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Abstract 

The present study was aimed at establishing information on the growth rates of Litopenaeus vannamei cultured for one 

crop under different salinity and stocking density conditions, namely low salinity with low stocking density, low salinity 

with high stocking density, high salinity with low stocking density, and high salinity with high stocking density. The 

average values of pH, salinity, dissolved oxygen, ammonia, and temperature in ponds with low salinity and low stocking 

density were 8.04, 5ppt, 6.0 ppm, 0.48 ppm, and 28.22°C, respectively. In ponds with low salinity and high stocking 

density, the corresponding values were 8.39, 6 ppt, 5.53ppm, 0.61ppm, and 28.05°C, respectively. Similarly, the average 

values of pH, salinity, dissolved oxygen, ammonia, and temperature in ponds with high salinity and low stocking density 

were 8.31, 20 ppt, 4.92 ppm, 0.61 ppm, and 28.64°C, respectively. In contrast, ponds with high salinity and high stocking 

density recorded values of 7.98, 18 ppt, 5.13 ppm, 0.66 ppm, and 28.23°C, respectively. The results clearly demonstrated 

that stocking density exhibited an inverse relationship with shrimp growth. Lower stocking densities resulted in superior 

growth performance and higher production efficiency, whereas higher stocking densities adversely affected growth and 

reduced production rates. The findings indicate that optimizing stocking density is essential for maximizing the growth 

and production performance of L. vannamei under varying salinity conditions. 
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Introduction 

Aquaculture is one of the fastest-growing food production sectors globally and plays a significant role in food security, 

nutritional supply, employment generation, and economic development (Naylor, 2016; Azra et al., 2021; FAO, 2022; 

Dewali et al., 2023). The rapid expansion of aquaculture production has contributed substantially to meeting the increasing 

demand for aquatic food products resulting from population growth and changing dietary preferences (Naylor et al., 2021; 

Verdegem et al., 2023). Among various aquaculture sectors, shrimp farming represents one of the most valuable industries 

owing to its high export potential and growing international market demand (FAO, 2022). Among the commercially 

important shrimp species, Pacific white shrimp, Litopenaeus vannamei, has emerged as the dominant cultured shrimp 

species worldwide because of its rapid growth rate, high survival, broad environmental tolerance, and adaptability to 

intensive farming systems (Wyban & Sweeney, 1991; Boyd & Clay, 2002; Figueredo et al., 2023). The species is native 

to the Pacific coast of Central and South America but has been successfully introduced into many Asian countries, 

including India, where it has become the backbone of the shrimp aquaculture industry (Kumaran et al., 2017; Bauer et 

al., 2023). Andhra Pradesh is recognized as the leading shrimp-producing state in India, contributing a major share of the 

country's shrimp production and export earnings (Kumaran et al., 2017). 

Successful shrimp farming depends on several environmental and management factors, among which stocking density is 

considered one of the most critical determinants of growth performance, survival, feed utilization, and production 

efficiency (Arnold et al., 2009; Eid et al., 2020; Emerenciano et al., 2022). Stocking density directly influences the 

availability of space, feed resources, dissolved oxygen, and other environmental conditions required for normal growth 

and physiological activities of cultured shrimp (Moss & Moss, 2004; Mugwanya et al., 2022). Excessive stocking density 

often results in increased competition among individuals, leading to stress, reduced feed intake, poor growth performance, 

and lower survival rates (Ray & Chien, 1992). Furthermore, high stocking densities can contribute to the accumulation 

of metabolic wastes and uneaten feed, resulting in the deterioration of water quality and increased susceptibility to disease 

outbreaks (Hargreaves, 1998). Water quality management is another key factor affecting shrimp production in aquaculture 

systems. Parameters such as dissolved oxygen, pH, temperature, salinity, and ammonia concentration have direct effects 
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on shrimp metabolism, growth, survival, and immune responses (Boyd & Tucker, 1998). Dissolved oxygen is essential 

for respiration and energy metabolism, whereas elevated ammonia concentrations can induce physiological stress and 

suppress growth (Chien, 1992; Sun et al., 2023). Similarly, pH and temperature influence enzymatic activity, moulting, 

feeding behaviour, and overall culture performance (Fast & Lester, 1992). Therefore, maintaining optimal water quality 

conditions is essential for achieving sustainable shrimp production. 

Salinity is an important environmental variable influencing the physiological performance and growth of L. vannamei. 

