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Abstract 

Freshwater resources are limited in nature and their demand is increasing daily. The use of excessive 

chemicals and fertilizers increases water fertility. Eutrophication is a common problem all over the 

world. To conserve these resources, they should be appropriately monitored to know their trophic 

condition. Various researchers have proposed different water classification criteria and methods. The 

present study attempted to apply multiple trophic status indicators to the Tiru reservoir water quality 

characteristics. Water quality data were gathered from the Tiru reservoir, Udgir Tahsil, Latur 

(Maharashtra) between February 2018 and January 2019. Markad et al. (2019) established the TSI 

model based on the native biological and geographical conditions, which resulted in optimal 

performance for measuring the trophic state of the Tiru reservoir. 
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Introduction 

Water is life. Water is highly precious for the human population, animals and plants residing 

in drought-prone areas. Due to tremendous pressure on freshwater resources for human use, 

agriculture, industries, animal husbandry, electricity production, etc. results in water scarcity 

issues (Tundisi & Matsumura, 2011) [24]. The limited water resources against the increasing 

demand for water have put these resources at alarming levels worldwide (Schmutz & Moog, 

2018) [21]. 

Water resources are mainly overexploited for agricultural use. The increasing demand for 

food with the growing population has forced us to use chemical fertilizers in agriculture 

practices to achieve greater yields. The excessive use of fertilizers such as nitrogen, 

phosphorus, and minerals causes harm to the environment as the residues of these fertilizers 

that remain after plant intake cause soil, water, and air pollution. The residual fertilizers 

directly enter the aquatic ecosystem during agricultural runoff and, thus increase water 

fertility (Hughes et al., 2014) [13]. Various ecosystems have been reported at alarming 

condition all over the world (González & Roldán, 2019; Le Moal et al., 2019) [9, 16]. 

Increasing nutrient input in the water bodies causes excessive plankton growth in the water 

and causes eutrophication (Haberman & Haldna, 2014; Havens, 2014) [11, 12]. Excessive 

growth of harmful plankton like cyanobacterial blooms suppresses native fauna and disturbs 

the food chain (Jeppesen et al., 2015; Glibert, 2017) [5, 8]. An aquatic ecosystem is 

deteriorating due to eutrophication and this will affect fish production. Also this polluted 

water is not helpful for human and livestock consumption.  

India has 19,134 small reservoirs (<1000 ha) with a total water spread area of 14,85,557 ha, 

180 medium reservoirs with 5,27,541 ha, and 56 large reservoirs with 11,40,268 ha. Central 

Water Commission (CWC) is monitoring water quality at 552 key locations (519 water 

quality sites and 33 water quality sampling stations) covering all the major river basins of 

India and monitoring the live storage status of 121 critical reservoirs of the country every 

week. Small reservoirs which cover 47% of the total reservoir area, are often ignored due to 

huge cost involved and the complexity of data collected during the monitoring.  
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Parts of the Marathwada region in Maharashtra state of 

India, especially the Latur and Beed districts, were 

perpetually in the news for their drought-like conditions, 

which have continued for years. India's first 'Water Express' 

train arrived at Latur in 2016 to save people from drought. 

Conserving and maintaining water quality in such a drought-

prone area is the need of the hour. By keeping in mind the 

importance of small reservoirs for domestic consumption, 

agriculture, livestock survival and income generation 

through fish culture as well as capture, this research has 

been carried out at the Tiru reservoir from drought-prone 

areas of Marathwada region, Maharashtra, India. With 

regular monitoring of water quality parameters, it is possible 

to judge its suitability for fish culture or human 

consumption. It can adapt or suggest necessary steps for 

improving water quality as per requirement. An ecosystem's 

functional properties can be assessed by observing lakes, 

ponds and reservoirs (Begliutti et al., 2007; Solanki et al., 

2010) [3, 23]. For enhancing the sustainability of the water 

quality management system, in-depth research on Trophic 

State Monitoring of water quality and the relevant 

mitigation approaches is desired.  

