
A STUDY ON THE MACROPHYTE DISTRIBUTIONAL PATTERNS AND WATER QUALITY IN TAKMU LAKE, BISHNUPUR DISTRICT, MANIPUR



ABSTRACT

Takmu Lake, a critical aquatic ecosystem, supports diverse macrophyte species and plays a vital role in maintaining ecological balance and water quality. This study investigates the qualitative and quantitative distribution of macrophytes, their ecological significance, and the physio-chemical parameters of the lake water across three seasons: pre-monsoon, monsoon, and post-monsoon. The investigation at Takmu Lake found twenty-two (22) macrophyte species belonging to fifteen (15) families were found distributed in the lake between the study period from April and November 2024. The findings reveal significant seasonal variations in macrophyte distribution, driven by environmental factors such as water levels, nutrient availability, light penetration, and temperature. Key species like Paspalum notatum, Zizania latifolia, and Hydrilla verticillata demonstrate adaptability to these changing conditions, contributing to the lake’s structural and functional diversity. Results showed that water temperature ranged from 15.5°C to 23.5°C, with the highest temperature observed during the monsoon season. The pH ranged from 7.1 to 7.4, and electrical conductivity varied from 130.3 to 163.5µS/cm, both of which were within acceptable limits. Dissolved oxygen levels fluctuated between 2.33 and 5.07 mg/L, with some periods showing low values below the recommended standards. Free carbon dioxide and total alkalinity were found to exceed acceptable limits during certain seasons, especially before the monsoon. The concentrations of calcium, nitrate, phosphate, and other ions were generally within safe ranges. However, issues such as low dissolved oxygen and elevated alkalinity and CO₂ before the monsoon suggest potential water quality concerns that require ongoing monitoring and intervention. Overall, the study reveals that while Takmu Lake generally maintains good water quality suitable for drinking, seasonal variations highlight the need for targeted interventions to address low dissolved oxygen levels, manage seasonal	Comment by User: Make it short one paragraph on a single page. Would be Italic. Size 11 space 1.15
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Fluctuations in alkalinity and CO₂, and reduce contamination from external sources. Effective management strategies, such as the installation of a water treatment facility and protective barriers, are essential to safeguard the lake’s ecological balance and ensure consistent water quality for both local communities and biodiversity conservation.
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INTRODUCTION
Wetlands are regions of land that are constantly or seasonally saturated with water, which promotes the growth of specialized plants and the formation of distinct ecosystems. These places can be found in a variety of habitats, including rivers, lakes, beaches, and low-lying locations. Wetlands are distinguished by their hydric (waterlogged) soils, water-loving plants (macrophytes), and the presence of water for at least some of the year. Wetlands are among the most diverse and productive ecosystems on Earth, offering numerous ecological, economic, and social benefits. Wetlands, which include swamps, marshes, bogs, and floodplains, are distinguished by their ability to maintain aquatic plants and animals while remaining partially submerged for extended periods of time. These ecosystems are frequently disregarded, while playing an important role in maintaining environmental balance and supporting life on Earth.
Macrophytes play an important role in the structure and function of aquatic ecosystem. Because they give all fish, invertebrates, and wildlife food and habitat, aquatic macrophytes are an essential part of lakes. Plants that grow in or close to water are known as aquatic macrophytes. Despite their diversity, macrophytes have been divided into three broad groups: submerged, which refers to plants that grow mostly below the water's surface; emergent, which are rooted in the sediments and rise to the water's surface; and floating, which can be rooted to the bottom but have leaves that float on the water's surface or be entirely free floating. The number of distinct species that a collection represents in a dataset is known as species diversity. Native plant communities' abundance usually keeps the ecosystem in balance, promoting their own and other species' success at different rates (Ahmad & Parveen, 2013). An aquatic ecosystem frequently contains macrophytes. When nutrients build up in an aquatic environment, it results in eutrophication, which causes weeds and macrophytes to grow rapidly. The primary causes of nutrient build up are human pressure and fast urbanization. Two frequent methods that different nutrients enter the aquatic ecosystem and cause those systems to die are storm water runoff and sewage discharge into lakes (Sudhira and Kumar, 2000).
Takmu Lake, a critical aquatic ecosystem, supports diverse macrophyte species and plays a vital role in maintaining ecological balance and water quality. This study investigates the qualitative and

quantitative distribution of macrophytes, their ecological significance, and the physico-chemical parameters of the lake water across three seasons: pre-monsoon, monsoon, and post-monsoon.
DESCRIPTION OF THE STUDY AREA

