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Abstract
Preparation of organic waste based bioformulation through solid state 
fermentation technology for application in the field offers an ecofriendly 
and viable alternative to sustainable food production. The present study 
deals with the potential of seven agrowastes as substrate carriers for 
the growth of indigenous strains of Pseudomonas fluorescens (Pf) and 
Bacillus subtilis (Bs) that stimulate plant growth. The cosubstrate (CS) 
with equal proportion of the seven agrowastes and both the bioinoculants 
(CSPfBs) proved as the best substrate carrier with highest population 
load of the bioinoculants at 45 days after storage (DAS). Thereafter 
the population declined steadily in all the bioformulations from 60 DAS  
to 90 DAS. However, CSPfBs gave the highest population load at 90 
DAS. As individual substrate for both Pf and Bs, vermicompost performed 
best with a population load of 9.95 of Pf  and 9.98 of Bs at 90 DAS.  
The bioformulations CSPfBs, VBs and VPf when applied in soil, gave 
the best yield in brinjal plants (Solanum melongena L. cv. Pusa Kranti) 
at 30 days after transplanting. Similar trends were also observed in the 
other yield parameters. The study indicates the scope of the prepared 
bioinoculant as a low cost eco friendly option for promotion of growth 
and yield of crops.
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Introduction
The purpose of bio-fertilization is to increase the 
population of beneficial microbes in the soil and 
to speed up microbial activities that boost the 
availability of nutrients that can be readily taken up 
by plants.1 Although bio-fertilizers cannot replace 
conventional fertilizers, their usage can be controlled 

while supporting long term viable agricultural goals.2  
Microbial bio inoculants have been generated 
as an alternative for improving plant growth and 
eradication of disease but their wider implementation 
as formulatory product is yet to catch up, especially 
in developing nations.
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Soil-borne bacteria, particularly the plant growth-
promoting bacteria, invade the rhizosphere or plant 
roots aggressively and stimulate plant development3 
lowering the demand for chemical fertilizers.4 
Bioinoculants in the form of Plant Growth Promoting 
Rhizobacteria (PGPR) take up a vital role in crop 
production and are economically useful to producers 
and consumers alike by safeguarding the soil under 
adverse conditions. Using PGPR as a bioinoculant 
results in long term production of agricultural 
yield. Bioinoculant formulations are produced by 
immobilization on a suitable carrier material, which 
could be an agricultural waste.

Waste proteins are eliminated hazardously causing 
pollution in the environment. Solid wastes are 
mostly generated by the agriculture sector. From 
production through consumption, agricultural solid 
wastes are generated at every link in the chain, 
depending on the type of agricultural product, how 
it is processed, and where it is expected to be 
used.5 Organic fertilizers, which are the way out for 
sustainable agriculture, require the addition of high 
quality proteins. Cultivation of microbial biomass on 
organic solid substrate such as agrowastes through 
Solid State Fermentation (SSF) technology offers a 
viable option for bioformulation development.6

The present study explores the potentiality of agro 
wastes to act as solid substrate for mass production 
of indigenous rhizospheric bacteria and evaluates 
its potential to act as biofertilizer for plant growth 
promotion.

Objectives
• Segregation of rhizospheric bacteria and sorting 

of traits of plant growth promotion.
• Solid state fermentation of agrowaste by 

selected potential plant growth promoting  
strains and assessment of its population 
dynamics.

• Evaluation of the efficacy of the prepared 
agrowaste based bioformulation in promoting 
growth of plant.

Materials and Methods
Isolation of Bacteria from the Rhizosphere
The root system of a month old healthy brinjal plant 
is separated from the plant body at the base of the 
stem and the larger soil particles are removed.  

10 g of rhizosphere soil is weighed out and put to 100 
mL of sterile water blank and shaken for 15 mins on 
a magnetic shaker. Serial dilutions were done and 
from the final dilutions, inoculation was done on the 
Nutrient agar plates. Incubation was done for 24-48 
hrs at 35°C. 

Screening of Isolated Bacterial Strains for 
Plant Growth Promoting Characters and 
Characterization of Selected Strain
The bacterial strains isolated were maintained in pure 
culture. The isolates were tested for plant growth  
promoting traits that is, nitrogen fixation, ammonia 
generation, phosphate solubilisation and siderophore 
synthesis.

