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In-Vitro Application of Synergetic Coalition of Microbial Species Isolated 
from CETP Sludge and Rhizo-Biome Soil for Escalating Plant Growth

Abstract
Application of a microbial consortium having plant growth promoting properties is an economical and environment friendly approach 
to increase plant growth and crop production yield and this approach can be further incorporated in the utilization of CETP sludge. In 
this context, this study was conducted to develop an effective consortium from microbial strains isolated from CETP sludge and paddy 
field soil. 17 bacterial and 8 fungal strains were isolated from both sludge and soil. On the basis of growth study and compatibility test, 
three bacterial and one fungal strain were selected for the preparation of microbial consortium. Moreover, the prepared consortium 
was assessed for its efficacy through seed germination method including various parameters. The obtained results confirmed that the 
seeds treated with microbial consortium showed enhanced seed germination rate and seedling growth hence, confirming the presence 
of plant growth promoting properties. Therefore, this consortium further can be used as bio-inoculant to increase the plant growth, crop 
productivity and utilization of sludge generated from CETPs after its treatment with bioinoculant.
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Introduction
The word ‘symbiosis’ defines different organisms living together 

without harming or obstructing each other. A colony enclosed or an 
amalgamation of multi-species collectively forming an entire unique 
world. These microbe-microbe interactions are crucial and are 
associated with environmental recognition followed by transmission of 
information on molecular and genetic level. Whether it is inter specific 
or intra specific interaction, they promote the biotransformation 
of substrates resulting in the increase of biogeochemical cycle rate 
[1-3]. Moreover, whatever may be the type of interactions, they are 
indispensable for nourishing and flourishing the microbial communities 
and their collective activities. Well said ‘someone waste is another one’s 
treasure’, so these metabolic products secreted by one species become 
the source of energy for other species. Although these interactions 
are arbitrated by both physical and molecular mechanisms, but this is 
the mode of communication between two different species involving 
plant-microbe, animal-microbe or microbe-microbe interactions [4,5]. 
In the environment, microorganisms are rarely found as single species 
populations; rather, there are huge richness and abundance differences 
within a limited sample, implying that the diverse species have co-
evolved, leading to adaptation and specialisation. This leads to the 
formation of a wide range of cohabitation-facilitating interactions, such 
as mutualistic and endosymbiotic relationships, as well as antagonistic, 
competitive, and parasitic relationships.

Plants and microorganisms cohabit or compete for survival via 
these contact mechanisms, and these cohesive interactions are critical 
in the treatment of various wastes, whether organic, dry, or hazardous. 
Bacteria and fungi that act as plant growth promoters can reduce 
metal phytotoxicity and induce plant growth in two ways: indirectly 
by stimulating defence mechanisms against phytopathogens, or directly 
by solubilizing mineral nutrients, producing plant growth promoters, 
and secreting specific hormones. Therefore, these weapons or defense 
mechanisms of specific bacteria, actinomycetes or fungi either 
individually or as a consortium degrade many pollutants and generate 
byproducts that acts as a catalyst in bio-geochemical cycle. The use of 
mixed microbial culture: bacteria, fungi and/or algae, for the conversion 
of pollutants and for increasing soil fertility and plant growth have been 
used extensively.

Pollution due to inappropriate management of industrial 
wastewater is one of the major environmental problems. Common 
Effluent Treatment Plants (CETPs) are considered as one of the viable 
solution to minimize this pollution [6]. CETPs are treatment systems 
that are specifically designed to treat wastewater generated by small-
scale industrial entities in a cluster [7] and generates a huge amount of 
sludge which is accumulated in the premises of the CETPs due to lack 
of further facility for its storage, disposal and treatment in Delhi region. 
Presently, about 3-4 tons of sludge is generated on daily basis and an 
average of ~1,400 tons over a year.

Following a two-year period in which CETPs failed to meet the 
required standards, the National Environmental Engineering Research 
Institute (NEERI) has proposed short- and long-term plans to improve 
CETP performance; the former involves the removal of large amounts 
of sludge, while the latter involves CETP upgradation. As a part of this, 
a bioremediation process can be included in which sludge treatment 
with effective measures can be a solution. 

