Seasonal variation of physico-chemical characteristic of different lakes of Manipur 	Comment by User: It is recommended to revise the title to inclusion of Spatial and temporal variability 


Abstract	Comment by User: The abstract did not mention specific findings of the study.
Wetlands are hot-spots of biodiversity. They play a very important role in stabilizing the local climatic conditions and at the same time they support rich species diversity of the biosphere. Ecologically wetlands are complex hydrological and bio-geochemical system with specific structural and functional attributes and perform many ecological roles in the biosphere. In our present study the physico-chemical analyses were carried out in 3 fresh water bodies of Manipur i,e. Lotak Lake, Kharungpat Lake and Ikop Lake in different seasons.
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INTRODUCTION	Comment by User: The manuscript does not include numbering for its sections (e.g., Introduction, Results, Discussion, Conclusion).
WETLANDS
Wetlands are moist water saturated or water covered land upto shallow depths and are generally regarded as the transitional zone between terrestrial and aquatic ecosystem (Ambasht et al., 2006). Wetlands have been called the biological supermarkets for their excessive food chains and rich biodiversity they support (Gangoo and Makaya, 2000). Wetlands harbour an enormous stock and diversity of flora and fauna, providing direct benefits in the form of products subsistence and income generation (Tindamanyire, 2003).
Wetlands occur throughout the world in all climatic zones from boreal permafrost to tropics and are one of the most productive ecosystems of the world (Harikumar et al., 2006). The variability in climatic condition and the changing topography is responsible for significant ecological diversity encountered within the wetland. According to Dugan (1990), the wetlands of the world are classified into three major categories i.e. Salt water, Fresh water and Man- made wetlands.
Wetlands are of great socio-economic, ecological, academic and recreational importance. Wetlands are high valued for their productivity as they possess an estimated production upto eight times as much plant matter produced by the wheat fields (Jhingram, 1990). Wetlands are regarded as “Kidneys” of the ecosystems (Ambasht et al.  2006).
The wetlands in India occupy an area of about 4.1 million ha (Including paddy fields and mangroves) of which 1.5 million ha are natural and 2.6 million ha are man-made (Pandey, 1996). Natural wetlands occupy about 6% of the earth’s surface (Mitsch and Gosselink, 2000). They are the important feeding and breeding areas for wild life and provide a stopping place and refuge for waterfowl (Prasad et al., 2002).
India is rich in diversity resources and as such it is identified as one of the 12 mega diversity countries of the 34 “Biodiversity Hotspots” regions of the world (Conservation International, 2005). Three hotspots are identified in India I.e. Western Ghats, Himalayas and Indo-Myanmar. The state of Manipur is included under the Indo-Myanmar hotspot region of the world along with Loktak Lake as Ramsar site.
The Ramsar convention on wetland incorporates a fundamental principal known as “Wise-use of Wetlands”. As a measure towards the conservation of shallow wetlands, Ramsar convention is one of the strongest international forces in the wetland conservation. It came into force in 1975. By the year 2003, 136 countries joined the Ramsar convention designating 1252 wetland sites with an area of 107.4 million hectares. By 2010, the number of contracting parties increased to 160 covering an area of 186,598,989 hectares with 1906 Ramsar sites. (Ramsar Bulletin Board, 2010).
WETLANDS OF MANIPUR
Manipur has a total geographical area of 22, 3,270 Km² and out of which 529 km² is under the coverage of wetland. Such wetlands are mostly confined to lowland areas. Wetlands are recognized as the richest and most fascinating biomes that support biodiversity. There are 155 wetlands in the State comprising 21 lakes, 2 ox bows, 2 reservoirs and 130 water logged sites (MRSAC, Wetland Point Data, 1997, SAC, Wetlands of India, Project Report; 1998.pp.1-239).Several aquatic life forms play an important role in supplementing human diet and nutritional balance. 
	Most wetlands of the State till date are under major threats and many bioresources are losing their habitats. As the Wetland are fast converted to cultivated land due to human impact such as agricultural establishment, human settlement and various development projects.  
	Considering the importance of indigenous edible wetland plant species with a view of their varied applicable areas, it is an urgent need to conserve the area. Moreover, Wetland water becomes polluted due to plant decomposition and accumulation of polluted water from draining rivers. Interestingly various favourite food plants are growing in wetlands. It is to be considered to conserve their wetland habitats for ever availability of these plants. Otherwise new habitats of such plants are to be established for their everlasting habitation.
The North-East India falls under Indo-Myanmar global hotspot, the area harbours large number of wetlands. Wetland in India comprise <5% of the total geographical area and they are identified as the richest and most fascinating biomes that support one fifth of the country’s total biodiversity (A Jain et. al 2011).
Each and every plant in the world is useful in some way or the other, earlier, the plants are utilized based on the Doctrine of Signature that is God would mark or sign each plant in some way or the other to indicate its medium property. Cook (1996) in his aquatic and wetland plants of India gives some short notes on the utility of plants.
In relation with consumption as food, a total of 221 wetland edible plants were analysed for different nutrient content, (A Jain et. al 2011).
Moreover, several workers revealed the nutritional values of various wetland plants (Whitton 1975, Starmach 1977; Entisle 1989, Paisook, Santivatana 1993, Eloranata and Kwadrans, 1996, Necchi et. al 1999, R.N Mandal et.al, 2010; Panda and Misra , 2011; P.K Singh 2011; Rahul Bhosle et. al, 2012).
In order to promote the utilization of bioresources it is necessary to develop the cultivation of various edible wetland plants with due consideration sustainable production.
