Current Applied Science and Technology e-ISSN: 2586-9396

Curr. Appl. Sci. Technal. ..... , Vol... (No...), e0267431

Research article

Impact of Phosphorus and Rhizobium on Mungbean Seed
Yield and Nodulation

Joysree Pual Tandra', Papon Chandra Paul?, Md. Rasheduzzaman®*,
Md. Rashedur Rahman* and Md. Ekram ul Haque®

'Bangladesh Agricultural University, Mymemsimgh-2202, Bangladesh
2Shahjalal University of Science and Technology, Sylhet-3100, Bangladesh
3Agricultural Economics Division, Regional Agricultural Research Station, Bangladesh
Agricultural Research Institute, Moulvibazar-3210, Bangladesh
4Department of Agronomy, Bangladesh Agricultural University, Mymemsimgh-2202,
Bangladesh
5Soil Science Division, Bangladesh Institute of Nuclear Agriculture, Mymensingh-2202,
Bangladesh

Received: 29 April 2025, Revised: 16 February 2026, Accepted: 16 February 2026, Published: 14 May 2026
Abstract

Mungbean plays a crucial role as a rotational crop, enhancing soil fertility and contributing
to sustainable nutrient management. The integration of biofertilizers further supports
environmentally friendly and sustainable farming practices. To investigate the combined
influence of Rhizobium inoculation and phosphorus fertilization on the yield of mungbean
(cv. Binamoog-8), an experiment was conducted at the Agronomy Field Laboratory,
Bangladesh Agricultural University, Mymensingh, from October 2023 to February 2024.
The study was designed as a split-plot with three replications. Rhizobium inoculation (two
levels: without inoculation and with inoculation) was assigned to the main plots, while
phosphorus levels (five levels: 0, 10, 15, 20, and 25 kg P ha') were allocated to the
subplots. Seeds were pre-treated with molasses and subsequently coated with microbial
(Rhizobium) fertilizer before sowing. The findings showed that the application of
Rhizobium inoculation and 20 kg of phosphorus ha' enhanced the growth parameters
(plant height, number of branches plant' at 60 DAS and number of nodules plant' at 45
DAS) and the yield parameters of mungbean (number of seeds pod-', pod length, 1000
seeds weight, seed yield, stover yield, biological yield, and harvest index). The results of
interaction effect revealed that the combined application of Rhizobium inoculation and 20
kg of phosphorus ha-'improved the growth parameters (plant height, number of branches
plant' at 60 DAS and number of nodules plant' at 45 DAS) and the yield parameters of
the crop (pod length, 1000 seeds weight, seed yield). The soil quality was also improved
by the combined application of Rhizobium and phosphorus. The result showed an
effective improvement of soil pH, organic matter, soil nitrogen, sulfur, potassium, and
phosphorus from the combination of Rhizobium inoculation and 20 kg of phosphorus ha-!
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application. Thus, the use of Rhizobium inoculation and 20 kg of phosphorus ha' in
mungbean cultivation is recommended in order to obtain the maximum seed output.
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1. Introduction

Mungbean (Vigna radiata) is a prominent pulse crop which is also known as green gram.
It encompasses around 7.3 million hectares of cultivable areas worldwide, mostly in
South Asia (Nair et al., 2020). The demand for this crop is increasing globally, driven by
its nutritional benefits and versatility in various culinary applications. This pulse crop is
particularly favored in developing countries, where it serves as a significant protein
source and fits well into diverse cropping systems (Kumar et al., 2022). Due to its short
duration crop cycle, mungbean has been easily adopted into the agro-ecosystem of
Bangladesh during Kharif and Rabi seasons. It can be planted as an intercrop or used as
a rotational crop and cash crop due to its quick growth and early maturity. However,
because of biotic and abiotic restrictions, the yields of mungbean in Bangladesh are
significantly lower than those in other nations (Nair et al., 2020).

In Bangladesh, mungbean output has changed significantly in recent years. The
area and production in 2017-18 were 93 thousand acres and 34 thousand metric tons
respectively, whereas it increased in 2022-23 to 113 thousand acres and 46 thousand
metric tons respectively (BBS, 2023). Therefore, about 11.35% of yield rate increases in
recent times of mungbean production in Bangladesh. There is a huge possibility of
extension of this pulse crop and to ensure food security for poor people by utilizing the
protein requirement at lower budget. However, due to inadequate agricultural methods
and nutritional imbalance, Bangladesh only produces 0.65 million tons of pulses
compared to a requirement of 2.7 million tons, indicating a greater potential for
mungbean growth (Hasan et al., 2023). Consequently, in order to increase mungbean
production, farmers must concentrate on nodulation and seed yield. The nodulation rate
is very low in most of the mungbean growing areas of Bangladesh due to several
interrelated factors, including soil nutrient levels, environmental conditions, and the
effectiveness of rhizobial inoculation (Hussain et al., 2014). Understanding these factors
is crucial to study their effect for improving the yield and environment.

