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Introduction 
 

Among several physico-chemical variables of 

water, turbidity is one of critical importance 

as it influences aquatic life in general and 

commercial fish production thereby. Clay or 

mud turbidity is the most prevailing problem 

for fertilization management in fresh water 

ponds. Clay particles are microscopic colloids 

with negatively charged ions, and Brownian 

motion keeps these particles in suspension. 

Clay turbidity in pond water originates mainly 

from a source of water, rainwater runoff from 

pond dikes, erosion of pond edges, 

resuspension of bottom mud. As an important 

abiotic factor, turbidity affects growth, 

survival, feeding, behavior, and aquatic 

environment and biomass of the pond (Borok, 

2010). Reduction in light penetration and 

photosynthesis which results in low food 

availability and plant biomass, reduced 

visibility of pelagic food and availability of 

benthic food due to smothering, clogging of 

gill rackers and filaments, reduced aerial 

predation risk, decreased feeding efficiency 

and growth are the effects of turbidity in an 

aquatic environment (Bruton, 1985;Zwig, et 

al., 1999). The reduction of turbidity by 
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Alum is more effective and economical in removing clay turbidity from pond water 

sample. Alum requirement test was standardized to determine the amount of alum needed 

to floc clay particles in pond water. Alum requirement was standardized at 27 mgL
-1

 for 

pond water of Kharl and Research Station, Panvel. Alum treatment of turbid water caused 

marked reduction of turbidity and each mgL
-1 

of alum destroyed approximately 0.53 mgL
-

1
of total alkalinity and thereby depressed pH. Growth and survival of Catla catla 

fingerlings in alum treated water compared to turbid water were studied by using ‘z’ and 

‘t’ test respectively. Growth parameters of 15 day catla fry and 30 day fingerlings were 

found to be significantly higher in alum treated clear water than turbid water, whereas  no 

significant difference was observed in survival. In conclusion, standardized dose of alum 

to turbid water can be useful to achieve good growth and survival of catla seed in turbid 

condition. 
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adding coagulant to water that facilitates the 

formation of bridges between particles, 

allowing them to combine into groups of 

small particles called "flocs" (Hargreaves, 

1999). Alum was more effective than ferric 

sulfate, hydrated lime, or gypsum in removing 

clay turbidity from suspensions of clay (Boyd, 

1979). 

 

In this experiment a simple alum requirement 

test was conducted to determine the amount 

of alum needed to floc clay particles in pond 

water. Standardization of alum dose is needed 

as it can reduce pH and alkalinity of the water 

which could harm the fish gills and affects 

survival of fishes. After standardization of 

dose of alum to turbid pond water catla fish 

seed (separately for fry and fingerling) growth 

and survival was tested in seven replicates of 

each clear water (alum treated) and turbid 

water. The growth were tested from random 

samples on weekly basis to determine the 

growth pattern and survival was tested at the 

end of the experiment. During whole 

experiment water parameters were examined 

to understand and support the effects of 

treatment. 

 

Materials and Methods 

 

Experiment was carried out under Fisheries 

Division at Khar Land Research Station 

(affiliated to Dr. Balasaheb Sawant Konkan 

Krishi Vidapeeth), Bandar Road, Panvel, 

Maharashtrafor50 days. Catla seed (average 

size 21.98 0.2441 mm fry and 31.46 ±0.7302 

mm fingerlings) were collected from nursery 

rearing pond and acclimatized in plastic pool 

of250 lit capacity five days before starting 

each experiment. The turbid water from 

nursery pond was used for rearing the fry and 

fingerlings of C. catla. Experiment was 

conducted in seven replicates of each alum 

treatment and turbid water. Fourteen circular 

plastic pools of 3' diameter and 2' height were 

used for these experiments. The acclimatized 

catla seed were stocked in each plastic pool at 

the rate of fifty animals per pool respectively. 

 

The alum requirement test was conducted in 

nine glass beakers of one-liter capacity (Boyd, 

1979). Sample of turbid water was collected 

from nursery rearing pond. Turbid water was 

treated with alum, aluminium sulfate [K2SO4. 

