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Abstract. Shrimp farming failure is frequently constrained by low farm productivity. This is due to 

a variety of issues, including high soil acidity, a lack of soil nutrients, high pyrite, iron levels, and 

organic matter. In general, alluvial ponds with low soil productivity predominate in coastal areas. 

As a result, shrimp farming in alluvial ponds necessitates careful management. The purpose of 

this research was to determine the effect of vannamei stocking density in conjunction with red 

tilapia, seaweed, and mangrove oysters on vannamei production. The studywas carried out in 

Mamuju, West Sulawesi. The treatments in this study were differences in vannamei shrimp 

stocking density that were managed semi-intensively; specifically, A was 220,500 individuals per 

pond (60 individuals per m2) and B was 118,500 individuals per pond (30 individuals per m2). 

Each pond was also stocked with 2,200 red tilapia per pond, and biofilters such as seaweed and 

mangrove oysters were used. The study's findings revealed that in A, the survival rate and 

production of vannamei and red tilapia were 61.39±2.426 % (1,554±2.08 kg per pond) and 

63.86±4.638 % (274.57±37.188 kg per pond), respectively, and in B, the survival rate and 

production of vannamei and red tilapia were 68.83±8.867% (957.56±67.660 kg per pond) and 

253.28±33.372 kg per pond with a survival rate of 59.60±607.071%. 

 

1. Introduction 

Increased shrimp production from aquaculture in fisheries development is directed at meeting domestic 

and export demand [1]. However, the development of brackishwater pond cultivation for increased 

shrimp production must not harm the environment or the mangrove ecosystem. As a result, 

brackishwater pond development in existing ponds is prioritized, and new pond construction is 

discouraged. Some brackish water ponds in Mamuju, West Sulawesi whose land is classified as alluvial. 

There is pyrite in this pond, which is located on tidal land with low pH and nutrient content. The soil is 

occasionally found as acid soil and peat soil, or both, and some of the lands are intruded by saline water 

from the sea. Low soil pH, a high potential for mass levels, a lack of nutrient availability, and highly 

toxic compounds. Acid sulfate soils form when sulfide minerals, such as pyrite, and elemental sulfur in 

reduced sulfidic sediments oxidize upon exposure to air. If sulfide-bearing subaqueous soils are dredged 

and placed in a subaerial environment, sulfides will oxidize, creating sulfuric acid [2], [3], [4], [5]. 

This soil is less suitable for shrimp aquaculture because the ponds have a low pH and increase the 

solubility of toxic compounds when exposed to or oxidized. As a result, efforts must be made to increase 

soil productivity through soil remediation, commodity selection based on land conditions, andpond 

engineering [6]. Pond remediation involves reclaiming the bottom pond by soil drying to oxidizetoxic 

compounds and waterlogging in ponds and disposing of soaking water to reduce toxic compounds[7], 

[8], [9]. Furthermore, liming the pond bottom increases the activity of microorganisms that decompose 

organic matter, and aid in the nitrification process [7], [10]. The failure of shrimp farming in ponds is 

also caused by shrimp farmers' ignorance of the land's characteristics. Uncontrolled development of 

pond land as a result of being enticed by the high price of shrimp results in frequent shrimp harvest  
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failures. Even though the increase is small, shrimp production in Indonesia is increasing. The reality on 

the ground is that shrimp farmers frequently face a slew of issues, includinga lack of quality seeds, 

deteriorating environmental conditions, high feed prices, and disease outbreaksin ponds. Unfavorable 

water conditions can promote the growth of bacteria and viruses, resulting in pathogens in shrimp. 

Shrimp mortality in aquaculture ponds occurs not only in Indonesia, but also in several other countries, 

including India, Korea, China, America, and others [11], [12], [13], [14]. Pondmanagement that is less 

than ideal during intensive shrimp farming, such as excessive and uncontrolledfeeding, contributes to 

decreased water quality, particularly high of organic waste, causing shrimp to beeasily stressed and 

susceptible to disease [15],[16], [17], [18]. 

