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Abstract: The present work provides an ecological study on the hydrophytic community as well as physiochemical
study of water body of the Govindgarh Lake, Rewa. Four samplelocationswere selected in the study arearepresenting
various types of water quality namely, Bathing Ghats, Gopalbag, Fort Area and Devi temple of the Govindgarh
Lake. Ecologically, Govindgarh Lake has many interesting aspects. 15.6 km of northern slope of Kamore range
serves as the catchment area for 330 halarge and about 10 m deep lake which stores an enormous amount of water.
This paper presents characteristics of water quality and hydrophytic community of Govindgarh lake whichissituated

in the Rewa district, M.P.
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I ntroduction

Waeter, like air and food, is a basic human need without
which no life can be sustained. Water is so important for
human life that there is also strong concern about the
fate of freshwater habitats. The water resource scenario
of the country reveals that out of atotal 400 m.ha-m of
availablewater, 68 m.ha-m of surfacewater and 42 m.ha-
m of ground water is utilizable giving a total of 110.4
m.ha-m. Asestimated during 1985, 32 m.ha-m of surface
water and 15m.ha-m ground being utilized for irrigation
giving atotal of 47 m.ha-m. The total volume of fresh
water on the earth surface is small in relation to the
catchments; only about 0.01% of the earth water isin
rivers and lakes at any one time. Fresh water ecosystem
isof agreat economicimportance as pureand clear water
of multipurpose use in the society. Considerable work
has been done on pure limnology of fresh water: Lentic
and Lotic habitats of Indiain the past. The Govindgarh
lakeisnot only an object of social pride but agreat symbol
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of culture heritage asit was built by the popular ruler of
this land some two hundred years ago.

RewaDistrict islocated at the north east of theMadhya
Pradesh state, in central India, and coversan areaof about
6,314 km? and a population of 1,972,333 (2001 census),
a27% increase from 1991. Rewais also known as land
of white tigers. Govindgarh lake which is only 7000 ha
istotally converted by water body. Its catchment areais
330 halarge near about 10 m deep lake and driest period
of the water level never goes bel ow seven metres which
stores enormous amount of water. Govindgarh lake is
being managed jointly by state fishery and irrigation
departments. Thishas added new dimension of fisheries
culture, irrigation and tourism to this lake.

Objectives
This paper presents the characteristics of water quality

and hydrophytic community of Govindgarh Lake. The
prime objective of this study was to monitor lake water
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quality based on physical and chemical properties of
guality parameters viz., temperature, pH, total solid,
suspended solid, dissolved solid, chlorides, nitrate,
phosphate, alkalinity, total hardness, dissolved oxygen
(DO), biochemical oxygen demand (BOD) and chemical
oxygen demand (COD) for the management of
Govindgarh Lake.

Material and Methods

Monthly water samples were collected at four sampling
sites as per the detail s given below for determination of
physico-chemical characteristics of the lake:

Bathing Ghats: These are the ghats where people take
baths, wash utensilsand clothesregularly. Water samples
weretaken fromthese ghatsto assesstheimpact of human
activities on water quality of lake.

Gopal Bag: Thissiteislocated almost at the centre of
lake along with an approach road.

Near Fort: Thissiteislocated near the Fort.

Near Temple: This sampling site is situated near the
Papara towards the southern side of the lake.

The water quality analysis was carried out using
standard methods (APHA, 1985).

Resultsand Discussion

The physico-chemical characteristics of water at four
sampling sites of Govindgarh lake are given in Tables
1-4. Theresults are given below.

