

Received in revised form 215 October, 2024
Accepted 16" November, 2024

Published online 28™ December, 2024

All plants need the right amount of light, water, nutrients, and space in order to survive.
Seed plants also need to be pollinated and produce seeds. The seeds must germinate at the
right time in a place that will supply all their needs. More and more food is needed all over
the world in order to meet rapidly growing population demands, while the modern agriculture
on increasing output has already reached its limit. It is badly in need to cultivate new crop

X ” varieties for increase the yield and resistant to environmental stress and insects. However,
€y woras: crops are still need to provide the necessary fertilizer nutrients which is insufficient in soil.
Recently, many evidences showed that soil microbes provide an opportunity for reducing

agricultural demand in inorganic fertilizer. Microorganisms, due to their huge gene pool,

Microbiota, plant growth promoting soil
microbes, Arachis hypogaea and Sorghum
bicolor are also used for a potential resource in biochemical reactions, which recycle nutrients for
plant growth. Therefore, we need to modify and better use of soil microbiota to promote
plant growth. The main aim of the study isolation of plant growth promoting microbes from
Arachis hypogaea peanut (Fabaceae) and their effect on plants such as Sorghum bicolor

solam (poales).
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Two routes of Rhizobium infection have been described for
root-nodule formation in legume roots: entry via roothairs
and via cracks. Root-hair entry occurs in most legumes, e.g.
soybean and common bean (Phaseolus vulgaris). Crack entry
occurs in few legumes: peanut and Sesbania. In peanut, root
nodules develop only at the sites of lateral-root emergence
(Uheda et al., 2001), the epidermis and cortex of the parent

INTRODUCTION

Groundnut is an invaluable source of protein, calories, essential
fatty acids, vitamins, and minerals for human nutrition (Willett
et al., 2019). Groundnut consumption is reported to be
associated with several health benefits (Kris-Etherton ef al.,
2008; Sabate et al., 2010 and Guasch-Ferre et al., 2017).

Groundnut is a rich source of dietary protein with ability to
meet up to 46% of recommended daily allowance; essential
vitamins especially E, energy from its oils and fats, and dietary
fiber. It is also a rich source of minerals such as K, Na, Ca,
Mn, Fe, and Zn among others and a rich source of biologically
active compounds (arginine, resveratrol, phytosterols,
and flavonoids). Zinc in particular, is one of the limiting
micronutrients especially among rural households in Africa
affecting especially infants and young persons (Wessells and
Brown, 2012).
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root are broken by emergence of the lateral root (reviewed in
Boogerd and van Rossum, 1997) Uheda et al., 2001) visually
demonstrated Rhizobium infection into the root through
the intercellular gap created by lateral-root emergence.
Rhizobacteria that benefit plants by stimulating growth and
suppressing disease are referred to as plant growth promoting
rhizobacteria (Lugtenberg and Kamilova 2009).

Use of microbial inoculants or plant growth-promoting
rhizobateria (PGPR) for the enhancement of sustainable
agricultural production is becoming a more widely accepted
practice in intensive agriculture in many parts of the world.

Majeed et al., 2015 Plant growth-promoting rhizobacteria
are free-living soil bacteria that aggressively colonize the
rhizosphere plant roots, and enhance the growth, and yield of
plants when applied to seed or crops Kumar et al., 2014. The
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plant growth promoting (PGP) effect of the PGPR is mostly
explained by the release of metabolites directly stimulating
growth. Several mechanisms have been postulated to explain
how PGPR benefit the host plant. These include: (a) the ability
to produce plant growth regulators or phytohormones such as
indole acetic acid (IAA), cytokinins, and gibberellins Glick
1995 and Marques et al., 2010.