By using specific confirmatory methods, interactions between one 
or two groups/single-single or among different groups can aid in the 
development of potential consortia/consortium for the treatment of 
the CETP sludge. In this study, we tried to combine different microbial 
strain of both bacterial and fungal origins by assembling and selecting 
the superlative compatible strains isolated from CETP sludge and 
rhizo-biome of paddy plants. Further, their synergetic effects and their 
effectiveness on seed germination and plant growth was also examined.
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Materials and Methods
Description of sampling site

Collection of samples from CETP and rhizo-biome vicinity of paddy 
field

Collection of sludge samples: Samples of freshly generated and old 
stored sludge Figure 1 were collected aseptically from CETP premises. 
Horizontal sampling from the surface (4 corners and middle region) 
and vertical sampling from a depth of 25 cm was done. The samples 
were systematically collected, labelled and placed in an ice box and 
transported to the laboratory for microbiological and physico-chemical 
analysis.

Collection of samples from rhizo-biome vicinity of paddy field: 
Soil and rice plants were collected from paddy fields from Bahadurgarh, 
Haryana. The rice plants (5-6) were uprooted from the irrigated plot 
along with surrounding soil adherent to the roots from the four corners 
and one from the center of the plot and were taken to the laboratory in 
sterile bags for analysis.

Isolation, identification, and characterization of microorganisms

CETP sludge: 1 g of each sample (fresh and old sludge sample) 
was diluted in a ratio of 1:10 with sterile distilled water followed by 
serial dilution up to 10-7. 0.1 mL of each aliquot was spread over freshly 
prepared nutrient agar media (Hi-Media, India) for isolating and 
quantifying bacteria and for fungus, potato dextrose agar medium (Hi-
Media, India) was used. All the plates were incubated at 35 ± 2°C for 24 
hour (for bacteria) and 27 ± 2°C for 3-5 days (for fungus).

For enumeration of bacterial and fungal colonies, pour plate 
method was adopted with dilutions up to 10-7 in triplicates to minimize 

Number of colonies Dilution FactorCFU /  of soil
Volume Taken

g ×
= …………Eq (1)

Morphological and biochemical characterization of isolates

Statistical analysis of bacterial diversity

Simpson index (D) : was used to assess bacterial diversity in all the 
samples and represented using the given equation (Eq 2): 

Where, n is the number of specie and N is the total number of 
species present in a community.

Sorenson’s coefficient (CC):

( )2 / 1 2CC C S S= + ……..………………. Eq (3)

Where, C is the species’ number that is common in any two habitats, 
S1 is the total number of species found in habitat 1(CETP-fresh sludge/ 
old sludge/ rhizo-biome soil); S2 is the total number of species found in 
habitat 2 (CETP-fresh sludge/ old sludge/ rhizo-biome soil) [8].

Compatibility test between selected microbial isolates and 
preparation of microbial consortium

The sole purpose of conducting compatibility test among microbial 
strains is to formulate bio-inoculants or consortium that could promote 
the plant growth. For this purpose, selected bacterial and fungal isolates 
were tested for compatibility by streaking vertically and horizontally 
on nutrient agar and potato dextrose agar medium and were then 
incubated at 35 ± 2°C, 24 hrs (bacteria) and 27 ± 2°C, 3-5 days (fungus) 
respectively. The plates were observed, and results were recorded for 
lysis/zone of inhibition (if any) at the juncture of the streaks. Absence of 
inhibition zone indicates compatible or synergetic relationship between 
either bacteria-bacteria; bacteria-fungal or fungal-fungal species 
whereas presence of inhibition zone (if any) indicates incompatibility 
or antagonistic relationship among the strains. The consortium was 
composed of three bacterial and one fungal culture. Cells of each isolate 
were transferred into 100 mL of Luria-Bertani broth (Hi-media) and 
incubated in shaker incubator (150 rpm) at 30 ± 2°C for 24-48 hours till 
complete growth was attained. 

