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transformations especially to decrease ammonia concentration with and 

without molasses and skimmed milk amendment and fish culture. The observations 

of organic N transformations were recorded properly in microbial growth room and 

green house aquarium environment at 15 days time intervals. The observations 

related to growth rate in terms of fish weight and length were also recorded 

properly in green house aquarium and deep cemented tank environment also at 15 

days time intervals.  

Both combinations of inoculants i.e. I1 (mixed culture of  local bacterial 

isolates PS5 Micrococcus luteus CP001628 and PS16 Ochrobactrum 

pituitosumAM490609) and I2 (The mixed culture of local bacterial isolates 

Nitrosomonas NS8 and  Nitrobacter NB8 and PS5 Micrococcus luteus CP001628 

and PS16 Ochrobactrum pituitosumAM490609) were used and got better  result of 

the I2 in the aquatic ecosystem. 

It can be concluded from the study that in green house aquarium conditions, 

highest fish growth rate was associated with Treatment T4 (I2 + 2ppm organic N) 

while T8 (I1 + 12ppm organic N) gave lowest fish growth rate. The growth rate was 

remained statistically at par due to treatment T7, T4, T2 and T1 but differ 

significantly due to T1-T4, T6-T7 over T5 and T8. Similarly, more fish growth rate 

was associated with T3 over T6. It can also be concluded from the data of present 

investigation that better fish growth rate can be obtained in deep cemented tank 

(WxLxH: 42.5x67x95 cm
3
) over green house aquarium environment. It can also be 

concluded that bacterial bio remediators can help to obtain desirable fish growth 

rate up to 8 ppm organic N level by faster rate of microbial nitrification. It is 

significant finding of this investigation that almost same fish growth rate at up to 8 

ppm level of organic N can be obtained statistically similar to that of fish growth 

rate at 2 ppm level of organic N because of inoculation of effective eco-friendly 

location specific mixed culture of desirable autotrophic and heterotrophic local 

bacterial isolates. 

Hence, these bio remediators can be proved as low cost eco-friendly 

biological tools for enhancing sustainable fish cultivation in moderately polluted 

urban water bodies.  
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CHAPTER- I 

INTRODUCTION 

 

 Global aquaculture is changing day by day from extensive to intensive 

system. There is a tendency to increase the inputs i.e. over feeding, more use of 

fertilizers and various agro-chemicals (antibiotics, herbicides, pesticides etc.). 

These inputs may change the soil–water-air environment and lead to negative 

impact on living organisms resulting into adversely affecting soil water air quality. 

Agricultural production including fish population is severely affected due to such 

pollution specially in urban areas. Fish production is reduced significantly in urban 

water bodies due to heavy water pollution. The major changes in water quality are 

increasing the biochemical oxygen demand and chemical oxygen demand, increase 

in ammonia nitrogen (NH3-N), nitrite-nitrogen (NO2
-1

-N), increase in available 

phosphate (H2PO4
-
), accumulation of hydrogen sulfide (H2S) at bottom of water 

bodies specially in urban water bodies because urban ponds are under the pressure 

of growing population adding tons of industrial waste, sewage, kitchen and other 

urban waste including detergents etc. in to the water bodies.  

  The recent approach to improve quality of polluted water bodies in 

aquaculture is the application of beneficial eco-friendly microbes, enzymes and 

other bio-chemicals to the ponds, known as ‘bioremediation’ which involves 

manipulation of microbes in ponds to enhance mineralization, nitrification and 

denitrification processes  to minimize toxic effects in order to increase sustainable 

eco friendly fish production. Bacteriological nitrification is the most important 

practical method for the removal of excess ammonia from polluted urban water 

bodies and it can be achieved by setting of sand and gravel bio-filter through which 

water is allowed to circulate. The ammonia oxidizers for conversion of ammonia to 

nitrite, are placed under five genera, Nitrosomonas, Nitrosovibrio, Nitrosococcus, 

Nitrosolobus and Nitrospira and nitrite oxidizers for conversion of nitrite to 

nitrate, under three genera, Nitrobacter, Nitrococcus and Nitrospira. Mixed 

cultures of nitrifiers have been demonstrated to nitrify more efficiently. 

Nitrification not only produces nitrate but also alters the pH slightly towards the 



 
                  

 
 

acidic range, facilitating the availability of soluble materials. The vast majority of 

urban water bodies accumulate ammonia, as they do not contain a suitable 

effective eco-friendly nitrifying filters. Denitrifying filters also help to convert 

nitrate to nitrogen. It creates an anaerobic region where anaerobic bacteria can 

grow and reduce nitrate to nitrogen gas for increasing fish production in heavily 

polluted water bodies (Barik et al., 2018). 

  Therefore, to nullify or eliminate or minimize the pollutant/toxicants from 

the polluted water bodies in order to increase fish production, the ecosystem needs 

eco-friendly remediation. Nitrification and denitrification both are natural 

processes, which occur in pond ecosystems but in some cases of heavily polluted 

urban water bodies, the results of these natural processes cannot be reaching a 

higher order of magnitude. Artificial growth and application of nitrifying and 

denitrifying bacterial cultures  to enhance their population  in the polluted water 

bodies in order to reduce toxicity specially ammonia in the aquatic system was 

used in this present investigation as a tool for bioremediation. Several 

bioremediators are developed by scientists as mentioned here. 

Bioremediators 

Developed Identity 

of the bioremediator 

Used on culturable 

species  

Method of 

application  

References  

Bacillus sp.  Centropomus 

undecimalis 

Added to water;  

reduced salinity  

Blain et al., 1998  

Bacillus sp. Penaeids  Spread in pond water  Moriarty 1998  

Aeromonas media  Crassostrea gigas  Spread in pond water  Gibson et al., 1998  

Aeromonas CA2  Crassostrea gigas  Spread in pond water  Douillet and Langdon 

1994  

Nitrosomonas and 
Nitrobacter  

Cyprinus carpio 
communis  

Simulated condition  Barik et al., 2005   

Roseobacter sp. BS 

107  
Oncorhynchus mykiss  Spread in pond water  Ruiz-Ponte et al., 

1998  
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 Chhattisgarh state of our country is blessed with varied water bodies in the 

form of reservoirs (83,873 ha), ponds (70,000 ha) and rivers (3,573km). However, 

natural and man-made ponds are a major source of fish culture. Due to tropical 

climate location there is a considerable variation in environmental factors like 

temperature, rainfall, photoperiod etc. which also physically affect the water 

bodies. The fish production is influenced by physical factors like temperature, pH, 

sun light and chemical factors like dissolved O2 and CO2 levels, and levels of 

inorganic nutrients (Ruttner-Kolisko, 1963). For location specific optimum fish 

production it is necessary to know about the variations in environmental factors 

under local conditions, which can be matched with farmer managerial practices 

for maximizing fish production.  

 The Chhattisgarh state is situated in sub-humid tropics of Central India and 

spreads between 17
o
 4’to 24

 o
 N latitude and 79

 o
 30’ to 84

 o
16’ E longitudes and 

covers an area of about 13.5 million ha. The region is divided into three agro-

climatic zones viz. Chhattisgarh plain, Northern hills and Bastar plateau with 

average annual rainfall ranging from 1200 to 1600 mm. In addition to this, major 

part of Chhattisgarh state lies in catchments of the river Mahanadi and tributaries 

of the river Godavari. 

 About 35 thousand water tanks/ponds are available in Chhattisgarh.  Some 

of them are heavily polluted by organic wastes and ammonia due to open drainage 

of cites, run off from industries etc. Hence efforts are needed to use properly 

screened especially native nitrifying and denitrifying microbes as bioremediators 

to maintain quality of pond water for enhancing fish production. In this 

connection an investigation was planned with following objectives: 

Objectives: 

1. Isolation of heterotrophic and chemo autotrophic bacteria (nitrifying) from 

polluted pond water. 

2. Testing and screening of heterotrophic and chemo autotrophic bacteria for 

their ability to transform nitrogen. 
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3. Influence of inoculation of heterotrophic bacteria alone and in combination 

with chemo autotrophic bacteria on physico-chemical parameters of 

aquaculture system. 

4. Influence of inoculation of heterotrophic bacteria alone and in combination 

with chemo autotrophic bacteria on fish growth in aquaculture system. 
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CHAPTER-II 

         REVIEW AND  LITRATURE 

 

 

 The present investigation was undertaken on “Bioremediation of polluted 

pond water for increasing fish production’’. Few works were conducted on 

microbial bioremediation of polluted pond water. Some research findings show the 

heterotrophic and autotrophic bacterial inoculations were effective for 

bioremediation. Keeping this point in mind, efforts were made to collect and study 

various pertinent literatures on following different aspects of present investigation 

which are as follows: 

2.1. Importance of heterotrophic and chemo-autotrophic bacteria and their 

isolation from polluted water  

2.4.   Ability of heterotrophic and chemoautotrophic bacteria for transformation  

      of  nitrogen 

2.3. Co-inoculation of heterotrophic and autotrophic bacteria for improvement 

of physico-chemical parameters of aquaculture system 

2.4. Inoculation of heterotrophic bacteria alone and combination of chemo-

autotrophic bacterial on fish growth in aquaculture system 

 

2.1.  Importance of heterotrophic and chemo-autotrophic bacteria and their 

isolation from polluted water pond.  

Heterotrophic bacteria (Ochrobactrum pituitosum) and chemoautotrophic 

bacteria (Nitrosomonas and Nitrobacter) isolated from the different polluted pond 

to assess their potential for conversion of ammonical nitrogen to nitrate and from 

nitrate to free elemental nitrogen by group of chemoautotrophic bacteria and 

heterotrophic bacteria, respectively. Chemoatotrophic spp present in water and soil 

are Ntrosomonas and Nitrobacter which responsible for the oxidation of ammonia 

to nitrate.  
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As now a days the water bodies present everywhere has severe polluted 

condition due to many causes like mixing of various chemical substances in the 

water bodies which are of   man-made origin, whether it was due to the use of 

excessive insecticides, effluents or through the sewage waste of cities. The waste 

upon mixing with the water bodies leads to many problems like increasing the 

ammonia concentration in the water which further has the harsh effects on the 

different underlying organisms but specially on fishes and others. In such a way it 

is very important to reduce the ammonia level to such a lower level so as to make a 

much safe environment to the development and growth for the fishes under water. 

As related to overcome this problem several studies have been conducted from the 

different scientists for the ways to reduce the ammonical concentration in the water 

bodies. Some of them were described as below: 

The chemoautotrophic nitrifiers have been isolated from the Moroccan soil 

where the culture enrichment and soil enrichment techniques were described for 

the isolation of Nitrosomonas and Nitrobacter as per the study conducted by 

Schmidt and Belser, 1982.  

An organism was isolated by scientists which involved in the second phase 

of nitrification i.e. Nitrobacter winogrudskyibuch. The organism reproduced by 

polar budding and possessd a distinct and easily demonstrated nucleus. The life 

cycle included alternation of motile and non-motile stages. Motile cells possessd a 

single flagellum which was 20 times longer than the cell body (Zavarzin and 

Legunkova, 1959).  

Sorokin et al. (1998) isolated five strains of lithotrophic, nitrite-oxidizing 

bacteria (AN1-AN5) from sediments of three soda lakes (Kunkur Steppe, Siberia; 

Crater Lake and Lake Nakuru, Kenya) and from a soda soil (Kunkur Steppe, 

Siberia) after enrichment at pH 10 with nitrite as sole electron source. 

 The isolation and detection of ammonia-oxidizing bacteria in soils 

collected from Chile was studied by Longeri and Moroni (1986) in which the ten 

(10) soil samples were analyzed from 8 separate soil series and soil enrichment 

cultures lead the isolation. Meincke et al. (1988) also isolated nitrifying bacterial 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Sorokin%2C%20D.%20Y.%22
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population  from four distinct historic buildings in Germany. In order to obtain the 

most abundant nitrifying organisms, the isolation protocol began at the maximum 

dilution steps from positive MPN test tubes. Enumeration and isolation of 

ammonia-oxidizing bacteria from 34 activated sludge’s and ten ammonia 

oxidizers, all identified as Nitrosomonas spp., were isolated under the study of 

Suwa et al. (1994). 

Prosser and Embley (2002) reported that increased awareness of metabolic 

diversity within autotrophic nitrifying bacteria has resulted in a reassessment of 

their role in nitrogen cycling in terrestrial and aquatic ecosystems. Wu et al. (2000) 

did the bioassay of the nitrification inhibition (NI) through guided fractionation of 

the methanol extract of lyophilized and milled Leucaena leucocephala roots and 

resulted in the isolation of four compounds, as confirmed from their spectral 1H 

and 13C NMR. 

 The isolated microorganisms DE2007 strain was able to show the 

capability of micro coleus consortium able to degrade crude oil and detoxification 

capacity. High toxic pollutant concentrations are a continually intensifying factor 

in the current soil and marine ecosystems.  This strain easily growing at the 

substance where present many type of high toxic pollutant like crude oil and heavy 

metal (Cu and Pb) which was earlier observed by the Diestra (2007).  

Huber et al. (2010) experimented on Ochrobactrum pituitosum in isolated 

condition at Sweden and found that this specific bacterium was Gram negative, 

rod-shaped, non-spore-forming and motile in nature. Patricia et al. (1995) studied 

on Thiosphaera pantotropha and reported that they denitrify aerobically and nitrify 

heterotrophically. However, recent evidence has indicated that these properties 

(particularly aerobic denitrification) have been lost. The occurrence and levels of 

aerobic denitrification and heterotrophic nitrification by Parztntrophu in chemostat 

cultures have therefore been re-evaluated. Only low nitrate reduction rates were 

observed, and the apparent nitrogen loss was of the same order of magnitude as the 

combined error in the calculated nitrogen consumption. 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Suwa%2C%20Y.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Prosser%2C%20J.%20I.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Embley%2C%20T.%20M.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Erickson%2C%20A.%20J.%22
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Similarly Sunitha and Padmavathi (2013) isolated beneficial bacteria 

(Nitrosomonas and Nitrobacter species) and pathogenic bacteria Pseudomonas and 

find out their effect on zooplankton and fish yields, which indicates that the 

concentrations of ammonia, nitrite and orthophosphates were higher in control 

ponds than in the treated ponds. 

 Lakshmipriya and Sivakumar (2012) studied the heterotrophic bacteria and 

their role in distribution, production, abundance and their involvement in nutrient 

cycling. Some isolates of microorganisms was selected on the basis of the 

morphology of the colony and of colonies identified by biochemical and 

phenotypic character. All the isolates Bacillus subtilis, Streptococcus sp., 

Staphylococcus sp., Pseudomonas sp., Photobacterium sp., Enterobacteriaceae sp., 

Escherichia coli and Azotobacter sp. were screened for producing 

Exopolysaccharide (EPS). Among all the Azotobacter sp. and Pseudomonas sp. 

produced high considerable amount of EPS. Also some chemoautotrophs species 

of Nitrosomonas and Nitrobacter were traced to be behind nitrosification and 

nitrification in this heavily fertilized soil zone. These soils have shown higher 

nitrification potentials due to the presence of nitrifying bacteria. 

Nitrosomonas eutropha, a betaproteo-oxidizing bacterium found in areas 

with high levels of ammonium, such as waste water treatment plants. Under toxic 

and anoxic conditions, the effects of NO2 on gene and protein expression of 

bacteria were determined by maintaining N. Eutrophic C91 strain as studied by 

Kartal et al. (2012) by then Phirke (2014) mentioned that ammonia-oxidizing 

bacteria (AOB), oxidize ammonia to nitrite in the first step of nitrification, play an 

important role in biological wastewater treatment systems. Nitrosomonas mobilis 

was an important and dominant AOB in various wastewater treatment systems. 

Park et al. (2017) had studied on Nitrospira spp., a chemo litho autotrophic nitrite-

oxidizing bacteria (NOB) which are present everywhere, both in natural and 

engineered environments. 

Reddy et al. (2015) isolated and characterized autotrophic ammonia 

oxidizing bacteria from a fish processing effluent treatment plant. The results 

obtained after sequencing of 16S rRNA gene showed AOB affiliation to 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Kartal%2C%20B.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Park%20MeeRye%22
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Nitrosomonas marina, Nitrosomonas nitrosa and Nitrosospira lineages of 

betaproteo bacteria. 

Thandar et al. (2016) reported that the isolated  ammonia-oxidizing 

bacteria, which oxidizes ammonia to nitrite in the first nitrification step plays an 

important role in biological waste water treatment systems. Nitrosomonas mobilis 

is a major and prevalent AOB in various waste water treatment systems. 

 Hoang et al. (2016) found that the cells of any group of microorganism 

msona bio-filmsticks to each other and adhere to a surface by excreting a matrix of 

extracellular polymeric substances (EPS). But the chemoautotrophic nitrifying 

bacteria hardly form bio-films due to their extremely low growth rate.  

Abe et al. (2017) emphasised on nitrification and mentioned that it was an 

important reaction in waste water treatment plants (WWTPs) for the process of 

biological nitrogen removal. Since ammonia-oxidizing microbes are slow to grow 

and are prone to environmental factors such as free ammonia, it was difficult to 

obtain pure strains. 