Brackish water ponds that are less productive for shrimp farming due to limited land carrying 

capacity and inefficient pond use have the potential to become idle ponds. This type of pond, however, 

can be optimized through the use of appropriate cultivation technology. Extensive and extensive plus, 

polyculture, or semi-intensive that is integrated with various commodities, referring to the integrated 

multi trophic aquaculture (IMTA), are shrimp culture technology that can be developed in idle ponds 

[5],[19], [20], [21]. The presence of feed waste at the pond's bottom contributes to a significant source 

of organic matter and nutrients [10], [22]. Shellfish and seaweed are excellent biofilters and thus suitable 

for use in IMTA [22]. The IMTA is better for semi-intensive to intensive shrimp farming. Integrated 

cultivation benefits, such as IMTA, allow pond farmers to obtain more than one commodity, save land 

and water, increase land carrying capacity, improve environmental quality, reduce harvest failure risk, 

and increase the added value [22], [23]. Shrimp farming combined with milkfish, tilapia sp., seaweed, 

and mangrove oysters is expected to increase the productivity of idle ponds [5], [6], [24], [25], [26], 

[27]. The purpose of this study was to find out the influence of semi-intensive vannamei density 

integrated with red tilapia, seaweed, and mangrove oysters for the production of vannamei and red 

tilapia. 

 
2. Materials and methods 

2.1 Location 

This study was carried out in a community-owned pond in Kaluku district, Mamuju Regency, West 

Sulawesi Province. The pond sizes used in treatments A and B were 3,675 m2 and 3,950 m2, respectively. 

This study activity includes interviews, site selection, soil analysis, and pond preparation,which includes 

repairing a leaky dyke, repairing irrigation, draining the pond bottom, rinsing, eradicating pests, liming, 

and fertilizing. 

 

2.2 Pond preparation 
To find out the initial pond condition, characterization of pond soil quality is carried out including, pH 
(pHF dan pHFOX), Total potential acidity (TPA), Total Actual Acidity (TAA), Total Sulfidic Acidity 
(TSA), organic matter (OM), pyrite (FeS2), iron (Fe3+), total nitrogen (N) and soil texture. The pond 
bottom is dried for approximately 7 days, and the soil redox is attempted to reach >30 mV. After that, 
continue by filling with water to a depth of 10-30 cm for 3 days with the goal of dissolving and oxidizing 
toxin compounds, and the soaking water is discarded. Pest control with saponins at a dose of 0.02 kg/m2, 
liming the pond bottom with dolomite at a dose of 0.1 kg/m2, and fertilizing with urea at a dose of 0.02 
kg/m2 and Super Posfat (SP-36) at a dose of 0.01 kg/m2 to grow natural feed, particularly at the start of 
cultivation. After fertilizing the soil, a gradual replenishment of water is carried out, with the first stage 
filled with water to a depth of 20-40 cm and left for 3 days aimed at dissolving fertilizer in the pond, and 
the second stage of the pond filled to a depth of 50-60 cm aims to grow natural feed, and after 7 days 
filled water to a depth of 80-90 cm and left for up to 7 days so that natural feed (plankton) can grow 
optimally. While waiting for the growth of natural feed, a floating cage (hapa) installation is carried out 
for the red tilapia and seaweed distribution system longline. 

 

 

 



 

 

 

 

 

2.3 Research design 

The difference in stocking density of semi-intensive vannamei, namely A), the density of 60 individuals 

per m2 (220,500 individuals per pond), and B), the density of 30 individuals per m2 (118,500 individuals  

per pond), was used as the integrated shrimp culture treatment in this study, with each treatment having 

two replications (Table 1). The vanname shrimp seeds used in the study were post-larva 11 (PL11) in 

size. The red tilapia are raised in a hapa made of black net material. 

 

Table 1. The pond size and stocking density of commodities used in integrated aquaculture, 

including vannamei, red tilapia, mangrove oysters, and seaweed. 