The beneficial rhizobacteria associated with cereals has
increased recently and several studies clearly demonstrated the
positive and beneficial effects of PGPR on growth and yield of
different crops especially wheat at different environment under
variable ecological conditions Ozturk et al., 2003 and Mehnaz
et al., 2010.Use of microorganisms as environmental friendly
strategies to support crop production has great potential.
A lot of attention has been given to microorganisms that
confer disease suppression Alexandre 2010 Certain organic
compounds exuded act as chemical signals for microbes by
stimulating colonization through chemotaxis Pacifici 2015.
Roots support plants physically by anchoring and chemically
through the acquisition of nutrients and water from soil. The
root architecture adopts the most suitable structure depending
on plant needs and is influenced by various environmental
stimuli Lucy et al., 2004 Many rhizobacteria can thus associate
with plants and ideally promote plant growth and fitness and
are referred to as plant growth promoting rhizobacteria (PGPR)
Pieterse et al., 2012. Referred to as priming of induced
systemic resistance (ISR) Majeed et al., 2015. Chemical
fertilizers are generally used to supply essential nutrients to the
soil-plant system throughout the world. However, the prices,
availability, and the environmental concerns of chemical
fertilizers especially the N fertilizers are real issues of today’s
agriculture.

Use of microbial inoculants or plant growth- promoting
rhizobateria (PGPR) for the enhancement of sustainable
agricultural production is becoming a more widely accepted
practice in intensive agriculture in many parts of the world
Kumar et al., 2014. Plant growth-promoting rhizobacteria
are free-living soil bac- teria that aggressively colonize the
rhizosphere plant roots, and enhance the growth, and yield of
plants when applied to seed or crops (Glick et al., 1995).

MATERIALS AND METHODS
Collection of seeds

The Sorghum bicolor and Arachis hypogaea seeds were
collected from TNAU, ICAR Government Society, Manapparai
Taluk, Trichy District.

Chemicals and reagents

Nutrient Agar medium, Nutrient broth, was purchased from
Himedia, India. Whatman filter paper No. 1, Gentamicin
antibiotic solution, test samples, test tubes, beakers conical
flaks, spirit lamp, double distilled water and petri-plates.

Sample collection

Soil sample and Arachis hypogaea (groundnut) were collected
from manikandam, Trichy. Tamil Nadu (Lattitude10.7379° N,
and Longitude 78.6363° E).
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Enumeration Soil sample and Arachis hypogaea
(groundnut) root nodules

1g of test sample was dissolved in 10ml of sterile double
distilled water and filtered through muslin cloth. The filtrate
was used for the serial dilutions from 10' to 108. The 10°and
10%dilution was used to bacterial isolation.

Nutrient Agar Medium

The medium was prepared by dissolving peptone- 0.25gm,
NaCl- 0.25 gm, yeast extract- 0.1gm, beef extract- 0.05gm
and agar powder- 0.875gm of the commercially available
Nutrient Agar Medium (HiMedia) in 50ml of distilled water.
The dissolved medium was autoclaved at 15 Ibs pressure at
121°C for 15 minutes. The autoclaved medium was mixed
well and poured onto 100mm petriplates (25-30ml/plate)
while still molten. The 10%h and 10’thdilution was plated on
the nutrient agar medium by spread plate method and the plate
was incubated at 37° C for 24 hrs. After incubation, bacterial
colonies were isolated and plated in to a fresh plate.

Nutrient broth

Nutrient broth was prepared by dissolving peptone- 0.25gm,
NaCl- 0.25 gm, yeast extract- 0.1gm, beef extract- 0.05gm
and agar powder- 0.875gm of the commercially available
Nutrient Agar Medium (HiMedia) in 50ml of distilled water.
The dissolved medium was autoclaved at 15 lbs pressure at
121°C for 15 minutes. The medium was dispensed as desired
and sterilized by autoclaving at 15 lbs pressure (121°C) for 15
minutes.

Gram staining

A loop full of bacterial culture was spread in the glass slide.
The slide was smeared in front of the flame. The slides were
stained with crystal violet dye and kept it for | min and washed
the slide in a distilled water. Gram’s iodine was added and
incubated for 1 minute, then rinsed with distilled water. The
decolorizing agent was added and kept for 1 min and then
safronin strain was added, after a minute it was washed using
distilled water. The slides were observed under the Trinocular
microscope the purple colors indicated gram positive bacteria
and the pink color indicated gram negative organism.

Motility test - Hanging Drop Method

The motility test was performed by hanging drop method. The
cover slip was taken where its edge was coated with Vaseline.
The test samples were transferred to the cover slip which was
placed over the cavity slide. The slide was viewed under 100X
magnification and the organisms’ characteristics being motile
or non-motile were noted down.

