
Received: 18 February 2026

Revised: 7 March 2026

Accepted: 11 March 2026

Published: 13 March 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Molecular Identification and Characterization of
Peribacillus simplex LT4 Isolated from the Roots of Baby Maize
(Zea mays L.)
Chuong Van Nguyen 1,2,* and Tri Le Kim Tran 1,2

1 Department of Crop Science, An Giang University, An Giang, Vietnam
2 Vietnam National University, Ho Chi Minh City 70000, Vietnam
* Correspondence: nvchuong@agu.edu.vn; Tel.:+84-918487044

Abstract

Rhizosphere nitrogen-fixing bacteria play a critical role in sustainable crop production by
enhancing nitrogen availability and improving soil fertility. This study aimed to isolate
and characterize native rhizospheric nitrogen-fixing bacteria (NRNFB) associated with
baby maize (Zea mays L.) roots and evaluate their nitrogen-fixing potential. Thirty root
samples were collected, and ten bacterial isolates (V1–V10) were obtained using selective
media. Morphological, biochemical, and physiological analyses identified strain V3 as
the most promising candidate, exhibiting strong growth on nitrogen-free Burk medium
and high oxidase, catalase, and urea hydrolysis activities. The strain demonstrated broad
environmental tolerance, including salinity up to 4% NaCl, temperatures ranging from 15
to 45 ◦C, and pH values between 5.0 and 8.0. Molecular identification based on 16S rRNA
gene sequencing revealed 100% sequence similarity with Peribacillus simplex LT4 (strain
LT4). Nitrogenase activity analysis showed a peak during the exponential growth phase,
accompanied by increased nitrogen accumulation in the culture medium, confirming active
biological nitrogen fixation. These findings highlight the physiological adaptability and
functional efficiency of strain LT4, supporting its potential development as a biofertilizer
for sustainable maize production systems.
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1. Introduction
Agricultural soil plays a pivotal role in sustaining global food production. However,

intensive cultivation practices and continuous cropping systems have led to the excessive
exploitation of arable soils. To maintain crop productivity, farmers have relied heavily on
inorganic fertilizers over many consecutive years, which has resulted in serious degradation
of soil health and deterioration of agricultural product quality [1]. Strains of NRNFB
associated with crop root systems have attracted increasing scientific interest due to their
ability to establish beneficial interactions with host plants and contribute to biological
nitrogen fixation [2,3]. In non-leguminous crops such as baby maize, NRNFB colonize
internal root tissues rather than forming nodules, where they promote plant growth by
enhancing nutrient availability, biomass accumulation, and yield performance [4,5]. These
bacteria can convert atmospheric nitrogen (N2) into ammonia/ammonium (NH3/NH4

+)
through biological nitrogen fixation, which subsequently may be transformed into nitrate
(NO3

−) via nitrification processes in soil, thereby contributing to plant-available nitrogen
and partially compensating for mineral nitrogen inputs [6].

Nitrogen 2026, 7, 28 https://doi.org/10.3390/nitrogen7010028

https://crossmark.crossref.org/dialog?doi=10.3390/nitrogen7010028&domain=pdf&date_stamp=2026-03-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nitrogen
https://www.mdpi.com
https://orcid.org/0000-0002-9177-3273
https://doi.org/10.3390/nitrogen7010028


Nitrogen 2026, 7, 28 2 of 11

The NRNFB application represents an economically viable and environmentally sus-
tainable strategy for increasing crop productivity, as it reduces dependence on synthetic
fertilizers and chemical pesticides [7]. Previous studies have demonstrated that the asso-
ciation between crops and RNFB improves soil fertility by enriching nitrogen pools and
enhancing nutrient cycling within agroecosystems [8,9]. In cereal crops such as baby maize,
RNFB residing within root tissues play a significant role in improving nitrogen use efficiency
and supporting plant growth under intensive farming conditions [10]. Biological nitrogen
fixation mediated by plant-associated bacteria is a key ecological process influencing soil
fertility, nutrient dynamics, microbial diversity, and long-term agricultural sustainability.
Globally, biological nitrogen fixation contributes approximately 100–290 million tons of
nitrogen annually to agricultural systems, supporting crop production while mitigating
environmental impacts associated with chemical fertilizers [8,10]. Moreover, plant–microbe
interactions facilitate balanced nutrient cycling by coupling carbon allocation from plants
with nitrogen acquisition from microbial partners [11].

