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ABSTRACT

There is an increase in demand for food production as the world population is growing at pace. Synthetic fertilizers give
more yield but they adversely impact the environment and ecosystem. As an alternative biofertilizers are being used, they
give yield in an eco-friendly manner. They contain active or dormant microorganisms that are used to treat agricultural
seeds or applied directly to the soil. The microbes used for making biofertilizers are mainly PGPR’s. They live in
rhizospheric soil and flourish in number. They have both synergistic and antagonistic interactions with the soil
microbiota and participate in a variety of ecologically important functions. They aid plant development by promoting
biotic and abiotic stress tolerance, as well as supporting host plant nutrition. Highest yield is observed when mixture of
bacterial inoculants was used in place of using single strain of bacteria in formulation. Liquid formulations give more
benefits to farmer as it has longer shelf life and is cost effective compared to solid carrier-based formulations.
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INTRODUCTION

As there is an increase in the global population, there is an increase in demand for food production [1].
For plant nutrition and disease management, traditional agricultural practises rely heavily on the
widespread use of synthetic fertilizers and pesticides [2]. Because of the careless use of agro-chemicals
and their inability to biodegrade, thley accumulate below ground, causing adverse changes in soil
structure, water holding capacity and fertility. Excessive use of synthetic fertilisers is also connected to
eutrophication of water resources, the greenhouse effect, and dangerous levels of heavy metals such as
plumbum, arsenic and cadmium [3-5]. As a result, various organic fertilisers that work as natural growth
stimulators for plants have been emerged in recent years [6]. The use of natural stimulators has a long
history, beginning with compost production on a modest scale, farmers' knowledge is passed down from
generation to generation [7]. A subset of this type of fertilizer is made up of substances depending on
plant-growth-promoting microorganisms known as Microbial Biostimulants, also known as Biofertilizers,
are chemicals that are used to fertilise plants [8]. Biofertilizers are products containing one or more
species of microorganisms that can mobilise nutritionally important elements from non-usable to usable
form in soil, compost, and other environments through biological processes [9].

Types of Bioformulations

One of the most important elements impacting the quality of biofertilizers containing live microbial cells
is formulation. Formulation is defined as the process of combining a chosen microbial strain with a
carrier [10]. The active substance is placed in an appropriate carrier, which is commonly supplemented
with ingredients that help to stabilise and protect microorganisms during storage and shipping [11].
Formulation should be stable, cost effective, maintain healthy physiological state and enhance activity of
microbes thereby increase the crop production [12] Fig.1.

BEPLS Vol Spl Issue [3] 2022 53|Page ©2022 AELS, INDIA



Solid Carrier Formulation

Microorganisms are bound with a delivery vehicle in solid-carrier based biofertilizers, which is
responsible for moving microbial strains from the laboratory to the rhizosphere [13]. They have a
number of advantages, they are inexpensive, simple to manufacture, and do not necessitate large financial
investments [14].

Liquid Formulation

Liquid formulations have longer shelf life compared to carrier-based formulations. Based on broth
cultures, mineral oils, organic oils, or oil-in-water suspensions, these biofertilizers are also classified as
flowable or aqueous suspensions [15]. The most commonly used bacterial inoculants for formulations are
Bacillus, Psedumonas, Azotobacter, Rhizobium, Azospirillum etc. species of PGPR [17].

MATERIAL AND METHODS

Materials and Glass wares

Clean petri-dishes, Test-tube, Test-tube stand, Conical flask, Beaker, Measuring cylinder, Pipettes, Spatula,
Nichrome wire loop, Media, Distilled water, Gram staining reagent [18]. UV of laminar air flow chamber is
kept ON prior and switched OFF after 15 minutes, done to keep the aseptic lab environment. The air flow
is kept on so sterile air flow is there inside the chamber. Glass wares were sterilized in autoclave at 121°C,
15 p.s.i for 30-60 minutes and directly kept in laminar air flow chamber [19].

Collection of soil sample

Soil sample was collected from Una, Junagadh district (20°50'N, 71°03'E). It was collected in sterile plastic
zip locker from healthy rhizosphere region of Arachis hypogaea L. (Groundnut) at the depth of 20-30 cm
and it was kept at 4°C in refrigerator prior to usage.

Preparation of soil sample

For serial dilution 9 test tubes and 1 sugar tube was taken. 9 ml water was added in each tube and in
sugar tube suspension was prepared by adding 1 gm of soil sample to 9 ml of water. Mixture was allowed
to homogenize and serial dilution of suspension was done up to 1010 [20].

Media preparation and procedure

Respective media were autoclaved and poured in petri dishes (Table.1). It was allowed to cool and
solidify.100ul of suspension was spread on the respective media plates and were incubated for 3-4 days
at 32°C to observe the bacterial colonies. The bacteria were sub-cultured from Azotobacter Agar Mannitol
plates on same media. Bacterial colonies that showed clear zones i.e., halo zone was selected from
Pikovskaya and Aleksandrow Agar plates and were sub-cultured on same media. Pure culture was
obtained by four flame streak method both on nutrient agar plates and selective media plates [18]. The
morphological and cultural properties of the plates were observed using macroscopy (Fig.2,3 and 4).
RESULTS

The colony morphology, cell shape, and Gram'’s staining reaction of each of the selected isolates were
investigated (Table.2 and 3).

Screening of bacteria solubilizing phosphate and potassium

Streaking of AV2[PSB] and AV3[KSB] was done on respective selective media plates. For screening,
bromothymol blue dye was used. Dye was poured to the plate as such covering the culture [24]. Clear halo
zone was seen as shown in Fig.8(a), (b).