It is worth to mention that NPK is an index of plant biomass. Some wetland plants such as Ipomoea aquatic (Columni), Oenanthera javanica (Komprek), Zizania latifolia( Ising kambong), Jussiae repens( Esing kundo) have been substantially and favorably consumed by the people of Manipur and thus demand on them is ever increasing. The study will give a clue for growing of these plants in particular by developing isolated wetlands. Thus there will be no shortage of certain wetland plants consumed as food, even if their original habitats have been destroyed due to urbanization, agricultural practices etc. 
The main objective of the present study is to enhance production and conservation of wetland resource for substantial marketing and to establish relation between NPK contents of certain food wetland plants with degree of purity of wetland water.
MATERIAL AND METHODS
	The present investigation was carried out in 3 fresh water bodies of Manipur i,e. Loktak Lake, Kharungpat Lake and Ikop Lake. Physico-chemical analyses were carried out following Standard Method APHA (2005) and also considering Trivedi and Goel (1984). Physico-chemical analyses for water temperature, pH, dissolve oxygen, free carbon dioxide were determined at the spot. Analyses for the remaining parameter were carried out in laboratory.
	Sample collections were done in two different seasons i.e. wet season and dry season during the study period of 2023-2024 (July-February).
	Selected edible wetland plant species (shoot) from different study site will be collected, washed and oven dried at 600 C till a constant weight and will be grounded separately to fine powder for laboratory analysis. For the estimation of nitrogen, phosphorus and Potassium Micro Kjeldhal method, Calorimetric method and Flame photometer will be use respectively. 	Comment by User: In this section, the author has used the future tense (e.g. will be collected). Since this section should describe plant species that have already been collected, it is recommended to revise the text in past tense. This will improve clarity.
DESCRIPTION OF THE STUDY SITE	Comment by User: The description of the study sites is clear and includes the latitude and longitude however, including GPS map or satellite image showing the study location would help to readers   better visualize the site and clarity.
	In the present study, an attempt has been made to assess the physico-chemical analyses of water and nutrient content (NPK), of edible wetland plants Ipomoea aquatic (Columni), Oenanthera javanica (Komprek), Zizania latifolia (Ising kambong), Jussiae repens (Esing kundo) found growing in Ikop lake, Lotak lake and Kharungpat lake.
	Ikop Lake: Ikop lake is located at Thoubal district which falls at 24°31 to 24°40’ N latitude and 93°52΄ to 94°05΄E longitude having an altitude of 774m (MSL) at a distance of   30 Km  from Imphal. The lake comprises of maximum length measuring 7.5 km and 1.8 km of maximum breadth. The Ikop is a unique wetland ecosystem. The Lake has cultural heritage and economic links with the people around apart from its role in regional microclimate. It caters to every need of the people. The first detrimental development of the lake frightens the people and concerned authority. There is a rapid shrinkage of the Ikop lake in the size due to draining of water from Khelakhong and Sekmaijing canals, encroachment and establishment of fish and paddy farm, siltation which is deliberately misused to widen inhabitation area, lack of will and legislation to conserved the lake.
	Kharungpat Lake: It is situated at south-east part of Thoubal district. The lake lies between 24°32΄N to 24°36΄N and 93°56΄ E to 93°58΄ E at an altitude of 781m (MSL). The lake measures 8.9km by 5.6km at its maximum. The maximum depth is 4.14m and minimum depth is 0.80m. The surface area of the lake during favourable season is 49.98 square km.
The lake is more or less rectangular in shape. A very high surface area to volume ratio of 540.91 has been found in the lake indirectly indicates the occurrence of luxuriant growth of the macrophytes with high efficient ratios of production (Khelchandra, 2010).
	Lotak Lake: Lotak Lake situated at Bishnupur district. It is the largest fresh water lake in North-East India. It lies between 24°25΄N to 24°42΄N and 93°42΄E to 93°55΄E at an altitude of 768.5m (MSL). The lake is somewhat oval in shape oriented in North –South direction with its longer axis. The maximum length and breadth is 26km and 13km respectively. More than 80% of the total area is less than 3m deep and nearly 3% of the water storage lies in  the over 4m deep area (Tombi Singh, 1992). There are 14 hills varying size and elevations appearing to be islands in the southern part of the lake. In the morphometry of the lake due to construction of cave ways inside across the lake area and proliferation of younger version of floating huts-man settlement encroachments are salient problems.
RESULT AND DISCUSSION	Comment by User: The physicochemical characteristics are only shown in tabular form in the Results and Discussion section. It finds it difficult to properly depict seasonal fluctuations and compare parameters across different lakes in the absence of graphical representations (such as bar charts, line graphs, or seasonal trend plots). To improve data interpretation, increase clarity, and enhance the discussion of identified trends, authors are urged to use relevant graphs or figures.
	The physico-chemical; characteristics of wet and dry season of different lakes of Manipur are given in Table I and Table II.
TEMPERATURE 
	The water temperature of different lakes slightly varies with seasons. The maximum and minimum values was recorded 28.11°C in Lotak Lake and 25.1°C in Kharungpat during wet season and in dry season the observed values was found to be maximum (25.03°C in Ikop lake and minimum of 20.14°C in Lotak lake respectively. The variation (18-29°C) in water temperature at different times were probably due to surface heating during night a phenomenon commonly met within tropical water bodies as reported by Mosely (1983).
Water temperature is more affected by atmospheric temperature and presence of macrophytes. Temperature plays an important role in growth and distribution of aquatic macrophyte (Barko and Smart, 1981 a; Dale, 1986) The amount of heat, therefore has been suggested as causal factor influencing latitudinal variations in the distribution of species (Barko and Smart, 1981 a; Barko et, al.,1982); altitudinal distribution ( Alken and Gillet,1974); depth distribution (Sheldon and Boylen, 1977) and local distribution where there is effluent heading (Anderson,1969). It controls the metabolic rate of flora and fauna inhibiting the aquatic ecosystem (Borse and Bhave, 2000). A rise in temperature of water accelerates chemical reactions, reduces solubility of gases amplifies taste and odour and elevates metabolic activities of organism (Srivastava and Patil, 2001) 



