


	

Comparative Assessment of Water Quality Parameters and Fish Productivity in Maintained and Non-maintained Pond Systems in Karimganj District, Assam,India



ABSTRACT 
Environmental factors directly influence the growth and survival of fishes and the quality of the water, in which they are cultured, is an important environmental factor in this regard. A study was conducted in the Alekargul and Tikarpara village (Badarpur sub-division) of Sreebhumi (earlier Karimganj) district, Assam to investigate some physicochemical parameters of waters of fisheries and non-maintained ponds present in those villages. The water quality parameters such as pH, temperature, dissolved oxygen, biological oxygen demand, and alkalinity were analyzed. The study revealed that there is significant variation in some of the water properties which pose a challenge for good productivity of fishes. It is found that the water temperature varies from 280C-320C and it is suitable for fish culture. DO vary between 4-9 mg/l. Mean pH values vary between 6.0 and 7.5 and total alkalinity varies between 80-200 ppm. BOD was between 3-9mg/l.
This study highlights the scope for utilization of the water resources in the study areas by introducing proper management practices. 
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INTRODUCTION 
A fishery is a sunrise sector of our Indian economy.  Fishes are aquatic, cold blooded vertebrates and cultured in ponds and tanks. Their growth and survival is influenced by the quality of the water in which they are cultured. Larger water bodies like reservoirs, lakes and rivers have relatively uniform environmental conditions whereas smaller water bodies such as ponds, tanks, hatcheries etc. in which fishes are raised, are subject to more variable conditions.
“Water is the physical support in which fishes carry out their life functions such as feeding, swimming, breeding, digestion and excretion” (Bronmark and Hansson, 2005). Many workers have reported the status of water bodies (lentic and lotic) after receiving various kinds of pollutants altering water quality characteristics (physical, chemical and biological). All living organisms have tolerable limits of water quality parameters in which they perform optimally. “A sharp drop or an increase within these limits has adverse effects on their body functions” (Davenport, 1993; Kiran, 2010). So, good water quality is very essential for survival and growth of fish. As we know fish is an important protein rich food resource and there has been sharp increase in demand of fish products due to increasing population pressure in this century, so to meet the demand of present food supply, water quality management in fish ponds is a necessary step that is required to be taken up. The distribution of fish ponds in the country is determined by several factors such as availability and quality of water, suitable land for fish farming, awareness and motivation within the community on the economic potential of fish farming.
“Fish growth depends on environmental water quality in order to boost its production and physicochemical parameters are known to affect the biotic components of an aquatic environment in various ways” (Ugwumba and Ugwumba, 1993). “Knowledge of hydrological conditions and plankton of any water body is not only useful in assessing its productivity, but will also permit a better understanding of the population and life cycle of the fish community” (Adebisi, 1981; Ayodele and Ajani, 1999). 
“In the presence of environmental stress such as low dissolved oxygen, high temperature and high ammonia” (Boyd, 1981), “the ability of organisms to maintain its internal environment (i.e., metabolism, catabolism and reproduction) is reduced” (Ezra and Nwankwo, 2001). In view of this, “monitoring of water quality, which centers on determination of optimal, sub-lethal and lethal values of physicochemical parameters standardized for fish culture should be embraced” (Boyd and Lichtkoppler, 1985). 
Such physicochemical parameters include dissolved oxygen (DO), temperature, pH, conductivity and biological oxygen demand (BOD). “Several of these physicochemical parameters have been studied on indigenous habitats” (APHA, 1991, Boyd, 1981, King, 1998, Ezra and Nwankwo, 2001 and Fafioyeet al., 2005). However, pond habitats can be easily manipulated by controlling the water characteristics for an optimum environment yielding high level fish production.
Generally fish needs 250Cto 320C of water temperature. Dissolved oxygen concentration (DO) is considered the most important water quality variable in fish culture. Biochemical oxygen demand (BOD) is the amount of dissolved oxygen needed by aerobic biological organisms in a body of water to break down organic material present in a given water sample at certain temperature over a specific time period. Total alkalinity of 20 mg/L or more is necessary for good pond productivity. “A desirable range of total alkalinity for fish culture is between 75 and 200 mg/L CaCO3” (Boyd & Lichtkoppler, 1985). The ph value is an indicator of the presence of metabolites, photosynthetic activity and fertility of the pond water. The recommended pH range for aquaculture is 6.5 to 9.0.
Hence the present study is aimed at analyzing the above mentioned ecological parameters to assess the productivity of fishes in maintained and non maintained ponds, to review and present a concise opinion regarding the optimum levels of water quality characteristics required for maximum fish production in maintained (fishery) and non-maintained (household) ponds.