Takmu Lake is situated in Moirang, Bishnupur district, Manipur, India, approximately 48 kilometres from Imphal city. The location of Takmu Lake is roughly 24°50'N by latitude and 93°78'E by longitude. The lake is roughly 7.33 square kilometres in size. The Mamang Chingjao hills encircle the lake's southern part, while the Ithing and Sendra islands encircle its northwest and northern parts. A well-known destination in Manipur, India, is Takmu Lake. Because of its distinctive phumdis (floating plants), it is frequently referred to as the "Floating Lake" and is located within the larger Loktak Lake, the biggest freshwater lake in Northeast India. It supports a wealth of wildlife, including endangered species like the Sangai deer, which can be found in the neighbouring Keibul Lamjao National Park, just like the remainder of Loktak Lake. The rural fishermen who reside in the nearby villages and on phumdis, also called "phumshangs" rely on the lake for their living. Due to untreated sewage discharge, encroachment, tourist littering, and other human activities, the lake environment is under extreme strain. The entire lake is being choked by the proliferation of athaphums, which are artificially formed phumdis for fishing and built by communities. Within this Takmu pat, the State Fisheries Department has set up a fisheries centre for the development of fisheries. In order to draw tourists, Takmu Lake has been developed as a tourist destination with lodging and water sports amenities. The study was carried out in 2024 from April to November.
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Figure 1. Map of Takmu Lake

METHODOLOGY

ANALYSIS OF PHYTOSOCIOLOGICAL CHARACTERS

The Quadrate method (Curtis, 1959; Misra, 1968) was the sampling strategy used for phytosociological studies during the current study. Two types of phytosociological study were created for this investigation: qualitative or subjective, and quantitative or objective.

During the study period, the floristic composition characters were examined. The quantitative or the objective analysis comprises Frequency, Density, Abundance, and Ratio of Abundance to Frequency, Relative Frequency, Relative Density, Relative Abundance and Importance Value Index. The values of Frequency, Density and Abundance were calculated for different species separately Misra (1968); Ambasht (1969). The values of the Relative Frequency, Relative Density, Relative Abundance and Importance Value Index (IVI) were calculated after Cottam and Curtis (1956), Misra (1968) and Ambasht (1969). Assessing of the different Quantitative characters (Objective analysis) were done through sampling of square quadrates of 25x25 cm in size and in each study not less than twenty (20) quadrates were sampled (Ambasht ,1970).


ANALYSIS OF WATER SAMPLES
Water sample were collected from the lake for the various physico- chemical analysis at three seasonal intervals namely Pre-monsoon (April 2024), monsoon (July 2024) and Post monsoon (November2024) at two different study sites. The study area was divided into two different sites S1 and S2 for the convenient of the study, and water samples were collected from each site. Physicochemical parameters were analysed using standard methods outlined by APHA (2017), Saxena (1990) and Trivedi and Goel (1986).A clean, narrow-mouthed, 300 ml reagent bottle with

tight-fitting round glass stoppers was used to collect the water sample. Particularly for the determination of dissolved oxygen and free carbon dioxide, great care was taken to ensure that the water samples were collected without coming into contact with the atmosphere.
RESULTS AND DISCUSSION

PHYTOSOCIOLOGY QUALITATIVE CHARACTERS

The Qualitative characters comprise the study of Floristic composition of the various macrophytes species found in the lake. Floristic Composition of the Takmu Lake has been presented in Table 1.
Table 1: Floristic Composition of the Takmu Lake

	SL No,
	Name of species
	Family of family

	1
	Alternanthera philoxeroides
	Amaranthaceae

	2
	Azolla filiculoides
	Salviniaceae

	3
	Colocasia esculenta
	Araceae

	4
	Cuphea aequipetala
	Lythraceae

	5
	Cyperus distans
	Cyperaceae

	7
	Euryale ferox
	Nymphaeaceae

	8
	Hydrilla verticillata
	Hydrocharitaceae

	9
	Ipomoea aquatic
	Convolvulaceae

	10
	Ludwigia adscendens
	Onagraceae

	11
	Marsilea quadrifoliata
	Marsileaceae

	12
	Monochornia vaginalis
	Pontederiaceae

	13
	Nelumbo nucifera
	Nelumbonaceae

	14
	Nymphaea alba
	Nymphaeaceae

	15
	Nymphaea rubra
	Nymphaeaceae

	16
	Paspalum notatum
	Poaceae

	17
	Persicaria lapthifolia
	Polygonaceae



	18
	Persicaria maculosa
	Polygonaceae

	19
	Phragmites karka
	Poaceae

	20
	Polypodiopsida
	Pteridaceae

	6
	Pontederia crassipes
	Pontederiaceae

	21
	Salvinia cucullata
	Salviniaceae

	22
	Zizania latifolia
	Poaceae
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Figure 2: Pie graph of Floristic Composition

The investigation at Takmu Lake found twenty-two (22) macrophyte species belonging to fifteen (15) families were found distributed in the lake between the study period from April and November 2024. Poaceae and Nymphaeaceae families have shown the highest presence 14%. These were successively followed by Polygonaceae, Pontederiaceae and Salviniaceae families contributing 9% each.5% each by Pteridaceae, Hydrocharitaceae, Convolvulaceae, Onagraceae, Marsileaceae, respectively. Each of the following families contributed 4%: Nelumbonaceae, Amaranthaceae, Araceae and Lythraceae.
Numerous macrophytes are observed to be growing in Takmu Lake in the current study. Species like Alternanthera philoxeroides, Monochornia vaginalis, Salvinia cucullata, Hydrilla verticillata, Colocasia esculenta, Zizania latifolia, Pontederia crassipes and Paspalum notatum were found to occur in all season during the study period. And some species like Zizania latifolia, Paspalum notatum and Alternanthera philoxeroides were found in all study sites during the study period. While species like Phragmites karka, Nymphaea rubra, Persicaria lapthifolia, Cyperus distans and Polypodiopsida were found to occur in only during pre-monsoon season and species like Ludwigia adscendens,  Alternanthera  philoxeroides,  Marsilea  quadrifoliata,  Monochornia  vaginalis,