Growth study experiments of individual and mix consortia

Growth study experiments were performed for both individual 
species as well as microbial consortia with 24 hour old culture. Growth 
was studied using UV-VIS spectrophotometer (Thermo fisher Scientific, 

Figure 1: Freshly generated sludge.

the error. All the respective plates were incubated at 35 ± 2°C for 24 

hours (for bacteria) and at 27 ± 2°C for 3 days (for fungus), and number 

of colonies were counted using a digital colony counter (Scientific, SSC- 

105, India) and represented as colony forming unit (CFU/g of soil) (Eq 

1): 
The CETP from which samples are collected is located at the 

extreme end (towards eastern side) of the North West district having 

latitude 28° 42’ 5.8176’’ North and longitude 77° 9’ 51.2568’’ East. It 

shares a common boundary with North and Central Delhi district. The 

temperature is about 28-43°C with a population nearly about 3,500. The 

CETP is managed by the CETP Society as per the Delhi Government 

CETP Act 2000. 
Pure culture of individual colony was maintained by sub-culturing 

them on prepared slants of nutrient agar and potato dextrose agar 

medium and incubated at 35 ± 2°C for 24 hour (for bacteria) and 27 ± 2°C 

for 3-5 days (for fungus) respectively. Single colonies were picked up and 

stained for gram character (bacteria) whereas lactophenol cotton blue 

staining method was performed for fungus. Microscopic observations 

were carried out by using bright field/fluorescent microscope (Leica 

DM3000, Germany). Detailed biochemical characterization was done 

using Enterobacteriaceae Test Kit (KB001 HiMViC, Hi-Media) and 

results were interpreted using the chart provided by the manufacturé 

(for sludge isolates). For rhizo-biome paddy field isolates, certain key 

biochemical tests (catalase, oxidase, citrate utilization, casein hydrolysis 

and starch hydrolysis) were performed. 

D  1 n  N  2 ................ Eq (2) 

Rhizo-biome soil: 5 g of soil attached from the roots of rice plants 

was taken in a sterile test tube and mixed with 90 mL of sterile distilled 

water and agitated at 150 rpm for 30 min and followed by serial dilution 

upto 10-7 dilution. An aliquot (0.1 mL) of the suspension was spread on 

the freshly prepared nutrient agar, rhizobium isolation agar (Hi-Media, 

India) and azotobacter agar (Hi-Media, India). Plates were incubated 

for 24 hours at 35 ± 2°C. Similarly, potato dextrose agar medium was 

used to isolate fungal colonies, incubated at 27 ± 2°C for 3-5 days to 

achieve vigorous growth and then preserved in 20% glycerol vials at 

-20°C. 
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UV-1900i) and optical density was recorded at 600 nm at different 
intervals of incubation. Further estimation of biomass concentration 
and doubling time was also recorded.

Biomass concentration: The density of cell was assessed by 
measuring the optical density of culture at 600 nm with a UV-VIS 
spectrophotometer. Concentration of cell was achieved by calculating 
the weight of dry cell by centrifuging the sample broth at 13,000 g for 5 
min (Eppendorf, 5910 R) and then, drying at 80°C to a constant weight 
[9].

Regeneration/doubling time: Regeneration or doubling time of 
all individual strains and mix consortium was calculated by using the 
formula:

/G t n= ........................................................................Eq (4)

Where, G is the generation time, t is time interval in minutes, and n 
is number of generations. 

20 seeds of each urad bean (Vigna mungo) and mung bean (Vigna 
radiata) of fabaceae family were used in this germination test. Seeds 
were procured from IARI, Pusa, New Delhi. All the seeds were surface 
sterilized with 70% ethanol followed by 7% sodium hypochlorite 
solution for 5 min and washed repeatedly with sterile distilled 
water [10]. Seed treatment was done by submerging the seeds in the 
microbial consortium containing 108 cells/mL overnight. Parallel set 
of experiments were performed under similar conditions with sterile 
distilled water for control set. For experimentation, agar plate and 
test tube method was used to test the seed germination in in-vitro 
condition. 0.5% semi-solid agar media was used and pre-treated seed 
were placed in semi-solid agar plates and test tube (in triplicates) 
and were incubated at 23 ± 2°C for 12 days. Observations were noted 
from 4th days onwards for number of seedlings germinated till 12th 
day to evaluate the standard germination of the seedlings. However, 
measurement of root and shoot length (in cm) of the seedlings were 
recorded on 12th day for each replica and mean of root and shoot length 
was calculated. 

