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3.1. Selection of Ponds 

Three ponds in different areas of Jalpaiguri district, West Bengal, India 

- were selected to study some physico-chemical parameters of pond water. 

The ponds are situated at Malbazar, Salbari and Singhimari of district Jalpaiguri 

Which have previous record of EUS outbreak (Fig. 5). 

The measurement of the ponds at Malbazar·(Fig. 6), Salbari (Fig. 7) and 

Singhimari (Fig.8) are 60' x 50', 40' x 40' and 80' x 60' respectively. 

3.2. Collection and maintenance of healthy fish 

' 
Healthy C. punctatus, H. fossilis were collected from the local market in 

various quantities as required for the experimental work. For easy availability 

and easy maintenance in the laboratory C. punctatus. and H. tassilis were 

selected for experimental work. Health condition of the fish was given utmost 

priority during selection of healthy fish. All the fish were brought to the laboratory. 

The healthy fish were kept in glass aquariua measuring 90 X 35 X 35 

ems in which depth of water was 20-25 em. The fish were fed regularly with 

chopped earthworms. All fish were acclimatised under laboratory conditions 

for at least 15 days before using them for experimental work. 

3.3. Collection of diseased fish 

Infected fish such as C. punctatus, C. gachua, Puntius sp, Mystus sp, 

L. rohita, C. cat/a, C. batrachus, H. tassilis, C. mrigala were collected from the 
/ 

selected ponds of Malbazar, Salbari and Singhimari (Fig. 9) and also from 

local markets. Infected fish were brought to the laboratory in live condition for 

observations and further studies : They were maintained routinely. 

3.4. Analysis of water samples 

The water samples were collected from three selected ponds every month 

at a regular interval for analysis. 
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Fig. 5: Showing the location of selected ponds and the University of North Bengal 



Fig. 6. Pond at Malbazar. 

Fig. 7. Pond at Salbari. 

Fig. 8. Pond at Singhimari. 
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. Reagents for estimation of dissolved oxygen content (Winkler's 

lodometric Method) 

A. Sodium thiosulphate, 0.025 N 

24.82 gm of Na
2
Sp

3
.5H

2
0 was dissolved in boiled distilled water to make 

up the volume to 1 L. 0.4 gm of borax or a pallet of NaOH was added as 

stabilizer to prepare the 0.1 N stock solution. It was then diluted to 4 times with 

boiled distilled water to prepare 0.025 N solution and was kept in a brown 

glass stoppered bottle. 

B. Alkaline potassium iodide solution 

100 gm of KOH and 50 gm of Kl was dissolved in 200 ml of boiled distilled 

water. 

C. Manganous sulphate solution 

100 gm of MnSO 
4
.4Hp was dissolved in 200 ml of boiled distilled water 

and filtered. 

D. Starch solution 

1 gm of starch was dissolved in 100 ml of warm (80°C - 90°C) distiled 

water. 

E. Sulphuric acid 

H2S0
4 

Cone (sp. gr: 1.84). 

Reagents for estimation of total alkalinity 

A. Hydrochloric acid, O.I.N. 

12 N concentrated HCI (sp. gr. 1.18) was diluted to 12 times to prepare 

1.0 N HCI. It was further diluted to make 0.1 N HCI. It was then standardized 

against sodium carbonate solution. 

B. Methyl orange indicator, 0.05% 

0.5 gm of methyl orange was dissolved in 100 mL of distilled water. 

C. Phenolphthalein indicator 

0.5 gm of phenolphthalein was dissolved in 50 ml of 95% ethanol and 

50 ml distilled water was added 0.05 N C0
2 

free NaOH solution was added 

dropwise until the solution turns faintly pink. 
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D. Sodium carbonate, 0.1 N 

5.300 gm of Na2C03, was dissolved in distilled water to prepare 1 L of 

solution. 

Reagents for estimation of hardness 

A. EDTA solution, 0.01 M 

3.723 gm of disodium salt of EDTA was dissolved in distilled water to 

prepare 1 L of solution and was stored in polyethylene or pyrex bottle. 

B. Buffer solution 

(a) 16.9 gm ammonium chloride (NH4CI) was dissolved in 143 mL of 

concentrated ammonium hydroxide (NHpH). (b) 1.179 gm of disodium EDTA 

and 0. 780 gm of MgSO 4• 7Hp were dissolved in 50 mL of distilled water. Both 

(a) and (b) solutions were mixed and diluted to 250 mL with distilled water. 

C. Eriochrome black T (Solochrome Black T) indicator 

0.40 gm of Eriochrome Black T., was mixed with 100 gm NaCI (A.R) and 

was grinded. 

D. Sodium sulphide solution 

5.0 gm of Na2S. 9H20 or 3.7 gm of Na2S. 5Hp was dissolved in 100 mL 

of distilled water. It was kept in tightly closed cattle. 