Eichhornia crassipes, Hydrilla verticillata, Paspalum notatum. Cuphea aequipetala, Azolla filiculoidesand Persicaria maculosa were found only in monsoon season. Some of the species like Ludwigia adscendens, Ipomoea aquatic, Colocasia esculenta, Nelumbo nucifera, Alternanthera philoxeroides, were found distributed during post monsoon season.
The present study is comparable with the study of Hasan et al. (2021) in their study, a total of 23 aquatic macrophytes species belonging to 15 families have been recorded in their study at Dakatla beel in Khulna District Bangladesh. Lower than those reported by Singh et al. (2010) recorded 54 macrophytes species belonging to 28 families from Kharungpat Lake, Manipur. Higher than those reported by Gupta et al. (2021) studied water Bhoj Wetland and found a total of 12 macrophytes species belonging to 8 families were recorded. Rameshkumar et al. (2019) in their study at Tharavai wetland, Tamil Nadu also recorded a total of 15 species which belongs to 7 classes.
QUANTITATIVE ANALYSIS

The Quantitative characters comprise Frequency, Density, Abundance, and Importance Value Index (IVI) of the different macrophyte species which are found in the studied sites of the lake.
FREQUENCY

The variations in the ranges of the Frequency (%) of the different season (per-monsoon, monsoon and post-monsoon) studied sites (Site1 and Site2) has been presented in the Table 2.
Table 2: Frequency table of macrophytes of Takmu Lake

	

Name of Species
	Frequency %

	
	Pre Monsoon
	Monsoon
	Post Monsoon

	
	Site 1
	Site 2
	Site 1
	Site 2
	Site 1
	Site 2

	Alternanthera philoxeroides
	50
	20
	55
	35
	40
	30

	Azolla filiculoides
	-
	-
	-
	20
	-
	-

	Colocasia esculenta
	-
	20
	-
	10
	25
	30

	Cuphea aequipetala
	-
	-
	35
	-
	-
	-

	Cyperus distans
	-
	15
	-
	-
	-
	-

	Euryale ferox
	-
	-
	-
	10
	-
	-



	Hydrilla verticillata
	30
	10
	-
	45
	-
	25

	Ipomoea aquatica
	-
	-
	20
	20
	-
	25

	Ludwigia adscendens
	30
	20
	20
	15
	-
	-

	Marsilea quadrifoliata
	45
	15
	20
	-
	-
	25

	Monochornia vaginalis
	10
	10
	-
	10
	-
	20

	Nelumbo nucifera
	20
	-
	-
	-
	15
	-

	Nymphae a rubra
	20
	-
	-
	-
	-
	-

	Nymphaea alba
	15
	10
	-
	-
	25
	20

	Paspalum notatum
	65
	35
	45
	40
	50
	35

	Persicaria lapthifolia
	-
	10
	-
	-
	-
	-

	Persicaria maculosa
	-
	-
	-
	10
	-
	-

	Phragmites karka
	-
	10
	-
	-
	-
	-

	Polypodiopsida
	-
	10
	-
	-
	-
	-

	Pontederia crassipes
	10
	15
	-
	25
	25
	25

	Salvinia cucullata
	10
	-
	35
	10
	30
	-

	Zizania latifolia
	20
	15
	30
	15
	45
	25




The dominant species found in the Takmu Lake, Bishnupur District, Manipur were Alternanthera philoxeroides, Monochornia vaginalis, Salvinia cucullata, Hydrilla verticillata, Colocasia esculenta, Zizania latifolia, Pontederia crassipes and Paspalum notatum etc. All these species were found in both study sites during the study period. The highest Frequency values were exhibited by Paspalum notatum (65%) before the monsoon season, which was followed by Alternanthera philoxeroides (55%), Zizania latifolia (45%). Similarly, Devi, S.U. (2008) in Oksoipat Lake, Manipur recorded maximum frequency values Alternanthera philoxeroides (25 to 70%). Similar findings were also reported by Devi, N.B. (1993) and Devi, N.B. in (2000) in Phumdi site of Loktak lake, Manipur. The percentage Frequency values of Alternanthera philoxeroides (55.33 to 66.67%).
DENSITY

The ranges of the values of Density of the different macrophyte species have been expressed in plants m-2. The variations of density values are presented in the Table 3.
Table 3: Density table of macrophytes of Takmu Lake

	

Name of species
	Density (Plants m-2)