Germination parameters

After the end of 12th day, few germination and emergence 
parameters for growth rate were recorded which are as follows:

FGP% or final germination : percentage represents the total 
number of seedlings at the end of the experiment:

Number of germinated seeds after1 2 daysFGP% 100
Total number of seeds planted

= × ………………Eq(5)

Speed germination (S.G): was calculated by the formula [11]:

( )1Number of germinated seeds Number of germinated seedsS.G  seeds day
Days of1 st count Days of final count

−= +…+ …..Eq(6)

MGT or mean germination time: was calculated by the formula 
[12]:

( )nDMGT  day
n

∑
= ……………...Eq (7)

Where n is the number of seeds that germinated on the day 
D observation, and D denotes the number of days since the start of 
germination.

CVG or coefficient of velocity of germination: was calculated by 
the formula [13]:

a

a a

NCVG 100
N T
∑

= × ……………………………Eq (8)

Where N denotes the seeds that germinated on day a, and T denotes 
the number of days from sowing.

GRI or germination rate index: was calculated by the formula [14]:

( )1G1 G2 GnGRI ..  % day
1 2 n

−= + + + …………………………Eq (9)

Where G1, G2.Gn are the germination percentages from the first to 
the 12th day after sowing; 1, 2, and n are the days of the first, second, and 
final counts, respectively.

Seedling emergence test: The seedling percent emergence was 
calculated by the formula [15]:

Number of emerged seedlingsEmergence  100
Number of seeds sown

= × ………Eq (10)

a aT NEmergence index
S

= …………Eq (11)

Where Ta denotes the number of days since sowing, Na denotes 
the number of seeds that have emerged, and S is the total number of 
seeds used.

Results and Discussion 
Physiochemical characterization of CETP sludge samples

Table 1 represents the physico-chemical characteristics and metal 
contents of fresh and old sludge. It can be observed that the fresh sludge 
was somehow sandy in consistency while old sludge was silty. Both the 
samples showed neutral pH but, organic carbon content was found to 
be high in fresh sludge (5.12%), compared to old sludge (2%). Bulk 
density of fresh as well as old sludge samples was analogous, whereas 
porosity of fresh sludge was 80% compared to old sludge (70%). Both 
the samples exhibited good water holding capacity. The metal content 
was also found to be remarkably high in fresh sludge compared to old 
sludge samples.

Parameter Fresh sludge Old sludge
pH 7.3 7
Electrical conductivity  
Ms/Cm 4.16 4.5

Organic carbon, (%) 5.12 2.0
Sand, (%) 60 40
Silt, (%) 32 47
Clay, (%) 3 6
Textural class Sandy loam Silty loam
Bulk density (g/cm3) 0.7 0.73
Porosity, (%) 80 70
Water holding capacity, 
(%) 125 110

Fe 10440 7562
Cu 1910 960
Pb 2050 1082
Mn 7530 4073
Ni 1270 530
Zn 110 38
Cr 11770 9121

Table 1: Physico-chemical characteristics and metal content (mg/kg) of fresh and 
old sludge samples.