Al2(SO4)3.24 H2O], at the increments of 5 

mgL
-1

to give a range of 0-40 mgL
-1

i.e. 0, 5, 

10, 15, 20, 25, 30, 35,and 40 mgL
-1

by adding, 

stock alum solution of 2, 4, 6, 8, 10, 12, 14, 

and 16 ml, respectively. Immediately after 

adding alum solution, contents of each beaker 

was gently stirred with glass rod for 1 minute 

and allowed to stand undisturbed for 2 hours 

to check floc point. The floc point means the 

50% turbidity removal after 2 hrs was 

observed on graph at 27 mgL
-1

. After stocking 

fish seed in pool 27 mgL
-1 

of alum means the 

floc point was used for treating turbid water. 

Each plastic pool was gently stirred for 2 min 

after addition of alum, to allow proper mixing 

for flocculation. All 14 plastic pools in each 

experiment were provided with aeration, 

throughout the experimental period. 

Groundnut oil cake, rice bran, and live feed 

(zooplankton) were the main food for the test 

animals in both experiment.  

 

The average length and weight of fry and 

fingerlings from alum treatment and turbid 

water was recorded at weekly interval from 

the date of stocking in both experiments. The 

absolute growth, relative growth, per day 

growth, and ponderal index were recorded at 

the end of experiments. 

 

To estimate the relationship and degree of 

relationship of alum concentration with 

turbidity, pH, total alkalinity (TA), electric 

conductivity (EC), total dissolved solids 

(TDS) co-relation and regression were used. 

To estimate the variation in length and weight 

of fry and fingerlings in alum treatment and 

control, ‘Z’ test was used. To estimate the 
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average variation in survival ‘t’ test was used 

in both experiment. 

 

Turbidity, temperature, pH, Electric 

Conductivity, Total Dissolved Solids were 

measured by using Elico Model, Water 

Quality Analyser, PE-138, while total 

alkalinity, total hardness, Dissolved Oxygen, 

Free Carbon dioxide were estimated by 

following standard method (Boyd, 1992). 

 

In this experiment turbidity, temperature, pH, 

EC and TDS were measured just before 

treatment. Later as, it was measured at the 

interval of 1/2, 1, 2, 4, 6, 12, 24, and 48 hr 

after treatment. It was further measured as 

every day. Other parameter such as DO, Free 

CO2, total alkalinity, and total hardness were 

estimated on every week.  

 

Results and Discussion 

 

Turbidity is one of the major water quality 

characteristics affecting fish community, 

resulting in dismal alteration of aquatic 

environment and it has been proved to have 

both direct and indirect effects on the growth 

of fish (Bruton 1985; Zwig, et al., 1999). It is 

apparent from the results of this study that 

alum treatment to turbid water samples from 

Kharland pond caused marked reduction in 

concentration of turbidity. The concentration 

of alum necessary to cause a 50% decrease in 

turbidity was considered as the floc point. 

Floc point was 27 mgL
-1

of alum for selected 

pond water sample and alum concentrations 

5-10 mgL
-1

greater than floc point resulted in 

60-70% removal of turbidity. Although 

results from different investigators were 

variable, many studies on the effects of 

alumon turbidity supported that floc points 

around 15 to 30 mgL
-1

of alum and alum 

concentrations 5-10 mgL
-1

greater than floc 

points resulted in 80 to 95% removal of 

turbidity from most waters (Boyd, 1979; 

Masuda and Boyd, 1994; Hargreaves, 1999). 

It means that alum @ 27 mgL
-1

dose was 

within optimum limit to reduce turbidity. 

Reduction in turbidity concentrations in 

response to alum treatment are illustrated in 

Figure 1.  

 

The changes in turbidity, pH, total alkalinity, 

EC and TDS are shown in Table 1. 

Theoretically each mgL
-1

of alum destroyed 

approximately 0.5 mgL
-1

of total alkalinity, 

and depressed pH. Initially water pH in the 

present study was 7.5 and it was decreasing 

with increased alum treatment. Boyd (1979) 

observed that some hydrogen ions also react 

with colloids, but mostly neutralise carbonate 

and bicarbonate and depress pH. Alum treated 

at the rate of 20 mgL
-1

caused a 0.8 unit 

decline in pH from initial pH of 7.45 (Masuda 

and Boyd, 1994). From the results, it was 

observed that the alum treatment increases 

Al
+3

 concentration in water and decreases in 

pH, which was recovered within 48 hrs of 

alum treatment. The observations in this study 

were supported by theoretical assumption. 