	
	Pre Monsoon
	Monsoon
	Post Monsoon

	
	Site 1
	Site 2
	Site 1
	Site 2
	Site 1
	Site 2

	Alternanthera philoxeroides
	1.3
	1
	2.45
	1.85
	1.4
	1.4

	Azolla filiculoides
	-
	-
	-
	2.8
	-
	1.05

	Colocasia esculenta
	-
	0.55
	-
	0.6
	0.75
	-

	Cuphea aequipetala
	-
	-
	0.8
	-
	-
	-

	Cyperus distans
	-
	1.05
	-
	-
	-
	-

	Euryale ferox
	-
	-
	-
	0.1
	-
	-

	Hydrilla verticillata
	1.4
	0.35
	-
	6.4
	-
	0.75

	Ipomoea aquatica
	-
	-
	0.55
	0.4
	-
	0.95

	Ludwigia adscendens
	0.9
	0.8
	0.7
	0.8
	-
	-

	Marsilea quadrifoliata
	1.65
	0.35
	0.65
	-
	-
	-

	Monochornia vaginalis
	0.5
	0.4
	-
	0.6
	0.35
	0.55

	Nelumbo nucifera
	0.5
	-
	-
	-
	-
	-

	Nymphaea alba
	0.2
	0.2
	-
	-
	0.5
	0.95

	Nymphaea rubra
	0.05
	-
	-
	-
	-
	-

	Paspalum notatum
	2.35
	1.55
	3.05
	4.45
	2.45
	1.7

	Persicaria lapthifolia
	-
	0.5
	-
	-
	-
	-

	Persicaria maculosa
	-
	-
	-
	0.1
	-
	-

	Phragmites karka
	-
	0.7
	-
	-
	-
	-

	Polypodiopsida
	-
	0.35
	-
	-
	-
	-



	Pontederia crassipes
	0.7
	0.9
	-
	1.15
	0.65
	1.05

	Salvinia cucullata
	0.2
	-
	2.6
	4.2
	1.65
	-

	Zizania latifolia
	1.2
	1.35
	4.75
	1.5
	3.65
	2.15




In the present investigation, values of maximum Density were found in a number of species viz. Hydrilla verticillata (6.4 plants m-2), Zizania latifolia (4.75 plants m-2), Paspalum notatum (4.45 plants m-2), and Salvinia cucullata (4.2 plants m-2). The highest density values were observed during the monsoon season exhibited by Hydrilla verticillata (6.4 plants m-2). The observed values were comparable to those recorded by Devi, O.I. (1993) in Waithou Lake, Manipur Hydrilla verticillata (0.04 to 35.37 plants m-2). Devi, L.G. (2007) in Awangsoipat Lake, Manipur Hydrilla verticillata (8 to 153.60 plants m-2).
ABUNDANCE

The variations in the ranges of the value of Abundance of the different macrophyte species in the different study sites are presented in the Table 4. The values of Abundance are expressed in plants m-
2.


Table 4: Abundance table of macrophytes of Takmu Lake

	

Name of species
	Abundance (Plants m-2)

	
	Pre Monsoon
	Monsoon
	Post Monsoon

	
	Site 1
	Site 2
	Site 1
	Site 2
	Site 1
	Site 2

	Alternanthera philoxeroides
	2.6
	5
	4.45
	5.2
	3.5
	4.66

	Azolla filiculoides
	-
	-
	-
	14
	-
	-

	Colocasia esculenta
	-
	2.75
	-
	6.5
	3
	3.5

	Cuphea aequipetala
	-
	-
	2.28
	-
	-
	-

	Cyperus distans
	-
	7
	-
	-
	-
	-

	Euryale ferox
	-
	-
	-
	1.5
	-
	-

	Hydrilla verticillata
	4.6
	3.5
	-
	14.2
	-
	3



	Ipomoea aquatica
	-
	-
	2.75
	2
	-
	3.8

	Ludwigia adscendens
	3.15
	4
	3.5
	5.3
	-
	-

	Marsilea quadrifoliata
	3.6
	2.3
	3.25
	-
	-
	-

	Monochornia vaginalis
	5.57
	4
	-
	6
	-
	2.75

	Nelumbo nucifera
	2.5
	-
	-
	-
	2.3
	-

	Nymphaea alba
	1.34
	2
	-
	-
	2
	4.75

	Nymphaea rubra
	1
	-
	-
	-
	-
	-

	Paspalum notatum
	4
	4.42
	6.77
	11.12
	4.9
	4.85

	Persicaria lapthifolia
	-
	5
	-
	-
	-
	-

	Persicaria maculosa
	-
	-
	-
	1.5
	-
	-

	Phragmites karka
	-
	7
	-
	-
	-
	-

	Polypodiopsida
	-
	3.5
	-
	-
	-
	-

	Pontederia crassipes
	7
	6
	-
	4.6
	2.6
	4.2

	Salvinia cucullata
	2
	-
	7.42
	6.5
	5.5
	-

	Zizania latifolia
	6.25
	9
	15.83
	10
	8.1
	7.1




In all the study sites, the maximum Abundance values was shown by Zizania latifolia (15.83 plants m-2), Hydrilla verticillata (14.2 plants m-2), Paspalum notatum (14 plants m-2), Azolla filiculoides (11.12 plants m-2). The present finding is comparable to the values of Abundance reported by Devi, Ch.N. (2002) in Ikop lake, Manipur recorded Abundance values for Hydrilla verticillata (16.0 to 116.16 plants m-2), Azolla filiculoides (16.0 to 116.16 plants m-2).
IMPORTANCE VALUE INDEX (IVI)