STUDY SITES
The studies of fisheries were carried out in the village Alekargul, Badarpur and the ponds were studied in the village Tikarpara, Badarpur which is about 25 Km from Karimganj. Generally fisheries are maintained and ponds are non-maintained. Therefore, two fisheries and two ponds were selected for the study. The average size of the ponds was 180 x 42 m and depth 3 ft. The average size of the fisheries was 200 x 80 m and depth 6 ft.
[bookmark: _GoBack][image: ]In the fisheries varieties of fishes are cultivated in their stocking season such as Cyprinus carpio (common carp), Hypophthalmichthys molitrix (silver carp), Ctenopharyngodon idella (grass carp), Labeo rohita (rohu), Labeo boggut (Ghonia), Oncochromis mosambicus (tilapia), Labeo calbasu (kalabaus), Catla catla (catla), Cirrhinus mrigala (mrigal), Pungasius pungasius (pungus), Carassius cavasius (golden carp) etc. and different types of food products are supplied for their stock. Rice bran and oil cakes are used as fish food.
[image: D:\sabbu frnds\sabbu stdy prog\New folder\20150816_120637.jpg]The fishes cultivated in both the ponds are Ctenopharyngodon idella (grass carp), Anabas (koi), 






Photo: STUDY SITES
Labeo rohita (rohu), Oncochromis mosambicus (tilapia), Labeo calbasu (kalibaus), Catla catla (catla), Cirrhinus mrigala (mrigal), Channa marulius (soal), Wallago attu (boal), Puntius sp. (puthi), Mystus tengara (Tengra), Clarius batrachus (magur), Heteropneustus fossils (shingi), Channa punctatus (cheng) etc. These fishes are developed in the ponds and are used for self consumption and some are used for business purpose.


MATERIALS & METHODS

METHOD
Two fisheries and two ponds were studied. In each area the ponds and fisheries were sampled and result was presented in a generalised form.
Water samples were collected using plastic bottle of capacity half liters at 15 days interval. 

Temperature: Temperature was measured in-situ with a hand held mercury-in-glass thermometer.  The thermometer was rinsed with a portion of the sample and discarded. The  thermometer  was  then immersed  into  a  250ml  beaker  containing  the water sample until the liquid column in the thermometer stopped moving (approximately 02 minute,  or  longer  if    the  temperature  reading has not become constant). Then the reading was recorded. 
pH: The pH of samples were measured by a hand held Sigma Hanna Checker-1 pH meter (Model HI991001).

DO: Winkler’s titrimetric method was used to estimate the level of DO in mg/l for each pond.
Procedure: A 250 ml BOD bottle was filled with the sample water. Immediately 1 ml of manganese sulfate was added to the collection bottle and 1 ml of alkali-iodide-azide reagent was added in the same manner (white precipitate indicates absence of oxygen and red precipitate indicates presence of oxygen). The stopper is placed and the bottle is shaken to mix well. 1 ml of concentrated H2SO4 was added and shaken to mix well. 100 ml of sample is taken in a glass flask and 2 ml of the starch solution was added to form a blue colour.
The sample is then titrated with sodium thiosulphate, until the blue colour disappears. The concentratuion of dissolved oxygen in the sample is equivalent to the number of milliliters of titrant used. 

