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MICROBIAL ANALYSIS OF A FRESHWATER POND IN TAMIL NADU, INDIA: A STUDY ON DIVERSITY AND WATER QUALITY
Abstract 

Now a days, fish and fisheries are pivotal in food security, meeting the social objectives in terms of sustenance of semi skilled personnel by providing employment and in contribution to large export earnings Even though profitable, this sector also faces several constraints such as misapplication of husbandry and disease management, collection of seed and use of fishery resources as feed inputs, habitat alteration, nutrient enrichment, pesticide residue etc. It was thought worthwhile to analyse the microbial quality of the water present in the system for the four seasons of the year. The bacterial counts varied from 4.1 x 104cfu/ml to 11.2 x 105cfu/ml. The minimal count was noticed in April and the maximal count in November during both years of study. The fungal load in the water was found to range between 1.3 and 5.6 x 102 during the years of study. The minimal load was uniformly noticed in July for both the years even though it was also noticed in June during the second year. The maximal load, however, was uniformly noticed in January for both years.  A total of 9 bacterial species belonging to 8 genera could be isolated. Of these, 7 belonged to Gram negative bacteria and 2 were Gram positive bacteria. Among the 7 Gram positive bacteria, only 3 species were recorded in all the four seasons of the year (Escherichia coli, Proteus vulgaris and Pseudomonas aerugniosa) while the remaining were seasonal. Among the 2 Gram positive bacteria, only Streptococcus faecalis was present in all the seasons. A season-wise comparison reveals that all 9 species occurred in the system during the rainy/winter season while during the pre-summer, only 7 species were present. Salmonella typhi and Klebsiella pneumoniae were absent during this season.  During the summer season, only 5 species were recorded. Enterobacter aerogenes, Salmonella typhi, Staphylococcus aureus and Vibrio alginolyticus were not recorded in this season. The post summer season recorded the presence of 6 species with Salmonella typhi, Staphylococcus aureus and Vibrio alginolyticus being absent during this season. A total of 10 species of fungi belonging to 8 genera were recorded. A comparison of the fungal diversity during the different seasons reveals that 9 species were recorded during the rainy season. Only Penicillium notatuim was absent during this season. On the other hand, the presummer season recorded 8 species with Pythium undulatum and Saprolegnia diclina being absent in this season. The summer season recorded the presence of 7 species. Aspergillus fumigatus, Achlya apiculata and Saprolegnia diclina were absent during this season. The post-summer season recorded the presence of 6 species. Aspergillum fumigatus, Chaetomium globosum, Fusarium oxysporum and Penicillium notatum were absent during this season. Thus, among the 10 species, only 3 species were recorded in all the seasons (Aspergillus niger, Aspergillus flavus and Trichoderma viride). The present study reveals the presence of potentially pathogenic microbes in the system which in turn reflects on the need to curb their population necessitating the need to create awareness among the potential handlers of the system.
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INTRODUCTION

“The diversity of microorganisms is the mainstay of bioremediation technology, which has important influence on the biochemical reactions in the ecosystem. In particular to ecosystem, the microbial community of pond is affected by numerous factors, such as ambient temperature, predation pressure, disease pressure, composition of energy and the intensity of human intervention” (Liu et al., 2020). “The pond has a complex microbial ecosystem, including microorganisms in water and sediment, which plays an important role in the health of fish and water quality. The microbial community structure in the ponds can be easily affected by many factors. However, not much is known about the role of different aquaculture model and fish on the microbial community structure in ponds” (Yan et al., 2024). It is a well-known fact that fish is rich in proteins, and essential amino acids, besides being a good source of calcium, vitamin A and B12 and omega 3 fatty acids (Jayasankar, 2010). “Hence, fish is in great demand today all over the world. As a result, fish farming in various parts of the world has increased manifold in the last decade and aquaculture currently accounts for over 50% of the global food fish consumption” (Subasinghe et al., 2009). “Microorganisms present in the pond sediment and water play crucial roles in nitrogen, phosphorus, and carbon cycles. The microbes can remove nitrogen products by nitrification and denitrification. For example, the chemoautotrophic bacteria Nitrosomonas and Nitrobacter can oxidize ammonium (NH4+-N) ions to nitrite (NO2−-N) and nitrate (NO3−-N) ions, which are then assimilated and removed by aquatic plants, algae, and bacteria as a source of nitrogen” (Li et al., 2021; Eunice et al., 2022).
Today fish and fisheries are pivotal in food security, meeting the social objectives in terms of sustenance of semi-skilled personnel by providing employment and in contributing to large export earnings (Ramaiah, 2006). Even though profitable, this sector also faces several constraints such as misapplication of husbandry and disease management, collection of seed and use of fishery resources as feed inputs, habitat alteration, nutrient enrichment, pesticide residue etc. (Gross, 1998; Ginson Joseph et al., 2017). Among these, fish diseases have been known to cause the largest economic loss in aquaculture (Meyer, 1991) which has forced many farmers to abandon aquaculture and change to other professions (Ginson Joseph et al., 2017).

