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Abstract

Biofertilizers are produced as carrier-based inoculants, due to their
effectiveness, simplicity of handling and long-term storage. The
carrier material utilised has a significant impact on the efficiency and
effectiveness of a biofertilizer. Appropriate carrier materials provide an
appropriate environment for replace the enhanced microbial activity. As
a result of the unique biological fertilizer synthesis, organisms can be
utilised as biological fertilisers at the farm level for a long period in many
planting sequences. The survival rate of microbial inoculants delivered
into the soil profile system is affected by physico-chemical properties
such as moisture level and type of carrier materials. The substrate
serves as a catalyst for the transition of microorganisms from the control
condition to the rhizosphere zone of agricultural fields. Use of organic or
inorganic based carrier material results in a silica-rich environment that
benefits plant growth and overcomes abiotic and biotic challenges by
avoiding shedding. Additionally, use of carrier-based biofertilizer results
in appropriate nutrient availability, good water retention capacity and the
generation of chemicals that promote and regulate plant growth.
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Abbreviations

PGPR
EC

Plant-growth-promoting rhizobacteria
Electrical conductivity

FYM Farmyard manure
SMS Spent mushroom substrate
CFU Colony forming units

Introduction

Microbial populations are crux of the soil environment
that interfaces plants in a number of ways,
the most significant of which is through the
root area. Soil degradation has been witnessed
due to excessive use of chemical fertilisers, for
which organic materials should be used as a
supplement to chemical fertilizers to enhance
maintain soil productivity."? Solid, liquid and granular
biological based biofertilizer is a low expensive and
environmental friendly apart from supporting soil
health, plant growth and productivity. Biofertilizers
are defined as "products containing carrier based
(solid or liquid) living microorganisms which are
agriculturally useful in terms of nitrogen fixation,
phosphorus solubilization, or nutrient mobilization”.?
Nitrogen-fixators, phosphate- and potassium-
soluble fertilizers, phosphorus-mobilizing fertilizers,
biofertilizers for secondary macro and micronutrients,
zinc- and iron-soluble fertilizers, plant-growth-
promoting rhizobacteria (PGPR), and compost
are the different categories of biofertilizers based
on the microorganisms and the advantages they
provide.* Basic requirements of substrate to support
the shelf life of bacteria and fungi viability in long
duration maintain the microbial population with ensure
from lab to field rhizosphere profile for healthy of soil
profile and suitable to plant growth.

Main Motto on Carrier Material

* Maintain suitable moisture retention and
comparably growth pattern of microbial
communities.?

* An adequate maturity and prevent the
unfavourable stress to carrier material with soil
physico-chemical properties stability.

The carrier of the inoculant refers to a solid, semi-
solid or liquid substance in which certain bacteria
or microorganisms can maintain a certain amount
for a period of time.” According to Shilpa and
Brahmaprakash, a carrier material's ability to support
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a larger population of injected microorganisms
during extended storage times is one of its most
important characteristics. Inoculants for bacteria,
fungus, algae, and actinomycetes are made using
a range of carriers. Among them, common organic
transporters include sawdust, lignite, charcoal,
peat, pressed mud, loam, and cow dung cake.
Carriers help microbial inoculants survive and
develop by transporting live inoculants from the
lab to the rhizosphere. High organic content, water
retention, neutral pH, non-toxicity, affordability,
and ease of processing are characteristics of ideal
carriers. Compost or vermicompost improves field
performance under environmental stressors, seed
adhesion, and storage stability.® The biological-
based fertilizer works by including beneficial living
organisms that enhance plant health and biomass
while also providing strong support for soil fertility
and environmental friendliness.®