BOD: The value of this parameter was calculated using standard methods described by Boyd (1979) and APHA (1991).
Procedure: Dilution water is prepared in glass container by bubbling distilled water for about 30 minutes. 1 ml each of phosphate buffer, magnesium sulphate, calcium chloride and ferric chloride is added to each 1L of dilution water and mixed thoroughly. The samplke is neutralized to pH of 7.0, by using 1(N) NaOH or H2SO4. As the dissolved oxygen of the sample is liely to be exhausted; it is important to prepare a suitable dilution of the sample as per expected BOD range. The dilutions are prepared in a bucket or a large glass trough. The contents are mixed thoroughly. Two sets of BOD bottles are filled.
One set of BOD bottle is kept in a BOD incubator at 200C for 05 days, and the DO content in the other is determined immediately. DO of the BOD bottle, kept in a BOD incubator at 200C is determined after 05 days.

Alkalinity:The values of this parameter were calculated by standard methods using Phenolpthalein indicator and Methyl Orange indicator.
Procedure: 10 ml of water sample is taken into a conical flask. 2-3 drops of Phenolpthalein indicator is added. A pink colour appears indicating the presence of carbonate. This is titrated with 0.02 (N) H2SO4 until the colour disappears. This is Phenolpthalein indicator end point, where alkali carbonate is converted to bicarbonate. The titrant amount is designated as V1 ml. 
After that 1-2 drops of Methyl Orange indicator is added to the colourless solution and titration is continued until colour changes from yellow to rose red. The titrant amount is designated as V2 ml.
The volume of the acid required with Phenolpthalein is equal to the ½ of CaCO3 and the rest of acid required in the Methyl Orange is equal to rest of CaCO3 and whole of Ca(HCO3)2.





RESULTS & DISCUSSION
Table 1: Temperature of the water samples collected from different water bodies
	NO. OF SAMPLE COLLECTION
	DATE OF SAMPLE COLLECTION
	WATER OF POND-1
	WATER OF POND-2
	WATER OF FISHERY-1
	WATER OF FISHERY-2

	1
	02.08.25
	28.00C
	29.50C
	32.00C
	31.00C

	2
	16.08.25
	28.00C
	28.00C
	30.00C
	29.00C

	3
	02.09.25
	28.00C
	29.00C
	31.00C
	30.00C

	4
	16.09.25
	31.00C
	32.00C
	31.00C
	32.00C

	5
	06.10.25
	29.00C
	29.50C
	32.00C
	29.00C

	6
	16.10.25
	31.00C
	28.00C
	30.00C
	30.00C




Table 2: Variation of dissolve oxygen in water collected from sampled sites
	NO. OF SAMPLE COLLECTION
	DATE OF SAMPLE COLLECTION
	WATER OF POND-1
	WATER OF POND-2
	WATER OF FISHERY-1
	WATER OF FISHERY-2

	1
	02.08.25
	5.0mg/l
	4.0mg/l
	9.1mg/l
	6.0mg/l

	2
	16.08.25
	5.5mg/l
	4.3mg/l
	7.0mg/l
	9.0mg/l

	3
	02.09.25
	5.4mg/l
	8.5mg/l
	7.5mg/l
	8.5mg/l

	4
	16.09.25
	4.5mg/l
	6.6mg/l
	5.1mg/l
	7.0mg/l

	5
	06.10.25
	9.3mg/l
	8.0mg/l
	7.5mg/l
	8.5mg/l

	6
	16.10.25
	7.4mg/l
	7.0mg/l
	6.6mg/l
	6.0mg/l







Table 3:  pH value recorded from water samples at different water bodies
	NO. OF SAMPLE COLLECTION
	DATE OF SAMPLE COLLECTION
	WATER OF POND-1
	WATER OF POND-2
	WATER OF FISHERY-1
	WATER OF FISHERY-2

