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Abstract

A pot experiment was conducted to study the effect of developed formulations of microbial consortia
on the nutrient content in maize crop. A total of five formulations of two different microbial consortia
were developed. Microbial consortia includes the agriculturally beneficial microorganisms such as
nitrogen fixer (either of Azospirillum ACD-15 or Gluconacetobacter Gi), P-solubilizing (Pseudomonas
striata) and K-solubilizing bacterium (KSB) in different formulations viz., kaolinite, bentonite, lignite,
liqguid and Na-alginate formulations. The results showed that the application of these microbial
consortia in different formulations enhanced nutrient (N, P and K) content in maize shoot over
uninoculated and recommended biofertilizer (Azospirillum ACD-15 and Pseudomonas striata)
application. Among the five formulations used, liquid formulation showed the highest N, P and K
content in maize shoot at 45 DAS and K content at 90 DAS. Na-alginate formulation showed the
highest N and P at 90 DAS. This study identifies the importance of formulation of bioinoculants
consortia as they increase the shelf life of bioinoculants in consortia.
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Introduction

In sustainable agriculture practices, bioinoculants called as plant growth promoting
rhizobacteria (PGPR) which play a crucial part in enhancing crop yields by improving crop
growth either through direct or indirect ways (Meena et al., 2015; Jha and Subramanian,
2016) 1% 91 These bioinoculants are applied as biofertilizers and biopesticides. Biofertilizers
are defined as the substances containing living microorganisms which when applied to seed,
surfaces of plant or soil, they colonize the plant and promotes growth by increased nutrient
availability due to their action (Vessey, 2003) [?Y. Biofertilizers comprise mainly of N,
fixing, phosphorus, zinc and K solubilizing bacteria, plant growth promoting rhizobacteria
and consortium of N fixing, phosphorus and potash solubilizing bacteria. Among
biofertilizers, the crop production is enhanced by Azotobacter sp., Azospirillum sp., blue
green algae, Azolla sp., Psuedomonas sp., Bacillus sp., mycorrhizae and Rhizobium spp.
These biofertilizers help to solve problems such as chemical run off from the agricultural
field and reduces the use of chemical fertilizers, boost the status of soil fertility and through
their biological activity in the rhizosphere, increases crop productivity.

Soil microorganisms live in community exerting beneficial effects on the plants. Further,
when these microorganisms are inoculated to seeds or rhizosphere soil, they should interact
with each other and host crop and colonize developing roots without any negative effects
(Harman, 1991) %2, The positive interaction among microbes plays an important role in
improving the status of nutrient in soil and enhances crop growth, nutrient uptake and
ultimately increase yield of crops. But, these beneficial microorganisms are available in
biofertilizers containing single microbial strains. To derive combined effect one has to use
multi strains and to apply these biofertilizers as many times as number of microbial strains
are required. This is time consuming, laborious, costly and may cause seed coat damage.

The concept of consortium of microbes has been developed using a number of
microorganisms which are compatible with each other and when co-cultured, should excert
synergistic effects without harming other beneficial microorganisms and enhanced uptake of
nutrients, growth and crop yield (Akthar and Siddiqui, 2008) @ and also suppressed diseases
(Jain et al., 2012; Singh et al., 2013) [& 18],
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Many investigations have been documented that application
of microbial consortium had resulted in enhanced nutrient
content, growth and yield of crop (Raja et al., 2006;
Rajasekar and Elango, 2011) [*4 151 and against Fusarium
udum in Cajanus cajan (Dutta et al, 2008) B,

Therefore, the objective of the current experiment was to
determine the impact of different formulations of microbial
consortia on the nutrient content in maize shoot under pot
culture.

Materials and Methods

Collection of culture

The microbial strains used in this study such as local strain
of Azospirillum ACD-15, Gluconacetobacter local strain Gy,
Pseudomonas striata (PSB), and potassium solubilizing
bacterium (KSB) were collected from the Institute of
Organic Farming (IOF), University of Agricultural Sciences,
Dharwad. The cultures were purified by repeated four ways
streaking and maintained as slants on respective specific
medium.