Role of Carrier on Performance of Microbial
Culture

In recent years, great efforts have been put forth
to develop environmentally friendly formulations
of pesticide products. Vast variety of materials
that can be added to improve the effectiveness
of pesticides, such as clay minerals, silicate materials,
polymers, and research that extends from organic
and inorganic materials (Figure 1). Biofertilizers are
prepared as carrier-based inoculants which enable
easy handling, long-term storage and effectiveness.
Appropriate carrier materials provide a suitable
environment to extend the life of microorganisms.
Therefore, in the unique production of biological
fertilizers, organisms can be used at the farm level
for a long time in multiple cropping sequences.
Symbiotic root interactions between nitrogen-fixing
rhizobia and carrier-based inoculants improve soil
fertility and legume development. Rhizobia transform
air nitrogen into a form that may be used by forming
nodules on roots. Through enhanced nutrient
availability and stress resilience, they also generate
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phytohormones and enzymes that support plant
health, productivity, and sustainable agriculture.
Solid, granular, capsule and liquid based biofertilizer
available marketable throughout world, efficiently
support particularly leguminous crop suitable solid
based biofertilizer favourable to enhance rhizobia
species.""? Investigation of Kumar et al., the survival
and phosphate-solubilizing efficiency of phosphate
solubilizing bacteria (Bacillus and Pseudomonas
spp.) using various carrier materials (peat, lignite,
charcoal, and vermiculite). They found that peat
and lignite supported higher viability and sustained
phosphate solubilization activity over six months
compared to other carriers.'' A carrier should need
a carbon sources to produce biofertilizer. One of the
important things to choose a material as carrier due
to its capability to maintain population of inoculant.
Inoculum formulations using carrier material have
widely been used to facilitate the introduction of
high cell number and increased survival of micro-
organisms in soil."® At present, beneficial bacteria
are used in a variety of agro-economically significant
plants as both liquid and solid carrier-based inoculant
preparations. However, the bacterial strain utilized
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to produce the inoculant has a major impact on the
carrier-based formulation's performance (Figure 1).1¢
The survival rate of microbial inoculants introduced
into the soil profile system on depend physic-chemical
parameters such as moisture level, heat and nature
of carrier material. The substrate acts as a catalyst
for the shifting of micro size organism from the control
condition to the rhizosphere zone of agriculture
fields.' Successfully prepared different organic
based carrier material formulation with beneficial
microbes such as farmyard manure, vermi-cost and
microbial compost.'® In the development of microbial
inoculants, the incorporation of organic materials as
carrier amendments has been shown to enhance
the overall quality of the inoculant formulations.
These improvements include increased adhesion to
seeds, greater product stability, enhanced viability
of beneficial bacteria and fungi during storage, and
improved adaptation to soil environments under
both biotic and abiotic stress conditions. The use of
various additives, selected for their physicochemical
properties such as acidity, toxicity profile, relaxation
time, and high water retention capacity, is common
in inoculant production.'®®
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Liquid
Biofertilizer

Micronutrients
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Fig. 1: Organic based carrier material development processes
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Recent studies of Diaz-Rodriguez et al, have
demonstrated that biologically derived composts
can serve as effective substrate materials for
biofertilizer production.’® However, comprehensive
reviews on the role of compost as a substrate-
particularly its capacity to supply macro- and
micronutrients to the soil while supporting the
persistence of microbial populations-remain
limited. Experimental approaches have involved
the use of vermicompost and urban composts as
modifiers for traditional carriers like talc powder,
aiming to create formulations that support diverse
microbial communities and improve the viability
of inoculated cultures. Conventional carrier
substrates for biofertilizer production, such as peat,
lignite, and talc, are widely recognized for their ability
to promote the growth and survival of microbial
inoculants. The addition of organic fertilizers,
including earthworm compost and urban compost,
as carrier components has been found to further
extend the viability of beneficial microorganisms
in these formulations. This is primarily attributed
to the provision of carbon and nitrogen sources,
which sustain the metabolic activity of the inoculated
microbes during storage and application. Overall,
the integration of organic amendments into carrier
systems represents a promising strategy to enhance
the efficacy and shelf life of microbial inoculants in
sustainable agricultural practices.'®'?

