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Abstract: Biofertilizers are a novel technique for Indian agriculture that has the potential to address
many of the shortcomings of chemical-based technology. Plant growth-promoting (PGP) traits such as
IAA, P-solubilization, ACC deaminase, NH3, HCN, EPS, siderophore synthesis, and biofilm formation
have been demonstrated in two salt-tolerant PGPR, BST YS1 42 (Bacillus cereus) and CHR JH203
(Bacillus marisflavi). They are most commonly utilized to make carrier-based compositions. This study
aimed to evaluate how different carrier-based formulations of salt-tolerant PGPR performed in
seedlings of pea and maize plants. The chosen PGPR was mass replicated in the lab and put into
seedlings via a variety of carriers, including charcoal powder, dry pea peel powder, tea leaf powder,
hay+2%peptone, and cowdung powder. The influence of bio inoculants on seedling growth of Pisum
sativum and Zea mays seedlings was investigated. There was a substantial variation in seedling
germination in both pea and maize. The result was different depending on the type of carrier materials
utilized in the bioformulation process. The results showed that seedling germination was better with the
bioformulation made with charcoal and tea leaf powder. As a result, we believe it might be used to
alleviate abiotic stresses in a cost-effective and environmentally friendly manner.
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© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Till today, chemicals are largely being used to improve plant growth and yield. Still,
they also encounter many problems like high costs, harm to the environment, and governmental
regulations. Our agricultural system and environment become highly unsustainable due to the
indiscriminate use of chemicals. Eco-friendly approaches have been developed to improve crop
production and quality in response. As a result, biological alternatives are encouraged because
they are more time and money-efficient, are more self-sustaining, and, most importantly, are
natural [1]. Crop production and crop health can be improved by using microorganisms in a
suitable manner [2-5]. Applying biofertilizers to the soil and the seeds, roots, and leaves can
improve the yields of plants. Rhizospheric microbes perform well as biofertilizers in the field
only if they are delivered properly, applied correctly, and persist in adequate numbers within
the rhizospheric soils and or plant systems. It has been observed that the effectiveness of
rhizospheric strains decreases in field conditions compared to in-vitro conditions. Thus, an
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efficient delivery system is vital for rhizobacterial strains to perform well in the field [6]. Many
bacterial species act as good growth-promoting agents for plants, including Bacillus,
Pseudomonas, and Rhizobium [4,7-10]. Most plant species associated with PGPB are
commonly found in various habitats [11]. The term bio-formulation, in general, refers to the
utilization of microorganisms as a complete or partial alternative to chemical
pesticides/fertilizers [5,12,13]. Nevertheless, it is essential to define the roles of active
ingredients, carriers, and additives in the bio-formulation process [14-16]. Many bio-
formulations containing different Rhizobia species are available commercially. These
formulations reduce crop N (nitrogen) requirements to some extent. Nonetheless, recent
techniques have made bio-formulations more robust by identifying different additives, carriers,
and delivery systems, which may be able to decrease the current demand for mineral fertilizers.

Despite their presence in soil, PGPR typically does not have enough numbers to
compete with other bacteria most commonly found there. Bioformulations are also known as
biotechnological formulations. They are biologically active products containing one or more
beneficial microbial strains that are encapsulated in an easy-to-use and economical carrier
substance [14]. To maintain the microbial load and vigor of a bioformulation, care must be
taken at all stages, from the initial production process to end-use. Bioformulation production
requires proper care and sophisticated equipment to ensure quality products on the market. It
is currently possible to order bio-inoculants on the internet (listed at
www.barc.usda.gov/psi/bpdl/bioprod.html for a listing). Although bio inoculants often prove
successful, their results are too variable and unpredictable for large-scale use [17,18]. To
promote plant growth, a large dose of a microbial strain must be injected into the soil to
colonize the plant and protect them from various stresses. Biocontrol strains tested over the
years have had a hard time following through on their promises due to this issue.
Bioformulation, however, is a more complex process and comes with specific inherent
limitations, such as inconsistency, short shelf life, need for specific freezing conditions for
storage, and limited accessibility. These disadvantages were owing to the limited market
penetration of bio-inoculants. The issue has been raised in a series of farmer's meetings, forums,
and seminars periodically held under the aegis of groups like ICAR, India. Given these
bottlenecks, bioformulation research aims to find an economical method that maximizes bio-
inoculum production’s viability, vigor, and success.

