


Assess the Impact of Duckweed (L. minor) on Soil and Water Quality Parameters of Grass carp (Ctenopharyngodon idella) Culture
Abstract
[bookmark: _GoBack]An attempt was made to assess the impact of duckweed (L. minor) on soil and water quality parameters of grass carp (Ctenopharyngodon idella) culture. A 180-day trial was conducted using one control (C) and 3 different level of duckweed i.e 5 percent, 10 percent and 20 percent and considered as T1, T2 and T3. Two hundred fingerlings were stocked in four ponds and fed at the rate of 5 percent of body weight twice a day (10:00 am and 17:00 pm hours) for 180 days. After completing the feeding trail it was observed that the 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 showed greater variation, ranging from 430 to 608 mg/L. Pond-soil pH and measured nutrient values also varied moderately among groups. Based on the available environmental measurements, dietary Lemna minor supplementation was not associated with a clear deterioration in the selected water-quality parameters. However, the reported data are insufficient to establish treatment-related effects on pond soil, fish growth, feed efficiency or profitability.  As a best practice, a preliminary field trial should be conducted before adopting this feeding strategy on a larger scale."
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Introduction 
Soil and water parameters plays major role in freshwater fish farming and need to be considered for sustainable production. Pond bottom soil is the store house for many substances that accumulate in pond ecosystems, chemical and biological processes occurring in surface layers of pond soil influence the water quality and aquaculture production (Neelam, 2003). Availability of good quality water in required quantities is one of the most important prerequisite for sustainable aquaculture (Ravichandran and Jayanthi, 2006). Water quality management is basically the day to-day management of water quality parameters to keep it in optimal conditions for growth of the candidate species. Soil and water quality parameters are often overlooked in pond management. In order to prevent various problems in aquaculture an understanding of basic water chemistry and soil parameters is necessary. Some soil and water quality parameters those are particularly important in recreational fish ponds to ensure fish health and pond productivity (Sallenave, 2012). A reliable water supply is perhaps the single most important factor to be considered when selecting a site for an aquaculture venture. Water of proper quality and in optimum quantity should be available in accordance with the cycles of aquaculture operation. Therefore, when selecting an aquaculture site, the water source and supply must be thoroughly investigated. Water is essential for the life of fish. It is the medium that must supply or support all their needs, including breathing, eating, reproducing and growing (Coche and Muir, 1996). While good soil indicates effective water retention particularly clay or sandy clay soils and good pond fertility observed in clay loam or silty clay loams soil for freshwater fish culture. The best soils for fish culture are the sandy clay, silty clay loam or clay loam soils (Coche, 1986). The physicochemical properties of pond water are more or less a reflection of the properties of pond bottom soil (Boyd and Munsiri, 1996). The nutrient status of water and soil is most important in governing the primary production of fish ponds. Raigad district is one of the five coastal districts situated along the west coast of the Maharashtra state and is located between North latitude 17°51’00" and 19°08’00" and East longitudes 72°50’00" and 73°40’00". The district covers geographical area is 7152 sq. km and has huge cultivable area of 3286 sq. km. Perennial Savitri river is the main source of water for freshwater fish.
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 (Appenroth et al., 2017; Avnimelech & Ritvo, 2003; Boyd et al., 2020).

Materials and Methods
 Experimental site
The study was conducted in 12 earthen ponds of Kunapur, Chatur bhu, Kheuri, Purba Medinipur,West Bengal.
 Water Quality parameters 
The water quality parameters of present experiment were analyzed on monthly basis like temperature, pH, dissolved oxygen, and alkalinity etc American Public Health Association (2005).
a) Water Temperature
	The Water temperatures were analyzed with help of directly immersing the digital temperature meter (Pen type) into the water sample and reading was perceived.
b) pH
	In the present trail, the hydrogen ion deliberations of all earthen ponds were appraising dexpending pre homogeneous ordinalpen type pH meter.
c)  Electrical Conductivity
	The EC (electrical conductivity) of investigational waters was dignified with the support of a mini EC meter.
d) Total Dissolved Solids
	The TDS (Total dissolved solids) contented of trial water were dignified using digital pen type TDS meter.
e) Dissolved Oxygen (D.O) 
For the analyzed of dissolved oxygen the modified Winkler’s method was shadowed. In winklers methods D.O react with Mg (OH)2 and after reaction its show developed hydroxide were designed. After the acidification these developed hydroxide (OH) releases iodine consistent to imprisoned oxygen. This iodine contain assortment was titrated with standard Na2S2O3.H2O (sodium thiosulphate) solution and add starch solution was castoff as an indicator. The various steplad derstailed for dissolved oxygen assessment mentioned below:
(I) 	First with help of 250 ml glass water bottle sample were collected without air bubbling.