The rising cost of chemical fertilizers and the adverse environmental effects of pesti-
cide overuse have reduced farm profitability and product quality, necessitating alternative
approaches based on organic inputs and biological plant protection strategies [12]. Conse-
quently, the use of plant growth-promoting bacteria has emerged as a promising solution
for sustainable agriculture due to their low cost, environmental compatibility, and ability
to improve soil quality while reducing reliance on non-renewable fertilizer resources [13].
Based on these considerations, the present study aimed to isolate and characterize native
root-associated nitrogen-fixing bacteria from baby maize. The selected strains may serve
as potential bio-inoculants to enhance crop productivity and improve soil fertility under
sustainable agricultural systems.

2. Materials and Methods
2.1. Collection and Processing of Baby Maize Root Samples

Baby maize root samples were collected from Cho Moi commune, An Giang province.
After sampling, the roots were cut into small segments using sterile scissors without prior
washing to preserve the native rhizosphere soil. The root fragments were then homogenized
in approximately 100 mL of sterile distilled water to release both epiphytic and endophytic
bacteria. The resulting suspension was transferred to centrifuge tubes and shaken on an
orbital shaker for 30 min. Subsequently, the suspension was centrifuged at 1500 rpm for
1 min, and the supernatant containing bacterial cells was collected and inoculated onto
yeast extract mannitol agar (YMA) medium [14,15]. The bacterial suspension was serially
diluted from 10−2 to 10−6, and aliquots were spread onto three Petri dishes containing
YMA medium. The inoculated plates were incubated at room temperature for 4–5 days,
after which colony development was monitored, recorded, and subjected to repeated
subculturing to obtain pure isolates [16].

2.2. Isolation of Strain LT4

Yeast extract mannitol agar (YMA) medium was prepared using yeast extract, manni-
tol, K2HPO4, MgSO4, NaCl, and agar, adjusted to pH 7.0, and supplemented with Congo
Red to a final concentration of 25 mg L−1. YMA plates containing putative NRNFB colonies
were incubated at 28 ◦C for 4 days. Individual colonies were repeatedly streaked until pure
cultures were obtained. The purified NRNFB colonies ranged in color from white to pink
and exhibited a smooth, mucoid, and glossy appearance. Although YMA is commonly used
for the isolation of rhizosphere-associated bacteria, the presence of organic nitrogen sources
in this medium means that it is not strictly selective for nitrogen-fixing bacteria. Therefore,
YMA was used primarily for initial bacterial isolation and colony differentiation, while the
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nitrogen-fixing potential of the isolates was subsequently evaluated using Nitrogen-free
Burk medium (HiMedia Laboratories Pvt. Ltd., Mumbai, India) was used for the isolation
of nitrogen-fixing bacteria and biochemical characterization [14,15].

The NRNFB isolates were further characterized using several selective and differential
media. Most NRNFB strains were Gram-negative, rod-shaped bacteria.

(i) YMA–BTB medium: This medium enabled rapid identification of NRNFB colonies
based on a gradual color change in the agar to light blue.

(ii) GPA–BCP medium: NRNFB strains exhibited poor growth on this medium due to its
high pH, and it was therefore used to assess the purity of the isolates [17].

(iii) Lactose agar medium: The presence of a yellow halo around colonies following the
addition of Benedict’s reagent indicated the conversion of lactose to 3-ketolactose,
confirming NRNFB activity (ketolactose test) [18].

(iv) Hofer’s alkaline medium: This medium was used to identify NRNFB strains capable
of growth under alkaline conditions (pH > 6.5) [19].

