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ABSTRACT  

Indian fisheries and aquaculture constitute a vital role of the national’s food production system, 

contributing significantly to nutritional security, employment opportunities and export. Furthermore, 

shrimp culture remains the backbone of India’s seafood export industry particularly Litopenaeus 

vannamei. The production is predominately concentrated in the coastal states of India where 

environmental conditions favor brackish-water culture systems. Within these systems, seasonal 

fluctuations in water parameters, rainfall and nutrient influx exert a strong influence on pond ecology, 

water-soil interactions and overall pond productivity. However, in aquaculture activities over the years the 

water quality management has given more attention than compared to pond soil quality. Due to this 

inadequate management of soil quality many farms continue to experience recurrent disease outbreaks, 

undetected degradation, poor survival rates, growth performance, which results in reduction of both yield 

and profitability. So to mitigate these problems the present study had been undertaken to enhance the soil 

quality using Better Management Practices (BMPs) in L. vannamei cultured grow-out ponds, located in 

Alluru village, Prakasam dist. Andhra Pradesh, during the pre and post- monsoon seasons. Key soil 

parameters such as texture, moisture, bulk density, water holding capacity (WHC), pH, electrical 

conductivity (EC); organic carbon, calcium carbonate (CaCO3), available nitrogen, available phosphorus, 

total nitrogen, total phosphorus and potassium (K) were maintained under BMP guidelines. Results 

showed that the adoption of BMPs maintained soil parameters in optimal ranges during pre-monsoon and 

post-monsoon. The mean results during pre-monsoon were: moisture (14.32), bulk density (1.35), WHC 

(33.28), pH (7.21), EC (5.00); organic carbon (1.73), CaCO3 (7.2), available-N (57.88), available-P 

(4.76), total-N (224.61), total-P (21.45) and K (24.70). The mean results during post-monsoon: moisture 

(18.72), bulk density (1.34), WHC (38.08), pH (7.00), EC (3.90), organic carbon (1.61), CaCO3 (5.94), 

available-N (52.67 ± 0.69), available-P (4.22), total-N (204.40), total-P (19.04) and K (23.75). The 

outcome of the study highlights BMPs effectiveness in maintaining soil parameters within the standard 

ranges during both seasons. 

Keywords: Better Management Practices (BMPs), Litopenaeus vannamei, shrimp culture, soil 

parameters, seasonal variation 

 

INTRODUCTION  

Indian fisheries and aquaculture constitute a vital role of the national’s food production system, 

contributing significantly to nutritional security, employment opportunities and export revenue. In FY 

2022-23, India contributed about 8% to global fish production, with an estimated 18.43 MT production 
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(FAO, 2024; DoF, 2023). Of this aquaculture sector accounts more than half, reflecting the growing 

importance of inland and coastal farming systems. 

The fisheries sector contributes approximately 1.24% to India’s national GDP and 7.07% to agricultural 

GDP (DoF, 2023; NFDB, 2023). The sector provides livelihood support to nearly 16 million people, both 

directly and indirectly, through various activities such as production, processing, transportation and 

marketing (NFDB, 2023; DAHD, 2024). India is also a major player in global seafood trade, with marine 

and aquaculture exports reaching US$ 8.09 billion in FY 2022-23, of which farmed shrimp contributed 

nearly 70% (MPEDA, 2023). 

Shrimp aquaculture remains the backbone of India’s seafood export industry and it is more profitable 

sector than agriculture due to its short production cycle (Ratti & Kunda, 2025b). Production is 

predominately concentrated in the coastal states of Andhra Pradesh, Gujarat, Tamil Nadu, Odisha, West 

Bengal, Karnataka, Maharashtra and Goa, where environmental conditions favor brackish-water culture 

systems (DoF, 2023; MPEDA, 2023). These states collectively support large-scale farming of L. 

vannamei, which has driven India’s rapid growth in export-oriented aquaculture (FAO, 2024; MPEDA, 

2023). In India, the coastal areas are productive and rich in natural resources. India has 1.24 million ha of 

brackish water area, spread over coastal states and Union territories (CAA, 2024). Within these systems, 

seasonal fluctuations in water parameters, rainfall and nutrient influx exert a strong influence on pond 

ecology, water-soil interactions and overall pond productivity. 

