


Assess the Impact of Duckweed (L. minor) on Soil and Water Quality Parameters of Grass carp (Ctenopharyngodon idella) Culture
Abstract
This study assessed the effects of graded dietary duckweed (Lemna minor) inclusion on selected soil and water quality parameters in grass carp (Ctenopharyngodon idella) culture ponds. The 180-day feeding trial comprised a control and three dietary treatments containing 5%, 10%, and 20% duckweed, designated T1, T2, and T3, respectively. Two hundred fingerlings were distributed among the experimental ponds and fed at 5% of body weight twice daily. Water temperature, pH, alkalinity, dissolved oxygen, and total dissolved solids were monitored, while pond-soil pH, nitrogen, organic carbon, potassium, and phosphorus were also assessed. Water temperature ranged from 24.7 to 25.7°C, pH from 7.9 to 8.5, alkalinity from 110 to 200 mg/L, and dissolved oxygen from 5.0 to 8.0 mg/L. Total dissolved solids ranged from 430 to 608 mg/L. Soil pH varied from 7.4 to 8.1, while the measured soil nutrient values showed moderate differences among the control and treatment groups. Across the reported environmental measurements, dietary duckweed inclusion was not associated with clear deterioration in the selected pond-water parameters. However, the available data do not establish treatment-related effects on pond soil, fish growth, feed efficiency, survival, or profitability because the replication, statistical analysis, and performance data are incompletely reported. Further replicated field evaluation is therefore required before larger-scale adoption. 
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Introduction 
Soil and water parameters play major roles in freshwater fish farming and must be considered for sustainable production. Pond-bottom soil stores many substances that accumulate in pond ecosystems, and the chemical and biological processes occurring in the surface layers of pond soil influence water quality and aquaculture production (Avnimelech & Ritvo, 2003). The availability of good-quality water in sufficient quantities is one of the most important prerequisites for sustainable aquaculture (Boyd et al., 2020). Water-quality management involves the day-to-day regulation of water-quality parameters to maintain optimal conditions for the growth of the cultured species. Soil and water quality parameters are often overlooked in pond management. An understanding of basic water chemistry and soil parameters is necessary to prevent problems in aquaculture. Several soil and water quality parameters are particularly important for maintaining fish health and pond productivity (Colt, 2006). A reliable water supply is perhaps the single most important factor to consider when selecting a site for an aquaculture venture. Water of suitable quality and in sufficient quantity should be available throughout the aquaculture production cycle. Therefore, the water source and supply must be thoroughly investigated when selecting an aquaculture site. Water is essential for fish because it supports all their needs, including respiration, feeding, reproduction, and growth (Coche et al., 1996). Suitable soil promotes effective water retention, particularly in clay or sandy-clay soils, while good pond fertility is associated with clay-loam or silty-clay-loam soils. The most suitable soils for fish culture are sandy clay, silty clay loam, and clay loam (Coche, 1986). The physicochemical properties of pond water largely reflect the properties of the pond-bottom soil (Boyd & Munsiri, 1996). The nutrient status of the water and soil is important in governing the primary productivity of fish ponds. Raigad district is one of the five coastal districts along the west coast of Maharashtra State and is located between 17°51′00″ and 19°08′00″ N and 72°50′00″ and 73°40′00″ E. The district covers a geographical area of 7,152 km² and has a cultivable area of 3,286 km². The perennial Savitri River is the main source of water for freshwater fish culture.
