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Abstract

Green gram is a valuable, fast-growing pulse crop widely grown in India during both the Kharif and
Summer seasons. Its strong connection with helpful soil microbes, especially endophytic bacteria,
plays an important role in boosting plant growth, nodule formation, and resilience to stress. In this
study, we examined how different endophytic bacteria from mungbean, used alone or in combination
with standard biofertilizers, affect plant performance in greenhouse conditions during summer
and Kharif. We tested 41 bacterial strains for their ability to promote plant growth and selected
four of the most promising: Beijerinckia fluminensis PM1219, Pseudomonas sp. PM1220, Bacillus
flexus PM1217, and Bacillus amyloliquefaciens PM1218. These were applied alone and in combination
with Rhizobium MB703 and the phosphate-solubilising bacteria (PSB) P36 to assess their effects
on mungbean growth. The results showed that using these bacteria together led to more nodules,
higher seed yield, and greater plant weight compared to not using them. The E13 + MB703 + PSB
(P36) combination gave the best results, with the highest numbers for nodules, seed yield, and plant
weight, especially during Kharif, likely because of the season’s favourable humidity and temperature.
Our findings suggest that using these beneficial bacteria, especially E13 with Rhizobium MB703 and
PSB P36, can help farmers grow healthier, more productive mungbean crops while reducing the need
for chemical fertilizers. The positive interactions between these microbes improved nutrient uptake
and plant growth. This research supports the use of more microbial solutions in sustainable farming
and encourages further field trials to test these benefits across different regions.
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INTRODUCTION

Mungbean (Vigna radiata) is an important
short-duration crop that completes its growth
cycle in about 60 days. It grows best in slightly
acidic, nutrient-rich, sandy loam soils with good
drainage and a pH between 6.3 and 7.2. In India,
mungbeans are widely grown during the Kharif,
Spring, and Summer seasons. Farmers use it for
intercropping, mixed cropping, and as a sole crop,
especially where irrigation is available. Mungbean
is known for its high levels of quality proteins,
minerals, and vitamins, making it a staple food
for many people in the Indian subcontinent.? Like
other plants, mungbeans form partnerships with
microorganisms to thrive in their environment.
Plant growth-promoting bacteria support plant
growth and help plants better withstand various
stresses that can affect development.?

Endophytic bacteria are a special group
that live inside plant tissues without causing harm.
Unlike rhizospheric bacteria, endophytes confer
significant benefits to their host plants, especially
under stress. These bacteria, which are a type
of plant growth-promoting rhizobacteria, can
greatly increase crop productivity.>* They possess
several beneficial traits, including phosphate
solubilization, nitrogen fixation, ACC deaminase
activity, antifungal effects, auxin (IAA) production,
and siderophore biosynthesis.>®

Researchers have studied how endophytic
bacteria can boost crop productivity across
different environments, including greenhouses,
fields, and labs. However, there is still a need to
understand how these bacteria affect mungbean
during different seasons, especially in pot-house
conditions that mimic Summer and Kharif.
This study examines whether new multi-trait
endophytic bacteria from mungbean are effective
in pot-house conditions across both seasons.
Learning how these bacteria influence mungbean
growth and yield could support sustainable
agriculture by reducing the need for chemical
inputs and providing farmers with a practical
solution across different regions.

MATERIALS AND METHODS

Isolation, screening, and characterisation of
bacterial endophytes

Forty-one bacterial endophytes were
isolated from surface-sterilised root nodules
of mungbean. They were screened for various
PGP traits: HCN production, ACC utilisation,
potassium solubilisation.” The top four isolates
(E6, E13, E14, and E17) were selected for their
strong performance. These were characterised
with biochemical tests and 16S rRNA sequencing.
These isolates were identified as Beijerinckia
fluminensis strain PM1219, Pseudomonas
sp. strain PM1220, Bacillus flexus strain PM1217,
and Bacillus amyloliquefaciens strain PM1218.81°

Assessment of selected endophytes in pot house
in summer and Kharif seasons

Endophytic cultures were inoculated to
mungbean seeds individually and in combination
with standard biofertilizer cultures MB-703
(Rhizobium) and P36 (phosphate solubiliser). The
selected endophytic isolates were evaluated for
their impact on mungbean growth in pot culture.
Soil from a dry land area at Chaudhary Charan
Singh Haryana Agricultural University, Hisar, was
collected and analysed for total organic carbon.!
Five kilograms of soil were added to earthen pots.
Diammonium phosphate (DAP) was applied at a
rate of 35 kg/acre.

