


Growth Performance and Water Quality Dynamics of Common Carp (Cyprinus carpio) Under a fabricated Three-Tier Perforated Sheet Aerator System

	ABSTRACT 
Aims:
            This study was designed to explore how a newly fabricated three-tier perforated sheet aerator could enhance the growth of Common Carp (Cyprinus carpio) and maintain better water quality during culture. 
Study Design:
           A comparative experimental approach was followed to evaluate differences between aerated culture systems and traditional non-aerated systems. 
Place and Duration of Study:
           The work was carried out at the Research and Instructional Fish Farm, College of Fisheries, Mangaluru, using six cement ponds over a complete culture period. 
Methodology:
            A total of 300 fingerlings were stocked uniformly across six ponds (50 fish per pond). The aerator was operated for 3 hours daily to increase oxygen exposure during water circulation. Fish growth was monitored every two weeks by measuring length and weight, while major water quality parameters such as dissolved oxygen, pH, temperature, nitrogenous compounds, alkalinity, and hardness were evaluated following standard procedures. Data were statistically analyzed using an independent t-test at p < 0.05. 
Growth Performance and Water Qu…
Results:
            Fish in aerated ponds showed noticeably better performance with higher weight gain (61.77 ± 0.54 g), faster growth rates (SGR: 1.94 ± 0.03%/day; ADG: 0.46 ± 0.02 g/day), improved feed efficiency (FCR: 2.02), and slightly higher survival (87.50%) compared to the control group. Dissolved oxygen increased significantly under aeration (8.74 ± 1.06 mg/L; p = 0.000), along with improvements in nitrite, nitrate, and alkalinity levels. 
Conclusion:
           The results clearly indicate that this aerator model can strengthen fish growth and overall pond health, offering a simple and economical tool for sustainable aquaculture development.
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1. INTRODUCTION
Aquaculture has emerged as the fastest-growing food production sector worldwide, contributing significantly to food and nutritional security. In 2022, global aquaculture production reached 130.9 million tonnes valued at USD 313 billion, with aquatic animals accounting for 94.4 million tonnes of this output (FAO, 2024). As the global population is projected to reach 9.73 billion by 2050 (Anon, 2019), the demand for sustainable protein sources continues to rise. Notably, aquaculture provides nearly 20% of the animal protein consumed by 3.2 billion people (FAO, 2018). India plays a vital role in this sector, contributing 7.1% to global aquaculture production, where freshwater carp culture remains the primary driver of inland fisheries development (Ayyappan and Diwan, 2006). 
However, the rapid intensification of aquaculture brings challenges, including increased disease vulnerability, escalating production costs, and deteriorating water quality. Among the various environmental parameters, dissolved oxygen (DO) stands out as the most crucial factor influencing fish health, survival, and growth efficiency (Boyd, 1998; Kemker, 2013). Oxygen depletion causes severe stress, reduced feeding, lowered immunity, and potential mortality (Roy et al., 2021), while supersaturated oxygen conditions may induce gas bubble disease (Kemker, 2013). DO dynamics are further regulated by environmental factors such as temperature, salinity, and altitude (Khani and Rajaee, 2017; Moon et al., 2003; Zaker, 2007; Paz et al., 2020). 
Artificial aeration is widely adopted to maintain optimum DO levels in intensive aquaculture systems. Conventional aerators including paddle wheels and diffusers are effective but require high energy input and add substantial production cost (Boyd, 1998). The perforated tray aerator has gained recognition as a cost-efficient and eco-friendly alternative by enhancing atmospheric oxygen absorption through gravity-driven droplet formation across multiple layers (Eltawil and ElSbaay, 2016; Boyd and Watten, 1989). While moderate aeration improves productivity and economic returns (Avinash et al., 2013), aeration alone can still contribute over 15% of total operational costs in fish farms (Kumar et al., 2013). 
Therefore, the present study focuses on the development and evaluation of a fabricated three-tier perforated sheet aerator designed to enhance oxygen transfer efficiency and improve culture conditions. The study assesses its effects on the growth performance and water quality dynamics of Common Carp (Cyprinus carpio), aiming to contribute toward more sustainable and economically viable aquaculture technologies.
2. MATERIALS AND METHODS
2.1 EXPERIMENTAL SETUP	Comment by AVIK BHANJA: Mention the flow rate, water turnover of aerator
The study was conducted at the Research and Instructional Fish Farm of the College of Fisheries, Mangaluru. A custom-built three-tier horizontal perforated sheet aerator model was developed using galvanized iron perforated sheets measuring 85 × 85 × 5 cm. The aerator featured three vertical tiers mounted on a wooden stand and was powered by a one-horsepower pump. The experimental design utilized six uniform-sized cement ponds divided into two groups: three aerated ponds (T1a, T1b, T1c) equipped with the aerator system and three non-aerated control ponds (T2a, T2b, T2c) (Fig. 1). Aeration was applied for three hours daily; water was pumped through the perforated trays (Fig. 2), breaking into fine particles to enhance oxygen transfer by contacting atmospheric air before entering the pond water.
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	Fig.1 Fabricated Three-tier perforated sheet Aerator model used in the study
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	Fig.2 Experimental design with Aerator model