Additionally, it was noted that an approach that can extend shelf life under minimal
conditions is more practical and economical [19]. Biomass formulations' production and
storage ability and application methods are also crucial [18]. Different types of microbial bio-
formulations in the present market, including additives, metabolites, and adjuvants, are
available; but further exploration is needed for future use.

The present study was conducted to select promising agricultural wastes as raw material
for biomass production of PGPR strain using solid-state fermentation (SSF) based strategy to
optimize inoculum production by using easily available and cheap raw materials associated
with the agricultural waste [19-22]. The SSF substrate was designed/engineered to act as a
carrier, extending the shelf-life at room temperature (RT) without the need for special storage
conditions. Additionally, the carrier-based bioformulation increases the stability of bacteria to
produce various PGP traits such as siderophores, phytohormones, hydrolyzing enzymes,
antibiotics, and other volatile organic compounds [17,23-26]. Hence, it can be applied to bio-
formulation to develop better bio-inoculants.
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2. Materials and Methods
2.1. Bacterial strains.

Two pre-isolated and characterized ACC deaminase-containing salt-tolerant PGPR
strains (BST YS1 42 = Bacillus cereus; and CHR JH203 = Bacillus marisflavi were obtained
from the Division of Plant-microbe and Molecular Immunology Laboratory Integral
University, Uttar Pradesh, India (26.9585° N, 80.9992° E) which had already shown their plant
growth-promotion ability in terms of their positive behavior to IAA production, phosphate
solubilization, ACC deaminase activity, ammonia production, siderophore production and
under saline conditions [9,10].

2.2. Different types of media used as a source of C and N for bacterial growth.

For evaluating the growth of bacteria, numerous types of media are used as a source of
carbon (C) and nitrogen (N), such as nutrient broth (NB), Luria bertani broth (LB), M9 broth
(minimal media broth) and PDB (potato dextrose agar). The bacterial growth is further
determined via a colony-forming unit (CFU) [27,28].

2.3. PGP traits of bacterial strains.

The isolates used in the bioformulation were selected based on their in vitro PGP
activity. The rhizospheric isolates that showed all the eight PGP traits (IAA, phosphate
solubilization, ACC deaminase, ammonia, hydrogen cyanide, exopolysaccharide, biofilm
formation, and Siderophore production) were narrowed down and selected for PGPR
bioformulation development [9,29-34].

2.4, Selection of raw materials.

The raw materials are selected made of organic materials, economical and eco-friendly.
The bacterial inoculants were prepared in the following two formulations in three different
manners: (1) Hay with peptone (2%); (2) Pea Peel (powdered); (3) Tea leaf (powdered); (4)
Cowdung powder and (5) Charcoal (powdered). The materials were dried for three to five days
at 60°C and then sieved. After that, 500 mg of each material was packed in microfuge tubes.
These tubes were autoclaved for three consecutive days till no contamination was observed in
dilution spotting.

2.5. Carrier physicochemical characteristics.

2.5.1. pH and Moisture content (MC) determination of carrier materials.

Locally accessible agricultural and industrial wastes (Hay with 2% peptone, dried pea
peel, dried tea leaf, charcoal, and dry cowdung, Charcoal powder) were used as carriers for
bioformulation. The pH of the carrier materials was measured in the ratio of 1:2.5 (carrier
material with water). After 30 minutes of shaking on the orbital shaker at 160 rpm, the mixture
was allowed to stand for another 30 minutes before measuring the pH reading [35].

The moisture loss of each carrier material was also determined every week by
measuring the weight loss of the sample that was placed onto an aluminum foil cup of known
weight. After this, the material was placed in an oven for 16 hrs at 60 °C [36,37]. Using the
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weight loss of the sample before and after drying, the moisture content was determined,
whereas Arora et al. (2008) measured the water retention capacity of a carrier on a dry weight
basis [38].

2.6. Bioformulation preparation.

Charcoal-based bioformulation of the PGPR strains was prepared by the following
method. The bacterial strain BST YS1 42 and CHR JH203 culture inoculums were prepared
to achieve a moisture content of 6%-15%, 250 ml of NB suspension was added aseptically into
a sterile carrier with a 5 kg polyethylene bag. Approximately 70% of the suspension was left
vacant to ensure adequate aeration of the bio-inoculants, and it was then mixed, packed, and
stored at 27 °C. The bacterial cells were collected after incubation and suspended in 10mM
phosphate buffer saline (PBS) (pH 7.4). The concentration of the cells was adjusted to 9x108
cfu/ml.