Carr and Goulder (1990) and Rheinheimer (1991) have suggested that the physicochemical properties of water like temperature, pH and DO have a profound effect on bacterial population. Amogliani et al. (2012) suggested that the majority of the outbreaks are due to the action of pathogenic bacteria rather than chemical or physical contaminants. Rashmikumari and Chadankumar (2015) suggested that fungi are also responsible for a number of fish diseases. They also suggested that fungi can attack fishes of all ages besides preventing successful hatching when it invade fish eggs. Hence, it was thought worthwhile to analyse the microbial quality of the water present in the system for the four seasons of the year.

MATERIALS AND METHODS

Site of Collection 

For the present investigation, the samples were collected from the freshwater pond at Kumbakonam District, Tamil Nadu. This pond is a source for the fish culture of Kumbakonam, Tamil Nadu. Hence, it is thought worthwhile to analyse the microbial quality of the water present in the system for the four seasons of the year.
Collection of Sample 


The water samples were taken in plastic containers kept in an ice box and brought to the laboratory. 

Bacterial Analysis and its Identification 


Water samples for microbiological analyses were collected, put aseptically into sterile 500 ml sampling bottles and examined within 1-2 hours of collection in the laboratory. All water samples were analysed for the presence of total and faecal coliform bacteria, faecal Streptococci and patogenic Salmonella  by the most probable number (MPN) method following the American Public Health Association (APHA, 2000) procedures. The total viable count (TVC) of all heterotrophic bacteria was done on nutrient agar plates incubated at 28(C for 48 hours. 

For qualitative identification of various bacteria from water and fish samples, fresh solid media of modified fecal coliform (M-FC) agar were inoculated in duplicate and incubated at 37(C for 24 hrs. After distinct coloured colonies of various bacteria developed on the plate, the identification of the bacterial colonies was done according to Edwards and Ewing (1972), Cowan (1974), Martin and Washington (1980), Brenner (1984) and Cheesbrough (1989). 
Identification and Colony Counting of Fungi 


Fungi grow comparatively at slow rates, requiring several days to weeks; fungi produce spores on brightly coloured aerial hyphae. Most fungi grow best at room temperature (25(C) rather than 35(C. The basic medium for the culture of many fungi is potato dextrose agar (PDA). 


After sterilization, the medium was poured into sterilized Petri dishes quickly under aseptic conditions. The petriplates were marked as control, soil, water, skin, foregut, midgut and hindgut. Before the medium was poured to the Petri plates, a pinch of streptomycin was added to the medium to avoid bacterial growth. Preparation of Different Dilution of the sample was done by the Serial Dilution Method.

Inoculation 


Seven petriplates with solidified agar were marked as control 10-1, 10-2, 10-3, 10-4, 10-5, 10-6 dilutions. Inoculation was done with the help of micropipette inside the inoculation chamber. The diluted sample was taken with the help of microculture medium into the culture plates. Each plate was rotated slowly to avoid splashing and mixing the organisms uniformly. The same process was repeated to inoculate the remaining six plates. After inoculation, all the inoculated petriplates and control petriplates were placed in the culture chamber for 6-7 days at room temperature (25(C) for growth. 


In addition, seven petriplates with solidified PDA medium were also taken and marked as control and water. Inoculation was done with the help of a micro pipette. Diluted samples from 10-4 dilution were taken and transferred to the petriplate containing the medium. These were placed in the culture medium chamber for 6 - 7 days at room temperature (25(C) for its growth. A similar procedure was adopted for the other samples also.

Colony Counting 


The well-developed fungal colonies were counted directly with the help of a counting chamber and the average number of the fungal colonies was recorded in each sample. 

Isolation of Fungi


Using a dissecting needle, a tuft of fungi was taken from the culture to the slide and staining was done for identification purposes. 

Staining of Fungi


Fungi were stained with lactophenol cotton blue stain. After staining, the structure of the fungus was photographed under a Nikon microscope and the isolated fungi were identified with the help of available literature (Raper and Tom, 1949; Gilman, 1957; Barnett, 1962; Barron, 1986; Barnett and Hunter, 1986; Eillis, 1972, 1976; Subramanian, 1974; Domsch et al., 1980; Von Arx, 1981; Von Arx, 1981; Stolk and Samson, 1983; Schipper, 1984).