3.5. Materials for histopathological techniques 

The ulcer tissue and other internal organs of diseased and healthy fish 

were fixed in Bouin's and parafin blocks were prepared for sectioning the 

tissues. Different staining procedure of the sections were adopted for 

histopathological observations of the sections. 

Materials for Grocott hexamine (methenamine) silver staining for fungi 

(Gomori, 1946; Grocott, 1955) 

Solution (a) 

Solution (b) 

5 percent aqueous sodium tetraborate, i.e. Borax soln. 

5 percent silvernitrate in distilled water- 5 mL 

3 percent methenamine or hexamethylentetramin in distilled 

water 100 mL 
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Silver nitrate was added to the methenamine solution and shaked until 

the precipitation which first forms dissolved. 

This mixture was kept for 1-2 month at 4°C. 

Solution (c) Incubating solution 

Borax solution a 

Distilled water 

Methenamine silver soln. b 25 mL 

The methenamine silver/ water solution and the borax were heated to 56°C 

and then mixed prior to use as the silver solution started to degenerate when 

the borax was added. 

Solution (d) Arzac's counter stain 

Orange Green 

Light Green 

Phosphotungstic acid I 

Tungstophosperic acid 

50% alcohol 

Glacial accetic acid 

Sodium metabisulphate 1 % 

Gold chloride 0.1% 

Sodium thiosulphate 3% 

Chromic acid 5% 

0.25 gm 

1.00gm 

0.50 mg 

100 mL 

1.25 mL 

Materials for periodic acid-schiff stain (PAS) 

(i) Basic fuchsin solution 

(a) Basic fuchsin 

(b) 95% alcohol 

(c) Water 

0.1 gm 

5.00 mL 

95.00 ml 

(ii) Zinc (Sodium) hydrosulfite solution 

(a) Sodium hydrosulfite (Sodium dithionite) 1.0 gm 

(b) Tartaric acid 0.5 gm 

(c) Water 100 ml 



(iii) Light green stain 

(a) Light green 

(b) Glacial acetic acid 

(c) 80% alchol 

3.6. Bacterial cultures 

3.6.1. Source of culture 

1.0 gm 

0.25 mL 

1000 ml 
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Bacteria were isolated from infected fish during the course of the work. 

Culture were maintained by transferring the bacteria to freshly prepared sterile 

agar slants after every three weeks. The stock cultures were stored at 4°C. 

Subcultures were made from stock culture in suitable media before use for 

experimental work. 

3.6.2. Composition of bacterial media 

Various types of culture media were used during this study. The names 

and composition of these media are given below : 

Nutrient Broth 

Peptone 

Beef extract 

Nacl 

Water 

100 gm 

10 gm 

5gm 

1000 ml 

The ingredients were dissolved by heating. The pH was adjusted to 

8.0-8.4 with 1 O(N) NaOH and steamed for 10 min. It was then filtered and pH 

was adjusted to 7.2-7.4. Further the medium was sterilized at 115°C for 20 min. 

Nutrient Agar 

Nutrient agar was prepared by adding 2% agar powder to the final nutrient 

broth solution. The agar was melted by heating the medium before sterilization. 



38 

Glucose Peptone Broth (GPB) 

Glucose 3 gm 

Peptone 1 gm 

MgS04.7HzD 0.128 gm 

KHl04 
0.014 gm 

CaCI2 
8mg 

FeS0
4 

0.5mg 

MnSO~ 0.5mg 

CuS04.5HzD 0.1 mg 

ZnS0
4 

0.1 mg 

Distilled water 1000 ml 

All the ingredients were dissolved and after dispensing into tubes and 
r 

100 ml conical flasks (containing 30 ml of broth) was sterilized at 115°C for 

20min. 

Nitrate Broth 

KN03 

Nutrient Broth 

1 gm 

100mL 

Potassium nitrate was dissolved in the broth and distributed into test tubes 

containing inverted Durham's tubes, and sterilized at 115°C for 20 min. 

Gelatin Agar 

Gelatin 

Distilled water 

Nutrient agar 

4gm 

50mL 

1000ml 

The gelatin was soaked in water for 30 min and added to the molten 

nutrient agar. It was then mixed and sterilized at 115°C for 20 min and distributed 

into sterile petri dishes. 

Glucose - Phosphate medium. 

Peptone 5 gm 

~HP04 
Distilled water 

Glu.cose 

5gm 

1000 ml 

5gm 
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The first two materials were steamed with distilled water until the solids 

were dissolved, then filtered and the pH was adjusted to 7A. Glucose was then 

added and 5 ml volumes of medium was distributed into tubes. It was then 

sterilized at 115°C for 1 0 min. 

Hugh and Leifson's OF medium (Hugh and Leifson, 1953) 

Pepton 2 gm 

NaCI 5gm 

~HP04 0.3gm 

Agar 

Distilled water 

3gm 

1000 mL 

Bromothymol blue, 0.2% aqueous soln. 15 ml. 