pH
	The pH of water samples shows variations from 6.36 to 6.40 and 6.42 to 6.62 in wet and dry season. Brezonik et. al (1984) mentioned that high pH values promote the growth of phytoplankton and result in blooms. On the other hand Mahboob et.al (1988a) argued that high pH values during blooming period were the result and not the outcome of phytoplankton. The observed pH was found to be within lower value (6-9) reported by Srivastava et. al in Lake Jaipur (2009).
pH plays an important role in metabolic activities of aquatic life forms. It is valuable parameter which is use to determine the status of  acid alkali balance of the water but also serve as an important index for the degree of pollution (Borse and Bhave, 2000). pH of water mainly depends upon and carbonic and acid interaction between carbonates and bicarbonates (Mathivanum et, al., 2005)
SECCHI-DISC TRANSPARENCY
	The value lies between 100.15cm and 120.09 cm in wet season and 83.12-90.1cm in dry season. The turbidity and colour of water might result from colloidal clay particles, colloidal organic matter originating from the decay of vegetation or from abundance of planktons, Boyd (1981).
The water transparency is highly variable and helps in determining the productive zone of a water body (Golterman et. al., 1978). The high turbidity during rainy season is attributed to the presence of large amount of suspended particles such as silt, clay, microscopic organism and suspended organic matter through heavy runoff from vast agricultural fields and catchments areas. Similar observations were made by Zutshi et al., (1980) in nine lakes of Jammu and Kashmir; Purohit and Singh (1981) in Nainital lake of Western Himalayas; Swarup and Singh (1979) in Surana Lake.
DO2
	Dissolve Oxygen Is an important factor for sustaining the flora and fauna of the aquatic system. The highest value of DO2 during wet season was found to be 4.73mg/L in Lotak lake and lowest value 1.22mg/L in Kharungpat. The maximum and minimum value of DO2  is 4.47mg/L(Ikop lake) and 2.95 mg/L(Lotak lake) in dry season. The high dissolved oxygen content during summer season are largely attributed to increase in temperature with increase in transparency and photosynthetic activity of aquatic plants and phytoplankton because increases in transparency and temperature has a greater activity of aquatic plants for photosynthesis in fresh water bodies as suggested by Nasar and Dattam Unshi (1974) and Kumar (1993).
Dissolve oxygen is an important environmental factor which influences the dynamics of the aquatic ecosystem. DO₂ reflects the biological activity taking place in a water body and determine the biological changes which are brought about by the aerobic or anaerobic organism (Dixit et, al. 2007). In the fresh water ecosystem, oxygen acts as an indicator of the trophic status and the degree of eutrophication (Sharma and Kumar, 2002). Therefore, determination of oxygen is an important parameter of which affects chemical as well as biological reaction in an ecosystem (Harikumar et. al., 2006) . The main source of dissolve oxygen in fresh water lakes are the release of photosynthesis oxygen from ambient atmosphere, as well as denitrification process of bacteria, wind action and addition of cold water (Ellis et. al.; 1946). The DO₂ fluctuates with seasonal variations, stream morphology, temperature and biological characters (Snauap et. al., 2006).
BOD mg/L and COD
	Biological oxygen demand is an indication of organic load of biological water. Oxygen demand values fluctuates between 3.24 mg/L (Ikop lake) to 3.75 mg/L (Lotak lake)  in wet season and 3.45mg/L (Lotak lake) to 4.56mg/L (Ikop lake) in dry season. In pre monsoon season due to less depth of water BOD is less. Low BOD shows the heavy infestation of micro-organism suggested by Mishra and Patel, (2007). This implies growth of micro-organism is more in monsoon season suggested by Wagh and Srivastava, (2007) suggested the high BOD values was found at the place where the decomposition of the weeds occurs which is the indication of assimilation of organic load and occurrence of micro-organisms. 
	COD values varies from 4.18 mg/L (Lotak lake) to 7.57 mg/L (Ikop lake) in dry season and 4.40mg/L (Loktak lake) to 7.40mg/L (Kharungpat lake) in wet season in different lakes.
Chemical oxygen demand test determines the oxygen required for chemical oxidation of most organic matter and oxidisable inorganic substances with help of strong chemical oxidant (J.G. Koliyar and N.S. Rokade (2008).

