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and sustainable agriculture.

ABSTRACT

The present study aimed to isolate and identify Rhizobium species from root nodules of leguminous Trigonella
foenum-graecum and Mimosa pudica plants collected from rural regions of Karnataka, India. Root nodules
were extracted from healthy plants, and isolates were cultured on Yeast Extract Mannitol Agar (YEMA).
Biochemical tests such as catalase, oxidase, indole, MR-VP, and citrate utilization confirmed Rhizobium
characteristics. Optimization studies on pH, temperature, and inoculum size were conducted to assess
growth efficiency. Biomass evaluation identified the most efficient isolate, which was subjected to molecular
identification through DNA extraction using the CTAB method, PCR amplification, and sequencing. The
study confirmed the presence of efficient Rhizobium strains with potential applications in nitrogen fixation
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Introduction

Biofertilizers serve as a best alternative for chemical
fertilizers because they do not cause any harmful
damage but in turn only contribute for the plant
growth and development by supplying all the nec-
essary growth requirements especially nitrogen and
many other macro and micronutrients (Tyagi et al.,
2007). Chemical fertilizers may also help in the de-

velopment of plants, but prolonged usage of these
chemicals can cause a great impairment for plants
and even for the soil, and even the crops grown in
them and even cause damage to human health (Al-
Mujahidy et al., 2013). As a sustainable alternative
we can utilize the few microorganisms i-e, Rhizo-
bium, Azotobacter, Azospirillum, Cyanobacteria. These
biofertilizers improve soil texture, structure, fertility,
and stress resistance (Wadhwa et al., 2016) also does
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not emit the harmful greenhouse gases, sustainable
for longer period. Inexpensive and affordable for the
farmers (Hossain et al., 2019).

The rhizobium isolates are obtained from 2 main
sources one from fenugreek (Trigonella foenum-
graecum) annual herb which possess great medicinal
value and commonly found in the Mediterranean
region and frequently used in most of the Indian
dishes (Patel et al., 2017). Another source of Rhizo-
bium here is Mimosa pudica (touch-me-not plant)
commonly found weed in tropical crops. Also, it
helps with phyto-remediation and nitrogen fixation
(Beattie et al., 2019). Nitrogen is a vital element re-
quired for the growth of plants as it involves in the
preparation of Nucleic acids and performing Photo-
synthesis. Martinus Beijerinck was the first scientist
to isolate the rhizobium from the nodules of legumi-
nous plants in 1888. Currently the genus consists of
176 species over 15genera (Setu et al., 2019). Rhizo-
bium is known as N- fixing bacteria (Jaynesh and
Umrania, 2024) Which does not bare any spores,
motile and aerobic. Rhizobium and leguminous
plants share a symbiotic relationship. Bacteria de-
rive the shelter and nutrients necessary for survival
and in turn it helps in the fixation of atmospheric
nitrogen (Verma et al., 2019; Verma et al., 2022). It
converts the complex nitrogen forms that can be eas-
ily utilized by the plants (Paudyal and Kunwar,
2021)

This work mainly focuses on the isolation on
YEMA media, identification, growth characteriza-
tion of different agar media like yeast extract lactose
agar and peptone glucose agar and followed by set
of biochemical tests, and sequencing of Rhizobium
species (Deora and Singhal, 2010 and Banjare et al.,
2023). Rhizobium strains can be used as biofertilizers
help in the enhancement of growth of crops and in
turn improves the yield with ideal nutrient value
(Dhiman et al., 2019). Some of the most common
methods of applying the biofertilizers to the plants
are seed treatment, soil application, root treatment.
Whereas soil application is considered as most effec-
tive application because it helps in colonization of
bacteria well than in other methods. When these
Rhizobium inoculants are combined with proper car-
rier materials like peat, lignite, vermicompost, ver-
miculite that inflates the capacity of Rhizobium as
Biofertilizer (Datta et al., 2019).
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Isolation of Rhizobium from Root Nodules