  Treatment 

Stocking density A B 

A. Pond size (m2) 3,675 3,950 

B. Commodity stocking density   

- Vannamei (individual per pond) 220,500 118,500 

- Red Tilapia (individual per pond) 2,200 2,200 

- Mangrove oyster (individual per pond) 2,000 2,000 

- Sea weed (kg per pond) 375 395 

Remarck : A (density of 60 individuals/m2); B (density of 30 individuals/m2) 

 

Each pond has up to 5 hapas, each measuring 5 m long, 4 m wide, and 1.2 m high, and the hapa in 

the pond should not be too close to each other. Vannamei (Litopenaeus vannamei) and red tilapia 

(Oreochromis niloticus) are distributed in ponds after natural food has grown. Red tilapia with an initial 

stocking size of 2-6 grams per individual (an average of 3.5 grams per individual) were stocked to A 

and B ponds, each as many as 2,200 fish per pond, equaling 440 fish per hapa, with each pond having 

up to 5 hapas. Meanwhile, in treatments A and B, seaweed (Gracillaria verrucosa) is spread at rates of 

375 and 395 kg/pond, respectively. Seaweed seedlings are tied with ropes on bamboo poles. The distance 

between seaweed points is 25 cm, and one point is planted with up to 200 g tied to a 40-meter-long rope. 

Meanwhile, the shellfish chosen must be able to live and grow in brackish water conditions,such as 

mangrove oysters (Crassostrea iredalei). The oysters were stocked one week after the vannamei, at a 

density of oysters is 2,000 individuals per pond. Mangrove oysters are placed in the black net basket 

above the pond's soil bottom or hung on black waring baskets at a density of 400-500 individuals per 

basket. Oysters were placed at various points in each pond, and in this study, oysters were placed at five 

different points in the pond. In each pond, two paddlewheel aerators (1 HP) will be installed. 

Paddlewheel aerators are used to rear shrimp that are more than 45 days old or have been exposed to a 

lack of oxygen. In this study, the paddlewheel is only installed from 10 pm to 4 am. (6 hours). Every 

two weeks, the weight of shrimp and red tilapia was measured, and the feed dose was calculated at the 

same time. Feeding pellets at a dose of 3% of the bodyweight per day, feeding frequencyof twice a day, 

with a 50% in the morning and 50% in the afternoon. 

 

2.4 Parameter measurement 

The parameters in this study were growth, survival rate, soil and water quality. At the start of the study, 
soil quality was assessed using the parameters pHF, pHFox, TPA, TAA, TSA, OM, FeS2, Fe3+, total N 
and soil texture were measured. A pH meter was used to measure soil pH (pHF and pHFOX), and the other 
soil analysis method refers to [4]. Water quality parameters such as pH, temperature, and oxygenwere 
measured in the field every day, while TOM, nitrite, nitrate, total ammonia nitrogen (TAN), and 
phosphate were measured every two weeks. The water quality analysis method is referred to [28[ and 
[29]. Soil and water quality analysis were carried out in the soil laboratory and water Laboratory at the 
Research Institute for Coastal Aquaculture (RICA), Maros. 

 

 



 

 

 

 

 

2.5 Data analysis 

The data on the survival rate of vannamei and red tilapia, water quality parameters were tabulated and 

analysed descriptively. Meanwhile, growth and FCR were analysed using T-Test 

 

3. Results 

3.1 Pond soil quality 

The study's findings revealed that the pond soil is an acid sulfate soil with the following characteristics: 

pHF in A (5.80±0.056) and B (5.66±0.087); pHFOX in A (3.71±0.042) and B (3.815±0.092). TPA in 

A (403.12±41.012 moles H+/ton) and B (410.05±48.720 moles H+/ton). TAA in A (30.8±3.253 moles 

H+/ton) and B (25.85±0.778 moles H+/ton). TSA in A (372.20±44,265 moles H+/ton) and B 

(384.2±49.49 moles H+/ton). In this study, pyrite on A can reach 1.70±0.140% and pyrite on B can reach 

1.80±0.142%. Fe3+ on A (1,015±49.50 µg/g) and B (1,175±106.07 µg/g). Organic matter in A 

(5.80±0.848%) and B (5.95±0.495%). C organic matter in A (3.36±0.492%) and B (3.45±0.287%). Total 

N in A (0.444±0.0163%) and B (0.434.8± 0.0543%). CN ratio in A (7.57±0.831) and B 

(8,06±1,67%). Soil texture on ponds is Sandy clay loam with composition sand:clay: silt on A 

(42.5:32.5:25) and B (46.5:36.5:17). 
 