(v) Burk’s nitrogen-free medium: This medium was employed to evaluate free-living
NRNFB based on their ability to utilize atmospheric nitrogen for protein synthesis.
The growth of isolates on nitrogen-free medium was used as an indicator of nitrogen-
fixing potential [20]. Biochemical characterization of the isolates was conducted
according to the methods described in [21].

All culture media used in this study, including Yeast Mannitol Agar (YMA), Glucose
Peptone Agar (GPA), Lactose agar medium, Hofer’s alkaline medium, and nitrogen-free
Burk medium, were obtained from HiMedia Laboratories Pvt. Ltd., Mumbai, India.

2.3. Molecular Identification and Characterization

Pure colonies of strain LT4 were collected into Eppendorf tubes for total genomic
DNA extraction using the GeneJET Genomic DNA Purification Kit of Thermo Scien-
tific™ (Thermo Fisher Scientific, Waltham, MA, USA). The 16S rDNA gene of the iso-
lated strains was amplified by PCR (Figure 1c), yielding an amplicon of approximately
1338 bp. The obtained nucleotide sequences were processed and analyzed using MEGA
software and subsequently compared with closely related sequences available in the Gen-
Bank database using the version of the BLAST software 2.16.x (NCBI BLAST). Strain LT4
was registered in GenBank under the accession number PX849686 on 14 January 2026
(https://www.ncbi.nlm.nih.gov/nuccore/PX849686) and showed 100% sequence identity
with reference sequences, allowing reliable species-level identification [22]. Phylogenetic
analysis further confirmed that the isolate clustered within the genus Peribacillus, corre-
sponding to Peribacillus simplex LT4 (Figure 2). Genomic DNA of the bacterial isolate was
extracted and the 16S rRNA gene was amplified using universal primers. The obtained
sequence was compared with reference sequences available in the NCBI GenBank database
using the BLAST algorithm to identify closely related taxa. Multiple sequence align-
ment was performed using ClustalW, and a phylogenetic tree was constructed using the
neighbor-joining (NJ) method implemented in MEGA software (version 11). The Kimura
two-parameter model was applied to estimate evolutionary distances. The robustness of
the phylogenetic tree topology was evaluated by bootstrap analysis with 1000 replicates,
and bootstrap values above 50% were indicated at the nodes. An appropriate outgroup
sequence was included to root the phylogenetic tree and provide evolutionary context.
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(a) (b) 

(c) (d) 

Figure 1. Morphological characteristics and functional traits of strain LT4: (a) colony morphology of
strain LT4 grown on a YMA medium; (b) cellular morphology observed under a light microscope
at 100× magnification; (c) agarose gel electrophoresis image showing the PCR-amplified 16S rDNA
fragment visualized using a Gel Documentation system; (d) ammonia production test of strain LT4 in
peptone-supplemented liquid medium.

Figure 2. Phylogenetic tree based on 16S rRNA gene sequences showing that Peribacillus simplex LT4
(V3) clustered with P. simplex NVC-CMB3 with 100% sequence similarity. Bootstrap values (%) are
shown at the nodes. Here, V3 represents the sample code of the isolate.

https://doi.org/10.3390/nitrogen7010028

https://doi.org/10.3390/nitrogen7010028


Nitrogen 2026, 7, 28 5 of 11

2.4. Characterization of Strain LT4

A colony of strain LT4 was purified and characterized using Gram staining, catalase
and oxidase assays, together with macroscopic and microscopic observations. Bacterial
growth behavior on YMA medium supplemented with bromothymol blue was also eval-
uated. In addition, the isolate was assessed for its tolerance to temperature and salinity
stresses, which are considered key criteria for selecting NRNFB strains with potential
applications in the rehabilitation of degraded soils.