The solids were dissolved by steaming. The pH was adjusted to 7.1, filtered 

and the indicator was added. Then it was sterilized at 115°C for 20 min. 

The carbohydrate solution was sterilized separately, cooled to 45°C and 

mixed to the OF media to give a final concentration of 1%. It was then distributed 

asceptically into sterile tubes. 

Medium A of King (King et al., 1954) 

Peptone 20 gm 

Glycerol 1 0 gm 

~so 4, anhyd 1 o gm 

MgCI
2 
anhyd 1.4 gm 

Agar 20 gm 

Distilled water 

pH 

1000 ml 

7.2 

The constitutents except agar were dissolved by steaming and the pH 

was adjusted. The agar was then added and dissolved. The medium was 

sterilized by autoclaving at 121 °C for 1 0 min. 



Medium B of King for Fluorescin (King eta/., 1954) 

Proteose peptone 20 gm 

Glycerol 1 0 gm 

ISH PO 4 1.5 gm 

MgSO 4, 7H20 1.5 gm 

Agar 20 gm 

Distilled water 

pH 

1000 mL 

7.2 

Procedure as stated for medium A was followed. 

Modified motility media (Hajna, 1950) 

Peptone 1 0 gm 

Beef Extract 

NaCI 

Agar 

Gelatin 

Cystein 

3gm 

5gm 

4gm 

BOgm 

0.2gm 

Ferrous ammonium sulphate 0.2 gm 

Sodium citrate 2 gm 

Distilled water 1000 mL 
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Gelatin was soaked in water for 30 min. The other ingredients were added 

and heated to dissolve and sterilize at 115°C for 2o min. 

Arginine Media 

Peptone 

NaCI 

!SHP04 

Phenol red, 1 Oo/o aq. soln. 

L( +)Arginine hydrochloride 

Agar 

Distilled water 

1 gm 

5gm 

0.3gm 

1.0 mL 

10gm 

3gm 

1000 mL 

The solids were dissolved in the distilled water and the pH was adjusted 

to 7 .2. The medium was distributed into tubes ~o a depth of about 20 mm and 

sterilized at 121°C of 15 min. 



3.7. Fungal cultures 
3.7.1. Source of Culture 
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Different types of fungi were isolated from infected fishes during the course 

of the work. Cultures were maintained aseptically by transfering the fungus to 

freshly prepared fungal media. ' 

3.7.2. Composition of fungal media 

Various types of culture media were used during this study. The names 

and composition of those media are given below. 

GP Broth (Lilley et al., 1998). 

Glucose 3gm 

Peptone 1 gm 

MgS04.7Hp 0.128 gm 

KH2P04 
0.014 gm 

CaCI2.2Hp 0.029 gm 

Feci
3
.6Hp 2.4 mg 

MnCI
2
.4Hp 1.8 mg 

CuS04.5Hp 0.4mg 

Distilled water 1000 ml 

All the ingredients were dissolved into water by heating and then autoclaved at 

121°C for 15 min. 

GP Agar: 12 gm/L of agar powder was added to GP medium to prepare GP 

agar. 

GPY : 0.5gm/L of yeast extract was added to GP medium to prepare GPY 

medium. 

GPYA : 0.5gm/L of yeast extract and 12gm/L of agar powder were added to 

GP medium to prepare GPYA medium. 

Penicillin-K, 100 units/ml and oxonilic acid 10 units/ml, were added to 

the autoclaved and cooled to 50°C fungal medium. 
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Autoclaved pond water : The pond water is known to promote the fungal 

growth. For preparation of autoclaved pond water the pond water was first 

filtered through filter proper. One part of this filtered pond water then mixed with 

two parts of distilled water and then autoclaved. 

Material for fungal stain 

Lactophenol cotton blue -1% 

Cotton blue powder 

Lactophenol 

Composition of Lactophenol 

Phenol 

Glycerol 

Lactic acid 

Distilled water 

1 gm 

100 mL 

20gm 

33.3 ml 

1.68ml 

20ml 

3.8. Methods for water analysis 

Procedure for estimation of dissolved oxygen content (Winkler's 

lodometrfc method) 

Principle 

The manganous sulphate reacts with the alkali (KOH or NaOH) to form 

a whife precipitate of manganous hydroxide which in the presence of oxygen 

gets oxidized to a brown colour compound. In the strong acid medium manganic 

ions are reduced by iodide ions which get converted to iodine equivalent to 

the original concentration of oxygen in the sample. The iodine can be titrated 

against thiosulphate using starch as an indicator. 

Procedure 

1. Sample was filled carefully in a glass stoppered bottle (BOD Bottle) of 

a known volume (300 ml) avoiding any kind of bubbling and trapping of 

the air bubbles "in the bottle after placing the stopper. 