In aquaculture activities over the years the water quality management has given more attention than 

compared to pond soil quality (Bansode et al., 2020; Prihutomo et al., 2016). Soil serves as a nutrient 

reservoir, chemical buffer, and biological filter, regulating pH, nutrient availability adsorbing organic 

remains of feed, fecal excrements, and algal products (Chakraborty et al., 2017; Hasibuan et al., 2023). 

The physical, chemical and biological characteristics of pond water are strongly influenced by pond 

sediment which pond bottom soil acts as storehouse for many substances accumulated in pond ecosystem 

(Boyd, 1995). Both sediment and soil quality are among the most significant factors determining an 

aquaculture enterprise's productivity and sustainability (Carvalho et al., 2024; Prihutomo et al., 2016). 

Sediment acts as both a sink and source of nutrients such as nitrogen and phosphorus, when poorly 

managed, can lead to eutrophication and oxygen depletion (Patel and Pandit, 2025). They affect water 

chemistry and quality, nutrient cycling, and the health of aquatic life forms (Boyd & Tucker. 1998). Due 

to this inadequate management of soil quality many farms continue to experience recurrent disease 

outbreaks, undetected degradation, poor survival rates, growth performance, which results in reduction of 

both yield and profitability (Bansode et al., 2020; Boyd & Thunjai, 2002; Patel and Pandit, 2025). 

To mitigate these challenges, the adoption of standardized Better Management Practices (BMPs) has been 

shown to improve pond productivity and resilience. BMPs include pond preparation; liming, controlled 

fertilization, sediment removal and organic load reduction which improves the soil quality (Boyd, 2003; 

Boyd & Thunjai, 2002; Corsin et al., 2008; Muthu & Sathiyamurthy, 2025; Ratti & Kunda, 2025a). 

Therefore, this study was undertaken to evaluate the soil quality enhancement in L.vannamei grow-out 

ponds through implementation of BMPs, with special emphasis on seasonal variation across pre monsoon 

and post-monsoon seasons. 

MATERIALS AND METHODS 

Experiment site 

The present study is undertaken during (2024-25) in Pre- monsoon (February – May) and Post-monsoon 

(September – December) seasons, for this experiment four cultured grow-out ponds were taken, located at 

Alluru village, Prakasam district, Andhra Pradesh, India. 

Better Management Practices (BMPs) 

Better Management Practices (BMPs) were implemented in these ponds during pre and post-monsoon 

seasons as recommended by MPEDA (2023), Boyd (2003) and (Government of India (2024). 

Pond Preparation and Management Practices 
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After complete harvest, draining of the pond (fig.1) was carried out to remove the sludge present in the 

pond bottom. Before refilling, pond bottom depth was increased and maintained between 1.2 – 1.5 meter 

at the middle of the pond to increase water holding capacity. Regular checking of pond bottom soil during 

culture period was carried out to detect if there is any presence of black soil or foul smell. Chain dragging 

was carried out at feeding areas at regular intervals to oxidize the organic matter. 

Drying and Tilling 

All the ponds were allowed to dry between crops. Sun drying was carried out for nearly 30 days until the 

soil gets cracked. After complete drying, the soil surface was subjected to Ploughing and tilling. It was 

done two times with the gap of four days to remove the entrapped toxic gases and for enhancement of 

fertility of the pond bottom. After ploughing the pond bottom condensed to reduce the turbidity and 

seepage rate. 

Liming and Disinfection  

After filling the pond, disinfection with bleaching powder (CaOCl3) at the rate of 400 kg ha −1 was carried 

out as a part of the biosecurity measures. Soil pH was tested and lime was added based on the soil pH 

described by MPEDA (2023). Lime (CaCO3) was spread uniformly all over the pond bottom, 7 days after 

bleaching application to all ponds at the rate of 200 kg ha−1. It is used to nullify the acidity of the soil and 

to increase overall alkalinity and hardness concentration that enhances primary productivity. 

