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he rapid expansion of Litopenaeus vannamei farming has significantly increased global 

shrimp production due to its fast growth, high survival rate, disease resistance, and 

adaptability to a wide range of salinities. However, sustainable production largely depends on 

standardized pond preparation and effective water mineral management. Proper pond 

preparation establishes a biologically stable culture environment by eliminating pathogens, 

improving pond bottom quality, optimizing soil and water chemistry, and promoting 

beneficial microbial communities. Similarly, maintaining balanced concentrations of essential 

minerals—including calcium, magnesium, potassium, sodium, bicarbonate, and trace 

elements—is critical for osmoregulation, molting, growth, immunity, and survival, 

particularly in low-salinity inland aquaculture systems. Inadequate mineral management 

predisposes shrimp to poor feed conversion, reduced growth, soft-shell syndrome, muscle 

necrosis, osmotic stress, and increased susceptibility to infectious diseases. This review 

summarizes current scientific knowledge regarding standardized pond preparation 

procedures, water quality optimization, mineral balancing strategies, nursery and grow-out 

management protocols, monitoring techniques, and recent technological advances for 

improving productivity and sustainability in L. vannamei farming.  

Introduction 
Pacific white shrimp, Litopenaeus vannamei, has become the dominant cultured shrimp 

species worldwide owing to its rapid growth, efficient feed utilization, tolerance to varying 

salinity, and high market demand. The species contributes the majority of global farmed 

shrimp production and has transformed shrimp aquaculture in Asia, Latin America, and other 

tropical and subtropical regions. Although L. vannamei is considered relatively hardy, 

production success is closely linked to pond management practices before and during the 

culture cycle. Pond preparation directly influences water quality, sediment condition, 

microbial ecology, and disease risk. Likewise, appropriate mineral balance is fundamental for 

maintaining physiological homeostasis, successful molting, and optimum growth. Intensive 

and super-intensive culture systems often experience rapid fluctuations in water chemistry 

because of high stocking densities, increased feeding rates, organic matter accumulation, and 

continuous microbial activity. Consequently, scientifically standardized pond preparation and 

mineral management protocols have become essential components of modern shrimp 

farming.  

Importance of Standardized Pond Preparation 
Pond preparation provides the foundation for successful shrimp production by creating a 

stable and disease-free environment before stocking. Proper pond preparation aims to 

eliminate pathogens, parasites, predatory fish, crustaceans, mollusks, and undesirable algae 
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while improving sediment quality and restoring optimal physicochemical conditions. It also 

promotes the establishment of beneficial microbial communities that contribute to nutrient 

cycling, decomposition of organic matter, and suppression of pathogenic bacteria such as 

Vibrio species. Standardized preparation minimizes environmental variability among 

production cycles and improves stocking success, feed efficiency, survival, and harvest yield.  

Pond Drying and Bottom Management 
Following harvest, complete drainage of the pond is recommended to facilitate sediment 

oxidation and decomposition of accumulated organic matter. The pond bottom should be 

dried until surface cracks develop in clay soils or until the upper sediment layer becomes 

firm. Drying enhances oxygen penetration into sediments, accelerates oxidation of toxic 

metabolites such as hydrogen sulfide and ammonia, reduces pathogenic microorganisms, and 

improves soil structure. Excess sludge, particularly beneath feeding trays and aerators, should 

be removed because these areas accumulate uneaten feed, feces, and organic debris. Thick 

sludge layers increase oxygen demand, generate toxic gases, and promote proliferation of 

opportunistic pathogens. Pond dikes, inlet canals, outlet structures, and drainage systems 

should be repaired to prevent water leakage and entry of unwanted organisms.  

Soil Conditioning 
Pond soil quality strongly influences water chemistry throughout the production cycle. 

Measurement of soil pH should be performed before liming. Acid sulfate soils generally 

require higher lime application rates than neutral or alkaline soils. Agricultural limestone 

(calcium carbonate), dolomite (calcium magnesium carbonate), hydrated lime, or quicklime 

may be selected according to soil characteristics and management objectives. Liming 

neutralizes soil acidity, improves microbial decomposition, enhances phosphorus availability, 

stabilizes pH fluctuations, and increases alkalinity. Organic residues should be incorporated 

into aerobic decomposition whenever possible to improve sediment quality before pond 

filling.  