3.2 Vannamei and red tilapia production 

The absolute weight growth, survival rate, production and FCR of vanname and red tilapia are shown 

in Table 2. 

 

Table 2. The weight, survival rate, FCR, and production of vannamei and red tilapia using 

integrated aquaculture in Mamuju Regency, South Sulawesi. 

Variable Treatment 

 A B 

Pond Area (m2) 
a. Vannamei 

Stock density (individuals per m2) 

(individuals per ponds) 

Initial weight (g per individual) Finally 

weight (g/per individual) Survival Rate 

(%) 
Production (kg per pond) 

(kg per m2) 
FCR 

3,675±247.87 

 
60 

220,500 

0.1143 

11.50a±0.424 

61.39±2.426 

1,554±2.08 
0.424±0.0030 

1.25a±0.028 

3,950±353.34 

 
30 

157,500 

1.1143 

11.80a±0.368 

68.85±8.8671 

957.5±67.66 
0.244±0.0390 
1.29a±0.014 

b. red tilapia 
Stock density (individuals per ponds) 

(individuals per hapas) 
Initial weight (g per individual) Finally 
weight(g per individual) Survival Rate 
(%) 

 

2,200 

440 

3.2 
195a±14.14 

63.86±4.638 

 

2,200 

440 

3.2 
193a±2.83 

59.60±7.071 

Production (kg/pond) 
(kg/hapa) 

FCR 

274.57±37.188 
54.91±7.437 
1.53a±0.035 

253.28±33.372 
50.66±6.746 
1.52a±0.049 

Remarck : A (density of 60 individuals/m2); B (density of 30 individuals/m2) 

 

 

 

 



 

 

 

3.3 Water quality 

Water quality during the study between treatments were seemed to vary (Figure 1-5). During the study, 

the oxygen content reached more than 3 ppm (3.2-5.8 mg/L) in both treatments A and B. Water quality 

measurements such as temperature and salinity remained within a vannamei tolerance range, namely the  

temperature ranged from 26.5-31.5oC, and salinity reached 18.5-38 ppt. Meanwhile, dissolved oxygen 

(5.0-9.0 mg/L), temperature (28-31oC). 

Total organic matter (TOM) in treatments A and B ranged from 30 to 50 mg/L and was still within 

the tolerance for shrimp farming.   

 

 

 
Figure 1. Fluctuations of total organic matter (TOM) in shrimp aquaculture ponds 

 

Observations of TAN in the water media seem to fluctuate, in A can reaches the range of 0.0277-0.2034 

mg/L, and B can reach the range of 0.027-0.1821 mg/L. 

 

 

 
 

Figure 2. Fluctuations of Total Amonnia Nitrogen (TAN) in shrimp aquaculture ponds 

 

During the study, nitrite levels in treatments A and B were 0.008-0.0328 mg/L and 0.006-0.0578 mg/L, 

respectively. Similarly, the nitrate while varying, is still relatively low. 
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Figure 3. Fluctuations of nitrite (NO2 
-) in shrimp aquaculture ponds 

 
Nitrate measurements in A ranged from 0.1992-0.3182 mg/L, while those in B ranged from 0.1312-

0.2724 mg/L. 
 

 
Figure 4. Fluctuations of nitrat (NO3

-) in shrimp aquaculture ponds 

 
Phosphate levels vary across all treatments, with A reaching 0.1145-0.2273 mg/L and B can reaching 

0.0342-0.4833 mg/L. 