2. 2 ml of each MnSO 4 and alkaline Kl solution were poured well below the 

surface from the walls. A precipitate was appeared. 
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3. The stopper was placed and the contents were shaken by inverting the 

bottle repeatedly. Then the bottle was kept for sometime to settle down 

the precipitate. 

4. 0.2 mL of concentrated H
2
SO

4 
was added and shook well to dissolve 

the precipitate. 

5. 100 mL of the content was then removed to a conical flask for titration. 

6. The content was then titrated against sodium thiosulphate solution using 

starch as an indicator. At the end point the initial dark blue colour was 

changed to colourless. 

Calculation 

(mLxN) of titrant x 8 x 1000 
Dissolved oxygen mg/L = ---------

V -V v ( 1 ) 

where, 

2 v 
1 

V
1 
= volume of sample bottle after placing stopper. 

V
2 
= volume ~f the part of the contents titrated. 

V = volume of MnSO 4 and Kl added. 

Procedure for estimation of total alkalinity (carbonates and 

bicarbonates) 

Principle 

Total alkalinity is the measure of the capacity of water to neutralize a 

strong acid. The alkalinity in the water is generally imparted by the salts of 

carbonates, bicarbonates, phosphates, nitrates, berates, silicates etc. together 

with the hydroxyl ions in free state. 

Procedure 

1. 1 00 mL of sample was taken in an erlenmeyer flask and 2 drops of 

phenolphthalein was added as indicator. 

There was no colour change after addition of phenolphthalein. 

2. Then 2-3 drops of methyl orange were added to the sample and titrated 

with 0.1 N HCI until the yellow colour changed to pink at the end point. 



Calculation 

(B x Normality) of HCI x 1000 x 50 
T.A as CaC03, mg/L = ----------'-----

mlofsample 
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where, B = ml of total HCI used with phenolphthalein and methyl orange. 

T.A. = total alaklinity. 

Procedure for estimation of hardness 

Principle 

Hardness is generally caused by the calcium and magnesium ions present 

in water. Polyvalent ions of some other metals like strontium, iron, aluminium, 

zink, and manganese etc. also contribute hardness. The concentration of these 

ions is very low in natural water, therefore, hardness is generally measured 

as concentrations of only calcium and magnesium as calcium carbonate which 

are far higher in quantities over other hardness producing ions. 

Calcium and magnesium form a complex of wine red colour with 

Eriochrome Black T at pH of 1 O.O_:t 0.1 . The EDTA l]as a stronger affinity 

towards Ca++ and Mg++ and therefore, by addition of EDTA the former complex 

is broken down and a new complex of blue colour is formed. 

Procedure 

1. 50 ml of sample was taken in a conical flask. 

2. 1 ml of buffer solutin was added. 

3. 100-200 mg of Erichrome Black T indicator was added and the solution 

was turned wine red. 

4. The contents was titrated against EDTA solution and at the end point 

colour was changed from wine red to blue. 

Calculation 

ml EDTA used x 1000 
Hardness as mg/L CaCo

3 
= --------

mlsample 
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Procedure for pH estimation ~f pond water 

The pH ofthe pond water was measured with the help of a portable pocket 

pH metre. 

Measurement of water temperature 

The surface water temperature, bottom water temperature of the ponds 

were measured. 

3.9. Methods of Histopathological techniques 

3.9.1. Sampling and fixation 

Live fish were quickly transferred to a container of benzocain solution (25 

mg/L). After 2 min the fish was removed from the solution and pinned on a 

dissection tray. The external lesions were first excised from the fish body and 

immediately placed in Bouin's fixative (75 mL saturated aqueous picric acid 

solution, 25 mL formalin and 5 mL glacial acetic acid). The internal organs 

were carefully dissected out from the body cut into small pieces of 3 to 5 mm 

and immediately placed in the fixative. All tissues were kept in a volume of 

fixative at least 20 times the volume of the tissue and kept overnight. 

3.9.2. Processing 

The fixative was washed out of the sample by 70% alcohol. The tissue 

were subjected to routine processing (Schaperclaus 1986) dehydration of the 

tissue was done by passing through a graded seri~s of alcohol solutions 

(70%,90% and 1 00%). The tissue was then placed in xylene and infiltration 

was done with molten parafin (melting point 58-60°C) and allowed to cool harden. 

3.9.3. Sectioning 

The hardened parafin containing the tissue were trimmed into rectangular 

blocks, mounted on microtome and sections of 6 11 thickness were cut. The 

sections were placed on grease free slides with albumin serving as an adhesive. 

· The section were stretched on warm distilled water and the slides were d_ried 

by keeping them overnight at room temperature. 
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3.9.4. Staining 

Before staining the sections stretched on slides were completely dewaxed 

by placing in xylene for 5 to 10 min. 