Isolation, characterization and enumeration of microorganisms 
from CETP sludge and rhizo-biome of paddy field

A total of 17 bacterial and 8 fungal strains were isolated from CETP 
sludge and rhizo-biome soil samples. Morphological characterization 
of the bacterial isolates based on Gram staining revealed that 9 of CETP 
isolates were gram negative rods while 1 was gram positive rod whereas 
isolates from rhizo-biome soil of paddy field showed 4 were gram 
negative rods and 3 were gram positive rods as observed in Figure 2. 
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A detailed observation on cell morphology such as shape, texture, 
margin, size, and count (CFU/g soil/sludge) are presented in the Table 
2. A total 14 biochemical tests (as instructed in the manufactures 
interpretation chart) as illustrated in Table 3 were performed for 
10 bacterial strains isolated from fresh and old sludge which were 
identified as E.coli, Pseudomonas aeruginosa, Bacillus cereus, Klebsiella 
pnemoniae, Proteus mirabilis, Pseudomonas putida, Salmonella typhi 
and Shigella sonnei respectively. Whereas for rhizo-biome bacterial 
strains, key biochemical tests revealed their identity as Azotobacter 
sp., Bacillus cereus, Serretia sp., Streptomyces sp., Pseudomonas putida, 
Proteus vulgaris and Bacillus mycoides respectively. Results were further 
confirmed through Bergey’s manual of determinative bacteriology for 
preliminary identification of the isolates [16]. 

The LPCB stained fungal isolates were examined under bright 
field/fluorescent microscope Figure 3. Genus selection identification 
was done based on their morphological and microscopic examination 
using taxonomic keys in Table 4 available in the literature [17,18]. List 
of the identified fungal isolates include Aspergillus niger, Alterneria sp., 
Rhizopus sp., Penicillium sp., Aspergillus terreus and Trichoderma sp. 
from fresh, old sludge and rhizo-biome of paddy field.

Enumeration of bacterial and fungal isolates were carried out using 
colony counting method, represented as mean value, CFU/gm of soil 
or sludge. Highest bacterial count in fresh sludge was observed to be 
36 x 10-6 CFUg-1 whereas in old CETP sludge it was found to be with 
mean value of 42 x 10-6 CFUg-1 and fungal count with mean value of 6 
x 10-5 CFUg-1 and 5 x 10-5 CFUg-1 in fresh and old sludge respectively. 
Comparing the results with the rhizo-biome soil of paddy field, highest 
bacterial count with a mean value of 35 x 10-6 CFUg-1 and fungal count 
of 7 x 10-5 CFUg-1 was recorded.

Graphs showing the relative abundance (%) of bacterial and 
fungal strains isolated from fresh, old sludge are presented in Figures 
4 and 5 suggesting that the samples were dominated by Pseudomonas 
aeruginosa (34.7%), Shigella sonnei (25.3%) and Alterneria sp. (66.7% 
and 40.5%) respectively. In contrast, to rhizo-biome paddy field sample 
Figure 6 was dominated by Proteus vulgaris (18.7%), Bacillus mycoides 
(15.4%) and Aspergillus terreus (41.7%) 

Natural pH and high content of organic carbon in the sludge, favors 
the growth of copious and frequently occurring environmental bacteria 
namely Bacillus, Azotobacter, Pseudomonas, Actinobacteria [19,20]. On 
the other hand, some major enteric group of water-borne pathogens 
such as Escherichia, Shigella, Salmonella and Proteus were predominately 
found out. Most of these microorganisms pose high health risk 
potential for humans and animals [21-23] therefore; selective choice 
was made based on their non-pathogenic ability to induce or stimulate 
growth promoting substances either directly or with co-existence and 
competence to build synergetic association. 

Statistical analysis of microbial community

The microbial diversity was obtained by using Simpson’s Index 
and Sorenson’s Coefficient and represented in Table 5. Simpson’s Index 
showed variation in bacterial diversity from 0.735 to 0.856 whereas 
for fungal diversity, variation goes from 0.444 to 0.674 suggesting the 
higher microbial diversity in the rhizo-biome of paddy soil compared to 
the CETP fresh and old sludge samples. Sorenson’s coefficient indicates 
the similarity of microbial phyla between two samples, the higher the 
coefficient the more the similarity between two habitats [8]. Table 5 
illustrates that fresh and old sludge had higher microbial similarity i.e. 
0.40 for both bacterial and fungal community respectively compared to 
rhizo-biome of paddy soil. 

Figure 2: Image showing microscopic characteristics of fungal strains isolated from 
CETP sludge and rhizo-biome soil.

