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Abstract- The large-scale fermentative production of liquid bio-inoculants is a challenging task but it also
mandates to achieve sustainable agricultural productivity. Large-scale production of Rhizobium bioinoculant
primarily requires meticulous planning for optimization of media composition and bioprocess parameters
to achieve huge biomass. In the current study, we explored the Response Surface Methodology, a statistical
approach to optimize the media composition and bioprocess for newly isolated Bradyrhizobium- sp. PSK
strain. Based on the first phase data, ideal parameters that would have ensure the optimal microbial growth,
development and has the superior metabolic strength were pooled and simulated through a Response
Surface Methodology. After performance of RSM model, it signifies that Temperature, Mannitol, K. HPO,,
and MgSO, are the highly influential parameters for the maximum biomass yield by Bradyrhizobium PSK
strain. Further, statistical scrutiny and robustness analysis the current RSM analysis ends up with an
optimum medium composition which would have enhanced 6.33 g/L of biomass with batch fermentation
mode at laboratory scale. Based on the strengths of the current findings, the present RSM model for the
newly isolated Bradyrhizobium sp. PSK has proven worthy to utilize the medium components to produce
huge amounts of biomass for liquid biofertilizer in a sustainable manner. The large-scale manufacturing of
bioinoculants, which further influences sustainable agriculture, benefits from these kinds of investigations.

INTRODUCTION

India is an agricultural country about 70 percent of
its rural people relies predominantly on agriculture
for their survival and seeking daily wages as
primary sector.

World’s third largest economy

About 82 percent of the entire farming population is
small and marginal land holders which speak all
about economy and sustainable farming. In spite of
so many difficulties, India has been considered as
the world’s largest producer of jute, milk, pulses;
India stands the second largest country in cotton,
fruit, groundnut, rice, sugarcane, vegetables, and
wheat production. India is considered the third
most economically developing country in the

world, behind the United States and China. It is also
the world’s top producer of fish, cattle, poultry,
spices, plantation crops, and poultry, with a $ 2.1
trillion market value (Fao, 2018; Singh, and Gupta,
2024). Being the world’s second most populous
country, it mandates the sustainable Agriculture
practice. Hence, the nation adopted sustainable
goals and contributes to development in the
agricultural and related fields (Paul et al., 2023).

Food-Deficient Nation to One that Prioritizes
Exports

India is now a food-exporting nation with an excess
of food production, as previously a country with a
food shortage. But the country is currently dealing
with second-generation issues, especially those
concerning nutrition, sustainability, and the uptake
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of new agricultural technologies. Environmental
disruptions, improper and indiscriminate fertilizer
application, and other issues are posing major
threats to agriculture (Ruzzante et al., 2021; Gulati
and Juneja, 2022).

Present state of Soils of India

Soils of India also experiencing several inadequacies
of nutrients, and experiencing environmental
perturbations, these calamities cumulatively
prompted to soil sickness (Walia, et al., 2014).
Overuse of conventional chemicals, fertilizers and
insecticides expected to be reduced by using
sustainable farming practices (Patel, 2024; Patil, et al.,
2024). The usage of biofertilizers is still relatively
low in India (Garcha, 2023). We anticipate that
higher crop yield can be achieved by coordinated,
optimized agro-climatic conditions and agricultural
activities (Bailey-Serres, et al., 2019). More long-term
directional reorientation of agricultural operations is
recognized as being necessary to be rejuvenated and
revitalize the sick soil (Aayog, 2015). At the same
time usage of bioinoculants is the mandate and most
effective way to achieve higher crop yield (Scagliola,
et al., 2021). Though, extensive campaigns and
adequate training to farmer community facilitate the
farmer to understand the benefits of biofertilizers.
By promoting the farmer education we can achieve
the sustainable agricultural production (Ahlawat, et
al., 2024).