Compatibility test
All four microbial strains were examined for their
compatibility under in-vitro on a nutrient agar by cross

streak method as described by Anandraj and Leema, (2010)
41,

Preparation of microbial consortium (MC)
Two different microbial consortia were prepared based on
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the equal population of microbial strains used. The consortia

were prepared by mixing equal proportion (1:1:1) of

microbial strains grown on their respective specific media.

= Microbial consortium 1 (Gluconacetobacter G; + PSB
+ KSB)

= Microbial consortium 2 (Azospirillum ACD-15 + PSB
+ KSB

Preparation of carrier based formulation

The carrier materials used in the experiment were lignite,
kaolinite and bentonite. The pH of the lignite was adjusted
to 7.0 by using calcium carbonate. The consortia were
mixed thoroughly with sterilized lignite (neutralized),
kaolinite and bentonite in the ratio of 1:3 and then packed in
a polypropylene bag of 75 gauge for further use.

Preparation of liquid formulation

Liquid formulations of two microbial consortia were
prepared by amending respective specific broth media with
additives as given in Table. 1 (Nisarga and Patil, 2018;
Prakash, 2018 and Sandesh, 2017) [1% 13 18] - At the time of
media preparation, additives were added separately to the
respective media and sterilized at 121 °C, 15 Ibs/inch? for 15
min. After the sterilization, media were cooled and
inoculated with 72 hr, 96 hr, 48 hr and 36 hr (time at which
maximum population of microbial strains obtained) grown
cultures of Azospirillum ACD-15, Gluconacetobacter Gi,
PSB and KSB respectively at 5 per cent and incubated at 28
+ 2 °C and used further.

Table 1: Cell protectants and their concentrations used in developing liquid formulations of microbial consortia

Amendments Concentrations of amendments
G ACD-15 PSB KSB
Polyethylene Glycol (PEG) (%) 0.5 0.5 0.5 0.5
Additives Trehalose (mM) 5 5 - -
Glycerol (mM) 5 5 5 5
Adjuvant Gum Arabica (%) 0.15 0.15 0.15 0.15
Surfactant Polysorbate-20 (ppm) 250 250 250
Antioxidant Ascorbic acid 0.02 - - -

Preparation of Na-alginate formulation

Microbial strains were Entrapment within Na-alginate beads
under aseptic conditions as given by Saxena (2013) 171,
These beads were further used for pot culture experiment.

Note: Each consortium consists of a nitrogen fixer: PSB:
KSB with 1:1:1 ratio was prepared by mixing individual
microbial strains based on equal population.

Two microbial consortia in different formulations were
treated as mentioned below in treatment detail. Pre-
germinated maize seeds were treated with respective
consortia diluted with 60 ml of sterile distilled water to
distribute formulation uniformly on all seeds sown in
respective pots.

Treatments details

MC1F1 = RDF + MC-1 Lignite based
MC1F2 = RDF + MC-1 Kaolinite based
MC1F3 = RDF + MC-1 Liquid based
MC1F4 = RDF + MC-1 Na- alginate based
MC1F5 = RDF + MC-1 Bentonite based
MC2F1 = RDF + MC-2 Lignite based
MC2F2 = RDF + MC-2 Kaolinite based
MC2F3 = RDF + MC-2 Liquid based

MC2F4 = RDF + MC-2 Na-alginate based

MC2F5 = RDF + MC-2 Bentonite based

F6 (Farmer’s practice) = RDF + Recommended dose of
Azospirillum ACD-15 + PSB

F7 (UIC) = RDF only

Note: MC = Microbial Consortia

*RDF = Recommended dose of fertilizers
UIC = Uninoculated control

Factor Microbial consortia (MC): 2 factors
Factor Formulation (F): 5 formulations