	1
	02.08.25
	7.2
	6.76
	6.95
	6.74

	2
	16.08.25
	7.0
	6.98
	6.64
	6.82

	3
	02.09.25
	6.0
	7.1
	6.54
	6.78

	4
	16.09.25
	6.6
	6.67
	6.76
	6.64

	5
	06.10.25
	6.0
	6.0
	7.0
	7.2

	6
	16.10.25
	7.0
	6.1
	7.5
	6.8



Table 4: Total alkalinity of water samples of different water bodies
	NO. OF SAMPLE COLLECTION
	DATE OF SAMPLE COLLECTION
	WATER OF POND-1
	WATER OF POND-2
	WATER OF FISHERY-1
	WATER OF FISHERY-2

	1
	02.08.25
	100ppm
	124ppm
	140ppm
	120ppm

	2
	16.08.25
	190ppm
	188ppm
	176ppm
	200ppm

	3
	02.09.25
	98ppm
	80ppm
	100ppm
	124ppm

	4
	16.09.25
	168ppm
	90ppm
	190ppm
	124ppm

	5
	06.10.25
	50ppm
	90ppm
	150ppm
	100ppm

	6
	16.10.25
	80ppm
	85ppm
	120ppm
	190ppm






Table 5: Biological oxygen demand of water samples of different water bodies (After each 3 days incubation)

	NO. OF SAMPLE COLLECTION
	DATE OF SAMPLE COLLECTION
	WATER OF POND-1
	WATER OF POND-2
	WATER OF FISHERY-1
	WATER OF FISHERY-2

	1
	05.08.25
	3.5mg/l
	3.8 mg/l
	4.0 mg/l
	5.1 mg/l

	2
	19.08.25
	4.2 mg/l
	3.5 mg/l
	4.3 mg/l
	4.7 mg/l

	3
	05.09.25
	3.8 mg/l
	5.2 mg/l
	4.8 mg/l
	4.5 mg/l

	4
	19.09.25
	3.1 mg/l
	3.0 mg/l
	4.5 mg/l
	4.8 mg/l

	5
	06.10.25
	4.1 mg/l
	4.2 mg/l
	4.2 mg/l
	4.2 mg/l

	6
	18.10.25
	5.0 mg/l
	5.5 mg/l
	5.8 mg/l
	4.1 mg/l





Table 6: Mean variation of the physicochemical parameters of the water samples 
collected from the experimental water bodies

	SL. NO.
	SAMPLE SITES
	TEMPERATURE (0C)
	DO (mg/L)
	pH
	ALKALINITY (ppm)
	BOD

	1
	Pond – 1
	28.30
	5.4
	6.6
	114.4
	3.9

	2
	Pond – 2
	28.30
	6.4
	6.6
	109.5
	4.2

	3
	Fishery – 1
	31.00
	7.1
	6.8
	146.0
	4.6

	4
	Fishery - 2
	30.10
	7.5
	6.8
	143.0
	4.5





	STUDY SITES
	WEIGHT OF FISHES 
(IN KG)
	AMOUNT  (IN INR)
	PROFIT 
(IN INR)