Ingredients of Carrier Material

Numerous carrier materials have been shown
to be effective, such as pressed sludge, calcium
alginate, charcoal soil mixture, wheat bran,?°
peats, and soil implant formulations based on
phosphate rock suggested by Viveganandan
and Jauhri,?" And Viveganandan and Jauhri,??
Research on inexpensive and readily accessible
waste materials as carriers for biological vaccines
is currently ongoing since phosphobacteria and
nitrogen-fixing bacteria have a long shelf life.™
Biofertilizer formulation mainly depend upon suitable
substrate material (Carrier) to multiplication rate
of plant growth promoting microorganism, because
during plant growth require nutrients, free of biotic
stress, abiotic stress, soil water holding capacity,
soil infiltration rate they can augment the shelf life
of PGPR strains. A suitable carrier should be non-
toxic, sterility, non-reactive, higher proposition
nutrient ratio, humidity with sterile charcoal, lignite,
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peat, farm yard manure (FYM), and rice husk
have been tested as carriers.?® Alginate beads,
wet and dry alginate microbeads, and gum-arabic
preparations of bacterial species like Azospirillum
brasilense Cd, Pseudomonas fluorescens, and
Rhizobium sp. have been evaluated, as have the
drawbacks of direct inoculation and the use of
different solid-phase bacterial inoculants.?*?6 Over a
six-month period, the vitality of bacterial inoculants
in all formulations was assessed while they were
stored at 40°C and room temperature. Compost
has been proposed by a number of scientists as a
biofertilizer carrying medium. However, very little
study has been done on the function of high-quality
compost in preserving the microbial community.?’
Numerous studies have focused on enhancing the
survival of microorganisms in carrier materials by
incorporating various amendments. The addition of
different substances such as soya meal and soybean
powder, molasses, farmyard manure, composted
straw powder, teak leaf powder, and mannitol
sucrose molasses, which is rich in nutrients and
serves as a readily available carbon source, has
been shown to support the viability of beneficial
bacteria like Rhizobium spp during storage.?2
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Fig. 2: Strategies for the type of Carrier
materials

Inorganic Carrier

Inorganic carrier based substrate such as zeolite,
CaCO, powder, lime, clay, silica, pearlite, alginate
and lignite (Figure 2) with beneficial to the growth
of microbial inoculants, but problem reduce moisture
content in solid based substrate material like such
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as zeolite and CaCO, powder as zeolites are natural
hydrated aluminium silicates, which can be used
agroforestry systems due to their viability to retain
soil moisture and minimize nutrient loss.?®

Microbial Shelf-life in Zeolite Carrier Material

The moisture of the organic matter is 22.3%, and
the latter absorb moisture and then decreases when
the zeolite is added. The solid formulations used
by zeolites ensure cell protection by the adsorption
of the zeolite surface. The volume and surface area
of the fine pores of the zeolite powder are greater
than 208 m 2 g of surface of the clay soil around
0.25cm 3 /g and 754 m 2 / g reported. Bacterial
cells are adsorbed on the surface of the zeolite and
protect them from the harsh environment. The great
adherence of bacteria to zeolites was less than glut
rapid bacteria because the structure of the cell wall
was different.®® The composition of solid inoculation
affected the population of Azotobacter on 71" and 14"
days. On 7" day, the addition of 5% zeolite resulted
in an increase in the Azotobacter population, but
on 14" day, the increase in their number depended
on the extent of the initial increase. Similar to the
population of Bacillus, the ingredients of zeolite and
liquid inoculators in solid bio-fertilizers did not affect
the populations of Azotobacter during the period
of 21 and 28. In observation highest population
of Azotobacter in the 28th-day-old substrate was
observed in the treatment using five solid bio-
fertilizers initially inoculated with liquid inoculum
concentrated in 5% zeolite, followed by treatments
with 1% zeolite and 10% liquid inoculum. To maintain
the viability of these solid-inoculated cultures, it
is essential to store them under consistent room
conditions for at least six months. Although the
bacterial population typically declines over this
period, studies have shown that the population of a
single-strain inoculator can actually increase after
three months of storage.®' On the contrary, after 3
months after storage, the decrease in the bacterial
population of solubilized bacteria of the slaughtered
root mucosa and phosphate was significant after
storage of 3 months.* In general, vaccination concen-
trations with zeolite and the first liquids were not
statistically important, but increased bacillus of 7 days
and the number of Azotobacters. Two different solid
based biofertilizer composition: 1% zeolite and a
liquid inoculum at 10% and at 5% zeolite and a 5%
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liquid inoculum. Both formulations retain the logarithm
of CFU/ g, respectively, 12 and 10 pairs of CFU/ g,
respectively, more than the bacterial population
of solid bio-fertilizer Indonesia.