Sample Isolates Mean CFU/gm Colony morphology Microscopic 
character

Size Shape and margin Colour Texture Cr

Fresh sludge

FS1 27 x10-6 Large Circular, Entire White Smooth Gram - , Rod 
shaped

FS2 36 x10-6 Small Circular, Undulate White Matte Gram - , Rod 
shaped

FS3 18 x10-6 Medium Circular, Undulate White Shiny Gram + , Rod 
shaped

FS4 22 x10-6 Medium Circular, Entire Cream Mucoid Gram - , Rod 
shaped

Old sludge

OS1 16 x10-6 Small Irregular, Undulate Transparent Mucoid Gram - , Rod 
shaped

OS2 30 x10-6 Small Circular, Undulate White Matte Gram - , Rod 
shaped

OS3 21 x10-6 Medium Umbonate, Entire Translucent Mucoid Gram - , Rod 
shaped

OS4 18 x10-6 Large Circular, Entire White Smooth Gram - , Rod 
shaped

OS5 38 x10-6 Small Circular, Entire Cream Shiny Gram - , Rod 
shaped

OS6 42 x10-6 Small Circular, Entire Transparent Smooth Gram - , Rod 
shaped
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Rhizo-biome soil

RS1 29 x10-6 Medium Circular, Entire Cream Slimy Gram - , Rod 
shaped

RS2 17 x10-6 Medium Circular, Undulate White Shiny Gram + , Rod 
shaped

RS3 23 x10-6 Small Circular, Entire Pinkish red Shiny Gram - , Rod 
shaped

RS4 29 x10-6 Medium Irregular, Undulate White Rough Gram + , Rod 
shaped

RS5 27 x10-6 Medium Umbonate, Entire Translucent Mucoid Gram - , Rod 
shaped

RS6 35 x10-6 Small Irregular, Undulate Cream Rough Gram - , Rod 
shaped

RS7 28 x10-6 Small Rhizoid, Curled White Matte Gram + , Rod 
shaped

Table 2: Morphological and microscopic characteristics of bacterial strains isolated from CETP sludge and rhizo-biome soil sample.

S.No Biochemical 
test

Fresh sludge Old sludge
FS1 FS2 FS3 FS4 OS5 OS6 OS7 OS8 OS9 OS10

E.coli P. aeruginosa B.cereus pneumoniaec Proteus 
mirabilis P. aeruginosa P. putida E.coli S. typhi Shigella 

sonnei
1 Lysine + - - + - - + + + -
2 Ornithine V - - - + - V V - +
3 Urease - V - + + V - - - -
4 TDA - - - - + - - - - -
5 Nitrate + + - + + + + + + +
6 H2S - - - - + - - - + -

7 Citrate 
utilization - + + + V + + - - -

8 Voges 
proskauer’s - - + + V - - - - -

9 Methyl red + - - V + - - + + +
10 Indole + - - - - - + + - -
11 Malonate - - - + - - - - - -
12 Saccharose V - - + V - - V - -
13 Glucose + + + + + + + + + +
14 Lactose + - - + - - - + - -
“+”means Positive (more than 90%), “-”means Negative (more than 90%), “V”means 11-89% positive

Table 3: Biochemical characteristics of bacterial strains isolated from fresh and old sludge sample.

Figure 3: Old stored sludge.
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Sample Isolate Mean CFU/gm Colonial 
characteristics

Microscopical Characteristics Identified fungal 
strainNature of hyphae Type of spore

Fresh sludge F1 3 x 10-5 Yellow coloured, 
cottony colony Septate Glubose shaped 

conidiospore Aspergillus niger

F2 6 x 10-5 Greyish, dense wooly 
colony Septate Glubose shaped 

conidiospore Alterneria sp.

Old sludge F3 4 x 10-5 Yellowish brown, 
dense cottony colony Aseptate Glubose shaped 

sporangiospores Rhizopus sp.

F4 5 x 10-5 Greyish, dense wooly 
colony Septate Glubose shaped 

conidiospore Alterneria sp. 

F5 3 x 10-5
Dark green colony 
with fast spreading 
mycelium

Aseptate Globose shaped 
conidiospores Penicillium sp.