In a sterile metal tray, one kilogram of charcoal was weighed, and 15 grams of CaCO3
(w/w) was added to neutralize the pH of the charcoal. One kilogram of charcoal was mixed
with 0.2% of gum arabic as an adhesive. This charcoal, CaCO3z, and gum arabic mixture were
autoclaved for 30 min on each of 3 consecutive days via the tyndallisation process. 400 ml of
the cell suspension mixture was added to 1 kg of sterile charcoal gum arabic carrier in aseptic
conditions. Under sterile conditions, the charcoal formulation was shade dried O/N, packed in
a sterile polypropylene bag, sealed, and kept at RT at 25+2 °C [39].

2.6.1. Shelf-life assessment of bioformulation.

The shelf-life of prepared bio-formulations such as BST YS1 42 and CHR JH203
isolates was assessed by counting CFUs and measuring pH and moisture content in each carrier
at intervals of 7 days over a period of 53 days. For CFU measurement, 1gm of bioformulation
was suspended in 9ml of ddw and mixed thoroughly. The mixture was diluted up to 108,
followed by serial plating of 100 pL of the last two dilutions was plated onto nutrient agar (NA)
plates with three replications per dilution [40]. All plates were incubated at 28+2 °C for 2 days.
The number of colonies that appeared on the NA plates was counted, and CFU g* of bio
formulations was determined. From this value, the logio cfu g™ was calculated. Only dilutions
with colonies that grew between 3 to 30 colonies were counted.

2.6.2. Seed germination and experimental design.

In order to prevent contamination, seeds were surface sterilized using 0.1% HgCl for
10 minutes, followed by thoroughly rinsed 5-7 times with sterile distilled water. Furthermore,
seeds were soaked in sterile distilled water for 1 hour. Sterilization took 1 hour, including soak,
and has no effect on seed germination [41,42]. For the germination tests, the experimental
design included five replicates of each treatment and a total of 120 seeds. In the experiment,
different treatments (CT-control; PP-pea peel; TL-tea leaf; CH-charcoal; CD-cowdung; HP-
hay+2% peptone) along with acdS™ bacteria were used to test the best suitable carrier material
for bioformulation development. The filter paper was laid over and below the seeds in Petri
dishes with a diameter of 9 cm containing 3 ml of each of the bacterial solutions. The Petri
plates were kept in a growth chamber at 25+2°C with a relative humidity of 70 % and sealed
with parafilm to prevent evaporation [43]. Germination was not considered complete until the
radicle had reached at least 2 millimeters.
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2.7. Statistical Analysis.

A minimum of three biological replicates were used for the experiments, and each data
point shown in the results was the mean of these replicates. A standard error of the mean is
represented by the error bars (tSEM).

3. Results and Discussion

3.1. Obtaining bacteria for preparation of mother culture and broth culture.

The selected ACCD positive isolates were maintained in NA plates and preserved (10%
glycerol) (in IIRC-3, Plant-Microbe Interaction and Molecular Immunology Laboratory,
Department of Biosciences, Integral University) on nutrient agar slants for future studies
(Figure 1).

Figure 1. Bacterial culture preservation on (a) nutrient agar plates- BST YS1_42 and CHR JH203; (b) slants
(BST YS1_42 and CHR JH203) and store at 4°C; (c) bacterial culture broth.

3.2. Growth study on different C/N (carbon/nitrogen) sources.

The selected isolates (CHR JH203 and BST YS1_42) have the ability to grow well in
the different media for bioformulation selection (Table 1).

Table 1. Different types of media used as a source of C and N for bacterial growth.

Media Growth (visible
observation)

NB ++++

LB ++++

M9 Broth ++

PDB 4+

NB - Nutrient broth; LB - Luria broth; M9 - Minimal media broth; PDB - Potato dextrose agar. Strong Activity
(+++), Moderate Activity (++).

3.3. PGP traits of bacterial strains.

The selected bacterial strains were found to be positive for PGP traits, and among them,
bacterial isolates BST YS1 42 (Bacillus cereus) and CHR JH203 (Bacillus marisflavi) showed
the best and highest amount of PGP traits (Table 2).

3.4. Selection of raw material (carrier) for bioformulation preparation.

The seed germination assay of various raw materials along with bacterial isolates was
performed to evaluate their effect on maize and Pea seeds. Among the 5 carrier substances
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chosen, i.e., dried pea peel, dried tea leaf, charcoal, dry cowdung, and hay with 2% peptone
(peptone as an N-source). Charcoal shows the highest seed germination index in Maize and
Pea seeds followed by pea peel, tea leaf, hay with peptone, and cowdung powder (Figure 2b,
c). Henceforth it is used for further studies.