	
	Pre-stocking
	Post-harvesting
	Pre-stocking
	Post-harvesting
	

	Pond-1
	55kg
	670kg
	3,570/-
	60,600/-
	57,030/-

	Pond-2
	45kg
	480kg
	2,800/-
	48,000/-
	45,200/-

	Fishery-1
	500kg
	1,200kg
	12,000/-
	5,00,000/-
	4,88,000/-

	Fishery-2
	800kg
	25,00kg
	30000/-
	550000/-
	5,20,000/-


Table 7: Fish yields of studied aquatic bodies throughout the year



In aquaculture, water quality is one of the prime factors that determine the success of that particular culture. Primarily the water quality parameters are divided into three major categories, physical, chemical and biological. But a slight change in some of the parameters especially pH, temperature, DO will lead to stress in the organism and it may be of physiological or behavioral. Deteriorated or changed water quality will affect growth and reproductive capacity. 
The  fish  farming  under  optimum conditions 
can  offers  an  alternative  solution  to  the 
increasing  market  demand  for  fish  and  fish 
protein, in  addition to  providing  a  viable source 
of  revenue  for  most  households  with  proper 
water  management  practices  (Lewbart, 
2001).The total Egyptian fish production reached 
about 960 thousand tons in 2006, of which more 
than 61% was  from  aquaculture (Gafrad,  2007). 
The  fish  farming  under  optimum conditions 
can  offers  an  alternative  solution  to  the 
increasing  market  demand  for  fish  and  fish 
protein, in  addition to  providing  a  viable source 
of  revenue  for  most  households  with  proper 
water  management  practices  (Lewbart, 
2001).The total Egyptian fish production reached 
about 960 thousand tons in 2006, of which more 
than 61% was  from  aquaculture (Gafrad,  2007). 
“The fish farming under optimum conditions can offers an alternative solution to the increasing market demand for fish and fish protein, in addition to providing a viable source of revenue for most households with proper water management practices” (Lewbart, 2001). “The total Egyptian fish production reached about 960 thousand tons in 2006, of which more than 61% was from aquaculture” (Gafrad, 2007). The main cultured species are tilapia (O. niloticus); Carps (Cyprinus carpio), mullets and the African catfish (Clarias gariepinus). “Good fish management begins with an understanding of the physical, chemical and biological characteristics of the ponds. These characteristics determine the quality of fish the ponds can produce and the problems that may be encountered” (Felix et al., 2008). All other things being equal, a pond with "good" water quality will produce more and healthier aquatic creatures than a pond with "poor" water quality. “A number of research studies have been done on fish ponds, all pointing to the fact that all factors in the fish pond ecosystem are inter-related and require proper understanding in order to improve productivity” (Kweilin and Yang, 2003). Profitable fishing can result from proper management of fish and ponds.
“Temperature of an organism is defined as the level of hotness or coldness in the body of a living organism either in water or land. Temperature, an important parameter in this study influences the biological oxygen demand in wells. As water temperature increases, it holds less oxygen. Also plants and animals use more oxygen due to increased respiration” (Umeh et al. 2020). 
The  fish  farming  under  optimum conditions 
can  offers  an  alternative  solution  to  the 
increasing  market  demand  for  fish  and  fish 
protein, in  addition to  providing  a  viable source 
of  revenue  for  most  households  with  proper 
water  management  practices  (Lewbart, 
2001).The total Egyptian fish production reached 
about 960 thousand tons in 2006, of which more 
than 61% was  from  aquaculture (Gafrad,  2007). 
The  fish  farming  under  optimum conditions 
can  offers  an  alternative  solution  to  the 
increasing  market  demand  for  fish  and  fish 
protein, in  addition to  providing  a  viable source 
of  revenue  for  most  households  with  proper 
water  management  practices  (Lewbart, 
2001).The total Egyptian fish production reached 
about 960 thousand tons in 2006, of which more 
than 61% was  from  aquaculture (Gafrad,  2007). 
The ranges of various water quality parameters are summarized in the Tables 1 to 6 and it is found that the mean water temperature varies from 280C-320C (Table 1) and it is suitable for fish culture. DO vary between 4-9 mg/l (Table 2) and the concentration of DO is one of the most important parameters to indicate water purity and to determine the distribution and abundance of various algal groups. Mean pH values vary between 6.0 and 7.5 (Table 3). It indicates slightly basic and alkaline nature of water sample and total alkalinity varies between 80-200ppm (Table 4) and it represents the optimum limit for fish pond. BOD was between 3-9mg/l (Table 5). It is optimum for normal activities of fish.
Fishes do not like any kind of changes in their environment. Any changes add stress to the fishes and the larger and faster the changes, the greater the stress. So the maintenance of all the factors becomes very essential for getting maximum yield in a fish pond. Good water quality is characterized by adequate oxygen, proper temperature, limited levels of metabolites and other environmental factors affecting fish culture. The initial studies of water quality of a fish pond in India were probably conducted by Sewell (1927) and Pruthi (1932). After that many workers have studied the physicochemical condition of inland waters either in relation to fish mortality or as part of general hydrological survey (Alikunhiet al., 1952; Upadhyaya, 1964).
The various physicochemical parameters of water, recorded for the two maintained fisheries and two non-maintained ponds, were favourable for fish culture. Mean surface water temperature of 280C to 320C recorded (Table 1) agreed to the ranges recorded by Ugwumba and Ugwumba (1993). The least temperatures of 280C might be due to shading of water in Pond-1 by brunches of trees surrounding it. This prevented sunrays from direct contact with the water surface.