Temperature: It isrecorded by spot reading made by
appropriate centigrade thermometer. Result indicated
minimum temperature of water during winter months
and maximum during summer months. The water
temperature of Govindgarh Lake observed at four sites
varies between 18 and 32.1°C. An average temperature
of 23.14°C, 24.78°C, 25.17°C and 24.70°C was
observed at Gopal Bag, near Fort, near temple and at
Bathing Ghat respectively (Table 5). Thermal changes
of Govindgarh lake water during different months of the
year were not so profound astypical shallow lake. This
height may bethereason for narrow differencein surface
water temperature if Govindgarh Lake is not sustaining
richer macro vegetation.

pH: There was a narrow variation in pH value of water
at four sampling sites of Govindgarh lake. The mean
values of pH were observed as 7.47, 7.51, 7.46 and 7.81
for Gopal Bag, near temple, Fort and Bathing Ghat,
respectively (Table 5). There was no marked seasonal

variationin pH values of Govindgarh |ake water (Tables
1-4). The narrow pH range (7.21-8.12) observed for the
water of Govindgarh Lake is supported by several other
studies.

Total solids: Total solidsof Govindgarh lakewater varied
between 650 to 800, 686 to 808, 670 to 807 and 732 to
1140 mg/l for Gopa Bag, near Temple, near Fort and
Bathing Ghat respectively (Table5) The meantotal solids
wererecorded as 735, 744, 739 and 869 mg/| for thefour
sitesrespectively. Result revealed comparatively higher
loads of total solidsat Bathing ghats of Govindgarh lake.
Thehigher concentration of solids at Bathing ghats may
be due to human activities such as bathing, washing,
utensil washing, etc.

Suspended solids: The suspended solidsranged between
89 to 199 mg/l, 88 to 198 mg/l, 87 to 195 mg/l and 122
to 340 mg/l for Gopal Bag, Temple area and at Bathing
ghats, respectively (Table5). Average concentrationsfor
suspended solids at four sites were recorded as 149.66
mg/l and 199.75 mg/l respectively. Result (Tables 1 to 4)
indicated comparatively higher concentration of
suspended solids during the monsoon months and lower
during the winter months. Moderate concentrationswere
observed during the summer months. Same interpre-
tations can be drawn for suspended solids as were
supported for total solids.

Dissolved solids: Dissolved solids under present
investigation varied between 115 and 628 mg/I, 560 to
620 mg/l, 576 to 616 mg/l and 636 to 800 mg/I for Gopal
Bag, Temple area, Fort area and at Bathing ghats
respectively (Table5). The Bathing ghats of Govindgarh
lake again exhibited higher contents of dissolved solids
inthewater. Theminimum concentrationswererecorded
at Gopal Bag area of the lake.

Chlorides: The chlorides contents of four sites were
found to be ranging between 24.22 and 64.14 mg/| for
Gopa Bag, Templearea, Fort areaand at Bathing ghats,
respectively (Table 5). Govindgarh Lake exhibited
relatively higher concentration of chloride in water to
be followed by temple area (48.84 mg/l), Fort area
(48.81 mg/l) and Gopal Bag area (43.36 mg/l). Higher
concentration of chloride in water at bathing ghats may
beattributed to human activities. Thewater of these ghats
isregularly used for bathing and washing activities.

Ammonium-Nitrogen: The ammonium contents of
Govindgarh lakevaried between 0.60 and 1-13 mg/l, 0.64
to 1.12 mg/l, 0.63to 1.10 mg/l and 0.86 to1.82 mg/l for
Gopal Bag, Temple area, Fort area and Bathing ghats,
respectively (Table 5). Average ammonium nitrogen
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content was found to be higher at Bathing ghat (1.22
mg/l) as compared to Fort area (0.94 mg/l), and Gopal
Bag area (0.93 mg/l). The Bathing ghat of Govindgarh
lake are added with organic matter due to human
interference.

Phosphate: The phosphate content varied between 0.45
and 1.65 mg/l at Gopal Bag, 0.48 to 1.06 mg/l at Temple
area, 0.46 to 1.04 mg/l at Fort areaand 1.08 to 2.06 my/l
at Bathing ghats. Bathing ghats of Govindgarh lake
exhibited higher concentration of phosphate (1.60 mg/l)
inwater to befollowed by Gopal Bag (0.90 mg/l), Temple
area (0.83 mg/l) and Fort area (0.81 mg/l) (Table5).