Barik et al. (2018) mentioned that ammonical nitrogen was an important 

limiting factor for intensive aquaculture system. Removal of unionized ammonia 

(NH3) and nitrite (NO2
-
) through biological activity was therefore an important 

instrument for changing such ecosystems. 

 

2.2. Ability of heterotrophic and chemoautotrophic bacteria for  

 transformation of nitrogen. 

  After the process of isolation of both the heterotrophic and 

chemoautotrophic bacteria it is very important to check their effectiveness and 

capacity for transformation of nitrogen and to measure their efficiency under the 

same artificial environment. To see the results under various conditions many 

scientists obtained different results which are described as follows: 

 Bower and Turner (1981) found that there was an increase in ammonia and 

nitrite concentration after six and twenty-four hours of disconnection of air supply 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Thandar%2C%20S.%20M.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Phuong%20Ha%20Hoang%22
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respectively in closed sea water aquarium. In an experiment Mevel and 

Chambroux (1981) found that in closed marine system, nitrification increases and 

becomes intense at high oxygen concentrations. At lower oxygen levels, 

nitrification was low and nitrite reduction occurs.  

Sohier and Bianchi (1983) reported that ammonia oxidation occurred after 

ten days of experimentation whereas, nitrite oxidation needed twenty days. There 

was a decrease in heterotrophy at the same time. Boyd et al. (1987) researched that 

non-aerated treatments remain at very low oxygen levels (around 1.0 mg l
-1

). All 

continuously aerated treatments had sufficient oxygen levels (around 6.0 mg l
-1

). 

Nitrogen transformations were recorded to be different under non-aerated and 

aerated conditions. Rate of nitrification was so fast in the aerated aquaria that 

almost all ammonia nitrogen was oxidized within 3 days. 

Barik et al. (2018) applied selected isolates of nitrifying bacteria viz., 

Nitrosomonas sp. and Nitrobacter sp. @ 2.5µl
-1

 and @ 5.0 µ l
-1

 in simulated 

aquaculture system. Decrease of ammonical nitrogen concentration from 10mg l
-1

 

to below the minimum limit (0.300 mg l
-1

) was observed within 3 days after 

inoculation (microbial inoculums with aeration). Aeration enhanced nitrification 

rate, which resulted in improvement of water quality in such ecosystems. 

 Feng et al. (2013) isolated a strain of autotrophic ammonia-oxidizing 

bacteria (AOB) CM-NRO14 from the aerobic activated sludge of a domestic 

wastewater treatment plant using enrichment, isolation and purification technique. 

Van et al. (1984) studied two strains of nitrifying bacteria named HA1 and HD5 

which were selected from Tolich river in Hanoi, Vietnam. The optimum growing 

conditions for both strains and their nitrification activities were examined in which 

their experiment. Their experiment results showed that the nitrogenous compounds 

in the waste water decreased rapidly. 

 Studied were conducted on the community structures of planktonic 

ammonia-oxidizing archaea (AOA) and bacteria (AOB) for five high-altitude of 

Tibetan lakes, which could be classified as freshwater, oligosaline or mesosaline, 

to develop a general view of the AOA and AOB in lakes on the Tibetan Plateau Hu 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Yang%20HaoFeng%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Dao%20Thi%20Hong%20Van%22
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et al. (2010) and Satoh et al. (2004) studied two kinds of ammonia-oxidizing 

bacteria ( Nitrosomonas sp. IWT202 and Nitrosomonas sp. IWT514) isolated from 

biologically deodorizing plants in cold districts in Japan. They found the optimum 

pH for their growth was 8.0 (IWT202) and 7.5 (IWT514). 

 Li et al. (2001) isolated 331 bacterial strains from mud of shrimp ponds in 

Shandong province, China and selected ten functional bacteria for bioremediation 

of shrimp culture environment and they were capable of utilizing shrimp feed as 

the whole source of carbon and nitrogen. They found that these strains have no 

disease-causing ability and six of them can increase survival rate of shrimp larva. 

They suggested that the ten functional bacteria include nitrifiers (Nitrosomonas 

and Nitrobacter), which can rapidly eliminate organic and inorganic pollutants 

from bottom of the pond and water. In another study Hu et al. (2002) collected 

activated sludge from a wastewater treatment station of a pig farm and subjected to 

nitrifying bacteria enrichment and isolation. It was found that when the enrichment 

media contains 300 mg l
-1

 of ammonia nitrogen, a high-efficient culture 

of Nitrosomonas was obtained. 

Liu et al. (2012) isolated a nitrobacteria union called A2-6-3 which uses 

ammonia nitrogen as the only energy source and does efficient nitrification from 

substrate sludge of Xihu Lake in Wuhan by the separation of most probable 

number and solid plate. Made study to Spieck and Lipski (2011) on litho 

autotrophic nitrite-oxidizing bacteria (NOB), known as fastidious microorganisms, 

which are hard to maintain and not many groups are trained to keep them in culture 

convert nitrite stoichiometrically to nitrate and found growth was slow due to the 

poor energy balance.  

Grommen et al. (2002) showed that, in an improved nitrifying enrichment 

broth containing suspended nitrifying cells @ 5 mg l
-1

,decreased the ammonia 

concentration from 10 mgl
-1

 to below the detection limit within 4 days. However, 

in present studies it took 3- 5 days when inoculated @ 5.0 μl l
-1

 with or without 

aeration. Another scientist Park et al. (2017) studied on Nitrospira spp., chemo 

litho-autotrophic nitrite-oxidizing bacteria (NOB), which was found ubiquitous in 

natural and engineered environments. 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Satoh%2C%20K.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Lu%20YunLi%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Spieck%2C%20E.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Lipski%2C%20A.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Park%20MeeRye%22
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Water probiotics/bioremediators consisting of nitrifiers have been used to 

remove excess ammonical nitrogen  from aquaculture system by Prabhu et al. 

(1999), Sharif et al. (2001) and Sambasivam et al. (2002). Here both the bacteria 

have the different ability to convert/ transform the nitrogen and having the 

different ability for transformation as the chemoautotrophic bacteria has an ability 

to convert the ammonia into nitrite and nitrite into nitrate. Whereas, the  

heterotrophic bacteria have an ability to convert nitrate into nitrogen gas. Both 

these bacteria’s have the ability to transfer the nitrate into nitrogen gas also, these 

chemoautotrophic bacteria convert ammonia into nitrite. 

 Yang et al. (2013) studied for the novel heterotrophic bacterial strains 

under laboratory condition in which they found that all the strains having the 

efficient heterotrophic nitrification-aerobic denitrification capabilities and they 

were able to utilize the nitrite and nitrate as a sole nitrogen source. Then seen that 

the total amount of nitrogen was converted into intra-cellular nitrogen and the 

remaining was seen to be denitrified. Here the optimal condition for all the 

heterotrophic ammonium oxidation strains were as follows: C/N ratio 10, pH-7.0, 

temperature at 30 °C and shaking speed of 160 rpm.  To confirm that the aerobic 

denitrification was involved in the nitrogen removal process then tested the aerobic 

denitrification capacity of the isolates  using the nitrite and nitrate respectively as a 

sole source of nitrogen and their study they observed a significant decrease in 

nitrate after 48 hours with 84.85 ± 3.58 %, 92.74 ± 1.62 % and 95.63 ±1.37 % 

removal efficiency for all the three strains respectively. The corresponding 

maximum removal rates were 4.37, 5.77 and 7.92 mg l
-1

 h
-1

 (6.24, 7.40 and 9.91 

mg g
-1

 h
-1

). 

Nitrifying bacteria when inoculated @2.5 ul l
-1

 decreased ammonia 

nitrogen from 10.0 mg l
-1

 to minimum level (0.34 mg l
-1

) within 5 days after 

inoculation (DAI) shown under the study conducted by   Barik et al. (2018). 

Ogbonna and Chinomso (2010) observed microbiological activity in 

different water samples collected from 4 different sources in which they that the 

ammonia concentration level was highest with sample 4 (0.50 mg l
-1

) followed by 
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sample 2 (0.35 mg l
-1

) and lest concentration was seen in sample 1 and 3 (0.25 mg 

l
-1

 and 0.25 mg l
-1

) respectively.   

When molasses was added in the waste water then this was very helpful in 

the process of bacterial attachment on the carrier and the degradation of the 

ammonium in the submerged system, particularly in the case of low initial 

concentrations of ammonium as studied by Muter et al. (2013) 

High stock density and intensive feeding in aquaculture system leads to 

accumulation of organic waste which result in an increase in the ammonia, nitrite 

and nitrate concentration in water bodies. Under this study the effect of different 

biofloc starters on ammonia, nitrate and nitrite concentration was seen. The mean 

concentration of ammonia ranged from 0.02 mg l
-1

 to 0.07 mg l
-1

, nitrite ranged 

from 0.20 mg l
-1

 to 0.43 mg l
-1

 whereas the nitrate ranged from 0.64 mg l
-1

 to 3.20 

mg l
-1

 (Putra et al. 2020). 

Ojeda et al. (2018) reported that nitrogen compounds (ammonia and nitrite 

in particular) are important constraints in aquaculture because they are toxic 

metabolites for fish and other culture organisms. The growth for aquatic products 

demand has generated the need to increase production, trying to minimize 

environmental damage, which has begun to be achieved with the recent 

development of new systems such as biofloc technology (BFT), which is based on 

the recycling of nutrients by bacteria  and maintaining water quality conditions. 

2.3. Co-inoculation of heterotrophic and autotrophic bacteria for 

improvement of physico-chemical parameters of aquaculture system. 

 Different parameters were seen in the aquaculture system like the pH, EC, 

total hardness, TDC etc. which usually leads to the show the pollution level in any 

water bodies and thus by using the different bacteria (single in combination) we 

could find the capacity of the bacteria to lower the pollution concentration in the 

aquarium condition, which could be beneficial for the fish to grow well under the 

aquatic condition as well. Along with this they are also capable of changing the 

various physico-chemical factors like pH, BOD,COD,DO. etc. 
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 The role of two brands of probiotic, ‘Environ AC’ in pond water treatment 

and ‘Biotech (CP) in gut microbial population enhancement in Penaeus monodon 

culture ponds. Basically, the probiotic ‘Environ AC’ contains the beneficial 

bacteria such as Bacillus spp., Pseudomonas spp. and Nitrosomonas spp. Scientists 

concerned observed that ammonia level was reduced in experimental ponds while 

it increased in control ponds (Sambasivam et al., 2002). Thus, it was evident that 

nitrification in pond environment established itself and similarly Joseph et al. 

(2002) studied the effect of commercially available bioaugmentors on the removal 

of ammonia and hydrogen sulphide from brackish water system. In this experiment 

health stone, BN-10, and zeolite were used. BN-10 was a typical bacterial 

augmentation material containing Nitrobacter, Nitrosomonas, Sulphobacteria and 

organic analytical material. 

 A mixture of sodium bicarbonate and sodium acetate selected as the 

appropriate carbon source for cell growth and nitrogen removal Du et al. (2003) 

mentioned  where ammonia could be oxidized aerobically to nitrite by the mixed 

culture and the intermediate nitrite was then reduced to nitrogen gas. No nitrite was 

detected during the process. 0.212 g l
-1 

of ammonia could be removed in 30 hours 

and nitrate could not be utilized aerobically by the mixed culture. Nitrite could be 

degraded aerobically as well as an aerobically. However, very little ammonia was 

degraded an aerobically, but the ability to degrade ammonia could be recovered 

even after oxygen had been supplied for 42 hours. 

Bhatnagar and Devi (2013) found that the optimum fish production was 

totally dependent on the physical, chemical and biological qualities of water to 

most of the extent. Water quality was determined by variables like temperature, 

transparency, turbidity, water colour, carbon dioxide, pH, alkalinity, hardness, 

unionized ammonia, nitrite, nitrate, primary productivity, BOD, plankton 

population etc. 

The age and developmental stages are related to the effect of pH water on 

fishes in which the larval stages were more sensitive to pH change (Lloyd and 

Jodan, 1964). 
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 Verma and Khan (2015) reported the physico-chemical parameters of fateh 

sagar talab in bagar of Jhunjhunu district in Rajasthan. The study was carried out 

for a period of one year i.e. July 2012 to June 2013. Water samples were collected 

monthly from surface water and analyzed for temp, pH, electric conductivity, total 

hardness, Alkalinity, TDS (Total dissolved solid), chloride, DO (Dissolved 

oxygen).  

Due to increase in population, advanced agricultural practices, 

industrialization, man-made activity, water was being highly polluted with 

different contaminants as reported by Sagar et al. (2012) where the water was a 

vital resource for human survival and the availability of good quality water was an 

indispensable feature for preventing diseases and improving quality of life. It was 

necessary to know details about different physico-chemical parameters such as 

color, temperature, total hardness, pH, sulphate, chloride, DO, BOD, COD, 

alkalinity used for testing of water quality. 

Total ammonium nitrogen concentration was identified as a key limiting 

factor in intensive aquaculture system as per the study conducted by Grommen et 

al. (2002). They have used a suspension of nitrifying cells (ammonia binding 

inoculums liquid, ABIL) to shorten the startup period of a biofilter. Results showed 

removal of total ammonia from 10 mg l
-1

 to below the detection limit within a 

period of 4 days provided adequate aeration and the dissolved oxygen levels were 

maintained. Likewise, Raja et al. (2015) mentioned that aquaculture was one of the 

fastest on rising sectors in the world today. An aquaculture system was diversified 

as fresh, brackish and marine water culture systems. However, the occurrence of 

the disease was a major constraint for its sustainability. Probiotics are often 

employed to control bacterial pathogens in the aquaculture systems. 

Bajaj (2017) in his study have collected data on environmental factors such 

as temperature, pH, dissolved oxygen levels and nutrient levels from local ponds 

and have tried to correlate this with fish productivity. 

Kroupovai et al. (2005) reported nitrite was an intermediate in the oxidation 

of ammonium to nitrate. An elevated ambient nitrite concentration a potential 
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problem for freshwater fish since nitrite was actively taken up across the gills in 

competition with chloride. He concluded that the most important ones are water 

quality parameters are (e.g. pH, temperature, cation, anion and oxygen 

concentration), length of exposure, fish species, fish size and age, and individual 

fish susceptibility. Chloride concentration in water was considered one of the most 

important factors influencing nitrite toxicity to fish. The importance of individual 

factors was assessed and re-evaluated continuously. 

Different parameters were seen in the aquaculture system like the pH, EC, 

total hardness, TDC etc. which usually leads to the show the pollution level in any 

water bodies and thus by using the different bacteria (single / in combination) we 

could find the capacity of the bacteria to lower the pollution concentration in the 

aquarium condition, which could be beneficial for the fish to grow well under the 

aquatic condition as well. Along with this they are also capable of changing the 

various physico-chemical factors like pH, BOD, COD, DO. Thus, the co-

inoculation of both heterotrophic and autotrophic bacteria helps for improvement 

in various physico-chemical parameters as described earlier and in the above 

context various scientists have given their experimental results which have been 

below: Mahobe and Mishra (2013) reported that the various physico-chemical 

parameters with their respective ranges such as temperature varied between 27.4 

°C and 28.3 °C during summer and 18.4 °C -19 °C in winter season. pH of pond 

water was taken and it ranges between the 7.1-7.9 and 6.8-7.3 in the summer and 

winter season respectively indicating the permissible limits. Electrical conductivity 

concentration in the ionized substances present in the E.C. shows the range of 601-

1220 and 590-980 micro mhos./cm in the summer and winter respectively. 

Dissolved oxygen which is important for the process of decomposition of organic 

matter was shown in the range of 2.5 - 4.5 to 3.4 - 5.4 mg l
-1

. Similarly, the 

Biological Oxygen Demand (B.O.D.) level in sample -6 is highest in both the 

season (summer -78 and winter- 69) mg l
-1

. Total dissolved solid (TDS) value of 

the water samples were between the 390.7 to 793 mg l
-1

 and 351 to 657 mg l
-1

 in 

summer and winter respectively. Likewise, the Nitrate concentration was ranged 

from the 0.0 to 47.84 mg l
-1

. 
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 Bhatnagar and Devi (2013) reported all the parameters like -Temperature, 

Turbidity, Dissolved oxygen (DO), Biochemical oxygen demand (BOD), pH were 

categorized in the 3 different ranges viz, Acceptable range, Desirable range and 

Stress condition range and they have given differed ranges for ideal 

physicochemical properties like; Temperature (15-35, 20-30 and <12, >35) °C, 

Turbidity (30-80 and <12, >80) cm, Dissolved oxygen (3-5, 5 and <5, >8) mg l
-1

, 

Biochemical Oxygen Demand (3-6, 1-2 and >10) mg l
-1

, pH (7-9.5, 6.5-9 and <4, 

>11). 

Sapkale et al. (2013) found that the maximum weight gain conversion of 

feeding efficiency and survival was found at the pH of 7.5 and is best suitable for 

its overall growth. 