Screening and identification of microbes

The medium was prepared by dissolving peptone- 0.25gm,
NaCl- 0.25 gm, yeast extract- 0.1gm, beef extract- 0.05gm
and agar powder- 0.875gm of the commercially available
Nutrient Agar Medium (Hi Media) in 50ml of distilled water.
The dissolved medium was autoclaved at 15 lbs pressure at
121°C for 15 minutes. The autoclaved medium was mixed well
and poured onto 100mm petriplates (25-30ml/plate) while still
molten. Five different colonies were isolated from 10%nd 10?
and dilution of test sample products. Five different colonies
were streaked in a single petri plate.
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Mass cultivation of microorganism

The nutrient broth was prepared by dissolving chemical
composition of commercially available (Hi Media) in 100ml
of distilled water. To identification of microbes 3 different
colonies. Therefore, a sterilize inoculation loop and loop full
amount of microbes inoculation with nutrient broth. To allow
with bacteriological incubator at 24 hours.

Seed Germination

The seeds washed by submerging in water with a few drops of
detergent in a beaker with vigorous shaking. The seeds were
submerge in 70% alcohol for 40s, after which the alcohol was
decanted. The seeds were transferred to a flask containing 20%
commercial sodium hypochlorite solution and left there for 20
min for surface sterilization. Later they were rinsed thrice with
sterile distilled water. 2-3 seeds were placed on the surface
of wet cotton and treated with different concentration of SA
and CH samples and incubated at 25°C for 16 h photoperiod
with 250 uE/m?/ s light intensity for 2 weeks. Percentage of
germination was observed regularly. If need be, transfer the
individual plantlets to half MS medium.

Microorganism’s treatment of seeds

Microorganisms treatment of seeds five different concentration
(10ml, 5ml, 2,5 ml, 1 ml and 0.5 ml) and control. To soak a
plant seeds (10) and 3 different microorganisms of treatment.

RESULTS AND DISCUSSION

At a global scale, the effects of continuous agricultural
practices such as fertilization can cause serious damage to
the environment. Inoculation is one of the most important
sustainable practices in agriculture, because microorganisms
establish associations with plants and promote plant growth
by means of several beneficial characteristics. Endophytes are
suitable for inoculation, reflecting the ability of these organisms
for plant colonization, and several studies have demonstrated
the specific and intrinsic communication among bacteria and
plant hosts of different species and genotypes.

Plant growth-promoting bacteria (PGPB) are bacteria that
can enhance plant growth and protect plants from disease
and abiotic stresses through a wide variety of mechanisms;
those that establish close associations with plants, such as
the endophytes, could be more successful in plant growth
promotion.

The microbes were isolated from the root nodules of Arachis
hypogaea by micro dilution method and spread-plate method.
The isolated microorganisms (S2-1, S6-3 and S6-5) were
identified and characterized by gram staining method and
hanging drop method. The identified microbes were inoculated
into the selected seeds of Sorghum bicolor. The plant growth
was observed after 15 days. There is an increase in plant growth
after treatment of Bacillus cereus, Enterobacter aerogenes,
Enterobacter cloacae, Monocytogenes, Clostridium difficile,
and Clostridium botulinum in seeds.

CONCLUSION

The combination of different methodologies with the
microbes, such as identification of plant growth-promoting
characteristics, the identification of bacterial strains, as well
as assays of seed inoculation in laboratory conditions and
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cultivation experiments in the field, are part of the search
for new technologies for agricultural crops. Thus, when this
search shows a potential bacterial inoculants, adequate for
reintroduction in the environment, many genera such as
Bacillus cereus, Enterobacter acrogenes, Enterobacter cloacae,
Monocytogenes, Clostridium difficile, and Clostridium
botulinum.