Alkalinity: Total alkalinity under present study varied
between 149 and 198 mg/l, 148 to 196 mg/l, 147 to 194
mg/l and 180 to 236 mg/l for Gopal Bag, Temple area,
Fort area and Bathing ghats, respectively (Table 5).
Higher average concentration of total alkalinity wasfound
at Bathing ghats (208.0 mg/l) as compared to Fort area
(173.16 mg/l), Templearea (176.0 mg/l) and Gopal Bag
(277.25 mg/l).

Total hardness: Hardnessisthe property of water which
preventsthe foam formation with soap and increasesthe
boiling points of water. Thetotal hardness of Govindgarh
lake water was found to be varied between 216-292
mg/l Temple area, 212 to 289 mg/l Fort area, 218 to 295
mg/l Gopa Bag and 264 to 328 mg/l Bathing ghats. Total
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hardnessval ues have not varied significantly with respect
to seasons. Like other parameters Bathing ghats also
exhibited higher values of total hardnessin water (297.33
mg/l), to be followed by Gopal Bag (263.91 mg/l),
Temple area (291.22 mg/l) and Fort area (257.25 mg/l).

Calcium hardness: Thecalciumhardnessof studied Sites
varied as 152 to 196 mg/l Bathing ghat, 112 to 185 mg/I
Fort area, 116 to 164 mg/l Temple area and 118 to 186
mg/l Gopal Bag. The maximum values of calcium
hardness were obtained for Bathing ghats (175.66 mg/I)
to befollowed by Gopal Bag (158.41 mg/l), Templearea
(154.83 mg/l), and Fort area (152.91 mg/l).

Dissolved Oxygen: The dissolved oxygen content of
Govindgarh lake varies between 6.9 and 7.7 mg/l at
Templearea, 6.0to 7.0 mg/l at Fort area, 6.3t0 7.8 mg/l
at Gopal Bag and 6.4 to 7.7 mg/l at Bathing ghats. An
average DO content was minimum at Bathing ghats (7.05
mg/l) as compared to Gopal Bag (7.25 mg/l), Temple
area (7.29mg/l), and Fort area (7.07 mg/l).

Biochemical oxygen demand (BOD): The BOD of
water samplesunder present investigation varied between
3.0and4.3mg/l, 4.0t06.4 mg/l, 3.2to 4.6 mg/l, and 3.0
to 4.8 mg/l for Fort area, Bathing ghats, Temple areaand
Gopal Bag arearespectively (Table5). An average BOD
at four siteswas found as 3.43 mg/l Fort area, 5.39 mg/l
Bathing ghat, 3.7 mg/l Templearea, and 3.78 mg/l Gopal

Table 1: Physio-chemical characteristics of water sampled at Fort area of Govindgarh lake, Rewa

Parameters Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
(mg/1)
Temp°C 18.1 18.3 21 23 27 32 29.1 27.6 26.3 26 25 24
pH 7.37 7.37 7.41 7.37 7.21 7.44 7.61 7.70 7.68 7.51 7.50 7.40
Total solids 670.0 670 680 706 711 750 780 790 807 780 760.0 750.0
Suspended 87.0 106.0 109 144 150.0 171 163.0 1850 187.0 164.0 1540 130.0
solids
Dissolved 505.0 580.0 580.0 580.0 558.0 576 6100 6020 609.0 6160 6030 6150
solids
Chloride 2545 3941 4433 4926 5410 493 4431 4432 5410 5912 6403 59.12
Ammonium 0.63 0.87 0.95 0.96 0.93 1.03 1.06 1.10 1.04 1.08 0.83 0.87
nitrate
Nitrate 0.22 51 0.65 0.60 0.73 0.80 0.82 0.92 0.90 0.79 0.40 0.35
Nitrite 0.13 0.17 0.20 0.50 0.52 0.56 0.54 0.75 0.64 0.50 0.27 0.14
Phosphate 0.46 0.78 0.89 0.89 0.85 0.93 0.95 1.03 1.04 0.90 0.52 0.54
Alkalinity 1470 1470 1580 170.0 176.0 184. 180.0 1900 194.0 184 175 170.0
T. hardness 2120 2230 231.0 2420 2630 270. 271.0 280.0 289.0 2750 270 261.0
C. hardness 1120 1260 1450 143.0 150.0 153. 163.0 1730 1850 170.0 162.0 153.0
D.O. 7.6 7.4 7.2 71 6.0 6.8 71 7.4 71 7.2 7.2 7.2
B.O.D. 3.7 3.0 31 3.2 31 3.0 41 4.3 4.2 3.0 34 31
C.0OD. 9.7 9.7 182 2831 182 283 3773 470 3772 2830 3773 28.30