 

The turbidity level decreased throughout the 

study period in alum treatment. In 15 days fry 

rearing experiment the turbidity level was 

7.030.93 NTU in alum treated water and 

171.232.87 NTU in turbid water at the end 

of experiment shown in Figure 2. The initial 

concentration of turbidity was 242 NTU, 

while at the end of 30 days fingerling rearing 

experiment it was 4 and 185 NTU in alum 

treatment and turbid water respectively. The 

changes in the turbidity throughout the 

experimental period are shown in Figure 3. 

 

Boyd (1979) observed that the average 

decrease in total alkalinity was 0.44 mgL
-1

for 

each mgL
-1

of alum applied. Alum treatment 

of 20 mgL
-1

caused an 8 mgL
-1

decrease in 

total alkalinity (Masuda and Boyd, 1994). In 

the present study it was observed that the total 

alkalinity reading was found to be decreasing 

with increase in alum treatment, whereas 
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electric conductivity and total dissolved solids 

showed inverse results, probably due to 

decrease in turbidity. In the first phase of 

study the pH was 7.58 and 7.62 in clear water 

and turbid water respectively, while in the 

second phase of study the pH was 6.78 to 7.34 

in alum treatment and 7.14 to 7.48 in turbid 

water. Water pH ranging 6.5 – 9.0 at daytime 

is considered well for fish growth (Boyd and 

Pillai, 1984). In this study, pH was optimum 

for fish growth in both the experiments which 

had no any severe effect on growth or 

survival. The average decrease in total 

alkalinity was 0.53 mgL
-1

for each mgL
-1

of 

alum applied, which was close to the 

hypothetical expectation. The average 

decrease in total alkalinity was 0.44 mgL
-1

for 

each mgL
-1

of alum applied as reported by 

Boyd (1979). Masuda and Boyd (1994) 

reported 0.40 mgL
-1

declines in total alkalinity 

for each mgL
-1

of alum applied. Optimum total 

alkalinity requirement is 30 – 230 mgL
-1

for 

nursery rearing pond (Vankhede, 2002). 

Dissolved oxygen (DO), carbon dioxide 

(CO2) and total hardness levels were found to 

be optimum throughout the study within clear 

and turbid water. 

 

Table.1 Changes in turbidity, pH, total alkalinity, EC, and TDS in response to alum treatment 

after 2 hr 

 

Alum Treatment 

(mg/lit) 

Turbidity 

(NTU) 

pH TA 

(mg/lit) 

EC 

(μS) 

TDS 

(ppm) 

0 202 7.5 108 442 232 

5 198 7.5 104.4 446 233 

10 187 7.5 102.6 452 236 

15 168 7.4 100.8 453 239 

20 141 7.3 97.2 456 239 

25 117 7.2 95.4 458 240 

30 98 7.1 93.6 459 241 

35 87 7 91.8 459 241 

40 66 6.9 90 460 242 

 

Table.2 Lengthwise growth parameter of Catla catla fry in 15 days (mm)  

 

Type of Pool Initial 

Length 

Final 

Length 

Absolute 

Growth 

Relative 

Growth 

Per day 

increment 

of growth 

Average 

Ponderal 

Index 

(K) 

Alum treatment 21.98 28.02 6.04 0.2747 0.40 0.80 

Control 21.98 25.94 3.96 0.1801 0.26 0.74 

 

Table.3 Weightwise growth parameter of Catla catla fry in 15 days (mg)  

 

Type of Pool Initial 

Length 

Final 

Length 

Absolute 

Growth 

Relative 

Growth 

Per day increment 

of growth 

Alum treatment 90.89 176.40 85.50 0.9407 5.70 

Control 90.89 130.52 39.63 0.4361 2.64 
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Table.4 Lengthwise growth parameter of C. catla fingerlings in 30 days (mm) 

