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Abstract
This research aims to: 1. Study soil quality after releasing hydroponic effluent, and 2. Compare soil quality between areas with and without effluent discharge. The study focused on changes in soil pH and other properties for potential application in fertilization. Data collected included pH, soil fertility (N-P-K), soil moisture, soil structure, soil color, soil consistency, and soil texture. The results showed that areas with hydroponic effluent had higher average primary nutrients, soil moisture, and soil temperature than areas without discharge. Both areas had a granular soil structure. Soil in the treated area was dark black, while the untreated area was light brown. The texture in the effluent area was sandy loam, whereas the untreated area was sandy clay. 
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Introduction
In the current global context of rapid population growth, the demand for safe and high-quality vegetable consumption is steadily increasing. Consequently, soil-less cultivation or "Hydroponics" has become a primary alternative in modern agriculture due to its precise nutrient control and high yields. However, most hydroponic systems encounter a significant challenge regarding "wastewater management."
During or at the end of a crop cycle, the Nutrient Solution—comprised of water-soluble chemical fertilizers in optimal proportions—undergoes changes. Over time, plants exhibit "Selective Uptake," absorbing specific nutrients faster than others. This leads to a nutrient imbalance, the accumulation of root exudates, and extreme fluctuations in pH levels, eventually rendering the solution inefficient for further plant growth. To maintain productivity, farmers must discharge this spent solution and replace it with fresh nutrients.
The resulting environmental concern is that this wastewater contains concentrated levels of primary macronutrients (Nitrogen, Phosphorus, and Potassium) and secondary nutrients far exceeding those found in natural water bodies. If discharged directly into public waterways, it triggers "Eutrophication"—a process where excessive nutrients stimulate abnormal algal blooms, deplete oxygen, and devastate aquatic ecosystems. Simultaneously, traditional soil-based agriculture faces rising chemical fertilizer costs and soil degradation due to inadequate maintenance.
Addressing these issues, this research is conducted under the concept of "Waste to Resource," utilizing the synergy between wastewater chemistry and soil microbiology. Although the hydroponic effluent may be "exhausted" for water-based systems, soil possesses a unique characteristic known as "Cation Exchange Capacity" (CEC). Soil particles act as a natural buffer, capturing and retaining these residual nutrients, preventing them from leaching or degrading rapidly. Transforming this wastewater into an asset for soil-based crops represents a "Zero Waste" agricultural approach.
Therefore, the research team aims to study and compare soil quality after the application of hydroponic wastewater in Suso Sub-district, Palian District, Trang Province, Thailand. The data obtained will serve as a practical guideline for enhancing soil-based vegetable cultivation through sustainable resource circulation.
Research Objectives
1. To analyze soil quality following the discharge of wastewater from hydroponic vegetable cultivation.
2. To compare soil quality parameters before and after the application of hydroponic wastewater.
Scope of Study 
This study focuses on the analysis and comparison of soil quality resulting from hydroponic wastewater discharge. The research is localized to Suso Sub-district, Palian District, Trang Province, Thailand, conducted between December 22, 2025, and January 26, 2026.
Research Question
Does the discharge of wastewater from hydroponic cultivation affect the changes in primary macronutrient levels (N-P-K) and the pH value in the soil?
Research Hypothesis
The discharge of wastewater from hydroponic cultivation leads to changes in the levels of primary macronutrients (N-P-K) and the pH value in the soil.