2.5. Thermal, Salinity, and pH Tolerance of Strain LT4

Thermal tolerance of strain LT4 was assessed by streaking the isolate onto YMA plates
and incubating at temperatures ranging from 14 to 48 ◦C. Each temperature treatment
was performed in quadruplicate. Colony growth was observed and documented after
7 days of incubation [23]. Salinity tolerance was determined by culturing the strain on
YMA supplemented with NaCl concentrations of 0–4% (w/v). Plates were incubated at
28 ◦C with four independent replicates per treatment, and bacterial growth was recorded
after one week. For pH tolerance evaluation, YMA broth was adjusted to pH 4.5 (using
0.1 N HCl), 7.0, and 8.5 (using 0.1 N NaOH), and the pH values were confirmed with a
calibrated pH meter. Cultures were incubated at 28 ◦C, and growth was assessed after
7 days of incubation [24].

2.6. Ammonia Production, Nitrogenase Activity, and Nitrogen Accumulation

Ammonia production was qualitatively assessed by incubating the bacterial strain in
peptone water at 30 ◦C for 60–80 h, followed by detection of color development after the
addition of Nessler’s reagent [25]. Nitrogenase activity was determined using the acetylene
reduction assay as described by Van Chuong et al. [25]. Briefly, cells were pre-cultured
in YMA broth for 24 h, subsequently transferred to nitrogen-free medium, adjusted to an
optical density of OD600 = 0.8, and incubated at 30 ◦C under shaking conditions (160 rpm).
Uninoculated nitrogen-free medium was included as a negative control. For total nitrogen
determination, strain 153-1 was grown in nitrogen-free medium supplemented with 0.05%
malate at 30 ◦C. After centrifugation at 3000 rpm for 1 min, the supernatant was collected
and analyzed according to the protocol of Zhang et al. [26].

3. Results
3.1. Isolation and Characterization Identification

Samples were collected from the rhizosphere of baby maize plants in Cho Moi com-
mune, An Giang Province, Vietnam, during the vegetative growth stage. Root material
together with soil tightly adhering to the root surface was sampled from the rhizosphere,
a zone characterized by high microbial activity and intense interactions between plant
roots and microorganisms. After collecting, the samples were refrigerated and processed
within 24 h to preserve the native microbial community. From these samples, pure bacterial
isolates were obtained and designated as V1 to V10. Gram staining and morphological
characterization were subsequently performed, and the results are summarized in Table 1.
Based on preliminary physiological screening, particularly the ability of the isolates to
grow on nitrogen-free medium, these strains were considered potential nitrogen-fixing
bacteria. However, this classification should be interpreted with caution, as physiolog-
ical assays alone cannot definitively confirm atmospheric nitrogen fixation. Therefore,
additional molecular or functional analyses would be necessary to further validate their
nitrogen-fixing capability.
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Table 1. Identification of 10 RNFB colonies from baby maize roots.

Strains
Identity

(Rod Shape)
Gram

YMA
(Clear Pink)

YMA-BTB
(Yellow
Color)

GPA Hofer Agar Burk Agar Genus

V1 (+) (+) (+) (+) (−) (+) RNFB
V2 (+) (+) (+) (+) (−) (+) RNFB
V3 (+) (+) (+) (+) (−) (++) RNFB
V4 (+) (+) (+) (+) (−) (−) RNFB
V5 (+) (+) (+) (+) (−) (+) RNFB
V6 (+) (+) (+) (+) (−) (+) RNFB
V7 (+) (+) (+) (+) (−) (−) RNFB
V8 (+) (+) (+) (+) (−) (−) RNFB
V9 (+) (+) (+) (+) (−) (−) RNFB

V10 (+) (+) (+) (+) (−) (−) RNFB

Note: Gram-negative (−); (−): no reaction; (+): positive reaction; (++): strong reaction.