Mungbean is a leguminous crop; it forms a symbiotic relationship with Rhizobium
bacteria in its root nodules, allowing it to fix atmospheric nitrogen. This significantly
reduces its reliance on external nitrogen fertilization. Therefore, Rhizobium culture
inoculation is an extremely economical and cost-effective way of nitrogen fertilization for
legumes. Because of atmospheric nitrogen fixation, the demand for nitrogen in legume
crops is lower than that for phosphorus (40-60 kg P20s) (Rani et al., 2016). In addition to
improving grain quality, phosphorus increases the productivity of both the primary crops
and following crops. It is recommended to apply 20-40 kg K20 ha! of potassium from the
muriate of potash source (Islam et al., 2024), which can enhance grain filling and seed
quality (Kundu et al., 2025). However, recent research highlighted that the combined
effects of phosphorus and Rhizobium inoculation had a synergistic effect on legume
output and soil fertility (beneficial for subsequent crops), lowered greenhouse gas
emissions, and was environmentally beneficial (Hannan et al., 2022; Ghafoor et al., 2023;
Islam et al., 2024). The recent scientific community has acknowledged the importance of
the interaction of phosphorus and Rhizobium for mungbean seed yield and nodulation
(Ma & Chen, 2021; Hannan et al., 2022; Ghafoor et al., 2023).
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The use of biofertilizer is necessary for the conversion of atmospheric nitrogen
into a form that is readily absorbed by plants. It can improve nitrogen fixation and
nodulation, solubilize insoluble phosphorus sources, promote plant growth, and speed up
the breakdown of plant waste (Bam et al., 2022). It is eco-friendly, cost-effective, and
environmentally sustainable contributing to the cause of sustainable agriculture. It also
lessens reliance on chemical fertilizers (Sood et al., 2023). Chemical fertilizers enhance
environment pollution and decrease the yield performance (Seleiman et al., 2020).
Recently, several organisms including Rhizobium and Bradyrhizobium are being used in
legume crops for producing atmospheric nitrogen fixation through symbiosis. Rhizobia
are essential for crop yield because biological nitrogen fixation is the process that
converts elemental N2 into ammonia (Htwe et al., 2018). Bradyrhizobium is a typical
agronomic inoculant used to enhance plant nodulation and nitrogen fixation (Gough et al.,
2021). The Bangladesh Institute of Nuclear Agriculture (BINA) identified many
Rhizobium/Bradyrhizobium strains for pulse crops (particularly mungbean) as a substitute
for nitrogenous fertilizers to meet the demand and save cost. Rhizobium inoculation of
mungbean was able to fix 20-40 kg nitrogen ha' (Tena et al., 2016).

In contrast, phosphorus is a component of deoxyribonucleic acid (DNA), which is
the genetic material found in all living things, and plants use adenosine triphosphate
(ATP) as their energy currency (Dissanayaka et al., 2021). Mungbean, as a legume crop,
needs more balanced forms of mineral nutrients, particularly phosphorus, when
compared to other nutrients like potassium and nitrogen (Dubey et al., 2018). Without the
right phosphorus delivery, rhizobial activity and nitrogen fixation are reduced. In order to
increase phosphorus's efficiency, biofertilizer converts insoluble phosphorus into forms
that are readily available. Phosphorus forms that are unavailable to plants can be
dissolved by microorganisms such as plant growth promoting rhizobacteria (PGPR) (Alori
et al., 2017). This microbial activity enhances nitrogen intake by encouraging nodulation
and root growth. Rhizobium inoculant and phosphorus fertilizer usage affected legume
crop nodulation and nitrogen fixation (Alene et al., 2021). Phosphorus frequently forms
compounds that plants cannot use as it binds firmly to elements like Ca, Fe, and Al,
among others. The administration of phosphorus and Rhizobium inoculant together were
shown to enhance plant height, total number of pods, number of grains pod-, and
number of nodules plant! (Arif et al., 2014). Mungbean is a very important pulse crop, but
its productivity is low in the tropical and subtropical regions. The main objective of this
research is to increase productivity and decrease reliance on synthetic chemicals by the
use of Rhizobium. Although several studies have been conducted in recent years, soil
nutrient levels continue to decline and vary greatly across agro-ecological zones.
Through this research, soil conditions and appropriate nutrient dosages were assessed.
The available Rhizobium strains are often scarce and difficult to preserve, which makes it
difficult for farmers to successfully use this biofertilizer due to a lack of understanding.
Subsequently, the use of this biofertilizer in crops can lower fertilizer costs and lessen
reliance on chemical fertilizers. Although controlled pot experiments using Rhizobium
have often shown better results than field-level experiments, farmers are unable to
achieve the same yield in the field. Even though several studies have examined changes
in soil characteristics before and after fertilizer application, limited research has been
focused on the combined effects of phosphorus and Rhizobium inoculation on soil
properties under mungbean cultivation in this region. This experiment was also aimed at
improving the soil nutrient level, with analysis of the soil parameters following the
combination application. Thus, the current study was conducted to determine the effects
of the optimal phosphorus and Rhizobium inoculant combination on nodulation, yield, and
yield-contributing characteristics of Bangladeshi mungbean production.
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2. Materials and Methods

2.1 Explanation of the experiment site and agro-climatic condition

The field experiment was carried out throughout the Rabi season, from October 2023 to
February 2024, at the Agronomy Field Laboratory, Bangladesh Agricultural University,
Mymensingh. The experimental field, located at 24.75° N latitude and 90.5° E longitude,
is 18 meters above sea level and forms part of the Old Brahmaputra Sedimentary
Floodplain (AEZ-9). The land is of medium height, and the soil was a silty loam, well-
drained, and had a low fertility level. The soil at this location is classified as non-
calcareous dark-grey floodplain soil. The experimental site experiences a subtropical
climate during the Kharif season (April to September), characterized by high
temperatures, high humidity, and substantial rainfall. Conversely, from October to March,
the study area experiences little rainfall and relatively low temperatures.