Shrivastava et al. (2007) reported that the various physico-chemical 

characteristics ranges of the Bilaspur pond such as pH, Electrical Conductivity, 

Dissolve oxygen, Total Dissolved Solids are 7.31 to 7.92, 124 to 680 µS/cm, 4.6 to 

6.4 mg l
-1

, 104 to 398 mg l
-1

  respectively. 

Roberts and Palmeiro (2008) reported sub optimal pH and the fluctuations 

in the pH may resulting into the lethargy, stress, skin irradiation/ lesions, 

behavioral changes (attempt to jump outside the aquarium), change in skin color, 

gill irritation, increased muscle production, mortality and respiratory sign. 

Swarnakar and Choubey (2016) analysed different  pond water of  Raipur 

city and found physico-chemical parameters such as pH, Turbidity, Dissolve 

Oxygen (DO), Nitrate concentration are in the range of 7.6 to 9.36, 3.1 to 30.2 cm, 

3.1 to 3.2 mg l
-1

 and 0.4 to 5.1 mg l
-1

, respectively. 

Physico-chemical parameters of Raipur ponds were recorded for  pH, 

Electrical Conductivity, Dissolve Oxygen, Total Dissolved Solids. The values  of 

these parameters were  6.5 to 7.6, 453 to 1225 µS/cm, 6.1 to 8.3 mg l
-1

, 1288 to 

2475 mg l
-1

, respectively as reported by Yadav et al. (2016)  
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2.4. Inoculation effect of heterotrophic chemoautotrophic bacteria alone & in 

combination on fish growth in aquaculture system. 

 The performance of different bacteria is having the different results as per 

their capacity to convert the toxic material into harmless one. Thus, we need to 

examine upon which bacterial combination or sole bacteria is having the maximum 

benefit to the aquatic organism (fish) as there is a synergistic effect upon mixing of 

two different bacteria in water bodies. 

Sharma and Bhukhar (2000) studied the effect of a probiotic product 

(Aquazyme-TM-1000) on the pond water quality and growth of common carp 

(Cyprinus carpio var. communes L.). No significant influence was noticed on 

water quality. Zooplankton production was however, higher in probiotic treated 

waters (598 and 599 No. l
-1

 respectively). The fish growth was significantly greater 

in the highest dose of probiotic as compared to other treatments and control. 

Dewan et al. (1991) concluded that the water quality of the ponds treated 

with probiotics was observed to be suitable for survival and growth of fish culture. 

Lakshya and Viraj (2014) studies the usefulness of probiotics in water 

quality and bacterial flora in fish pond where the culture used of Nitrosomonas and 

Nitrobacter were having the dose of 1.62 kg/ha and 0.82 kg/ha respectively in two 

ponds where one is being kept as the control pond. Chemoautotrophic bacteria 

(Nitrosomonas) relative loads in Pond-A, Pond-B and Pond-C are ranged from 

2.01 x 10
3 
to 4.80 x 10

3
 cfu/ml, 2.25 x 10

3
 to 4.90 x 10

3
  cfu/ml and 1.24 x 10

3
 to 

2.00 x 10
3
 cfu/ml respectively. Whereas, chemoautotrophic bacteria (Nitrobacter) 

relative loads in Pond-A, Pond-B and Pond-C were 2.20 x 10
3
 to 4.95 x 10

3
 cfu/ml, 

2.10 x 10
3
 to 4.15 x 10

3
 cfu/ml and 1.10 x 10

3
 to 2.15 x 10

3 
cfu/ml respectively. In 

which he found that the probiotics has a tremendous effect upon the significant 

growth and maintaining the optimum water quality parameters which finally 

results in the fish growth. Which further also helps in improving the water quality 

along with the prevention of any bacterial disease in the fish pond. 

Sahu and Datta (2018) studied the effect of pH on the growth and survival 

of fish in which the 5 treatments were used pH – 7 (control), 5 ± 0.25, 6 ± 0.25, 8 ± 
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0.25 and 9 ± 0.25 and among these he found that the weight gain (%) and survival 

% was higher in the control group, pH 7. LC50 was 5.71 and 1%, 50 %, 99 % 

survivals were 7.53, 5.71 and 3.89 in the acidic range respectively. At last, the 

conclusion was that the optimum pH range for captative growth, culture and 

survival for juveniles was found between 6.5 -7.5 and in addition to the pH above 

8.2 and 5.7 may cause serious stress to fish in captive condition and the rate of 

mortality rate may even cross 50 %.  

Putra et al. (2019) studied the effect of cultivation of fishes in the biofloc 

system (with heterotrophic and autotrophic bacteria) to figure out the survival rate 

and growth of red tilapia (Oreochromis sp.). They added different organic sources 

of carbon into culture medium namely -molasses, tapioca flour, white sugar and 

control. He finds that the best growth of the tilapia fish was seen when the 

molasses was used as a carbon source (Absolute weight growth was 8.22 ± 0.329 

g, daily growth rate was 7.86 ± 0.158 %, Survival Ratio was 92.22 ± 1.93 %). 

Putra et al. (2020) according to him the biofloc refers to use of the 

heterotrophic and autotrophic bacteria. Molasses, which is a liquid by product of 

the sugar industry, may provide adequate carbon for heterotrophic bacteria that use 

it as a source of development. Thus, later the best results in the fish growth were 

seen when the molasses starter was used in the pond resulting into better fish 

growth. 

In the pond water, if it is less polluted then the weight and length of fish 

was seen to be increased as per the study conducted by Bajaj, (2017). As when the 

ammonia level reaches > 0.1 mg l
-1

 which has as several ill effects upon the fish 

like – gill damage, destroy mucous producing membranes, poor feeding conversion 

and reduced disease resistance at concentration less than the lethal concentration, 

kidney failure, Osmoregulatory imbalance, sub-lethal effects like reduced growth. 

In such case when the chemoautotrophic bacteria were introduced to such polluted 

pond then it helps in lowering the ammonia concentration which ultimately helps 

in overall fish growth (increase in fish length and fish weight). Here the desirable 

range of ammonia is 0 - <0.025 mg l
-1

 and the acceptable range is 0 - 0.05 mg l
-1

 

was seen when the study conducted by Bhatnagar and Devi (2013). 
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As per various scientists there were some acceptable range and desirable 

range which has a direct effect upon the significant growth of fish, where as per the 

Thomforde (2004) the desirable range for nitrite is 0.-1 mg l
-1

 and acceptable range 

is < 4 mg l
-1

. Bhatnagar et al. (2004) seen that the concentration of nitrite 0.02 – 

1.0 ppm range is lethal to many fish species, and the lethal concentration for many 

warm water fish is > 1.0 ppm whereas 0.02 ppm is an acceptable range. Similarly, 

OATA (2008) reported that it should not exceed 0.2 mg l
-1

 in freshwater and 0.125 

mg l
-1

 in seawater. 

The ammonia being very ill effect upon the fish health thus it is necessary 

to study the lethal and toxic effect level concentration in the water and to retain 

within the safe range for better growth and development.  Sub-lethal effects occur 

to fish at concentration 0.01 to 0.3 mg l
-1

 and the toxic level for unionized 

ammonia is 0.6 and 2.0 mg l
-1

 (EIFAC, 1973 and Robinette, 1976). 0.1 mg l
-1

 is a 

maximum limit for ammonia concentration as seen in aquatic organism was 

reported by Meade,1985; Santhosh and Singh, 2007. Swann, 1997 and OATA, 

2008 reported the safest concentration level for ammonia is 0.02 ppm. 

Barik et al. (2018) reported that the decrease in the ammonia nitrogen 

concentration from 10 mg l
-1

 to below the minimum limit 0.3 mg l
-1

 was being 

achieved within the 3 Days after inoculation (DAI) of microbial inoculums with 

aeration in water. Aeration and microbial application plays an important role in 

increasing the nitrification. Therefore, it may be concluded that the application of 

bioremediators decreased ammonia and nitrite nitrogen. 2-3 mg l
-1

 is the toxic level 

concentration for the aquatic life thus is very important for its remediations in 

polluted water bodies. As the ammonia at high concentration results into poor 

growth and survival of fish and ionized and un-ionized both form of ammonia has 

a toxic effect on fish. 

Bohn et al. (2001) concluded that when the oxygen is under lower 

concentration then nitrate-nitrogen (NO3-N) function as a alternative source of 

electron acceptor by the heterotrophy. In his investigation initial nitrate level were 

very low in polluted water because the nitrification process was very poor (because 

of poor nitrifiers, poor dissolved oxygen and high COD) which shows 
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improvement later due to the nitrifiers inoculation and aeration. In the comparison 

between the aerated and unaerated aquaria the higher nitrate-nitrogen recovery 

shows higher nitrification rate under the aerated condition with the sufficient 

dissolved oxygen. 

In the aquaculture system the excess ammonia nitrogen used to remove by 

the nitrifiers which has been used as a bioremediators/ probiotics due to which the 

growth of fish has been significantly increased in fish length and fish weight as per 

reported by Prabhu et al., 1999, Shariff et al., 2001 and Sambasivam et al., 2002. 

Acidic pH(5.5) the reduction in fish growth rate has been reported as seen 

by Menendez, 1976 ; Craig and Baski, 1977. Kilmmel, (1993) in the study it was 

observed that in the pH range 8.0 and 6.0 fish weight loss has been seen due to the 

imbalance in haemostasis. Acidic pH(5.0) induce reduction in feeding and the 

growth of fish was reported by Beamish (1972). 

In the fish B. bendelensis the range of fish length and weight was observes 

as 10.8-15 cm and 12.9-38.8 g respectively was seen when the culture of the 

heterotrophic and chemoautotrophic bacteria was being used and where the relative 

condition factor for fish growth was highest when these bacteria were used thus 

leads to a significant growth in the fish length and weight as studied by Singh and 

Nautiyal, (2017). 

 Sunitha and Padmavati (2013) studied that when the ponds were treated 

with the Total Heterotrophic Bacteria (THB) with the relative loads on Pond-A is 

5.25 x 10
5 

to 7.80 x 10
5 

cfu/ml, Pond-B is 5.42 x 10
5
 to 7.80 x 10

5
 cfu/ml and 

Pond-C is 20.5 x 10
5
 to 4.72 x 10

5 
cfu/ml respectively and similarly the 

Chemoautotrophic bacteria (Nitrosomonas) relative loads in Pond-A, Pond-B and 

Pond-C are ranged from 2.01 x 10
3 
to 4.80 x 10

3
 cfu/ml, 2.25 x 10

3
 to 4.90 x 10

3
   

cfu/ml and 1.24 x 10
3
 to 2.00 x 10

3
 cfu/ml respectively. Whereas, 

chemoautotrophic bacteria (Nitrobacter) relative loads in Pond-A, Pond-B and 

Pond-C were 2.20 x 10
3
 to 4.95 x 10

3
 cfu/ml, 2.10 x 10

3
 to 4.15 x 10

3
 cfu/ml and 

1.10 x 10
3
 to 2.15 x 10

3 
cfu/ml respectively. Where the (Gross and Net yields) 

obtained respectively are 33.97 & 32.29 t/ha/332 days, 33.66 & 32.04 t/ha/332 



22 

 
 

days and 29.53 and 28.09 t/ha/332 days in the Pond-A, Pond-B and Pond-C 

respectively. At last, the fish weight gained during the harvesting time in the 3 

ponds indicates that the fish grow well in the Pond-A and Pond-B than the control 

Pond-C. Hence, higher yield can be achieved with the better survival, disease 

resistance and growth by using the probiotics (Total Heterotrophic Bacteria and 

Chemoautotrophic bacteria) in aquaculture ponds.  

Two nitrifying bacterial cultures Nitrosomonas species at the rate of 2 

kg/ha and Nitrobacter species at the rate of 1 kg/ha respectively were used in 

treated pond. Nitrosomonas loads ranged from 2.10 ×10
3
 to 3.90 ×10

3 
with a mean 

of 3.00×10
3 

cfu/ml in treated pond, and 1.10×10
3 

to 2.00×10
3 

with a mean of 

1.46×10
3 

cfu/ml in control pond, whereas, Nitrobacter loads in treated and 

untreated pond ranged from 2.60×10
3 

to 4.30×10
3 

and 1.30×10
3 

to 2.40×10
3 

with 

mean values of 3.29×10
3 
and 1.75×10

3 
cfu/ml. The gross yields obtained in control 

and treated pond is 27.20 and 31.00 t/ha. However, net yields in the ponds are 

25.41 and 29.22 t/ha respectively. The fish yield indicates that the fish grow well in 

nitrifying bacteria treated pond than in control pond as reported by Sharma and 

Thakur (2018). 

 

Sunitha and Padmavati (2013) reported in the nitrogen cycle involves the 

oxidation of the ammonia to nitrite by the bacteria Nitrobacter. Thus, we know that 

the ammonia is unable to remove from the water body but it can be however it can 

be converted to non-toxic nitrate by nitrifying bacteria and with the means of 

probiotic treatment and after the treatment it was seen that the probiotics 

(Nitrosomonas and Nitrobacter) used in the pond under such conditions resulting 

into (Gross yield and Net yield) in Pond-A, Pond-B and Pond-C are  33.97 & 32.29 

t/ha/332days and 33.66 & 32.04 t/ha/332 days and 29.53 & 28.09 t/ha/332days 

respectively. This result shows that the fish growth was very good in the probiotics 

treated pond (Pond-A and Pond-B) whereas the growth was lower in case of 

controlled Pond-C. 
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Bhatnagar and Devi (2013) seen that chemoautotrophic bacteria have a 

direct effect upon the conversion of ammonia into nitrite which was further 

converted into nitrate thus removing the chance of getting adversally affected by 

the nitrite as per being the silent killer for fish.  
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CHAPTER- III 

           MATERIALS AND METHODS 

 The present investigation was carried out at the Department of Agricultural 

Microbiology, College of Agriculture Raipur, Indira Gandhi Krishi 

Vishwavidyalaya, Raipur (C.G.) during the year 2017-2019 on “Bioremediation 

of polluted pond water for increasing fish production”. The materials used and 

methodologies followed are present as below: 

3.1 General 

3.1.1 Glassware
 

 In this experiment the glassware used for the present investigation was 

cleaned with tap water and then treated with chromic acid solution (60 g potassium 

dichromate + 1000 ml distilled water + 60 ml concentrate sulphuric acid) then 

washed with tap water. The glassware thus cleaned was rinsed with double distilled 

water and autoclaved before use. 

3.1.2 Chemicals  

 Standard chemicals, reagents, culture media etc. required for the 

experimentation were obtained from Department of Agricultural Microbiology, 

College of Agriculture Raipur, Indira Gandhi Krishi Vishwavidyalaya Raipur, 

Chhattisgarh. 

3.2 Location of experimental site  

 The present investigation was carried out at the Department of Agricultural 

Microbiology, Indira Gandhi Krishi Vishwavidyalaya Raipur (Chhattisgarh). 

Selected autotrophic (nitrifying) and heterotrophic bacterial isolates were isolated 

and applied in to sets of growth room experiment and fish aquariums in the green 

house of the Department of Agricultural Microbiology, Indira Gandhi Krishi 

Vishwavidyalaya Raipur. Water biochemical-chemical analysis and demonstration 

of promising treatment combination effect were also done. 
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3.3 Sampling of Soil and Water for Bacterial Isolation 

 Twenty-five soil samples (0-15 cm) were collected from corner bottom of 

25 fish ponds belonging to Raipur district (Chhattisgarh). The composit sample 

was taken from five places of each pond bed. Just after collection of samples, they 

were kept in air tight polythene bags and used for isolation of heterotrophic 

bacteria then after muddy soil samples were kept for air drying for isolation of the 

autotrophic bacteria (nitrifying). Further, these bacterial isolates were tested as bio-

remediators in vitro and in the set of fish aquariums containing urea polluted water 

in order to observe their efficiency especially their effect on rate of fish growth.  

3.4 Isolation of bacteria 

(a)Isolation of autotrophic (nitrifying) bacteria 

 Nitrifying bacteria were isolated from moist fish pond soil by using serial 

dilution and plating method (Schmidt and Belser, 1982) by using specific agar 

media (Ford, 1988). The agar plates were incubated at 30
o
C for 4 weeks. Desirable 

colonies were picked up for their multiplication and testing in the broth media. 

Similarly these bacterial isolates also isolated from the samples of polluted pond 

water (Table 4.1, Plate 1a-c and Plate 2).  

3.5 Testing of bacteria 

(a) Testing of autotrophic (nitrifying) bacteria 

 The ammonia broth medium and nitrite broth medium were used for 

multiplication and testing of Nitrosomonas sand Nitrobacter isolates, respectively 

(James and Natalie, 1992). 