Source: Survey
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Table 2: Physio-chemical characteristics of water sampled at Bathing Ghat, Rewa

Parameters Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
(mg/1)
Temp °C 18.0 18.5 20.0 24.0 28.0 32.0 30.0 29.0 28.0 27.0 26.0 25.0
pH 7.73 7.82 7.64 7.75 7.48 7.68 8.06 8.12 8.10 7.86 7.76 7.72
Total 7322 786.0 8040 8190 848.0 862.0 1020.0 1140.0 980.0 820.0 816.0 802.0
solids
Suspended 126.0 1350 156.0 1820 190.0 25.0 3150 3400 2800 208.0 138.0 1220
solids
Dissolved 606.0 651.0 6480 6370 6580 6570 7050 800.0 700.0 6120 678.0 680.0
solids
Chloride 39.20 3920 4434 4927 5422 6934 820 744 6934 4434 3920 44.04
Ammonium .86 .94 .92 1.06 112 1.25 1.73 1.82 1.78 1.20 1.14 .88
Nitrate .75 .82 .80 .95 1.09 1.18 1.52 1.64 1.33 1.10 1.06 0.54
Nitrite A2 .38 49 .62 .80 .90 .96 1.08 1.03 .98 .85 32
Phosphate 1.15 1.22 1.08 1.30 142 1.59 1.86 1.98 2.05 2.06 1.98 1.52
Alkalinity 180.0 1920 2040 2120 2160 2320 2360 2280 2120 2830 240 19.0
Total hardness 264.0 2720 276.0 288.0 3000 3160 3240 3280 2120 2830 2040 196.0
C. hardness 1520 1560 168.0 176.0 184.0 1920 1960 1880 1720 1680 176.0 180.0
D.O. 7.6 7.4 7.3 6.9 6.8 6.4 6.9 7.7 7.2 7.0 6.8 6.7
B.O.D. 45 4.8 5.2 5.6 5.8 6.0 6.1 6.4 6.0 55 4.8 40
Source: Survey
Table 3: Physio-chemical characteristics of water sampled at Gopal Bag, Rewa
Parameters Jan Feb Mar Apr May June July Aug Sp Oct Nov Dec
(mg/1)
Temp °C 18.0 18.2 22.0 21.0 26.0 31.0 29.1 275 26.3 25.0 24.0 22.0
pH 7.36 7.46 7.40 7.39 7.23 7.43 7.63 7.90 7.67 7.53 7.40 7.30
Total 650 675 680 700 703 745 778 793 800 790 760.0 750.0
solids
Suspended 89 103 113 149 153 175 167 181 199 172 160.0 135.0
solids
Dissolved 599 584 585 563 565 580 626 115 620 625 618.0 628.0
solids
Chloride 2443 3943 4435 4925 2422 4928 4435 4436 5423 5916 6414 59.15
Ammonium .60 .89 .97 .90 .96 1.00 1.09 1.13 1.00 1.07 0.84 0.82
Nitrate 31 .55 .69 72 a7 .83 .87 .97 .94 .82 0.53 0.82
Nitrite 15 .19 24 54 .55 .63 57 72 .67 .53 0.29 0.16
Phosphate 45 .83 .93 .97 .90 .98 97 1.08 1.65 .94 0.56 0.59
T. alkalinity 149 153 163 169 182 189 185 195 198 189 182.0 173.0
T. hardness 229 209 239 250 267 280 279 289 295 286 275.0 260.0
C. hardness 118 130 146 149 156 159 169 178 186 180 170.0 160.0
D.O. 7.8 7.6 75 7.3 7.1 6.3 6.8 7.1 7.3 7.4 7.4 7.5
B.O.D. 3.9 34 35 3.6 34 31 45 47 4.8 4.3 3.2 3.0
C.0.D. 9.9 9.9 185 2834 185 2836 37.77 474 3778 2840 3781 2837
Source: Survey