Fertilization  

Once the pond bottom has dried and necessary soil treatments applied, the ponds were refilled with water 

within 4 days from nearby estuarine canal and top-up using motor pumps. Organic fertilizers like 

vermicompost 400 kg ha−1 were spread uniformly all over the pond bottom before filling with water. 

After a week, algal boom develops. Then fermented mixture of rice bran, jaggery and quality brewer’s 

yeast (100:40:1 kg ha−1) were applied in doses for three days during the morning period and spread all 

over the ponds. Seed stocking was carried out when pond water colour develops into green. Liming and 

Fertilization was carried out at an interval of 7 and 15 days during the whole culture period.  

Sample Collection and frequency 

Soil samples were collected throughout the cultured period. From each pond, soil samples from the 

bottom was taken at 0–10 cm depth using a soil sampler (a PVC tube of 5 cm diameter and length of 3 m) 

were collected from the four corners and the centre of the pond.  A total of 1 kg soil samples were taken 

from each cultured grow-out pond, all these soil samples were mixed to form the composite sample of the 

respective ponds and packed in properly labeled zip covers. The samples were dried in the shade and 

ground to powder. The powdered soil sample is air dried, sieved through a 2mm sieve and finally through 

80µ mesh sieve. The fine soil samples were then divided into two parts for analysis of the physico-

chemical quality parameters and essential nutrient contents such as carbon, nitrogen, phosphorus and 

potassium, respectively.  

Sample Analysis  

The soil samples collected from cultured grow-out ponds are further analyzed by following methods: 

Soil texture is estimated by (Corral-pazos-de-Provens et al., 2022). Moisture of soil samples were 

estimated using standard gravimetric method described by Black (1965). Bulk density analysis, carried 

out by the procedure described by (Boyd, 1995). Water holding capacity is determined by Keen’s box 

method of Piper (1966). pH was estimated by 1:2.5 soil water suspension using digital pH meter stated by 

Jackson (1973). The same soil-water suspension was used to determine Electrical conductivity by 

conductivity meter stated by Piper (1966). The organic carbon was determined by Walkley & Black 

(1934) method. Calcium Carbonate was determined by rapid titration technique described by Piper 

(1966). The available nitrogen content of soil samples were determined by following method of Subbiah 

& Asija (1956). The available phosphorus of soil samples were determined by following method of Olsen 

(1954). Total nitrogen was analyzed using dry combustion method stated by Wright & Bailey, (2001). 

Total phosphorus was determined with the Bray-1 (HCl 0.025 N +NH4F 0.03 N) (extraction method), and 

the Olsen (NaHCO3 0.50 N; pH 8.5) fraction technique. Potassium in the soils was extracted by using 
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neutral normal Ammonium acetate and estimated by aspirating the extract into the flame photometer 

technique by Jackson (1973). 

Statistical analysis 

All quantitative data obtained from the cultured grow-out ponds were expressed as mean ± Standard 

Deviation (SD); n=4. ANOVA was performed to analyze significant differences in the value of different 

parameters to compare both Seasons. Statistical significance was taken into consideration at p < 0.05. 

Effect sizes were calculated to assess the magnitude of differences. 

 

 

  
            a) pond draining                                            b) drying and tilling 

  
            c) liming and disinfection                             d) fertilization and refilling of the pond 

Fig.1. Images of pond preparation and management practices  
 

 

RESULTS AND DISCUSSION 

The implementation of Better Management Practices (BMPs) provided clear and statistically strong 

changes in soil properties during both seasons and four cultured grow-out ponds (Table 1). Season 

emerged as the dominant source of variation: 11 of the 12 measured parameters showed highly significant 

pre- vs post-monsoon differences (p < 0.001), while only bulk density remained statistically unchanged (F 

= 1.66, p = 0.202). One-way ANOVA for the season effect confirmed strong monsoon-driven shifts in soil 

moisture (F = 1266.75, p < 0.001), WHC (F = 317.70, p < 0.001), soil pH (F = 81.49, p < 0.001), EC (F = 

837.98, p < 0.001), organic C (F = 98.13, p < 0.001), CaCO₃ (F = 59.56, p < 0.001), available N (F = 

162.86, p < 0.001), available P (F = 105.62, p < 0.001), total N (F = 162.88, p < 0.001), total P (F = 

105.79, p < 0.001) and K (F = 14.67, p < 0.001). 