2.2 Experimental design and treatments

Three replications and a split plot design were used for the experiment, with phosphorus
being spread in subplots and Rhizobium in main plots. Every replication served as an
experimental block. The experiment was laid out in thirty plots. The experimental design
combined Factor A: Biofertilizer (two levels) with Factor B: Phosphorus (five levels), three
replications, resulting in a 2 x 5 x 3 factorial arrangement. Each unit plot had a net size of
10 m? (4 m x 2.5 m). Mungbean seeds were sown at a recommended rate of 25 kg ha-l.
Prior to sowing, the seeds underwent a two-step coating process. First, seeds were
placed in a polythene bag and mixed with 25 grams of molasses per kilogram of seed to
achieve a reddish-brown coating. Subsequently, 50 g of microbial (Rhizobium) fertilizer
were mixed with one kilogram of these molasses-coated seeds, which resulted in a
distinct black coating. Sowing was conducted in the early morning (before 9:00 AM).

Two factors were included in the study (A) biofertilizer and (B) phosphorus level.

Factor A: Biofertilizer (Rhizobium inoculation): without Rhizobium inoculation (Ro)
and with Rhizobium inoculation (R1).

Factor B: Fertilizer with phosphorus: five different phosphorus levels were used
from DAP fertilizer: No phosphorus (Po); 10 kg P ha' (P1); 15 kg P ha' (P2); 20 kg P ha"
(P3); and 25 kg P ha'' (P4).

2.3 Collection of Rhizobium and planting materials

The experimental crop used in this study was a high-yielding mungbean cultivar: Bina
moog-8, which was developed by the Bangladesh Institute of Nuclear Agriculture (BINA).
This mungbean cultivar can be grown in Bangladeshi pulse-growing regions and it is
resistant to Cercospora leaf spot and yellow mosaic virus. Bradyrhizobium (a subgroup of
Rhizobium) strain BAUR-604 obtained from BINA's Soil Microbiology Laboratory in
Mymensingh was used for the mungbean production.

2.4 Experimental land and layout preparation
In order to attain the medium tilth needed for the crop, the experimental plot was first

opened on October 16, 2023, using a power ftiller. It was then ploughed twice using a
country plough and laddering. The field was eventually prepared on October 18, 2023,
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using a country plough and laddering. The furrows were covered with soil shortly after the
seeds were planted on October 17, 2023. Plant-to-plant distance was 7 cm, line-to-line
distance was 30 cm, and replication-to-replication was 1 m. A recommended seed rate of
25 kg ha' was used to determine the amount of seed needed for each plot. Plots were
treated by applying a specific rate of biofertilizer and phosphorus level. Triple super
phosphate (TSP), muriate of potash (MOP), and gypsum were all treated at rates of 40
kg ha'', 35 kg ha™', and 45 kg ha', respectively.

2.5 Crop husbandry

At 15 and 30 days after sowing (DAS), weeding and thinning were carried out. Since
there were no signs of moisture stress during the trial, no irrigation was administered. At
50% pod formation stage, Malathion 57EC g 1.5 L ha' was applied to effectively control
aphids and pod borers.

2.6 Observation, data collection, and analysis

Five randomly chosen plants from each plot were uprooted prior to harvesting in order to
collect data. The remaining plants were harvested in plots, wrapped separately, marked,
and transported to the Agronomy Field Laboratory's threshing floor. A variety of data
were recorded, including growth data (plant height, number of branches, number of
leaves, number of nodules, and shoot and root dry weight at 30, 45, and 60 DAS) and
yield data (number of filled and unfilled pods per plant, length of the pod, weight of 1000
seeds, number of seeds/pod, seed yield, stover yield, biological yield, harvest index). The
yield data were collected on February 8, 2024. Soil samples were analyzed at the Soil
Science Laboratory of the Bangladesh Institute of Nuclear Agriculture (BINA) to
determine key chemical properties. Soil pH was measured with a glass electrode pH
meter in a 1:2.5 soil-water suspension. Organic carbon content was determined following
the Walkley—Black wet oxidation method. Total nitrogen was analyzed by the Kjeldahl
digestion method. Available phosphorus was extracted and determined using the Olsen
method, suitable for neutral soils. Exchangeable potassium was measured by flame
photometry after extraction with 1 N ammonium acetate, and available sulfur was
determined by the turbidimetric method using calcium dihydrogen phosphate extraction.
Finally, using the MSTAT-C package program, a statistical analysis was conducted on
the collected data based on a number of criteria to determine the level of significance.
Duncan's Multiple Range Test was used to compare the mean differences (DMRT)
(Gomez & Gomez, 1984).