Based on the morphological, physiological, and biochemical characteristics presented
in Tables 1 and 2, Colony V3 exhibited the most prominent traits associated with nitrogen-
fixing potential among the ten NRNFB isolates. All strains were Gram-positive, rod-shaped,
and showed growth on YMA and YMA-BTB media, confirming their affiliation with the
NRNFB group. However, strain V3 distinctly showed strong positive reactions (++) on Burk
agar, a selective medium indicative of enhanced nitrogen fixation capability, whereas most
other strains exhibited weak or negative responses. In addition, V3 demonstrated superior
biochemical activity, displaying strong oxidase, catalase, urea hydrolysis, and citrate utiliza-
tion reactions (++), reflecting high metabolic versatility and enzymatic capacity. In contrast,
the remaining isolates mainly showed only moderate (+) responses. The combination
of strong nitrogen-fixation-related growth and robust biochemical performance suggests
that strain V3 possesses the highest functional potential, justifying its selection for further
detailed biochemical and molecular characterization.

Table 2. Biochemical tests of 10 NRNFB colonies.

Strains Oxidase Catalase Urea
Hydrolysis

Nitrate
Reduction

Citrate
Utilization

V1 (+) (+) (+) (−) (+)
V2 (+) (+) (+) (+) (+)
V3 (++) (++) (++) (−) (++)
V4 (+) (+) (+) (+) (+)
V5 (+) (+) (+) (+) (+)
V6 (+) (+) (+) (+) (+)
V7 (+) (+) (+) (+) (+)
V8 (+) (+) (+) (+) (+)
V9 (+) (+) (+) (+) (+)
V10 (+) (+) (+) (+) (−)

Note: (−): no reaction; (+); reaction and (++): strong reaction.

Table 3 demonstrates distinct differences in environmental tolerance among the ten
isolates. All strains (V1–V10) exhibited strong growth at 1–3% NaCl, indicating moderate
halotolerance; however, only strain V3 maintained vigorous growth at 4% NaCl, whereas
the remaining isolates showed reduced growth or complete inhibition at higher salinity
levels. Temperature assays revealed optimal proliferation at 37–40 ◦C for all strains, con-
firming their mesophilic nature. Although most isolates survived at 45 ◦C and 15 ◦C with
reduced growth, strains V5, V7, and V10 were unable to grow at 15 ◦C, suggesting narrower
thermal adaptability. Regarding pH tolerance, all strains performed optimally at pH 6.0–7.0,
while growth declined under alkaline conditions (pH 8.0) for most isolates. Notably, strain
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V3 sustained strong growth across the entire tested pH range (5.0–8.0). Collectively, these
findings highlight the superior physiological plasticity of strain V3, indicating its suitability
for application in environmentally variable agroecosystems.

Table 3. Tolerance of ten microbial strains (V1–V10) to vary NaCl concentrations (%), temperatures
(◦C), and pH levels.

Strains
Nacl (%) Temperature (◦C) pH

1 2 3 4 5 15 37 40 45 5.0 6.0 7.0 8.0

V1 ++ ++ ++ + − ++ ++ ++ + ++ ++ ++ +
V2 ++ ++ ++ + − ++ ++ ++ + ++ ++ ++ +
V3 ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++ ++ ++
V4 ++ ++ ++ + − ++ ++ ++ + ++ ++ ++ −
V5 ++ ++ ++ + − − ++ ++ + + ++ ++ −
V6 ++ ++ ++ + − ++ ++ ++ + ++ ++ ++ −
V7 ++ ++ ++ + − − ++ ++ + − ++ ++ −
V8 ++ ++ ++ + − + ++ ++ + + ++ ++ −
V9 ++ ++ ++ + + ++ ++ ++ + + ++ ++ −
V10 ++ ++ ++ + − − ++ ++ + − ++ ++ +

Note: (−): no reaction; (+); reaction and (++): strong reaction.

