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ABSTRACT

The deterioration of freshwater quality in Indian lakes has drawn serious attention to their protection,
conservation, and management. The present review focuses on the currently applied restoration methods
and new research, their success status, and recommendations for future lake management. In various studies,
only a few lakes are found to be restored significantly. Studies reveal that in-lake restoration methods are
more prominent than catchment management. A combination of in-lake and watershed management is
beneficial rather than a single approach. Along with government schemes, regular monitoring and people’s
cooperation are required to obtain the projected outcome of restoration efforts.
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Introduction

Eutrophication, siltation, pollution, weed invasion,
bioaccumulation of contaminants, and waterborne
diseases are the major problems faced by the lakes
in India. Most of the restoration programs in Indian
lakes involve a number of various management ap-
proaches (Natarajan et al., 2020). They are usually of
a constructive nature and not oriented towards
maintaining the lake ecosystem. Although Dalwani
and Gopal (2020) pointed out in their review that in
India many restoration and management projects of
freshwater ecosystems have been based on Nature-
based Solutions. Looking into the arena of restora-
tion measures in India, our review mainly focuses
on the restoration measures to mitigate lake en-
croachment, eutrophication, weed invasion, sedi-
mentation, and heavy metal pollution. The general
restoration methods applied in India can be catego-

rized as chemical, biological, and physical/mechani-
cal, and some other unique methods identified as
per the prevailing conditions.

Chemical methods

Coagulation, flocculation, and precipitation are effi-
cient methods for the reduction of nutrients, patho-
gens, algae, toxic metals, and other dissolved or sus-
pended impurities. P removal is the most crucial, as
eutrophication caused by P loading is the major
problem of Indian lakes. The chemical precipitation
process is highly effective in P removal (Banu et al.,
2008). Aluminum sulfate (Alum) as well as ferric
chloride was found significantly efficient for turbid-
ity removal in Kukkarahalli Lake, Mysore (Roopa
and Murthy, 2014) and Durgam Cheruvu Lake,
Telangana (Kalavathy et al., 2017). Similarly, the
addition of alum and potassium permanganate,
along with aeration, before, during, and after idol
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immersion, a common religious practice, helped
control pollution in Thane lakes (Maharashtra PCB
2010). Using chlorine and potassium permanganate
as oxidants and alum as a coagulant, along with
lime, helps required pH correction during chemical
treatment (Khadse et al., 2015).

Use of various adsorbents, Phoslock (lanthanum
5% and bentonite 95 %), zirconium-pillared bento-
nite clay (ZPBC), has been suggested by various re-
searchers for the removal of N and P (Mahadevan et
al., 2020; Tiwari et al., 2021; Priya et al., 2022). Som et
al. (2022) demonstrated the removal of phosphate
from sewage water using nano zerovalent iron
(nZVI) particles. Limiting both N and P is vital if
high amounts of nutrients enter lakes through vari-
ous anthropogenic activities. In Hyderabad lakes, a
combination of a tertiary treatment plant to remove
phosphates and wetland use to reduce nitrates is
applied for nutrient removal before sewage enters
the lake (Rao, 2012). Nitrification during water treat-
ment, use of microorganisms, wetland construction,
and removal through macrophytes are some wide-
spread methods of N removal from water.

Biological methods

Bio manipulation is a top-down control mechanism
of lake restoration by introducing algae-feeding fish
or by removing zooplankton-feeding fish. Use of
fish as a bioremediation agent and their frequent
harvesting can be a crucial method to manage
eutrophication of lakes (Vass et al., 2015). Datta
(Saha) and Jana (1998) affirmed that Silver Carp is
effective in the removal of Microcystis. Nagdali and
Gupta (2002) found an increase in zooplanktons, a
decrease in phytoplanktons, and an increase in wa-
ter transparency after the removal of planktivorous
fish Gambusia affinis in Lake Nainital.