Screening of Nitrogen-Fixing Activity 
The twelve strains isolated were inoculated at the 
centre of glucose nitrogen free mineral medium 
(G-NFMM) agar plates containing bromothymol 
blue solution (BTB) Appearance of green colour 
indicated that the isolate had nitrogen fixing activity.7 
The coloured zone index was computed on the third 
day for the isolates that produced blue colored zones 
on the agar plate. 

Coloured zone index= Colony diameter + colour 
zone/ Colony Diameter

Screening for Ammonia Production
The generation of ammonia in each isolate was 
examined in accordance with Cappuccino and 
Sherman's (1992).8 The ability of bacterial isolates to 
produce ammonia in peptone water was examined. 
Ten milliliters of peptone water were taken in tubes 
and fresh cultures of test organisms were allowed to 
grow for 48–72 hours at 28±2 °C. Each tube received 
0.5 ml of Nessler's reagent. A positive test result 
for ammonia production was the development of a 
brown to yellow colour.

Screening for Siderophore Production
Chrome azurol S agar medium plates were prepared 
and bacterial isolates were tested for the synthesis  
of siderophores.9 10 μl of 106 CFU/ml of test organism  
were spot inoculated into each plate, and the plates 
were then incubated at 28±2°C for 48–72 hours.  
A yellow-orange halo that developed surrounding 
the growth was indicative of siderophore production.
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Phosphate Solubilization Screening
Pikovskaya's agar plates were used to screen 
each isolate for phosphate solubilization.10 The test 
isolates were cultured for 4 days at 28±2 °C in 25 
ml of Pikovskaya's broth. The ratio of the overall 
diameter (colony and halo zone) to the colony 
diameter was used to compute the Solubilization 
Index (SI).11

Screening for IAA Production
A qualitative method was used to analyze the 
generation of IAA.12 Tryptophan (1mg/ml) was added  
to nutrient broth containing bacterial cultures 
and growth was allowed for 7 days at 35±2ºC. 
The cultures were centrifuged for 30 minutes at 
3000 rpm. 4 mL Salkowski's reagent (50 ml, 35% 
perchloric acid; 1 ml, 0.5M FeCl3) was combined  
with 2 mL of supernatant and 2 drops of orthop-
hosphoric acid was added. Indole Acetic Acid (IAA) 
synthesis was suggested by the appearance of a 
pink color.13 Absorbance at 530 nm was recorded by 
a Spectrophotometer. A standard curve made from 
pure IAA solutions (0, 5, 10, 15, 20, 25, 30, 35, 40, 
45, 50, 55, 60, and 65 μg ml-1) was used to calculate 
the concentration of IAA.

Selection of Bacterial Isolates as Bioagent for 
Fermentation
Two of the bacterial strains showing plant growth 
promoting characteristics were selected for 
application as bioagent in the organic bioformulation.

Screening for Compatibility Between Bacterial 
Strains
Using the methodology of Fukui et al. (1994),14 the 
compatibility between the isolates of Pseudomonas 
and Bacillus was assessed. Both vertical and horizontal  
streaking of the bacterial strains were done next to 
one another on NA medium. After being incubated 
for 72 hours at room temperature (28±2°C), the 
inhibitory zone was noted on the plates. Compatibility 
or otherwise was ascertained by the absence or 
presence of inhibition zone respectively. Equal 
proportions of compatible strains were mixed in 
broth and vortexed for 30s to make a homogenous 
consortium.

Selection of Agrowastes
Seven locally available and low-cost organic 
substrates was selected for the study. These were 

husk of rice (Rh), bran of rice and wheat (Rb and 
Wb respectively), decomposed cake of mustard oil 
(Dm), cow dung (Cd), vermicompost (V) and rice 
straw (Rs).