3. Results and Discussion
3.1 Results
3.1.1 Effect of Rhizobium and phosphorus on growth parameters
The phosphorus level and Rhizobium inoculation had a substantial impact on the growth
indicators, which included plant height, number of branches, and number of nodules per
plant. At 60 DAS, the tallest plant height with Rhizobium inoculation was 65.38 cm, while

the plant height without Rhizobium inoculation was the shortest (58.02 cm) (Table 1).
Similarly, phosphorus application at 20 kg P ha' resulted in the tallest plant height (64.39
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cm), while the absence of phosphorus at 60 DAS led to the lowest plant height (57.89
cm) at 60 days (Table 1). Furthermore, the maximum number of branches was 5.4 with
Rhizobium inoculation, and the minimum number was 3.8 without Rhizobium inoculation
at 60 DAS. No branches were produced at 30 and 45 DAS (Table 2). When 20 and 25 kg
P ha' of phosphorus were applied at 60 DAS, the greatest number of branches per plant
(5.17) was observed (Table 2). In the case of nodules, maximum numbers (50.20) were
produced with Rhizobium inoculation, and lower numbers (29.00) were produced without
Rhizobium inoculation at 45 DAS (Table 3). Again, the highest number of nodules was
produced (46.17) from 20 kg P ha"' application at 45 DAS (Table 3). After 45 DAS, the
number of nodules gradually declined.

Table 1. Effect of Rhizobium inoculation and phosphorus level on plant height of
mungbean at different DAS

Rhizobium Plant Height (cm)
Inoculation 30 DAS 45 DAS 60 DAS
Ro 31.33° 52.31° 58.02°
R1 32.38¢ 59.492 65.382
Level of significance > ** **
CV (%) 6.12 7.06 6.83
Phosphorus level
P+ 31.22° 52.89¢ 57.89¢
P2 31.5620 53.28¢ 60.50¢
Ps 32.232 55.45P 61.78%¢
P4 32.0020 58.952 64.392
Ps 32.282 58.952 63.9520
Level of significance * > >
CV (%) 6.12 7.06 6.83

Notes: Means with the same letters within the same column do not differ significantly. **
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1
with Rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha', P3 = 15 kg P ha'', P4
=20 kg P ha', Ps = 25 kg P ha'.

3.1.2 Interaction effects of Rhizobium and phosphorus on the growth parameters

Rhizobium and phosphorus had an equally substantial interaction effect on plant height,
number of branches per plant, and number of nodules per plant. At 60 DAS, the plants
treated with Rhizobium inoculation and 20 kg ha' phosphorus application had the tallest
plant height (70.56 cm), while the plant treated with neither had the lowest plant height
(56.56 cm) (Table 4). Additionally, 20 kg ha' of phosphorus and Rhizobium were applied
at 60 DAS, resulting in the highest number of branches per plant (6.33) (Table 5). At 45
DAS, the combination of Rhizobium and 20 kg ha' phosphorus application produced the
most nodules per plant (58.33), while the combination of Rhizobium and no phosphorus
application produced the fewest (20.33) nodules per plant (Table 6).
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Table 2. Effect of Rhizobium inoculation and phosphorus level on number of branches
plant of mungbean at 60 DAS

Rhizobium Inoculation Number of Branches Plant’!
60 DAS
Ro 3.8°
R 5.42
Level of significance >
CV (%) 10.68
Phosphorus level
P+ 3.83¢
P2 4.500
Ps 4.33bc
P4 5.172
Ps 5.172
Level of significance **
CV (%) 10.68

Notes: No branches were produced at 30 and 45 DAS. Means with the same letters
within the same column do not differ significantly. ** = Significant at 1% level of
probability. Ro = without Rhizobium inoculation (control), R1 = with Rhizobium inoculation,
P1 = No phosphorus, P2 = 10 kg P ha'!, P3 = 15 kg P ha"', P4 = 20 kg P ha"!, Ps = 25 kg P
ha'.

Table 3. Effect of Rhizobium inoculation and phosphorus on number of nodules plant' of
mungbean at different DAS

Rhizobium Number of Nodules Plant™!
Inoculation 30 DAS 45 DAS 60 DAS
Ro 14.60° 29.00° 14.87°
R4 32.072 50.202 25.932
Level of significance > > >
CV (%) 9.53 8.23 9.88
Phosphorus level
P 16.83 30.50¢ 16.33¢
P2 19.500 36.33 18.83¢
P3 24.832 40.17¢bec 20.67bc
P4 28.172 46.172 24.672
Ps 27.332 44.832b 21.50b

*%* *% *%*

Level of significance
CV (%) 9.53 8.23 9.88

Notes: Means with the same letters within the same column do not differ significantly. **
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1
with Rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha', P3 = 15 kg P ha™', P4
=20 kg P ha', Ps = 25 kg P ha'.
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Table 4. Interaction effect of Rhizobium inoculation and phosphorus levels on mungbean
plant height at various DAS

Rhizobium Inoculation Plant Height (cm)
X

Phosphorus Level 30 DAS 45 DAS 60 DAS
RoP: 30.78¢ 50.22f 56.56¢
RoP2 31.45¢ 49.45¢ 58.78¢d
RoP3 31.67°4 52.56¢f 57.78¢
RoP, 30.78¢ 54.23de 58.22¢
RoPs 32.00pc 55.11¢ce 58.78de
R1P 31.670 55.56b-d 59.22de
R,P; 31.67°4 57.11bc 62.23c
R;P3 32.7820 58.34° 65.78b¢
R,P. 33.222 63.672 70.562
R1Ps 32.56a-c 62.782 69.11%

Level of significance * * **

CV (%) 6.12 7.06 6.83

Notes: Means with the same letters within the same column do not differ significantly. ** =
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1 =
with Rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha', P3 = 15 kg P ha™', P4
=20 kg P ha', Ps =25 kg P ha™'.