A way forward to organic agriculture

Recently, the governments of India have forwarded
the organic agriculture as mandate and now famers
are turning towards organic agriculture (Swami and
Parthasarathy, 2024). Bioinoculants are the
preparations made of living microorganisms that
promotes plant growth; they are used as organic
inputs in organic farming (Maitra, et al., 2021).
Biofertilizers modulates the phyto-hormones,
secondary metabolites, antibiotics, and various
signal compounds that are necessary for plant
growth and development (Siddiqa, 2024).
Bioinoculants have the ability to assimilate and
acquire essential nutrients from the soil and supply
them to plants and conditioning the physico-
chemical properties of the soil (Olougou, et al.,
2024). Additionally, they release a variety of
biostimulants and exudates that have a significant
impact on plant physiological and metabolic output
(Massalha, et al., 2017).

Mandate to use of biofertilizers to modern
agricultural practices

Modern agricultural practices indeed the use of
biofertilizers in liquid form (Meena, et al., 2021).
Liquid biofertilizers are known as active
bioinoculants that transfer live microbial cells to the
target plants to enhance the plant growth, health,
and yield. Hence, liquid biofertilizers helps to
maintain the vitality of the microbial cells required
for the plant (Satyanarayana, 2012; Seenivasagan
and Babalola, 2021; Kumar and Pindi, 2022). The
efficient and successful establishment of the
bioinoculants in the rhizosphere of the host plant is
not an easy job (Benmrid, et al., 2023). Generally
farmers were not aware the process of preparation,
application, and field assessment. It is also a
mandatory to use microbial resources at fullest
potential (Tilak, et al., 2005; Panpatte, et al., 2014). A
variety of geo-climatic conditions prevailing can
affect the survivability of bioinoculants. The
sustainability of bio-fertilizers under these new
climatic circumstances is a difficult task (Mahmud,
et al., 2021). To endure the survivability of
inoculated rhizobium bioinoculant, excessive
amounts should be added (O’Hara, et al., 2002;
Lindstrom and Mousavi, 2020). For instance a
potential rhizobium species was discovered by Pavan,
and co worker, and that can survive and
symbiotically associate with legume crops (Kumar,
and Pindi, 2021).

State of art of Rhizobium inoculants

Rhizobium inoculants are such a popular
biofertilizers extensively used for legume crops, due
to their exceptional capacity for host specificity
(Burton, 1981; Kumar, et al., 2022). The
rhizobacterium known as Rhizobium sp. inoculants is
renowned for effectiveness and potentiality. If the
legume crops inoculated with Rhizobium sp. host
plant can survive and grow on their own even in
soils with low levels of nitrogen. Roughly Rhizobium
sp. can fix between 75 and 97 kg of nitrogen per
hector per season, and making it more
environmentally benign than chemical fertilizers
(Paul and Kucey, 1981; Zahran, 1999).

Importance of Bradyrhizobium

Bradyrhizobium, is a slow-growing nitrogen-fixing
bacterium with a single sub-polar flagellum that is
most frequently found in forest soils and has a
limited range of hosts, such as peanut and soyabean.
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They form nodules of the determinant and
indeterminant types (Sharma, et al., 2020).

In the current study, an effort was made to
enhance the biomass of a potent Bradyrhizobium sp.
(host plant: Peanut) by optimizing the bioprocess
parameters using statistical RSM methodology.

MATERIALS AND METHOD

Soil sample collection

Six different unexplored forest rhizosphere soils
viz., Khammam (KH), Karimnagar (KR), Medak
(ME), Mahabubnagar (MB), Adilabad (AD), and
Warrangal (WG) were collected according to the
standard protocol. The soils samples has been
gathered, coded according to the scheme and
delivered in sterile zip-lock bags (Kumar, et al.,
2017). Peanut i.e., Arachis hypogaea seeds were
procured, sterilized, sowed for the microcosm tests
(Tejada et al., 2014). Uniform mixtures of the
collected soils were prepared by quartering
technique, inside the container (Wogi, et al., 2021).
Every now and then, sterile Hoagland’s solution was
used to water the pots. The same conditions were
prompted until the crop reached the inflorescence
stage. The plants were removed after 60 days, and
the root nodules were collected in a Petri-dish
(Subba-Rao, 1977).