Bag area. The higher value of BOD at Bathing ghats of
Govindgarh lake might be due to influx of sewageinto
the lake during the rainy months. This added sewage
might have offered more microorganisms for de-
composition and thus resulted in the greater demand of

oxygen. Theaddition of phosphate dueto detergent used
during bathing activitiesmight have al so caused excessive
growth of algae and consequently have reduced oxygen
content.
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Table 4: Physio-chemical characteristics of water sampled at Devi temple, Rewa

S. Parameters Jan Feb Mar Apr May  June  July Aug Sep Oct Nov Dec
No. (mg/l)

1. Temp°C 18 18 20 24 28 321 29 27.8 26.4 27 26 25

2. pH 738 748 742 7.39 7.38 7.22 7.45 7.62 780  7.69 7.60 7.50

3. Total solids 686 690 694 708 712 752 786 792 808 789 7640 7520

4. Suspended 88 108 112 148 152 174 166 180 189 170  158.0 1320

solids
5. Dissolved 598 582 582 560 560 578 620 612 610 619 6060 619.0
solids

6. Chloride 26.46 3942 4434 4927 5420 4927 4434 5420 5913 64.05 64.05 59.13

7. Ammonium 064 0838 096 098 095 0106 1.08 112 105 1.02 0.86 0.88

8. Nitrate 033 052 .68 0.70 0.76 0.82 0.88 0.95 092 0.80 0.50 0.36

9. Nitrite 014 018 026 026 0.52 0.54 0.60 0.58 070 0.66 0.28 0.15
10. Phosphate 048 080 090 095 0.88 0.96 0.98 1.06 100 092 0.54 0.58
11. T. akalinity 148 152 160 172 180 188 184 192 196 188 180.0 1720
12. T.hardness 216 228 236 248 264 272 276 184 292 280 2720 268.0
13. C.hardness 116 128 140 148 154 164 172 184 170 164 1640 156.0
14. D.O. 7.7 75 74 7.2 7.0 6.9 7.2 7.6 7.3 74 7.4 7.4
15. B.O.D. 38 3.2 34 35 33 32 42 4.6 4.5 4.0 35 32
16. C.O.D. 9.8 9.8 184 2832 184 2832 3776 472 3776 2832 3776 2832
Source: Survey

Chemical Oxygen Demand (COD): Thevauesof COD
of studied water sample were found in the range of 9.7
to 47.0 mg/l near Fort, 9.8 to 66.08 mg/l Bathing ghat,
9.8t047.2 mg/l near Temple and 9.9 to 47.4 mg/l Gopal
Bag. The average vaues of COD recorded for four sites
were 26.50 mg/l, 35.35 mg/l, 27.51 mg/l and 27.58 mg/|
respectively (Table 5). Result indicated relatively higher
value of COD for the water of Bathing ghats.

M acrophyte Vegetation

Results given in Table 7 show that the Azolla pinnata
was the dominant species during rainy season coming
under 70-80 IVI class to be followed by Ottelia
alismoiides (50-60) and Najas minor (30-40). In summer
season again Azolla pinnata dominated the community
with 11 value of 51.76 foll owed by Najas minor (43.43)
and Nymphoides cristatusm (42.41). Almost same pattern
has been observed during the winter season. After critical
examination of results the mycrophytes community of
Govindgarh lake may be considered a community of
Azola pinnata, Najas minor, Vallisanoaria spiralis and
Hydrilla verticillata. Winter season showed higher
species diversity (4.32) followed by summer (3.28) and
rainy season (2.96). It is oblivious from the result that
submerged species dominated the macrophytic com-
munity of Govindgarh Lake. The causes of this are
unicellular but it may be due to the rather good water

quality of thislake assuggested. Theresult of the present
investigation reveals that the colonization for macro-
phytesin the lake is poor. The nature of substation may
a so beimportant in influencing the distribution of rooted
vegetation. In the substratum of Govindgarh Lake,
gravels are common.