3.2. Functional Characterization of Nitrogen-Fixing Activity in Strain LT14

Phylogenetic analysis based on 16S rRNA gene sequences (Figure 2) conclusively
assigned strain P. simplex LT4 to the species P. simplex. The strain exhibited 100% sequence
similarity with P. simplex NVC-CMB3, exceeding the widely accepted threshold for species-
level discrimination. The inferred phylogenetic tree topology demonstrated strong nodal
support, with high bootstrap values confirming the robustness and statistical reliability
of evolutionary relationships. Strains LT4 and NVC-CMB3 formed a well-supported
subcluster with extremely short branch lengths, indicating negligible genetic divergence
and a very close evolutionary affiliation. In contrast, other closely related taxa within the
genus Peribacillus were clearly separated into distinct clades, highlighting interspecific
differentiation. Collectively, these molecular data provide compelling evidence for the
precise taxonomic placement of strain LT4 and substantiate its classification within a
stable and evolutionarily coherent P. simplex lineage, consistent with previously described
morphological and biochemical characteristics.

Nitrogenase activity and nitrogen concentration increased markedly with the extension
of incubation time (Table 4). At the early stage (8–16 h), nitrogenase activity remained
relatively low, ranging from 12.1 to 23.4 nmol C2H4 h−1 mL−1, accompanied by a modest
nitrogen concentration of 23.1–37.2 mg L−1. A sharp increase was observed after 30 h, when
nitrogenase activity reached 145 nmol C2H4 h−1 mL−1 and continued to rise to 207 nmol
C2H4 h−1 mL−1 at 72 h. A similar pattern was recorded for nitrogen concentration, which
increased to 234 mg L−1 at 72 h. Statistical analysis indicated significant differences
among incubation times (F-test **), demonstrating that prolonged incubation significantly
enhanced the nitrogen-fixing capacity of the bacterial strain.

Table 4. Temporal changes in nitrogenase activity and nitrogen concentration during bacterial incubation.

Inoculation Time
(h)

Nitrogenase Activity
(nmol C2H4 h−1 mL−1)

Nitrogen Concentration
(mg L−1)

8 12.1 ± 0.081 e 23.1 ± 0.353 e

16 23.4 ± 0.326 d 37.2 ± 0.439 d

30 145 ± 4.08 c 167.0 ± 1.63 c
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Table 4. Cont.

Inoculation Time
(h)

Nitrogenase Activity
(nmol C2H4 h−1 mL−1)

Nitrogen Concentration
(mg L−1)

60 178 ± 1.63 b 205.0 ± 4.08 b

72 207 ± 5.72 a 234.0 ± 3.27 a

F-test ** **
Note: Values represent the mean ± standard deviation (SD) of three biological replicates. Different lowercase
letters within each column indicate significant differences among incubation times according to the F-test (p ≤ 0.01).
** indicates highly significant differences at p ≤ 0.01. Nitrogenase activity was determined using the acetylene
reduction assay and expressed as nmol C2H4 h−1 mL−1.

4. Discussion
4.1. Isolation and Phenotypic Characterization of the Selected Isolates

The phenotypic, biochemical, and molecular analyses presented in Tables 1–3 col-
lectively provide strong evidence for the identification and functional characterization of
RNFB. Growth in Hofer medium, which maintains alkaline conditions, served as an initial
selective criterion. The ability of the isolates to proliferate under elevated pH suggests
physiological adaptability commonly associated with diazotrophic bacteria [27]. Colony
morphology on yeast mannitol agar (YMA) revealed uniform pink pigmentation among the
ten isolates, a characteristic frequently reported for Peribacillus simplex and related taxa, as
previously described by Somasegaran and Hoben (1985) [15]. The use of GPA-BCP medium
further confirmed culture purity and metabolic vigor. All isolates demonstrated strong
growth responses, whereas non-target genera have been reported to grow weakly under
similar conditions [28]. The decisive evidence for diazotrophic capacity was obtained from
growth on nitrogen-free Burk medium. The sustained development of all isolates under
nitrogen-limited conditions indicates active nitrogen fixation systems and justifies their
prioritization for subsequent functional and field evaluations [29,30]. Positive oxidase and
catalase reactions across strains are consistent with previously documented physiological
profiles of Peribacillus simplex LT4 [31], reflecting active aerobic respiration and the capacity
to mitigate oxidative stress. Variations observed in other biochemical traits likely represent
metabolic specialization shaped by environmental adaptation [32].