Procedure for Haematoxylin-Eosin stain 

After dewaxing the slides with stretched sections were transferred to 

absolute alcohol for 5 min and then through descending grades of alcohol e.g. 

90%, 70%, 50% and 30% to water. The sections were then stained with 

haematoxylin and washed thoroughly with water to remove the excess stain 

and observed under the microscope to check the differentiation level. The 

nuclei were stained blue. The sections were then passed through ascending 

grades of alcohol and stained with alcoholic eosin. The excess eosin was · 

washed in 90% alcohol and again observed under the microscope to check 

the differentiation level. If the coun~erstain!ng was satisfactory, the tissues 

were further dehydrated in absolute alcohol, cleared in xylene and mounted in 

DPX mountant. 

Procedure for Grocott hexamine (methenamine) Silver staning for fungi 

1. After dewaxing the sections were hydrated through graded alcohols to 

water. 

2. Then the sections were oxidised in 5% aqueous chromium trioxide 

(chromic acid) for 1 h. 

3. The sections were then washed in tap water and rinsed in 1% sodium 

metabisulphite solution. 

4. The sections were rinsed in distilled water and placed in preheated (56°C) 

incubting solution in the dark, upto 1 h. 

5. The sections were rinsed well in distilled water and toned in 0.1% gold 

chloride for 4 min. 

6 Then the sections were rinsed in distilled water and fixed in 3% sodium 

thiosulphate, for 5 min. 

7. Then the sections were counterstained in Arzac's stain for 15-30 sec. 

8. The sections were then bloted, dehydrated and mounted in D.P.X. 

mountant. 



Procedure for Periodic acid-Schiff stain (PAS) 

1. The sections were rinsed in 100% alcohol after dewaxing. 

2. Then the sections were brought down gradually to distilled water and 

immeresed in 1% periodic acid for 10 min. 

3. The sections were then rinsed in tap water for 5 to 1 0 min. 
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4. Then the sections were immersed in Basic fuchsin ·solution for 2 min and 

then rinsed in tap water for 30 sec. 

5. The sections were then placed in sodium hydrosulphite solution for 

30min. 

6. The sections were then rinsed in tap water for 3 to 5 min and then placed 

in light-green stain for 2 min. 

7. Then the sections were rinsed for a short time in tap water. 

8. The sections were then dehydrated in 95% alcohol for 1 0 sec and in 

100% alcohol for 1 min. 

9. The sections were then rinsed twice in xylol for about 1 min each time and 

mounted in D.P.X. mountant. 

3_. 10. Methods for Haematological techniques 

For microscopic examination of the blood and to determine the total 

erythrocyte count, and haemoglobin content of blood of normal and infected 

fishes the following methods were followed. 

3.1 0.1. Blood sampling 

Fishes were placed into benzocaine solution at dilution of 25 mg/L in 

water for 1 to 2 min for anesthesia. The caudal region of the fish was cut and 

the blood was collected in a tube rinsed with EDTA soln (1 mg/mL). Both RBC 

counting and haemoglobin content measurment were done immediately after 

collection of the blood. 
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3.1 0.2. Smear preparation arid staining of blood 

A fresh drop of blood obtained by cutting the caudal region of the fish was 

placed on a grease free slide for preparation· of blood smears. The grease free 

slide was prepared by keeping the slide in chromic acid for 48 hours after 

which it was thoroughly rinsed with toap water and dried and kept in alcohol 

and benzene (1 :1 ). Before using the slide was wiped with a clean cloth and 

drawn through flame (Schaperclaus, 1986). A thin film of the blood was drawn 

with the help of another.slide held at 45°C . The blood smears were stained 

with Leishman's stain. 

3.10.3. Blood studies 

Blood is drawn into a erythrocyte pipette, cleaned, dried and rinsed with 

1% Sodium Citrate, up to 0.5 mark. Excess was removed by wiping the end of 

the pipette suitably drying on blotting paper. Then the diluting solution 

(Hayemen's solution- Nacl- 0.5 gm sodium sulphate Na
2
S0

4 
2.5 gm and 

· murcuric chloride 0.25 gm in 100 ml of distilled water) was sucked up to 101 

marks. After mixing 2-3 drops of the diluted bloodare released from the 

pipette and with another drop at the crevice between a clean cover slip and 

the slide of counting chamber is filled so that the chamber is filled only to the 

central dividing mark. Counting was done in cells in 16 squares in five different 

parts of the slide. 

Calculation 

RBC of 80 small squares are multiplied by 10,000. 

Determination of Haemoglobin by Sahli's method 

5 drops of N/1 0 HCI were dropped into an absolutely clean Sahli's tube. 