Rhizo-spheric soil F6 7 x 10-5 Brown coloured, hairy 
colony Septate Globose shaped 

conidiospores Aspergillus terreus

F7 3 x 10-5 Cream colored cottony 
colony Septate Oblong shaped 

conidiospores Trichoderma sp.

F8 6 x 10-5 Light green coloured, 
cottony colony Septate Round shaped 

conidiospores Penicillium sp.

Table 4: Morphological and microscopic characteristics of fungal strains isolated from CETP sludge and rhizobiome soil sample.

Figure 4: Image showing microscopic characteristics of bacterial strains isolated from CETP sludge and 
rhizo-biome soil.

Figure 5: Graph representing relative abundance of bacterial and fungal strains isolated from fresh CETP sludge. Note: (      )Escherichia 
coil; (      )Pseudomonas aeruginosa; (      )Bacillius cereus; (      )Klebsiella pneumoniae; (      )Aspergillus niger; (      )Alterneria sp.
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Figure 6:

Table 5: Microbial diversity in sludge and soil habitat.

Habitat Bacterial diversity Fungal diversity F8

Simpson’s index 
Fresh Sludge 0.735 0.444
Old Sludge 0.817 0.652
Rhizo-biome Soil 0.856 0.674

Soreson’s coefficient
Fresh Sludge; Old Sludge 0.40 0.40
Old Sludge; Soil 0.15 0.33
Fresh Sludge; Soil 0.18 0.00

Observations on compatible/incompatible mixed culture

terial and fungal strains in different combination of two bacteria 
and one fungal strain, respectively as indicated in Table 6. The results 
interpret that Trichoderma was compatible with all three of the 
selected bacterial strains i.e. P. aeruginosa, B. mycoides and B. cereus. 
T. viride/T. harzianum and P.fluorescens have synergetic compatibility 
thus inducing plant growth [24]. While the combination of P. 
aeruginosa, B. mycoides and B.cereus with Aspergillus and Penicillium 
were incompatible and partially compatible respectively, showing 
antagonistic activities towards each other. It was observed that the due 
to profuse growth and sporulation by Penicillium, and Aspergillus sp., 
the growth of bacterial isolates was restricted. Penicillium sp. which 
is a common soil inhabitant, and a filamentous fungus is well known 
for producing diversified range of bioactive secondary metabolites 
that are anti-bacterial in origin with well-proven biological activities 
[25,26] whereas most of the group of ubiquity ascomycetes such as 
Aspergillus sp. secretes secondary by-products and anti-oxidants that 
inhibit or subside the growth of bacteria when grown on same plate 
[27,28]. Growth of the bacteria, sporulation, and mycelia growth [29-
31] were some of the significant parameters observed and recorded to 
be developed into a potential consortium. 

Growth study of selected microbial isolates

To understand and accelerate the growth of microbial consortium, 
growth study experiments were performed using individual as well 
as mixed cultures. Figure 7 represents the growth curve of individual 
strains versus mixed consortium as function of time. Biomass /cellular 
concentration and doubling time of the respective isolates and mixed 
consortium are shown in the Table 7. 

Seed germination by agar plate and tube method

The seeds, urad bean and mung bean treated with microbial 
consortium showed high final germination percentage i.e. 95 and 100 
resp., compared to control (normal distilled water) i.e. 85 for urad 
seeds and 90 for mung seeds. Moreover, highest germination index 
and coefficient of velocity of germination was recorded for the seeds 
treated with microbial consortium which gives an indication of rapidity 
of seed germination [32]. Speed of germination was also observed to be 
more than control set. Whereas, the mean germination time was low 
for consortium treated seeds i.e 3.4 and 2.5 for urad bean and mung 
bean seed respectively as lower the MGT, the faster a seed population 
has germinated [33].