Materials and Methodology
Materials and Equipment
1. Soil NPK Tester: Used for measuring soil fertility and primary nutrient concentrations.
2. pH Indicator Strips: Used for testing the acidity or alkalinity of the soil.
3. Soil Moisture Meter: Used for determining the water content in the soil.
4. Relative Humidity Meter: Used for measuring atmospheric humidity in the study area.
5. Soil Glass Thermometer: Used for measuring soil temperature at the specified depth.
6. Munsell Soil Color Chart: Used for standardized soil color identification and classification.
Measurement Protocols
GLOBE Protocols: The measurements and data collection are conducted in accordance with the GLOBE Program (Global Learning and Observations to Benefit the Environment) standards.
Study Site Selection
The research is conducted in Suso Sub-district, Palian District, Trang Province, Thailand, located at the following coordinates:
· Latitude:7.2693791
· Longitude:99.6759748
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Research Methodology
1. Site Preparation and Experimental Design
Study Site: Soil sampling points are established in Suso Sub-district, Palian District, Trang Province, divided into two primary study groups:
· Group 1: Soil area treated with wastewater discharge from the hydroponic system.
· Group 2: Adjacent soil area that does not receive hydroponic wastewater (Control Group).
2. Experimental Procedures and Data Collection
Part 1: Physical Soil Analysis
1. Soil Temperature: Measured using a Glass Thermometer at depths of 5 cm and 10 cm. Readings are taken at the same time daily to control for diurnal temperature fluctuations.
2. Soil Moisture: Measured using a Soil Moisture Meter to determine the water content within the soil pore spaces.
3. Soil Color: Soil samples are analyzed using the Munsell Soil Color Chart to determine the hue, value, and chroma (lightness and intensity) of the soil.
4. Soil Texture and Structure: Identified using the "Feel Method" to classify soil types (e.g., sandy loam, sandy clay) and observing soil aggregate patterns according to the GLOBE Program manual.
Part 2: Chemical Soil Analysis
1. Soil pH: Soil samples are mixed with distilled water according to the GLOBE standardized ratio. The solution is filtered, and pH strips are used to measure and record the acidity or alkalinity.
2. Primary Macronutrients (N-P-K): A Soil NPK Tester is used to analyze the concentration of Nitrogen (N), Phosphorus (P), and Potassium (K) accumulated in the soil from the wastewater application.
3. Data Recording and Analysis
1. Data Documentation: All measurements from pH strips, moisture meters, thermometers, and soil color charts are recorded systematically in Result Tables.
2. Comparative Analysis: Data from both study areas (Wastewater-treated vs. Non-treated) are compared using tables and charts for visual interpretation.
3. Synthesis and Conclusion: The differences in physical and chemical properties are analyzed to conclude how hydroponic wastewater significantly impacts soil quality.
Research Analysis and Conclusion
Table 1: Geographical Coordinates of the Study Area
	Study Area
	Latitude (N)
	Longitude (E)

	Suso Sub-district, Palian District, Trang Province
	7.2693791
	99.6759748



Table 1 Analysis: According to the geographical coordinates presented in Table 1, the research was conducted in Suso Sub-district, Palian District, Trang Province, Thailand. The specific location is identified at Latitude 7.2693791and Longitude 99.6759748which serves as the data collection point for this soil quality study.
Table 2: Soil Temperature Measurements
	Measurement Site
	Depth
	Trial 1 (°C)
	Trial 2 (°C)
	Trial 3 (°C)
	Average (°C)

	Hydroponic Wastewater Area
	5 cm
	28
	26
	25
	26.33

	Hydroponic Wastewater Area
	10 cm
	26
	24
	25
	25.00

	Non-Wastewater Area
	5 cm
	27
	29
	30
	28.66

	Non-Wastewater Area
	10 cm
	25
	27
	27
	26.33


Analysis of Table 2: The soil temperature data reveals that in the Hydroponic Wastewater Area, the average temperature was 26.33°C at a depth of 5 cm and 25.00°C at a depth of 10 cm. In comparison, the Non-Wastewater Area recorded an average temperature of 28.66°C at a depth of 5 cm and 26.33°C at a depth of 10 cm.
The results clearly indicate that the soil temperature in the area without wastewater discharge is higher than in the area receiving hydroponic wastewater. This suggests that the moisture from the wastewater may play a role in regulating or lowering the soil temperature.
Table 3: Soil Moisture Content
	Sampling Site
	Trial 1
	Trial 2
	Trial 3
	Average ± 3%

	Wastewater-Treated Area
	10
	9
	9
	9.33 (VWC)

	Non-Treated Area
	8
	7
	7
	7.33 (VWC)