The N/1 0 HCL was prepared from 1 0 ml. Cone. acid by dilution with 1000 ml 

distilled water. The surface of the acid reached the 10 mark in the tube. From 

the cut cff arteria caudalis, or in the case of larger fish after the appropriate 

treatment, direclty from the heart, blood was drawn into Sahli's pipette upto the 

20 mark. With cotton or filter paper, the blood was quickly drawn from the tip of 
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the pipette, which was then dipped into the Sahli's tube below the surface of the 

HCI and the blood was carefully expelled so that a small column of blood 

remained in the pipette. The blood, together with the tube contents, was sucked 

back again into the pipette upto 20 mark. The sucking bake was repeated 2-3 

times. After 3 min when the blood colour changes into acidic haematin, the 

tube was inserted in the haemoglobinometer and by the slow dropping of distilled 

water and shaking the same hue as that of the margins of the tube with the 

reference solutions (Coloured glasses) were tried to obtain. After five min from 

the moment of dilution, the reading of haemoglobin was taken from the graduated 

. measuring tube. 

3.11. Methods for isolation of bacteria 

Bacteria·were isolated from the lesion of the infected fish Puntius sp. 

C. gachua and C. mriga/a. The ulcerated area of the diseased fish was 

dissected out asceptically from the fish and then surface sterilization was done 

with 0.1% mercuric chloride. The dissected tissues were placed in1 00 mL 

conical flasks containing 15 mL nutrient broth medium supplemented with 

glucose. The flasks were incubated at 30°C for 72 h. The tissues were then 

removed and the cultures were observed under microscope. Only bacteria were 

found to be present in the cultures. Then the cultures were diluted by serial 

dilution (10-1, 10-2 , 10-3 , 10-4 , 10-5) and 1 mLofeach of these dilutions were 

added to 20 mL of nutrient agar media in 90 mm diameter sterile petri dishes. 

Single separated colonies on agar plates were selected and streaked in nutrient 

agar slants and incubated for 24 hat 30°c. Thus isolated pure cultures were 

obtained. Code names were given to each of the isolates and stored at 4°C for 

characterization and identification. After isolation, the bacteria were 

characterized by various biochemical tests (Cowan and Steel 1993) as 

described in detail under materials and methods. 

3.12 Pathogenicity test of isolated bacteria 

Attempts were made to determine the pathogenicity of the isolated bacteria 

from C. gach.ua, C. mrigala and Puntius sp. For this purpose healthy fish of the 
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species C. punctatus and H. fossi/is were collected from the market of 

Jalpaiguri and Shibmandir. The fish each weighing about 1 0-15 gm were brought 

to the laboratory and acclimatized in the glass aquarium for about 15 days. 

After that 1 0 fish of each species were injected with bacterial suspension of 

3.5 x 107 cfu/mL of each isolate@ 0.5 mL/1 00 gm of body weight intraperitoneal! 

and observed for 15 days and the mortalities recorded. The control set was 

injected with sterile saline (0.85% Nacl) solution @ 0.5 mL/1 00 gm of body 

weight of the fish. The experiment was repeated twice under identical conditions. 

3.13. Histopathology of the experimentally infected fish 

with bacteria 

Healthy fish each weighing about 10 to 15 gm were inoculated 

intraperitonealy by isolated bacterial suspension (P 3). The control set were 

inoculated sterile saline solution. The fish were observed daily for appearance 

of ulcer. The ulcerated fish were sacrificed after 5 days of inoculation for 

histological studies. 

3.-14. Haematological studies with pathogenic bacterial 
isolates 

Healthy H. fossi/is, 10 to 15 gm, were inoculated by_ intraperitoneal 

injection with saline suspension of the pathogenic bacterial isolates@ 3.5 x 

107 cfu/mL. Each bacterial suspension was injected to 30 healthy fish to observe 

the morphological changes in the erythrocytes, in total erythrocyte count and in 

haemoglobin content of the fish at regular intervals. A control set of 30 fish were 

injected with sterile saline solution. Blood was collected from fish of each set 

immediately after inoculation and after 24, 48, 72, and 120 h of inoculation. 

Blood smears were stained with Leishman's stain and observed under the 

microscope. The TEC and Hb content were determined after collection of blood. 
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3.15. Methods for fungal isolation (Willoughby and Roberts, 

1994; Lilley eta/., 1998) 

For fungal isolation the lesions which have not yet completely ulcerated 

are most suitable. For isolation of fungus the following techniques were adopted. 

1. The scales around the periphery of the lesion were removed and 

underlying skin seared with a red hot spatula to sterilize the surface. 

2. The fish pinned on a dissecting tray was then taken to a laminar flow 

cabinet. 

3. The underlying muscle of the lesion was then exposed by cutting the 

superficial tissues. 

4. The affected underlying muscles were then excised into 4 pieces and 

placed on a petridish containing the isolation medium. 

5. Inoculated media were incubated at approximately 25°C and examined 

under phase contrast inverted microscope and first transfer was given 

after6 h. 