Nutrient content estimation in maize shoot

Nutrient content in maize shoot were estimated at 45 and 90
DAS. The micro Kjeldahl method, described by Jackson,
(1973) [l was used to estimate the N concentration in the
shoot. Phosphorus content by Vanadomolybdo phosphoric
yellow colour method (Tandon, 1998) [*°l. And potassium
content using flame photometer (Tandon, 1998) 41,

Statistical analysis

Factorial Completely Randomised Design (FCRD) was used
in the statistical analysis of the study data. The data were
interpreted in compliance with Panse and Sukhatme (1985)
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112 The level of significance used in the ‘F’ and ‘t’ test was
p<0.001. The least significant differences method was used
to compare the mean values between treatments (L. S. D).
Duncan's Multiple Range Test was used to compare the
treatment means (DMRT).

Results and Discussion

Inoculation of different formulations of microbial consortia
was recorded to significantly improve nutrient content in
maize shoot at 45 and 90 DAS.

https://www.biochemjournal.com

The two different microbial consortia used significantly
influenced the nitrogen content in maize shoot. The MC-2
recorded significantly higher nitrogen content (1.88 per
cent) at 45 DAS and (2.66 per cent) at 90 DAS compared to
MC-1 (1.82 per cent) at 45 DAS and (2.62 per cent) at 90
DAS. Among the five formulations used, significantly the
highest nitrogen content in maize shoot was recorded in
treatment receiving liquid formulation (2.19%) at 45 DAS
and Na-alginate formulation (2.80 per cent) at 90 DAS.

3.00 A

B MC1 (N %) at 45 DAS
BMC2 (N %) at 45 DAS

2.80

= MC1 (N %) at 90 DAS

2.60

= MC2 (N %) at 90 DAS

2.40 A

=MC1 (P %) at 45 DAS
uMC2 (P %) at 45 DAS

2.20 A

= MC1 (P %) at 90 DAS
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Formulations of microbial conosrtia

Fig 1: Maize shoot nutrient (N, P, and K) content as affected by microbial consortia formulations inoculated at 45 and 90 DAS.

Plant phosphorus content was also significantly enhanced by
the microbial consortia treatment, where The MC-2
recorded significantly higher phosphorus content (0.25 per
cent) at 45 DAS and (0.27 per cent) at 90 DAS compared to
MC-1 (0.22 per cent) at 45 DAS and (0.25 per cent) at 90
DAS. Among the formulations used, treatment T3 receiving
liquid formulation and treatment T, receiving Na-alginate
formulation (0.27 per cent respectively) at 45 DAS and
treatment T3 receiving liquid formulation and treatment T,
receiving Na-alginate formulation (0.29 per cent
respectively) at 90 DAS were recorded significantly highest
plant nitrogen content.

Similarly, The MC-2 recorded significantly higher
potassium content (0.81 per cent) at 45 DAS and (1.95 per
cent) compared to MC-1 (0.78 per cent) at 45 DAS and
(1.80 per cent) at 90 DAS. Among the formulations used,
the potassium content of maize plant was recorded
significantly higher in treatment Ts; receiving liquid
formulation (0.99 per cent) at 45 DAS and (2.10 per cent) at
90 DAS compared to the other treatments.

The results of this study are in accordance with the findings
of Thilagar et al., (2016) [2I; Abou and Abdel, (2012) [ and
they could be attributed to the multiple mechanisms of
nutrient release by the microbial strains in microbial
consortia. It is noticed that liquid formulation significantly
enhanced N, P and K content in maize shoot at 45 DAS but
at 90 DAS, Na-alginate formulation significantly enhanced
N and P content except K content in maize shoots over other
treatments including dual and uninoculated control. This is
because Na-alginate formulation helps in slow release of

bioinoculants compared to the liquid formulation (Amalraj
et al. 2015) [,

Conclusion

From this study, it was interesting to note that the
formulations of microbial consortia significantly enhanced
the nutrient content in maize shoot thereby growth of maize
irrespective of microbial consortium used. Although the
biofertilizer strains used in this study were exactly the same
but the carrier materials used differed revealing the crucial
role of the carrier material in this investigation.
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