Compatibility test of culture and NPK consortia preparation

Bacterial cultures were streaked over nutrient agar plates in such a way that a single bacterial culture
was streaked in the centre of the plate, with additional cultures radiating outwards [25]. The plates were
incubated for 48 hours at 37°C, and the inhibitory zone was seen and recorded. It was observed that AV1,
AV?2 and AV3 were compatible as no zone formation was seen Fig.9. This means there is no inhibition and
isolates are compatible thereby showing positive result. The bacterial culture was used together to form a
formulation. Microbial consortia were made using 3 bacterial inoculants containing AV1[NFB], AV2[PSB]
and AV3[KSB].

Formulation preparation of liquid biofertilizer inoculants

Firstly, loopful of bacterial cultures AV1[NFB], AV2[PSB] and AV3[KSB] were individually inoculated in
100ml nutrient broth in three conical flasks and incubated overnight at 32°C on shaker Fig.10. Next day it
was seen that the broth turned turbid and O.D. readings were taken in Spectrophotometer. Nutrient broth
readings were taken at different timings and after 48 hrs sufficient growth of bacteria was obtained
Fig.11. Materials which were used to prepare the formulation mixture were 5gm Guar gum, 5ml glycerol
and 100ml distilled water [26]. 5ml AV1[NFB] + 5ml AV2[PSB] + 5ml AV3[KSB] from each inoculated
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broth culture was added to conical flask containing formulation mixture Fig.12. It was kept overnight at
32°C on shaker, the 0.D. readings were taken for several days to check the bacterial growth.

Growth curve of liquid biofertilizer

0.D. readings were taken daily till stationary phase was attained. The no. of cells was gradually increasing
on daily basis. It was in log phase and after few days stationary phase was achieved as shown in Fig.13.
Plate Counting Technique

Colony Forming Unit is calculated by: cfu/ml = (no. of colonies x dilution factor) / volume of culture plate
Serial dilution of 10 was done and 0.1ml volume of culture was spread on the nutrient agar plate Fig.14
[27].

cfu/ml = (146 x 10%) / 0.1 = 1.46 x 1012 Total Colony Forming Unit = 1.46 x 1012 per ml

DISCUSSION

The soil sample taken from rhizosphere had numerous bacteria and where isolated using serial dilution
technique by growing them on respective medias such as Azotobacter Mannitol Agar, Pikovskaya Agar
and Aleksandrow Agar. Out of which three isolates were selected from each media and grown as pure
culture on the media plates. Characterization of Azotobacter sp. was done and were found to be gram
negative, small, round/oval, white and transclucent (Azotobacter Mannitol Agar Media). Characterization
of Phosphate Solubilizing Bacteria was done and were found to be gram negative, medium, round, opaque
and whitish (Pikovskaya Agar); it seemed to be Pseudomonas sp. Characterization of Potassium
Solubilizing Bacteria was done and were found to be gram positive, medium, round, opaque and white
(Aleksandrow Agar); it seemed to be Bacillus sp. Using these three bacteria of interest, formulation was
made by adding gaur gum, glycerol and distilled water. Gaur gum was used to retain maximum number of
bacteria when inoculated to seed it acts as an adhesive while glycerol acts as a preservative also as a
carbon source. Thus, increasing the shelf life of bacterial formulation.

CONCLUSION

Steady growth curve of bacteria was observed. After some days stationary phase was maintained in the
prepared liquid biofertilizer formulation. It should be used by diluting with distilled water. Live bacteria
were seen on spread plate, this showed that the liquid biofertilizer had longer shelf life. The purpose of
this study was to isolate the PGPRs from the soil sample of Arachis hypogaea L. (Groundnut). The isolated
bacteria AV1, AV2, AV3 as Nitrogen fixers, Phosphate and Potassium solubilizers showed efficient growth
when added to formulation mixture. This demonstrates that the PGPRs can be used as biofertilizer for
sustainable agriculture.

Table.1. Medias for different PGPR

PGPR Media used References
Nitrogen-fixing bacteria Azotobacter Agar Mannitol [21]
Phosphate solubilizing Pikovskaya Agar [22]
bacteria
Potassium solubilizing Aleksandrow Agar [23]
bacteria

Table. 2. Colony characterization of isolates

Isolat Size Shape | Margin Eleva- | Texture | Consis Opacity Pig-
e tion -tency mentation

AV1 small | round entirve convex | smooth | viscous | transiuce white
(NFB) Foval nt

AV2 medin | round entire raised muceid viscous opaque whitish
(PSB} m yellow

AV3 mediu | round entire raised mucoid viscous opaque white
(KSB) m
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Table. 3. Morphological characterization of isolates

Isolate Cell Arrangement Gram’s reaction
shape
AV o paired AR
(NFB})
AN2 od paired / geattered Ve
(PSR}
AVE rexd paired J scattered g
(KSR}
Fluidized bed
dry formulations
Types of Bioformulations Polymer
entrapped
formulations

formulations formulations

Granules Suspension
Concentrates
Microgranules
Oil-miscible
Wettable flowable
Powders Concentrates
Werttable/water Ultralow
dispersable volume
Suspension
Dust
Oil dispersion
Pellets

(8.a) (8.b)
Fig. 8. (a)Halo zone formation AV2[PSB], (b) Halo zone formation AV3[KSB],

Fig. 9. Cultural compatibility test of rhizobacteria
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Growth of bacterial culture in nutrient broth
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ig. 13. Growth curve of NPK consortia

Fig. 14. Spread plate of inoculant formulation
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