2.2 FISH STOCKING AND CULTURE
Common Carp (Cyprinus carpio) fingerlings of uniform size were stocked at a density of 10,000 fingerlings per hectare, 50 fingerlings per pond (total 300 fish). The ponds were prepared following standard aquaculture protocols. Throughout the culture period, fish were fed a formulated diet containing tapioca, fish meal, rice bran, and groundnut oil cake.
2.3 WATER QUALITY ANALYZES
Water samples were collected fortnightly early in the morning using polythene containers. Parameters measured included temperature, pH, dissolved oxygen, ammonia, nitrite, nitrate, alkalinity, and hardness. Dissolved oxygen was determined in the field using the Winkler method with oxygen fixing bottles (BOD bottles). Water temperature was recorded using a mercury-in-glass thermometer, and pH was measured via digital pH meter (WTW pH 320). Ammonia was assessed by the phenol-hypochlorite method, while nitrite and nitrate levels were estimated as per standard procedures. Alkalinity was evaluated by titrimetric method following APHA (1998) protocols.
2.4 GROWTH PERFORMANCE EVALUATION
Fish sampling occurred every two weeks, where total length and weight were recorded using a centimeter scale and 2 weeks, and total length and weight were recorded using a centimetre scale and an electronic balance, respectively. At least 50% of the stock was sampled cautiously and returned to the pond. Growth and survival indices were calculated as follows:
· Weight Gain (g) = Final weight - Initial weight
· Percentage Weight Gain (%) = [(Mean final weight – Mean initial weight) / Mean initial weight] × 100
· Average Daily Gain (g day−1) = (Final weight – Initial weight) / Culture period (days)
· Specific Growth Rate (%) = [(ln final weight – ln initial weight) / Number of days] × 100
· Survival Rate (%) = (Number of fish survived / Initial number stocked) × 100
· Feed Conversion Ratio (FCR) = Total feed given / Animal weight gain
3. STATISTICAL ANALYSIS
Data on growth performance and water quality parameters between aerated and non-aerated ponds were analyzed using the independent samples ‘t’ test for significance (p < 0.05) employing IBM SPSS version 26 software.
4. RESULTS AND DISCUSSION
	This study focused on improving the growth of common carp by using a specially designed aerator model. Aeration is known to play an important role in supporting the growth and well-being of aquatic animals. The results showed that fish reared in tanks with the aerator grew better than those in tanks without it. Overall, the study suggests that proper aeration can be an effective way to boost the growth and survival of common carp.
4.1 GROWTH PARAMETERS
The growth performance of common carp was significantly better (p<0.05) in tanks equipped with the fabricated three-tier horizontal perforated sheet aerator compared to the control tanks without aeration. This improvement was evident through higher values of weight gain, percentage weight gain, specific growth rate, and a more efficient feed conversion ratio, all contributing to increased production. In this study, various growth parameters were analyzed, including feed conversion ratio (FCR), specific growth rate (SGR), average daily gain (ADG), percentage weight gain (%WG), weight gain (WG), and survival rate (%). The fish reared in tanks with the aerator model showed consistently better growth performance, as indicated by the mean ± standard error values presented in Table 1.

