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ABSTRACT 

	Aims: To analyze the land suitability level for vannamei shrimp cultivation (Litopenaeus vannamei) in Mootilango Village, Duhiadaa District, Pohuwato Regency, Indonesia, based on water and soil quality parameters.
Study Design: This study employed a survey and direct field observation design.
Place and Duration of Study: The study was conducted in shrimp pond areas of Mootilango Village, Duhiadaa District, Pohuwato Regency, Indonesia, from December 2025 to February 2026.
Methodology: Water and pond soil quality observations were carried out at four sampling stations. Parameters measured included temperature, pH, dissolved oxygen (DO), salinity, nitrite, nitrate, ammonia, phosphate, brightness, total dissolved solids (TDS), soil pH, and sediment substrate. Data were analyzed using a scoring method based on land suitability classifications consisting of highly suitable (S1), suitable (S2), conditionally suitable (S3), and unsuitable (N). Each parameter was assigned a score according to established suitability criteria for vannamei shrimp aquaculture.
Results: The results showed that water and soil quality conditions were generally still supportive of vannamei shrimp cultivation. Station 1 obtained a total suitability score of 160 and Station 2 obtained 156, both categorized as highly suitable (S1). Meanwhile, Station 3 obtained a score of 152 and Station 4 obtained 144, categorized as suitable (S2). Water temperature ranged from 31.4–34.8°C, pH ranged from 8.2–8.7, salinity ranged from 25–26 ppt, and dissolved oxygen ranged from 4.7–12.1 mg/L. Nitrite concentrations ranged from 0.044–0.058 mg/L, nitrate from 0.063–0.083 mg/L, and ammonia from 0.102–0.18 mg/L. The main limiting factors identified were low dissolved oxygen values at certain stations, acidic soil pH conditions, and uncontrolled water quality management and fertilizer application.
Conclusion: The pond areas in Mootilango Village are generally feasible for the development of vannamei shrimp aquaculture, with most stations classified as highly suitable and suitable categories. However, environmental management improvements, particularly in water quality control, soil condition management, and fertilizer use, are necessary to support sustainable shrimp farming development.
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1. INTRODUCTION 

[As an archipelagic nation with a coastline of 108,000 km and a maritime area of 6.4 million km², Indonesia possesses significant marine and fisheries potential. The fisheries sector, particularly vannamei shrimp (Litopenaeus vannamei) aquaculture, plays a strategic role in food security and in boosting the country’s foreign exchange earnings through exports. Furthermore, Indonesia possesses 15 million hectares of potential aquaculture land, supporting the development of vannamei shrimp farming—a key species for sustainably boosting the national economy (Fauzi et al., 2022; A. Putra, 2022; A. Putra et al., 2022; Yuliana & Zuriat, 2022). 

Vannamei shrimp (Litopenaeus vannamei) aquaculture is one of the rapidly growing sectors of aquaculture in Indonesia due to its high economic value, rapid growth, and continuously increasing market demand at both the national and international levels (FAO, 2022) Vannamei shrimp have become a leading commodity due to their strong adaptability to various environmental conditions and their suitability for cultivation in traditional, semi-intensive, and intensive systems. The development of vannamei shrimp farming also makes a significant contribution to increasing the income of coastal communities, creating jobs, and boosting the country’s foreign exchange earnings from the fisheries sector (KKP, 2023)

The expansion of vannamei shrimp farming is often accompanied by various environmental and pond management issues. Inappropriate land use can lead to a decline in environmental quality, increased disease outbreaks, low pond productivity, and even crop failure. Increased production not accompanied by adequate environmental management can trigger the degradation of pond ecosystem quality, such as decreased oxygen levels, accumulation of organic waste, and the emergence of disease outbreaks (Putra et al., 2014; Suwoyo et al., 2019). These conditions indicate that selecting the right cultivation site is a key factor in ensuring the success of vannamei shrimp farming operations.

Selecting a suitable and appropriate location will determine the success of the venture, prevent negative impacts, and ensure the sustainability of shrimp farming activities, both ecologically and socio-economically (Utama et al., 2022). A land suitability analysis must be conducted to serve as the basis for decision-making regarding land use (Muliani AM et al., 2021). Through land suitability analysis, one can determine the feasibility of an area for aquaculture activities, the limiting factors affecting pond productivity, and management strategies appropriate to local environmental conditions. Thus, land suitability studies are expected to support the development of productive, environmentally friendly, and sustainable vannamei shrimp farming so that it can provide economic benefits without neglecting the conservation of coastal ecosystems.