Isolation and identification of Bradyrhizobium

The HgCl, was used to surface sterilize the collected
root nodules before they were put in a sterile test
tube with sterile YEM broth and allowed to be
crushed with a sterile glass rod. For the prospectus
colonies, 0.1 ml of the content was spread out on the
YEM-agar plate. The plates were incubated at room
temperature in triplicates until visible colonies
appeared (Kumar and Pindi, 2021; Kumar and
Pindi, 2022).

Bradyrhizobium colonies have the following
characteristics: they are mucilaginous, raised,
translucent, and white. These colonies arise after 24
to 48 hours of incubation. Using our prior
methodology (Kumar and Pindi, 2021; Kumar and
Pindi, 2022), typical single colonies was restreaked
three to four times on fresh and sterile YEMA
medium containing Petri-dishes to produce axenic
cultures. The 16S rRNA gene sequencing method
and biochemical tests (Congo red test, ketolactose
test, and growth on alkaline medium) have been
employed to identify and validate Bradyrhizobium
(Kumar and Pindi, 2021, 2022).

Cultural parameters of Bradyrhizobium

Slowly growing Bradyrhizobium on YEMA media
(Yeast extract (1g), K,HPO, (0.5g), Mannitol (10g),
MgSO, (0.2g), NaCl (1g) in one-liter distilled water
at pH near to 7) were picked and further scale up by
maintaining physical parameters include agitation,
and temperature (Subbarao, 1977).

Optimization of biomass production of
Bradyrhizobium

Experimental layouts with different medium
components have been simulated where Sodium
chloride, magnesium sulphate, dipotassium
phosphate, yeast extract, and mannitol, are the
ingredients used to make YEM broth. Agitation and
temperature are the physical parameters loaded. As
shown in the table (Table 1) below:

Evaluation of nutritional parameters using OVAT
method

According to Chandra et al., 2015, the one-variable-
at-a-time method (OVAT method) was used to
examine the effects of different nutrients like carbon
and nitrogen sources at 0.5% levels while keeping
the amounts of other elements constant (Chandra, et
al., 2015).

Statistical Optimization with DOE analysis

The most recent version of R software was used to
plan the experiment and analyze the findings.
Examination of variance was done by the statistical
analysis of the model (ANOVA). Student’s t-test was
used to evaluate the significance of the regression
coefficients and their corresponding probability,
p(t), while Fisher’s F-test was used to evaluate the
significance of the second order model equation.
The multiple determination coefficients (R2) give
the variation that the model explains. The quadratic
models were displayed as 2D contour plots for each
variable (Chandra, ef al., 2020).

Simulation of the Design

A FrF2 design with 38 tests and a series of two-level
factorial designs was used to determine the key
factors affecting production (Feng and Zhang, 2001;
Shen, et al., 2013). F-test and multiple regression
analysis were used to evaluate the goodness of fit of
the RSM model (De Coninck, et al., 2000; Chandra, et
al., 2020). The statistical analysis system R software
version was used to implement the Design of
experiments (DoE) technique.

The variables’ second-order polynomial equation
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Table 1. Runs with different medium compositions, agitation and temperatures.