Talc Carrier Materials

Talc based solid biofertilizer formulation to store up to
180 days for self life viability, plant root colonize ability
and plant growth promotion ability under normal and
stress condition. Previous data demonstrated that
both carrier’s peat and talc provided comparable
results for Pseudomonas strain at the majority
of time periods and had a shelf-life of up to 180 days.
Cell viability in peat for 180 days was comparable for
LBUM677 and LBUM223 (3 x 107and 5 x 107 CFU g™,
respectively), while LBUM677 with talc produced
superior results than LBUM223 (2 x 108 and 4 x 107
CFU g, respectively).*® Compared to talc-based
formula and clay-based formula (80 and 9.3 x 108
CFU, respectively), all cellulose-based formulas
with and without enrichment can keep the viable
cell count higher and the average cell count over the
entire storage period. 81.7 x 108 CFU / g formula / g,
respectively, after 180 days of storage. The log CFU
g of talc, almond and almond flour of populations
of Enterococcus faecalis was 8.0 to 8.5, 4.8 t0 5.8
and 4.9 to 5.4 log CFU g, respectively. DI almonds
(100 g batch) retained 1.4 + 0.2 g of inoculated
talc, or approximately 1% of the talc used in the
inoculation, these inoculated almonds produced
approximately 6 log CFU g of Enterococcus faecalis.
Deionized almonds contain 4.8 to 5.8 log CFU g™ of
Enterococcus faecalis, which is expected to be
less because some talc will remain on the sieve.
Best efficient viability of talc-based substrate highly
supports at room temperature, Pseudomonas strains
can persist for several months, remain to colonize
the rhizosphere, and carry out advantageous plant-
beneficial activities.?

Organic Carrier Materials

Organic carrier materials such as biochar, wood ash
(soft wood and hard wood), fly ash, Sawdust, Paddy
straw powder, Wood charcoal, peat, rice grain, wheat
bran, farmyard manure (FYM), poultry manure, soya
meal & soybean powder, molasses, biogas sludge,
Spent mushroom substrate (SMS), vermiculite,
composted straw powder, teak leaf powder, mannitol
and sucrose (Figure 2).
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Fly Ash

India produces more fly ash than any other country,
but it only uses a tiny percentage of it, whereas
European nations use almost all of it in relation to
their overall energy use. Thermal power plant waste
of fly ash to amendments of poor physical-chemical
and microbial parameters soil, to enhance the soil
physical parameters such as porosity, infiltration
rate and texture. Improvement chemical properties
such as pH, EC (Electrical Conductivity), macro,
micro elements solubility and increase population
of microbes by application of fly ash.** On previous
work fly ash supported a field trial on onion evaluated
AM fungi, A. chroococcum, and fly ash (25, 50, 100
t/ha) with NPK. The 25 t/ha fly ash + 50% NPK
+ biofertilizers showed highest yield (43.3% over
control), improved growth, phosphorus availability,
and mycorrhizal dependency, proving cost-effective
and eco-friendly for nutrient management.