Fig. 1: Graphical representation of mean variation of temperature 

DO with higher ranges 4-9mg/l recorded (Table 2) is within the ranges documented by Boyd (1985) for good water quality on fish culture. This is because oxidation converts otherwise poisonous compounds to useful materials. It also encourages good feeding, food utilizing and high stocking density for fish eggs, larva and adults.




Fig. 2: Graphical representation of mean variation of DO


The average pH values of 6.0- 7.5 recorded in this study (Table 3) were within pH values of 6.5-9.0 documented by Boyd (1985). This value is most suitable for fish production for maximum productivity.



Fig3: Graphical representation of mean variation of pH


The mean total alkalinity of 80-200 ppm recorded (Table 4) agreed within the ranges documented by Bhatnagar et.al, (2004) is desirable for fish culture.



Fig. 4: Graphical representation of total mean variation of alkalinity


According to Bhatnagar et.al, (2004) the BOD level between 3.0-6.0 ppm is optimum for normal activities of fish. These marked differences of the values of physicochemical parameters in the different ponds might be due to effect of temperature, plankton density and concentration of organic and related factors.


Fig. 5: Graphical representation of mean variation in BOD


The relationship between fish yield and water parameters showed that no single parameters can be singled out in relation to fish growth and health. Among two fisheries and ponds, fishery-2 and pond-1 shows better fish yield than the fishery-1 and ponds-2. However, five of these parameters (i.e., temperature, DO, pH, alkalinity and BOD) must be kept at optimum level to guarantee high fish yield. The high temperatures of 300C, 320C, 310C and 280C recorded for fishery-1, fishery-2, pond-1 and pond-2 respectively might have resulted in better feeding and food conversion for the fishes. This is supported by Lin (1951) who documented that “temperature ranges of 270C to 320C will allow tropical fish to eat more and grow faster”.

Conclusion
The present study reveals that the environmental physicochemical parameters of water i.e., Temperature, DO, pH, Alkalinity and BOD of two fisheries are within the optimum range for fish growth and development and this is why we found considerable growth and profit. 
However though the physicochemical parameters of water of non-maintained ponds are also favourable for fish growth and development, due to non-maintenance of the water, the yield is poor in comparison to that of the fisheries. If non-maintained ponds are properly managed by the owner or by the local community with minimum investment then fish production will increase which will in turn meet the demand of fish for local inhabitants.  In addition to these, this will improve the socioeconomic status of the people involved in this sector. 
This study showed that fish yield is dependent on the quality and management of water bodies. In our study it is found that fishery-2 is the best maintained aquatic body for fish production and gives better yield in comparison to the other studied aquatic bodies.
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TEMPERATURE	POND1	POND2	FISHERY1	FISHERY2	28.3	28.310000000000031	31	30.1	Different  ponds and fishery

Temperature ranges



DO	POND1	POND2	FISHERY1	FISHERY2	5.4	6.4	7.1	7.5	Different pond and fisheries

Value of DO range


pH
PH	POND1	POND2	FISHERY1	FISHERY2	6.6	6.6099999999999985	6.8	6.83	Different pond and fisheries

pH value ranges 



ALKALINITY	POND1	POND2	FISHERY1	FISHERY2	114.4	109.5	146	143	Different pond and fisheries

Total alkalinity ranges



BOD	POND1	POND2	FISHERY1	FISHERY2	3.9	4.2	4.5999999999999996	4.5	Different pond and fisheries

BOD value ranges




3

image1.jpeg




image2.jpeg