Weed eradication by biological control methods
has been applied in some lakes of India.
Ramchandra and Ahalya (2001) suggested the intro-
duction of Pila globosa (tropical snail) and Chinese
grass carp (a fast-growing fish) that feeds on many
aquatic plants. Exotic weevil (Neochetina spp.) and
Cyrtobagaus salvinae have been used to eliminate
water hyacinth and water fern, while herbivorous
fish Tilapia spp. and Ctenopharyngodon idellus have
been used to control submerged species like Hydrilla
spp. (Varshney et al., 2008). Exotic weevils and fun-
gal pathogens (Alternaria spp.) helped in the effective
control of the water hyacinth in Lake Rankla,
Kolhapur (Ghone and Singal, 2015).
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On the other hand, many of the weeds can be
used for phyto remediation (Shiny et al., 2004, Dhote
and Dixit 2007, Kumar and Anshumali 2014). Weeds
that have high mineral absorption capacity and high
tolerance towards organic load are suitable. Further,
they can be used as animal feed, fish feed, or
biofertilizer unless the water has toxic elements
(Hasan and Chakrabarti, 2009). Species like
Eichhornia crassipes, Lemna minor, Azolla pinnata,
Typha angustifolia, Potamogeton crispus, Phragmites
australis, and Ceratophyllum demersum are found to be
potential heavy metal accumulators in various stud-
ies (Pandey et al., 2019; Nabi 2021).

A new phyto-remediation approach has been
applied in Bangalore lakes by George et al. (2016),
where water is remediated using dried and chemi-
cally modified leaf and bark powders of Moringa
olifera. It is a fast-growing, drought-resistant tree
species that acts as a biosorbent for heavy metals
and helps in the reduction of BOD, COD, nitrate,
and phosphate content of water samples.

Another biological tool for bioremediation is non-
pathogenic, natural microorganisms that degrade
organic and toxic pollutants, curb eutrophication,
and restore lakes by maintaining their ecological
balance (Raghav and Shrivastava 2016). In India,
bioremediation of the three lakes, i.e., Powai in
Mumbai and Ooty and Kodaikanal lakes in Tamil
Nadu was approved in 2001 in the first phase of the
NLCP (Gupta 2005). In many lakes of the Thane re-
gion, bioremediation was initiated after its success-
ful implementation in Kacharlli Lake (Pradhan and
Latkar, 2008).

According to Soumya et al. (2014), halophilic bac-
teria from sediments of Lake Vembanad are capable
of removing lead and cadmium. Kiran et al. (2016)
used “nulagi,” a nano-silica-based mixture in Indira
Lake, Hyderabad, which triggers the growth of dia-
tom blooms. These were found effective in reducing
N, P, as well as BOD and COD. Diatoms fix CO,,
and their biomass can be a source of food for fish.
Gahlawat et al. (2020) found Pseudomonas
aeruginosa to be an effective microbe for faster bio-
degradation of organic matter, which consumes less
oxygen and survives in a wide range of temperature
variations. Sajana et al. (2017) in their review have
advocated a new technology to use sediment micro-
bial fuel cells (SMFCs) for in situ bioremediation of
sediments and wastewater, along with harvesting
electricity.

Conversely, pathogenic microbes need to be
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eliminated from lake water. In India, pathogenic
contamination is mainly removed by chlorination in
addition to other methods like ozonation, UV treat-
ment, bioremediation, and phyto remediation.
Skariyachan et al. (2021) have recommended the
bacteriophage-based therapy to reduce microbial
pollution and restrict the growth of drug-resistant
bacterial pathogens. To eradicate pathogenic con-
tamination, awareness programs and sanitation im-
provement missions are run by the government and
NGO s, although a large number of infections and
deaths occur every year (Sharma et al., 2023).

Physical/Mechanical methods

Physical treatment includes installing liners, dredg-
ing, aeration, dilution, and mechanical removal of
algae and weeds. Although many of these methods
are capable of disturbing the lake ecosystem, they
are applied for rapid control of lake deterioration.

Sediment dredging is widely used all over the
world in lakes for taking out the nutrient and con-
taminant-rich surface layers. Pandey and Verma
(2004) suggested dredging as an effective tool for P
removal in shallow lakes. Dredging has been found
helpful in lakes like Dal Lake (Mir, 2015) and Lake
Mansagar (Bahadure and Sangeetha, 2014). In
Chilka Lake, it resulted in water exchange between
the sea and lagoon, leading to migration of fish,
prawn, and crab juveniles and increased appearance
of seagrass, dolphins, and migratory birds (Naik et
al., 2008; Sahu et al., 2014). In their study, Kundangar
and Abubakr (2001) did not find any significant vul-
nerability for zooplanktons and phyto planktons
due to dredging in Dal Lake. Along with dredging,
constructions to trap sediments like a settling basin
in Dal lake (Khan 2015) or a siltation trap at lake
Mansagar (Raina, 2008) have also helped to control
siltation. The dredged soil mixed with lime can be
used in construction activities and many engineer-
ing applications (Mir, 2015).