The species is highly euryhaline and can tolerate a wide range of salinity conditions, enabling its culture in both coastal 

high-salinity ponds and inland low-salinity farming systems (Saoud et al., 2003; Sun et al., 2022). However, variations in 

salinity may affect osmoregulation, energy expenditure, feed conversion efficiency, and growth performance (Ponce-

Palafox et al., 1997). Previous studies have demonstrated that appropriate salinity conditions can enhance shrimp growth 

and production, whereas suboptimal salinity levels may increase physiological stress and reduce culture performance 

(Jaffer et al., 2021; Liu, et al., 2023). The interaction between stocking density and salinity is particularly important in 

shrimp farming because both factors collectively influence pond ecology, water quality dynamics, and shrimp growth. 

Although several studies have independently examined the effects of stocking density and salinity on shrimp culture 

performance, information regarding their combined influence under practical farming conditions remains limited. 

Understanding these relationships is essential for developing efficient culture strategies and improving production 

sustainability.Therefore, the present study was undertaken to evaluate the growth performance of Litopenaeus vannamei 

cultured under low- and high-salinity pond conditions with different stocking densities. The study further assessed 

important water quality parameters, including pH, salinity, dissolved oxygen, ammonia, and temperature, to determine 

their relationship with shrimp growth and production performance. The findings of the study are expected to contribute 

to the optimization of stocking density management and sustainable shrimp culture practices. 

 

2. MATERIALS AND METHODS 

2.1 Experimental Design and Pond Management 

The present study was conducted to evaluate the growth performance of Litopenaeus vannamei cultured under low- and 

high-salinity pond conditions at different stocking densities. The experiment comprised four culture conditions: low 

salinity with low stocking density, low salinity with high stocking density, high salinity with low stocking density, and 

high salinity with high stocking density. Prior to stocking, all ponds were prepared following standard shrimp farming 

practices. The ponds were completely dried and tilled to eliminate pests and predators and to facilitate oxidation of the 

pond bottom soil (Boyd & Tucker, 1998). Liming was carried out to correct soil pH and improve pond productivity. 

Natural food organisms were promoted through the adoption of Good Management Practices (GMPs), thereby creating 

favourable environmental conditions for shrimp growth and survival (FAO, 2022). 

 

2.2 Shrimp Sampling and Growth Monitoring 

Sampling was initiated on the 50th day of culture and continued at weekly intervals until harvest. During each sampling 

event, shrimp were collected from the ponds to determine average body weight and assess growth performance. Weekly 

growth rates were recorded throughout the culture period. In addition, the physical condition and general health status of 

shrimp were monitored during each sampling operation to evaluate culture performance (Fast & Lester, 1992). 

 

2.3 Feeding Management 

Shrimp were fed using commercially formulated feed according to the standard feeding chart adopted for L. vannamei 

culture. Feed quantities were adjusted periodically based on shrimp growth, biomass estimates, and expected survival 

rates. Feeding management was carried out throughout the culture period to ensure adequate nutrition and optimal growth 

performance (Wyban & Sweeney, 1991). 

 

2.4 Water Quality Analysis 

Water quality parameters were monitored regularly during the culture period. Water temperature was measured directly 

in the field using a mercury thermometer with a range of 0–100°C and a least count of 1°C. The pH of pond water was 

determined using an ELICO pH meter. Dissolved oxygen was estimated by collecting water samples in biological oxygen 

demand (BOD) bottles, fixing the samples immediately at the sampling site, and subsequently analysing them in the 

laboratory using Winkler’s titration method (APHA, 2017). 

Salinity and ammonia concentrations were determined according to the procedures described by Grasshoff et al. (1999). 

The measured water quality parameters included pH, salinity, dissolved oxygen, ammonia, and temperature, which are 

recognized as critical factors influencing shrimp growth and survival (Boyd & Tucker, 1998). 

 

2.5 Growth Performance Indices 

Growth performance was evaluated using feed conversion ratio (FCR) and average daily growth (ADG). These 

parameters were calculated using the following equations: 
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These parameters were used to evaluate the growth performance of Litopenaeus vannamei cultured under different salinity 

and stocking density conditions. 

 

3. Results And Discussion 

In West Godavari District, the average weekly growth of Litopenaeus vannamei cultured in low-salinity ponds during the 

second crop of 2019 ranged from 1.82 to 1.90 g in low-stocking-density ponds and from 1.76 to 1.88 g in high-stocking-

density ponds. The average weekly growth was consistently higher in low-stocking ponds compared with high-stocking 

ponds throughout the culture period. The average water quality parameters recorded in low-salinity ponds with low 

stocking density were pH 8.04, salinity 5 ppt, dissolved oxygen 6.0 ppm, ammonia 0.48 ppm, and temperature 28.22°C. 

Under these conditions, the average weekly growth was 1.87 g at a stocking density of 20 shrimp m². 