Analysis of Table 3: The data from Table 3 indicates the volumetric water content (VWC) of the soil. The Wastewater-Treated Area had an average moisture level of 9.33 (VWC), while the Non-Treated Area had an average of 7.33 (VWC). This demonstrates that the area receiving hydroponic wastewater maintains higher soil moisture levels than the non-treated area.
Table 4: Soil Color (Munsell Soil Color Chart)
	Comparison Category
	Wastewater-Treated Area
	Non-Treated Area

	Soil Color Code
	3/1
	6/4

	Color Description
	Jet Black / Very Dark
	Light Brown


Analysis of Table 4: The soil color analysis shows a distinct difference between the two sites. The soil in the Wastewater-Treated Area is identified by code 3/1 (Jet Black), whereas the soil in the Non-Treated Area is identified by code 6/4 (Light Brown). Darker soil often indicates higher organic matter or moisture content, consistent with the findings in Table 3.
Table 5: Soil Texture Analysis
	Soil Type
	Wastewater-Treated Area
	Non-Treated Area

	Sandy Loam
	✓
	✓

	Sandy Clay Loam
	-
	-


Analysis of Table 5: The data from Table 5 reveals that the soil texture in both the Wastewater-Treated Area and the Non-Treated Area falls into the medium-textured soil group.
According to the "Feel Method" analysis, the soil exhibited a slight grittiness when rubbed between the fingers, yet also felt somewhat sticky and smooth. This indicates a balanced proportion of sand, silt, and clay particles. Consequently, the soil at both study sites is classified as Sandy Loam, which provides a favorable structure for nutrient retention and drainage.
Table 6: Soil Structure
	Study Area
	Soil Structure Type

	Wastewater-Treated Area
	Granular

	Non-Treated Area
	Granular


Analysis of Table 6: The results indicate that both the soil treated with hydroponic wastewater and the non-treated soil exhibit similar structural characteristics, both being classified as Granular.
Table 7: Soil Consistence
	Soil Consistence
	Wastewater-Treated Area
	Non-Treated Area

	Loose / Friable
	Found
	Not Found

	Clayey / Firm
	Not Found
	Found


Analysis of Table 7: The analysis of soil consistence reveals that the Wastewater-Treated Area has a loose and friable texture; it feels soft to the touch and is neither excessively sticky nor gritty like sand. In contrast, the Non-Treated Area exhibits characteristics of sandy clay, which feels heavy, dense, and becomes sticky when wet.Introduction


Table 8: Soil pH Levels
	Sampling Site
	Trial 1
	Trial 2
	Trial 3
	Average pH

	Wastewater-Treated Area
	7
	7
	7
	7.00

	Non-Treated Area
	7
	6
	6
	6.33


Analysis of Table 8: The pH data shows that the soil in the Wastewater-Treated Area has an average pH of 7.00 (Neutral), while the Non-Treated Area has an average pH of 6.33 (Slightly Acidic). Therefore, the application of hydroponic wastewater resulted in a higher (more neutral) pH compared to the non-treated area.
Table 9: Primary Soil Macronutrients (N-P-K)
	Nutrients
	Wastewater-Treated (mg/kg)
	Average
	Non-Treated (mg/kg)
	Average

	
	Trial 1 / 2 / 3
	
	Trial 1 / 2 / 3
	

	Nitrogen (N)
	2 / 5 / 4
	3.60
	2 / 1 / 2
	1.66

	Phosphorus (P)
	4 / 8 / 4
	5.30
	1 / 2 / 1
	1.33

	Potassium (K)
	8 / 13 / 12
	11.00
	3 / 2 / 5
	3.33


Analysis of Table 9: The nutrient analysis demonstrates a significant difference between the two study sites. In the Wastewater-Treated Area, the average concentrations were 3.60 mg/kg for Nitrogen (N), 5.30 mg/kg for Phosphorus (P), and 11.00 mg/kg for Potassium (K).
Conversely, the Non-Treated Area showed significantly lower levels: 1.66 mg/kg (N), 1.33 mg/kg (P), and 3.33 mg/kg (K). Overall, the total average nutrient concentration in the wastewater-treated soil (6.633 mg/kg) is substantially higher than in the non-treated soil (2.106 mg/kg), confirming that hydroponic wastewater effectively enriches the soil with essential primary nutrients.
Table 10: Comparative Soil Quality Analysis
	Parameters
	Hydroponic Wastewater Area
	Non-Wastewater Area