Solid State Fermentation of Agrowastes by 
Selected Bacterial Strains
The chosen agricultural wastes were dehydrated, 
ground into particles with a mixer-grinder until they  
were about 40 mm in diameter, and then the 
powdered waste was sterilized in a hot air oven for  
two to three hours at 161°C. For the purpose of 
composting, 1×107 cfu/mL of bacterial culture was 
added to each gram of dry powdered material. As an  
adhesive, carboxymethyl cellulose was utilized.  
The initial 60–65% moisture content was kept 
constant. Up to 28 days, the composts were turned 
over every three to four days. Bacterial composting 
was allowed to occur in an incubator set at 30°C. 
In the cosubstrate, all substrates were present in 
equal amounts with both bacterial cultures, while the 
uninoculated substrate combination served as the 
control. Following a 28-day period, the biofertilizers 
were sealed in 250g polybags and kept in storage 
at 4°C. 

Evaluation of Population Dynamics of the 
Selected Bacterial Strains in the Agrowaste 
Based Substrates
The viable population of the bacteria was determined 
at 15, 30, 45, 60, 75 and 90 days after storage (DAS) 
of the biofertilizer preparations.  In case of CSPfBs, 
bacterial load consisted of the viable populations of 
both the bacteria. The technique of serial dilution 
plating of Waksman (1922)15 was complied with 
for deducing the number of colony forming units of 
bioagent at different days after storage. A thorough 
mixture of 1g of the respective formulations and 10 
mL of autoclaved distilled water was prepared in a 
rotary shaker by shaking for 20 mins. Eight 9 mL  
sterile distilled water blanks were taken and serial 
dilution was performed by pipetting 1 mL from the 
stock solution to the first water blank and then 
followed sequentially by transferring 1mL from the 
preceding dilution to the subsequent ones. From 
each of the final dilutions from 10-5 to 10-8, 0.1 mL 
part was inoculated and spread on KMB plates for 
Pseudomonas fluorescens based formulation and 
NA plates for Bacillus subtilis based formulation and 
combined formulation, CSPfBf. Incubation was done 
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at 28±1oC for 48 hrs and then the cfu/g formulations 
were enumerated. Five formulations with the relative 
maximum returns of cfu/g of bacterial load were 
selected and evaluated for plant growth promotion 
in brinjal plant.

Efficacy of the Selected Agrowaste Based 
Bioformulation in Promoting Plant Growth
At 90 days after application of the agrowaste based 
bioformulations in soil, the biochemical parameters, 
yield and yield related traits of the treated plants  
were evaluated. To evaluate the efficacy of the 
agrowaste based bacterial biofertilizer products, 
the total carbohydrate content (Anthrone method), 
protein content (Lowry’s method) and chlorophyll 
estimation (Arnon method) of the treated plants 
were done.

Data were recorded on the following attributes of the 
brinjal plants processed with the bioformulations, 
to assess the effectiveness of the bioformulations.

Plant Height (cm)
The length of the main stem from the base to the growing 
apex of the plant was measured at maturity. The height  
of each plant receiving a particular bioformulation 
was measured and the data averaged out.

No. of Branches/Plant
The total no. of primary branches/plant was recorded 
at maturity. The data of plants receiving a particular 
bioformulation was collected and the average 
calculated out. 

No. of Fruits/Plant
The total no. of effective fruits from each plant in a 
replication was counted and averaged out.

Yield/Plant (kg)
The total weight of fruit harvested at different dates 
from each plant/replication was calculated and 
averaged out to have yield/plant.

Average Fruit Weight (g)/Plant
The average fruit weight was calculated from the 
total fruit weight per plant divided by the total no. 
of fruits/plant.

Mean Leaf Area (cm2)
The area of leaves on the primary branches of a 
plant for each replication was calculated and average 
found out and recorded.

The completely randomized block design was 
followed for the experiment conducted consecutively 
in the years 2021-22 and 2022-23 and data collected 
accordingly.

Soil Profile and Meteorological Parameters 
The soil profile of the experimental site in the campus of 
Dakshin Kamrup College, Mirza, was done in the Soil  
Testing Laboratory of the Department of Agriculture, 
Govt. of Assam and is recorded below in Table 1

Table 1: Soil profile of the campus of Dakshin 
Kamrup College, Mirza, Kamrup, Assam

Parameters Observation

pH 4.80 (Acidic)
Organic Carbon (%) 0.74 (Medium)
P2O5 (kg/ Acre) 2.68 (low)
K2O (kg/ Acre) 76.42 (Medium)
Texture  Sandy Clay Loam

Result and Discussion
Isolation of Bacteria from Rhizosphere
Twelve strains of rhizosphere bacteria were 
preserved on NA slants at 4°C.