Nitrosomonas culture medium 

The chemical composition of ammonia broth medium for Nitrosomonas was as 

follows:  

1) Ammonium sulfate (NH4)2 SO4 - 2.00g  

2) Magnesium sulfate (MgSO4 7H2O)  - 0.50g  

3) Ferrous sulfate (FeSO4 7H2O) - 0.03g  
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4) Sodium chloride (NaCl) - 0.30g  

5) Magnesium carbonate (MgCO3)  - 10.00g  

6) Di-potassium hydrogen phosphate (K2HPO4)  - 1.00g  

7) Double distilled water - 1000ml 

Nitrobacter culture media  

The chemical composition of nitrite broth medium  for Nitrobacter was as follows:  

1) Sodium nitrite (NaNO2)      - 1.00g  

2) Magnesium sulfate (MgSO4.7H2O)    - 0.50g  

3) Ferrous sulfate (FeSO4. 7H2O)     - 0.03g  

4) Sodium chloride (NaCl)      - 0.30g  

5) Sodium carbonate (Na2CO3)     - 1.00g  

6) Di-potassium hydrogen phosphate (K2HPO4)   - 1.00g  

7) Double distilled water     - 1000ml 

 Fifty ml of the ammonia broth medium and the nitrite broth medium were 

taken in Erlenmeyer flasks (250 ml) and sterilized by autoclaving for 30 minutes at 

15 lb/sq inch pressure.  

 One ml of autotrophic (nitrifying) bacterial suspension was inoculated into 

appropriately labeled flasks, A and B. Flask A contained the Nitrosomones in-

oculated ammonium broth medium and flask B contained the Nitrobacter 

inoculated nitrite broth medium while, flask C contained un-inoculated broth 

medium for control. All the flasks were incubated up to four weeks at 30° C 

temperature.  

 Inoculated and incubated media were periodically checked for activities of 

autotrophic (nitrifying) bacteria by measuring the decrease of ammonia and/or 

nitrite concentrations in the flasks. Nitrogen spot test method (James and Natalie, 

1992) was also used for testing the presence of ammonia, nitrite and nitrate in the 

flasks at various intervals i.e. at 15 days after inoculation (DAI). Simultaneously, 

other tests including Gram’s stain slides were also prepared for the characterization 

purpose of the isolates. These isolates were further confirmed through microscopic 

observations by using phase contrast Leica DMRBE microscope. Selection of 



27 
 

 
 

effective nitrifying bacterial isolates was made on the basis of their growth 

performance and qualitative testing. 

(b) Isolation of heterotrophic bacteria  

 Heterotrophic bacteria were isolated from the muddy moist fish pond soil 

just after collection of samples by using serial dilution and plating method 

(Schmidt and Belser, 1982). In this connection, specific medium was used for 

isolation of heterotrophic bacterium and their multiplication-testing as bio-

remediators for polluted water in order to increase fish growth rate (Table 4.2, 

Plate 1a-c, 2). 

 About 1 gram of the muddy soil was aseptically transferred, using a 

sterilized dropper, into a sterile test tube containing 9 ml of the diluents. This gave 

10
-1

dilution. Subsequently, up to six fold (10
-6

) serial dilutions were prepared from 

the 10
-1 

dilution (Joel and Amajuoyi; 2010). Further, the aliquot of appropriate 

dilution was used for inoculation on its agar medium. The inoculated agar plates 

were incubated at 28 ± 2
o

C up to 72 hrs. The identified selected colonies were 

counted at 24 hrs intervals as described by Joel and Amajuoyi, (2010). 

 

 The chemical composition of the heterotrophic medium for heterotrophic 

bacteria was as follows: (composition for 1 liter) 

Agar   -20.0g 

Na2HPO4  - 7.9g 

KH2PO4  - 1.5g 

NH4Cl   - 0.3g 

MgSO4.7H2O   - 0.1g 

Yeast extract solution   - 10.0ml 

Trace elements solution SL10   - 1.0ml 

pH     -  7.5 
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Testing of heterotrophic bacteria 

 Fifty ml of the broth medium were taken in Erlenmeyer flasks (250 ml) and 

sterilized by autoclaving for 30 minutes at 15 lb/sq inch  pressure. Then after 1ml 

of heterotrophic bacterial suspension was inoculated into appropriately labeled 

flasks. Flask contained the broth medium. All the flasks were incubated up to 1 

weeks at 28 ± 2
o

C. Broth of inoculated and incubated flasks was periodically 

checked for activities of ammonification and denitrification by measuring the 

concentration of ammonia and nitrate in the flasks. 

 

3.6 Multiplication of bacteria 

(a) Autotrophic (nitrifying) bacteria  

 A new batch of flasks containing appropriate medium were inoculated by 

using 4 weeks old, 1ml inoculum and incubated in shaking incubator (200 rpm) for 

another 4 weeks at 30
o

C temperature. Appropriate pH (8.0) was maintained during 

incubation period. After 4 weeks of inoculation, inoculum was stored in 

refrigerator for their further use especially in fish aquarium system. 

(b) Heterotrophic bacteria 

 A new batch of flasks containing appropriate medium were inoculated by 

using 1 weeks old, 1ml inoculum and incubated in shaking incubator (200 rpm) for 

another 1weeks at 30
o

C temperature. Appropriate pH (7.5) was maintained during 

incubation period. After 1 week of inoculation, inoculum was stored in refrigerator 

for their further use in the present investigation. 

 

3.7 Characterization and identification of autotrophic and heterotrophic 

bacteria  

 Selected bacterial isolates (autotrophic NS8, NB8 and heterotrophic PS5, 

PS16) were characterized morphologically and biochemically by using standard 

methodology (Table 4.2b, 4.4, Plate 3-5) as described in Bergeys Manual of 

Determinative Bacteriology. 
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3.8 Experimental detail 

 A series of experiments was (Preliminary experiment, fish aquarium green 

house experiment and demonstration trial of potential bioremediators) conducted in 

the present investigation in order to test and identify eco-friendly promising 

bacterial bioremediators for polluted fish pond water especially of urban area in 

order to increase fish growth rate. 

3.8.1 Preliminary experiment 

(a) Preliminary in vitro experiment without fish was conducted with a set of 

500ml conical flasks containing polluted pond water with following 

treatments 

 

 

 

 

 

 

 

I1   = Inoculum @ 100µl l
-1 

(Heterotrophic bacteria broth)    

I2 = Inoculum @ 100µl l
-1 

each ( NS8 : Nitrosomonas sp. NB8: Nitrobacter sp. and 

PS5=Micrococcus luteus CP001628 bacterial isolate, PS16=Ochrobactrum pituitosum 

AM490609) 

(b)  Preliminary in vitro experiment without fish was conducted with 5% 

molasses amended water of polluted pond in 500ml conical flasks with 

same set of  treatments (Plate 6-7). 

 

(c)  Preliminary in vitro experiment without fish was conducted with 1% 

skimmed milk amended water of polluted pond in 500ml conical flasks 

with same set of  treatments (Plate 6-7). 

 

 

 

 

Abbre. Treatments 

T1 No inoculums and no chemical 

T2 Organic source of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums  

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 
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Application of urea 

 Application of urea as nitrogenous organic compound to create different 

levels of water pollution artificially to test bacterial bioremediators in vitro 

conditions as mentioned in the treatments details. The in-vitro preliminary 

experiment was planned without fish culture. The treatments were replicated thrice 

in CRD. At different intervals, analysis for important parameters (N 

transformations) was done.  

Application of bioremediators 

 The mixed inoculum of Nitrosomonas NS 8 and  Nitrobacter NB8 isolates 

and PS5 Micrococcus luteus CP001628 and PS16 Ochrobactrum pituitosum 

AM490609 heterotrophic bacterial isolates were used @ 100µl l
-1

 as
 
inoculum.  

Determination of ammonium and nitrate  

 The concentration of ammonia and nitrate was determined by Kjeldhal 

method by using Devarda’s alloy. The Devarda’s alloy which was used as a 

reducing catalyst that once the ammonium was driven off during the first part of 

the N-distillation, then after, it was added to the solution to help for conversion 

(reduce) of nitrate to ammonium. The solution still has a high pH so that the NO3 

converted to NH4 easily which can be again distilled off for analysis. 

 

3.8.2 (a) Fish aquarium green house experiment 

 The fish aquarium green house experiment was very important experiment 

of the present investigation. It was especially planned to observe influence of 

bacterial bioremediators on fish growth rate under artificially urea polluted 

aquarium conditions containing polluted pond water and ordinary water in 1:1 

ratio. Out of the 25 ponds, the water was collected from near by polluted pond.  
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Treatment details 

 

 

 

 

 

 

 

 

 

 

 

I1 = Inoculum @ 15µl l
-1 

(Heterotrophic bacteria broth)   

I2 = Inoculum @15µl l
-1 

each ( NS8 : Nitrosomonas sp. NB8: Nitrobacter sp. and 

PS5= Micrococcus luteus CP001628 bacterial isolate,  PS16 = Ochrobactrum pituitosum 

AM490609) 

 

(b) The fish aquarium experiment was also conducted with 15 ppm molasses 

amended water of polluted pond with same set of  treatments 

 

 This study was carried out in twenty-four aquarium (volume 75x45x30 

cm
3
) containing 70.0 litre water under green house conditions.  

 

 

  

Abbre. Treatments 

T1 No inoculums and no chemical 

T2 Organic source of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums  

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 
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Experimental layout plan 
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Application of  urea 

 Application of urea as nitrogenous organic compound to create different 

levels of water pollution artificially to test bacterial bioremediators in green house 

conditions as mentioned in the treatments details. The experiment was planned 

with fish culture. The treatments were replicated thrice in CRD. Similar to that of 

preliminary experiment, at different intervals, analysis for important parameters (N 

transformations) of this experiment was also done.  

Application of bioremediators in aquarium 

 The mixed inoculum of Nitrosomonas NS8 and  Nitrobacter NB8 isolates 

and PS5 Micrococcus luteus CP001628 and PS16 Ochrobactrum pituitosum 

AM490609 heterotrophic bacterium were used @ 15µl each inoculum l
-1 

in fish 

aquaculture water, while they were used @100 µl each inoculum l
-1 

water in the 

study without fish. The inoculum dose was adjusted and applied in such a way so 

that commercially viable dose can be fixed to large scale fish farmers. 

Physico-Chemical Analysis 

pH,  Temperature,  Turbidity, EC, TDS and Dissolved Oxygen  

 These chemical properties were determined electrometrically with a multi- 

parameter data logger (Hanna model HI991300). 

pH  

The pH was measured by pH meter. For soil pH by using 1:2 soil : water 

suspension. 

Temperature  

 The temperature of water was one important parameter which directly 

influences some chemical reactions in aquatic ecosystem, the temperatures was 

recorded by thermometer (Ganpati 1943). 

Electrical Conductivity  

 Electrical conductivity was measured by conductivity meter. Elicomicro 

processor based conductivity meter, model 1601. Electrical conductivity indicates 

the capacity of electrical current that passed through the water. 
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Total Dissolved Solid  

 TDS was measured with the help of digital TDS meter, E.I., model 651. 

Electrical conductivity of water samples correlates with the concentration of TDS 

of water. All samples are non saline as per the salinity classification. (Table-2) as 

suggested by Robinove et al., (1958). 

 Classification of water on the basis of salinity value  

TDS (ppm) Description  

<1000 non saline  

1000-3000 slightly saline  

3000-10,000 moderately saline  

>10,000 Very Saline 

Turbidity 

 Turbidity was measured by digital turbidity meter model 33I EI.The 

suspension of particles in water interfering with passage of light was called 

turbidity (Mahobe and Mishra, 2013). 

3.9 Fish growth study 

3.9. 1 Release of fish 

 Ten common carp (Cyprinus carpio var. communis) fry were stocked in 

each aquarium.  

3.9.2 Fish food 

Proper fish feed was used. Feed composition was- crude protein  about 

28%, crude fat about 3%, crude fiber about 4% and moisture maximum 10%.  

3.9.3 Measurement of fish growth 

Growth of fish was studied in terms of weight in gram and length in cm 

(Bajaj, 2017). 
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3.10  Statistical analysis 

 The data recorded on each parameter under study were statistically 

analysed following CRD design to test the statistical significance of variance 

among different treatment means as influenced with the application of different 

treatments of microorganisms and organic source of N on fish growth rate and N 

transformations. 

 

 

 

 

 



 
 

36 
 

CHAPTER- IV 

   RESULTS AND DISCUSSION 

 The present investigation was conducted at the Department of Agricultural  

Microbiology, Indira Gandhi Agricultural University, Raipur during 2017-2019 to 

isolate and select effective autotrophic (nitrifying) and heterotrophic bacterial 

isolates from soil-water of polluted ponds of Raipur District of Chhattisgarh State 

in order to enhance eco-friendly fish production especially in polluted urban water 

bodies.The investigation included i) Preliminary experiment ii) Fish aquarium 

green house experiment iii) Experiment  to demonstrate promising combination of 

bio-inoculants. 

Background of the study 

 Present investigation was planned as an important part of study for 

exploiting natural microbial resources in order to formulate bacterial inoculants to 

be used as bio-remediators for chemical pollutants including urea and ammonia of 

water bodies especially urban water bodies for eco-friendly sustainable fish 

cultivation.  

 

4.1. Location of soil and water samples collected for isolation of nitrifying 

autotrophic bacteria (Tehsil and District: Raipur; Chhattisgarh) 

 Data presented in (Table 4.1, Plate 1a, 1b, & 1c) related to information 

about Nitrosomonas and Nitrobacter isolates which were isolated from 25 soil and 

water samples of polluted ponds belonging to area of Raipur, Chhattisgarh. Further 

these isolates were tested for their ability to convert ammonia into nitrate. Results 

of qualitative analysis (Table 4.2b, 4.5- 4.8) clearly indicate that ammonia started 

to transform after two weeks of inoculation of nitrifying bacterial isolates under 

controlled conditions. Selection of effective nitrifying bacterial isolates was made 

on the basis of rate of conversion of ammonia into nitrate (James and Natalie, 

1992). 
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 Isolation of nitrifying bacteria was done by using serial dilution-plating 

method as also practiced by several researchers (Ford, 1988; Grunditz and 

Dalhammar, 2001; Scmidit and Belser 1982). They clearly indicate that isolates of 

nitrifying bacteria can be obtained by making serial diluation of soil samples. Li et 

al.,(2001) reported that nitrifying bacteria can be isolated by making appropriate 

serial diluation of drained fish pond soil. In this connection, Grunditz and 

Dalhammar (2001) reported that presence of nitrifying bacteria can be observed up 

to 10
-7

diluation. However, in the present studies, isolation was made from 10
-3

 

dilution. Which bears low population density of nitrifying bacteria in soils of 

Chhattisgarh (Gupta et al.,2002). 

 During isolation of nitrifying bacteria i.e. Nitrosomonas and Nitrobacter, 

both media become turbid and this further confirms the presence of nitrifying 

bacteria. Gram’s staining and microscopic observation also gave confirmation of 

presence of nitrifying bacteria.  

 Further selected isolates of Nitrosomonas and Nitrobacter were multiplied 

for their exploitation as bioremediator in simulated aquaculture system. 

Nitrosomonas and Nitrobacter isolates were also isolated from drained fish ponds 

by Barik et al., (2005).They expressed similar views and reported that soil of 

Chhattisgarh plains was exposed to extreme dry and hot climate during summer 

resulting in to drastic loss in population of mesophilic microbes including 

nitrifying bacteria. Further, similar view was also given by Scmidit and Belser, 

(1982). They suggested that 10
-3

 dilution can be consider as appropriate diluation 

for isolation of nitrifying bacteria from drained fish pond soil. 

 Nitrification has been reported to get inhibited in polluted waters (Gruditz 

and Dalhammar, 2001). Nitrosomonas and Nitrobacter genera were also isolated 

from polluted pond water by Barik et al., (2018) and Watson et al., (1989) and 

from activated sludge by Grunditz and Dalhammar, (2001) and Du et al., (2003), 

biofilm in aquarium by Bower and Turner (1981), garden soil by James and 

Natalie (1992) and from pond mud by Li et al., (2001). Selection of effective 

nitrifying bacterial isolates was made on the basis of rate of colour change due to 

nitrifying process James and Natalie, (1992). Selected isolates of Nitrosomonas 
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and Nitrobacter were multiplied for their exploitation as bioremediator in 

aquaculture system. For fast multiplication purpose, temperature and pH were 

maintained at 30
o
C and 8, respectively throughout the 4 weeks of incubation period 

as described by Grunditz and Dalhammar, (2001). 
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Table 4.1. Location of soil and water samples collected for isolation of nitrifying autotrophic bacteria (Tehsil and District: 

Raipur; Chhattisgarh 
S.No. Location of pond Isolate No. 