 

 

 
Figure 5. Fluctuations of phosphate (PO4

2-) in shrimp aquaculture ponds 
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4 Discussion 

4.1 Pond soil quality 

The brackishwater pond soil, dominated by acid sulfate soil or occasionally associated with peat soil, 
and has been found to contain rust red pyrite (FeS2) and jarosite (KFe3+3(OH)6(SO4)2 on the inside and 

top of the pale yellow dyke Shrimp and red tilapia production. Value of pHF is the pH of soil measured 
in the field under water-saturated soil conditions, whereas pHFOX is the pH of soil measured in the field 
after oxidation with hydrogen peroxide (H2O2) 30%. The difference between pHF and pHFOX represents 

the potential acidity of the soil based on its pH value of A (2.09±0.099) and B (2.13±0.163). Total 
Potential acidity (TPA) is often referred to as the buffer capacity of the soil against changes in pH. The 
higher the clay and organic matter content, the greater the soil buffer capacity. More lime is needed to 
raise the pH of the soil [30]. 

Total Actual Acidity (TAA) is the total amount of acidity of the soil that is freely available. This 

TAA consists of soluble acidity, interchangeable acidity, acidity from protonated varied charged 

particles, and acidity brought about by sulfate compounds. In the ASS system, the main mineral acid is 

sulfuric acid (H+) which is produced from the oxidation of pyrite and measured by the TAA method. 

The presence of TAA in ASS pond is critical in pond management, however, it is hypothesized that 

TPA, within the TAA soil horizon is as equally important. Sulfuric potential acidity or Total sulfuric 

acidity (TSA) is calculated by the reduction of TPA from TAA. The source of acidity in acid sulfate 

soils is pyrite compounds, which oxidize and release hydrogen and sulfate ions, resulting in a decrease 

in pH. In this study, pyrite on A and B can reach less of 2%. Pyrite is formed in highly reductive 

anaerobic conditions; however, changes or disturbances such as drainage or tidal fluctuations can cause 

pyrite to oxidize. The oxidation of the mineral pyrite either directly or indirectly causes the increase in 

acidity in acid sulfate soils [6]. 

Organic matter in pond soil can have an impact on soil stability, oxygen consumption, nutrient 

sources, and habitat suitability from the pond's bottom. The amount of organic matter in the pond can 

affect its fertility, but too much can seriously the life and population of cultivated fish and shrimp [30]. 

According to [31], the ideal organic matter for shrimp cultivation is 6-9%. This CN ratio is relatively 

low, indicating that there is a carbon (C) and nitrogen (N) imbalance in the soil, which can lead to less 

available nutrients. The ideal CN ratio for soil is 15-20. Based on the texture of the soil, it can be 

determined that the pond soil has low fertility and often found low natural feed growth in the pond. 
 

4.2 Vannamei and red tilapia production 

Interviews with pond owners were informed that shrimp farmers have been cultivating vannamei using 

the traditional system with production ranging from 100-300 kg per ha and have experienced shrimp 

harvest failure (personal information). When the shrimp were 65 days old in this study, it was 

discovered that the ponds surrounding the study site had started to develop white spot syndrome virus 

(WSSV) diseases, and the water quality had deteriorated, as evidenced by the water's slightly cloudy 

and brownish color. Adding new water while keeping the existing water in the pond At 68 days, it 

appears that the shrimp have developed WSSV symptoms, and the disease has begun to spread 

throughout the site and attack the shrimp. Furthermore, due to a lack of water supply and an increase 

in salinity, seaweed did not grow optimally, and some of the oysters died.  Dolomite is given at a dose 

of 5 mg/L every day for three days to prevent the rapid development of shrimp disease, with the goal of 

inhibiting diseases that affect shrimp culture production and stabilizing water quality. Vannamei harvest 

is done partially, because the pond can not be completely dry. Partial harvest first (72 days) at A was 

1253.5 kg, partial harvest second (78 days) was 300.5 kg (total 1,554±2.08 kg per pond), and partial 

harvest first at B was 697.5 kg, harvest second was 260 kg ( total harvest is 957.5±67.66 kg per pond). 

The production of red tilapia (84 days rearing) in A was 274.57±37,188 kg per pond with an FCR of 

1.53±0.035 and B was 253.28±33,372 kg per pond with an FCR of 1.52±0.049. Meanwhile, G. 

verrucosa seaweed and mangrove oysters in this study have their main function as biofilters to filter 

nutrients N and P so that water quality is well maintained. At the end of the study, seaweed only 

increased from 367.5 kg (A) and 395 kg (B) to 650 kg (A) and 660 (B). The growth of seaweed in this 

study was relatively low, this was due to the condition of the pond water starting to turn cloudy and the 

salinity reaching 38 ppt. 
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4.3   Feed nutrient and water quality 

In this study, commercial shrimp and red tilapia feed contained 30% and 26% protein, respectively. 