Table 5. Interaction effects of Rhizobium inoculation and phosphorus levels on number of
branches plant! of mungbean at 60 DAS

Rhizobium Inoculation Number of Branches Plant"’
X
Phosphorus Level 60 DAS
RoP1 3.33f
RoP, 3.67¢f
RoP3 3.33f
RoP4 4.009f
RoPs 4.67¢<
R.P, 4,33de
R.P, 5.33bc
R.P; 5.33bc
R:P, 6.332
R:Ps 5.672b
Level of significance *
CV (%) 10.68

Notes: No branches were produced at 30 and 45 DAS. Means with the same letters
within the same column do not differ significantly. ** = Significant at 1% level of
probability. Ro = without Rhizobium inoculation (control), R1 = with Rhizobium inoculation,
P1 = No phosphorus, P2 = 10 kg P ha', P3 = 15 kg P ha', P4 = 20 kg P ha', Ps = 25 kg P
ha.
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Table 6. Interaction effects of Rhizobium inoculation and phosphorus levels on number of
nodules plant-' of mungbean at different DAS

Rhizobium Number of Nodules Plant"
Inoculation
x
Phosphorus Level 30 DAS 45 DAS 60 DAS
RoP; 10.33¢ 20.33f 11.67f
RoP> 10.33¢ 28.00¢f 14.00¢
RoP3 14.00% 30.00¢ 16.67¢
RoP4 18.00¢%d 31.33¢ 16.33¢°
RoPs 20.33°¢ 35.33% 15.67¢
R;P; 23.33b¢ 40.67¢ 21.00¢
R;P, 28.67° 44.67°° 23.67«
R;Ps 35.672 50.33% 24.67%°
RiP4 36.672 58.332 33.00°
R;Ps 36.002 57.002 27.33°
Level of significance * * *
CV (%) 9.53 8.23 9.88

Notes: Means with the same letters within the same column do not differ significantly. **
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1
with Rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha', P3 = 15 kg P ha™', P4
=20 kg P ha', Ps = 25 kg P ha'.

3.1.3 Effect of Rhizobium and phosphorus on yield parameters

In this study, the rhizobium and phosphorus levels had a substantial impact on the
number of filled and unfilled pods. Rhizobium inoculation produced the greatest number
of full pods (10.27), while rhizobium-free conditions produced the greatest number of
unfilled pods. The greatest number of full pods (12.17) was generated at a phosphorus
level of 20 kg  ha™'. Rhizobium inoculation produced the highest pod length (7.41 cm),
number of seeds pod-' (11.17), 1000-seed weight (36.06 g), and seed yield (1.30 t ha'")
(Table 7 and Figure 1). In contrast, 20 kg ha' phosphorus application produced the
highest pod length (7.41 cm), number of seeds pod-! (10.60), 1000-seed weight (33.89
g), and seed yield (1.43 t ha') (Table 7 and Figure 1).

3.1.4 Interaction effect of Rhizobium and phosphorus on the yield parameters

The combination of Rhizobium and 20 kg ha' phosphorus administration resulted in the
highest number of full pods (14.00), pod length (8.00 cm), seeds pod' (12.67), 1000-
seed weight (38.99 g), and seed yield (1.55 t ha') (Table 8 and Figure 2).The lowest
number of filled pods (5.67), 1000-seeds weight (30.52) and seed yield (0.90 t ha') were
recorded for the crop without Rhizobium and without phosphorus application (Table 8 and
Figure 2).
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Table 7. Effect of Rhizobium inoculation and phosphorus levels on yield attributes and
harvest index of mungbean at harvest

Rhizobium Plant No. of No. of No. of Pod No. of Dry 1000- Harvest
inoculation Height Branche Filled Unfilled Length Seeds Weight Seed Index
(cm) s Plant™ Pods Pods (cm) Pod-! Plant! Weight (%)
Plant’ Plant” (9) (9)
Ro 59.49° 4.67° 8.40° 1.00 6.38° 8.60° 9.21b 32.44 35.89°
Ri 66.782 6.132 10.272 0.73 7.412 10.602 17.032 33.89 38.072
Level of P P P NS P P P NS P
significance
CV (%) 5.58 10.63 9.60 5.71 5.88 9.55 6.69 2.94 5.55

Phosphorus level

P1 59.61¢ 4.50° 6.33° 0.83 6.23° 7.67° 10.87¢ 30.68¢ 31.81¢
P2 61.5% 5.332 7.33° 1.17 6.68% 8.67° 11.70¢ 31.79%¢ 35.09¢
P3 63.22% 5.332 8.83° 0.83 6.79° 9.330 13.09° 31.97° 37.45P
P4 65.952 6.002 12.172 0.67 7.412 11.172 15.072 36.06° 40.022
Ps 65.392 5.832 12.002 0.83 7.372 11.172 14.872 35.332 40.552
Level of P P = NS P P = P *
significance

CV (%) 5.58 10.63 9.60 5.71 5.88 9.55 6.69 2.94 5.55

Notes: Means with the same letters within the same column do not differ significantly. **
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1
with Rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha!, P3 = 15 kg P ha™', P4
=20 kg P ha', Ps = 25 kg P ha™'.