The physico-chemical properties of pond soil acts as a vital factor, which determines the pond 

productivity due to its functional role in controlling the pond stability. The parameters such as pH, CaCO3, 

and salinity influence microbial activities, nutrient cycling and water quality (Boyd, 1955; Prihutomo et 

al., 2016). In addition, the pond fertilizers depends upon the amount of primary and secondary nutrients 

such as N, P, K and C which are already present in the soil bottom (Boyd, 2003). 

Consistent soil management practices such as soil testing, liming, controlled fertilization and prevention 

of excess organic matter can significantly enhance aquaculture sustainability (Manam, 2025). The 

sampling of soil should carry out at regular intervals of culture periods to determine the available nutrient 

status, which helps in determining cost-effective management (Haritha et al., 2024; Tenedero & Surtida, 

1986). 
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Table 1: Seasonal variation in soil parameters, of Litopenaeus vannamei: statistical comparison of pre- and post-monsoon periods 

Parameters  
Pre-

Monsoon 

Post-

Monsoon 

Change 

(%) 

F 

(Season) 

p 

(Season) 

Standard 

Range 

Standard 

Reference 

Physical 

Parameters    
    

 

Soil Texture 
 Clay Loam Clay Loam 

  -  
 

Soil Moisture (%) 
Mean 

Range 

14.32 ± 0.43 

13.71 - 14.42 

18.72 ± 0.53 

18.11 - 19.39 

+30.65 1266.75 <0.001*** 10-20 
(Li.L. et al., 2015) 

Bulk Density 

(g cm-³) 

Mean 

Range 

1.35 ± 0.02 

1.32 - 1.39 

1.34 ± 0.02 

1.31 - 1.37 

-0.75 1.66 0.202 ns 1.0–2.0 
(Boyd, 1995) 

WHC (%) 
Mean 

Range 

33.28 ± 1.14 

31.82 - 34.99 

38.08 ± 0.77 

37.07 - 38.85 

+15.02 317.70 <0.001*** 35-70 
(CIBA, 2019) 

Chemical 

Parameters    
    

 

Soil pH 
Mean 

Range 

7.21 ± 0.12 

7.09 - 7.39 

7.00 ± 0.18 

6.83 - 7.04 
-3.51 81.49 <0.001*** 6.5–7.5 

(Balasubramanian et al., 

2021) 

EC (dS m-1) 
Mean 

Range 

5.00 ± 0.20 

4.78 - 5.25 

3.90 ± 0.06 

3.85 - 3.99 

-21.96 837.98 <0.001*** >4 (Balasubramanian et al., 

2021) 

Organic Carbon 

(%) 

Mean 

Range 

1.73 ± 0.04 

1.69-1.80 

1.61 ± 0.04 

1.57-1.66 

-6.40 98.13 <0.001*** 1.5–2.0 (Balasubramanian et al., 

2021) 

CaCO3 (%) 
Mean 

Range 

7.2 ± 0.75 

6.3 - 8.0 

5.94 ± 0.79 

4.97 - 6.73 

-17.37 59.56 <0.001*** >5.0 (Balasubramanian et al., 

2021) 
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Available 

Nutrients    
    

 

Available –N 

(mg 100 g-1) 

Mean 

Range 

57.88 ± 1.82 

55.49 - 59.69 

52.67 ± 0.69 

51.97 - 53.42 

-8.99 162.86 <0.001*** 50-70 (Balasubramanian et al., 

2021) 

Available-P 

(mg 100 g-1) 

Mean 

Range 

4.76 ± 0.26 

4.44 - 5.09 

4.22 ± 0.17 

3.99 - 4.41 

-11.22 105.62 <0.001*** 4-6 (Balasubramanian et al., 

2021) 

Total Nutrients 
   

    
 

Total-N 

(mg 100 g-1) 

Mean 

Range 

224.61± 7.06 

215.33 - 

231.62 

204.40 ± 2.68 

201.67 - 

207.30 

-8.99 162.88 <0.001*** 140-250 
(Boyd, 1995) 