(ii) 	After that add one 1 ml Winkler A (Mg (OH)2) and one ml Winkler B (alkaline- iodine) were additional to taster bottle and add bottle stopper.
(iii) The contain bottles were shaken properly 5-6 intervals upside to downside and allowable the brown-orange rapid to settle.
(iv)Add one ml sulphuric acid for dissolving the swift were stunned subsequently swapping stopped.  
(v) After that remove 50 ml of aliquot and transfer its in conical flask which was titrated besideNa2S2O3. 5H2O (0.025 N).
(iv)	Add2 drops of starch indicator were further titrated till a blue color was completely disappeared.
(vii) The volume of Na2S2O3. 5H2O castoff was well-known and concentration of D.O was premeditated by below mentioned.
D.O (mg/l) = [  XV2]

Where,
  N= Normality of titrate (0.025 N)
V1 = Sample Volume (ml)
  V2 = Amount titrate in ml
f) Alkalinity
The alkalinity of the water sample was measured finished titration against a 0.02N (sulfuric acid) H₂SO₄ solution, with the help of a 50 ml sample contain. A successive double-indicator method was engaged to detect two different 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) There was 50 ml aliquot of the sample was transfer in a flask, and add 2 drops of phenolphthalein indicator.
(ii) If the solution presented a light pink hue then it was titrated through the standard (0.02N) sulfuric acid till the pink color extinct and the solution developed a colorless colour. The capacity of acid disbursed to reach this point was documented as value ‘p’.
(iii) Afterward, 2 drops of methyl orange indicator were presented hooked on the same response flask. The titration sustained by the H₂SO₄ titrant until the solution’s color lifted from yellow to a different orange.
(iv)  The final increasing reading on the burette, demonstrating the total volume of titrant employed diagonally both titration stages, was recorded as value‘t’. Total alkalinity in water samples was considered by the subsequent formula:
Total alkalinity (mg/l) =    
 Soil parameters 
Soil fittingness for freshwater culture was measured by amassing samples from 4 different locations per site at the depth of 30–40 cm. Merged samples were organized by systematically involvement sub-samples raftered joining pits on an enamel tray. Standard investigative approaches were exploited to portion specific quality limitations: pH, organic matter, total nitrogen, potassium, and phosphorus. The soil factors of current trial were studied previously the preliminary the investigation like soil pH, soil nitrogen (N2) and available phosphorus (P2O5) etc FAO. (2021).
a) Soil pH
Soil pH was estimated with the help of pen type of corded pH meter.  The probe was introduced into the soil sample, and the analysis was noted. 
b) Soil Nitrogen 
The available soil nitrogen (N2) was measured using a NICE Chemicals soil testing kit (Code No.S25450) with the help of likening the sample color with a standard color diagram.
c) Soil Organic Matter
The available soil Organic Matter (OM) was measured using a NICE Chemicals soil testing kit (Code No.S25450) with the help of likening the sample color with a standard color diagram.
d)Soil Potassium
The available soil Potassium (K) was measured using a NICE Chemicals soil testing kit (Code No.S25488) with the help of likening the sample color with a standard color diagram.
e) Soil Phosphorus
The available soil Phosphorus (P) was measured using a NICE Chemicals soil testing kit (Code No.S25345) with the help of likening the sample color with a standard color diagram.
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., 2016; Colt, 2006; Hargreaves, 1998).
To evaluate the trial water quality, several physico-chemicals attributes definitely temperature, pH, dissolved oxygen (D.O.), alkalinity and total dissolved solids (TDS) were noted. Measurements were reserved at the start of the study and at 30 day intervals subsequently. The following different movements were seeing:
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., 2016; Colt, 2006).
Water temperatures increased progressively after the start of the trial, an alteration ascribed to the seasonal transition from late winter to summer session. Thermal conditions oscillated from a minimum of 24.7°C (observed in T1&T3) to a maximum of 25.7°C (noted in T3). Conferring to the data in Table 1 and Figure 1, treatment T3 maintained the highest mean temperature at 25.3°C, while T1recorded the lowest mean at 25.1°C. This study strongly supported by Yadav et al., 2023; Sharma et al., (2022), water temperatures between 26.06 and 31.97oC were appropriate for warm water fish cultivation.