Aeration units are installed in lakes like Bhoj
Wetland, Bhopal (Verma and Dixit, 2006), Hussain
Sagar Lake, Hyderabad (Rafi and Kusum, 2018), and
Lake Fatehsagar, Udaipur. In Lake Nainital, aera-
tion resulted in the disappearance of Cyanophyceae
(Gupta and Gupta, 2012). In a study at Bhoj wetland,
aeration along with ozonization increased dissolved
oxygen, species diversity, and decreased pathogenic
microbes (Varghese et al., 2004). Similarly, aeration
along with bioremediation has been found useful in
increasing dissolved oxygen (Kamath, 2008).
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Mechanical and manual weed harvesting has
been applied at many Indian lakes like Dal Lake
(Zutshi and Ticku, 1990), Rankala Lake, Kolhapur,
Lake Fatehsagar, and Pichola of Udaipur. However,
mechanical deweeding is not selective and leads to
changes in community structure (Habib and Yusuf,
2014). Deweeding is more helpful when heavy
metal-extracting weeds are removed from lakes.
Control of redundant species is required to maintain
the lakes” natural system healthy. Removal of wil-
low plantation in Wular lake (Kumar, 2018; Keller et
al., 2018), control of phumdis in Loktak lake
(Kangabam et al., 2015) are such examples.

Formation of bird islands helps in attracting bird
species and helps in reducing turbulence of the sur-
face layer of lake water (Saraf and Nair, 2015). In
Pashan Lake, Pune, the formation of islands along
with desiltation and plantation of indigenous spe-
cies leads to an increase in bird population richness
and abundance (Yardi et al., 2019).

Catchment management to control nutrient in-
flow is an initial process for the management of the
lake. Contour bunding, tree plantation, and con-
struction of check dames, silt retention dams, me-
chanical spurs and revetments construction in the
catchment of Sukhna lake helped in control of silt-
ation (Singh, 2002; Chaudhary et al., 2013). Siddiqui
et al. (2013) have suggested channelization of
manmade storm water drains (formed due to urban-
ization) along with natural drainage via nallahs and
gullies towards the lake and control of evaporation
losses by check dams. Shekhar et al. (2010) have rec-
ommended the construction of a sub-surface dyke
for the management of the watershed of Badkal
Lake. Rao (2012) has mentioned the importance of
examining groundwater contamination to find out
the interaction of lake water quality with the
groundwater regime. To mitigate the impact of ag-
riculture, Kerala Conservation of Paddy land and
wetland 2008 did not allow any further reclamation
of land for agriculture in the Vembanad wetland
(Checkacherry and Jayakumar, 2011).

Different methods, when incorporated according
to lake type and its condition, help in lake restora-
tion. Singh and Bhatnagar (2012) has described the
restoration carried out in Hauz Khas, Delhi where
introduction of Spirodella, Lemna and Wolffia spp. in
newly constructed check dams, addition of fishes
like Indian Carps, Grass Carps and Gambusia spp.
that consume plankton and also attract birds and
inclusion of facultative anaerobic bacteria to reduce
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BOD and nitrates and increase oxygen levels helped
water quality improvement.

Government Legislative Measures and People’s
Participation

The organizations are set up for the restoration and
management of lakes in India for particular lakes or
at the regional level (Reddy and Char, 2006). Few
states have set up an apex authority to conserve
water bodies to collaborate on the work of different
departments. “National Plan for Conservation of
Aquatic Eco-systems” (NPCA) helps manage se-
lected lakes. Many Indian wetlands are conserved as
Ramsar Sites. Lake Mansagar is an example of suc-
cessful restoration by the public department and
private hands. Lake Chilka sets a nice example of
harmony among various departments during its re-
habilitation. Successful restoration of Bengaluru
lakes ascertains public participation through envi-
ronmental placemaking and stewardship (Sen and
Nagendra, 2020). A good example of public aware-
ness is seen in the case of Thane lakes (Walavalkar
and Tekale, 2004).