Table 2. Characteristics of plant growth-promoting traits of ACC deaminase positive salt-tolerant PGPR.
Test for salt-tolerant bacterial isolates

Bacterial 1AA P- ACCD | NHs HCN EPS Biofilm | Siderophor | NCBI

strains (with solubiliza | produc | produ | product | product | formati | e gene
tryptopha | tion tion ction ion ion on production | accession
n) (%) No.
(MgmL?) | (ug/mL™)

BST 76.4+193 | 8424 + + + + + 21.1+05 JN366756.

YS1 42 1

CHRJH203 | 905+2.26 | 127+27 | + + |+ + + 27.3+1.3 EU375847

1

(+) = Positive production; IAA- Indole acetic acid; P- Phosphate; ACCD- 1-aminocyclopropane-1-carboxylate;
NHs- Ammonia; HCN- Hydrogen Cyanide; EPS- Exopolysaccharide; BST YS1 42 (Bacillus cereus); CHR JH
203 (Bacillus marisflavi). Data are average values of three replicates + standard error mean (SEM).
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Figure 2. (a) Different types of raw materials. (b) Effect of carriers on seed germination assays on Zea maize;
(c) Effect of carriers on seed germination assays on Pisum sativum. CT- Control; PP- Pea peel; TL- Tea leaf;
CH- Charcoal; CD- Cowdung; HP- Hay+2% peptone.

3.4.1. Viable cell count and shelf life assessment of ACCD producing PGP bacteria.

Carrier material such as Charcoal and Pea peel powder has shown the highest colony
count (CFU 1x108 cells/ml) and was the best amongst all five types of treatment of carrier
material for storage at room temperature (Figure 3 and 4). The charcoal shows the maximum
moisture content (12.7%) and water holding capacity (338%), respectively, followed by pea
peel (9.3% and 287%), tea leaf (7.37% and 249%), hay+peptone (6.02% and 221%) and
cowdung powder (4.26% and 184%). The pH of all the carriers was near neutral (6.9 to 7.7).

Figure 3. Growth of bacterial CFU ml* in different raw materials on nutrient agar after 7.5 weeks. CT- Control,
PP- Pea peel; CH- Charcoal; HP- Hay+2% peptone.
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The CFU was performed at regular intervals of 0 days, 1 day, 2 days, 3 days, 5 days, 7
days, 10 days, and 15 days for up to 7.5 weeks. Over time, the number of bacteria was reduced
for cowdung followed by hay supplemented with 2% peptone compared to other carrier
materials tested. All treatments performed better under the temperature of 28°C + 2°C. Thus,

charcoal is the best carrier material for bioformulation preparation, followed by tea leaves
powder.

== BST YS1 42 Control

i e BST YS1 42 Charcoal
o
= = BST YS1 42 Cow Dung
[®)
(=]
— e BST YS1 42 Tea Leaf
=1
=)
- ====BST YS1 42 Soapstone
4.5 - wee BST YS1_42 Hay+2%peptone
4 | I | | | | |
4 0 1 2 3 8 18 40 53
Time (Days)
T
65 - CHR JTH203 Control
CHR JH203 Charcoal
- 6 -
:" e CHR JH203 Cow Dung
—
> 5.5 - CHR JH203 T
= 2 ea Leaf
o
S 5 | CHR JH203 Soapstone
we CHR. JH203 Hay+2%peptone
45 -
b 0 1 2 3 8 18 40 53

Time (Days)

Figure 4. Variation of the logarithm of CFU g of different carrier materials inoculated with (a) Bacillus cereus
BST YS1_42 and (b) Bacillus marisflavi CHR JH203 over a storage period of 0-53 days. CT- Control; HP-
Hay+2% peptone; PP- Pea peel; CD- Cowdung; TL- Tea leaf; and CH- Charcoal. Data are average values of

three replicates * standard error mean (SEM).