Various researchers have presented their Trophic State 

Index Estimation models all over the world. These different 

models produce varying outputs for the same water body, 

resulting in confusion while selecting the proper TSI 

index/model (Pomari et al., 2018) [19]. Proper eutrophication 

assessment would help policymakers take necessary steps to 

improve water quality. In the present study, an attempt has 

been made to estimate the trophic state estimation of the 

Tiru reservoir by using different TSI estimation models and 

comparing the effectiveness of these models to the Tiru 

reservoir. 

 

Materials and Methods 

Study Area: The present study was conducted at Tiru 

Reservoir (Fig. 01) in Udgir Tahsil, Latur, Maharashtra. 

Tiru reservoir has great importance in the locality as the 

water is mainly used for irrigation, domestic consumption, 

and animal husbandry. It is an earth fill dam constructed on 

the Tiru River. 

Water sampling was conducted from February 2018 to 

January 2019 from 5 sampling locations every month. The 

water samples were brought to the Aquatic Environment 

Management Department of the College of Fishery Science, 

Udgir in cool condition with ice packs. Chlorophyll a and 

Total Phosphorus were estimated by using APHA, 2005 

standard protocols in the laboratory by using 

spectrophotometer and secchi disk transparency was 

evaluated by using 12 cm secchi disk in the reservoir itself 

while conducting sampling (Table 2). 

 

Results and Discussion 

Trophic State Index estimation 

To "rate" bodies of water like lakes, ponds, and reservoirs 

according to the level of biological production, scientists 

developed the Trophic State Index (TSI). A water body's 

TSI is measured on a scale of 0 to 100. Water bodies can be 

classified based on water quality as oligotrophic (TSI 0-40: 

good), mesotrophic (TSI 40-60: fair), or 

eutrophic/hypereutrophic (TSI 60-100: poor). 

 

A) Carlson's (1977) [4] TSI Estimation model 

Carlson's (1977) [4] TSI technique to assessing a reservoir's 

trophic status is the most widely used method and is based 

on the relationship between SDD, Chl-a, and TP. Carlson's 

(1977) [4] formulas for estimating trophic status (TSI) using 

SDD, TP, and Chl-a (Saluja and Garg, 2017) [20] are 

characterized as: 

 

TSI (SDD) =  10 × (6 −
ln (SDD)

ln (2)
 ) 

 

TSI (Chl − 𝑎) =  10 × (6 −
2.04−0.68 × ln (Chl−𝑎)

ln (2)
)   

  

TSI (TP) =  10 × (6 −
ln (48/TP)

ln (2)
 )       

 

The trophic state index estimation model developed by 

Carlson in 1977 [4] is widely regarded as the most 

straightforward and frequently employed approach to 

evaluate the productivity of reservoirs (Nalamutt and 

Karmakar, 2014) [18].  

 

B) Markad et al. (2019) [17] TSI Estimation model 

Markad et al. (2019) [17] has developed this model for Tiru 

reservoir by considering the native environmental and 

geographical condition. This model estimates TSI values 

based on the Chl-a, TP and SDD levels in the reservoir. 

Estimation of Trophic State Index by this model is given as: 

  

TSI (SDD) =  10 × (5.3354 −
ln  (SDD)

ln (1.3119)
 )   

 

TSI (Chl − 𝑎) =  10 × (5.3354 −
−0.341 − 0.143 X ln  (Chl − 𝑎)

ln (1.3119)
 ) 

 

TSI (TP) =  10 × (5.3354 −
−0.025−0.162 X ln  (TP)

ln (1.3119)
 )  

   

Where, 

SDD: Secchi disk depth in meters (m) 

Chl-a: Chlorophyll-a content in microgram per liter (μg/l) 

TP: Total Phosphorus in microgram per liter (μg/l) 

TSI (SDD): Trophic state index based on Secchi disk depth 

TSI (Chl-a): Trophic state index based on chlorophyll-a  

TSI (TP): Trophic state index based on Total Phosphorus  

 

Total TSI value can be obtained by adding average TSI 

values of Chl-a, SDD, and TP. 