m Seed vield W Seed yield
Stover vield Stover yield
Biological yield Biological yield
a 4
-g 4 . = —: - T = & =
g 2 _ — f 2 = = = = B
T o
g, m | =, (all wO0 WOF WO OOR
R R - P. P. P P P
Rhizobium inoculation Phosphorus level

Figure 1. Effect of Rhizobium inoculation and phosphorus levels on seed, stover and biological
yield of mungbean at harvest
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Table 8. Interaction effects of Rhizobium inoculation and phosphorus levels on yield
attributes and harvest index of mungbean at harvest

Rhizobium Plant No. of No. of No. of Pod No. of Dry 1000- Harvest
Inoculation Height  Branches Filled Unfilled Length Seeds Weight Seed Index (%)
x (cm) Plant" Pod Pod (cm) Pod-! Plant Weight
Phosphorus Plant' Plant (9) (9)
Level

RoP1 57.78¢° 3.67 5.67° 0.67% 5.67¢ 7.00° 8.09' 30.52¢ 30.36¢
RoP- 59.00¢ 5.00% 6.33°f 1.67° 6.24% 7.67° 8.20' 31.63%¢ 33.90f
RoPs 59.33¢ 4.67¢ 7.67% 1.00% 6.17% 8.00° 9.09" 31.88ce 36.07¢
RoPa4 60.00° 5.00% 10.00° 1.00% 6.73% 9.67¢ 9.78¢9 33.13¢° 38.13¢
RoPs 61.33% 5.00% 12.33° 0.67% 7.08% 10.67%° 10.87f 35.25° 40.99%°
R;P1 61.44% 5.33¢¢ 7.00% 1.00% 6.78% 8.33% 13.64¢ 30.85% 33.25
R1P; 64.00« 5.67% 8.33¢ 0.67% 7.11be 9.67¢ 15.20¢  31.96°° 36.29¢°
R:Ps 67.11%° 6.00" 10.00° 0.67% 7.417¢ 10.67>°  17.09° 32.25% 38.82
R;P4 71.892 7.002 14.002 0.33° 8.00° 12.672 20.362 38.992 41.912
RiPs 69.44% 6.67% 12.00° 1.00% 7.73%® 11.67°®® 18.87° 35.41° 40.1%°
Level Of * * *k * * * *k *k *
significance

CV (%) 5.58 10.63 9.60 5.71 5.88 9.55 6.69 2.94 5.55

Notes: Means with the same letters within the same column do not differ significantly. ** =
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1 =
with Rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha', P3 = 15 kg P ha™', P4
=20 kg P ha'!, Ps = 25 kg P ha™".
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Figure 2. Interaction effects of Rhizobium inoculation and phosphorus levels on seed,
stover and biological yield of mungbean at harvest
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3.1.5 Regression model for seed yield

The seed yield could be influenced by the yield contributing characteristics of mungbean.
The study utilized the regression model to observe the effect of those variables on seed
yield. The model's explanatory variable, number of filled pods, alone accounted for about
96% of the variances in grain yield. Similar results were observed in previous studies (EI-
Badawy & Mehasen, 2012; Bam et al., 2022), which showed that the plant height,
number of branches, nodules per plant, number of seed/pod and 1000 seed weight
accounted for 30%,58%, 52%, 55% and 87% of the difference in seed output,
respectively (Figure 3). Higher values of the above parameter were recorded with
Rhizobium inoculation. Although plant height and branch quantity are important

characteristics, their impact on seed yield production was less than that of filled pods and
1000 seed weight.
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Figure 3. Relationship between seed yield and yield contributing characteristics
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3.1.6 Effect of Rhizobium and phosphorus on the soil properties

Soil properties such as soil pH (7.28), organic matter (1.55), soil N (0.13%), sulfur (22.90
ppm), potassium (0.08 meqg/100g), and phosphorus (19.92 ppm) were found to be
maximum under Rhizobium inoculation (Table 9). Furthermore, the maximum soil pH
(7.37), organic matter (1.51), soil N (0.11%), sulfur (22.25 ppm), and potassium (0.08
meq/100g) were obtained from the application of 20 kg phosphorus per hectare (Table 9).

Table 9. Effect of Rhizobium inoculation and phosphorus levels on soil properties

Rhizobium Soil pH Organic Soil N Sulfur  Potassium Phosphorus

inoculation Carbon (%) (ppm)  (meq/100g) (ppm)
Initial Soil 7.10¢° 1.01b 0.01b 15.01b 0.042¢ 13.69
Ro 7.282 1.15P 0.04° 16.35P 0.06° 16.51P
Ri 7.22b 1.552 0.132 22.902 0.082 19.922
Slgnlflcance *% *% *% *% *%* *%*
level
CV (%) 5.08 3.16 7.84 5.55 3.81 3.96
Phosphorus level
Initial Soil 7.10e 1.01¢ 0.01f 15.01¢ 0.042¢ 13.69f
3 7372 1220 005  16.85¢ 0.06¢ 16.96°
P2 7.26° 1.254 0.07d 18.52¢ 0.07¢ 17.12d
Ps 7.24¢ 1.32¢ 0.09¢ 18.66¢ 0.07° 18.21¢
Pa 7.25¢ 1.512 0.112 22.2592 0.082 19.742
Ps 7.16¢ 1450 0100  21.85° 0.08° 19.04b
Level of *% *% *% *% *% *%
significance
CV (%) 5.08 3.16 7.84 5.55 3.81 3.96

Notes: Means with the same letters within the same column do not differ significantly. ** =
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1 =
with rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha'!, P3 = 15 kg P ha!, P4 =
20 kg P ha', Ps = 25 kg P ha'.