]

2. material and methods / experimental details / methodology

[2.1 Research Location 
This study was conducted over a three-month period, from December 2025 to February 2026, in Mootilango Village, Duhiadaa Subdistrict, Pohuwato Regency. In this study, four stations were selected for land suitability data collection. A map of the study location is shown in Figure 1 below.

[image: ]
Figure 1. Map of the Study Location

2.2 Data Types
Ecological conditions were assessed using survey methods and direct observation at the designated study sites. The ecological conditions observed included water quality and soil quality in the vannamei shrimp ponds. The ecological conditions measured are shown in Table 1.
Table 1. Ecological Conditions Measured
	No.
	Parameter
	Measuring instrument

	1.
	Temperature
	Termometer

	2.
	pH
	pH meter

	3.
	Dissolved Oxygen/DO 
	DO Meter

	4.
	Salinity
	Refrakto meter

	5.
	Nitrite
	Colorimetric Test Kit

	6.
	Nitrate
	Colorimetric Test Kit

	7.
	Amoniak
	Colorimetric Test Kit

	8.
	Soil sediment substrate
	-

	9.
	Soil pH
	Soil pH Meter

	10.
	Brightness
	Secchi disk

	11
	TDS
	TDS Meter

	12
	Phosphate
	



2.3 Data Analysis
The method used to assess land suitability is a scoring method based on assigning values to each land unit according to its characteristics. According to Suwarsito and Anang (2017) as cited in (Ikbal et al., 2019), the suitability of land for shrimp farming is classified into four classes.

Class S1			: Highly suitable refers to areas where there are no serious constraints.
Class S2	: Moderately suitable refers to areas with somewhat serious constraints on maintaining the required treatment level

Class S3	: Marginally suitable refers to areas with serious limitations in maintaining the required management level.

Class N	: “Not Suitable” refers to an area with permanent boundaries that prevent any possible treatment of the area, making it impossible to use.


The criteria for land suitability based on water quality can be found in Table 2, and the criteria for land suitability based on soil quality can be found in Table 2 below.

Table 2 Land Suitability

	No.
	Parameter
	Score
	Information
	Source

	1.
	Temperature (oC)
	4
3
2
1
	28 – 30
20-27 and 31-35
12-19 and 36-40
< 12 and >40
	Luthfi et al. (2022)
	2.
	pH of water
	4
3
2
1
	7,5 – 8,5
6,0-7,4 and 8,6-9,5
4-5,9 and 9,6-11
< 4 and > 11
	Luthfi et al. (2022)
	3.
	Salinity (ppt)
	4
3
2
1
	15 – 20
10-14 and 21-30
< 10 and 31-50
> 50
	Luthfi et al. (2022)
	4.
	Dissolved oxygen
	4
3
2
1
	5,1 – 7
4,1-5 and 7,1-8
3,1-4 and 8,1-10
< 3 and >10
	Luthfi et al. (2022)
	5.
	Nitrite
	4
3
2
1
	0 – 0,05
0,06 – 0,09
1 – 1,4
> 1,5
	Luthfi et al. (2022)
	6
	Nitrate
	4
3
2
1
	0 – 0,05
0,06 – 0,09
1 – 1,4
> 1,5
	Luthfi et al. (2022)
	6.
	Amoniak (mg/L)
	4
3
2
1
	0 – 0,05
0,06 – 0,09
1 – 1,4
> 1,5
	Luthfi et al. (2022)
	7.
	Brightness (cm)
	4
3
2
1
	25 – 40
14-24 and 41-51
3-13 and 52-62
< 2 and > 63
	Luthfi et al. (2022)
	8.
	TDS (mg/L)
	4
3
2
1
	150 – 200
100 – 149
50 – 99
0 – 49
	Luthfi et al. (2022)
	9.
	Soil pH
	4
3
2
1
	6,5 – 7,5
5,5-6,4 and 7,6-8,0
4-5,4 and 8,1-9
< 4 and > 9
	Luthfi et al. (2022)
	10.
	Soil Sediment Substrate
	4
3
2
1
	Sandy clay loam
Sandy loam
Dusty clay
Mud, sand, rocks
	Luthfi et al. (2022)


According to Ikbal et al. (2019), class intervals are determined by dividing the existing values into two classes of equal size (equal intervals).

SKI =  =  = 36

The total land suitability score serves as the basis for determining the feasibility of a development area, thereby enabling the identification of suitable areas for vannamei shrimp aquaculture development. The maximum total suitability score that determines the feasibility of a development area is shown in Table 3 below.