	Temperature (°C)
	25.67 °C
	27.50 °C

	pH Value
	7.00
	6.33

	Moisture (VWC)
	10.00
	7.33

	Soil Fertility (N-P-K)
	N: 3.6, P: 5.3, K: 11.0 (mg/kg)
	N: 1.66, P: 1.33, K: 3.33 (mg/kg)


Analysis: According to Table 10: the study in Suso Sub-district shows that the soil receiving hydroponic wastewater has an average NPK fertility of 6.63 ± 10%, which is significantly higher than the non-treated area at 2.11 ± 10%. The overall pH level is maintained at a moderate/neutral average of 6.67 ± 0.5%
Discussion
The comparative study of soil quality in Suso Sub-district, Palian District, Trang Province, reveals several key findings:
1. Soil Temperature & Moisture: The wastewater-treated area showed a lower average temperature compared to the non-treated area. This correlates with the higher moisture content (10 VWC vs 7.33 VWC). The presence of water acts as a thermal regulator, cooling the soil.
2. Physical Characteristics: The soil color in the treated area was Jet Black (3/1), while the untreated area was Light Brown (6/4). This darker color, combined with the Loose/Friable consistency found in the treated area, indicates higher organic enrichment and better aeration compared to the Heavy/Dense sandy clay found in the untreated site.
3. Chemical Properties: The application of hydroponic wastewater successfully neutralized the soil pH (increasing it from 6.33 to 7.00). Most importantly, the concentration of primary nutrients (N-P-K) was substantially higher in the treated area, with Potassium (K) showing the most significant accumulation.
Conclusion
The research concludes that hydroponic wastewater significantly improves both the physical and chemical properties of soil in Suso Sub-district. Soil treated with wastewater exhibited:
· Higher Fertility: N-P-K levels were nearly three times higher than untreated soil.
· Better Texture: Improved from dense sandy clay to a friable, loamy structure.
· Optimal pH: Reached a neutral state (7.0) ideal for plant growth.
· Darker Color: Indicating a richer nutrient profile (Munsell 3/1).
Practical Application: These findings prove that hydroponic wastewater is a valuable resource rather than waste. It can be utilized as a liquid fertilizer and soil conditioner, allowing farmers to grow soil-based vegetables effectively without the need for additional chemical fertilizers, promoting a Zero Waste agricultural model.
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Reflections & Skills (Badges)
I am a Scientist 
This research was conducted through a rigorous scientific process. It began with collaborative team planning to conduct field surveys in Suso Sub-district, Palian District, Trang Province. We systematically collected soil and wastewater samples based on GLOBE Program standards to ensure maximum accuracy and precision. Our teamwork allowed us to exchange knowledge, refine observation skills, and gain hands-on experience with scientific instruments, ensuring this research is of high quality and reliable for public reference.
I am a Problem Solver 
To address the environmental impact of hydroponic wastewater—which contains residual chemicals that can trigger Eutrophication and water pollution—I applied the "Waste to Resource" concept. By repurposing nutrient-rich wastewater for soil-based crops, we effectively transformed a potential pollutant into a valuable asset. This approach not only mitigates water pollution but also reduces chemical fertilizer costs for farmers, creating a sustainable Zero Waste agricultural model.
I am a Data Scientist 
I managed raw experimental data by systematically collecting key variables, including primary soil nutrients (N-P-K), pH levels, soil moisture, soil temperature, and soil color (using the Munsell chart). I then analyzed and compared the statistical means between the treated and non-treated areas. This data-driven approach allowed me to empirically prove that hydroponic wastewater significantly improves soil structure and fertility, successfully validating our hypothesis.