Village /N.Nigam Ward 

Name 

Latitude Longitude Pond Name  Nitrosomonas Nitrobacter 

Soil Water Soil Water 

1. Purena 21°14'1.070"N 81°40'17.73"E 1stPurena pond,  NS1S NS1W NB1S NB1W 

2. Purena 21°14'0.120"N 81°40'23.00"E 2ndPurena pond,  NS2S NS2W NB2S NB2W 

3. Amlidih 21°13'21.08"N 81°40'11.28"E 1stAmlidih pond NS3S NS3W NB3S NB3W 

4. Amlidih 21°13'27.45"N 81°40'31.07"E 2ndAmlidih pond NS4S NS4W NB4S NB4W 

5. Katora 21° 14' 5.44"N 81° 39' 18.0"E Katora Talab pond NS5S NS5W NB5S NB5W 

6. Telibandha 21°14'23.45"N 81°39'39.48"E Marine drive pond NS6S NS6W NB6S NB6W 

7. Tikrapara 21°13'39.57"N 81°38'26.22"E NariyaTikraparapond NS7S NS7W NB7S NB7W 

8. Math para 21°13'16.55"N 81°37'31.98"E 1stDudhadhari pond NS8S NS8W NB8S NB8W 

9. Math para 21°13'42.04"N 81°37'44.89"E 2ndDudhadhari pond NS9S NS9W NB9S NB9W 

10. Kankali para 21° 14' 10.75"N 81° 37' 42.00"E Kankaliparapond NS10S NS10W NB10S NB10W 
11. Kalibadi 21°13'48.58"N 81°37'59.83"E Budha Talab pond NS11S NS11W NB11S NB11W 

12. Mova 21°16'6.500"N 81°40'18.77"E Mova pond NS12S NS12W NB12S NB12W 

13. Pandri 21°13'39.36"N 81°38'26.64"E NariyaPandripond NS13S NS13W NB13S NB13W 

14. Raja para 21° 14' 52.69"N 81° 39' 16.0"E Raja Talab pond NS14S NS14W NB14S NB14W 

15. KailashpuriKushalpur 21°12'53.00"N 81°42'37.66"E Dabri pond  NS15S NS15W NB15S NB15W 

16. KailashpuriKushalpur 21° 13' 49.10"N 81° 37' 15.24"E Kho-Kho pond NS16S NS16W NB16S NB16W 

17. KailashpuriKushalpur 21° 13' 39.85"N 81° 36' 48.58"E Pahadi pond NS17S NS17W NB17S NB17W 

18. Kushalpur 21°13'58.44"N 81°37'10.62"E Gittikhadan pond NS18S NS18W NB18S NB18W 

19. Kushalpur 21°14'4.12"N 81°37'9.68"E Malsat pond  NS19S NS19W NB19S NB19W 
20. Professor colony Kushalpur 21° 13' 17.3"N 81° 37' 29.99"E BhaiyaTalabpond NS20S NS20W NB20S NB20W 

21. Purana basti 21° 13' 44.3"N 81° 37' 37.31"E Maharaja pond NS21S NS21W NB21S NB21W 

22. Math purena 21° 13' 19.9"N 81° 37' 56.17"E 1stChiranjiv pond NS22S NS22W NB22S NB22W 

23. Math purena 21° 12' 39.0"N 81° 38' 31.00"E 2ndChiranjiv pond NS23S NS23W NB23S NB23W 

24. Kharun 21° 12' 59.36"N 81° 35' 16.00"E Kharun NS24S NS24W NB24S NB24W 

25. Sarona 21° 17' 15.43"N 81° 36' 42.00"E Sarona pond NS25S NS25W NB25S NB25W 

NS =Nitrosomonas bacterial  isolate, NB = Nitrobacter bacterial  isolate
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Budha talab(Latitude/Longitude21°13'48.58"N/81°37'59.83"E) 

  

 

 

  

 

  

 

 

  

 

  

 

Amlidih pond  (Latitude/Longitude 21°13'21.08"N/81°40'11.28"E) 

  

 

Bhaiya talab (Latitude/Longitude21° 13' 17.3"N /81° 37' 29.99"E) 

  

 

Budha talab(Latitude/Longitude21°13'48.58"N/81°37'59.83"E) 

  

 

Plate 1a : General view of ponds situated South side of Raipur city 

(landmark Jaistambh considered for soil-water sampling). 
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Kho-Kho  pond (Latitude/Longitude21° 13' 49.10"N/81° 37' 15.24"E) 

  

 

Math purena pond (Latitude/Longitude21° 13' 19.9"N/81° 37' 56.17"E) 

  

 

Dudhadhari pond (Latitude/Longitude  21°13'16.55"N/81°37'31.98"E) 

  

 Plate 1b : General view of ponds situated South side of Raipur city (landmark 

Jaistambh  considered for soil-water sampling). 
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Katora Talab (Latitude/Longitude21° 14' 5.44"N/81° 39' 18.0"E) 

  

 

Raja Talab (Latitude/Longitude21° 14' 52.69"N/81° 39' 16.0"E) 

  

 

Telibandha (Latitude/Longitude   21°14'23.45"N/81°39'39.48"E) 

  

 
Plate 1c : General view of ponds situated East side of Raipur city 

(landmark Jaistambh  considered for soil-water sampling). 
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Kho-Kho pond (Latitude/Longitude21° 13' 49.10"N /81° 37' 15.24"E) 

  

 

Pahadi pond (Latitude/Longitude  21° 13' 39.85"N/81° 36' 48.58"E) 

  

 Plate 2 : General view of ponds situated West South side of Raipur city, 

(landmark Jaistambh  considered for soil-water sampling). 
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4.2(a). Location of soil samples collected for isolation of heterotrophic  

            bacteria (Tehsil and District: Raipur; Chhattisgarh) 

 

 Heterotrophic bacteria were isolated from 25 soil samples of polluted ponds 

belonging to near by area of Raipur, Chhattisgarh (Table 4.2a, Plate 2). Further 

these isolates were tested for their ability to convert ammonia into nitrate by using 

proper medium (Table 4.2a, Fig.1, Plate 1-5) 

 During isolation of denitrifying bacteria Ochrobactrum pituitosum AM 

490609 (PS16) and Micrococcus luteus CP001628 (PS5), the broth medium 

become more turbid with in a week this further confirms that they belong to 

heterotrophic group of  bacteria. Gram’s staining and microscopic observation also 

gave confirmation of presence of these bacteria.  

 Further selected heterotrophic bacterial isolates were multiplied for their 

testing as bioremediators in simulated aquaculture system. Ochrobactrum 

pituitosum and Micrococcus luteus strains were also isolated from polluted fish 

ponds water by Huber et al., 2010. Similarly, Ochrobactrum pituitosum genera 

were also isolated from industrial environment by Scholz et al., (2010). Selection 

of effective denitrifying bacterial isolates was made on the basis of rate of colour 

change due to denitrifying process (Lin, 2004, Sunitha and Padmavathi, 2013).      

Kho-Kho pond (Latitude/Longitude21° 13' 49.10"N /81° 37' 15.24"E) 

  

 

Pahadi pond (Latitude/Longitude  21° 13' 39.85"N/81° 36' 48.58"E) 
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Table 4.2(a) Location of soil samples collected for isolation of heterotrophic bacteria (Tehsil and District: Raipur; 

Chhattisgarh) 

S.No. Location of pond Isolate No. 

Village /N.Nigam Ward Name Latitude Longitude Pond Name  Heterotrophic 

bacteria of pond soil 
1. Purena 21°14'1.070"N 81°40'17.73"E 1stPurena pond,  PS1 

2. Purena 21°14'0.120"N 81°40'23.00"E 2ndPurena pond,  PS2 
3. Amlidih 21°13'21.08"N 81°40'11.28"E 1stAmlidih pond PS3 
4. Amlidih 21°13'27.45"N 81°40'31.07"E 2ndAmlidih pond PS4 
5. Katora 21° 14' 5.44"N 81° 39' 18.0"E Katora Talab pond PS5 
6. Telibandha 21°14'23.45"N 81°39'39.48"E Marine drive pond PS6 
7. Tikrapara 21°13'39.57"N 81°38'26.22"E NariyaTikraparapond PS7 
8. Math para 21°13'16.55"N 81°37'31.98"E 1stDudhadhari pond PS8 
9. Math para 21°13'42.04"N 81°37'44.89"E 2ndDudhadhari pond PS9 
10. Kankali para 21° 14' 10.75"N 81° 37' 42.00"E Kankaliparapond PS10 
11. Kalibadi 21°13'48.58"N 81°37'59.83"E Budha Talab pond PS16 
12. Mova 21°16'6.500"N 81°40'18.77"E Mova pond PS12 
13. Pandri 21°13'39.36"N 81°38'26.64"E NariyaPandripond PS13 
14. Raja para 21° 14' 52.69"N 81° 39' 16.0"E Raja Talab pond PS14 
15. Kailashpuri Kushalpur 21°12'53.00"N 81°42'37.66"E Dabri pond  PS15 
16. Kailashpuri Kushalpur 21° 13' 49.10"N 81° 37' 15.24"E Kho-Kho pond PS16 
17. Kailashpuri Kushalpur 21° 13' 39.85"N 81° 36' 48.58"E Pahadi pond PS17 
18. Kushalpur 21°13'58.44"N 81°37'10.62"E Gittikhadan pond PS18 
19. Kushalpur 21°14'4.12"N 81°37'9.68"E Malsat pond  PS19 
20. Professor colony Kushalpur 21° 13' 17.3"N 81° 37' 29.99"E BhaiyaTalabpond PS20 
21. Purana basti 21° 13' 44.3"N 81° 37' 37.31"E Maharaja pond PS21 
22. Math purena 21° 13' 19.9"N 81° 37' 56.17"E 1stChiranjiv pond PS22 
23. Math purena 21° 12' 39.0"N 81° 38' 31.00"E 2ndChiranjiv pond PS23 
24. Kharun 21° 12' 59.36"N 81° 35' 16.00"E Kharun PS24 
25. Sarona 21° 17' 15.43"N 81° 36' 42.00"E Sarona pond PS25 

PS= Heterotrophic bacteria isolate,  PS5=Micrococcus luteusCP001628 bacterial isolate, PS16 =Ochrobactrum pituitosum AM490609 bacterial  isolate 
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4.2(b). Ammonia and nitrate dynamics in polluted pond water as influenced 

by selected pond soil heterotrophic bacterial isolates under controlled 

conditions. 

 Heterotrophic bacteria isolates were isolated from 25 pond soils belonging 

to area of Raipur district, Chhattisgarh. Among these, 7 isolates (PS1, PS3, PS5, 

PS6, PS10, PS16 and PS25) were selected  on the basis of their growth 

performance during isolation from pond soils. These selected isolates were further 

tested for their ability for ammonia transformations  as presented in Table-4.2b 

(Fig 1, Plate 3).  

 Data presented in Table 4.2b revealed that out of 7 isolates, PS-5 and  PS-

16 isolates found more effective with reference to conversion of ammonia.The 

ammonia concentration due to PS-5 was decreased from 0.20 mg l
-1

 (15 DAI) to 

0.09 mg l
-1

 (30 DAI). Similarly, the PS16 was also showed the decreasing result 

from 0.15 mg l
-1

 (15 DAI) to 0.05 mg l
-1

 (30 DAI).  These findings are close to 

findings of Barik et al., 2018.
 

 In the table 4.2(b), the nitrate concentration due to PS-5 was increased from 

135 mg l
-1

 (15 DAI) to 170 mg l
-1

 (30 DAI) because of effective transformation of 

ammonia. Similarly, the PS16 also gave similar type of promising result in order to 

reduce more harmful concentration of ammonia by nitrification process. The 

nitrate concentration increased from 139 mg l
-1

 (15 DAI) to 171 mg l
-1

 (30 DAI). 

These findings are also close to findings of Mahobe and Mishra, 2013 and Barik et 

al., 2018.
. 
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Table 4.2(b). Ammonia and nitrate dynamics in polluted pond water as 

influenced by selected pond soil heterotrophic bacterial isolates under 

controlled condition. 

S.No. Isolate No. 

 

Ammoniaconcentration 

(mg l
-1

) 

Nitrate concentration 

(mg l
-1

) 

Turbidity 

(NTU) 

At 15 DAI At 30 DAI  At 15 DAI At 30 DAI At 30 DAI 

1. PS1 0.31 0.21 116 160 239 

2. PS3 0.29 0.20 120 157 250 

3. PS5 0.20 0.09 135 170 274 

4. PS6 0.25 0.19 121 162 194 

5. PS10 0.22 0.12 121 165 206 

6. PS16 0.15 0.05 139 171 270 

7. PS25 0.25 0.20 123 168 220 

 CD(0.05) 0.02 0.01 5.09 9.59 9.89 

PS 5 = Micrococcus luteus CP001628,  PS16 = Ochrobactrum pituitosumAM490609 

Note =Water were collected from polluted pond which was contaminated by open drain 

water 

.  
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Heterotrophic bacterial isolates,  isolated from: 

PS1 - First Purena pond, Purena,   PS3 - FirstAmlidih pond, Amlidih 

PS5 - Katora Talab pond, Katora Talab,  PS6 - Marine drive pond, Telibandha 

PS10 - Kankalipara pond, Kankali Para,  PS16 - Kho-Kho pond, Kushalpur 

PS25 - Gittikhadan pond, Kushalpur 

Fig. 1 : Ammonia and nitrate dynamics in polluted pond water as influenced 

by selected pond soil heterotrophic bacterial isolates under controlled 

conditions. 
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4.3. Physico - chemical characteristics of soil and water samples collected for 

 isolation of autotrophic and heterotrophic bacterial isolates. 

 The soil and water samples from polluted pond water were taken for 

isolation of autotrophic and heterotrophic bacterial isolates, Twenti five samples 

from different locations of Raipur area were collected and the parameters viz., pH, 

EC, TDS were measured in the samples as the data are presented in Table 4.3  ( 

Plate 1-5) . 

 Pond water lowest EC (17x10 micro mhos/cm) was associated with 

Kankali para pond.While, highest value of  water EC (38x10micro mhos/cm) 

recorded in Kailashpuri Kusalpur dabri pond. Similarly, lowest TDS was also 

associated with Kailashpuri Kusalpur pahadi pond (235 mg l
-1

) followed by 

Amlidih first pond (250 mg l
-1

). Highest TDS value was observed with water of 

Kailashpuri Kusalpur dabri pond (508 mg l
-1

). Pond water pH was recorded 

towards alkaline range, the minimum value was 7.4 while, highest pH was 

recorded 8.2 

Pond soil lowest EC (20x10 micro mhos/cm) was associated with 

Kailashpuri Kusalpur Pahadi pond and Math purena  first chranjeevi pond. While, 

highest value of soil EC (40x10 micro mhos/cm) recorded in Kailashpuri Kusalpur 

dabri pond followed by Kushalpur gitti khadan pond ( 37x10micro mhos/cm). 

Further the lowest soil TDS was associated with Math purena first chranjeevi pond 

(256 mg l
-1

) While, 545 mg l
-1

 value was considered as highest which was 

associated with Kailashpuri Kusalpur dabri pond. The highest pH of pond soil was 

recorded 8.4 while, 7.6 remained lowest.   

 Measurement of and EC, pH were conducted in the water and soil samples 

by the help of hand-hold portable digital pH, TDS and EC meter, respectively. In 

this study the pond soil pH range was observed from 7.6 to 8.4 which was almost 

similar to the findings of Bajaj, (2017). The acceptable range of the pH was 7-9.5, 

desirable range was 6.5-9 and in stress condition it reached to <4 and >11 as 

reported by Bhatnagar and Devi, (2013).  The pH of the water collected from 

different ponds ranged between 8.20 to 7.4. These observations are close to 

observations of Shrivastava et al., 2007; Ogbonna and Chinomso, 2010. 
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Table 4.3. Physico- chemical characteristics of soil and water samples collected from polluted water pond for isolation of 

autotrophic nitrifying and heterotrophic bacterial isolates. 

S.No. Location 

Village /N.Nigam 

Ward Name 

Pond Name Water Soil 

pH Ec 

µhmos/cm 

TDS 

mg/l 

pH Ec 

µhmos/cm 

TDS 

mg/l 
1. Purena 1

st
Purena pond,  7.8 20×10 335 7.9 28×10 370 

2. Purena 2
nd

Purena pond,  7.8 25×10 325 8.0 28×10 387 
3. Amlidih 1

st
Amlidih pond 7.9 18×10 250 8.0 22×10 311 

4. Amlidih 2
nd

Amlidih pond 7.4 28×10 312 7.8 29×10 323 
5. Katora Talab Katora Talab pond 7.6 19×10 290 7.7 25×10 320 
6. Telibandha Marine drive pond 7.8 22×10 299 8.0 24×10 361 
7. Tikrapara NariyaTikra para pond 7.6 28×10 335 7.9 30×10 376 
8. Math para 1

st
Dudhadhari pond 7.7 18×10 283 7.9 28×10 378 

9. Math para 2
nd

Dudhadhari pond 7.7 22×10 306 8.0 30×10 391 
10. Kankali para Kankaliparapond 7.6 17×10 288 7.8 25×10 380 
11. Kalibadi Budha Talab pond 8.2 19×10 323 8.3 29×10 374 
12. Mova Mova pond 7.7 28×10 307 8.0 30×10 325 
13. Pandri NariyaPandripond 7.8 29×10 356 8.0 30×10 371 
14. Raja para Raja Talab pond 7.5 25×10 312 7.9 28×10 333 
15. KailashpuriKushalpur Dabri pond  7.5 38×10 508 8.4 40×10 545 
16. KailashpuriKushalpur Kho-Kho pond 8.0 22×10 356 8.2 25×10 394 
17. KailashpuriKushalpur Pahadi pond 7.6 17×10 235 7.9 20×10 310 
18. Kushalpur Gittikhadan pond 7.8 30×10 425 8.2 37×10 491 
19. Kushalpur Malsat pond  7.9 19×10 320 8.1 26×10 354 
20. Professor colony 

Kushalpur 
BhaiyaTalabpond 7.9 20×10 364 8.2 29×10 396 

21. Purana basti Maharaja pond 7.5 28×10 307 7.6 25×10 312 

22. Math purena 1
st
Chiranjiv pond 8.2 25×10 384 8.4 20×10 256 

23. Math purena 2
nd

Chiranjiv pond 8.1 19×10 320 8.2 23×10 378 
24. Kharun Kharun 7.4 17×10 289 7.7 21×10 369 
25. Sarona Sarona pond 7.7 22×10 456 8.1 28×10 366 
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Plate 5: Quantitative and qualitative testing of different hetrotrophic 

and autotrophic bacterial isolates  for N transformations. 
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4.4. Morphological and bio-chemical characteristics of autotrophic  and 

heterotrophic bacterial isolates. 