	If COD/BOD is greater than 2 then there is chemical pollution and biological treatment of material is needed described by Singh et. al., (2007)
	In the present study COD/BOD are greater than 2 in case of Kharungpat as highlighted the Lake require purification.It indicates the level of organic waste pollution, which mainly originated from the decomposition of organic materials by different bacteria. According to Akpata et al., (1993), microbial oxidation of organic substances leads to the increase in the level of biological oxygen demand in water bodies. Das (1978) and Das and Pande (1980), reported that high organic materials deposition promotes natural oxidation and thereby depletion of oxygen occurs when anaerobic bacteria take over the process of decomposition. This increases in the values of biological oxygen demand level. The same was also observed by Khalli (2000) during the study in lake Mariut, Egypt.
CO2  
	The values of CO2 varied from 12.66 mg/L (Lotak Lake) to 15.66mg/L (Kharungpat lake) in wet season and 20.36 mg/L (Lotak lake) to 32.06mg/L (Ikop lake) in dry season. Mathew (1978) observed an increase relationship between CO2 and DO in Govind Sagar Lake. The variation of CO2 was due to the absorption by plants for photosynthesis and activity of other during organisms (T.V. Naik, 2013).
TDS
	Total Dissolved Solids ranged from 60-80mg/L in wet season and 30-70mg/L in dry season due to dilution of lake water. TDS values were comparatively high in summer which decreased during rainy season (J.G. Koliyar and N.S. Rokade et. al, 2008).
It indicates the dissolve materials were of allochthonous origin, which was brought in to the lake with surface runoff. Johnson (1980) observed that total dissolve solid proportionately enhance the electrical conductance in water and run parallel to each other. According to Hutchinson (1957) excess in the concentration of total dissolve solid might also be attributed by excessive evaporation during summer.