4.2. Functional Analysis of Nitrogen Fixation in Strain LT14

The metabolic characteristics shown in Table 2 provide important insights into the
physiological capabilities of the bacterial isolate. Nitrate reduction indicates the presence of
nitrate reductase enzymes involved in nitrogen transformation processes. This trait allows
bacteria to utilize nitrate as an alternative nitrogen source and maintain metabolic activity
under variable soil nitrogen conditions, which may enhance their ecological adaptability
and persistence in the rhizosphere [33]. In addition, citrate utilization reflects the metabolic
versatility of the isolate, enabling it to use organic acids as carbon sources. Organic
acids such as citrate are commonly found in root exudates, and the ability to metabolize
these compounds may improve bacterial colonization and survival in the rhizosphere [34].
Together, these metabolic traits suggest that the isolate possesses adaptive physiological
mechanisms that may indirectly support nitrogen-fixing efficiency and plant–microbe
interactions in soil environments [35].

Among the tested isolates, strain V3 exhibited superior physiological resilience. It
tolerated NaCl concentrations up to 4%, temperatures ranging from 15 to 45 ◦C, and pH
conditions between 5.0 and 8.0, maintaining consistent growth intensity. Such halotoler-
ance aligns with previous reports indicating that certain soil bacteria withstand 3–5% NaCl
through osmotic adjustment mechanisms [34]. Thermal tolerance up to 45 ◦C suggests
mesophilic robustness suitable for fluctuating agroecosystems. While most strains per-
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formed optimally at near-neutral pH, the ability of V3 to maintain growth at pH 8 indicates
enhanced stress-response regulation [35,36]. These adaptive traits increase their suitability
for application in saline or environmentally variable soils.

The subsequent decline in activity may be attributed to the oxygen sensitivity of the
nitrogenase complex and feedback regulation from accumulated nitrogenous compounds
in the culture medium [36,37]. The positive correlation between nitrogenase activity and
total nitrogen concentration confirms the efficient biological nitrogen fixation capacity of
strain LT4 [37,38]. Similar temporal patterns have also been reported in Peribacillus and
other members of the Bacillaceae used as biofertilizers [39,40]. The progressive increase in
nitrogenase activity and nitrogen accumulation indicates strong diazotrophic potential of
the strain during culture development (Table 4). Nitrogenase activity is closely associated
with the metabolic status of nitrogen-fixing bacteria and typically increases during the
exponential growth phase. The peak observed at 72 h demonstrates stable enzymatic
activity and efficient nitrogen fixation under the tested conditions. The high activity
(>200 nmol C2H4 h−1 mL−1) highlights the strain’s strong nitrogen-fixing capacity and its
potential as a bioinoculant to enhance soil nitrogen availability and reduce dependence on
chemical fertilizers in sustainable agriculture [41,42].

5. Conclusions
This study successfully isolated and characterized ten NRNFB colonies from baby

maize roots, among which strain V3, molecularly identified as P. simplex LT4, exhibited
notable physiological and functional characteristics. The strain demonstrated stable growth
on nitrogen-free Burk medium, positive oxidase and catalase activities, and tolerance to a
wide range of environmental conditions, including salinity (up to 4% NaCl), temperature
(15–45 ◦C), and pH (5.0–8.0). Phylogenetic analysis based on 16S rRNA gene sequences
showed 100% similarity with P. simplex strain LT4, supporting its taxonomic identification.
In addition, nitrogenase activity was highest during the exponential growth phase and
was positively associated with nitrogen accumulation, indicating its capacity for biological
nitrogen fixation. Although these results suggest that strain LT4 possesses promising
physiological traits and nitrogen-fixing potential, the present findings are based primarily
on laboratory-scale observations. Therefore, further studies, including greenhouse and
field evaluations, are required to comprehensively assess its effectiveness and practical
applicability as a biofertilizer for sustainable baby maize production.
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