6. The emerging hypha! tips were repeatedly transferred to fresh plates 

of G.P. containing antibiotics until the cultures were free of bacterial 

contamination. 

7. The first transfer to fresh medium was given after 6 h. Then the tissues 

along with the growing fungal hyphae were transfered after every 48 h 

and were observed under an inverted phase contrast microscope (CKII, 

Olympus). 

8. The cultures were then subcultured on G. P. agar at an intervals of 5 days. 

3.16. Methods for sporulation of isolated fungus 

For sporulation of fungus an agar plug containing actively growing 

mycelium was placed in a petridish containing GPY broth and was incubated 

for 4 days at about 20°C. The nutrient agar out of the resulting mat was washed 
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by sequential transfer through 5 petri dishes containing autoclaved pond water 

and left overnight at 20°C in autoclaved pond water. After about 12 h motile 

secondary zoosperes were observed under microscope. 

3.17. Pathogenicity test of isolated fungus 

The pathogenicity of Aphanomyces sp. isolated from naturally infected 

fish C. gachua was conducted. Healthy C. punctatus were collected from the 

market of Jalpaiguri and Shibmandir. Each of the fish were about 1 0-15 gm of 

body weight. After bringing to the laboratory, the fish were acclimatized in the 

glass aquarium at 25± 1 °C for 15 days and then 10 fish were injected spores 

suspension of Aphanomyces sp. at the rate of 0.5 mU1 DO gm of body weight 

intramuscularly as described by Roberts et a/.(1993). The control set was 

injected with sterile saline (0.85% Nacl) solution @ 0.5 mL/1 00 gm of body 

weight. Simultaneously, three sets of experiment, each set consisting of ten 

fish, were carried out. 

3.18. Histopathology of the experimentally infected fish with 

isolated fungus 

Healthy C. punctatus (10-15 gm of body weight) were inoculated with 

zoospores of isolated Aphanomyces sp. @ 0.5mU 1 DO gm of body weight 

and observed for ulcer formation within 48 h of inoculation were found to 

developed. The ulcerated fish were sacrificed after five days of inoculatoin for 

histopathological observation. The sections of different organs of the diseased 

fish were prepared and stained with Raematoxylin eosin and Grocott stain 

(GMS). The sections showed various degrees of histopathological changes. 

3.19. Morphological and biochemical tests for bacterial 

identification 

3.19.1. Morphology 

Shape of Cells 

To examine the shape and size of cells, a drop of cell suspension of the 

test organism was placed on a clean grease-free slide, air dried and stained 
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with carbo! fuchsin (Phenol84 gm, basic fuchsin 15 gm, ethariol250 mL, distilled 

water 1250 : 1 volume diluted with 10 volume of distilled water) and observed 

under microscope Diameter was measured with a standard occular micrometer. 

Motility 

Tubes of motility medium were stab inoculated to a depth of about 

5 mm to detect the motility. The tubes were incubat13d at 28°C and the turbidity 

pattern of the medium was observed for 5 days. To determine their motility the 

bacterial cultures in nutrient broth were also observed under a phase contrast 

microscope. 

3.19.2. Physiological and biochemical tests 

Gram staining 

Smears of test organisms were made from 24 h old cultures on nutrient 

agar slant with sterile distilled water on the centre of Clean grease-free slides. 

The smears were air dried heat fixed and flooded with crystal violet stain 

(crystal violet 2 gm, 95% alcohol 20 mL, 1% aq. ammonium oxalate soln. 80 

ml) for 1 min, washed for 3 sec with tap water then flooded with Burke's iodine 

(iodine 1 gm, potassium iodide 2 gm, distilled water 1000 mL) for 1 min. Slides 

were washed in 95% ethanol, which was potJred drop by drop holding the slides 

in slanting position against white background till no colour came out from the 

lower edge of the slides. After washing with tap water these smears were stained . 

"with safranin for 1 min and rinsed with water. The slide were air dried and 

observed under microscope (Bartholomew, 1962). 

Production of catalase 

The 24 hold cultures of the bacterial organisms were incubated for 24 h 

on a slope of nutrient agar and 1 mL of 3% H,Q2 solution was poured down the 

slope. Immediate evolution of gas indicate the presence of catalase activity 

(Cowan and Steel, 1993). 
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Production of Oxidase 

The 24 hold cultures of the bacterial organisms grown on nutrient agar 

(glucose free) were taken and smeared across a filter paper moistened with 

freshly prepared 1% tetramethyl-p-phenylenediamine dihydrochloride with a 

glass rod. The appearance of a dark purple colour within 30 sec indicated a 

positive reaction (Cowan and Steel1993). 

Oxidation or Fermentation of glucose 

Oxidation or fermentation of glucose was done by inoculating duplicate 

tubes of Hugh and Leifson's medium containing glucose as the carbohydrates, 

by stabbing. After inoculation, sterile molten paraffin was poured on to the top 

ofthetubesto a depth of10 em to seal itfrom air. The other tube was left open. 