 Data presented in Table 4.4 (Plate 3-5) related to information about 

autotrophic (nitrifying) and heterotrophic bacterial isolates which were isolated 

from 25 soil and water samples of polluted fish ponds belonging to area of Raipur 

and nearby Raipur, Chhattisgarh. Selected autotrophic (nitrifying) and 

heterotrophic bacteria were characterized with respect to colony characteristics and  

biochemical properties as per Bergey’s Manual of Determinative Bacteriology, 

(Williams et al., 1994). These autotrophic and heterotrophic isolates were motile 

(polar flagella) and non-motile in properties, rod/ round in shape and  showed 

gram-negative/positive behaviour during gram staining. They also showed 

negative/positive reaction for nitrate reduction test and positive for oxidase and  

catalase test. Mixed reactions were observed for ammonia utilization test, nitrate 

reduction, urease and motility tests as mentioned in Table 4.4.  

 In a study conducted by Phirke (2014) autotrophic (nitrifying) bacteria was 

found gram negative, motile rod, oxidase positive, liquefied gelatin were produced 

which is in close agreement with observations of present investigation. 
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Table 4.4. Morphological and bio-chemical characteristics of autotrophic (nitrifying) and heterotrophic bacterial isolates. 

                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     (-ve)= Gram negative   (+ve) = Gram positive 

 

  

 

 

Characteristics 

Autotrophic bacteria Heterotrophic bacteria 

Nitrosomonas 

 culture of NS8  

Nitrobacter 

culture of 

NB8 

Ochrobactrum 

pituitosum culture 

of PS5 

Micrococcus 

luteus culture of 

PS16 

C
o
m

m
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n

 o
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th
e 

ch
a
ra

ct
er

iz
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 c
o
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n
y

 

  

Colony  colour   Translucent  and 

shiny 

Yellowish brown 

Shape of bacteria Straight  rod Straight rod Straight or slightly 

curved 

Coccus 

Gram  reaction (-ve) (-ve) (-ve) (+ve) 

Cell shape Long rod Short rod Short  rod Round 

Cell arrangement Motile (polar 

flagella) 

Non motile Non motile Non motile 

B
io

ch
em

ic
a
l 

ch
a
ra

ct
er

is
ti

cs
 

  

Oxidase test (+) (+) (+) (+) 

Catalase test (+) (+) (+) (+) 

Ammonia 

utilization test 

(+) (-) (-) (+) 

Nitrate reduction 

test 

(-) (+) (+) (-) 

Urease test (+) (+) (-) (+) 

Motility test (+) (+) (+) (-) 
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4.5. Ammonia and nitrate dynamics in water of polluted pond as influenced 

by autotrophic and heterotrophic bacteria with different levels of 

organic N urea under controlled condition 

In the present study, eight treatment combinations were used to see 

reducton in the ammonium concentration in polluted pond water under controlled 

conditions. Data presented in Table 4.5 (Fig 2, Plate 6-7,9) about ammonium and 

nitrate concentration which was measured at 15 DAI and  30 DAI. At the 15 DAI 

the ammonia concentration varied between 0.29 to 9.17 ppm among different 

treatment combinations. Among the 7 treatments (T2-T8), lowest ammonia 

concentration detected in T4 (1.74ppm) i.e., 2 ppm urea + mixture of Nitrosomans 

(Isolate no.NS8), Nitrobacter (Isolate no. NB8) and Ochrobactrium pituitosum 

(Isolate no. PS5), Micrococcus luteus (Isolate no. PS16) and at 30 DAI ranged 

between 0.281 to 7.00 ppm, were as the ammonia concentration in the polluted 

pond water after 15 days showed maximum concentration but after 30 DAI showed 

decrease in ammonia concentration in polluted pond water mostly bcause of 

nitrification. The ammonia concentration acquired in T4 i.e., 1.51 ppm which was 

nearly 0.235 ppm of ammonia reduction was noticed at 30 DAI over 15 DAI.  

Nitrate concentration of the polluted pond water at 15 DAI ranged between 

25.9 to 66.11 ppm. However acceptable range of nitrate was 0-100 ppm but when 

the application of urea was done at 3 level combinations (urea concentration 2,8,12 

ppm) as per Table 4.5. Increased the concentration of nitrate in the T4 treatment 

about (3.01 ppm) as shown at 15 DAI (35.42 ppm) and at 30 DAI (39.77 ppm) 

respectively. Nitrate concentration of the polluted pond water at 30 DAI of the 

treatment T7  ranged between 25.7 to 72.83ppm. The concentration of nitrate in the 

T7 treatment reduced  14.38 ppm as shown at 15 DAI (55.62 ppm) and at 30 DAI 

(70 ppm), respectively because of biological oxidation of ammonia by nitrifying 

microbes. 

The ammonia concentration, the best result was associated with the T4 

treatment as it helped to decrease the level of ammonia concentration from 15 DAI 

(1.74) to 30 DAI (1.51) and at level of  8-ppm organic N level, the best result was 

associated with T7 treatment as it was shown the decrease in the ammonia 
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concentration from 5.10 ppm (15 DAI) to 2.90 ppm (30 DAI). In the next urea 

concentration level i.e 12-ppm it was having the least effect upon lowering the 

ammonia concentration from 7.17 (15 DAI) to 7.00 ppm (30 DAI).  

Similar type of observation was made by Bhatnagar and Devi, 2013 who 

reported that acceptable range of ammonia was up to 0.05 ppm and desirable range 

was 0 - < 0.025 ppm and under stress condition the concentration ranges > 

0.3ppm.The ammonia nitrogen was decreased from maximum level 10 mg l
-1

 to 

minimum level 0.34 mg l
-1

 when inoculated with 2.5 µl l
-1

 as reported by Barik, et 

al. 2018. 

Among 3 levels of the urea concentration as 2 ppm, 8 ppm, 12 ppm in 

which under the 2-ppm urea concentration when comparing the treatments T3 & T4 

with the treatment T2  for the analysis of the nitrate concentration, the best result 

similar to that of ammonium level, the better result associated with T4 treatment as 

it helped in increasing  the level of nitrate concentration from 15 DAI (35.42 ppm) 

to 30 DAI (39.77 ppm) and when comparing between the T5  with T6 & T7 

treatment, got the best result due to T7 among them as it was showing the increase 

in the nitrate concentration from 15 DAI (55.62 ppm) to 30 DAI (70.00 ppm) 

mostly because of microbial transformation ammonia to nitrate. In the next urea 

concentration level i.e. 12-ppm it was having the least effect upon increasing the 

nitrate concentration from 15 DAI (66.11 ppm) to 30 DAI (70.00 ppm). Similar 

type of observation was made by Bhatnagar and Devi, 2013. Findings of present 

investigation were similar to the findings of  Ogbonna and Chinomsa, 2010. 

The quantitative analysis clearly showed that initial concentration of 

ammonia and nitrate of water of polluted pond remained statistically at par as 

concentration associated at different intervals with treatment T1 i.e. absolute 

control. 
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Table 4.5. Ammonia and nitrate dynamics in water of polluted pond as influenced by 

autotrophic and heterotrophic bacteria with different levels of organic N under 

controlled conditions 

 

I1 =Mixed culture of heterotrophic bacteria (PS5, PS16), I2 = It was a mixture of culture of 

NS8, NB8 and PS5, PS16 

 

 

Abbre. 

 

Treatments 

 

Ammonia concentration 

 ppm(mg l
-1

) 

Nitrate 

concentration    

ppm(mg l
-1

) 

At 15 DAI At 30 DAI  At 15 

DAI 

At 30 

DAI 

T1 No inoculums and no 

chemical 

0.289 0.281 26.1 26.0 

T2 Organic source of N (Urea 2 

ppm) + No inoculums 
2.20 2.16 25.9 25.7 

T3 Organic source of N (Urea 2 

ppm) + I1 

2.05 1.95 26.2 26.6 

T4 Organic source of N (Urea 2 

ppm) + I2 

1.74 1.51 35.42 39.77 

T5 Organic source of N (Urea 8 

ppm) + No inoculums  
7.08 6.33 36.99 40.0 

T6 Organic source of N (Urea 8 

ppm)  + I1 
6.23 5.00 44.00 50.15 

T7 Organic source of N (Urea 8 

ppm)  + I2 
5.10 2.90 55.62 70.00 

T8 Organic source of N (Urea 

12 ppm)  + I1 
9.17 7.00 66.11 72.83 

 CD (0.05) 1.07 0.69 5.24 5.42 
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Fig. 2: Ammonia and nitrate dynamics in water of polluted pond as influenced 

by autotrophic and heterotrophic bacteria with different levels of organic N 

under controlled conditions. 
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  T2 Organic source  of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums 

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 

  

               Ammonia concentration (mg l
-1)                             Nitrate concentration  (mg l

-1)  
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Plate 6: View of testing of bacterial isolates for an transformations in polluted pond 

water with and without molasses and skimed milk amendment polluted pond water. 
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Plate 7 : Study of microbial transformations of organic N  
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4.6. Ammonia and nitrate dynamics in molasses amended water of polluted 

pond as influenced by autotrophic and heterotrophic bacteria with 

different levels of organic N under controlled conditions. 

 

 The data presented in Table 4.6 (Fig. 3  and Plate 6-7,9 ) clearly revealed 

that  at 2-ppm organic N containing urea concentration, treatment T4 gave best 

results with reference to decease in the ammonium concentration from 15 DAI 

(1.41 ppm) to 30 DAI (1.27 ppm) and increase in nitrate concentration from 30.0 to 

44.2 ppm when comparing the treatments of T3 & T4  with the treatment T2  for the 

analysis of the ammonia concentration. Similarly at 8-ppm concentration of 

organic N-urea when comparing between the T5  with T6 & T7 treatment, we got 

the best result with treatment T7 with reference to reduce ammonia 

concentration.The decrease in the ammonia concentration from 15 DAI(4.77ppm) 

to 30 DAI(2.73ppm). While the next organic N level of 12 ppm, it was having the 

least effect upon lowering the ammonia concentration from 8.33 ppm at 15 DAI to 

6.52 ppm at 30 DAI.  

Similar finding has been obtained that molasses pretreatment can 

significantly stimulate the process of bacterial degradation of ammonia in the 

submerged condition. These type of finding of present investigation are close to 

findings of Muter et al., 2013. The ammonia-nitrogen range was 0.02 – 0.07 mg l
-1

, 

nitrite-nitrogen range was between 0.20 – 0.43 mg l
-1

, whereas in the nitrate-

nitrogen 0.90 – 3.20 mg l
-1 

(Putra et al., 2020)
 
and the carbon source from the 

molasses was effective in reducing the concentration of ammonia, when cultured 

with the biofloc technique (Putra et al., 2019).The ammonia concentration was 

decreasing as per the results given by Yadav et al., 2016.
 

 The best result associated with the T4 treatment as it showed higher rate of 

nitrification resulting in significant dereasing ammonia concentration and increase 

the concentration of NO3 . The increase in nitrate from 15 DAI (30.00ppm) to 30 

DAI (44.2 ppm). Similarly at 8-ppm concentration of organic N (in the form of 

urea), when comparing between the T5  with T6 and T7 treatment, treatment T7 gave 

the best result among them, as it was showing the increase in the nitrate 
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concentration from 15 DAI (59.17 ppm) to 30 DAI (72.90 ppm) mainly because of 

nitrification. In the next urea concentration level of 12-ppm, it was having the least 

effect upon increasing the nitrate concentration from 15 DAI (70.00 ppm) to 30 

DAI (77.50 ppm). Similar finding was obtained by Muter et al., (2013) who 

emphasized molasses pretreatment which can significantly stimulated the process 

of bacterial  degradation of ammonia in the submerged condition. The ammonia 

concentration range was 0.02 – 0.07 mg l
-1

, Nitrite concentration range was 

between 0.20 – 0.43 mg l
-1

 . Carbon source from the molasses was effective in 

reducing the concentration of ammonia when cultured with the biofloc technique 

(Putra et al.,2019) and also another finding was that the nitrate concentration was 

increasing under the similar in-vitro condition as reported by Yadav et al., 2016.
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Table 4.6: Ammonia and nitrate dynamics in molasses amended* water of polluted pond as influenced by autotrophic and 

heterotrophic bacteria with different levels of organic N under controlled conditions. 

 

* = 5% Molasses water solution, 

I1 = Mixed culture of heterotrophic bacteria (PS5, PS16), I2 = It was a mixture of culture of NS8,NB8 and PS5, PS16 

 

 

 

Abbre. 

 

Treatments 

 

Ammonia concentration 

ppm(mg l
-1

) 

Nitrate concentration 

 ppm(mg l
-1

) 

At 15 DAI At 30 DAI  At 15 DAI At 30 DAI 

T1 No inoculums and no chemical 0.280 0.278 30.7 33.0 

T2 Organic source  of N (Urea 2 ppm) + No inoculums 2.00 1.97 30.1 32.0 

T3 Organic source of N (Urea 2 ppm) + I1 1.80 1.73 29.7 32.0 

T4 Organic source of N (Urea 2 ppm) + I2 1.41 1.27 30.0 44.2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums  6.88 6.27 38.10 46.0 

T6 Organic source of N (Urea 8 ppm)  + I1 5.91 4.68 50.5 54.3 

T7 Organic source of N (Urea 8 ppm)  + I2 4.77 2.73 59.17 72.9 

T8 Organic source of N (Urea 12 ppm)  + I1 8.33 6.52 70.00 77.5 

 CD (0.05) 0.23 0.09 6.05 6.75 
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T1 No inoculums and no chemical 

  T2 Organic source  of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums 

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 

   

Fig. 3 : Ammonia and nitrate dynamics in molasses amended water of 

polluted pond as influenced by autotrophic and heterotrophic bacteria under 

controlled conditions. 
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4.7. Ammonia and nitrate dynamics in skimmed milk amended polluted pond 

water as influenced by autotrophic and heterotrophic bacteria with different 

levels of organic N under controlled conditions. 

 

Data presented in Table 4.7 (Fig. 4 and Plate 6-7, 9) related to ammonia and 

nitrate dynamics in skimmed milk amended polluted pond water as influenced by 

autotrophic and heterotrophic bacteria with different levels of organic N under 

controlled conditions at 15 and 30 DAI. The ammonia concentration results recorded 

at 15 DAI (0.28 to 8.41 ppm) and 30 DAI (0.275 to 6.44 ppm). The ammonia 

concentration clearly showed decreasing trend from 15 DAI to 30 DAI. The minimum 

ammonia concentration obtained in the T4 treatment (1.46 to 1.00 ppm) at 2 ppm 

organic N source and T7 also gave  similar type of minimum ammonia concentration 

at 8 ppm organic N source   (4.80 to 2.77 ppm) i.e. reduced by 2.03 ppm. Thus, in 

both the treatments significant reduction in the ammonia concentration was observed 

mainly due to nitrification process. However at the level of 12 ppm urea, the 

maximum concentration of ammonia was associated withT8 (8.41 to 6.44 ppm). 

Similar finding has also been obtained by Phirke ;2014. 
 

 In the present investigation the nitrate concentration was observed at 15 DAI 

and 30 DAI, We have used the 3 levels of the urea N concentration  (2 ppm, 8 ppm, 

12 ppm) in which under the 2-ppm urea concentration when comparing the treatments 

T3 & T4  with the treatment T2 with respect to nitrate concentration, best result was 

associated with  T4 treatment,  as it helps in decreasing ammonia concentration and 

resulting in significant increasing  the level of nitrate concentration in the treatments 

from 15 DAI (28.8 ) to 30 DAI (42.9 ppm). Similarly at 8-ppm of urea concentration 

when comparing T5  with T6  & T7 treatment,  we observed the superiority of  

treatment T7 over other treatments of  comparison. Increase in the nitrate 

concentration from 15 DAI (57 ppm) to 30 DAI (70.07 ppm) was recorded. In the 

next urea level of 12-ppm, it was having the least effect upon decreasing ammonia 

and increasing the nitrate concentration from 15 DAI (70.0 ppm) to 30 DAI (71.1 

ppm). Similar finding has been reported as the acceptable range of nitrate was (0 - 100 

ppm) and desirable range was (0.1 - 4.5 ppm) as reported by Shrivastava et al.,(2007). 