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., 2016; Colt, 2006; Hargreaves, 1998).
All the treatment groups maintained slightly alkaline water environments, with pH readings fluctuating between 7.9 and 8.5. The minimum value was renowned in T1and T2, and the maximum was noted in T3 (Table 1). Investigation of the means shows that T3stretched the highest average pH of 8.25, while T`1 remained the lowest at 8.20. For analysis of pH for fish survival and growth the concentration of H2 has a significant impact on fish production. In best suitable pH range of 6.4 to 8.3 is ideal for fish development and growth Yadav et al., 2023 and Dietrich et al. (2016).
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., 2016; 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).
The total alkalinity amounts in the trial waters varied between 120.00 and 200.0 mg/L. As comprehensive in Table 1, the lowest and highest different analyses were detected in treatments C and T1. On average, treatment C displayed the lowest alkalinity at 140 mg/L, while the uppermost mean value of 150 mg/L was recorded in T1.Yadav et al., 2023 and Tamot et al. 2008 supported our current research findings for fish pond production directly link with suitable alkalinity (90 to160 mg/l) and this water should be considered as nutrient-rich.
Dissolved oxygen
During the research period, the dissolved oxygen (D.O) amount in all treatments and the control group endured reliably above the serious beginning of 5.0 mg/L. As exemplified in Table 1 and Figure 1, the generally variations in DO levels were minimal. The uppermost mean concentration was documented in T1 (6.5 mg/L), while T3 generated a mean value of 8.0 mg/L. The total minimum concentration of 5.5 mg/L was detected in T2, however the topmost significance of 6.5 mg/L was found in T1.The amount of dissolved oxygen should be more than 5 mg/l in the any culture system for batter production and its fruitful according to Yadav et al., 2023 and Espinel-Velasco et al., 2018.
Total Dissolved Solids
The amounts TDS varied between 430 and 608 mg/L, demonstrating significantly hard water situations within the trial setup. Allowing to the data in Table 1, the utmost concentration of 579 mg/L was recognized in T2. In disparity, the minimum concentration of 475 mg/L was verified in the control. These tendencies were added illustrated in Figure 1 and Table 1. This study supported by the Bhat et al. (2013) and Reddy et al. (2018), they concluded that the TDS value for more and less (100-200 mg/L) similar to present study. 
Soil Parameters 
Soil is important parameters for optimum fish growth and plankton development in any culture system.  In present study all soil parameters was in optimum range for fish growth. The maximum soil pHwas measured in T3 (8.1) and minimum soil pH was measured in control group 7.4. The maximum soil Nitrogen (75mg/100g) was measured in T2 and minimum Nitrogen (65 mg/100g) measured in control group. The maximum Organic Carbon (1.0%)was measured in control group and minimum Organic Carbon (0.85%)was measured in treatment T2.The maximum potassium (7.40mg/100g)was measured in treatment T2 group and minimum potassium (6.00mg/100g) was measured in treatment. The maximum phosphorus 4.80 mg/100gwas measured in control group and minimum phosphorus 4.40 mg/100g was measured in treatment T2. The different soil parameters were expressively influence grass carp growth by variable in pond yield, nutrient cycling, and the total ecological immovability of the fisheries ponds. Although water quality is frequently the main attention, the fundamental soil entertainments as a nutrient tank that straight effects these water parameters Boyd,  2002; Ahmed,  2004 and Firdous et al., (2016).The soil parameters were more and less similar with different treatment and control group.
  Conclusions
The measured pond-water variables remained within relatively narrow ranges during the trial. 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 showed greater variation, ranging from 430 to 608 mg/L. Pond-soil pH and measured nutrient values also varied moderately among groups. Based on the available environmental measurements, dietary Lemna minor supplementation was not associated with a clear deterioration in the selected water-quality parameters. However, the reported data are insufficient to establish treatment-related effects on pond soil, fish growth, feed efficiency or profitability. Those outcomes require complete replicated data and appropriate statistical analysis.
Limitations
The manuscript does not clearly reconcile the number of ponds, treatment assignments or duckweed inclusion levels. Water-quality sampling frequency and time of day are insufficiently described, and diel fluctuations were not evaluated. Soil measurements lack validated extraction procedures and complete variability estimates. Growth, survival, feed-conversion, body-composition and economic data are not presented despite being discussed. Statistical methods and pond-level replication are also unclear. Consequently, causal effects of dietary duckweed on pond conditions or grass-carp performance cannot be established from the reported information.
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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	