CONDUCTIVITY
	The conductivity ranged from 130 μ Siemens/cm to 160 μ Siemens/cm in wet season and 100 μ Siemens/cm to 120 μ Siemens/cm in dry season. Conductivity was higher in summer months due to the increased concentration of salts which would have been caused due to evaporation during that season (Kaliyar et al, 2008). The lower value of conductivity was in close association with the observation of Antwi and Ofori Danson (1993) and Gupta (1996) Mull et al, (2000).




TABLE .1. PHYSICO-CHEMICAL CHARACTERISTICS OF   DIFFERENT LAKES (WET SEASON)
	Sl No
	Parameter
	Loktak Lake
	Kharungpat Lake
	Ikop Lake

	1
	Temperature (°C)
	 28.11 
	25.10
	27.05

	2
	pH
	6.38
	6.40
	6.36

	3
	Transparency (cm)
	110.10
	120.09
	100.15

	4
	DO₂(mg/L)
	4.73
	1.22
	2.30

	5
	BOD(mg/L)
	3.75
	3.34
	3.24

	6
	COD (mg/L)
	4.40
	7.40
	4.41

	7
	CO₂ (mg/L)
	12.66
	15.66
	12.43

	8
	TDS(mg/L)
	80
	60
	70

	9
	Conductivity
 (μ Siemens/cm)
	160
	130
	150

	10
	COD/BOD
	1.17
	2.21
	1.36


 

TABLE.II.  PHYSICO–CHEMICAL CHARACTERISTICS OF   DIFFERENT LAKES (DRY  SEASON)   
	Sl No
	Parameter
	Loktak Lake
	Kharungpat Lake
	Ikop Lake