Shelf-life and Performance of Microbes with Fly
Ash Carrier

Different macro and micro components, as well as a
zero microbial load, are present in the unsterilized fly
ash substrate. According to research studies, varying
fly ash concentrations (10-100%) can significantly
increase the fungal population up to the 45th day
of incubation without affecting the native microbial
population. Similarly, a 1:1 ratio of soil and fly ash is
appropriate for microbial life, including A. brasilense,
A. chroococcum, and B. circulans, and fly ash alone
demonstrated its maximum viability in fly ash alone,
with a population increase of 80—100 times on the
75" day, followed by soil: fly ash.®® As reported
in a previous study® Juwarkar and Jambhulkar,
similar to our findings, the application of fly ash
in a 1:1 ratio enhances the growth of P. striata in
soil by 100-fold. By the 75th day after planting, the
population becomes well established. The addition
of organic material to fly ash complexes the heavy
metals, reducing their toxicity.*® Azotobacter spp.
positive produces siderophores that binds iron and
molybdenum controlling their concentration in soil
presence of organic matter has an additive effect as
it reduces the concentration of toxic metals through
sorption, lowers the C/N ratio and provides organic
compounds, which promote microbial proliferation
and diversity.*” According to Parab et al.,** fly ash
has a beneficial effect on the root infection of both
native and injected mycorrhizal fungi. Additionally,
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they demonstrated that the mycorrhizal dependence
of onions fluctuates with fly ash additions, peaking at
a fly ash dosage of 25 mg ha', which also coincided
with the best crop output. Long-term use of fly ash®
in conjunction with organic fertilizer such as compost
and Azospirillum greatly boosted the amount of P,
K, Ca, Mg, S, and Si that was accessible, according
to Sevalkumari et al.. Applying 20 mg ha' of fly ash
together with FYM at 12.5 mg ha' and chemical
fertilizers produced a similar result.

Merits of Fly Ash

As a substitute for chemical fertilizers, many
macrogenous flying macros and ashes can be
used. It has been noted that using flying ash to
cultivate Azotobacters can cut the need for chemical
fertilizers by as much as 50%. In addition, the best
meetings of AM bacteria, phosphorus solubilized
microorganisms and actinomycetes will further
improve soil sustainability. Indirectly, it will help
you contamination of soil, emergency emissions to
environments by inorganic fertilizer. Industry, and
cost reduction.®

Fly Ash based Carrier for Biofertilizers,
Biopesticides and Diseases Control
Azotobacter formulations are liquid-based and come
in a variety of carriers. These transport materials,
however, raise expenses without offering the soil and
plants any further advantages. They also exhaust
natural resources. Applying fly ash as an Azotobacter
carrier can be a practical method of managing it
while also lowering production material costs and
environmental impact.** According to Gaind and
Gaur, the best options for diazotroph carriers were
fly ash by itself or a soil: fly ash blend (1: 1).*® It has
been demonstrated that up to 50% fly ash, soil, and
other organic fertilizers, particularly vermicompost
are effective in enhancing Azotobacter bacterial cell
density and shelf life.