Root nodules from Mimosa pudica and Trigonella
foenum-graecum (fenugreek) were collected from
healthy plants grown in rural areas of Karnataka.
The nodules were stored in sterile jars containing
saline solution and transported to the laboratory for
further processing. Nodules were thoroughly
washed with sterile distilled water to remove adher-
ing soil particles and surface contaminants. Surface
sterilization was performed using 70% ethanol for 2-
3 minutes, followed by rinsing with sterile distilled
water. Approximately 0.1 g of nodules from each
plant type were crushed aseptically in sterile saline
to obtain a uniform cell suspension. Serial dilutions
were prepared up to 10{u, and 0.5 mlL aliquots
from each dilution were streaked on Yeast Extract
Mannitol Agar (YEMA) plates supplemented with
Congo red. Plates were incubated at 35°C for 24
hours to obtain distinct colonies. The isolates show-
ing characteristic Rhizobium morphology were se-
lected for further studies (Gwyn et al., 1988; Akbar et
al., 2019).

Biochemical Characterization of Rhizobium
Isolates

Based on growth characteristics, selected isolates
from both sources were subjected to standard bio-
chemical tests, including Gram staining, catalase,
oxidase, indole, methyl red—Voges Proskauer (MR-
VP), and citrate utilization tests. These assays were
performed following standard microbiological pro-
tocols as described by Ajay et al., 2017 (Studies on
lentils) and Datta ef al., 2019 (Characterization of
Rhizobium).

Optimization Studies

Optimization of growth parameters such as pH,
temperature, and inoculum size was conducted to
determine the conditions yielding maximum biom-
ass (Rasool et al., 2015; Singh and Sharma, 2016).

Effect of pH

YEMB media with varying pH (6.0-10.0) were inocu-
lated with 1% inoculum and incubated at 35 °C for
4-5 days. After incubation, biomass was determined
by centrifugation and drying.
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Effect of Temperature

YEMB medium (pH 7) inoculated with 1% culture
was incubated at different temperatures ranging
from 25 °C to 40 °C, with 5°C intervals. After incu-
bation, dry cell weights were recorded.

Effect of Inoculum Size

YEMB medium (pH 7) was inoculated with varying
inoculum concentrations (0.25%-1%) and incubated
at 35 °C for 4-5 days. After incubation, the cultures
were centrifuged, and biomass was determined by
measuring the dry cell weight (Islam et al., 2020).

Molecular Identification of Bacteria Using ITS
Method

DNA Isolation (CTAB Method)

Bacterial DNA was isolated using the CTAB (Cetyl
Trimethyl Ammonium Bromide) extraction method.
The bacterial pellet was suspended in 500 ul CTAB
extraction buffer and mixed thoroughly. The mix-
ture was incubated at 60 °C for 30 minutes and cen-
trifuged at 14,000 x g for 5 minutes. The supernatant
was mixed with an equal volume of chloroform:
isoamyl alcohol (24:1), vortexed briefly, and centri-
fuged again.

The upper aqueous phase was collected in a new
tube, and DNA was precipitated by adding 0.7 vol-
umes of cold isopropanol and incubating at —20 °C
overnight. The DNA was purified using a spin col-
umn, washed twice with wash buffer (750 pl), and
eluted with 20 pl of elution buffer. To remove RNA,
1 pl of RNase A was added and incubated at 37 °C
for 30 minutes. DNA quality was checked by agar-
ose gel electrophoresis (Ashwini and Tiwari, 2015).

PCR Amplification

The ITS region of bacterial DNA was amplified us-
ing PCR with the following conditions:
Initial denaturation: 95 °C for 2 min
Denaturation: 95 °C for 30 s
Annealing: 50 °C for 30 s
Extension: 72 °C for 1 min

The cycle was repeated 30 times, followed by a
final extension at 72 °C for 10 min. PCR products
were stored at 4 °C until use.

PCR Product Purification and Sequencing

For purification, 2.5 ul of 125 mM EDTA and 35 pl
ethanol were added to each well. The plate was
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vortexed and centrifuged at 3520 rpm for 30 min-
utes. After washing twice with 80% ethanol, the
samples were air-dried for 30-40 minutes. Then, 13
pl of Hi-Di formamide was added, and the samples
were denatured at 95 °C for 5 minutes before se-
quencing. The obtained sequences were analyzed
using the BLAST server to identify bacterial species.