	Table 1: Growth performance of Common carp in tanks (without and with fabricated aerator) during the study


	Growth Parameter
	Aerated Tanks
	Non-aerated Tanks

	FCR
	2.02
	2.12

	SGR (%/day)
	1.94 ± 0.03
	1.54 ± 0.02

	ADG (g/day)
	0.46 ± 0.02
	0.30 ± 0.01

	Survival Rate (%)
	87.50
	82.00

	Weight Gain
	61.77 ± 0.54
	40.69 ± 0.28

	Length Gain
	8.81± 0.17
	6.92± 0.07


The overall length gain in the aerator-equipped tanks was determined to be 8.81± 0.17%, whereas the length gain in the non-aerator tanks was 6.92± 0.07% (Fig.3). Comparably, for aerated tanks and non-aerated tanks, the percentage weight gain is 61.77 ± 0.54% and 40.69 ± 0.28%, respectively (Fig. 4).
The fishes in the tanks with and without an aerator had average daily gains of 0.46 ± 0.02and 0.30 ± 0.01, respectively (Fig. 5). The specific growth rate (SGR) was 1.94 ± 0.03and 1.54 ± 0.02 for tanks without aerators and with aerators, respectively (Fig. 6).
Magnoni et al. (2018), in their research, observed that a decrease in DO concentrations had significantly affected the feed intake of rainbow trout. The feed conversion ratio (FCR) is observed to be higher for the fish in tanks without an aerator (2.12) than that of the fish in tanks with an aerator (2.02) (Fig. 7). Fish consistently demonstrated good feed efficiency and low FCR when fed at the required DO in water (Duan et al., 2011, Sultana et al., 2017, and Sarmam et al., 2018). In addition, the survival rates were observed to be higher in the tanks with aerators, i.e., 87.50%, than in the control tanks, i.e., 82.00% (Fig. 8). The average survival rates in aerated and non-aerated tanks were 64% and 21% for rohu, mrigal, silver carp, and grass carp (Qayyum et al., 2005), and 92% and 40% for channel catfish (Hollerman and Boyd, 1980), respectively.
	

	Fig.3 Comparison between the Average length gain of fishes in aerated and non-aerated tanks




	

	Fig.4 Comparison between the Average weight gain of fishes in aerated and non-aerated tanks







	

	Fig.5 Comparison between the average daily gain of fishes in aerated and non-aerated tanks




	

	Fig.6 Comparison between the specific growth rate of fishes in aerated and non-aerated tanks






	

	Fig.7 Comparison between the feed conversion ratio of fishes in aerated and non-aerated tanks




	

	Fig.8 Comparison between the survival rate of fishes in aerated and non-aerated tanks






4.2 WATER QUALITY
	Treatment 
	Temp (°C) 
	pH
	CO2
(mg/L)
	DO (mg/L)
	Ammonia
(mg/l)
	Nitrite
(mg/l)
	Nitrate
(mg/l)
	Alkalinity
(mg/l)

	Hardness
(mg/l)

	Arated Tanks
	27.95 ± 1.49 
	7.65 ± 0.36
	0.44 ± 0.57 
	8.74 ± 1.06
	0.0099 ± 0.0062
	0.0016 ± 0.0005
	[bookmark: _Hlk216185617]0.0053 ± 
0.0006

	[bookmark: _Hlk216185727]87.89 ± 
13.77
	78.63 ±
 16.19

	Non-Aerated tanks
	27.81 ± 0.85 
	7.89 ± 0.42
	0.53 ± 0.79
	6.66 ± 0.70
	0.0159 ± 0.0094
	0.0023 ± 0.0006
	0.0075 ± 0.0020
	[bookmark: _Hlk216185784]71.44 ± 
12.00
	72.37 ± 
10.56

	p - value
	0.810
	0.212
	0.786
	0.000
	0.132
	0.016
	0.011
	0.015
	0.348


	The physico-chemical characteristics of the water, such as dissolved oxygen, pH, temperature, hardness, and turbidity, are all impacted by the aeration system in addition to the fish's growth. Moses (1992) made similar conclusions, stating that a variety of physical, chemical, and biological factors affect water quality, which in turn affects how soluble it is for fish and other aquatic animal production and dispersion. The water quality was assessed using a number of factors that affect fish health and are represented as the mean ± standard error (Table 2).