Selection and Characterisation of Isolated Strains 
with Plant Growth Promoting Characteristics
Table 2 represents the properties of the isolated 
twelve bacterial strains with respect to plant growth 
promotion.

Out of the twelve rhizosphere strains isolated,  
R11 strain showed the highest diameter of coloured 
zone (20 mm) and nitrogen fixing ability along with 
the highest solubilisation index of 2.21. This is 
followed by R9 strain with diameter of coloured zone 
(18mm) and nitrogen fixing ability and a solubilisation 
index of 1.84.  Both the R9 and R11 strains showed 
positive tests for ammonia, siderophore and IAA 
production.
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Cultural and Biochemical Characterization of 
Selected Bacterial Strains
The cultural characters of the two strains R9 and R11 on  
Nutrient Agar Media, King’s Medium B and Peptone 
Yeast Extract are shown in Table 3. The biochemical 

Table 2: The performance of plant growth promoting traits given by the isolated bacterial strains

Strains N-fixing ability Ammonia Phosphate Siderophore IAA production
  production solubilisation production (µg/mL)
 (Diameter of   (Solubilization
 coloured zone   Index)
 in mm) 
   
R1 - - - - 22.43±0.79*
R2 - - - - 25.75±0.91
R3 - - 1.44 - 26.78±0.69
R4 - - - - 28.25±0.82
R5 - - 1.32 - 29.25±0.97
R6 - - - + 38.43±0.82
R7 10 + 1.65 + 44.41±0.22
R8 13 + 1.5 + 41.75±0.93
R9 18 + 1.84 + 50.28±0.23
R10 - - - + 41.43±0.71
R11 20 + 2.21 + 51.28±0.41
R12 7 + - + 39.67±0.12

+ and – represent positive and negative; * Values are Mean±SE; The experiment was repeated 
twice with three replicates for each isolate

characterisation of the two strains is shown in Table 4.  
The cultural and biochemical characterisation 
of the R9 and R11 strains indicated these as 
Pseudomonas fluorescens (Pf) and Bacillus subtilis 
(Bs) respectively.

Table 3: Cultural characters of the selected bacterial strains

Strain Cultural Colony  Pigment Form/  Temp Growth Elevation Density Surface
 Characters Colour production configu (°C) Margin 
 →   -ration  
 Media ↓  
          
R9 Nutrient  Creamy - Round/  28±1 Moderate Convex  Opaque Smooth
 Agent   circular  Entire
 King’s Creamy  Yellowish Round/ 28±1 Moderate Convex Opaque Smooth
 Medium B  green Circular  Entire    
 Peptone  Creamy - Round  28±1 Entire Raised Opaque Smooth
 Yeast 
 Extract
R11 Nutrient  Creamy - Round/  28±1 Moderate Convex Opaque Smooth
 Agent   circular  Entire
 King’s Creamy - Round/ 28±1 Moderate Convex Opaque Smooth
 Medium B   Circular  Entire    
 Peptone  Creamy Reddish Round to 28±1 Entire Raised Opaque Smooth
 Yeast   irregular
 Extract
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Population Dynamics of the Selected Bacterial 
Strains in the Prepared Agrowaste Based 
Substrates
The bacterial load in the prepared agrowaste based 
substrates at 15, 30, 45, 60, 75 and 90 days after 
storage (DAS) are given in Table 5. The population 
load in all the agro waste based formulations showed 
an increasing trend from 15 DAS to 30 DAS and 
reached peak at 45 DAS. Thereafter there was a 
decreasing trend in the population load in all the 
agrowaste based formulations from 60 DAS to 
75 DAS which further decreased at 90 DAS. This 
could be because the formulations include readily 
attainable carbon or other nutrients needed for the 
bacterial strains to proliferate and populate over time.