       Figure 8 represents the emergence of seedling in consortium 
treated seeds, whereas the root, shoot length and number of leaves of 
both seeds Figures 9 and 10 treated with microbial consortium and 
normal distilled water (control) on 12th day is illustrated in Table 
8, which shows that consortium treated seeds has increased root 
and shoot length in compare to the control set, suggesting that the 
prepared consortium consisting B.cereus, B.mycoides, P.aeruginosa 
and Trichoderma sp. had plant growth promoting properties and was 
effective enough to accelerate the seed germination rate and growth of 
seedling. These results are in favor with the study of Roshni et al.  [34] 
who reported the synergestic effect of microbial consortia application 
on seed germination rate of wheat seeds, which in our study are mung 
bean seeds and urad bean seeds.
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Table 6: Compatibility among different isolates from CETP sludge and paddy soil.

Combination of different isolates Mycelial growth Sporulation Bacterial growth Compatibility
Bacillus mycoides: Pseudomonas aeruginosa: Trichoderma sp. +++ ++ ++ Compatible
Pseudomonas aeruginosa: Bacillus cereus: Trichoderma sp. +++ +++ +++ Compatible
Bacillus mycoides: Pseudomonas aeruginosa: Aspergillus sp. +++ +++ - Non-compatible
Pseudomonas aeruginosa: Bacillus cereus: Aspergillus sp. +++ +++ + Non-compatible
Bacillus mycoides: Pseudomonas aeruginosa: Penicillium sp. +++ ++ + Partial compatible
Pseudomonas aeruginosa: Bacillus cereus: Penicillium sp. ++ ++ + Partial compatible
+++ - Good, ++ - Average, + - Poor, -- - No growth

Table 7: Doubling time of individual microbial strains and prepared microbial consortium.

Organism
Biomass concentration Doubling time
(mg/ml) (In minutes)

Pseudomonas aeruginosa 0.61 36.5
Bacillus cereus 0.73 40.8
Bacillus mycoides 0.7 46.2
Trichoderma sp. 0.56 77
Microbial Consortium 2.42 43.3

Figure 7: Graph representing relative abundance of bacterial and fungal strains isolated from rhizo-biome soil of paddy field. Note: (       )

Figure 9: Image representing seedling emergence in agar tube (5th day) and in agar plate (7th day).

Figure 8: Image representing growth curve of individual microbial strain vs. microbial consortium. Note: 
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; Azotobacter sp.; (       ) Bacillus cereus; (       )Serretia sp.; (       ) Streptomyces sp.; (       ) Pseudomonas putida; (       ) Proteus vulgaris
; (       ) ; (       ) ; (       ) Bacillus mycoides Aspergillus terreus Trichoderma sp. Penicillium sp.

(     ) ; P.aeruginosa; (    ) B.cereus
(     ) ; (     ) ; (     ) B.mycoides Trichoderma M.consortium
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Table 8: Seed germination parameters after treatment with microbial consortium.

Seed 
treatment Type of seed

Germination parameters

Emergence 
index FGP% S.G MGT CVG GRI Mean  root 

length (cm)
Mean shoot 
length (cm)

Mean 
number of 
leaves

Microbial 
consortium

Urad bean 12 95 8 3.4 6.2 40 4.2 4.5 2
Mung bean 12 100 8 2.5 4.3 39.8 3 4.6 2

Normal 
distilled water

Urad bean 10.8 85 5.8 4 2.9 28.8 1.9 3.5 1
Mung bean 11.4 90 5.9 2.8 2.6 29.3 1.4 3.2 2

Conclusion 
This research study summarized the isolation, identification and 

characterization of bacterial and fungal isolates from CETP sludge 
and rhizobiome soil of paddy field and preparation of a microbial 
consortium to check its efficacy on seed germination of mung bean 
(Vigna radiata) and urad bean (Vigna mungo). On basis of all the 
findings, this study suggests that the application of microbial consortium 
significantly increased the seed germination rate and seedling growth 
which indicates the presence of plant growth promoting properties in 
used microbes i.e. B.cereus, B.mycoides, P.aeruginosa and Trichoderma 
sp. The results of this study concluded that the prepared microbial 
consortium have necessary potential to encourage the plant growth and 
further can be used as bioinoculant to treat the generated CETP sludge 
to increase its fertility and promotes its utilization. 
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