Fly ash and Azotobacter together can lessen the
need for costly chemical fertilizers, which have a
negative impact on soil quality. Additionally, fly ash
works well as a dust insecticide and a suitable carrier
for herbal pesticides.*' Sankari and Narayanasamy,
assessed the bio-efficacy of fly ash as a carrier for
pests of rice, brinjal, and okra, including Azadirachta
indica, Eucalyptus globulus, Vitex negundo, Curcuma
domestica, Capsicum annum, Piper nigrum,
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Acorus indica, and Ocimum sanctum.*>\Jermicompost
and fly ash work well together to control pests and
weeds on a variety of vegetables.*® Fly ash is
rich in silica which is beneficial for plant growth,
overcomes abiotic and biotic stresses by preventing
shedding (falling) and Azotobacter has antifungal
and antibacterial properties that increase resistance
of plants to pests, diseases, as well as other
stresses. According to an assortment of studies,
applying 50 mg ha' of fly ash considerably boosts
the production of a number of crops, including red
gram, mustard, rice, wheat, potatoes, and maize.*
When Azotobacter is inoculated with 50% chemical
fertilizer on onions in rabi crops at 50 Mg ha fly ash,
there might be a 40% rise.45 40% fly ash was shown
to have a nematoidal effect and was recommended
for nutrient provision and the treatment of tomato
root-knot disease brought on by Meloidogyne sp.*647
Cultivars of tomatoes cultivated in soil treated with fly
ash were more resistant to the wilt fungus Fusarium
oxysporum.*” The use of fly ash was found to inhibit
the growth of seven soil-borne pathogenic bacteria
by Karpagavalli and Ramabadran,. When used in
conjunction with organic and biofertilizers, fly ash
amendments in agriculture offer several advantages,
including improved crop quality, soil fertility, insect
and disease management, and crop yield. Bacillus
thuringiensis, or Bt, strains and subspecies are
the most often employed microbial insecticides.
This bacterium kills one or a few related species of
insect larvae, and each strain generates a unique
combination of proteins. Some Bt's are particular
to flies and mosquitoes, whereas others control
moth larvae that are present on plants. Biochemical
pesticides are naturally occurring compounds that
use non-toxic methods to manage pests. In contrast,
traditional insecticides are often made of synthetic
ingredients that either directly kill or inactivate the
bug.*®

Fly Ash with Vermicompost Carrier Material

By adding organic, chemical, and/or biofertilizers,
fly ash's effectiveness can be increased. Vermi-
composting fly ash has also been proven in studies
to increase the availability of several nutrients.*
Vermicomposting is a technique that uses the
microorganisms found in earthworms' guts to break
down organic materials quickly. It has been shown to
improve nutrient availability and microbial activity in
soil. According to a number of studies, earthworms
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such as Lampito mauritii, Eudrilus eugeniae, and
Eisenia foetida may be able to turn fly ash into the
best manure when combined with different amounts
of cow dung.***2 The ideal ratio for vermicomposting
was found to be up to 50% fly ash with cow manure.®

Vermicomposting

NPK and micronutrients are abundant in the
vermicompost.®* Additionally helpful alternatives to
inorganic fertilizers that enhance soil quality include
vermicompost and biofertilizer. These bacteria can
fix atmospheric nitrogen or solubilize insoluble
phosphorus and make it accessible for crops.
Biofertilizers are live organisms that can mobilize
nutrients from unusable form through biological
processes. Azospirillum, Phosphobacteria, VAM,
Azotobacter, Rhizobium etc., are the main types
of organisms widely recommended for many field
crops. According to Ashwin et al., vermicompost
helped fungal inoculants grow, supporting
populations of 1.2 x 107/g and 0.009 x 107/g for up
to 420 days in A. awamori at 20% and 25% moisture
levels, respectively. Up until 90 days, the population
of the zinc-solubilizing fungus A. niger increased
consistently; after that, it gradually declined. In this
case, a 25% moisture level sustained the A. niger
population over time more effectively than a 20%
moisture level.®®

Merits of Vermicompost

Vermicompost produced by earthworms, is nutrient-
rich, retains moisture well, and contains beneficial
enzymes and plant hormones. Its high microbial
activity and ability to enhance nutrient availability
make it an excellent carrier for biological inoculants,
supporting their survival, growth, and function,
thus promoting sustainable crop productivity
and soil health.®® As a handy support material,
vermicompost can help fungal inoculants (such
Aspergillus awamori and Aspergillus niger) last up
to a year. Applying earthworms, which are abundant
in beneficial microorganisms, in the field is a simple
way for farmers who practice sustainable agriculture
to increase crop yields.%