Run Yeast Extract Mannitol K,HPO, MgSO, NaCl Agitation Temperature
1 1.0 10 0.5 0.2 0.1 100 25
2 1.0 10 0.5 0.2 0.1 125 25
3 1.0 10 0.5 0.2 0.1 150 25
4 1.0 10 0.5 0.2 0.1 100 35
5 1.0 10 0.5 0.2 0.1 125 35
6 1.0 10 0.5 0.2 0.1 150 35
7 1.5 10 0.5 0.2 0.1 100 25
8 15 10 0.5 0.2 0.1 125 25
9 15 10 0.5 0.2 0.1 150 25
10 2.0 10 0.5 0.2 0.1 100 30
11 2.0 10 0.5 0.2 0.1 125 30
12 2.0 10 0.5 0.2 0.1 150 30
13 1.0 12.5 0.5 0.2 0.1 100 25
14 1.0 12.5 0.5 0.2 0.1 125 25
15 1.0 12.5 0.5 0.2 0.1 150 25
16 1.0 15 0.5 0.2 0.1 100 25
17 1.0 15 0.5 0.2 0.1 100 30
18 1.0 15 0.5 0.2 0.1 125 30
19 1.0 15 0.5 0.2 0.1 150 30
20 1.0 10 1.0 0.2 0.1 100 25
21 1.0 10 1.0 0.2 0.1 125 25
22 1.0 10 1.0 0.2 0.1 150 25
23 1.0 10 1.5 0.2 0.1 100 30
24 1.0 10 1.5 0.2 0.1 125 30
25 1.0 10 15 0.2 0.1 150 30
26 1.0 10 0.5 0.3 0.1 100 25
27 1.0 10 0.5 0.3 0.1 125 25
28 1.0 10 0.5 0.3 0.1 150 25
29 1.0 10 0.5 0.4 0.1 100 30
30 1.0 10 0.5 0.4 0.1 125 30
31 1.0 10 0.5 0.4 0.1 150 30
32 1.0 10 0.5 0.2 0.15 100 25
33 1.0 10 0.5 0.2 0.15 125 25
34 1.0 10 0.5 0.2 0.15 150 25
35 1.0 10 0.5 0.2 0.2 100 30
36 1.0 10 0.5 0.2 0.2 125 30
37 1.0 10 0.5 0.2 0.2 150 30
38 1.0 15 1.5 0.4 0.1 100 25

was as follows: Y =0 +_viXi +_“ijXiXj +_viiX2

i (1) where Y is the response variable, 0 the
constant, Vi, vii, ¥ij were the coefficients for the
linear, quadratic, and for the interaction effects,
respectively, and Xi and Xj the coded level of
variables xi and xj. Surfaces for all variables were
plotted using the aforementioned quadratic
equation.

Response Surface Methodology (RSM) is a
statistical method for system and process
optimization. Steepest of ascent is a strategy used in
RSM to determining the optimal direction for
improving and enhancing a response variable.
Steepest of ascent using Response Surface

Methodology (RSM) approach was used in the
present study to optimize the process variables and
identify the perfect condition for developing a
suitable growth medium for Bradyrhizobium strain
for their mass production of bioinoculant.

Estimation of Biomass

One of the most crucial parameters for fermentation
investigations is the biomass concentration. The
simplest ways to accomplish this is to measure dry/
wet weight and optical density at 600 nm
(Sonnleitner, 2000; Sonnleitner, 2003; Madrid and
Felice, 2005).



22 KoTHUR ET AL

Dry Weight Measurement

An empty aluminum foil was dried in the oven.
Weigh and keep them in desiccators (anhydrous
CaS0,). Shake the flask to uniformly distribute the
culture. The culture broth is subjected to
centrifugation, at 10,000 g for 5 minutes to separate
the cells from the culture broth. Scrape the cell paste
out of the centrifuge tube and place it in a weighing
pan after carefully discarding the clear supernatant.
Add a few ml of water to the centrifuge tube to rinse
it. Additionally, pour the rinse water into the
weighing pan. The wet weight of the culture is
measured after all the water has been taken through
(Bratbak, et al., 1984; Bratbak, 1985).

Dry the cell paste placed on the filter paper in an
oven at about 60°C, to prevent charring of cells and
filter paper. Frequently weigh the filter paper
combined with the cell paste, until the dry weight
remains constant. Depending on the oven’s
temperature and the paste’s thickness, it will take the
sample anywhere between 6 and 24 hours to
completely dry. Determine the weight difference
and convert the dry weight to g/l (Bratbak, et al.,
1984; Bratbak, 1985).