RESULTS AND DISCUSSION
The bacterial counts of the system are recorded in Table 1-2. While the counts varied from 4.1 x 104 cfu/ml to 10.5 x 105 cfu/ml during first year, it was found to range from 5.8 x 104 to 11.2 x 105 cfu/ml during the second year. The minimal count was noticed in April and the maximal count in November during both years of study.

Literature reveals that water quality significantly influences the bacterial load of all aquaculture ponds and the microbial load of an aquatic organism (Roy et al., 2011; Amagliani et al., 2012; Ginson Joseph et al., 2017). Rheinheimer (1991) suggested that the bacterial load depends on temperature, pH and DO. In the present study also there was a positive correlation between bacterial load and temperature (r = 0.28), pH (r = 0.52) and DO (r = 0.40).

According to the International Commission on Microbiological Specifications in Foods (ICMSF, 1986), a load of about 107 is the maximum limit under which a product is considered to be good. Lakshmanan et al. (1984) suggested that a range above 105 is considered as poor quality.  In the present study, the bacterial load never exceeded 105 thus suggesting the suitability of the system for pisciculture.

The fungal load in the water under study is presented in Table ​​3. As evident from the table, the load was found to range between 1.3 and 4.2 x 102 cfu/ml during the first year and from 1.4 to 5.6 x 102 in the second of year of study. The minimal load was uniformly noticed in July for both the years even though it was also noticed in June during the second year. The maximal load, however, was uniformly noticed in January for both years. The maximal load noticed in January could be attributed to favourable conditions like temperature and nutrients in the system.

The various bacterial species that could be isolated in the system are recorded in Table 4. As evident from the table, a total of 9 bacterial species belonging to 8 genera could be isolated. Of these, 7 belonged to Gram-negative bacteria and 2 were Gram positive bacteria.

Among the 7 Gram positive bacteria, only 3 species were recorded in all four seasons of the year (Escherichia coli, Proteus vulgaris and Pseudomonas aerugniosa) while the remaining were seasonal. Among the 2 Gram positive bacteria, only Streptococcus faecalis was present in all the seasons.

A seasonwise comparison reveals that all the 9 species occurred in the system during the rainy/winter season while during the presummer, only 7 species were present. Salmonella typhi and Klebsiella pneumoniae were absent during this season.  During the summer season, only 5 species were recorded. Enterobacter aerogenes, Salmonella typhi, Staphylococcus aureus and Vibrio alginolyticus were not recorded in this season. The post-summer season recorded the presence of 6 species with Salmonella typhi, Staphylococcus aureus and Vibrio alginolyticus being absent during this season.

Adedaya and Anthony (2014) opined that bacterial examination of fish pond water and the source of water to the fish pond is important to detect the presence of microorganisms that might constitute a health hazard as well as the death of fish in the system. The presence of bacteria like Pseudomonas, Streptococci indicates probably contamination of the system which can affect the growth of fish in the system.  It is also known that both the above species causes haemorrhagic septicemia in fishes (Adedaya and Anthony, 2014). In addition, Escherichia and Salmonella are considered food or water-borne pathogens whereas species of Citrobacter and Klebsiella are known for their opportunistic behaviour. The presence of these pathogenic bacteria in the system reveals that care should be taken both by the handlers and fisher folk to see that diseases are not being spread in addition to creating awareness among them.

Ogedengbe and Aina (1980) and Robert (2012) reported that some of the factors that may contribute to infiltration of microbial contamination are improper location of the pond proximity to toilets, the introduction of contaminated food or material into the system and use of bucket or container directly from the soil into the system.

In the present study, maximum bacterial counts were recorded during the rainy season. Literature reveals that increased surface flows during the rainy season resulting in the increased erosion and transport of sediment-carrying bacteria into the system would be the reason for the increased load during this period. Similar observations were also noticed by Sood et al. (2008), Kumarasamy et al. (2009) and Nidhi et al. (2018).