In general, the TSI classification is done by considering 

three classes viz. oligotrophic, mesotrophic and eutrophic. 

Cheng & Lei (2001) [5] modified this and added some more 

for complex nutrient loadings, like slightly and fully 

eutrophic, very eutrophic, hypereutrophic, dystrophic and 

dystrophic. The basic TSI assessment could be done by 

physical observation of the appearance of a waterbody.  

Markad et al. (2019) [17] have revised the trophic state 

classification for this newly developed model. 
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 Table 1: Trophic State Classes suggested in different models 

 

Sr. No. TSI Trophic Classes by Markad et al. (2019) [17] Trophic Classes by Carlson (1977) [4] 

1 Oligotrophic > 30 - 40 > 30 - 40 

2 Mesotrophic 40 - 50 40 - 50 

3 Meso-eutrophic 50 - 65 -- 

4 Eutrophic 65 - 70 50-70 

5 Poly-eutrophic 70 - 75 -- 

6 Hyper-eutrophic > 75 70-100 

 
C) Cheng and Lei (2001) [5] TSI Estimation Model 
Cheng and Lei (2001) [5] developed a multiparameter model 
for Te-chi reservoir. The models are given below:  
 

TSI (SDD) =  10 × (8.605 −
ln  (SDD)

ln (1.544)
 )  

 

TSI (Chl − 𝑎) =  10 × (8.605 −
1.8751 − 0.3264 X ln  (Chl − 𝑎)

ln (1.544)
 ) 

 

TSI (TP) =  10 × (8.605 −
2.1775−0.4230 X ln  (TP)

ln (1.544)
 )  

 

Trophic status of Tiru reservoir by using different TSI 
models 
Trophic State Index models developed by various 
researchers were applied to the Tiru reservoir’s water 
parameters to evaluate the trophic status of the Tiru 
reservoir based on Chl-a, TP, and SDD (Table 3). 
Seasonwise average TSI values [TSI (Total) = [TSI (Chl-a) 
+ TSI (TP) + TSI (SDD)] / 3] in 2018 indicated Eutrophic 
condition in summer season (57.84) by Carlson (1977) [4] 
model (Fig. 02) and monsoon season (54.10), however, 
Mesotrophic during winter season (49.71). Markad et al. 
(2019) [17] model (Fig. 03) reported Polyeutrophic conditions 
during summer (71.66) and monsoon (70.74), whereas 
eutrophic status in the winter season (66.62). Cheng & Lei's 
(2001) [5] model (Fig. 04) reported hypereutrophic condition 
in the summer (93.20), monsoon (90.86) as well as in the 
winter season (86.90). 
 

Spatio-temporal variation in TSI readings of the Tiru 
reservoir: The greatest TSI (SDD) measurements were 
recorded during the monsoon season due to heavy silt 
loadings from surface runoff during the rainy season, which 
inhibits light penetration. TSI(SDD) measurements 
gradually decreased throughout the summer season, while 
the lowest levels were observed during the winter season. 
According to Carlson (1977) [4], calculating the TSI index 

with a high level of turbidity will provide incorrect findings 
for estimating trophic status. 
The concentration of Chl-a varied both spatially and 
temporally throughout the year. During the summer, rivers 
were found to be in a eutrophic condition, while during the 
monsoon and winter, they were found to be at a meso-
eutrophic productivity level. During the monsoon season, 
the readings gradually decreased owing to the dilution of 
Chl-a concentration caused by rain. In winter, the lowest 
Chl-a concentration was likely caused by the effects of low 
light and cooler temperatures on the formation of algal 
biomass. The results that Saluja and Garg (2017) [20], Gupta 
(2014) [10], and James et al. (2009) [14] reported were 
identical. 
Tiru reservoir was in a eutrophic condition throughout the 
winter and was poly-eutrophic during the summer and 
monsoon. In the summer, nutrient concentrations increase 
when water levels in the reservoir are low, leading to the 
greatest TSI (TP) concentrations. Because rainwater dilution 
during the monsoon months dilutes nutrients, the 
concentration has been falling over the last several months. 
Concurrently, the overall phosphorus content is balanced 
due to the huge quantities of nutrients transported by the 
water that enters the reservoir by surface runoff from 
agricultural areas. Grazers' ability to recover phosphorus is 
another possible reason for maintaining TP balance. 
Consequently, TSI (TP) measurements showed reduced 
variation. Saluja and Garg (2017) [20] and James et al. (2009) 