Total-P 

(mg 100 g-1) 

Mean 

Range 

21.45 ± 1.18 

20.01 - 22.90 

19.04 ± 0.79 

17.97 - 19.87 

-11.23 105.79 <0.001*** 15-40 
(Boyd & Musig, 1992) 

Micro Nutrients 
   

    
 

K (mg 100 g-1) 
Mean 

Range 

24.70 ± 1.16 

23.19 - 25.84 

23.75 ± 1.18 

22.03 - 24.66 

-3.85 14.67 <0.001*** 10-25 
(CIBA, 2019) 

 

All values are expressed as Mean ± Standard Deviation (SD); n=4 (number of ponds/season) 

F and p correspond to one-way ANOVA for the season effect (pre vs post-monsoon seasons). 

Significance: *** p < 0.001; ** p < 0.01; * p < 0.05; ns: indicates not significant p ≥ 0.05 

WHC: Water Holding Capacity; EC: Electrical Conductivity; N: Nitrogen; P: Phosphorus; CaCO3: Calcium Carbonate. K: Potassium 
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Physical parameters 

Soil Texture 

The type of soil present in study area is clay-loam type (Table 1). As the texture and composition of 

bottom soil plays a vital role in maintaining soil productivity and it considered as third most important 

factor in site selection in aquaculture. Differences in soil texture can influence the nutrients and thereby 

affects on overall growth (Bhowmick et al., 2024). According to McCarthy (2007) soils with 5-10% clay 

and a well grades particle size distribution are preferable to clays for earthwork construction, and more 

convenient for pond drying and tilling between crops (Boyd, 1995). 

Soil Moisture 

From table 1 and fig 2 we can observe soil moisture (p < 0.001) averaged 14.32 ± 0.43% to 18.72 ± 

0.53%, a +30.65% change in pre and post-monsoon seasons, respectively.  It ranges between 13.71 - 

14.42% and 18.11 - 19.39%, across two seasons. The amount of water which is present in soil is termed 

as soil moisture, which plays a key role in water cycle and hydrology (Machireddy, 2025).  

 
Fig. 2. Variation in soil moisture during pre and post-monsoon seasons 

 

 
Fig. 3. Variation in bulk density during pre and post-monsoon seasons 
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Bulk Density 

From table 1 and fig 3 we can observe bulk density shows slight variation, from 1.35 ± 0.02 g cm⁻³ (pre-

monsoon) and 1.34 ± 0.02 g cm⁻³ (post-monsoon), consistent with its non significant season effect.  It 

ranges between 1.32 - 1.39 g cm⁻³ and 1.31 - 1.37 g cm⁻³, across two seasons. 

Yuvanatemiaya & Boyd (2006) in their studies observed that, there is difference in bulk density values 

with sediment removal and without sediment removal. Similarly studies were showed by Prihutomo et al., 

(2016) that bulk density increases by removal of pond sediment. 

Water Holding Capacity (WHC) 

From table 1 and fig 4 we can observe WHC roses from 33.28 ± 1.14% (pre-monsoon) to 38.08 ± 0.77% 

(post-monsoon) (+15.02%), ranging between 31.82 - 34.99% and 37.07 - 38.85% across two seasons. 

Boyd (1995) and Boyd & Tucker (1998) reported that pond sediments typically increase WHC during the 

monsoon due to higher pore-water content and restoration of soil aggregates. According to Lal, (1987) 

and (Hesse) 1971 tropical soil hydrology shows that WHC have a propensity to rise after heavy rainfall 

phases because finer sediment fractions and organic matter develop capillary porosity and water retention 

capacity. 

 

Fig. 4. Variation in Water Holding Capacity during pre and post-monsoon seasons 

 

Chemical parameters 

pH 

From table 1 and fig 5 we can observe soil pH declined from 7.21 ± 0.12 (pre-monsoon) to 7.00 ± 0.18 

(post-monsoon), ranging between 7.09 - 7.39 and 6.83 - 7.04 across two seasons. 