 

Type of Pool Initial 

Length 

Final 

Length 

Absolute 

Growth 

Relative 

Growth 

Per day 

increment 

of growth 

Average 

Ponderal 

Index 

(K) 

Alum 

treatment 

31.46 

 

46.32 

 

14.86 0.4723 0.4953 1.0070 

Control 31.46 43.08 11.62 0.3694 0.3873 1.0041 

 

Table.5 Weightwise growth parameter of C. catla fingerlings in 30 days (mg) 

 

Type of 

Pool 

Initial 

Length 

Final 

Length 

Absolute 

Growth 

Relative 

Growth 

Per day 

increment 

of growth 

Alum 

treatment 

294.72 

± 23.8576 

1000.78 

± 23.1022 

706.06 2.3957 23.5353 

Control 294.72 

± 23.8576 

832.55 

± 29.8154 

537.83 1.8249 17.9277 

 

Fig.1 Changes in the concentrations of turbidity in aliquots of a pond water sample treated with 

different concentrations of alum. Calculation of the floc point is illustrated 

 

 
 

Fig.2 The average daily fluctuation of turbidity (NTU) in alum treatment and control 
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Fig.3 The average daily fluctuation of turbidity in alum treatment and turbid water 

 

 
 

Fig.4 The weekly lengthwise growth of the C. catla fingerlings for 30 days 

 

 
 

Fig.5 The weekly weightwise growth of the C. catla fingerlings for 30 days 

 

 
 

In the first experiment turbidity reading was 

7.040.93 NTU in alum treated water and 

171.292.87 NTU in turbid water. Mohanty 

(1992) found turbidity range 150-190 ppm in 

turbid water against 0 ppm in clear water 

whereas, Patnaik (1992) observed turbidity 

range 525-550 ppm in turbid water and 0 ppm 

in clear water. The clay turbidity levels in 

earthen ponds should be below 100 mgL
-1 

(Ardjosoediro and Ramnarine, 2002). From 

the results of experiment, it can be seen that 

there was low turbidity in alum treatment 

which was clear visible water than turbid 

water. It can be seen that the lengthwise 

absolute growth, relative growth, per day 

increment and ponderal index was higher in 
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clear water than turbid water (Table 2), while 

weight wise absolute growth, relative growth, 

per day increment was higher in clear water 

(alum treatment) than control (Table 3). The 

higher mean survival rate was reported in 

alum treatment (80.57 %) than in control 

(72%). The average total biomass harvested in 

alum treatment and control was 49.75 and 

32.89 gm respectively. 

 

In the second experiment turbidity in turbid 

water was 185 NTU and in alum treated water 

4 NTU at the end of the experiment, while 

initially it was 242 NTU in both the treatment. 

The overall lengthwise absolute growth, 

relative growth, per day increment and 

ponderal index was greater in alum treatment 

than in turbid water (Table 4). In the same 

way, the weight wise absolute growth, 

relative growth, per day increment and 

ponderal index was maximum in alum 

treatment and minimum in turbid water 

(Table 5). The critical difference analysis (z 

test) revealed that the increase in length of 

fingerling in alum treatment was significantly 

higher than turbid water. The weekly 

lengthwise average growth (mm) is shown in 

Figure 4. From the critical difference analysis 

(z test) it is revealed that the increase in 

weight of fingerlings in alum treatment 

significantly higher than turbid water. The 

weekly weightwise average growth (mg) is 

shown in Figure 5. The growth of fry and 

fingerlings reared in clear water of alum 

treatment and turbid water revealed that the 

growth (both lengthwise and weightwise) in 

alum treatment was always higher than that in 

turbid water, even though the stocking 

density, supplementary feed and water 

parameters except turbidity were same in both 

treatments. This indicates that there is some 

direct as well as indirect effect of turbidity on 

growth of C. catla fry and fingerlings.  