	1
	Temperature (°C)
	20.14
	22.01
	25.03

	2
	pH
	 6.62
	6.42
	6.45

	3
	Transparency (cm)
	90.10
	87.02
	83.12

	4
	DO₂(mg/L)
	2.95
	3.45
	4.47

	5
	BOD(mg/L)
	3.45
	4.05
	4.56

	6
	COD (mg/L)
	4.18
	7.41
	7.57

	7
	CO₂ (mg/L)
	20.36
	20.66
	32.06

	8
	TDS(mg/L)
	30
	50
	70

	9
	Conductivity
 (μ Siemens/cm)
	100
	120
	130

	10
	COD/BOD
	1.21
	1.82
	1.66







COD/BOD:
The observed value of COD/BOD is found highest (2.21mg/L) in Kharungpat Lake followed by Ikop Lake (1.36mg/L) and Lotak Lake during wet season. The value gets fluctuated from 1.2mg/L in Lotak Lake, 1.66mg/L in Ikop Lake and 1.82mg/L in Kharungpat Lake in dry season. According to the finding Kharunpat Lake is in a state of greater pollution than other Lakes as highlighted biological purification (Singh et al., 2007)
NUTRIENT ENRICHMENT
Nutrient enrichment and eutrophication are linked to a variety of human activities that can decrease water quality, such as agriculture, sewage effluent discharge and urbanization (Biggs, 2000; Dodds and Welch, 2000).
Aquatic plants are used as bio-indicators and play a key role in pollution perspectives (Szoszkieewiez et. al, 2002). The important concentration of fresh water ecosystem are given by Mishra (1970); Gupta (2000); Ghani (2001 and Ghilidyal and Verma (2005); Pradhan et. al (2005)

Nutrient Analysis of 4 selected edible part (shoot) of wetland plant species growing in different lakes assessing nitrogen. Potassium and phosphorus are shown in table III. Total nitrogen content in various lakes was found varied between 0.95% to 3.02%, the maximum and minimum was recorded in plant species of Ipomoea aquatica growing in Kharungpat Lake and Ikop Lake. phosphorus content was found to be highest (5.84%) and lowest (1.66%) in Zizania latifolia and Jussiae repens in Kharungpat lake and Lotak Lake respectively. Ipomoea aquatic was shown higher value of phosphorus content (4.95%) and value lies between potassium content (2.07% to 5.18%) lies within the value reported by Umar et. al., 2007 (phosphorus 1.09% and potassium 5.45%). Jussiae repens have been reported low in mineral content of phosphorus (0.45%) and potassium (1.77%).
Among all the species Oenanthera javanica recorded highest value (5.18%0 of potassium content and lowest value (2.07%) of Jussiae repens of Lotak Lake as compared to other remaining lakes.
From the above observations of nutrient analysis Zizania latifolia is found to be higher in all the nutrient parameter as recorded by Jain et. al (2012) (Total nitrogen 1,3%, phosphorus 0.78%, potassium 0.46%)
Ipomoea aquatic was shown higher value of phosphorus and value lies within potassium content as reported by Umar et. al 2007 (Phosphorus 1.09% and potassium 5.45%. Jussiae repens have been reported low in mineral content of phosphorus (0.45%) and potassium (1.77%).

TABLE. III.NUTRITIONAL CONTENT IN SOME EDIBLE WETLAND PLANTS OF DIFFERENT LAKES	Comment by User: Only tables are used to display the nutritional value of edible wetland plants. It is more difficult to compare different plant species when there is no graphical representation. The results' overall presentation and data visualization might be enhanced by the addition of appropriate graphs or charts.
   (ON DRY WEIGHT)
	Sl 
No.
	Name 
of plants
	Loktak Lake
	Kharungpat Lake
	Ikop Lake

	
	N (%)
	P (%)
	K (%)
	N (%)
	P (%)
	K (%)
	N (%)
	P (%)
	K (%)

	1
	Zizania
latifolia
	1.71
	3.67
	3.56
	1.96
	5.84
	4.62
	1.83
	3.81
	3.95

	2
	Ipomoea   
 aquatic
	1.29
	4.95
	5.03
	3.02
	3.36
	4.27
	0.95
	2.62
	4.17

	3
	Oenanthera
 javanica
	1.85
	4.09
	5.18
	1.25
	2.73
	4.75
	1.54
	4.21
	4.93

	4
	Jussiea
repens
	2.18
	1.66
	2.07
	2.38
	2.52
	5.04
	3.00
	5.33
	4.27


CONCLUSION	Comment by User: The Conclusion does not adequately reflect the major findings of the study and lacks clear, result-oriented statements. Substantial revision is recommended to clearly present the study’s key findings and implications.
From the above investigation it may be inferred that the different lakes due to cultural eutrophication, sedimentation, use of agricultural fertilizers, etc may lead to drastic change on lake diversity. People of the state have of diverse used of wetland plants for consumption as well as income generation. So, in order to conserve the lakes, it high time to devise proper management strategies for their sustainable development for generations to come.
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