[14] noted similar findings. 
Overall patterns depict that TSI (TP) values in comparison 
with TSI (SDD) and TSI (TP) in the Tiru reservoir were 
higher during the summer and winter months. TSI (SDD) 
recorded high values during the monsoon months as 
compared to TSI (Chl-a) and TSI (TP). Several researchers 
have found similar patterns with higher TP values. (Elmaci 
et al., 2009; Sheela et al., 2011; Amardeep et al., 2018; 
Ghashghaie et al., 2018) [6, 22, 1, 7]. 

 
Table 2: Spatio-temporal fluctuation in SDD (m), Chl-a (μg/l) and TP (μg/l) 

 

Season 
 Sochi Disc Depth (m)  Chlorophyll-a (μg/l)  Total Phosphorus (μg/l)  

Location Month 01 02 03 04 05 Mean 01 02 03 04 05 Mean 01 02 03 04 05 Mean 

Summer 
2018 

Feb.-18 0.68 0.63 0.66 0.59 0.61 0.64 3.32 3.48 3.34 3.67 3.52 3.47 26.36 25.64 27.26 24.74 27.26 26.25 

Mar.-18 0.64 0.60 0.63 0.56 0.53 0.59 7.31 7.65 7.45 7.94 8.11 7.69 34.52 34.94 33.68 34.94 32.84 34.18 

Apr.-18 0.62 0.58 0.62 0.54 0.51 0.58 8.35 8.39 8.18 8.63 8.83 8.48 41.70 43.24 39.06 40.82 42.36 41.44 

May.-18 0.61 0.53 0.62 0.46 0.48 0.54 8.81 8.83 8.74 9.24 8.93 8.91 44.05 43.13 47.04 43.82 43.59 44.33 

Average 
     

0.59 
     

7.14 
     

36.55 

Monsoon 
2018 

Jun.-18 0.52 0.46 0.49 0.47 0.47 0.48 5.01 5.21 5.18 5.32 5.78 5.30 35.6 36.72 36.08 37.04 36.72 36.43 

Jul.-18 0.53 0.50 0.54 0.51 0.47 0.51 3.83 4.06 3.98 4.04 4.43 4.07 26.12 27.10 25.98 27.52 27.38 26.82 

Aug.-18 0.57 0.53 0.59 0.56 0.52 0.55 2.27 3.35 2.28 3.31 3.36 2.91 16.76 18.20 16.28 17.12 16.28 16.93 

Sep.-18 0.66 0.63 0.59 0.57 0.56 0.60 1.78 1.82 1.88 1.92 1.98 1.88 17.36 19.88 19.16 19.40 18.92 18.94 

Average 
     

0.54 
     

3.54 
     

24.78 

Winter 
2018 

Oct.-18 0.72 0.74 0.76 0.75 0.64 0.72 1.67 1.51 1.23 1.44 1.72 1.51 9.65 8.60 10.25 10.85 7.70 9.41 

Nov.-18 0.65 0.67 0.65 0.67 0.58 0.65 2.52 2.38 2.41 2.22 2.58 2.42 10.16 11.48 10.52 12.20 9.44 10.76 

Dec.-18 0.63 0.71 0.62 0.64 0.58 0.64 2.68 2.57 2.71 2.64 2.74 2.67 19.12 20.38 19.68 20.24 19.54 19.79 

Jan.-19 0.59 0.65 0.63 0.61 0.59 0.62 3.46 3.13 3.21 3.42 3.51 3.35 21.64 21.92 21.08 22.9 20.94 21.70 

Average 
     

0.66 
     

2.49 
     

15.42 
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 Table 3: Comparison of monthly TSI values of Tiru reservoir by different models models 