In earthen-pond aquaculture, water quality and bottom-soil processes are closely coupled because sediment mineralization, nutrient exchange, alkalinity, and oxygen demand influence primary productivity and the physiological environment experienced by cultured fish. Temperature, pH, dissolved oxygen, alkalinity, and dissolved solids therefore provide complementary indicators of pond suitability rather than independent measures. In addition, duckweed has attracted attention as a locally producible feed ingredient because of its protein content and capacity to recover nutrients; however, its nutritional value varies with species, cultivation conditions, and processing, and inclusion levels should be evaluated in relation to diet digestibility and water-quality stability (Avnimelech & Ritvo, 2003; Boyd et al., 2020; Minich & Michael, 2024).
Recent studies have further demonstrated that duckweed-based feeds can influence growth and feed utilisation in freshwater fish, with responses varying according to fish species and dietary inclusion level (Achoki et al., 2024; Song et al., 2026). More broadly, the suitability of aquatic plant biomass for aquafeeds is shaped by cultivation conditions, nutrient composition, and dietary inclusion strategy (Ed-Idoko et al., 2024; Kumar et al., 2025; Sosa et al., 2024).
However, evidence remains limited on whether graded dietary inclusion of L. minor alters the interacting soil and water quality conditions of earthen ponds used for grass carp culture. In particular, simultaneous evaluation of pond-water variables and bottom-soil nutrient characteristics under the same feeding treatments is needed to clarify environmental compatibility at the tested inclusion levels.
Objective
The objective of this study was to assess the effects of dietary L. minor inclusion at 5%, 10%, and 20% on selected soil and water quality parameters in grass carp culture ponds.
Materials and Methods
 Experimental site
The study was conducted in 12 earthen ponds at Kunapur, Chatur bhu, Kheuri, Purba Medinipur, West Bengal.
 Water Quality parameters 
The water-quality parameters in the present experiment, including temperature, pH, dissolved oxygen, and alkalinity, were analysed monthly according to American Public Health Association et al. (2005).
a) Water Temperature
Water temperature was measured by directly immersing a pen-type digital temperature meter in the water sample and recording the reading.
b) pH
In the present trial, the hydrogen ion concentration of the water in all earthen ponds was measured using a pen-type pH meter.
c)  Electrical Conductivity
The electrical conductivity (EC) of the experimental water was measured using a mini EC meter.
d) Total Dissolved Solids
The total dissolved solids (TDS) content of the experimental water was measured using a digital pen-type TDS meter.
e) Dissolved Oxygen (D.O) 
For the analysis of dissolved oxygen, the modified Winkler method was followed. In this method, dissolved oxygen reacts with Mg (OH)2, producing a hydroxide precipitate. After acidification, the precipitate releases iodine in proportion to the oxygen present. The iodine-containing mixture was titrated with standard Na2S2O3.H2O (sodium thiosulphate) solution, and starch solution was used as an indicator. The steps used to determine dissolved oxygen are described below:
(i) First, samples were collected in 250 mL glass bottles without introducing air bubbles.
(ii) Then, 1 mL of Winkler A (Mg (OH)2) and 1 mL of Winkler B (alkaline iodine) were added to each sample bottle, and the bottle was stoppered.
(iii) The bottles were inverted 5–6 times to mix the contents and then allowed to stand until the brown-orange precipitate settled.
(iv) One millilitre of sulphuric acid was added to dissolve the precipitate, and the bottle was shaken after the stopper was replaced.
(v) A 50 mL aliquot was transferred to a conical flask and titrated against Na2S2O3. 5H2O (0.025 N).
(vi) Two drops of starch indicator were added, and titration was continued until the blue colour disappeared completely.
(vii) The volume of Na2S2O3. 5H2O used was recorded, and the dissolved oxygen concentration was calculated using the formula below.
D.O (mg/l) = [  XV2]

