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(%) 330±31a 523±21b 737±22c 927±15d 
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( )  

2 3

15 20

25 30  4 6 8

9

10

30 6.28 g

9.23 cm 1.22 g

713.3% 89.3% 3

25 5.81

30 5.89  (

72) 2 30 25 20

15  ( 2016)  

11

30

3

1.65 g 415% 25 1.35 

g 285% 20 1.00 g 140% 15

0.97 g 100% 

30 4.58

25 5.19

20 15 8.33 9.70

15 78% 25

87.75% 30 91.50%  (

2014)  (2013) 
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 ( ) 

15 20 25 30 

(cm) 5.29±0.15 5.27±0.13 5.26±0.10 5.27±0.16 

(cm) 6.02±0.51a 8.05±1.02b 8.63±1.00c 9.23±0.98d 

(g) 0.15±0.03 0.15±0.04 0.15±0.02 0.15±0.04 

(g) 0.30±0.08a 0.78±0.35b 1.00±0.37c 1.22±0.44d 

(g) 0.15±0.03a 0.63±0.01b 0.86±0.04bc 1.07±0.08c 

(%) 93.3±3.4a 420.0±9.4b 573.3±28.3bc 713.3±56.0c 

(g/ ) 1.24±0.05a 4.28±0.91ab 4.96±0.12b 6.28±0.06b 

 8.27±1.92b 6.78±1.29ab 5.81±0.38a 5.89±0.41a 

(%) 57.2.±9.5a 68.9±16.8a 86.7±2.2b 89.3±1.1b 

± (p<0.05)



37 

72  ( ±
(p<0.05)) 
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 ( ) 

15 20 25 30 

(cm) 4.87±0.17 4.85±0.20 4.89±0.15 4.86 ±0.14 

(cm) 6.06±0.52a 6.42 ±0.64a 7.36 ±1.04a 8.25 ±0.87b 

(g) 0.10±0.03 0.10 ±0.02 0.10 ±0.02 0.10 ±0.03 

(g) 0.29±0.08a 0.34±0.14a 0.60 ±0.33b 0.86 ±0.33c 

(g) 0.19±0.02a 0.24±0.03ab 0.50 ±0.03b 0.76 ±0.09c 

(%) 189±21a 254±31b 543 ±42c 756 ±86d 

(g/ ) 2.41±0.08a 2.56±0.04a 3.80 ±0.11b 4.54 ±0.07c 

 12.76±1.42c 10.73 ±1.09b 7.61 ±0.21a 6.02 ±0.76a 

(%) 63±12a 71±4a 76±2a 84±1b 

± (p<0.05) 
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12

30 12.37 g

25 11.69 g 20 5.89 g

15 4.57 g

1.06 2.10 2.71

30 3.76 g 25

3.38 g 20 1.68 g 15

1.39 g 30

394.73% 25  (327.85%) 20

 (124.0%) 15  (80.51%) 1.20

3.18 4.90

30 24.26% 25 22.14%

20 15.78% 15 13.55%

30 80.50% 25

74.0% 20 51.5% 15

36.50% ( 2016)

30 25 20 15

30 25

FRP

28 31
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 ( ) 

15 20 25 30 

(cm) 8.34±0.65 8.29±0.52 8.39±0.57 8.32±0.40 

(cm) 9.82±1.05a 10.60±1.23a 11.25±0.92a 13.62±1.59b 

(g) 0.77±0.21 0.75±0.12 0.79±0.28 0.76±0.17 

(g) 1.39±0.79a 1.68±0.94a 3.38±1.23b 3.76±1.82c 

(g) 0.62±0.01a 0.93±0.01b 2.59±0.02c 3.00±0.05d 

(%) 81±1a 124±1b 328±1c 395±2d 

(g/ ) 4.57±0.19a 5.89±0.32b 11.69±0.35c 12.37±0.47c 

 7.38±0.19c 6.50±0.32b 4.52±0.35a 4.11±0.47a 

(%) 37±4a 52±2b 74±1c 81±2c 

± (p<0.05) 
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( )  

 (2009) 

25 Lux 100 Lux

 (2002) 

400 Lux

FRP

7.82 cm

0.59 g

40W

0 12 24 200

2

80W

12  ( 13)

362.4% 5.87 12

329.7% 6.04 24

296.7% 6.69

 ( 2015)

 

 

 

13   

 

( ) 

0 12 24 

(cm) 7.82±0.55 7.76±0.64 7.87±0.45 

(cm) 12.25±2.80 11.69±2.63 11.48±2.69 

(g) 0.59±0.15 0.57±0.11 0.61±0.14 

(g) 2.73±1.38b 2.48±1.75a 2.38±1.35a 

(g) 2.14±0.18b 1.91±0.08a 1.75±0.16a 

(%) 362.4±29.3b 329.7±13.2a 296.7±26.4a 

(g/ ) 12.50±0.19 11.74±0.17 11.66±0.18 

 5.87±0.40 6.04±0.16 6.69±0.69 

(g) 81.3±1.7 78.3±1.1 73.8±1.8 

± (p<0.05) 
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( )  