Soil pH is the most important factor influencing pond productivity, chemical nature of the water column 

(Boyd & Tucker, 1998; Manam, 2025). The optimal pH (6.5-7.5) ensures the nutrients availability to 

plankton and aquatic species (Manam, 2025). It is influenced by the degree of base unsaturation of cation 

exchange sites, the presence or absence of carbonates (Boyd, 1995).  
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Fig. 5. Variation in pH during pre and post-monsoon seasons 

 

Electrical Conductivity (EC) 

EC is a measure of soil cation adsorption capacity (Ellis & Foth, 2018). From table 1 and fig 6 we can 

observe EC decreased from 5.00 ± 0.20 dS m⁻¹ to 3.90 ± 0.06 dS m⁻¹ (−21.96%) in pre-and post monsoon 

seasons respectively. It ranges between 4.78 - 5.25 dS m⁻¹ and 3.85 - 3.99 dS m⁻¹ across two seasons. 

Saraswathy et al., (2016) in her study recorded EC with 5 dS m⁻¹, and stated it is suitable for shrimp 

culture. Similar changes were documented by Boyd (1995) and Boyd & Tucker (1998), that monsoon 

flushing decreases the concentration of exchangeable ions and reduce pond sediment salinity. 

 
Fig. 6. Variation in Electrical Conductivity during pre and post-monsoon seasons 

 

Organic Carbon (OC) 

From table 1 and fig 7 we can observe organic carbon declined from 1.73 ± 0.04% to 1.61 ± 0.04% 

(−6.40%) in pre-and post monsoon seasons respectively. It ranges between 1.69 – 1.80 and 1.57 – 1.66 
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across two seasons. Rao et al. (2014) and Sarma et al. (2012) observed lower post-monsoon OC in 

estuarine and coastal sediments of India due to dilution with inorganic material and enhanced 

mineralization. In aquaculture perspective, Avnimelech (2015) and Boyd & Tucker (1998) reported that 

OC in shrimp ponds commonly falls within 1–3% and fluctuates seasonally depending on feed inputs, 

organic loading, and monsoon-driven sediment resuspension. Field studies in Indian aquaculture ponds 

have also shown significant seasonal variation in sediment OC, with pre-monsoon enrichment followed 

by post-monsoon reduction, consistent with the present findings (Ghosh et al., 2016; Kumar et al., 2019). 

Organic carbon influences a variety of physico-chemical properties of pond bottom soils and release 

diverse nutrient elements that increase pond yield (Roy et al., 2023). It serves as a vital carbon source for 

bacterial flora in ponds. Xinglong & Boyd, (2006) suggested, organic carbon can be used as reliable 

marker of microbial activity. Low organic carbon influence bacterial and macrobenthic in pond (Shafi et 

al., 2021). 

 
Fig. 7. Variation in Organic Carbon during pre and post-monsoon seasons 

 

 

 
Fig. 8. Variation in CaCO3 during pre and post-monsoon seasons 
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Calcium Carbonate (CaCO3) 

From table 1 and fig 8 we can observe CaCO₃ dropped from 7.20 ± 0.75% to 5.94 ± 0.79% (−17.37%) in 

pre-and post monsoon seasons respectively. It ranges between 6.3 – 8.0 and 4.97 – 6.73 across two 

seasons. Saraswathy et al., (2016) in her study recorded CaCO₃ content of the soils from Krishna and 

Guntur districts were 4.02 and 2.37% respectively. 

CaCO₃ is another vital parameter which it acts as natural buffer, stabilizing pond water pH and increasing 

alkalinity. This buffering capacity prevents sudden pH fluctuations that may stress aquatic organisms. 

Furthermore, adequate levels of CaCO₃ promote microbial processes like nitrification, which are essential 

for the conversion of toxic ammonia into less harmful nitrate (Boyd, 2020). 

Available Nitrogen 

From table 1 and fig 9 we can observe available nitrogen decreased from 57.88 ± 1.82 to 52.67 ± 0.69 mg 

100 g⁻¹ in pre-and post monsoon seasons respectively. It ranges between 55.49 – 59.69 and 51.97 – 53.42 

across two seasons. This decline reveals a characteristic seasonal change in tropical aquaculture pond 

sediments, where monsoon-persuade leaching, sediment interruption, and increased microbial activity can 

decrease nitrogen availability. Earlier studies have shown that heavy rainfall and runoff dilute 

ammoniacal and nitrate-N pools and improve denitrification and mineralization losses, resulting in lower 

available nitrogen after the monsoon period (Sarma et al., 2012; Rao et al., 2014). 