Measuring the optical density at 600nm (OD

600)

Turbidity (optical density) measurement is indeed a
popular method to estimate the number of bacterial
cells in a culture broth. A photometer is the primary
instrument used to measure the absorbance of a
microbiological sample in a cuvette at a wavelength
of 600 nm. The OD,, value reflects an
approximation of the number of microbial cells in a
solution, according to literature references. It must
be remembered that this figure is simply an estimate
because light can also be scattered by dead cells and
cell debris, which can result in greater OD levels
(Janke, et al., 1999; Eppendorf, 2015; Zapata and
Ramirez, 2015). According to Matlock et al., 2017,
when comparing various photometers, the optical
configuration of each one results in somewhat
varied OD values (Matlock and Wilmington, 2019;
Matlock, et al., 2020).

Mass production

YEM broth was seeded with the Bradyrhizobium
isolate (Rao, 1995) and the bioprocess parameters
were evaluated with conventional OVAT Method
(Menendez, et al., 2014; Chandra, et al., 2015).

RESULTS AND DISCUSSION

Results

Based on the cultural characteristics on the YEMA
medium, the suspicious colonies were submitted to
the biochemical tests and 165 rRNA gene
sequencing technology. The colonies that cleared
the tests satisfactorily have been identified as
Bradyrhizobium strains. Out of many, one potential
isolate Bradyrhizobium sp. PSK strain gene sequence
submitted with NCBI accession number: OL304251.
After taxonomic identification pure culture was
deposited with accession number MTCC: 13187;
JCM: 35069; NCMR - MCC 4959.

Biomass optimization with OVAT method was
investigated and results were presented in Table 2.

Fractional factorial design with 2 level was
simulated with 38 runs, the experiments were
conducted and the response was calculated and the
design was allowed for DOE analysis with the linear
regression equation. After high level statistical
scrutiny it is confirmed that, the 38th run was
known to yield 0.30. Then the composition was
pooled and allowed for next level analysis by using
RSM model. After due examination RSM model.19
was simulated by the algorithm. Later, an estimate
and prediction of the enhanced response was
explored by implementation of first order and
quadratic interaction. Finally highly significant
terms and factors are selected. The results of rsm
model 19 were presented in the Table 3.

Table 3 model fitting done with linear regression
model, where the first order and interaction and
quadratic terms are highly significant were auto
selected for prediction.

Based on critical diagnosis of the rsm model.19 it
is confirmed that Mannitol and Temperature are the
highly influential factors of the present RSM model.
In order to stimulate a response we applied First
order and second order polynomial equation as
follows rsm (formula = Response ~ FO(x1, x6, x7) +
TWI(x1, x6, x7), data = Design.1AA.coded.coded).
Finally, x1: x6 and x1:x7 are highly significant
parameters with p value 0.002183 and 0.011225.
Based on the regression coefficient, it is found that
to be 0.6503 that means this model can explain about
65% of the association of the parameters contributed
to the enhanced the response. Hence the model was
accepted and further tested for its robustness.

Steepest of accent is the procedural testing to
predict and know the fullest level of attaining
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Table 2. Frf2 2 level fractional factorial design with 38 experiments as simulated and performed for the rhizobium mass

production.

Run Yeast Extract Mannitol K,HPO, MgSO, NaCl Agitation Temperature Response
(OD600)