However, in the later phase of the assessment (90 
days), the bacterial population most likely reduced 
markedly as a result of the nutrients being depleted 
from protracted use and the changed antagonistic 
microenvironment.16,17 At more than 180 DAS, 
P. fluorescens strain-based talc or peat-based 
formulation could only hold out with a reduced 
population.18 Among the formulations, CSBsPf, 
which consisted of a mixture of all the agowastes 

as well as both the bioagents, performed best giving 
the highest population load (11.17) at 45 DAS and a 
population load of 10.03 at 90 DAS. This is supported 
by the enhanced nutrient composition given by the 
mixture of agrowastes. Rice husk ash, vermiculite, 
peat, wheat bran, alginate and clay are reported to 
be good materials for use as a carrier.19 As individual 
substrate for both Pf and Bs, vermicompost 
performed best with a population load of 9.95 of Pf  
and 9.98 of Bs at 90 DAS. This is sustained by 
the record that Vermicompost has higher nutrient 
value and better physico- chemical characters like 
pH, nitrogen, phosphorous, potassium, copper, 
manganese and iron that supports higher shelf life 
of Pseudomonas fluorescens and Bacillus sp.20 
Decomposed mustard oil cake, wheat bran, rice bran,  
cow dung and rice husk with a population load range 
of 9.79 to 9.46 for Pf and 9.90 to 9.47 for Bs at 90 
DAS were the next best performers respectively. 
The largest stimulation of total bacteria and 
actinomycetes was observed with mustard cake 
(111.9 and 84.3%, respectively).21 Oil cakes greatly 
increased the proliferation of fungi, actinomycetes, 
and overall bacteria, leading to enhanced availability 
and holding of oxidizable C, N, and P. The farm yard  

Table 4: Biochemical characters of the selected bacterial strains

Biochemical Test Observation/ Result

 R9 R11

Oxidase + +
Catalase + +
Nitrate reduction + +
KOH solubility + -
Tween 80 hydrolysis - -
Gelatin liquefaction - +
H2S production - +
Starch hydrolysis - +
 Indole production - -
Methyl red - +
Voges Proskauer - -
Citrate utilization + +
Mode of glucose utilization Aerobic Aerobic
Acid Production from Glucose + +
Mode of sucrose utilization Aerobic Aerobic
Acid production from sucrose + +

+ and – represent positive and negative
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manure (FYM) and wheat bran were recorded 
to be the most appropriate substrates for mass 
multiplication of Trichoderma spp,22 among the variety  
of substances studied like peat soil, FYM, rice bran, 
wheat bran, and rice straw. Rice straw performed the 
least giving population load 10.69 of Pf and 10.70 

of Bs at peak 45 DAS and 9.31 for Pf and 9.38 for 
Bs at 90 DAS. The lower performance of rice straw 
is supported by earlier reports that rice straw is a 
fresh agricultural material which can produce both 
beneficial and toxic products after degradation by 
microbial activities.23

Table 5: Population load of the bacterial bioagents in the prepared formulations at different DAS
     
Substrates  Population load at days after storage (DAS) (×108 cfu/g)
    
 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

RhPf 486.3 581 599.3 347 36.6 29
 (10.68) (10.76) (10.77) (10.54) (9.56) (9.46)
WbPf 688.3 712 787.6 647.3 86.3 54
 (10.83) (10.85) (10.89) (10.81) (9.93) (9.73)
RbPf 589.3 677.6 695.3 521 63.6 42
 (10.77) (10.83) (10.84) (10.71) (9.8) (9.62)
DmPf  752.6 982 1076.3 688.3 103 63
 (10.87) (10.99) (11.03) (10.83) (10.01) (9.79)
CdPf 568.3 598.6 619.6 405.3 47.6 35.3
 (10.75) (10.77) (10.79) (10.6) (9.67) (9.54)
 VPf                    886 1170 1293 800.3 277 90
 (10.94) (11.06) (11.11) (10.9) (10.44) (9.95)
RsPf 387.3 476 495 287.6 27 20.6
 (10.58) (10.67) (10.69) (10.45) (9.43) (9.31)
RhBs 507 589 606.3 398.6 41 30
 (10.7) (10.77) (10.78) (10.6) (9.61) (9.47)
WbBs 699.3 865.6 968 661.6 93 61.6
 (10.84) (10.93) (10.98) (10.82) (9.96) (9.78)
RbBs 634 688.3 702.6 588.6 77 48.6
 (10.8) (10.83) (10.84) (10.76) (9.88) (9.68)
DmBs 799 1053.3 1188 746.6 209.6 80.3
 (10.9) (11.02) (11.07) (10.87) (10.32) (9.9)
CdBs 564.6 608.3 627.6 501.3 59.6 37.3
 (10.75) (10.78) (10.79) (10.7) (9.77) (9.57)
 VBs                  894.6 1202.3 1388 890.6 300.6 97.3
 (10.95) (11.08) (11.14) (10.94) (10.47) (9.98)
RsBs 403.6 488.6 504.6 305.3 32 24.3
 (10.6) (10.68) (10.7) (10.48) (9.5) (9.38)
CsPfBs 939.6 1308.6 1508 960.6 310.6 107.3
 (10.97) (11.11) (11.17) (10.98) (10.49) (10.03)
Effect of S.Ed ± 4.37 S.Ed ± 3.35 S.Ed ± 3.08 S.Ed ± 1.97 S.Ed ± 1.78 S.Ed ± 1.50
substrate CD0.05 7.42 CD0.05 5.69 CD0.05 5.23 CD0.05 3.34 CD0.05 3.02 CD0.05 2.55
carrier