Mungbean variety MH-421 seeds were
surface-sterilised. Inoculum (1 ml, 10® cells/ml)
of bacterial cultures was applied individually and
in combination with the standard biofertilizer
cultures MB-703 (Rhizobium) and P36 (phosphate
solubiliser). Controls included an absolute
control without any inoculation (T1), addition
of RDF (T2), Rhizobium strain (T3), phosphate-
solubilising bacterium (PSB) strain P36 (T4), and a
combination of Rhizobium strain MB-703 and PSB
strain P36 (T5). Treatments ranged from individual
endophytes (T6, T8) to various combinations (T7,
T9).
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Inclusion criteria for the experiment under pot
house conditions
Nodule characteristics

At 50% flowering, plants were uprooted.
Nodules were carefully counted and weighed after
washing to determine both fresh and dry weights.

Plant characteristics

Plant dry weight (shoot + root) was
measured at 50% flowering and at harvest. The
number of seeds, pod number, and seed yield per
plant were calculated at maturity.

Uptake of nutrients

Phosphorus (P) and nitrogen (N) uptake
by mungbean plants were determined at harvest
using standard methods.***

These observations aimed to measure
how endophytic bacteria affect important growth
factors and nutrient uptake in mungbean grown
in controlled pot-house conditions that simulate
the Summer and Kharif seasons.

Data analysis

GraphPad Prism version 8 software was
used to analyse the study data. The significance
of differences among treatments was assessed
using a one-way analysis of variance (ANOVA).
This included parameters like nodulation, pod
and seed production, seed yield, and plant
biomass accumulation. For post hoc analysis,
a multiple-comparison test using Bonferroni’s
method identified significant differences between
treatments. All data were statistically analysed
at the 95% confidence level (P < 0.05). Data are
presented as mean * standard deviation (SD)
based on three replicates per treatment.

RESULTS

The study examined how different
bacterial inoculations affected mungbean
productivity during the summer and Kharif seasons
under greenhouse conditions. The results showed
clear differences between seasons and treatments
in nodulation, pod and seed production, seed
yield, and plant biomass (Tables 1 and 2).

Nodulation parameters

The best-performing treatments in both
seasons were E13 + MB703 + PSB (P36) and E13
+ MB703, which consistently showed the highest
nodulation. In Kharif, E13 + MB703 + PSB (P36)
recorded the maximum nodule number (52.00
+ 1.00), which was significantly higher than in
summer (43.67 + 1.53). Similarly, nodule fresh
weight was highest in Kharif (0.36 + 0.00 g/plant),
compared to summer (0.11 + 0.002 g/plant).
Nodule dry weight followed the same pattern,
with E13 + MB703 + PSB (P36) showing 0.18 +
0.00 g/plant in Kharif and 0.05 + 0.001 g/plant in
summer. The uninoculated control always had the
lowest nodulation in both seasons (Figures 1 a,b
and 2 a,b).

Pod and seed production

Pod and seed production were both
higher in Kharif than in summer. The highest
number of pods per plant was recorded in E13
+ MB703 + PSB (P36) (25.67 + 0.58 in Kharif
and 19.00 + 1.00 in summer). The second-best
treatment, E13 + MB703, recorded 18.00 + 1.00
pods in Kharif and 14.33 + 0.58 in summer. The
highest seed number per plant was also in E13 +
MB703 + PSB (P36) (176.33 £ 0.58 in Kharif, 119.00
+ 1.00 in summer), followed by E13 + MB703
(89.67 £ 0.58 in summer, 139.00 % 1.00 in Kharif)
(Figures 1 b,c and 2 b,c and Tables 1 and 2). The
lowest pod and seed numbers appeared in the
uninoculated control.

Seed yield and plant biomass

The highest seed yield came from E13 +
MB703 + PSB (P36) (3.82 = 0.00 g/plant in Kharif,
2.49 £ 0.01 g/plant in summer). The next highest
was E13 + MB703 (3.48 + 0.01 g/plant in Kharif,
2.10+0.001 g/plantin summer). The uninoculated
control had the lowest yield in both seasons (1.00
+ 0.00 g/plant in Kharif, 0.71 + 0.001 g/plant in
summer) (Figures 1 b,c and 2 b,c).