The result was also similar to the finding of Mahobe and Mishra (2013).  
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Table 4.7: Ammonia and nitrate dynamics in skimmed milk* amended polluted pond water as influenced by autotrophic and 

heterotrophic bacteria with different levels of organic N under controlled condition.  

 

Abbre. 

 

Treatments 

 

Ammonia concentration 

ppm(mg l
-1

) 

Nitrate concentration 

ppm(mg l
-1

) 

    At 15 DAI     At 30 DAI    At 15 DAI   At 30 DAI 

T1 No inoculums and no chemical 0.280 0.275 29.3 31.9 

T2 Organic source  of N (Urea 2 ppm) + No 

inoculums 
2.00 2.00 29.1 32.2 

T3 Organic source of N (Urea 2 ppm) + I1 1.84 1.78 29.0 31.0 

T4 Organic source of N (Urea 2 ppm) + I2 1.45 1.30 28.8 42.9 

T5 Organic source of N (Urea 8 ppm)  + No 
inoculums  

6.97 6.25 36.7 45.0 

T6 Organic source of N (Urea 8 ppm)  + I1 6.00 4.72 48.5 52.0 

T7 Organic source of N (Urea 8 ppm)  + I2 4.80 2.77 57.0 70.7 

T8 Organic source of N (Urea 12 ppm)  + I1 8.41 6.44 70.0 71.1 

 CD (0.05) 0.23 0.09 5.95 6.70 

        * = 1% Skimmed milk amended polluted pond water solution, 
        I1 = Mixed culture of heterotrophic bacteria (PS5, PS16), I2 = It was a mixture of culture of NS8,NB8 and PS5, PS16 
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T1 No inoculums and no chemical 

  T2 Organic source  of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums 

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 

  
 

 

Fig. 4 : Ammonia and nitrate dynamics in skimmed milk amended polluted 

pond water as influenced by autotrophic and heterotrophic bacteria with 

different levels of organic under controlled conditions. 
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4.8. Ammonia and nitrate dynamics in molasses amended polluted pond water 

and ordinary water (1:1) in fish aquarium as influenced by autotrophic and 

heterotrophic bacteria under controlled conditions.  

 The data presented in Table 4.8 (Fig.5 and Plate 8-10) clearly revealed that 

out of 3 levels of the organic N containing urea concentration ( 2 ppm, 8 ppm and 

12 ppm), 2-ppm organic N concentration when comparing the treatments T3 and T4  

with treatment T2  for the  ammonia transformations, the best result was associated 

with  T4 treatment as it helped in decreasing the level of ammonia concentration  

from 15 DAI (1.07 ppm) to 30 DAI (0.95 ppm). Similarly at 8-ppm concentration 

when comparing between T5 with T6 and T7 treatments, we got the best result with 

T7 as the harmful ammonia concentration for fish growth reduced from 4.41 ppm 

at 15 DAI to 1.35 ppm at 30 DAI. In the next concentration level of organic N i.e. 

12-ppm,  it was having the least effect for lowering the ammonia concentration 

from 7.73 ppm at 15 DAI to 5.10 ppm at 30 DAI. It clearly indicated the 

effectiveness of bioremediators remained successful up to level of 8 ppm organic 

N concentration but can not work properly at 12 ppm urea concentration wrt to 

reduction of harmful level of ammonia for fish cultivation. 

  The treatment T4 when comparing the treatments T3 & T4  with the 

treatment T2  for the nitrate concentration, we obtained the best result with the  T4 

treatment as it showed higher rate of nitrification resulting in increased  the level of 

nitrate concentration from 15 DAI (33.00 ppm) to 30 DAI (39.50 ppm). While, at 

8-ppm concentration of organic N , when comparing between the T5  with T6 & T7 

treatment, we got that the treatment T7 was  showing the best result among them, 

as it helped to decrease ammonia concentration and resulting increase in the nitrate 

concentration from 15 DAI (55.00 ppm) to 30 DAI (68.90 ppm).  

 Similar type of findings reported by Muter et al., (2013) that molasses pre 

treatment can significantly stimulate the process of bacterial attachment on the 

ceramic carrier and the degradation of ammonia in the submerged condition. As 

per using the molasses, they noticed that it reduced the ammonia concentration and 

increased the nitrate concentration in the polluted pond water. Ammonia-nitrogen 

range was 0.02 – 0.07 mg L
-1

, whereas nitrate-nitrogen was 0.90 – 3.20 mg L
-1…] . 

  

 



70 
 

 
 

Carbon source from the molasses was effective in reducing the concentration of 

ammonia, nitrite and nitrate when cultured with the biofloc technique (Putra, et al., 

2019, Yadav et al., 2016). 
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Table 4. 8:  Ammonia and nitrate dynamics in molasses amended* polluted pond water and ordinary water (1:1) fish aquarium as 

influenced by autotrophic and heterotrophic bacteria under controlled condition.  

 

Abbre

. 

 

Treatments 

 

Ammonia concentration 

ppm(mg l
-1

) 

Nitrate concentration 

ppm(mg l
-1

) 

At 15 DAI At 30 DAI  At 15 DAI At 30 DAI 

T1 No inoculums and no chemical 0.25 0.26 26.9 29.3 

T2 Organic source  of N (Urea 2 ppm) + No inoculums 1.75 1.65 26.0 28.0 

T3 Organic source of N (Urea 2 ppm) + I1 1.47 1.39 25.5 28.0 

T4 Organic source of N (Urea 2 ppm) + I2 1.07 0.95 33.0 39.5 

T5 Organic source of N (Urea 8 ppm)  + No inoculums  6.58 5.50 37.43 44.5 

T6 Organic source of N (Urea 8 ppm)  + I1 5.60 4.10 45.0 50.7 

T7 Organic source of N (Urea 8 ppm)  + I2 4.41 1.35 55.00 68.9 

T8 Organic source of N (Urea 12 ppm)  + I1 7.73 5.10 66.2 74.4 

 CD(0.05) 
 

0.14 0.17 5.61 6.22 

*15ppm molasses water solution, I1= Mixed culture of heterotrophic bacteria (PS5, PS16), I2 =It was a mixture of culture of NS8, NB8 and PS5, 

PS16 
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T1 No inoculums and no chemical 

  T2 Organic source  of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums 

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 

  
 

 

Fig.5 : Ammonia and nitrate dynamics in molasses amended  polluted pond 

water and ordinary water (1:1) of fish aquarium as influenced by autotrophic  

and heterotrophic bacteria under controlled conditions. 
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  Plate 8c : Cleaning of aquarium at 15 days intervals.  
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Plate 9 : Quantitative study of microbial  transformations of  N. 
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4.9. Fish weight and fish length dynamics in water of polluted pond water 

and ordinary water (1:1) of fish aquarium as influenced by 

autotrophic and heterotrophic bacteria. 

Data presented in Table- 4.9 (Fig. 6 and Plate 8-10) indicated that 

variation in fish weight (g) and fish length (cm) in mixture of polluted pond 

water and ordinary water (1:1) has been observed due to different 

treatments c of bioremediators. It was observed that at 2 ppm urea level, T2 

gave average fish weight 8.35, 9.23 and 9.95 g at 15, 30 and 45 DAI 

respectively and T3 produced 8.41, 9.2 and 10.03 g/fish weight at 15, 30 

and 45 DAI respectively. While, the best result was associated with T4 

treatment.  T4 gave 8.65, 9.72 and 10.74 g/fish weight  at 15, 30 and 45 

DAI respectively. Likewise, at 8ppm urea level comparing T5 with T6 .   Got 

6.91, 7.16 and 7,37 g/fish weight due to T5  at 15, 30, 45 DAI and .43, 7.78, 

8.13 g/fish weight due to T6 at 15, 30, 45 DAI. Between T6 and T7 

treatments the T7 treatment  showed the best result. The data of this table 

revealed that the treatments T4 and T7 are the most effective treatments over 

other treatments under the present investigation.  

 Likewise, the fish length  gradually increased and recorded average 

fish length was 8.5, 9.8 and 10.7 cm due to T4 at 15, 30, 45 DAI, 

respectively. The best results were associated with T4 followed T7. 
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Table 4.9: Fish weight and fish length dynamics in polluted pond water and ordinary water (1:1) of fish aquarium as influenced by 

autotrophic and heterotrophic bacteria. 

Abbre. Treatments 
 

       Weight of  fish (gm/fish)         Length  of  fish (cm/fish) 

At 15 DAI At 30 DAI  At 45 DAI At 15 DAI At 30 DAI  At 45 DAI 

T1 No inoculums and no chemical 8.5 9.58 10.62 8.5 9.5 10.7 

T2 Organic source  of N (Urea 2 ppm) + No 

inoculums 

8.35 9.23 9.95 8.3 9.1 9.1 

T3 Organic source of N (Urea 2 ppm) + I1 8.41 9.24 10.03 8.4 9.2 10.0 

T4 Organic source of N (Urea 2 ppm) + I2 8.65 9.72 10.74 8.5 9.8 10.7 

T5 Organic source of N (Urea 8 ppm)  + No 

inoculums  

6.91 7.16 7.37 6.8 7.1 7.3 

T6 Organic source of N (Urea 8 ppm)  + I1 7.43 7.78 8.13 7.4 7.7 8.1 

T7 Organic source of N (Urea 8 ppm)  + I2 8.43 9.21 9.90 8.3 9.2 9.9 

T8 Organic source of N (Urea 12 ppm)  + I1 6.50 6.61 6.75 6.5 6.6 6.7 

 CD 
 

1.50 1.64 1.33 1.33 1.29 1.67 

I1= Mixed culture of heterotrophic bacteria (PS5, PS16), I2 =It was a mixture of culture of NS8,NB8 and PS5, PS16
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T1 No inoculums and no chemical 

  T2 Organic source  of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums 

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 

  
 

 

Fig. 6 : Fish weight and length dynamics in water of fish aquarium as 

influenced by autotrophic and heterotrophic bacteria. 
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4.10. Fish weight and fish length dynamics in molasses amended polluted 

pond water and ordinary water (1:1) of fish aquarium as influenced by 

autotrophic and heterotrophic bacteria under controlled conditions. 

 The data presented in the Table 4.10 (Fig. 7 and Plate 8-10), wrt variations 

in fish weight (g) and fish length (cm) clearly showed additive positive effect of 

effect of bioremediators with molasses. It can be concluded from the study that in 

green house aquarium conditions,  highest fish growth rate was associated with 

Treatment  T4 and T7 at 2 and 8 ppm urea levels, respectively. T8 showed lowest 

fish growth rate. The growth rate  was observed statistically at par due to treatment 

T7, T4, T2 and T1 but differ significantly due to T1-T4, T6-T7 over T5 and T8. 

Similarly  more fish growth rate was associated with T3 over T6. It can be 

concluded from the data of  present investigation that better fish growth rate can be 

obtained in deep cemented tank (WxLxH: 42.5x67x95 cm
3 

) over green house 

aquarium environment. Further, it can also be concluded that bacterial bio 

remediators can help to obtained desirable fish growth rate up to 8 ppm organic -

urea level  by faster rate of nitrification. It was significant finding of this 

investigation that almost same  fish growth rate at up to 8 ppm level of organic N 

urea can be obtained statistically similar to that of  fish growth rate at 2 ppm level 

of organic N urea because of inoculation of effective location specific mixed 

culture of desirable autotrophic and heterotrophic bacterial inocula (Nitrosomonas 

NS8 and  Nitrobacter NB8 isolates and PS5 Micrococcus luteus CP001628 and 

PS16 Ochrobactrum pituitosum AM490609 bacteria).   

The maximum fish weight  due to T4 was recorded at 15 DAI  9.40  g/fish, 

at 30DAI 10.47g/fish and at 45DAI 11.49 g/fish. Treatments T4 and T7 are the 

most effective treatments over others.  

 Likewise, the fish length was almost similar to that of trends of  fish weight 

associated with T4 and T7. These findings are similar to that of Bajaj, 2017. 
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Table 4.10. Fish weight and fish length dynamics in molasses amended*polluted pond water and ordinary water (1:1)  of fish 

aquarium as influenced by autotrophic and heterotrophic bacteria under controlled conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

* = 15ppm  molasses amended water, I1= Mixed culture of heterotrophic bacteria (PS5, PS16), I2 =It was a mixture of culture of NS8,NB8 and 

PS5, PS16 

Abbre. Treatments 
 

                  Weight of  fish (gm/fish) Length   of  fish (cm /fish) 

At 15 DAI At 30 DAI  At 45 DAI At 15 DAI At 30 DAI  At 45 DAI 

T1 No inoculums and no chemical 
9.27 10.35 11.39 

9.3 10.2 11.3 

T2 Organic source  of N (Urea 2 

ppm) + No inoculums 

9.11 9.99 10.71 9.2 9.8 10.8 

T3 Organic source of N (Urea 2 

ppm) + I1 

9.20 10.03 10.82 9.1 10.3 10.7 

T4 Organic source of N (Urea 2 

ppm) + I2 

9.40 10.47 11.49 9.4 10.4 11.4 

T5 Organic source of N (Urea 8 

ppm)  + No inoculums  

7.65 8.00 8.21 7.6 8.0 8.2 

T6 Organic source of N (Urea 8 

ppm)  + I1 

8.20 8.65 9.00 8.2 8.5 9.0 

T7 Organic source of N (Urea 8 

ppm)  + I2 

9.18 9.96 10.65 9.1 9.9 10.6 

T8 Organic source of N (Urea 12 

ppm)  + I1 

6.54 6.76 6.85 6.6 6.8 6.8 

 CD 1.61 1.01 1.56 0.95 0.73 0.80 
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T1 No inoculums and no chemical 

  T2 Organic source  of N (Urea 2 ppm) + No inoculums 

T3 Organic source of N (Urea 2 ppm) + I1 

T4 Organic source of N (Urea 2 ppm) + I2 

T5 Organic source of N (Urea 8 ppm)  + No inoculums 

T6 Organic source of N (Urea 8 ppm)  + I1 

T7 Organic source of N (Urea 8 ppm)  + I2 

T8 Organic source of N (Urea 12 ppm)  + I1 

  
 

 

Fig. 7 : Fish weight and fish length dynamics in molasses amended polluted 

pond water and ordinary water (1:1) of fish aquarium as influenced by 

autotrophic and heterotrophic bacteria. 
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4.11. Demonstration of performance of promising mixed culture of 

autotrophic and heterotrophic bacteria on rate of fish growth. 

 In aquarium fish culture experiment, among all the treatments tested, the 

performance of T4 & T7 found better over other teatments at 2 ppm and 8 ppm urea 

levels. Hence, it was planned for furthers testing in deep cemented tank 

environment to provide more suitable environment almost similar to that of natural 

fish farming conditions. In this connection, deep cemented tank (WxLxH: 

42.5x67x95 cm
3 

) were prepared for testing of  most effective treatments (Table 

4.11, Fig 8 and plate 10-11). 

 During the demonstration trial of promising treatment,  treatment T4 gave 

average fish weight 10.4, 11.6 and 12.7g at 15, 30 and 45 DAI while, T7 produced 

average fish weight 9.9, 10.8 and 11.9 g at the 15, 30 and 45 DAI, respectively. 

Similarly T4 gave  average fish length 10.3, 11.6 and 12.3 cm at the 15, 30 and 45 

DAI,  while T7 gave 9.8, 10.9 and 11.9 cm at the 15, 30 and 45 DAI, respectively.  