4. Discussion

The existence of acdS*™ PGPR in agricultural soil and its plant-interaction has received
the keen attention of several scientists for its ability to solubilize the inorganic phosphate (Pi),
producing other PGP attributes which make it a valuable biofertilizer source [44-46]. It was
found that both strains of PGP could solubilize tricalcium phosphate (TCP). It might be that
organic acids are produced by phosphate solubilization, causing a decrease in pH [47]. Positive
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results for 1AA, P-solubilization, ACC deaminase activity, NH3, HCN, EPS, biofilm, and
siderophore production suggested the PGP ability of BST YS1_42 and CHR JH203 strain [10].
Additionally, the right carrier material is extremely important as it must be able to hold a
surplus of bacteria over the long term [17,48]. Carriers increase bacterial survival rates by
preventing them from being desiccated and drying [15,49]. Bacteria survive better on carriers
since they protect them from drying and desiccation [16,50]. Smaller carrier particles have a
larger surface area, so they are more able to protect bacteria against desiccation [51,52]. Hence,
it is very crucial to select the right carrier material so that bacterial inoculants should be able
to survive there for a long time. It is important to select a carrier material (for biofertilizer)
because some materials have different chemical and physical properties. Bacteria inoculated in
a carrier material may not be viable or may vary, depending upon the type of material used.
The carrier should be able to suit the conditions that are required for PGPR survival [11,17,53].
They must be easily sterilized and are non-toxic to PGPR. The low pH of carrier materials
creates unsuitable conditions for PGPB growth, further reducing viable cells. The moisture
content of the biofertilizer was another parameter used in standard quality assurance for
biofertilizers other than viable cellular counts and pH. The highest moisture content is present
in charcoal, followed by PP, TL, HP, and CD. The intrinsic moisture level of the charcoal was
maintained at 10.5 percent after 2.75 months of storage, which was the highest of all the studied
carriers. Materials with a high water holding capacity, intrinsic moisture content, and adequate
aeration have been deemed good transporters for bioinoculants [54]. The moisture content of
different carrier materials ranges from 12 to 40%. [37,55,56]. According to studies, carriers
with a high water-holding capacity and a pH close to neutral can maintain enormous
populations [38,57]. Furthermore, the particle size of the ground or sieved materials has a
significant impact on the biofertilizer's performance. Due to cell stress, the CFU count of
bacterial isolates begins to diminish after 6 months as their population declines within the
permitted range [16,58]. Many materials are widely used to give PGPR a safe environment and
limit predation to extend their shelf life and activities. All tested carrier materials (charcoal,
pea peel, tealeaf, cowdung, hay+2% peptone) exhibited significant physical (moisture content
and water holding capacity) and chemical properties (pH) that make them suitable to be used
as bio-formulations or bio-fertilizers. Numerous factors influence bio-fertilizer development.
The bio-fertilizer needs to have a high count of bacteria and the ability to endure for a long
time before it can be applied to the soil. After 7.5 weeks of storage, all carrier materials slightly
declined viable cell count in temperatures. ACC deaminase bacterial isolates that were
inoculated into carrier materials are also susceptible to the effects of temperature. Inoculated
carrier materials stored at 4°C will lose their growth and viability, but they will still be effective
for a certain period of time. Furthermore, it was found that lower storage temperature reduced
the survival and growth of the tested inoculants. This study suggests that temperature exerts a
critical factor in determining the survival and growth of PGP bacteria [13]. In fact, it was
claimed that the initial multiplication of rhizobial strains was restricted until 26 weeks in
sterilized peat at 4°C. Higher temperature encourages bacteria growth, whereas lower
temperature may inhibit this process. In this experiment, 28°C is the optimal temperature for
these specific acdS™ inoculants, but 4°C might delay growth. Among numerous carriers and in
terms of viable cell counts for normal temperatures, the charcoal and tea leaf powder showed
the best results, which is in affirmation with the results of Tripti et al. (2017) [59-61].
Numerous studies have examined coal-based bio-inoculants in place of peat-based inoculants
[62-64]. It was found that the population of Rhizobium sp. (10° to 107 cfu/g) strains in charcoal-
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based inoculants was reduced by 100-fold after 3 months [65]. Therefore, charcoal is
considered to be an ideal carrier for Bacillus strains (Figures 3 and 4). The present study
hypothesized that the use of inexpensive carrier materials would improve the long-term
survival of the test inoculants and boost the growth of plants once the bioformulation is
delivered to the soil. The results of this research are in accordance with our proposed
hypothesis, demonstrating that charcoal provides the best outcome for plant growth when used
as a carrier for Bacillus sp. strain BST YS1_42 and CHR JH203. Numerous researchers have
also documented similar findings [10,45,51,59,66-68].

5. Conclusions

In conclusion, the study's objective, which was to find the best carrier material for
microbial inoculants, was accomplished successfully, with charcoal and tea leaf powder being
superior carrier materials compared to others. The bacteria had different shelf lives and
different efficacy for each formulation. In the present study, 28°C was an ideal storage
temperature for these PGPR. As for biofertilizers, charcoal and tea leave powder remain to be
most effective.
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