 

 
Fig. 9 Variation in Available-N during pre and post-monsoon seasons 

 

Available Phosphorus 

From table 1 and fig 10 we can observe available phosphorus fell from 4.76 ± 0.26 to 4.22 ± 0.17 mg 100 

g⁻¹ (−11.22%) in pre-and post monsoon seasons respectively. It ranges between 4.44 - 5.09 and 3.99 - 

4.41 across two seasons. This reduction is consistent with typical monsoon-driven nutrient dynamics in 

tropical soils, where higher rainfall increases leaching losses, runoff, and exchange of labile phosphorus 

into less available forms. Similar seasonal declines in available-P have been documented in agricultural 
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soils of Maharashtra, where Yadav et al. (2019) reported significant seasonal variation in soil chemical 

characteristics, including decreased levels in available nutrients from the monsoon period. 

 

 
Fig. 10. Variation in Available-P during pre and post-monsoon seasons  

 

Total Nitrogen 

From table 1 and fig 11 we can observe available nitrogen decreased from 224.61 ± 7.06 to 204.40 ± 2.68 

mg 100 g⁻¹ in pre-and post monsoon seasons respectively. It ranges between 215.53 - 231.62 and 201.67 – 

207.30 across two seasons. 

Yuvanatemiya & Boyd (2006) in their studies observed that, there is difference in total-N values with 

sediment removal and without sediment removal. The low N levels inhibit the decomposition of organic 

matter at the pond bottom by aerobic bacteria (Hasibuan et al., 2023). 

 

 
Fig. 11. Variation in Total-N during pre and post-monsoon seasons 
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Total Phosphorus  

From table 1 and fig 12 we can observe Total Phosphorus fell from 21.45 ± 1.18 to 19.04 ± 0.79 mg 100 

g⁻¹ (−11.23%) in pre-and post monsoon seasons respectively. It ranges between 20.01 – 22.90 and 17.97 – 

19.83 across two seasons. 

It has been reported that soil phosphorous can be 500 times greater than that of overlying water. Most of 

the soil phosphorous is strongly absorbed on its particles and does not release in water (Masuda & Boyd, 

1994). Soil phosphorous consists of organic and inorganic forms of phosphorous; however, the adsorption 

of different phosphorous fractions on soil sediment and their release in overlying water depend on the 

activity of bacteria and macrobenthos as well as abiotic parameters of soil and water at soil water 

interface (Shafi et al., 2024). 

 

 
Fig. 12. Variation in Total-Pduring pre and post-monsoon seasons 

 

 

 
Fig. 13. Variation in Potassium during pre and post-monsoon seasons 
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Potassium (K) 

From table 1 and fig 13 we can observe exchangeable K showed a smaller but significant decline from 

24.70 ± 1.16 to 23.75 ± 1.18 mg 100 g⁻¹ (−3.85%), in pre-and post monsoon seasons respectively. It 

ranges between 23.19 – 25.84 and 22.03 – 24.66 across two seasons. Such declines in exchangeable K 

subsequent monsoon period are consistent with process of leaching, runoff, and dilution of soluble K, 

particularly in pond sediments with moderate clay content. According to Havlin et al. (2014) and Brady & 

Weil (2016) potassium is known to be mobile in wet tropical soils, and significant rainfall often reduces 

its exchangeable portion through dislocation and transport. 

 

CONCLUSION 

Soil plays a vital role for enhancing the overall culture productivity. By implementing BMPs in four 

cultured grow-out ponds during two seasons the soil parameters fell in ideal range recommended by other 

researchers. Overall study reinforces that soil quality must be regularly monitored and managed as part of 

integrated pond management strategy. Effective management practices such as pond preparation, drying 

& tilling, liming & disinfection enhances the soil properties. However, challenges like rainfall persist, 

which leads in dilution of pH, EC highlighting the need for continuous monitoring. 
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