Where,
N = normality of the titrant (0.025 N)
V1 = sample volume (mL)
V2 = volume of titrant (mL)
f) Alkalinity
The alkalinity of the water sample was measured by titration against 0.02 N H₂SO₄ (sulphuric acid) using a 50 mL sample. A sequential double-indicator method was used to identify two endpoints: the phenolphthalein endpoint at pH 8.3, followed by the methyl orange endpoint at pH 4.5.
The experimental procedure was conducted using the following steps:
(i) A 50 mL aliquot of the sample was transferred to a flask, and two drops of phenolphthalein indicator were added.
(ii) If the solution developed a light pink colour, it was titrated with standard 0.02 N sulphuric acid until the pink colour disappeared and the solution became colourless. The volume of acid used to reach this endpoint was recorded as value ‘p’.
(iii) Thereafter, two drops of methyl orange indicator were added to the same reaction flask. Titration with H₂SO₄ was continued until the solution changed from yellow to orange.
(iv) The final cumulative burette reading, representing the total volume of titrant used across both titration stages, was recorded as value ‘t’. Total alkalinity in the water samples was calculated using the formula below:
Total alkalinity (mg/l) =    
 Soil parameters 
Soil suitability for freshwater culture was assessed by collecting samples from four locations at each site at a depth of 30–40 cm. Composite samples were prepared by thoroughly mixing the subsamples collected from the pits on an enamel tray. Standard analytical procedures were used to measure selected quality parameters: pH, organic matter, total nitrogen, potassium, and phosphorus. The soil parameters were assessed before the experiment, including soil pH, soil nitrogen (N2), and available phosphorus (P2O5) (Food and Agriculture Organization of the United Nations [FAO], n.d.).
a) Soil pH
Soil pH was estimated using a corded pen-type pH meter. The probe was inserted into the soil sample, and the reading was recorded.
b) Soil Nitrogen 
Available soil nitrogen (N2) was measured using a NICE Chemicals soil-testing kit (Code No. S25450) by comparing the sample colour with a standard colour chart.
c) Soil Organic Matter
Available soil organic matter (OM) was measured using a NICE Chemicals soil-testing kit (Code No. S25450) by comparing the sample colour with a standard colour chart.
d)Soil Potassium
Available soil potassium (K) was measured using a NICE Chemicals soil-testing kit (Code No. S25488) by comparing the sample colour with a standard colour chart.
e) Soil Phosphorus
Available soil phosphorus (P) was measured using a NICE Chemicals soil-testing kit (Code No. S25345) by comparing the sample colour with a standard colour chart.
Results and Discussion
 Water Quality Parameters
Interpretation of these variables should consider their interactions. Temperature affects fish metabolism and oxygen solubility, pH modifies the chemical form and potential toxicity of dissolved compounds, alkalinity buffers short-term pH fluctuations, and suspended or dissolved materials can alter light penetration and microbial oxygen demand. Consequently, the absence of large treatment-related shifts across several parameters provides stronger evidence of environmental stability than any single measurement considered alone (Boyd et al., 2007; Colt, 2006; Hargreaves, 1998).
To evaluate water quality during the trial, several physicochemical parameters, namely temperature, pH, dissolved oxygen (DO), alkalinity, and total dissolved solids (TDS), were recorded. Measurements were taken at the start of the study and subsequently at 30-day intervals. The observed trends were as follows:
The narrow temperature range observed among treatments suggests that the feeding treatments did not substantially alter pond thermal conditions. This is expected in outdoor earthen ponds, where seasonal radiation, air temperature, water depth, and mixing generally exert stronger control over water temperature than moderate dietary changes. Because temperature also regulates metabolic rate and dissolved-oxygen saturation, the limited between-treatment variation reduces the likelihood that temperature alone explains differences in fish performance (Boyd et al., 2020; Colt, 2006; Hargreaves, 1998).
Water temperature
The slightly alkaline pH recorded across treatments is consistent with productive freshwater ponds in which photosynthesis, respiration, alkalinity, and sediment-water exchange jointly regulate daily pH dynamics. The small differences among treatment means should be interpreted cautiously because pH can vary diurnally, especially in ponds with active phytoplankton communities. Nevertheless, the observed range indicates adequate buffering and does not suggest pronounced acid-base stress during the sampling periods (Avnimelech & Ritvo, 2003; Boyd et al., 2007; Colt, 2006).
Water temperature increased progressively after the start of the trial, a change attributed to the seasonal transition from late winter to summer. Temperatures ranged from a minimum of 24.7°C in T1 and T2 to a maximum of 25.7°C in T2 and T3. According to Table 1 and Figure 1, T3 had the highest mean temperature (25.3°C), whereas T1 had the lowest mean temperature (25.1°C). The observed temperatures were within a range generally compatible with warm-water aquaculture, although species- and life-stage-specific criteria should be applied (Boyd et al., 2020; Colt, 2006).
The measured alkalinity indicates appreciable buffering capacity, which can reduce abrupt pH changes and support biological productivity. In earthen ponds, alkalinity is influenced by source-water chemistry, liming history, sediment reactions, and microbial processes; therefore, moderate treatment differences do not necessarily indicate a direct dietary effect. The broadly comparable values among groups are more consistent with stable carbonate buffering throughout the trial (Avnimelech & Ritvo, 2003; Boyd et al., 2020; Hargreaves, 1998).
pH