Table 3. Land Suitability Scoring Results
	Total Skor
	Tingkat Kesesuaian

	48 – 83
	Not Suitable (N)

	84 – 119
	Marginally suitable (S3)

	120 – 155
	Moderately suitable (S2)

	156 – 191
	Highly suitable (S1)


Source: Ikbal et al., (2019).

3. results and discussion
3.1 Suitability of Shrimp Farm Land
The results of the scoring calculations at Stations 1 through 4, based on the scoring criteria and weighting for the suitability of vannamei shrimp farms in Mootilango Village, Duhiadaa Subdistrict, Pohuwato Regency, are presented in the following table.

Table 4. Water Quality Results for Vannamei Shrimp Farming
	PARAMETER
	Station 1
	Station 2
	Station 3
	Station 4

	Temperature
	31,4 (3)
	32,4 (3)
	32,5 (3)
	34,8 (3)

	pH
	8,2 (4)
	8,5 (3)
	8,6 (3)
	8,7 (3)

	Dissolved Oxygen
	6,8 (4)
	5,7 (4)
	4,7 (3)
	12,1 (1)

	Salinity
	26 (3)
	26 (3)
	25 (3)
	26 (3)

	Nitrite
	0,054 (4)
	0,047 (4)
	0,044 (4)
	0,058 (4)

	Nitrate
	0,066 (4)
	0,063 (4)
	0,072 (4)
	0,083 (4)

	Amoniak
	0,149 (3)
	0,128 (3)
	0,102 (3)
	0,18 (3)

	phosphate
	0,022 (1)
	0,021 (1)
	0,02 (1)
	0,029 (1)

	Brightness
	26 cm (4)
	32 cm (4)
	45 cm (3)
	18 cm (3)

	TDS
	419 (4)
	845 (4)
	758 (4)
	901 (3)

	Soil pH
	4,5 (2)
	4,5 (2)
	6 (3)
	5 (3)

	Soil Sediment Substrate
	Sandy Loam (3)
	Sandy Loam (3)
	Sandy Loam (3)
	Sandy Loam (3)

	
	160
	156
	152
	144



The results of the land suitability analysis showed that Station 1 obtained a total score of 160 and Station 2 obtained a total score of 156, indicating that the pond conditions are still in the Very Suitable (S1) category for vannamei shrimp farming. Meanwhile, Station 3 yielded a total score of 152 and Station 4 yielded a score of 144, indicating that the pond conditions fall into the Suitable (S2) category for vannamei shrimp farming.

Measurement results from the four stations indicate that, in general, water conditions remain suitable for aquaculture activities. This is indicated by total suitability scores ranging from 144 to 160, with Station 1 and Station 2 falling into Class S1 (highly suitable), while Station 3 and Station 4 fall into Class S2 (suitable). Variations in values between stations are influenced by differences in the physical and chemical characteristics of the water.


Tables & figures should be placed inside the text. Tables and figures should be presented as per their appearance in the text. It is suggested that the discussion about the tables and figures should appear in the text before the appearance of the respective tables and figures. No tables or figures should be given without discussion or reference inside the text.

3.2 Temperature

Water temperatures range from 31.4 to 34.8 °C, a range that is still tolerable. Vannamei shrimp have a temperature tolerance of approximately 7.2–41.9 °C (Kumlu et al., 2010). According to A. F. R. Putra et al. (2025), metabolism can be inhibited or physiologically affected if temperatures are too low or too high. In addition to affecting metabolism, temperature also influences shrimp behavior. Research by Andam (2025) indicates that temperature changes can either increase or decrease the feeding activity of vannamei shrimp, depending on the level of stress experienced. Therefore, water temperature management is a critical factor in maintaining productivity and the sustainability of vannamei shrimp aquaculture.

3.3 pH 
The water pH ranges from 8.2 to 8.7; this value is relatively stable, indicating that the water is alkaline and still ideal for vannamei shrimp farming. The optimal pH range for shrimp farming is 7.0–8.5, and the pH range tolerated by shrimp is 6.5–9.0 (Kumlu et al., 2010). Water pH concentration affects shrimp appetite and chemical reactions in the water; a pH below the tolerance range causes difficulties with molting, where the exoskeleton becomes soft and survival rates decrease (Supriatna et al., 2020).