 

Models 

Month 

Carlson (1977) [4]: 

Minnesota’s Lake 

Markad et al. (2019) [17]: Tiru 

reservoir 

Cheng & Lei (2001) [5]: Te-Chi 

reservoir 

SDD (m) Chl-a (μg/l) TP (μg/l) SDD (m) Chl-a (μg/l) TP (μg/l) SDD (m) Chl-a (μg/l) TP (μg/l) 

Summer 

2018 

Feb. 18 66.43 42.81 51.27 69.79 63.32 73.10 96.32 76.65 96.10 

Mar. 18 67.60 50.61 55.08 72.79 67.51 74.68 98.20 82.63 98.67 

Apr. 18 67.84 51.57 57.85 73.42 68.02 75.83 98.59 83.36 100.54 

May. 18 68.87 52.06 58.83 76.05 68.28 76.23 100.24 83.73 101.20 

Summer Average TSI 67.60 49.88 56.04 72.79 67.12 75.08 98.20 82.07 99.32 

Summer TSI (Tiru Reservoir) = 

[TSI(SDD) + TSI(TP) + TSI(Chl-a)] / 3 
57.84 71.66 93.20 

Monsoon 

2018 

June. 18 70.57 46.96 56.00 80.39 65.55 75.06 102.95 79.83 99.29 

July. 18 69.70 44.37 51.58 78.16 64.16 73.23 101.55 77.85 96.31 

Aug. 18 68.61 41.08 44.95 75.38 62.39 70.49 99.81 75.33 91.82 

Sep. 18 67.36 36.79 46.56 72.17 60.09 71.16 97.81 72.04 92.92 

Monsoon Average TSI 68.87 43.00 50.44 76.05 63.42 72.76 100.24 76.80 95.53 

Monsoon TSI (Tiru Reservoir) = 

[TSI(SDD) + TSI(TP) + TSI(Chl-a)] / 3 
54.10 70.74 90.86 

Winter 

2018 

Oct. 18 64.73 34.64 36.48 65.45 58.93 66.98 93.61 70.40 86.11 

Nov. 18 66.20 39.27 38.41 69.22 61.42 67.78 95.97 73.94 87.41 

Dec. 18 66.43 40.23 47.20 69.79 61.94 71.42 96.32 74.68 93.34 

Jan. 19 66.88 42.46 48.52 70.96 63.13 71.97 97.06 76.38 94.24 

Winter Average TSI 65.98 39.55 43.60 68.66 61.57 69.93 95.62 74.15 90.92 

Winter TSI (Tiru Reservoir) = 

[TSI(SDD) + TSI(TP) + TSI(Chl-a)] / 3 
49.71 66.72 86.90 

 

Comparison of the Markad et al. (2019) [17] TSI model 

with different models 

Comparison of the Markad et al. (2019) [17] TSI model with 

different models to calculate the TSI values of the Tiru 

reservoir (Table 3). Carlson's (1977) [4] and Cheng’s (2001) 

TSI model showed a significant abnormality in TSI indices. 

For all months and seasons during the study period, 

Carlson's TSI model underpredicted the TSI values of SDD, 

Chl-a, and TP, and the deviations were also very high 

among them. Cheng’s (2001) model for the Te-Chi reservoir 

overpredicted the TSI measurements in case of Tiru 

reservoir. The SDD readings evaluated by Cheng’s (2001) 

model were very high and not at all suitable for evaluation 

of trophic status of Tiru reservoir.  

TSI model of Markad et al. (2019) [17] has shown optimum 

performance while evaluating Tiru reservoirs Trophic status 

because the model has been developed based on the native 

ecological and geographical condition and the other models 

are based on the different agroclimatic conditions.  

 

Conclusion 

While estimating trophic status of any water body, Trophic 

State Indices developed by various researchers can be used 

for reference purpose. The actual trophic condition of the 

water body must be confirmed by physical observation and 

the best suited Indices can further be referred for taking 

necessary measures to control eutrophication. 
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