Discussion

The objective of restoration should be adherence to
standard water quality, conservation of biodiversity,
catchment area development, soil conservation, mi-
croclimatic conditions, livelihood, and facilities for
the local community, i.e., fishing, agriculture, drink-
ing water supply, and recreation. Restoration of
aquatic ecosystems is specific to site, time, and biota,
which need integration of biological processes and
abiotic environment along with management of ex-
treme situations (Verdonschot et al., 2013). Lake
management includes intense monitoring, interac-
tion, and cooperation between different agencies
like state governments, local administration, depart-
ments of soil, forests, natural resources, agriculture,
urban planning, along with citizens and research
institutions. National water policies, revised effluent
standards, establishment of common effluent treat-
ment plants (CETPs), and adoption projects like zero
liquid discharge (ZLD) are all supportive in lake
management. Several lakes are covered under a pro-
tected area.

Depiction of pollution dynamics and magnitude
is basic to the development of management plans
and suitable technologies. Watershed mapping,
identification of point and nonpoint sources of lake
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pollution, is decisive in checking the contamination
of lakes. In 2011, MoEEF, along with ISRO, developed
a GIS for mapping all wetlands of India. Baseline
studies of lake hydrology, hydro-geomorphology,
catchment activities, and socio-economic aspects of
the region need to be evaluated. Such prior studies
include paleo limnological studies, remote sensing,
GIS, and the study of local biota as an indicator
(Garg, 2015; Jumbe et al., 2008).

Nutrient input control through point sources and
non-point sources, and installation of a properly
functioning sewage treatment plant (STP) is the
most crucial part of lake management. Regulating
phosphate-containing detergents and setting up
nutrient (N and P) removal units (STPs) significantly
reduces phosphorus loading to the aquatic system
(Kundu et al., 2015; Dash et al., 2020). Further, moni-
toring and training of staff for skillful operation of
sewage treatment plants to increase the efficiency of
STPs is emphasized by Chatterjee et al. (2016).

Catchment management techniques play a cru-
cial role in lake management. Structural and non-
structural best management practices are helpful in
controlling non-point pollution (Jain and Singh,
2019). Ramchandra et al. (2013) in their study on
Bengaluru lakes found that the lakes in more built-
up areas were more nutrient-rich, whereas the lakes
with more vegetation and sparse population in a
catchment were less polluted. In urban areas, the
construction of porous pavement, street cleaning,
and soil stabilization should be implemented to re-
duce floods and siltation. As cities are experiencing
more torrential rains, systematic channelizing and
holding rainwater with traditional as well as ad-
vanced techniques will help in rainwater harvesting
and increasing lake water levels.

Scientific and technological methods to rejuve-
nate the self-purification system of water bodies,
like bioremediation, bio manipulation, and the
green bridge method, are effective approaches for
long-term management. Construction of green
bridges that comprise biologically originated cellu-
losic or fibrous material in combination with sand,
gravel, and roots of plants helps trap the insoluble
pollutants and absorb the soluble pollutants. Fur-
ther, research on local plant species useful for phyto
remediation and food web structures that
channelize P to higher consumers will be helpful in
the restoration of biological communities.

Sudha et al. (2013) proposed the use of a few indi-
cators to formulate the ‘water bodies conservation
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index’ in line with monitoring, ranking, and prepar-
ing conservation plans. Availability of data helps
make management and restoration efforts more ef-
fective. Ecological modelling is emphasized as a
potent means of understanding case-specific and
required eutrophication control methods by
Bhagowati et al. (2020). Taking into account the
threat perceptions by various stakeholders can help
in planning lake management (Paonam and
Chatterjee, 2022).

Education and dependency on a particular lake
decide local people’s perception towards the lake
(Dash et al., 2022). Nagendra and Ostrom (2014)
used a socio-economic framework (SES) and found
that such collective action is oriented towards eco-
logical and social restoration goals with reduced
costs. Small but significant steps like training of ar-
tisans to make idols with natural clay and paints,
assistance to fishermen for composite fish culture,
may be included in the restoration program.

Conclusion

Long-term studies of ecological processes in lakes
and continuous monitoring of water quality help in
determining and applying the appropriate method
of restoration. Evaluation of proper effective man-
agement methods and further selection of a suitable
action plan is desirable. Advanced knowledge, like
scientific databases, remote sensing, global position-
ing systems, mathematical modeling, etc., is a cru-
cial and helpful tool. Climate and catchment charac-
teristics need to be considered while planning for
lake management. Training and capacity building at
all levels, incorporating policies and plans with legal
support, are important steps. Awareness and par-
ticipation of every citizen are essential for successful
lake restoration.
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