3.4 Dissolved oxygen
Dissolved oxygen (DO) is the most significant distinguishing factor among the stations. Stations 1 and 2 have values ranging above 5 mg/L, which is classified as very good. Station 3 only ranges around 4.7 mg/l, indicating suboptimal conditions. Meanwhile, Station 4 shows very high DO levels, ranging around 12.1 mg/l. DO levels that are too low can cause stress and death in organisms, while levels that are too high can cause extreme fluctuations due to excessive photosynthesis. Dissolved oxygen is influenced by temperature and the density of cultured organisms; if temperature and density increase, dissolved oxygen will decrease significantly (Zhang et al., 2020).

3.5 Salinity
The salinity measured at each station was consistent, ranging from 25 to 26 ppt, and remains suitable for brackish water. This value indicates that the aquaculture site exhibits transitional characteristics between seawater and freshwater, which are conducive to aquaculture activities. According to CV. Lautan Sumber Rejeki, the optimal salinity is between 15–30 ppt (Prastiwi et al., 2025).

3.6 Nitrogen Content
Nitrogen nutrient levels (nitrite, nitrate, and ammonia) are in the low to moderate range. Nitrite ranges from 0.044–0.058 mg/L, nitrate from 0.063–0.083 mg/L, and ammonia from 0.102–0.18 mg/L. These values indicate that the water is not yet significantly polluted, although nutrient accumulation warrants caution as it has the potential to cause eutrophication if not properly managed.

3.9 Phosphate
The phosphate concentrations obtained were relatively low, ranging from 0.020 to 0.029 mg/L; this indicates that the water body has not yet experienced nutrient enrichment, but also suggests limited nutrient availability for primary productivity.

3.10 Turbidity and TDS
The measured water transparency ranged from 18 to 45 cm. The highest transparency level was recorded at Station 3, while the lowest was at Station 4. Low transparency at some stations indicates high levels of suspended particles or organic matter, which can affect light penetration and the photosynthesis process.  According to Purba & Nurhayati (2022), low water brightness is often associated with high turbidity due to suspended solids or dissolved materials in the water, which limits light penetration to lower layers and has the potential to reduce the intensity of photosynthesis in aquatic organisms. The Total Dissolved Solids (TDS) measured ranged from 419 to 901 mg/L. This value is still considered safe and indicates that the concentration of dissolved minerals is not excessive.

3.11 Soil pH
Soil pH ranged from 4.5 to 6, with the lowest values at stations 1 and 2 and the highest at station 3, while station 4 had a pH of 5. These values indicate that some locations remain acidic, particularly at stations 1 and 2. According to Ikbal et al. (2019), the optimal soil pH for vannamei shrimp growth is 6.5–7.5. Soil pH levels of 5.5–6.5 and 7.5–8 are considered suitable for vannamei shrimp farming in ponds. Liming is a common method of soil and water quality management used in vannamei shrimp (Litopenaeus vannamei) farming, particularly in ponds with acidic soil conditions. However, excessive use of lime in the cultivation of Litopenaeus vannamei shrimp can have negative effects on soil quality, water quality, and the health of farmed organisms.
 
 3.12 Substrate
All sites have sandy clay sediment, which is classified as a medium-textured soil. This type of substrate is highly suitable for aquaculture because it retains water, does not leach easily, and has good nutrient-holding capacity. According to Ikbal et al. (2019), the optimal sediment substrate type for vannamei shrimp ponds is sandy clay loam. Consistent with the research findings, the sediment substrate is suitable for the development of vannamei shrimp ponds.

3.13 Challenges and Issues
Based on observations, the shrimp pond area in Mootilango Village, Duhiadaa Subdistrict, Pohuwato Regency is still classified as suitable for vannamei shrimp farming. However, due to the farmers’ limited facilities—specifically the lack of water quality monitoring—there is no guarantee that the water used meets the standards for safe and high-quality vannamei shrimp farming. Furthermore, reliance on natural feed encourages the uncontrolled use of fertilizers to enhance the fertility of pond waters. Excessive fertilizer use can lead to the accumulation of organic matter and nutrients on the pond bottom, thereby triggering soil quality degradation.

4. Conclusion

[Based on the results of the land suitability analysis for vannamei shrimp (Litopenaeus vannamei) farming in Mootilango Village, Duhiadaa Subdistrict, Pohuwato Regency, it was found that the conditions of the pond sites at the study location generally fell into the “highly suitable” (S1) and “suitable” (S2) categories. Stations 1 and 2 received total scores of 160 and 156, respectively, and were therefore categorized as highly suitable (S1) land, while stations 3 and 4 received scores of 152 and 144, which fall into the suitable (S2) category. However, there are several limiting factors that need to be considered, such as suboptimal dissolved oxygen levels at some stations, soil pH conditions that remain acidic, as well as uncontrolled water quality management and fertilizer use.
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