Biosecurity During Pond Preparation 
Effective biosecurity begins before water enters the culture pond. Water inlet systems should 

be fitted with fine-mesh filtration to prevent entry of wild fish, crustaceans, insect larvae, 

jellyfish, and disease vectors. Bird deterrent systems, crab fencing, reservoir ponds, and 

dedicated water treatment facilities reduce the risk of pathogen introduction. Equipment 

should be disinfected between production cycles, and personnel movement should follow 

strict sanitation procedures.  

Water Filling and Initial Conditioning 
Water should preferably be obtained from reservoirs or treated intake canals rather than 

directly from natural water bodies. After filling, suspended solids should be allowed to settle 

before water quality adjustments begin. Disinfection using approved oxidizing agents may be 

employed where pathogen risk is high, followed by adequate neutralization before stocking. 

Initial conditioning includes adjustment of salinity, alkalinity, hardness, pH, and mineral 

concentrations while establishing beneficial phytoplankton and microbial communities.  

Essential Water Quality Parameters 
Water quality management forms the basis of successful nursery and grow-out production.  

Optimal temperature generally ranges between 28°C and 32°C, while dissolved oxygen 

should remain above 5 mg/L throughout the production period. Water pH should remain 

relatively stable, preferably between 7.8 and 8.3, with minimal daily fluctuations. Total 

alkalinity should generally be maintained between 120 and 180 mg/L as calcium carbonate to 

provide buffering capacity against pH variation. Total hardness should be sufficient to 

support molting and shell mineralization, particularly in low-salinity systems. Ammonia, 

nitrite, and hydrogen sulfide should remain at non-toxic concentrations through appropriate 

feeding management, aeration, and microbial control 
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Importance of Water Mineral Balance 
Minerals perform essential physiological functions in shrimp, including osmoregulation, 

exoskeleton formation, nerve conduction, enzyme activation, muscle contraction, immune 

function, and metabolic regulation. Unlike terrestrial animals, shrimp continuously exchange 

ions with the surrounding aquatic environment. Consequently, deficiencies in essential ions 

rapidly affect physiological performance. Low-mineral water frequently results in poor 

growth, soft exoskeletons, incomplete molting, reduced feed intake, muscle cramping, 

increased cannibalism, and elevated mortality.  

Role of Individual Minerals 
Calcium is essential for exoskeleton mineralization, muscle contraction, blood coagulation, 

and successful molting. Adequate calcium availability facilitates rapid shell hardening 

following ecdysis. Magnesium functions as a cofactor for numerous enzymes involved in 

carbohydrate metabolism, protein synthesis, and neuromuscular activity. Magnesium 

deficiency impairs growth and increases post-molt mortality. Potassium plays a central role in 

osmotic regulation, intracellular fluid balance, nerve impulse transmission, and muscle 

function. Low potassium concentrations are commonly associated with muscle necrosis, 

lethargy, and reduced survival in inland low-salinity shrimp culture. Sodium and chloride 

maintain extracellular osmotic balance and contribute to acid-base regulation. Bicarbonate 

ions provide buffering capacity that stabilizes pH and supports nitrification by beneficial 

bacteria. Trace minerals including zinc, copper, manganese, selenium, iron, cobalt, and iodine 

participate in antioxidant defense, immune function, enzymatic reactions, pigmentation, and 

reproductive physiology. 

Mineral Balancing in Low-Salinity Culture 
Low-salinity inland farming presents unique challenges because ionic composition often 

differs substantially from seawater. Even when total salinity appears adequate, deficiencies of 

potassium, magnesium, calcium, or sulfate may impair shrimp performance. Successful 

mineral balancing requires assessment of individual ion concentrations rather than relying 

solely on salinity measurements. Mineral supplementation should be based on water analysis 

and adjusted according to stocking density, growth stage, feed input, evaporation, rainfall, 

and water exchange. Balanced ionic ratios improve osmoregulation, enhance survival, reduce 

stress, and improve feed conversion efficiency.  