3.1.7 Interaction effect of Rhizobium and phosphorus on soil properties

There was considerable variation observed for soil pH, organic matter, soil nitrogen,
sulfur, potassium and phosphorus due to the interaction between Rhizobium and
phosphorus level. The highest soil pH (7.43), organic carbon (1.83), soil N (0.18%), sulfur
(27.21 ppm), and phosphorus (20.71 ppm) were recorded for the combination of
Rhizobium inoculation and 20 kg ha' phosphorus application (Table 10).
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Table 10. Interaction effect of Rhizobium inoculation and phosphorus levels on soil
properties

Rhizobium  SoilpH Organic  Soil N Sulfur  Potassium Phosphorus

Inoculation Carbon (%) (ppm) (meq/100g) (ppm)
X
Phosphorus
level
Initial soil 7.10 1.019 0.01i 15.01i 0.042h 13.69k
RoP1 7.30¢ 1.09f 0.03n 15.06 0.05¢ 14.89i
RoP- 7.32b 1.10f 0.049" 16.15h 0.06f 15.03
RoPs 7.28¢ 1.17¢ 0.05f% 15.05 0.06¢ 16.33"
RoP. 7.28¢ 1.19¢ 0.05f 17.30¢ 0.07¢ 17.379
RoPs 7.22¢ 1.21¢ 0.05f 18.20f 0.07¢d 18.92f
R,P; 7.432 1.35¢ 0.08e 18.65¢ 0.07¢ 19.02¢
R,P, 7.2 1.41cd 0.1d 20.89¢ 0.08P 19.21d
R;P; 7.199 1.46¢ 0.13¢ 22.26¢ 0.08 20.08¢
R,P, 7.21¢f 1.832 0.182 27.212 0.082 20.712
R,Ps 7.09n 1.69° 0.16° 25.50P 0.082 20.56°
Significance  ** o P P o o
level
CV (%) 5.08 3.16 7.84 5.55 3.81 3.96

Notes: Means with the same letters within the same column do not differ significantly. **
Significant at 1% level of probability. Ro = without Rhizobium inoculation (control), R1
with Rhizobium inoculation, P1 = No phosphorus, P2 = 10 kg P ha', P3 = 15 kg P ha™', P4
=20 kg P ha', Ps =25 kg P ha"'.

3.2 Discussion

The characteristics of short-duration varieties, better cultivation techniques, and efficient
soil management techniques are some of the reasons for the recent rise in mungbean
yield. These factors support soil health, which is essential for long-term agricultural
output, in addition to increasing yield. The study used a variety of characteristics to
assess how Rhizobium inoculation, varying phosphorus dosage, and their interactions
influenced the yield of mungbean.

A key aspect of phosphorus and Rhizobium synergy is the enhanced availability
of phosphorus to plants. While phosphorus is abundant in many sails, it often exists in
insoluble forms unavailable for plant uptake. Rhizobium and associated plant growth-
promoting rhizobacteria (PGPR), including phosphate-solubilizing bacteria (PSB), play a
vital role in converting these insoluble forms of phosphorus into plant-available forms
through mechanisms like the secretion of organic acids and enzymes (Ahammad et al.,
2025). This microbial activity directly increases the phosphorus pool accessible to the
host legume. Again, phosphorus is necessary for Rhizobium to fix nitrogen efficiently, and
its availability can encourage root growth, which raises the possibility of nodule formation,
and supports the energy needs for nitrogen fixation, both of which have an impact on the
rhizobia-legume symbiosis's success.
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According to the study, applying 20 kg of phosphorus per hectare and inoculating
plants with Rhizobium increased plant height. If the soil has moderate to high levels of
accessible phosphorus (more than 20 kg P ha™), the plant will not be able to use the
additional phosphorus. Excess phosphorus can cause micronutrients (such as iron and
zinc) to become antagonistic, impede root development, inhibit biological nitrogen
fixation, and ultimately raise costs and disrupt the soil's stability. The interaction effects of
this combination are also favorable to plant height, number of branches, and effective
nodules. In mungbean, the use of biofertilizers such as plant growth-promoting
rhizobacteria (PGPR) has been shown to increase the plant height, number of branches,
and nodules per plant (Bam et al., 2022). Numerous leguminous crops primarily benefit
from Rhizobium or Bradyrhizobium strains, including biofertilizer based on Rhizobium or
Bradyrhizobium (lkbal et al., 2020). Rhizobium soil bacteria have the ability to develop
certain structures (called nodules) in legume roots; they serve a crucial biological role in
fixing nitrogen, particularly in leguminous plants like mungbean, cowpea, or common
beans. These bacteria also generate a large quantity of phytohormones, including indole
acetic acid (IAA), which can solubilize phosphorus and encourage plant development
(Matse et al., 2020). When compared to absolute control, Rhizobium or Azotobacter seed
inoculation significantly increased plant height, branches per plant, nodule quantity, and
the number of effective nodules (Beovides-Garcia et al., 2024). The inoculation even
minimizes the dependency on synthetic nitrogen fertilizers while increasing soil fertility
through crop rotation with non-legume crops. Therefore, Rhizobium plays a pivotal role in
mungbean production in terms of environmental friendliness, financial savings and soil
health.