Plant dry weight at 30 days was highest
in E13 + MB703 + PSB (P36) (2.00 £ 0.00 g/plant in
Kharif, 1.00 £ 0.001 g/plant in summer). At harvest,
the same treatment recorded the maximum plant
dry weight (3.97 = 0.00 g/plant in Kharif, 3.07
+ 0.001 g/plant in summer). The uninoculated
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Figure 1. Effect of coinoculation with endophyte and standard biofertilizers (MB703 and P36) on nodulation (a, b),
pod and seed production, seed yield, and plant dry weight of mungbean (c) under pot culture conditions during
the summer season
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Figure 2. Effect of coinoculation with endophyte and standard biofertilizers (MB703 and P36) on nodulation (a, b),
pod and seed production, seed yield, and plant dry weight (c) of mungbean under pot culture conditions during

the kharif season
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control consistently had the lowest dry weight
(Figures 1c and 2c).

Overall comparison

E13 + MB703 + PSB (P36) and E13
+ MB703 were the top treatments in both
seasons, performing much better than the
others. Productivity was higher during the Kharif
season across all measures, likely due to better
environmental conditions. These results show
the promise of biofertilizers, especially the E13
+ MB703 + PSB (P36) combination, for improving
mungbean growth and yield (Figures 1 a,b,c and
2 a,b,c).

DISCUSSION

Microbial inoculation plays a crucial part
in long-term growth, as highlighted by Hassen et
al.*® In this study, four promising non-rhizobial
endophytic isolates (E17, E14, E13 and E6)
exhibiting multiple PGP traits were selected.'
Inoculation with these bacterial isolates has
resulted in significant increases in various growth
parameters and yield attributes of mungbean
during both Kharif and summer seasons under
greenhouse conditions.®* Notably, nodulation
efficiency and seed yield were significantly
enhanced when non-rhizobial endophyte E13, with
multiple plant growth-promoting traits, was co-
inoculated with Rhizobium MB703 and phosphate
biofertilizer P36.2° These findings align with those
of Hu et al.,! who demonstrated the positive
impact of endophytic strains on nodulation,
nodule weight, grain yield, and nutrient uptake,
particularly nitrogen and phosphorus.

The superior performance of the E13 +
MB703 + PSB (P36) treatment in both seasons,
compared to other inoculation strategies,
emphasises the synergistic effects of bacterial co-
inoculation.?? Coinoculation significantly improved
the number and weight of nodules, seed vyield,
and biomass accumulation, reinforcing the role of
biofertilizers in enhancing plant productivity.*2*
The highest seed yield recorded in Kharif (3.82 +
0.00 g/plant) and summer (2.49 + 0.01 g/plant)
under E13 + MB703 + PSB (P36) indicates that the
co-inoculation strategy is beneficial across varying
climatic conditions.

Endophyte E13 showed higher plant
dry weight across multiple growth stages,
underscoring its potential to enhance overall
biomass production in mungbean. Coinoculation
with Rhizobium MB703 and phosphate solubiliser
P36 resulted in maximum plant dry weight,
nitrogen, and phosphorus uptake after harvest,
supporting findings from previous studies,*-®
which highlighted the beneficial effects of
microbial consortia on plant growth and nutrient
assimilation.

Interestingly, the study observed
seasonal variations in the effectiveness of
microbial inoculations.?” During the Kharif season,
nodulation, plant dry weight, seed yield, and
nutrient uptake were significantly superior to
those in the summer season. This observation
aligns with Aguilar et al.?® and Biyani*, who
attributed the improved performance of Kharif
mungbean to favourable climatic conditions,
reduced abiotic stress, and enhanced survival
of bioinoculants. These seasonal differences
underscore the importance of optimising microbial
inoculant formulations and application strategies
to match environmental conditions.

CONCLUSION

This study shows that endophytic bacteria
can be effective biofertilizers for improving
mungbean productivity in seasonal pot-house
cultivation. Of all the treatments tested, E13 +
MB703 + PSB (P36) and E13 + MB703 were the
most successful at increasing nodulation, pod and
seed production, seed yield, and biomass. These
findings support the value of using microbial
consortia in sustainable agriculture. Mungbean
plants treated with E13 + MB703 + PSB (P36)
consistently had higher yields in both summer
and Kharif seasons. The better results in Kharif
suggest that environmental factors affect how well
microbial inoculations work, highlighting the need
to adapt strategies to the season. The combined
effects of rhizobial, non-rhizobial, and phosphate-
solubilising bacteria in this study suggest the
potential to develop highly efficient biofertilizers.
More field trials are needed to test these microbial
consortia in real-world farming and to check their
long-term benefits.
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