The variations in the ranges of the value of important value index (IVI) of the different macrophyte species in the different study sites are presented in the Table 5. The values of IVI have been expressed out of 300.
Table 5: Importance Value Index of macrophytes of Takmu Lake

	

Name of species
	IMPORTANCE VALUE INDEX

	
	Pre Monsoon
	Monsoon
	Post Monsoon

	
	Site 1
	Site 2
	Site 1
	Site 2
	Site 1
	Site 2

	Alternanthera philoxeroides
	33.88
	26.83
	46.47
	26.49
	38.93
	34.18

	Azolla filiculoides
	-
	-
	-
	34.55
	-
	-

	Colocasia esculenta
	-
	18.97
	-
	13.52
	25.7
	28.47

	Cuphea aequipetala
	-
	-
	23.52
	-
	-
	-

	Cyperus distans
	-
	27.99
	-
	-
	-
	-

	Euryale ferox
	-
	-
	-
	5.86
	-
	-

	Hydrilla verticillata
	32.88
	13.34
	-
	58.55
	-
	23.06

	Ipomoea aquatica
	-
	-
	17.13
	11.36
	-
	26.45

	Ludwigia adscendens
	24.93
	23.3
	19.75
	14.79
	-
	-

	Marsilea quadrifoliata
	37.78
	13.81
	18.79
	-
	-
	28.21

	Monochornia vaginalis
	20.35
	14.6
	-
	12.88
	-
	18.66

	Nelumbo nucifera
	16.65
	-
	-
	-
	16.09
	-

	Nymphaea alba
	9.59
	9.5
	-
	-
	20.36
	26.68

	Nymphaea rubra
	4.3
	-
	-
	-
	-
	-

	Paspalum notatum
	51.9
	38.37
	51.53
	45.4
	56.44
	39.17

	Persicaria lapthifolia
	-
	17.13
	-
	-
	-
	-

	Persicaria maculosa
	-
	-
	-
	5.79
	-
	-

	Phragmites karka
	-
	22.19
	-
	-
	-
	-

	Polypodiopsida
	-
	13.34
	-
	-
	-
	-

	Pontederia crassipes
	25.61
	25.03
	-
	19.23
	23.65
	28.21

	Salvinia cucullata
	9.6
	-
	46.16
	27.88
	43.47
	-

	Zizania latifolia
	31.68
	34.04
	76.22
	22.9
	75.03
	46.41



In the present study, the maximum values of IVI were exhibited by Zizania latifolia 76.22, Hydrilla verticillata 58.55, Paspalum notatum 56.44, Alternanthera philoxeroides 46.47. Comparable IVI values were reported earlier from Awangsoipat Lake, Manipur by Devi, L.G. (2007) Alternanthera philoxeroides (19.16 - 52.29), Zizania latifolia (15.01 – 42.24)

PHYSICOCHEMICAL CHARACTERISTICSOF WATER

Table 6: Variation in physico-chemical parameters of water in Takmu Lake

	
SEASON
	Pre Monsoon
	Monsoon
	Post Monsoon

	
	Mean ± SD
	Mean ± SD
	Mean ± SD

	Temperature (˚C)
	19 ± 1.42
	23.5 ± 0.71
	15.5 ± 0.71

	pH
	7.4 ± 0.17
	7.2 ± 0.04
	7.1 ± 0.03

	EC(μS/cm)
	163.5 ± 41.12
	131.3 ± 15.72
	130.3 ± 11.01

	TDS(mg/L)
	123.42 ± 4.74
	132.66 ± 14.93
	131.05 ± 11.25

	Dissolved oxygen (mg/L)
	4.46 ± 1.16
	5.07 ± 1.44
	2.33 ± 0.71

	Free Carbon dioxide (mg/L)
	16.45 ± 5.02
	2.49 ± 0.71
	3.49 ± 0.71

	Chloride (mg/L)
	47.88 ± 1.67
	51.75 ± 5.03
	12.76 ± 2.01

	Total Alkalinity (mg/L)
	355 ± 63.64
	135 ± 21.22
	180 ± 14.15

	Total Hardness (mg/L)
	94.1 ± 8.07
	46.9 ± 5.24
	48 ± 5.66

	Calcium (mg/L)
	12.4 ± 1.7
	14.03 ± 2.84
	15.23 ± 1.14

	Nitrate(mg/L)
	1.5 ± 0.06
	1.36 ± 0.14
	0.73 ± 0.26

	Inorganic Phosphate (mg/L)
	0.12 ± 0.01
	0.18 ± 0.01
	0.25 ± 0.03

	Sulphate (mg/L)
	12.02 ± 0.92
	30.57 ± 0.24
	19.67 ± 0.73

	Sodium (mg/L)
	3.7 ± 0.29
	3.75 ± 0.36
	3.2 ± 0.15

	Potassium (mg/L)
	1.4 ± 0.85
	1.1 ± 0.85
	1.35 ± 1.22




TEMPERATURE:

During the study period, surface water temperatures in Takmu Lake varied between 15.5 ± 0.71 and
23.5 ± 0.71 ˚C. The highest temperature was observed during the monsoon season (23.5 ± 0.71 ˚C), while the lowest temperature was reported during the post-monsoon season (15.5 ± 0.71). The variations in temperature of the present studies are comparable to those reported by Laishram (2020) in Loktak lake, Manipur (24.08˚C to 25.88˚C); Devi, (2001) in Sanapat lake, Manipur (14.95±0.07 to 32.1±0.14˚C); Baidya et al. (2015) in the Chathe River of Dimapur District, Nagaland (India) (17.67- 32.17°C).The WHO (World Health Organisation) recommends keeping drinking water below 25°C while the water temperature of this lake meets this standard.
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Fig 3: Seasonal variation of water temperature

pH:

pH values during the study period in the different study sites varied from 7.1 ±0.03 to 7.4±0.17. The lowest value (7.1±0.03) which was observed after the monsoon and highest value (7.4±0.17) recorded before the monsoon. The present values are highly comparable with those reported by Singh et al. (2018) in Khumanpat lake, Manipur (6.8±0.2 to 7.5±0.3). Higher than the values compared to those recorded by Ayaode et al. in Eleyele Lake, Southern Nigeria (0.5-7.0). Lower than those reported by Ashraf et al. (2017) in Bhopal Lower Lake (M.P) (7.25- 8.90); Laishram et al. in Loktak lake, Manipur (6.0-9.10).According to the Bureau of Indian Standards' drinking water recommendations, a pH of
6.5 to 8.5 is appropriate. The US Environmental Protection Agency defines the optimal pH range for drinking water as 6.6 to 8.5. As a result, the pH of Takmu Lake's water is within the acceptable range.
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Fig 4: Concentration of pH

ELECTRICAL CONDUCTIVITY (EC):

During the present investigation, the electrical conductivity values of the water samples varied from lowest after the monsoon season (130.3±11.01 µS/cm) to highest before monsoon season (163.5±42.12 µS/cm). The present findings are found to be comparable with the values reported by

Laishram et al. (2014) in Loktak Lake, Manipur (90 to 220μS/cm). The value is comparatively lower to the value reported Ashraf et al. (2017) in Bhopal Lower Lake (M.P) ranged from (360 to 395 μS/cm). But it is comparatively higher than the value reported by Laishram (2020) in Loktak Lake, Manipur (115 to 140.83μS/cm).The WHO standard states that EC values in drinking water should not exceed 400µS/cm. The electrical conductivity result is within the permitted limits defined by WHO.
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Figure 5: Electrical conductivity of water TOTAL DISSOLVED SOLIDS (TDS):
The concentrations of total dissolved solids (TDS) in the different season varied from(123.42±4.74 to 132.66±14.93 mg/L). The lowest was record before the monsoon season 123.42±4.74 mg/L and the highest value was recorded during the monsoon season 132.66 ±14.93mg/L during the post monsoon season. The present finding is comparable with the values recorded by Singh et al. (2018) in Khumanpat Lake, Manipur (124.0±11.9 to 249.5±15.0 ppm). The present value is lower than the value reported by Singh et al. (2010) in Kharungpat Lake, Manipur (35mg/L in December to 416mg/L in July).Higher than the value reported by Laishram (2020) in Loktak Lake, Manipur, (60.83ppm to 80.83ppm). According to the WHO water quality guideline for drinking water, the allowed limit of TDS in water is 300ppm and 500 mg/L according to BIS. The TDS levels are within WHO's recommended limits.
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Figure 6: Total dissolved solid

DISSOLVED OXYGEN (DO)

In the present study, the concentration of dissolved oxygen ranged from 2.33±0.71 to 4.46±1.16mg/L. The highest value was recorded (4.46±1.16mg/L) before monsoon season and lowest (2.33±0.71mg/L) during post monsoon season. The present finding is comparable with the data recorded by Singh et al. (2018) in Khumanpat Lake, Manipur (3.5±0.3 to 6.7±0.9 mg/L). Lower than the values were recorded by Laishram et al. (2014) Loktak Lake, Manipur (4.05 to 14.18mg/L). But higher than the value recorded by Ayaode et al.(2022) in Eleyele Lake, Southern Nigeria (1.8- 5.7mg/L). According to WHO, the DO concentration in healthy water ranges between 6.5 and 8mh/L. During the pre-monsoon season, Site-1's DO concentration (2.0mg/L) is below the permissible limit, making it unfit for drinking.
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Figure 7: Concentration of dissolved oxygen FREE CARBON DIOXIDE