Twelve species of macrophytes were recorded in the
lake (Table6). These were Azolla pinnata, Nympheoides
cristatum, Certaophyllum demersum, Hydrella
verticillata, Najas minor, Ottelia alismoides,
Potamogeton pectinatus, Limnophila heterophila,
Marsilea quadrifolia, Scirpus anticulatus, Vallisnaria
spiralis and Eriocaul on setaceum.

The macrophytic vegetation was limited to
comparatively shallower water of |ake. Threevegetation
lifeforms—namely, floating, submerged and emergent—
were characterized by the distinct assemblage of their
species. Out of twel ve species, two species Azolla pinnata
and Nympheoides cristatumwerefree and rooted floating,
respectively. Six species Certaophyllum demersum,
Hydrella verticillata, Najas minor, Ottelia alismoides,
Potamogeton pectinatus and Vallisnaria spiralisbelong
to submerged group. Other species like Limnophila
heterophila, Marsilea quadrifolia, Scirpus anticulatus,
and Ericaulon setaceum were emergent macrophytes. The
submerged plants were distributed to about 1.3 m deep
into water whereas emergent plants were distributed
towards the margin. Floating plants were distributed at
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Table 7: Important Value Indices (1VI) of the different macrophytes
Life forms Soecies Rainy Winter Summer Mean
Floating Azolla pinnata, 74.76 66.68 51.76 64.40
Nymphoides cristatum 25.10 23.44 42.41 30.32
Submer ged Cerato phylum demersum, 8.25 3.84 381 5.30
Hydrill verticillata, 29.89 22.97 32.19 28.35
Najas minor, 36.24 50.83 43.43 43.50
Ottelia alismodes, 50.51 38.69 41.44 43.52
Potamogeton pectinatus, 17.12 19.06 12.13 16.17
Vallisaneria spirals 3351 8.35 18.99 10.85
Emergent Limnophila heterophila, 5.22 33.76 12.34 21.84
Marsilea quadrifolia 1941 33.76 12.34 21.84
Scirpus anticulatus, - 7.74 - 2.58
Eriocaulon setaceum - 5.50 - 1.83
Source: Survey
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Figure 1: Graphical representation of the macrophytes.
the margin and deep in the water. Nymphoides cristatum Conclusion

was not found as deep as Azolla pinnata.

The submerged speci es contributed about 50% of total
vegetation to be followed by emergent (16.6%) and
floating (13.3%) species. There have been marked
variation in the density, frequency and abundance of the
studied plants during the three seasons. Some species
like Najas minor, Hydrilla verticillata and Potamogeton
pectinatus showed comparatively higher values of density
and frequency. Resultsin Table 7 indicated that Azolla
pinnata was the dominant species among floating plants
in all three seasons. Maximum 1V value was recorded
during the rainy months (74.76) for this species to be
followed by winter (66.68) and summer month (51.76).
Najasminor, Hydrilla verticillataand Vallisnaria spiralis
together dominated among the submerged group.

Thegraphical representation of macrophytesisshown
in Figure 1.

Thestudy and diversity of the zooplankton are controlled
by the several physico-chemical factors of water,
temperature, Dissolved oxygen and organic matter are
the important factors which control the zooplanktons
growth. A large number of the rotifers indicate high
eutropic nature of the water body. For proper nviron-
mental management of the wetlands it is imperative to
undertake a systematic study involving scientific inputs
from various displaces. Therefore the present study is
undertaken to assess the water quality and macrophytic
vegetation of Govindgarh Lake. The study would provide
important information which may be useful for
management pretreatments.
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