 

Sigler et al., (1984) observed that, 30–65 mm 

long steelheads (Salmo gairdneri) and coho 

salmon (Oncorhynchus kisutch) subjected to 

continuous clay turbidities grew slower than 

those reared in clear water. The growth rate-

gain of Clarius batrachus was found to be 

highest in the clear water followed by mixed 

turbidity (Sinha, 1992). Singh (1999) 

observed highest absolute growth of the PL of 

Macrobrachium rosenbergii reared in clear 

water as compared to turbid water. The 

decrease in weight gain and length gain of all 

male sex-reversed Jamaica red tilapia fry as 

turbidity increased (Ardjosoediro and 

Ramnarine, 2002). As in the present study, 

significantly lower growth was found in fry 

and from fingerling to fingerling stage of C. 

Catla in turbid water; the observations were 

comparable with above studies. This indicates 

that, turbid water condition is unfavourable 

for growth of C. catla and alum treatment 

helps to provide favourable condition by 

reducing turbidity. 

 

The ponderal index was calculated at the end 

of the experiment and average value was 

found 1.0070 for alum treatment and 1.0041 

for turbid water. The condition factor ‘K’ was 

more than 1.0, meaning that the condition of 

fish and length weight proportion was good 

(Mohanty, 1992; Patnaik, 1992; Sinha, 1992). 

Gray (2011) explained that the freshwater fish 

P. multicolor was less active in turbid water. 

 

The average total biomass harvested in alum 

treatment and control was 343.27 and 269.75 

gm respectively. The production of juvenile 

coho salmon for each growth period was 

inversely related to quantities of fine sediment 

(Crouse et al., 1981). The finding of present 

study is supported by their study. From the 

results of present study, it can be predicted 

that the alum treatment of turbid water helps 

to increase the total biomass of fish. 

 

Survival of fry after 15 days was 80.57% and 

72% in clear water and turbid water 

respectively which was significant at 1% 
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significance level, whereas survival of 30 

days old fingerlings was 94% and 92 % in 

alum treatment and turbid water respectively. 

There was no significant difference between 

survival in clear water and turbid water. Boyd 

(1979) observed the floc formed by alum 

treatment of turbid water was not toxic to 

fathead minnows, which were unharmed by 

10-30 mgL
-1

alum. The result of present study 

was similar to their observations because 

alum treatment @27 mgL
-1

was not toxic to 

fingerling of C. catla.   

 

It can be summarised that the visual clarity of 

water must have been drastically impaired for 

the semi fingerling to detect the presence of 

their food (GOC and zooplankton) around 

them and at the bottom, thus, resulting in 

lesser consumption of the feed (GOC and 

zooplankton) given to them and consequently, 

slower growth rate. This is true even in clear 

water, but the decrease is much faster, in 

turbid conditions, because of suspended and 

dissolved substances, which reflect and 

absorb light (Bruton, 1985; Borok, 2010; 

VanL and eghem et al., 2011). Leahy et al., 

(2011) found that the fish in turbid water 

reducing their foraging by 40% as compared 

with 17% for fish in clear water. Hazelton and 

Grossman (2009) observed that the turbidity 

in water affecting fish foraging behaviour and 

cause habitat degradation. This is most 

probably a major cause of this growth 

variation because light intensity rapidly 

decreases, as it passes through turbid water. In 

the study all other major water quality 

parameters were in optimum range and also 

similar in both conditions except turbidity 

which helps to conclude that the turbid water 

decreases the growth of the catla fish seed 

which can be prevented by using alum 

treatment at particular standard dose to the 

turbid water. 

 

In conclusion, alum is an effective coagulant 

for removing turbidity from pond water. The 

dose of alum applied for Kharland pond 

turbidity was 27 mgL
-1

. The pH and total 

alkalinity declined as the alum treatment 

increased with temporary changes, and pH 

returned to pretreatment levels within 48 hr. 

The EC and TDS values increased as the alum 

treatment reduced the turbidity. The 

observations made in the present study, 

clearly indicated a fairly good average growth 

in alum treatment, as compared to turbid 

water, and this could be attributed to the 

visual clarity in alum treatment (clear water), 

enhancing the young fish to feed maximum 

on the available materials and thus, growing 

at faster rate than their counterparts in turbid 

pool. Visual clarity along with other optimum 

measurements of parameters in the alum 

treatment must have helped the C. catla 

fingerlings in attaining a good growth in alum 

treatment.  
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