It was clearly concluded from the data of  present investigation that better 

fish growth rate can be obtained in deep cemented tank (WxLxH: 42.5x67x95 cm
3 

) over green house aquarium environment. It can also be concluded that bacterial 

bio remediators can help to obtained desirable fish growth rate up to 8 ppm organic 

N-urea level by faster rate of nitrification. It was significant finding of this 

investigation that almost same  fish growth rate at up to 8 ppm level of organic N 

urea can be obtained statistically similar to that of  fish growth rate at 2 ppm level 

of organic N urea because of inoculation of effective location specific mixed 

culture of desirable autotrophic and heterotrophic bacterial inocula (Nitrosomonas 

NS8 and  Nitrobacter NB8 isolates and PS5 Micrococcus luteus CP001628 and 

PS16 Ochrobactrum pituitosum AM490609 bacteria).   
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Table 4.11. Demonstration of performance of promising mixed culture of autotrophic and heterotrophic bacteria in molasses 

amended* polluted pond water and ordinary water (1:1 ratio) 

 

 

 

 

 

 

 

 

 

 

* = 15ppm molasses amended water  

I1= Mixed culture of heterotrophic bacteria (PS5, PS16), I2 =It was a mixture of culture of NS8, NB8 and PS5, PS16
 

 

 

 

  

Abbre. Treatments 

 

Weight of fish (gm/fish) Length of  fish (cm/fish) 

At 15 DAI At 30 DAI  At 45 DAI At 15 DAI At 30 DAI  At 45 DAI 

T4 Organic source of N (Urea 

2 ppm) + I2 

10.4 11.6 12.7 10.3 11.6 12.3 

T7 Organic source of N (Urea 

8 ppm)  + I2 

9.9 10.8 11.9 9.8 10.9 11.9 
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T4 Organic source of N (Urea 2 ppm) + I2 

T7 Organic source of N (Urea 8 ppm)  + I2 
 

 

Fig. 8: Demonstration of performance of promising mixed culture of 

autotrophic and heterotrophic bacterial isolates on fish growth rate under 

deep tank environment. 
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Plate  11 : Conformation of performance of  promising  bacterial isolates for  

increasing fish growth rate  in molasses  amended  water  of  polluated pond  

and ordinary water (1:1) in deep tank environment.  
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CHAPTER-V 

SUMMARY AND CONCLUSIONS 

 

Keeping in views that  more concentration of ammonia is toxic to fish growth 

and survival and must be reduced/ removed or converted into harmless substances 

before it builds up to lethal levels in the urban  polluted fish pond water, the present 

study entitled “Bioremediation of polluted pond water for increasing fish production” 

was conducted at the Department of Agricultural Microbiology, College of Agriculture 

Raipur, Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G.) during the year 2017-2019. 

In this connection, 25 soil and water  samples were collected from polluted ponds of 

capital city Raipur area and nearby area for isolation of autotrophic (nitrifying) and 

heterotrophic local bacterial isolates especially in order to  exploit them as bio 

remediators for ammonia polluted urban water bodies for enhancing fish 

production. Further, the collected samples were analyzed for the different  quality 

parameters like pH, EC and TDS and isolation of autotrohic and heterotrophic  

bacterial isolates. The isolated bacterial isolates were selected to examine their 

effect on N transformations especially to decrease ammonia concentration with and 

without molasses and skimmed milk amendment and fish culture. The observations 

of organic N transformations  were recorded properly in microbial growth room 

and green house aquarium environment at 15 days time intervals. The observations 

related to growth rate in terms of fish weight and length were also recorded 

properly in aquarium green house and deep cemented tank environment at 15 days 

time intervals.  

Both combinations of inoculants I1 (mixed culture of bacterial isolates 

Nitrosomonas NS8 and Nitrobacter NB8) and I2 (The mixed culture of local 

bacterial isolates Nitrosomonas NS8 and  Nitrobacter NB8 and PS5 Micrococcus 

luteus CP001628 and PS16 Ochrobactrum pituitosum AM490609) were used and 

the got better  result of the I2 in the aquatic ecosystem. 

It can be concluded from the study that in green house aquarium conditions,  

highest fish growth rate was associated with Treatment  T4 while T8 gave lowest 

fish growth rate. The growth rate  was  observed statistically at par due to 
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treatment T7, T4, T2 and T1 but differ significantly due to T1-T4, T6-T7 over T5 and 

T8. Similarly,  more fish growth rate was associated with T3 over T6. It can  be 

concluded from the data of  present investigation that better fish growth rate can be 

obtained in deep cemented tank (W×L×H: 42.5×67×95 cm
3
) over green house 

aquarium environment. It can also be concluded that bacterial bio remediators can 

help to obtained desirable fish growth rate up to 8 ppm organic N level  by faster 

rate of microbial nitrification. It was significant finding of this investigation that 

almost same  fish growth rate at up to 8 ppm level of organic N can be obtained 

statistically similar to that of  fish growth rate at 2 ppm level of organic N because 

of inoculation of effective location specific mixed culture of desirable autotrophic 

and heterotrophic local bacterial isolates. 

 The nitrifying autotrophic and denitrifying heterotrophic bacteria were 

isolated, tested and proliferated under the controlled conditions. Where the 

application of the nitrifying and heterotrophic bacterial isolates was applied and 

tested with and without fish viz., In conical flask (with polluted pond water with 

and without molasses and skimmed milk), In aquarium green house conditions 

(with polluted pond water: ordinary water (1:1) and molasses amended water), 

cement tank (to confirm the performance of promising treatment of mixed culture 

of autotrophic and heterotrophic bacteria) from where we concluded as follows : 

1. Upon colleting the water and soil samples from different 25 different 

ponds near by Raipur for the bacterial isolations, best performing local 

bacterial isolates of Nitrosomonas and Nitrobacter (soil-NS8 and NB8) 

were selected for further study. The isolates originally isolated from  soil 

of 1
st 

Dudhadhari pond 

    2. The local heterotrophic bacterial isolates PS5 Micrococcus luteus 

CP001628 and PS16 Ochrobactrum pituitosum AM490609 showed the 

best result among other local heterotrophic bacterial isolates (Table 4.2b) 

with reference to Organic N transformations. 

 3.  The pH range for all the samples collected from the soil (7.9) and water 

(7.8) has observed between the acceptable range (pH: 7- 9.5). 
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4.           The dual inoculation of heterotrophic and  autotrophic bacterial isolates 

found better than single inoculation of autotrophic bacterial isolates wrt  

Organic N transformations to mitigate ammonium pollution in urban 

water bodies. 

5.      Use of molasses 15 ppm along with mixed culture of heterotrophic and  

autotrophic bacterial isolates found better  for enhancing  fish growth 

rate. 

Suggestion for future work 

 The results of present investigation should be tested under natural field 

condition. 

 Isolates of nitrifying bacteria such as Nitrosomonas and Nitrobacter need to 

be inoculated in eutrophic culture ponds under different climatic 

conditions.  

 Bacterial isolates of other nitrifiers such as Psudomonas can also be studied 

to see the effect on bioremediation of ammonical and nitrite nitrogen.  

 In addition to autotrophic nitrifiers, heterotrophic beneficial bacteria can 

also be used as bioremediator as the anaerobic condition prevails in 

eutrophic pond.  

 Several doses of microbial inoculation can be studied for a long time, as 

paucity of time did not allow such work in this study.  

 Aeration by the use of different aerators and consequent remediation can be 

studied in culture ponds.  

 Removal of water quality parameters like, physio-chemical parameters, 

BOD and COD load through rapid mineralization by the group of bacteria 

which are equipped with all hydrolytic enzymes such as protease, lipase, 

amylase, etc. There are several species of Bacillus, Actinomycetes and 

Coryneform bacteria also, which should be applied in such culture system 

along with nitrifying bacteria  
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APPENDIX-I 

 

Nitrosomonas culture medium 

The chemical composition of ammonia broth medium for Nitrosomonas was as 

follows:  

Ammonium sulfate (NH4)2 SO4  2.00gm 

Magnesium sulfate (MgSO4 7H2O)   0.50gm 

Ferrous sulfate (FeSO4 7H2O)     0.03gm 

Sodium chloride (NaCl)       0.30gm 

Magnesium carbonate (MgCO3)      10.00gm 

Dipotassium hydrogen phosphate (K2HPO4)  1.00gm 

Double distilled water       1000ml 

 

Nitrobacter culture media  

The chemical composition of nitrite broth medium for Nitrobacter was as follows:  

Sodium nitrite (NaNO2)  - 1.00g  

Magnesium sulfate (MgSO4.7H2O)  -  0.50g  

Ferrous sulfate (FeSO4. 7H2O)  -  0.03g  

Sodium chloride (NaCl)  -  0.30g  

Sodium carbonate (Na2CO3)  -  1.00g  

Di-potassium hydrogen phosphate (K2HPO4)  -  1.00g  

Double distilled water  -  1000ml 

Fifty ml of the ammonia broth medium and the nitrite broth medium were taken in 

Erlenmeyer flasks (250 ml) and sterilized autoclaving for 30 minutes at 15 lb/inch 

2 pressure.  

 

 

Ochrobactrum pituitosum culture media  

Composition of MacConkey Agar Composition 



103 
 

 

Ingredients Amount 

Peptone   17 gm 

Proteose peptone (meat and casein)  3 gm 

Lactose monohydrate   10 gm 

Bile salts  1.5 gm 

Sodium chloride  5 gm 

Neutral red  0.03 gm 

Crystal Violet  0.001 gm 

Agar  13.5 gm 

Distilled water 1000 ml 

 

Preparation of media: 

Suspend 49.53 grams of dehydrated medium in 1000 ml of distilled water and heat 

to boiling to dissolve the medium completely then sterilize by autoclaving at 15 lbs 

pressure (121°C) for 15 minutes thereafter cool it to 45°C -50°C and then mix well 

before pouring into sterile Petri plates. 

Nutrient Agar medium (gm/litre) 

Yeast extract 2.0 

Peptone 5.0 

Sodium chloride 5.0 

Agar 15.0 

Distilled water 1000 ml 

pH  7.4  

 



104 
 

 
 

 

Micrococcus luteus culture media (gm/litre) 

Yeast extract 3.0 

Peptone 5.0 

Sodium chloride 5.0 

Agar 15.0 

Distilled water 1000 ml 

Beef extract 1.5  

Glucose 1.0 

pH 7.4 ± 0.2 @ 25°C  

Preparation of media:Add components to distilled water and bring volume to 1.0 

L and mix thoroughly. Gently heat and bring to boiling. Distributed into tubes or 

flask. Autoclaving at 15 lbs pressure (121°C) for 15 minutes thereafter cool it to 

45°C -50°C and then mix well before pouring into sterile Petri plates. 

Gelatin liquefaction test 

Peptone     5.0g 

Beef      3.0g 

Gelatin      120g 

Agar      10.0g 

Distilled Water    1000ml 

All the components, except agar, were added to distilled water and pH was 

adjusted. Agar was mixed by contrast heating and stirring. The medium was than 

autoclaved at 15 lbs pressure for 20 min. 

Reagent used 

2.1. Gram’sstains: 

I. Crystal violet 

a) Solution A 

Crystal violet (90% dye content) 2.0 g 

Ethylalcohol (95%) 20.0 ml 
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b) Solution B 

Ammonium oxalate 0.8 g 

Distilled water 80.0 ml 

 Crystal violet was dissolved in ethyl alcohol and the ammonium 

oxalate in distilled water. Then solution A and B was mixed. 

         ll.   Gram
’
s iodine 

            Iodine 1.0 g 

            Potassium iodide 2.9 g  

Distilled water 300.0 ml 

 Make a homogeneous préparation of the iodine and iodide using 

mortar and pestle. Transfer the contents to a reagent bottle and add water to 

make a total of 300 ml. Store the solution in a glass stoppered brown bottle. 

III.    Ethyl alcohol (95 %) 

            Ethyl alcohol (100 %)     95.0 ml 

            Distilled water      5.0 ml 

           IV.   Safranin 

Safranin (2.5% sol. + 95% ethylalcohol)  10.0 ml 

Distille water      100 ml 

2.4. H2O2 solution (3 %) 

           Hydrogen peroxide     3.0 ml 

           Distilled water      97.0 ml 

2.5. Crystal violet Reagent (1%) 

           Crystal violet      1gm  

            Distilled water      99ml 

     Nitrate Test Solution: 

       a)   Solution A 

Sulfanilic acid      8.0 g   

             Acetic acid (5N)     1000 ml 

       b)    Solution B 

              α – naphthylamine     5.0 g 

              Acetic acid (5N)     1000 ml  
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Appendix-II 
Weekly meteorological data during fish growth period of aquarium in 2018-19 

Met. Week Max.temp(°C) Min temp.(°C) Rainfall 

(mm) 

RH (%)(I) RH (%)(II) Evaporation 

(mm) 

Sun Shine 

(hr) 

Jun    18-24 38 26.6 26.4 76 44 55.4 8.6 

Jun    25-01 33.5 26 16.9 84 60 39.2 4.4 

Jul    02 - 08 33.8 25.4 1.6 87 60 33.7 3.6 

Jul    09 -15 31.1 25 199.2 94 86 18.8 0.9 

Jul    16 - 22 30.4 25.4 75.8 93 82 18.8 0.4 

Jul     23 -29 28.64 25 51.4 88 76 15.5 0.1 

Jul     30 - 05 31.9 25.4 31 88 67 26.9 2.3 

Aug  06 - 12 30 24.8 103.4 92 88 20.2 1.2 

Aug 13 -19 30.3 25.3 101.2 94 79 24.7 2.9 

Aug  20-26 29 24.6 60.4 93 79 18 0.6 

Aug  27 - 02 28.3 24.1 275 96 86 14.7 0.2 

Sep  03 - 09 29.2 23.9 30.2 93 57 22.7 1.1 

Sep   10 -16 32.6 25.1 0 90 55 27.9 6.4 

Sep   17 -23 31 24.1 32.8 92 68 19.2 3.6 

Sep   24 -30 32.9 25 11 93 59 25.6 7.8 

Oct   01 - 07 34 23.8 0 91 44 28.1 8 

Nov 12-18 31.5 14.4 0 86 29 23.3 9.1 

Nov. 19-25 31.4 15.3 0 88 28 23.2 7.9 

Nov. 26- 02 29.3 13.6 0 89 33 19.7 7.5 
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Met. Week Max.temp(°C) Min temp.(°C) Rainfall 

(mm) 

RH (%)(I) RH (%)(II) Evaporation 

(mm) 

Sun Shine 

(hr) 

Dec. 03-09 28.2 14.3 0 87 38 17.4 4.4 

Dec. 10 -16 27.4 15.7 0 86 51 13.9 1.2 

Dec.  17-23 22.1 11.0 47.2 90 57 15.3 4.5 

Dec.  24-31 25.1 8.6 0 86 28 16.6 7.5 

Jan.   01-07 27.4 8.5 0 88 28 16.8 6.6 

Jan.  08-14 27.1 10.2 0 87 34 16.5 6.1 

Jan.  15-21 28.1 9.2 0 85 21 18.7 6.8 

Jan.  22-28 26.3 14.3 23.6 85 53 18.5 4 

Jan. 29-04 26.4 9.5 0 87 24 20.6 8.2 

Feb.05-11 28.8 12.5 3.4 81 36 21.3 7.6 

Feb. 12-18 30.2 13.6 9 84 34 20.4 8.3 

Feb. 19-25 33.1 17.0 0 81 30 30.3 9.1 

Feb. 26-04 31 17.3 0.2 72 36 30.7 7.8 

Mar.05-11 33.3 17.6 0 70 32 40.3 8.9 

Mar. 12-18 35.6 21.6 0 72 33 36.7 6.8 

Mar. 19-25 34.5 19.8 9.2 80 28 37.1 8.4 

Mar. 26-01 38.2 20.6 10.8 64 19 44.5 8.7 

Apr . 02-08 39.7 23.4 0 50 18 53.2 8.3 

Apr. 09-15 40.8 24.5 0 47 20 60.4 8.3 
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Appendix-III 
Weekly meteorological data during fish growth period of aquarium in 2019-20 

Met. Week Max. 
temp(°C) 

Min  
temp.(°C) 

Rainfall (mm) RH (%)(I) RH (%)(II) Evaporation 
(mm) 

Sun Shine 
(hr) 

Jun    18-24 37.4 26.3 45.4 82 54 41.3 4.6 

Jun    25-01 36.8 27.5 45.4 78 53 39 5 

Jul     02-08 29.5 24.7 45.4 91 84 16.6 0.4 
Jul     09-15 33.5 26.1 13.2 82 59 39.1 3.6 
Jul     16-22  35.5 26.4 26.1 84 55 36.3 7.5 

jul     23-29  32.3 25.5 8.4 88 77 21.3 2.7 

jul     30-05 28 24.4 99 90 82 14.5 0.5 
Aug   06-12 30.2 25.3 185.6 89 83 24.3 2.9 
Aug   13-19 30.8 25.4 49.2 90 74 18.1 3.8 

Aug   20-26 31.7 25.2 27.8 92 75 21.9 3.2 

Aug    27-02 30.9 25.1 53.8 92 73 18.2 1.3 
Sep    03-09 29.5 24.9 239 94 87 11.6 0.5 
Sep    10-16  30.7 25 9.2 92 74 21.6 4.3 

Sep    17-23 33 25.5 2.4 88 63 29.6 8.2 

Sep    24-30 30.2 24.2 178.1 91 74 17.7 3.8 
Oct    01-07 32 24.3 1.8 90 64 25.3 7.5 
Nov     12-18 30 16 0 90 38 20 9 

Nov    19-25 30 15 0 89 38 20 8 
Nov   26- 02 30 16 0 90 43 20 6 

Dec.   03-09 28 13 0 84 34 21 8 
Dec.   10 -16 30 15 0 91 48 17 5 

Dec.   17-23 27 14 1 88 42 17 5 
Dec.   24-31 26 12 0 81 35 22 6 

Jan.    01-07 23 13 19 84 55 15 4 
Jan.    08-14   25 11 3 90 46 16 6 

Jan.    15-21 29 14 0 88 48 17 6 
Jan.    22-28 29 13 0 87 39 20 7 

Jan.    29-04 26 14 0 76 46 22 4 
Feb.   05-11 21 14 49 94 66 12 2 
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