Finally, the search for beneficial bacteria is important for the
development of new and efficient inoculants for agriculture.
Also important are investments in technologies that can
contribute to increase the inoculum efficiency and the survival
rate of bacteria adherent to the seeds, which are other essential
factors for successful inoculation. Thus, the introduction
of beneficial bacteria in the soil tends to be less aggressive
and cause less impact to the environment than chemical
fertilization, which makes it a sustainable agronomic practice
and a way of reducing the production costs.
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Figure S Spread plate (S6)

Figure 6 Isolation of mi-
crobes
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Figure 11 Microorganism’s treatment for seeds
(S2 — 1 Bacillus cereus)

Figure 7 Gram staining of
S6

Figure 10 OD of microbes

Figure 9 Mass cultrue of =

microbes S2-1(1ml)

S2 —1 Control

$2-1 (0.5ml)

Table 1 Identification of Microbes by Gram staining method ) )
Figure 12 Microorganism’s treatment for seeds

MOTILE
GRAM
OR NAME OF THE OR-
SAMPLE S'II‘QIGN- SHAPE NON- GANISM
MOTILE
S2-1 Gram (+) Rod Motile Bacillus cereus
S2-2 Gram(-) Cocci Motile Campylobacter jejuni
chain Py Jeu
Rod Non-mo- Bacillus anthracis,- >
52-3 Gram (+) chain tile Clostridium perfingens S6 -3(10ml)
S2-4 Gram (-) Cocci Motile Campylobacter jejuni
chain Py Jeu
$2.5 Gram(-) C0§c1 Motile Alcaligenes faec'alls sub-
chain sp.faecalis
Rod Citrobacter freundii,
S6-1 Gram (-) . Motile Aeromonas hydrophila,
chain .
E.coli
S6-2 Gram (+) Ro.d Motile Bacillus subtilis P e : TN
chain : -5 -
S6- 3(1ml) S6- 3(0.5ml) S6 -3(Control)
Monocytogenes, clostrid-
S6-3 Gram (+) Rod Motile ium dlfﬁcﬂe,.Clostrldlum Figure 13 Microorganism’s treatment for see ds
botulinum
(S 6- SEnterobacter aerogenes, Enterobacter cloacae)
Rod | Non- mo- Actinomyces isralii,
S6-4 Gram(-) . . .
chain tile Aeromonas caviae
. Enterobacter aerogenes,
$6-5 Gram(-) Rod Motile Enterobacter cloacae
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= control

10+ Number of seeds
germinated

44

thgfreatffent ¢ S6-

Number of seeds germinated

$6-5 (ml)

Figure 16 Number of seeds germinated after
the treatment of S6-5

E s2-1ml
Il s6-3ml
I s6-5m!

o
1

S6- 5(1 ml) S6 -5(0.5 ml) S6- 5(Control)

Table 2 Plant growth observations after the microbial
treatment - Sample concentration vs Number of seeds

=)
1

Number of seeds germinated

5-
; 154 I control
_E Number of seeds
E germinated 0
& 10 N N N N N
% oo&‘o\ @6‘ 6& qf’& \6‘ sbé‘
E * Samples (ml)
£
z T o Figure 17 Comparison of number of seeds germinated
SN e e after the treatment of S2-1, S6-3 and S6
$2-1(ml)
Table 2 Plant growth observations after the microbial treatment
- Sample concentration vs Plant height-
Figure 14 Number of seeds germinated after SAMPLE CON- PLANT HEIGHT
the treatment of S2-1 S.NO.| CENTRATION (cm)
(ml) S2-1 | S6-3 | S6-5
154
= contel . Control 29 | 28 | 255
= Number of seeds
£ o gorminses 2. 10 185 | 28 | 18
3 3. 5 20 29 24
3 4, 2.5 28 | 25 | 20
g 5. 1 285 | 28 | 20
2 o 6. 0.5 28.5 18 20
V“ ,\%9 ‘J§ ’1? ‘\Q &"
$6-3 (ml)

Figure 15 Number of seeds germinated after
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Figure 18 Plant height after the treatment of S2-1

Plant height (cm)

404

Il control

Il Plant height (cm)
304

204
| I
0- T T T T T T
Q N Q ) Q )
Q° \Q' 9 4 N Q°

$6-3 (ml)

Figure 19 Plant height after the treatment of S6-3

Il control
30 Bl Plant height (cm)
E
L 204
=
o
'5
E 104
o
0= T T T T T T
Q N Q “° Q “°
o o R o R o
$6-5 (m1)
Figure 20 Plant height after the treatment of S6-5
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