The tubes were incubated at 30°C and observed for 14 days. If the blue colour 

of the medium changes to yellow in the open tube only, it indicated acid 

production from glucose by oxidation. If both tubes changes to yellow it indicated 

that glucose can also be broken down fermentatively (Hugh and Leifson, 1953). 

Acid and gas production in media containing different carbohydrates 

The medium used to detect acid production from carbohydrates was a 

modified Hugh and Leifson's medium without agar. The following carbohydrates 

were tested: D-glucose,D-fructose, D-sucrose,D-Maltose, D-sorbitol, 

mannitol,adonitol meso-inositol, L-arabinose. The liquid medium was inoculated 

and incubated at 30°C for 14 days. If the colour of the medium changed from 

blue to yellow, it indicated acid production. To test for gas production inverted 

Durham's tubes filled with the medium was inserted into the broth. The gas, 

when produced, was accumulated at the top of the inverted Durham's tube 

(Cowan and Steel, 1993). 

Nitrate reduction 

Nitrate broth was inoculated and incubated for 5 days. Inverted Durham's 

tube was inserted into the medium. The presence of nitrite (after reduction of 

nitrate to nitrite) was tested by addition of 1 ml of nitrite reagent A (0.8% 
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Sulphanalic acid in 5N Acetic acid) followed by 1 mL of reagent B (0.5% a 

napthylamine in 5N Acetic acid) . Appearance of red colour indicated presence 

of nitrite. Zinc dust was added to the culture tubes showing negative test for 

nitrite appearance of red colour indicated presence of nitrate in culture tubes 

that was not reduced to nitrite by the test organisms. Any gas production in the 

Durham's tubes was noted (Cowan and Steel1993). 

Indole Production 

Tryptone broth was inoculated and incubated at 30°C for 48 h. Indole 

production was tested by adding 0.5 mL of Kovac's reagent 

(p-dimethylaminobenzaldehyde 5 gm., Amyl alcohol75 mL, cone. HCI25 mL) 

. and examined for 1 min. Appearance of a red colour in the regent layer indicated 

indole production (Cowan and Steel, 1993). 

Methyl red reaction 

Glucose phosphate medium was inoculated and incubated at 30°C for 

5 days. Two drops of methyl red solution (Methyl red 0.04 gm, Ethanol40 mL; 

Methyl red was dissolved in Ethanol and diluted with distilled water to 100 mL 

volume) was then added, shaken and examined. A red colour at the surface 

shown the positive M R reaction. 

Acetylmethylcarbinol production: the Voges-Proskauer test 

After completion of the methyl red test 0.6 ml of 5% a.-naphthol solution 

in ethanol and 0.2 mL of 40% potassium hydroxide aqueous solution was added 

and wefl shaken. The tubes were then held in a sloping position to increase the 

area ofthe air liquid interface and examined after 15 min and 1 h. A strong red 

colour shows a positive V P test (Cowan and Steel, 1993). 

Gelatin hydrolysis 
' 
Gelatin agar plate~ were inoculated and incubated for 3 days. The plates 

were then flooded with 30% trichloroacetic acid, clear zones indicated areas 

of gelatin hydrolysis. 
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Gelatin hydrolysis was also tested in the modified motility medium along 

with testi11g of motility and H
2
S production. The medium was stabed inoculated 

with a straight wire, inoculated at 28°C and observed daily for 30 days for 

presence of liquefaction. 

Arginine hydrolysis 

The arginine agar was inoculated by stabbing with a straight wire and a 

layer of sterile molten paraffin was poured with a pipette to a depth of about 2 

em. The tubes were incubated at 30°C and observed daily for 5 days for a 

colour change of the medium from yellow orange to red. 

H2S production 

Tubes of the modified motility medium containing cystein and ferrous · 

ammonium sulphate were stabed inoculated with the bacteria. A lead acetate 

paper was inserted between the cotton plug and the tube and inocubated at 

28°C. The tubes were examined daily for blackening of the media and the paper. 

Pigment production 

To test pigment production by Pseudomonads, King, Ward and Raney's 

media (A and B) were used. After inoculating, medium A was incubated at 

30°C for 24 to 96 hand examined daily for pigment production. Medium 8 was 

incubated at 30°C for 24 h followed by room temperature (22-25°C) for 72 h. To 

test for pigment production by coccus, organisms were gown on nutrient agar 

plates at room temperature and were kept under diffused day light. 

3.20. Microscopical examination of isolated fungus 

A portion of the ulcertissuewastaken and smeared on a clean slide. The 
' 

smear was stained with cotton blue and was observed under the microscope. 

Similarly, fungal hyphae and sporangium from the pure culture maintained 

in GPA and GPYA, were observed under microscope after staining with cotton 

blue and measured with standard ocular micrometer. 