Dissolved oxygen remained within a range compatible with aerobic metabolism, although the reported minima indicate that continued monitoring is important because oxygen concentrations can decline rapidly before sunrise or during periods of high microbial respiration. The relatively small treatment differences suggest that duckweed inclusion at the tested levels did not produce a clear deterioration in oxygen conditions. This interpretation should remain limited to the sampling schedule used, because single daytime measurements may not capture diel oxygen minima (Boyd et al., 2007; Colt, 2006; Hargreaves, 1998).
All treatment groups maintained slightly alkaline water conditions, with pH values ranging from 7.9 to 8.5. The minimum value (7.9) was recorded in T2, whereas the maximum value (8.5) was recorded in C, T2, and T3 (Table 1). The highest mean pH (8.25) was recorded in C and T3, while the lowest mean pH (8.20) was recorded in T1 and T2. The observed pH range is generally compatible with freshwater aquaculture, although acceptable limits depend on the species, life stage, and interacting water-quality variables (Boyd et al., 2020; Colt, 2006).
Total dissolved solids integrate the contribution of dissolved ions but do not identify their individual composition or biological effects. The treatment variation may reflect differences in source water, evaporation, sediment-water exchange, or nutrient inputs rather than a single causal factor. Accordingly, TDS should be interpreted together with conductivity, alkalinity, pH, and specific ion measurements before drawing conclusions about hardness or salinity-related effects on grass carp (Avnimelech & Ritvo, 2003; Boyd et al., 2007; Colt, 2006).
Alkalinity 
The soil results indicate modest variation in pH and measured nutrient pools among treatments. Pond soils can act simultaneously as nutrient reservoirs and oxygen-demanding sinks, and their effects depend on mineralization, adsorption-desorption reactions, redox conditions, and exchange with the overlying water. Because the reported values were based on a limited sampling schedule, the findings support general comparability of pond soils but do not establish that the dietary treatments caused the observed differences (Avnimelech & Ritvo, 2003; Boyd et al., 2020; Hargreaves, 1998).
Total alkalinity in the trial water ranged from 110 to 200 mg/L. As shown in Table 1, both the lowest and highest individual values were recorded in T3. On average, C had the lowest alkalinity (140 mg/L), while T1 had the highest alkalinity (150 mg/L). The alkalinity values indicate appreciable buffering capacity, but treatment differences should not be interpreted as dietary effects without replicated statistical analysis (Avnimelech & Ritvo, 2003; Boyd et al., 2020).
Dissolved oxygen
During the study period, dissolved oxygen (DO) concentrations in all treatments and the control remained at or above 5.0 mg/L. As shown in Table 1 and Figure 1, variation in DO was limited. The highest mean concentration was recorded in T2 (6.5 mg/L), whereas the lowest mean concentration was recorded in T1 (5.5 mg/L). The overall maximum of 8.0 mg/L occurred in T2, while the minimum of 5.0 mg/L occurred in T1 and T2. Dissolved oxygen requirements vary with species, temperature, feeding rate, and time of day; therefore, the reported values should be interpreted alongside the sampling schedule (Boyd et al., 2020; Colt, 2006).
Total Dissolved Solids
Total dissolved solids concentrations ranged from 430 to 608 mg/L. According to Table 1, the highest mean concentration (579 mg/L) was recorded in T1, whereas the lowest mean concentration (475 mg/L) was recorded in C. These trends are also illustrated in Figure 1. TDS alone does not establish hardness or biological suitability and should be interpreted together with conductivity, alkalinity, and ionic composition (Boyd et al., 2007; Colt, 2006).
Soil Parameters 
Soil parameters are important for optimum fish growth and plankton development in culture systems. In the present study, the measured soil parameters varied moderately among the experimental ponds. The maximum soil pH (8.1) was recorded in T3, and the minimum (7.4) was recorded in C. The maximum soil nitrogen concentration (75 mg/100 g) was recorded in T2, and the minimum (65 mg/100 g) was recorded in C. The maximum organic carbon content (1.0%) was recorded in C, and the minimum (0.85%) was recorded in T3. The maximum potassium concentration (7.40 mg/100 g) was recorded in T2, and the minimum (6.00 mg/100 g) was recorded in C. The maximum phosphorus concentration (4.80 mg/100 g) was recorded in C, and the minimum (4.40 mg/100 g) was recorded in T2. Soil parameters may influence grass carp culture through their relationships with pond productivity, nutrient cycling, and overall ecological stability. Although water quality often receives primary attention, pond soil acts as a nutrient reservoir that directly influences water quality (Avnimelech & Ritvo, 2003; Boyd & Munsiri, 1996; Hargreaves, 1998). Overall, the soil parameters were broadly similar among the treatment and control groups.
  Conclusions
The 180-day trial showed that the measured pond-water variables remained within relatively narrow ranges across the control and duckweed treatments. Temperature varied from 24.7 to 25.7°C, pH from 7.9 to 8.5, alkalinity from 110 to 200 mg/L, dissolved oxygen from 5.0 to 8.0 mg/L, and total dissolved solids from 430 to 608 mg/L. Pond-soil pH and the measured nitrogen, organic carbon, potassium, and phosphorus values also differed moderately among groups. On the basis of these environmental measurements, dietary Lemna minor inclusion at 5%, 10%, and 20% was not associated with clear deterioration in the selected water-quality parameters. Nevertheless, the available evidence is insufficient to attribute the observed differences to the feeding treatments. The manuscript does not provide complete pond-level replication, variability estimates, statistical procedures, or fish growth, survival, feed-conversion, body-composition, and economic data. Consequently, the findings support only a cautious interpretation of environmental compatibility under the reported conditions. Replicated field trials with clearly described sampling schedules and complete performance analyses are needed before this feeding strategy can be recommended for wider use.