Nursery Culture Management 
Nursery systems provide controlled environmental conditions during the early post-larval 

stage and improve subsequent grow-out performance.Before stocking, nursery tanks or ponds 

should undergo complete cleaning, disinfection, and water conditioning. Water should be 

biologically matured before introducing post-larvae. Continuous aeration ensures adequate 

dissolved oxygen and uniform distribution of suspended particles. Frequent monitoring of 

temperature, dissolved oxygen, ammonia, nitrite, alkalinity, pH, and mineral concentrations 

allows rapid corrective action.  High-quality commercial starter feeds should be provided in 

multiple daily feedings to maximize growth and minimize feed wastage.  

Grow-Out Pond Management 
Grow-out ponds require continuous monitoring because increasing biomass substantially 

elevates oxygen demand and nutrient loading. Aeration systems should provide adequate 

water circulation and prevent accumulation of organic matter beneath feeding areas. Feed 

management should be based on biomass estimation, feeding tray observations, and water 

quality trends. Beneficial microbial products and biofloc management strategies may improve 

nutrient recycling, suppress pathogenic bacteria, and reduce water exchange requirements. 

Routine monitoring of alkalinity, hardness, calcium, magnesium, potassium, and sodium 

concentrations supports timely mineral supplementation throughout the culture cycle 

Monitoring and Record Keeping 
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Systematic monitoring is essential for maintaining pond stability. Routine assessment should 

include water temperature, dissolved oxygen, pH, salinity, alkalinity, hardness, ammonia, 

nitrite, nitrate, phosphate, transparency, chlorophyll concentration, and mineral composition. 

Sediment quality, shrimp growth, survival, molting frequency, feed conversion ratio, and 

health status should be recorded throughout production.  Digital monitoring systems, 

automated sensors, and cloud-based farm management platforms facilitate early detection of 

unfavorable trends and support evidence-based management decisions.  

Common Mineral-Related Disorders 

Mineral imbalances may produce several recognizable clinical conditions. Calcium 

deficiency commonly results in delayed shell hardening and poor molting success. Potassium 

deficiency has been associated with muscle necrosis, weak swimming activity, reduced 

feeding, and elevated mortality. Magnesium deficiency may cause impaired growth, 

abnormal molting, and neuromuscular dysfunction. Low alkalinity contributes to unstable 

pH, reduced nitrification efficiency, and increased susceptibility to environmental stress. 

Appropriate water analysis and targeted mineral supplementation are essential for preventing 

these disorders.  

Recent Advances 
Modern shrimp farming increasingly employs precision aquaculture technologies for water 

quality and mineral management. Real-time sensor networks, Internet of Things (IoT)-based 

monitoring systems, automated dosing equipment, artificial intelligence-assisted water 

quality prediction models, and remote farm management platforms enable rapid decision-

making and improved production efficiency. Advanced microbial management approaches, 

including biofloc technology, recirculating aquaculture systems (RAS), probiotics, and 

microbiome engineering, further enhance water stability and nutrient utilization. Machine 

learning algorithms are increasingly used to predict water quality fluctuations, optimize 

mineral supplementation, reduce disease risk, and improve feed management.  

Conclusion 
Standardized pond preparation and scientifically based water mineral balancing protocols are 

fundamental to successful nursery and grow-out culture of Litopenaeus vannamei. Proper 

pond preparation improves sediment quality, minimizes pathogen load, enhances biosecurity, 

and establishes favorable environmental conditions before stocking. Balanced mineral 

composition supports osmoregulation, molting, immune competence, growth, and overall 

shrimp health, particularly in intensive and low-salinity production systems. Continuous 

monitoring of water quality, sediment characteristics, and ionic composition, combined with 

adaptive management strategies and precision aquaculture technologies, enhances 

productivity, sustainability, and economic returns. Future advances integrating real-time 

monitoring, artificial intelligence, microbiome management, and site-specific mineral 

supplementation are expected to further improve the resilience and efficiency of modern 

shrimp farming.  
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