In the present study, the concentration of free carbon dioxide ranged from lowest (2.49±0.71mg/L) monsoon season to highest (16.45±5.02mg/L) before monsoon season. The present finding is comparable with the data recorded by Singh et al. (2018) Khumanpat Lake, Manipur (7.5±4.0 to 19.0±3.6 mg/L).Laishram et al. (2014) in Loktak Lake, Manipur (0 to 35 mg/L). Other comparable values are Dhanam et al. (2015) Santhapettai Lake, Tamil Nadu (8.9 to19.24mg/L).The WHO proposes a provisional recommended value of As 10 mg/L in drinking water, however India's 1991 drinking water standard has a maximum permissible level of 50 mg/L with no relaxation.
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Figure 8: Concentration of free carbon dioxide

CHLORIDE

In the present study, the concentration of chloride ranged from lowest (12.76±2.01mg/L) before monsoon season to highest (47.88±1.67mg/L) during monsoon season. Chloride concentration of the current study is comparatively higher than Sofi et al. (2017) in Asan Lake, Dehradun (18.84 to 21.16mg/L) but is comparatively lower than Kharungpat Lake, Manipur (21.27 to 113.46 mg/L) recorded by Singh et al. (2010).. These readings are below WHO acceptable limit. The World Health Organization (WHO) has established an acceptable limit for chloride in drinking water at 250 mg/L (milligrams per litre).
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Figure 9: Concentration of chloride

TOTAL ALKALINITY

During the present study the values of total alkalinity varied from 135±21.22mg/L to 355±63.64mg/L. The highest values were recorded during pre-monsoon season lowest during monsoon season. The present finding is comparable with the data recorded by Rupendra Bhagde et al. (2020) in Sangamner, Ahmednagar district of Maharashtra, India (120mg/L to 330mg/L). It was higher than the values recorded by Salam et al. in Kharungpat, Manipur, (31.21-66.29 mg/l). Prior to the monsoon, the reported value at Sites 1 and 2 surpassed WHO's acceptable limit. WHO frequently suggested having an alkalinity between 20 mg/L and 200 mg/L.
450Site 1
Site 2
Site 1
Site 2
Site 1
Site 2
Pre Monsoon
Monsoon
Post Monsoon

400
350Alkalinity (mg/L)

300
250
200
150
100
50
0



Figure 10: Total alkalinity



TOTAL HARDNESS

During the present study the values of total hardness varied from 46.9±5.24mg/L to 94.1±8.07mg/L. The highest values were observed before monsoon season and lowest values during monsoon season. The present finding is comparable with the data recorded by Dhanam et al. (2015) Santhapettai Lake, Tamil Nadu (42 to 81 mg/L). It was higher than the value recorded by Salam et al.(2023) in Kharungpat, Manipur, India (28.37-66.49 mg/l) and lower than the value recorded by Bhagde et al (2020) in Sangamner, Ahmednagar district of Maharashtra, India (58mg/L to 140mg/L). These readings are below WHO's acceptable level. The World Health Organization (WHO) recommends a total hardness of up to 500 mg/L of calcium carbonate (CaCO₃) in drinking water. However, hardness levels above 200 mg/L can induce scaling in pipes and appliances.
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Figure 11: Total hardness

CALCIUM

During the present investigation, the calcium values of the water samples varied from lowest at pre- monsoon season (12.4±1.7mg/L) to highest after monsoon season (15.23±1.14mg/L).The calcium concentration of the current study is comparable with Dhanam et al. (2015) in Santhapettai Lake, Tamil Nadu (11.2 to 29.4mg/L) but the concentration is lower than value recorded Raina et al. (2020) in Wular Lake, Kashmir (49.2 to 36.2 mg/L) and Sofi et al. (2017) in Asan Lake, Dehradun (58.08 to 50.1 mg/L). Calcium concentration is below the WHO's recommended range.
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Figure 12: Concentration of calcium

NITRATE

During the present investigation, the nitrate values of the water samples varied from lowest after monsoon season (0.73±0.26mg/L) to highest before monsoon season (1.5±0.064mg/L). Which is higher than the value recorded by Sofi et al. (2017) Asan Lake, Dehradun (0.06 to 0.612 mg/L) and

Dhanam et al. (2015) in Santhapettai Lake, Tamil Nadu (1.36 to 2.03 mg/L); Ayaode et al. (2022) in Eleyele Lake, South-western Nigeria (0.32±0.53 to 0.26±0.39 mg/L). The World Health Organization (WHO) The recommended limit for nitrate (NO₃) in drinking water is 50 mg/L. This limit is based on the danger of methemoglobin anaemia (blue baby syndrome) in babies, a condition in which the blood is less able to transport oxygen.
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Figure 13: Concentration nitrate