Additionally, most studies have shown that phosphorus can increase nitrogenase
activity and nodule formation in legume crops (Magadlela et al., 2015; Geletu &
Mekonnen, 2018; Pérez-Fernandez et al., 2019; Li et al., 2022). Phosphorus is essential
for promoting plant growth and development by stimulating new cell production,
improving vigor, and optimizing nitrogen utilization and solar energy harvesting. This
multifaceted nutrient is essential for various physiological processes, which collectively
contribute to improved growth characteristics in plants (Odoom & Ofosu, 2024). Plant
height increased by 26.5% when Rhizobium and phosphorus were applied together,
compared to the control. The reason for the greater rate of Rhizobium growth in plants is
most likely due to increased nitrogen availability through biological fixation (Terefe et al.,
2018). The significance of the application of 20 kg ha' phosphorus in mungbean was
also supported by Gebremariam and Tesfay (2021), Jamir et al., (2022) and Mbaka et al.,
(2022). In contrast, low phosphorus levels prevented nodule nitrogen fixing by preventing
growth and phosphorus absorption (Magadlela et al., 2016). Nodules were unable to fix
nitrogen when phosphorus levels were either too high or too low (Yao et al., 2018). This
increase in nodulation, rooting, and growth may be the result of more nodules, which may
have fixed nitrogen to supply enough nitrogen and ultimately raise green gram
productivity (Singh et al., 2015).

Furthermore, the yield attributing characteristics also suggest a favorable
response towards Rhizobium inoculation and 20 kg ha' phosphorus applications.
Phosphorus promotes growth, nodulation, root development, speeds up maturation, and
enhances crop yield quality. Biofertilizers promote root development by generating
growth-promoting chemicals such as cytokinins, auxins and gibberelins that enhance
nodule dry weight, pod length, 1000 seeds weight. The number of seeds per pod of green
gram was influenced by different levels of phosphorus (Das, 2016). Since phosphorus
can influence the flower and seed formation, thereby enhancing length of pod and
quantity of seeds in each pod. It is possible that the higher dry weight was caused by the
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plant producing more dry matter as a result of growing taller and having more branches
(Venkatarao et al., 2017; Dey et al., 2021). Previous results also suggested that
Rhizobium strains have a significant effect on the number of pods per plant compared to
un-inoculated control (Soe & Yamakawa, 2013; Htwe et al., 2019). Strong plant
development and dry matter production enhance blooming, fruiting, and pod formation, all
of which increase seed yield (Bam et al., 2022). Additionally, Rhizobium inoculation
results in increased biological, stover, and seed yield (Htwe et al., 2019). An earlier study
also discovered that phosphorus and Rhizobium worked together to increase the
availability of key nutrients, which in turn improved the yield and harvest index (Geletu &
Mekonnen, 2018).

In case of soil properties, the application of Rhizobium inoculation and
phosphorus improved the soil quality (microbial growth, water and nutrient uptake
capacity) (Ma et al., 2024) and properties such as organic carbon, nitrogen, phosphorus
and potassium level. Biofertilizer improves the soil properties and soil structure, which
then enhances the growth of beneficial microorganisms. It can reduce the damage and
pollution of soil caused by excessive chemical use. Different soil properties such as soil
pH, organic carbon, soil N, sulfur, phosphorus, and potassium were increased after
harvesting. The results in our study were consistent with the findings of Geletu and
Mekonnen (2018).

Thus, our future goal is to minimize farmer costing through reducing chemical
fertilizer usages. The use of Rhizobium inoculation in combination with phosphorus
fertilizer has shown potential to reduce dependence on chemical fertilizers, thereby
lowering input costs for farmers. Previous research reported that biofertilizer-based
management can decrease fertilizer costs by 20-30% while maintaining or enhancing
legume yield (Islam et al., 2006; Geletu & Mekonnen, 2018). Therefore, integrating
biofertilizers into existing fertilizer management systems could contribute to cost-effective
and sustainable mungbean production in Bangladesh.

4. Conclusions

The purpose of the study was to determine how phosphorus application levels and
Rhizobium inoculation affected Bangladesh's mungbean production. There were three
different parameters tested, i.e. growth, yield, and soil parameters. The study results
emphasized that biofertilizers were essential for leguminous plants such as mungbean,
chickpea, soybean, lentil, black gram, and pea. Their application enhances soil
properties, reduces the dependency on chemical fertilizer and ultimately contributes to
sustainable agriculture. The application of biofertilizers can also increase plant height,
nitrogen fixation, and uptake of other nutrients that can improve the yield performance.
Phosphorus helps root growth, energy transfer, flowering and seeds formation that also
can enhance the yield performance of mungbean. The suggested dose of phosphorus in
Bangladesh is 20 kg per hectare, according to many field trials and research
organizations; however, the amount may vary depending on the soil and climate. The
recommended dosage of phosphorus varies globally depending on cropping intensity,
environmental conditions, and fertility level. On the basis of this experiment, it can be
concluded that mungbean production is improved from the combined application of
Rhizobium and 20 kg ha"' phosphorus application.
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