Biochar

Bacteroidetes which are engaged in the organic
matter cycle, tended to decline as a result of the
carrier-based inoculation. Therefore, it may be
assumed that fixing Bacillus sp. on charcoal prior
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to inoculation improved soil carbon and nutrient
availability and decreased metal (loid) stress.
In fact, its aeration qualities, high porosity, and
strong water-holding capacity define it. Carbon
sequestration and soil fertility have been enhanced
by the use of biochar as a soil supplement. Because
biochar has a high carbon content, strong nutrient
value, and no harmful compounds, it can serve as
the ideal substrate for helpful microbes, particularly
heterotrophs due to the numerous auxiliary
advantages and effective potential of using biochar
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to manufacture bioinoculants in India.’” When the
carrier was inoculated with Azospirillum broth,
the highest moisture content of acacia charcoal
produced in the UK after 180 days of storage
was 25.33%, which was significantly higher than
the 24.32% of the brown coal-based Azospirillum
inoculant. The study revealed that the use of acacia
charcoal from the United Kingdom can prolong the
survival time of microbial inoculants for up to six
months.

Provide good
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holding capacity

nvidcsurvivalcnvirunmcntg y
; ‘ , ’ No
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Fig. 3: Strategies for the bulk utilization of biochar in agriculture

Carrier based Biocontrol Agent

Bacterial formulation is a product that consists of
bacterial cells and a kind of preservative which
use to control soil borne diseases. The bacterial
component of formulation needs to survive for a
considerable length of time and to have in vivo
efficacy.®® The shelf-life of environmentally sensitive
micro-organisms continues to be a challenging and
success limiting step in development of biocontrol
products.® While Pseudomonas fluorescens has
significant potential as biocontrol agent, it is very
sensitive to environmental factors, in particular
temperature and acidity.®

Self-life of Biochar

Research indicates two distinct aspects: the
formation of the consortium and the preparation
of the carriers. The carrier substance is the
primary determinant of any microbial inoculant's
survival. The research's carrier material satisfies
the fundamental requirements for an excellent
carrier, including neutral pH, high organic content,
water-holding capability, ease of availability,
and affordability.’” The biggest viable cells of
the Japanese Brachyrhizobium, Pseudomonas
fluorescens, and Bacillus megaterium in the single,
double and triple inoculants do not alter when
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compared to the talcum powder formula in the worm
manure modified talcum powder and urban compost
formula. This could be because organic materials
contain a lot of nutrients that help microbial inoculants
survive while being stored in rhizospheres."”
Similar findings were found by Rajasekar and
Karmegam, (2010), who stated that over 1 X 107
viable cells/g of Chromococcus, Azotobacter,
and Bacillus megaterium®? were seen in various
combinations of earthworms and lignite for a
maximum of 10 months. Pseudomonas fluorescens,
Bacillus subtilis, and Azospirillum brasiliensis have
been shown to have a high survival rate in a variety
of organic carriers, including vermicompost, waste
fungus, free-range fertilizer, pressed sludge, and
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growth promoting traits

i
Carrier material preparation .
(Sterilization - pH - Texture) |

]
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rice bran.%%2"64 The highest survival rate of microbial
inoculants among all vector-based formulations
is observed in triple-layer carrier systems. These
carriers provide microenvironments for micro-
organisms and serve as media for the development
of biological products that meet desired quality
standards and offer extended shelf life. In addition
to the various types of carriers,® it has been found
that storage temperatures significantly affect the
acceptability of agricultural products and the shelf
life of bioinoculants.?® Many types of beneficial
bacteria have a longer shelf life after being stored
at lower temperatures, which has been supported
by numerous investigations.®6:57

le and non-toxic earrier
material for biofertilizer

Fig. 4: Microbial Culture development and Inoculated in Carrier Materials.

Conclusion

According to the review's findings, microbial culture
transfer applying an organic-based substrate
successfully adapts a variety of N, P, and K
mobilisation bacteria and actinomyces for usage
with carrier materials such fly ash, vermicompost,
and biochar. Zeolite and talc powder are the
most common inorganic-based carrier materials
used to incorporate biofertilizer microorganisms.
Better performance and cost-effectiveness with a
sustainable level employing a variety of organic
substrates that are readily available locally and
rapidly and that have a long self-life, are compared
to inorganic carrier materials.
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