This means that 1 kg of shrimp and fish feed contains 310 grams and 260 grams of protein, respectively. 

Food is required as a source of energy for growth. According to [32], [33], 70-85% of the feed given to 

shrimp is used for growth and survival as well as excretion and feces, which returns to the culture 

environment, while the remainder of the feed that is not eaten also becomes organic waste. The 

availability of feed ingredients and microorganisms, as well as appropriate environmental factors, 

influence the rate of organic matter decomposition. 

Based on the feed requirements for vannamei growth and survival in A and B, each treatment required 

several pellets of 1,911±6.45 kg and 1,245±48.7 kg, respectively, so the estimated amount of protein 

from the shrimp feed given was 592.5±2 kg in A and 386±27,27 kg in B. Organic waste from uneaten 

feed can dissolve and settle to the bottom of the pond, adding organic nutrients to the water. According 

to [34], [35], the majority of the waste from feed that enters the aquatic environment is in theform of N 

and P. Meanwhile, According to [22], the N and P content of oysters (Crassostrea sp.) is notdirectly 

absorbed but is first used for plankton growth. Plankton is also used by oysters for growth. Oysters 

consume food by absorbing and filtering it through their vibrating feathers (filter feeder). Seaweed 

growth in ponds plays a critical role, particularly in reducing excess N and P nutrients. The absorption 

of Gracilaria sp on P was less than optimal in this study. This is due to the high salinity ofwater in 

ponds, which can reach 40 ppt, whereas Gracilaria sp seaweed can grow optimally in the 15- 25 ppt 

range. Gracilaria sp. can be stressed at high salinity, affecting growth and even morphogenetic 

development. Furthermore, the high salinity of the seaweed shrinks due to the concentration difference 

between the fluid inside and outside the cell, forcing the Golgi bodies to balance until they become 

isotonic. This condition can affect the use of more energy, inhibiting the development of seaweed and 

visually reducing the callus size of the seaweed. 

Organic matter from feed waste can degrade pond water quality. Residual organic waste of feed and 

excretion or shrimp metabolites during cultivation contributed to the increase in total ammonia nitrogen 

[35]. Organic waste from excretory feed can become nutrients after the nitrification process carried out 

by microbes to be converted into ammonia, nitrite, and nitrate, which then become nutrients that are 

utilized by seaweed and plankton growth. According to [28], [36], an ammonia content of less than 0.1 

mg/L is still quite safe for shrimp life. The low nitrate content in these ponds is thought to be due to 

nitrate use by plankton and seaweed or other aquatic plants containing chlorophyll. Nitrate 

concentrations greater than 250 mg/L may affect shrimp life. The following information is obtained 

from a factor analysis of nutrient distribution that plays a role in determining the quality of pond water 

during cultivation: In treatment A, the analysis of factors with eigenvalues >1 explained that the quality 

of pond water was comprised of two main components, namely the first component, which affected 

TAN, NO -, and TOM by 46.82%, and the second component, which affected PO 2- and NO - by 31.25%. 

Meanwhile, treatment B with an obtained eigenvalue of >1 can explain that the quality of pondwater is 

comprised of two main components, namely the first component, which influences TOM, PO 2,and TA4N 

by 60.44%, and the second component, which influences NO - and NO - by 21.24%. 

 

5 Conclusion 

In idle ponds, semi-intensive and integrated vannamei cultivation can increase productivity. Pond 

productivity in Treatment A produces up to 1,554±2.08 kg per pond with a survival rate of 61.39±2,426 

% and red tilapia up to 274.57±37.188 kg per pond with a survival rate of 63.86±4.638 %. Treatment 

B produces vannamei up to 957.56±67.660 kg per pond with a survival rate of 68.83±8.867% and red 

tilapia of 253.28±33.372 kg per pond with a survival rate of 59.60±607.071%. 
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