1 1.0 10 0.5 0.2 0.1 100 25 0.20
2 1.0 10 0.5 0.2 0.1 125 25 0.20
3 1.0 10 0.5 0.2 0.1 150 25 0.18
4 1.0 10 0.5 0.2 0.1 100 35 0.11
5 1.0 10 0.5 0.2 0.1 125 35 0.11
6 1.0 10 0.5 0.2 0.1 150 35 0.10
7 1.5 10 0.5 0.2 0.1 100 25 0.14
8 1.5 10 0.5 0.2 0.1 125 25 0.14
9 1.5 10 0.5 0.2 0.1 150 25 0.13
10 2.0 10 0.5 0.2 0.1 100 30 0.13
11 2.0 10 0.5 0.2 0.1 125 30 0.13
12 2.0 10 0.5 0.2 0.1 150 30 0.11
13 1.0 12.5 0.5 0.2 0.1 100 25 0.22
14 1.0 12.5 0.5 0.2 0.1 125 25 0.22
15 1.0 12.5 0.5 0.2 0.1 150 25 0.21
16 1.0 15 0.5 0.2 0.1 100 25 0.26
17 1.0 15 0.5 0.2 0.1 100 30 0.25
18 1.0 15 0.5 0.2 0.1 125 30 0.25
19 1.0 15 0.5 0.2 0.1 150 30 0.22
20 1.0 10 1.0 0.2 0.1 100 25 0.17
21 1.0 10 1.0 0.2 0.1 125 25 0.17
22 1.0 10 1.0 0.2 0.1 150 25 0.16
23 1.0 10 1.5 0.2 0.1 100 30 0.10
24 1.0 10 1.5 0.2 0.1 125 30 0.10
25 1.0 10 1.5 0.2 0.1 150 30 0.08
26 1.0 10 0.5 0.3 0.1 100 25 0.12
27 1.0 10 0.5 0.3 0.1 125 25 0.12
28 1.0 10 0.5 0.3 0.1 150 25 0.11
29 1.0 10 0.5 0.4 0.1 100 30 0.15
30 1.0 10 0.5 0.4 0.1 125 30 0.15
31 1.0 10 0.5 0.4 0.1 150 30 0.14
32 1.0 10 0.5 0.2 0.15 100 25 0.13
33 1.0 10 0.5 0.2 0.15 125 25 0.13
34 1.0 10 0.5 0.2 0.15 150 25 0.13
35 1.0 10 0.5 0.2 0.2 100 30 0.12
36 1.0 10 0.5 0.2 0.2 125 30 0.12
37 1.0 10 0.5 0.2 0.2 150 30 0.11
38 1.0 15 1.5 0.4 0.1 100 25 0.30

maximum production by the model composition.
The present rsm model 19 was assessed for steepest
of accent and projected the findings in the Table-4.
Based on steepest of accent, it was calculated and
determined the fullest strength of the model. It was
found that the model was highly significant to
promote more cell number and biomass. We
confirm that the parameter x1 Mannitol, x6
Agitation and x7 Temperature was known to
influence the enhanced bioprocess. Finally, 11" run
composition with x1 Mannitol 3.2795, x6 Agitation
55.675 and x7 Temperature 35.7° Celsius has the

Temperature effect plot  Mannitol effect plot

0.18

0.16 ¥
0.14 A
0.12 X
0.10 :

2628303234
Temperature
Fig. 1. Graphs representing the effect of Temperature
and Mannitol and MgSO,, on biomass production
of Bradyrhizobium.

MgS04 effect plot

Biomass
Biomass

TTTTTTT
Biomass

101112131415
Mannitol

fullest capacity to produce the biomass of 6.33g/L in
this model under given in vitro i.e.laboratory
conditions. Figure 1 and Figure 2 represents the
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Fig. 4. Statistical Analysis of YEM medium composition for optimization.

Table 3. ANOVA of RSM model

> Summary (rsm Model.19)

Call:

Im.default (formula = Yeild ~ Agitation + K2HPO4 + Mannitol + MgSO4 + NaCl + Temperature + Yeast. Extract, data =
Brad)

Estimate Std. Error t value Pr(>Itl)

(Intercept) 0.1114944 0.0639228 1.744 0.091363
Agitation -0.0002875 0.0001847 -1.557 0.130072
K,HPO, -0.0156395 0.0121818 -1.284 0.209026
Mannitol 0.0233756 0.0022963 10.179 3.02e-11 ***
MgSO, 0.0351360 0.0609090 0.577 0.568337
NaCl -0.1978692 0.1426718 -1.387 0.175697
Temperature -0.0049182 0.0011863 -4.146 0.000255 ***
Yeast Extract -0.0117869 0.0142672 -0.826 0.415238
Signif.codes: 0 “**+0.001 #0.01 *0.05" 011
Multiple R-squared: 0.8482, Adjusted R-squared: 0.8128