	The recorded temperature values were 27.95 ± 1.49 °C in the tanks without an aerator and 27.81 ± 0.85 °C in those equipped with an aeration system. Aerators play a vital role in minimizing thermal stratification by enhancing the interface between air and water. This process facilitates better oxygen diffusion and promotes continuous water circulation, contributing to a stable aquatic environment (Boyd and Martinson, 1984). In the present study, CO2 values were 0.53 ± 0.79 tanks without aeration and those with aeration. Earlier studies by Boyd (1982) and Hollerman and Boyd (1980) also showed that aerated ponds tend to maintain lower CO₂ levels compared to stagnant ponds, where carbon dioxide accumulates more easily. The dissolved oxygen (DO) concentration was notably higher in aerated tanks ( mg/L) compared to non-aerated tanks ( mg/L). The three-tier horizontal perforated sheet aerator demonstrated superior efficiency in improving pond oxygenation relative to control systems (Mohan et al., 2022).
	In the present study, pH values were for tanks without aeration and for those with aeration. Generally, DO and temperature maintain an inverse relationship; as temperature increases, DO tends to decrease. The observed rise in DO, accompanied by a slight reduction in temperature and pH, may be explained by aeration-induced degasification processes (USEPA, 1998). Ammonia levels were mg/L in non-aerated tanks and mg/L in aerated tanks. Similarly, nitrite concentrations were mg/L and mg/L, while nitrate levels were mg/L and mg/L, in tanks without and with aeration, respectively. The total concentration of nitrogenous compounds namely ammonia, nitrite, and nitrate remained within acceptable limits, with aeration effectively reducing their accumulation.
	Organic residues such as uneaten feed, manure, and metabolic waste can decompose incompletely, producing harmful byproducts that consume large amounts of oxygen. Excessive accumulation of toxic compounds like hydrogen sulphide, ammonia, and nitrite poses a serious risk to cultured fish (Chen et al., 2013). In the present study, alkalinity levels were mg/L in non-aerated tanks and mg/L in aerated tanks. Correspondingly, hardness levels were mg/L and mg/L, both within the recommended range. For freshwater systems, alkalinity between 5 and 500 mg/L is considered desirable (Boyd, 1982; Lawson, 1995). Additionally, an alkalinity level above 20 mg/L has been reported to enhance productivity in fertilized and tilapia culture ponds (Boyd, 1982; Lucas and Southgate, 2012).
	Overall, the three-tier perforated sheet aerator proved highly effective in elevating dissolved oxygen concentrations a key determinant of water quality and fish growth in aquaculture systems. DO influences not only the physiological functioning of the cultured organisms but also various physicochemical and biological parameters of the water. By sustaining adequate oxygen levels and promoting stable environmental conditions, the aeration system supports optimal fish health, efficient nutrient cycling, and improved overall pond productivity (Fouda et al., 2023).
5. Conclusion:
	The present study evaluated the effectiveness of a fabricated three-tier perforated sheet aerator in enhancing the growth performance of common carp (Cyprinus carpio) relative to non-aerated tanks, recognizing the central role of aeration in aquaculture productivity. The results indicated that the aerator model not only improved key physico-chemical properties of the water but also exerted a significant positive effect on fish growth and survival. Future investigations could compare the oxygen transfer efficiency of different aerator configurations to identify more effective designs. In addition, economic analyses that account for the costs of design, fabrication, operation, and maintenance are warranted to assess the practical applicability of this aerator model in commercial aquaculture.
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Length Gain	Aerated Tanks	Non-aerated Tanks	8.81	6.92	
Length Gain



Weight Gain	Aerated Tanks	Non-aerated Tanks	61.77	40.69	
Weight Gain



ADG (g/day)	Aerated Tanks	Non-aerated Tanks	0.46	0.3	
ADG (g/day)



SGR (%/day)	Aerated Tanks	Non-aerated Tanks	1.94	1.54	
SGR (%/day)



FCR	Aerated Tanks	Non-aerated Tanks	2.02	2.12	
FCR



Survival Rate (%)	Aerated Tanks	Non-aerated Tanks	87.5	82	
Survival Rate (SR) (%)
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