INORGANIC PHOSPHATE

In the present study the values of inorganic phosphate varied from 0.21±0.01mg/L to 0.25±0.03mg/L. It is highest after monsoon season and lowest before monsoon season. It is lower than the value recorded by Sofi et al. (2017) Asan Lake, Dehradun (0.34 to 0.412 mg/L) and by Ayaode et al. (2022) in Eleyele Lake, South-western Nigeria (0.16±0.11 to 0.139±0.07 mg/L). The WHO does not provide particular guidelines for inorganic phosphate levels in drinking water. However, phosphate levels in natural water sources should be kept under control to prevent eutrophication. The general goal threshold for phosphates in water bodies is around 0.1 mg/L, although concentrations above 0.3 mg/L can cause serious environmental problems, such as algal blooms. These values are within WHO's recommended standards. However, high quantities of phosphorus can cause aquatic algae and plants to develop rapidly.
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Figure 14: Concentration inorganic phosphate

SULPHATE

During the present study the values of sulphate varied from 12.02±0.92mg/L to 30.57±0.24mg/L. It is highest during monsoon season and lowest before monsoon season. The sulphate concentration of the present study is much higher than Santhapettai Lake, Tamil Nadu (0.59 to 1.10 mg/L) by Dhanam et al. (2015) and Eleyele Lake, South-western Nigeria (0.34±0.30 to 1.105±1.138 mg/L) by Ayaode et al. (2022). The WHO recommends a maximum sulphate concentration of 500 mg/L in drinking water. According to the Bureau of Indian Standards (BIS), the maximum allowable sulphate concentration in drinking water in India is 400 mg/L.
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Figure 15: Concentration of sulphate

SODIUM

Sodium concentration of the present study ranged between 3.2±0.15mg/L to 3.75±0.36mg/L which can be compared with Dhanam et al. (2015)in Santhapettai Lake, Tamil Nadu (3.67 to 6.71 mg/L) and lower than the value recorded by Sofi et al. (2017) in Asan Lake, Dehradun (6.84 to 8.5mg/L). According to the Bureau of Indian Standards (BIS), the maximum allowed salt concentration in

drinking water is 200 mg/L. This is consistent with concerns about the health dangers linked with high sodium intake.
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Figure 16: Concentration of sodium

POTASSIUM

Potassium concentration of the present study ranged from 1.1±0.85 to 1.4±0.85mg/L. It is highest before the monsoon and lowest during the monsoon. It is comparable higher than the value recorded by Dhanam et al. (2015) in Santhapettai Lake, Tamil Nadu (0.14 to 0.69 mg/L) and lower than the value recorded by Sofi et al. (2017) in Asan Lake, Dehradun (4.83 to 6.84 mg/L). These values are within the recommended limit provided by WHO. According to WHO, high amounts of potassium in water (over 12 mg/L) may be regarded a worry for those with certain medical disorder.
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Figure 17: Concentration of potassium

CONCLUSION

The distribution of macrophytes in Takmu Lake shows significant seasonal variations, with noticeable shifts in species abundance, frequency, and dominance across the pre-monsoon, monsoon, and post- monsoon periods. These variations are primarily driven by fluctuating environmental factors such as water levels, nutrient availability, light penetration, and temperature. These factors create dynamic conditions that support a diverse and thriving macrophyte community throughout the year.	Comment by User: Make it short in one paragraph. Use same size and spacing.

During the pre-monsoon period, lower water levels and higher temperatures provide favourable conditions for the growth of macrophytes species such as Paspalum notatum and Zizania latifolia, benefiting from increased exposure to sunlight and the availability of nutrients in the sediment. These species exhibit high abundance and dominance, contributing to the structural complexity of the lake’s ecosystem. The monsoon season, characterized by increased rainfall and rising water levels, brings significant changes to the macrophyte community. Species like Hydrilla verticillata become more prominent during this period, as the higher water column and improved light penetration support their growth. Post-monsoon, as water levels stabilize and temperatures begin to decrease, the macrophyte community undergoes further adjustments. Species that were dominant during the monsoon may show a decline in abundance, while others adapted to cooler and stable conditions, such as Zizania latifolia, regain dominance. Key species like Paspalum notatum, Zizania latifolia, and Hydrilla verticillata demonstrate remarkable adaptability to these changing environmental conditions. Their ability to thrive across varying water levels, nutrient concentrations, and temperature regimes highlights their ecological importance in maintaining the lake's biodiversity and overall health.

The water quality analysis reveals that Takmu Lake generally maintains good water quality, with most parameters meeting WHO and BIS standards. However, seasonal fluctuations, particularly in parameters like dissolved oxygen (DO), total alkalinity, and free carbon dioxide, necessitate on-going monitoring and management. Specific challenges, such as elevated alkalinity and CO₂ levels before the monsoon, as well as low DO levels during certain seasons, highlight the need for targeted interventions to ensure consistent water quality. To maintain the lake's suitability as a drinking water source, it is crucial to implement measures that address these seasonal variations, such as improving DO levels, managing water temperature, and mitigating the impact of external contaminants. Community education on water conservation and pollution prevention, along with sustainable practices, will play a key role in preserving the lake's ecological balance and water quality. Overall, Takmu Lake remains a valuable resource, but its management requires a dynamic and adaptive approach to safeguard both its biodiversity and water quality for future generations.
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