Limitations
The study was limited by unclear pond allocation and replication, with differences in the reported number of experimental ponds and study location. Monthly water-quality measurements may not have captured short-term or diel fluctuations, particularly in dissolved oxygen and pH. Soil parameters were assessed using field testing kits, and detailed validation, variability estimates, and statistical analyses were not reported. Fish growth, survival, feed conversion, body composition, and economic performance were also not presented. Future studies should use clearly replicated designs, standardised analytical methods, frequent sampling, and complete statistical and performance assessments to improve reliability and generalisability.
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Table 1. Range and average values of selected water quality parameters in different treatments 
	Parameters
	C
	T1
	T2
	T3

	Temperature(0C)
	24.8-25.5
25.15
	24.7-25.5
25.1
	24.7-25.7
25.2
	24.9-25.7
25.3

	pH
	8.0-8.5
8.25
	8.0-8.4
8.2
	7.9-8.5
8.2
	8.0-8.5
8.25

	Alkalinity(mg/l)
	120-160
140
	120-180
150
	120-190
145
	110-200
145

	Dissolved oxygen (mg/l)
	5.6-6.8
6.2
	5.0-6.0
5.5
	5.0-8.0
6.5
	5.5-6.8
6.15

	TDS(mg/l)
	430-520
475
	550-608
579
	480-530
505
	440-550
495




	S.No
	Treatment
	Soil Parameters

	
	
	Soil pH
	Nitrogen (mg/100g)
	Organic Carbon (%)
	Potassium (mg/100g)
	Phosphorus (mg/100g)

	1.
	C(Control)
	7.40
	65.00
	1.00
	6.00
	4.80

	2.
	T1
	7.80
	70.00
	0.92
	6.80
	4.60

	3.
	T2
	7.70
	75.00
	0.90
	7.40
	4.40

	4.
	T3
	8.10
	68.00
	0.85
	7.00
	4.50


Table 2. Soil Parameters of Experimental site 

Data expressed as mean ± SE (n=3)
Mean value in the same column sharing different superscripts are significantly different (P<0.05). 

Figure 1. Different types of water quality parameters
C	Temperature (0C)	pH	Alkalinity (mg/lit)	D.O (mg/lit)	TDS (mg/lit)	25.150000000000027	8.25	140	6.2	475	T1	Temperature (0C)	pH	Alkalinity (mg/lit)	D.O (mg/lit)	TDS (mg/lit)	25.1	8.2000000000000011	150	5.5	579	T2	Temperature (0C)	pH	Alkalinity (mg/lit)	D.O (mg/lit)	TDS (mg/lit)	25.2	8.2000000000000011	145	6.5	505	T3	Temperature (0C)	pH	Alkalinity (mg/lit)	D.O (mg/lit)	TDS (mg/lit)	25.3	8.25	145	6.1499999999999995	495	