F-statistic: 23.95 on 7 and 30 DF, p-value: 1.23e-10
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Table 4. Steepest of accent was calculated by using the RSM model

>steepest ( rsm Model.19)
Path of steepest ascent from ridge analysis:

dist x1 x6 X7 | Mannitol
1 0.0 0.000 0.000 0.000 |
2 0.5 0.450 -0.211 0.050 |
3 1.0 0.817 -0.505 0.279 |
4 1.5 1.166 -0.793 0.513 |
5 2.0 1.511 -1.077 0.747 |
6 2.5 1.854 -1.361 0.982 |
7 3.0 2.196 -1.644 1.217 |
8 3.5 2.536 -1.926 1.451 |
9 4.0 2.880 -2.210 1.688 |
10 4.5 3.220 -2.492 1.922 |
11 5.0 3.559 -2.773 2.156 |

Response: Response

Sum SqDf F value Pr(>F)

FO(x1, x6, x7) 10.656 3 1.7972 0.190921
TWI(x1, x6, x7) 44.480 3 7.5021 0.002697 **
Residuals ~ 29.645 15

Signif.codes: 0 “*** 0.001 “** 0.01 * 0.05°.”0.1""1

Agitation Temperature | yhat
1.5000 125.000 25.000 1 0. 268
1.7250 119.725 25.250 | 0.289
1.9085 112.375 26.395 | 0.311
2.0830 105.175 27.565 | 0.305
2.2555 98.075 28.735 | 0.397
2.4270 90.975 29.910 | 0.409
2.5980 83.900 31.085 | 0.465
2.7680 76.850 32.255 | 0.516
2.9400 69.750 33.440 | 0.551
3.1100 62.700 34.610 | 0.590
3.2795 55.675 35.780 | 0.633

effect of temperature, Mannitol, and MgS0O4 on the
biomass production of Bradyrhizobium.

From the figure 3, it can be concluded that
Magnesium sulphate (MgSO,) and Potassium
dihydrogen phosphate (KH,PO,) are the principle
component factors that are affecting the biomass.

From the above statistical rsm model analysis
(Figure 4), the optimized YEM medium with Yeast
extract (1.5g), K,HPO, (1g), mannitol (12.5g), MgSO,
(0.3g), NaCl (0.15g) and agitation at 125 rpm and
temperature is 30°C are the crucial components for
the enhanced biomass production of Bradyrhizobium
liquid biofertilizer.

The present investigation on RSM analysis reveal
that Yeast extract (1.5g), K, HPO, (1g), mannitol
(12.5g), MgSO, (0.3g), NaCl (0.15g) and agitation at
125 rpm and temperature is 30°C pH 7.0 could yield
maximum biomass of Bradyrhizobium sps PSK.

DISCUSSION

Indian subcontinent is an agricultural country, now
it has been elevated to the world’s one of the fast
growing largest economy. In spite of struggles, India
has achieved incredible attainments in agriculture
sector. It was envisaged that, due to continuity of
agricultural practices, the soils were heavily lost the
nutrients and became very sick, poor in the nutrients
contents. It is quite hard to achieve sustainable
agricultural goals without revitalization of soil and
implementation of organic biofertilizers

(Bhattacharyya et al., 2016; Dhanushkodi, et al.,
2022).

There is a huge demand for biofertilizers, but
industries are facing economic imbalance for
sustainable biofertilizers production (Alzate, 2024).
In industries, designing and formulation of cheap
medium for rhizobium biofertilizer has ever
increasing demand (Vijayabharathi et al., 2016). In
view of this phenomenal change, industries require
a optimum medium. The present investigation has
an ultimate goal to design the minimum media for
Bradyrhizobium biofertilizer.