The fungal species that were isolated from the system are recorded in Table 2. As event from the table, a total of 10 species belonging to 8 genera were recorded. A comparison of the fungal diversity during the different seasons reveals that 9 species were recorded during the rainy season. Only Penicillium notatuim was absent during this season. On the other hand, the presummer season recorded 8 species with Pythium undulatum and Saprolegnia diclina being absent in this season. The summer season recorded the presence of 7 species. Aspergillus fumigatus, Achlya apiculata and Saprolegnia diclina were absent during this season. The post summer season recorded the presence of 6 species. Aspergillum fumigatus, Chaetomium globosum, Fusarium oxysporum and Penicillium notatum were absent during this season. Thus among the 10 species, only 3 species were recorded in all the seasons (Aspergillus niger, Aspergillus flavus and Trichoderma virids.

A perusal of literature reveals that among numerous aquatic fungi, species of Oomycetes have special importance because of their effect on fish health (West, 2006, Satri, 1991; Chouhan and Qureshi 1994; Rashmikumari and Chadankumar, 2015). Firoz et al. (2011) suggested that several species of Penicillium fusarium and Aspergillus were some of the most virulent pathogens in fishes while Rashmikumari and Chandankumar (2015) suggested that species of Achlya and Aspergillus were the fungi that showed maximum virulence in fishes. On the other hand, Roberts et al. (1993) and Hatai et al. (1994) also reported that most of the fishes suffer from infections of Saprolegnia during their life time.
Conclusion


the present study reveals the presence of potentially pathogenic fungi in the system which in turn reflects on the need to curb their population in addition to creating awareness among the potential handlers of the system.

Table – 1
Monthly Occurrence of Microbiological studies of a Freshwater Pond at Kumbakonam
	S.No
	Month
	Bacterial Count

(Cfu/ml)
	Fungal count

(Cfu/ml)

	
	
	2018-19
	2019-20
	2018-19
	2019-20

	1.
	April
	4.1 ( 104
	5.8 ( 104
	2.2 (102
	2.6 ( 102

	2.
	May
	4.6 ( 104
	6.9 ( 104
	2.6 ( 102
	2.4 ( 102

	3.
	June
	4.9 (104
	6.6 ( 104
	1.6 ( 102
	1.4 ( 102

	4.
	July
	5.2 ( 104
	7.7 ( 104
	1.3 ( 102
	1.4 ( 102

	5.
	August
	6.6 (104
	6.8 ( 104
	2.1 ( 102
	2.6 ( 102

	6.
	September
	7.8 ( 104
	7.9 ( 105
	3.2 ( 102
	2.7 ( 102

	7.
	October
	9.2 ( 105
	10.2 ( 105
	3.4 ( 102
	3.4 ( 102

	8.
	November
	10.5 ( 105
	11.2 ( 105
	3.9 ( 102
	3.6 ( 102

	9.
	December
	10.2 ( 105
	10.6 ( 104
	4.0 ( 102
	4.3 ( 102

	10.
	January
	8.4 ( 104
	9.5 ( 104
	4.2 ( 102
	5.6 ( 102

	11.
	February
	7.2 ( 104
	8.6 ( 104
	3.2 ( 102
	5.2 ( 102

	12.
	March
	6.8 ( 104
	7.6 ( 104
	2.4 ( 102
	3.6 ( 102


Table – 2

Bacterial and Fungal Species Isolated During the Different Seasons
 from the Pond at Kumbakonam 
	
	Bacterial Species
	Pre-Summer Season
	Summer Season
	Post summer Season
	Rainy/With Season

	1
	Escherichia coli
	+
	+
	+
	+

	2.
	Enterobacter aerogenes 
	+
	+
	+
	+

	3.
	Proteus vulgaris
	+
	+
	+
	+

	4.
	Salmonella typhi
	-
	-
	-
	+

	5.
	Pseudomonas aeruginosa
	+
	+
	+
	+

	6.
	Staphylococcus aureus
	+
	-
	-
	+

	7.
	Klebsiella pneumoniae
	-
	+
	+
	+

	8.
	Vibrio alginolyticus
	+
	-
	-
	+

	9.
	Streptococcus faecalis
	+
	+
	+
	+

	
	Fungal Species
	
	
	
	

	1.
	Aspergillus niger
	+
	+
	+
	+

	2.
	Aspergillus flavus
	+
	+
	+
	+

	3.
	Aspergillus fumigatus
	+
	+
	-
	+

	4.
	Chaetomium globosum 
	+
	+
	+
	+

	5.
	Fusarium oxysporum
	+
	+
	+
	+

	6.
	Pencillium notatum
	+
	+
	+
	-

	7.
	Pythium undulatum
	+
	-
	+
	+

	8.
	Achlya apiculata
	+
	+
	-
	+

	9.
	Trichoderma viride
	+
	+
	+
	+

	10.
	Saprolegnia diclina
	-
	-
	+
	+
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