Figs. within parenthesis indicate log transformed values



323CHAKRAVARTY., Curr. Agri. Res., Vol. 12(1) 316-325 (2024)

Table 6: Attainment of yield and yield related traits of crops applied with agrowaste 
based bioformulation 

Treatments Leaf area Average fruit Yield/  No: of No: of  Plant 
 (cm2) weight (g)/  plant fruits branches/ height
  plant (kg) /plant plant (cm)

DmBs 164.6 162.96 2.3 14fgh 15kl 73.8
DmPf 156.6 156.96 1.88 13.8fgh 14.2l 72.6
VPf 174 169.56 2.69bc 14.2fg 16.4jk 75.4
VBs  187.4 174.2a 2.76dc 14.8ef 17.2ij 79.4
CSPfBs 193.4 176.1a 2.85db 15.6e 18.4i 81.6
Control 100 138.28 1.11 12.4 11.2 69.6
S.Ed.± 2.47 1.83 0.135 0.588 0.889 1.726
CD0.05 5.15 3.81 0.28 1.22 1.85 3.6
      
Values with similar superscript are not significantly different at 5% level of significance

Performance of Selected Agrowaste Based 
Bioformulation in Plant Growth Promotion
The impact of the five agrowaste based biofor-
mulations, chosen on the basis of shelf life, on the 
yield and yield related traits of the applied crop is 
given in Table 6.

The bioformulations CSPfBs, VBs and VPf when 
applied in soil, gave yield of 2.85 kg/ plant, 2.76 
kg/ plant and 2.69 kg/ plant in brinjal plants 30 
days after transplanting which were statistically 
significant at CD0.05 as compared to yield of DmPf 
and DmBs applied plants. Similar trends were also 
observed in growth parameters like plant height, no. 
of branches/ plant, leaf area, average fruit weight/ 
plant and no. of fruits/ plant. Earlier reports have also 
shown that application of vermicompost alongwith 
microbial inoculant showed increased plant growth 
and yield parameters.24 Prior research demonstrated 
that inoculating the lettuce plant with strains of 
Pseudomonas and Bacillus, either independently or 
in combination, boosted plant growth characteristics 
relative to the control.25,26 It has been found that 
co-inoculation of the organic system with B. subtilis 
and P. fluorescens increases the biomass of both 
Gram-positive and Gram-negative bacteria.27 This 
indicates that there may not be any competitive 
interactions between the native bacteria and the 
inoculants, probably as a result of the increased 
resource availability.

Conclusion
The study indicates the potential of agrowastes 
to be used as effective substrate carriers for the  
formulation of bacterial biofertilizers. The cosubstrates  
of agrowastes with the inoculation of both Pseudomonas  
fluorescens and Bacillus subtilis strains performed 
best in promoting the yield and yield attributes. 
The agricultural wates, with high organic content 
has immense potential to be converted to value 
added products like biofertilizers through solid state 
fermentation. In the context of sustainable agriculture 
and importance of circular economy, the potential of 
agrowates inoculated with beneficial bacteria to be 
used as plant growth enhancers holds immense 
significance for further work in this direction.
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