In low-salinity ponds with high stocking density, the average pH, salinity, dissolved oxygen, ammonia, and temperature 

were 8.39, 6 ppt, 5.53 ppm, 0.61 ppm, and 28.05°C, respectively. The average weekly growth recorded under these 

conditions was 1.81 g at a stocking density of 45 shrimp m². In high-salinity ponds, the average weekly growth ranged 

from 2.06 to 2.22 g in low-stocking-density ponds and from 1.88 to 2.02 g in high-stocking-density ponds during the 

second crop of 2019. Growth performance was consistently higher in low-stocking ponds than in high-stocking ponds. 

The average water quality parameters observed in high-salinity ponds with low stocking density were pH 8.31, salinity 

20 ppt, dissolved oxygen 4.92 ppm, ammonia 0.61 ppm, and temperature 28.64°C. The average weekly growth recorded 

under these conditions was 2.12 g at a stocking density of 20 shrimp m². 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Growth performance of Litopenaeus vannamei cultured under different salinity and stocking density conditions 

during the second crop of 2019 in West Godavari District, Andhra Pradesh, India. (A) Average weekly growth in low-

salinity ponds under low and high stocking densities. (B) Average weekly growth in high-salinity ponds under low and 

high stocking densities. (C) Comparative average weekly growth under low-salinity low-density (LS-LD), low-salinity 

high-density (LS-HD), high-salinity low-density (HS-LD), and high-salinity high-density (HS-HD) culture conditions.  

In high-salinity ponds with high stocking density, the average values of pH, salinity, dissolved oxygen, ammonia, and 

temperature were 7.98, 18 ppt, 5.13 ppm, 0.66 ppm, and 28.23°C, respectively. The average weekly growth recorded 

under these conditions was 1.94 g at a stocking density of 40 shrimp m². Overall, the results indicated that lower stocking 

densities resulted in higher average weekly growth rates under both low- and high-salinity conditions. Furthermore, 

shrimp cultured in high-salinity ponds exhibited better growth performance than those cultured in low-salinity ponds. 
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Water quality management is a critical component of successful shrimp farming because the accumulation of excess feed, 

metabolic wastes, and nitrogenous compounds can adversely affect pond ecology and shrimp performance. Regular 

monitoring of water quality parameters is therefore essential to maintain favourable culture conditions and ensure 

optimum shrimp growth and survival (Soundarapandian & Gunalan, 2008; Orozco-Lugo et al, 2022). The salinity values 

observed in the present study were within the tolerance range reported for L. vannamei. Gunalan et al. (2010) reported 

satisfactory growth and survival of L. vannamei in brackishwater ponds with salinity levels ranging from 10 to 35 ppt, 

while Parker et al. (1974) demonstrated that the species can tolerate salinity levels as low as 2.45 ppt. Praveen Kumar and 

Krishna (2015) reported maximum average daily growth at a salinity of 9.89 ppt. In the present study, the highest average 

weekly growth was recorded under high-salinity conditions, indicating that salinity may have contributed positively to 

shrimp growth performance. 

The pH values recorded during the study ranged from 7.98 to 8.39, which fall within the favourable range of 7.6–8.6 

recommended for L. vannamei culture by Wang et al. (2004). Similarly, Praveen Kumar and Krishna (2015) reported pH 

values ranging from 7.2 ± 0.4 to 7.9 ± 0.3 in shrimp ponds. The average pH observed in the present study supported 

satisfactory shrimp growth and survival. Dissolved oxygen concentrations observed during the study varied between 4.92 

and 6.0 ppm, which are comparable to the values reported by Praveen Kumar and Krishna (2015). Adequate dissolved 

oxygen availability is essential for respiration, metabolism, and feed utilization in shrimp culture systems. The relatively 

higher dissolved oxygen levels recorded in low-density ponds may have contributed to improved growth performance. 

The average ammonia concentrations recorded in the present study ranged from 0.48 to 0.66 ppm and were within the 

range reported (Suriya et al. 2016). Higher ammonia concentrations were generally observed in high-stocking-density 

ponds, suggesting greater accumulation of metabolic wastes (Diao et al., 2023). Elevated ammonia levels are known to 

induce physiological stress and reduce growth performance in cultured shrimp. The growth data clearly demonstrated an 

inverse relationship between stocking density and shrimp growth. Lower stocking densities consistently produced higher 

average weekly growth rates under both salinity conditions, whereas higher stocking densities resulted in reduced growth 

performance. These findings may be attributed to reduced competition for feed and space, improved water quality, and 

lower stress levels in low-density culture systems. Similar observations have been reported by Suriya et al. (2016) and 

Parvathi and Padmavathi (2018), who also found that lower stocking densities enhanced the growth performance of L. 

vannamei. The results of the present study therefore emphasize the importance of optimizing stocking density and 

maintaining suitable water quality conditions to achieve maximum growth and production efficiency of Litopenaeus 

vannamei under both low- and high-salinity pond culture systems. 
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