Results and Discussion

The bacteria were isolated from the root nodules of
Mimosa pudica and Trigonella foenum-graecum
(fenugreek). The isolates obtained from the
fenugreek source were designated as 1R1-2, 1R1-3,
2R1-1, 2R1-2, and 2R1-3, while those obtained from
Mimosa pudica were designated as 1R2-1, 1R2-2, 1R2-
3, 1R2-4, and 2R2-1. Gram-negative rod-shaped bac-
teria were observed, which is consistent with the
findings reported from Rhizobium isolates obtained
from 19 mung bean root nodule samples collected
from farmers’ plots in the North Shoa zone of Rewet
(Rabiul et al., 2020). After Gram staining, all the iso-
lates are preserved on nutrient agar slants for fur-
ther characterization.

Characterization of isolate was done based on
different biochemical tests viz. Citrate utilization
test, Triple sugar iron test, Glucose peptone agar
utilization test, Gelatin liquefaction test, Starch uti-
lization test and Catalase test gave positive result
isolate did not ferment the lactose (Table 1). All
these tests confirmed that findings of the present
study have been isolated Rhizobium species and
identified based on morphological and biochemical
characters (Shanti et al., 2021).

The Rhizobium isolates exhibited maximum
growth at pH 7, indicating that neutral conditions
Favor optimal growth and biomass production.
Growth declined at both acidic (pH 6) and alkaline
(pH 8-10) levels, showing that extreme pH condi-
tions hinder bacterial metabolism (Fig. 7). Thus,
Rhizobium prefers a neutral to slightly alkaline envi-
ronment for efficient nitrogen fixation and symbiotic
activity (Sheezan et al., 2015.

The growth of Rhizobium isolates was highest at
35 °C, indicating it as the optimum temperature for
maximum yield. Moderate growth was observed at
25 °C and 30 °C, while a decline occurred at 40 °C
(Fig. 8). This suggests that Rhizobium is mesophilic,
thriving best under moderate temperature condi-
tions favourable for its metabolic and nitrogen-fix-
ing activities (Agah et al., 2016).
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Table 1. Biochemical characterization of the Rhizobium isolates

Biochemical test Test Isolates
Fenugreek source Mimosa pudica source
1R1-2 1R2-2 2R2-1 2R2-2

Gram reaction -ve -ve -ve -ve
Shape rod rod rod rod
Catalase test +ve +ve +ve +ve
Oxidase test -ve +ve +ve +ve
Indole test +ve +ve +ve +ve
Methyl red test -ve -ve -ve -ve
Voges-Proskauer test -ve -ve -ve -ve
Citrate utilization test +ve -ve -ve -ve

Table 2. Primers with sequence of 27F and 1492R.

Primer Sequence Annealing temperature
27F 5-AGAGTTTGATCCTGGCTCAG-3' 53pc
1492R 5-GGTTACCTGTTACGACTT-3' 57pc
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The optimization study of inoculum size showed
that growth yield increased with the increase in in-
oculum concentration up to 1%. The maximum
growth yield was observed at 1% inoculum size, in-
dicating it as the optimal concentration for inocu-
lum. Further increase to 1.25% did not enhance
growth significantly, suggesting that 1% inoculum
provides the most favourable conditions for optimal
microbial growth (Fig. 9) (Teman et al., 2017).

Optimization of Temperature
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For precise identification, molecular sequencing
was conducted using universal bacterial primers 27F
and 1492R, targeting the Internal Transcribed Spacer

Phylogenetic tree:
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(ITS) region, a well-established genetic marker for
bacterial classification (Table 2). The sequencing re-
sults confirmed the isolated strain as Rhizobium
daejeonense. Nodule forming bacteria (Fig. 10)
(Shanti et al., 2021; Yadav et al., 2022).

Conclusion

Rhizobium species were successfully isolated and
characterized from the root nodules of Mimosa
pudica and fenugreek plants. Biochemical and mo-
lecular analyses confirmed their identity and meta-
bolic efficiency. Optimization studies revealed that
the isolates exhibited maximum growth at 1% inocu-
lum size, neutral pH, and moderate temperature.
The genomic confirmation through CTAB-extracted
DNA further validated the purity and specificity of
the strain. These findings highlight the potential of
the isolates as efficient biofertilizer candidates. Their
application, when formulated with suitable carriers,
can enhance soil fertility, promote plant growth, and
contribute to sustainable agricultural productivity.
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