It is a universal truth that the elements of the
medium and physical factors like agitation and
temperature have significant impact on microbial
growth in bioreactors (Potumarthi and Jetty, 2007).
When the necessary amounts of carbon, nitrogen,
minerals, trace elements, and other required
inorganic nutrients are provided, cellular division
occurs most profitably. The media and cultural
settings must therefore be optimized (Singh, et al.,
2017). Mannitol-positive Rhizobium species should
be isolated and grown on YEMA medium plates
(Rao, 1995). By incorporating an additional 1%
mannitol into the medium, it is also beneficial for
the maintenance of Rhizobium species (Gherna, et al.,
1992). Energy is provided by mannitol, and
necessary ions are provided by magnesium
sulphate; and due to salt of phosphate and sodium
chloride, the medium is well buffered against pH
shifts and osmotic variations. Nitrogen-rich
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nutrients like yeast extract can be used (Rao, 1995).

The medium’s composition must be properly
planned to ensure microbial growth and effective
metabolism (Nancib, ef al., 1991). The reason is that
each component of the medium plays a specific role
in contribution of biomass of the cell(s). For
instance, potassium dihydrogen phosphate
(KH,PO,) serves as a biological buffer, a source of
potassium, and a supplier of phosphorus in YEMA
medium. Energy can be obtained from mannitol,
which is also a preferred source of carbon (Rao,
1995). Magnesium sulphate supplies the necessary
ions for the growth. The presence of sodium
chloride salts protects the media from osmotic
changes. The amino acids, vitamin B complex, and
accessory growth regulators included in yeast
extract are beneficial for promoting bacterial growth
and supplying nitrogenous nutrients (Chen, et al.,
2007; Li, 2007; Li, et al., 2007). Additionally, it acts as
a hydrogen donor in the respiratory process and
keeps the medium’s oxidation-reduction potential at
a Rhizobia-friendly range (Allen and Allen, 1950). It
is without a doubt feasible for medium elements to
interact with one another. However, due to their
complexity, the true causes of the compounds’
effects are unknown (Meyer, et al., 1984).

Besides medium composition physical conditions
like agitation and temperature must also be focused
for optimization of bioinoculant production. In the
fermentation process, agitation is essential during
the mixing (Sadino-Riquelme, et al., 2023). Constant
mixing maintains the medium’s chemical and
physical properties uniform while also improving
the transfer of mass and oxygen between the phases.
However, agitation can also result in shear stresses,
which have a variety of effects on microorganisms,
including morphological alterations and even
damage to cell structures (Mantzouridou, et al.,
2002; Kim, et al., 2003). Therefore, optimization of
agitation is also an important concern for the mass
production process of bioinoculants.

Temperature is one of the key parameters known
to be associated with all biochemical enzyme
catalysis activities, impacting microbial
fermentation. Temperature affects microbial
fermentation in a number of ways, including cell
proliferation, biosynthesis direction, and broth’s
physical characteristics. According to the kinetics of
enzyme catalysis, higher temperatures lead to faster
reaction rates, which in turn accelerate up growth.
However, when the temperature rises above a
microorganism’s optimum growth temperature, the

enzymes become inactive and denatured, and this
causes the microorganism to die and ultimately
effects loss of biomass yield (Zhou, et al., 2018).
Therefore, for optimal results, microorganism
growth and metabolism should take place at the
proper temperature.

Culture conditions influences and may also have
an impact on how it is consumed (Reiling, et al.,
1985). In order to obtain a high yield of biomass,
culture medium composition and physical
conditions like agitation and temperature
adjustment is therefore of utmost importance. This
aids in the customization of media components and
improves yield while developing bioinoculants.

CONCLUSION

The RSM technique have successfully used with
factorial design and then regression analysis
proceeded to compare the most effective
components, run simulations, and select the
variables that will provide the best yield of
Bradyrhizobium. The RSM technique was effectively
applied in the current study to optimize the process
variables and pinpoint the ideal circumstances for
the development of a feasible growth medium for
Bradyrhizobium strains for their mass production.
These RSM studies have suggested optimizing the
growth conditions such that a high yield of biomass
of microorganisms intended for use as bioinoculants
can be achieved at large scale in a sustainable
manner.
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