130 L

60 L

100 200 400 600

1

 ( 2010)

120 240 480 960 1,440

4  ( 14) 1,440

960 480 240

120

1 2 4,000  

( 2014)

1 5 6

 

1.5

 

( 73)

2  
 

 
14  4  

 ( /60 ) 

120 240 480 960 1440 

(cm) 4.94±0.15 4.85±0.14 4.97±0.15 4.95±0.14 4.93±0.14 

(cm) 6.13±0.78a 6.43±0.76a 6.44±0.73a 6.57±0.75a 6.89±0.62ab 

(g) 0.10±0.02 0.10±0.04 0.10±0.04 0.10±0.04 0.10±0.02 

(g) 0.41±0.13 0.42±0.10 0.42±0.17 0.43±0.14 0.45±0.13 

(g) 0.31±0.01 0.32±0.04 0.32±0.04 0.33±0.02 0.35±0.01 

(%) 306±8 323±47 323±47 328±23 350±8 

(g/ ) 1.24±0.01 1.25±0.01 1.27±0.02 1.31±0.01 1.33±0.01 

 4.44±0.18 4.36±0.59 4.41±0.57 4.37±0.15 4.20±0.10 

(%) 85±2 84±3 84±2 82±1 80±1 

± (p<0.05) 
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3  (

74)  ( 75)

 ( 76)

 
 
 

 
73   74  3  

 
 

75   
 
 

 
76  3   
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( )  
 (1994) 2 3

500 /kg 9 10

6 /kg

3 4

 (2 5 /kg) 1

4 5

 (3 / ) 2 3

100 /kg

20 30 /kg 3 5 /

1 2 1

1 5 /

3 5 /

2,000 3,000  

( )  

FRP

78 g

3

77 78

8 9

25.2 28.2

 (26.5 31.5

) 10

 (22.3 28.8 ) 

71.7% 66.6% 

1.82 1.93
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78  3
 

 
( )  

 

1.  

 (

5 10% 1 3%)

 ( 79)  

 

1

20

2 3

 (1994) 

1.25

1.67 1 kg 38.4 51.2

1.49 2.54

45.0 75.0  (

) 2.5% 

5%  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

79    

0
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(g
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5.3 6.7% 

2.5%  ( )

5.1 9.6% 

 ( 2007)

 ( ) 

3 15

84.54 g

65.02 g 266%

 (204%) 1.30

1.15

1.92

98% 97%

2.02 1.94

 ( 2017)

3  

 

( 80)

4 81

82  (1999) 

 
 

80  
( ±

(p<0.05))  

15  3  

                               
  

(cm) 23.84±1.88 23.96±2.01 
(cm) 33.12±3.64 31.67±6.56 
(g) 21.09±5.68 21.35±1.95 
(g) 77.29±29.15b 64.88±25.36a 

(g) 56.20±0.46b 43.59±2.75a 
(%) 266.47±2.21b 204.20±12.91a 
(g/ ) 65.02±2.63a 84.54±1.37b 

(%) 1.16±0.06a 1.94±0.14b 
(%) 98.34±0.36b 96.90±0.60a 
 2.02±0.23 1.94±0.24 

± (p<0.05) 

a

a

a

b

a

a

a

a
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81  
( ±

(p<0.05)) 

 

82  
( ±

(p<0.05)) 
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1  (21.5 cm

16.12 g)  (22.7 cm 18.3 g)

 ( 21.6 cm 14.8 g)

 (24.2 cm 14.9 g) 130

1

1 5

16 25.1 27.6

146.8 g

92.2 91.8 76.7 g

1.26

1.28 1.36

3 1.77

822.8%

403% 385%

258%

98.1% 98.1%

98.5% 97.4% 4

200 g 5

 
 
 
 

16  5  

                                      

      

(cm) 21.5±2.2 22.7±1.6 21.6±2.0 24.2±2.5 

(cm) 29.1±6.8a 34.8±6.9ab 37.5±6.3b 45.4±3.9c 

(g) 16.1±5.6 18.3±4.3 18.1±4.7 14.9±5.5 

(g) 57.6±4.2a 88.7±4.0b 91.1±7.9b 137.5±5.8c 

(g) 41.5±4.6a 70.4±3.3b 73.0±7.9b 122.6±10.3c 

(%) 258±36a 385±6b 403±42b 823±60c 

(g/ ) 76.7±6.5a 91.8±0.5b 92.2±0.8b 146.8±1.1c 

 1.77±0.03c 1.36±0.07b 1.28±0.16b 1.26±0.02a 

(%) 98±1 98±1 99±0 97±2 

± (p<0.05) 
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( )  

30 cm

 (

1985)

3 4

 ( ) ( 84) pH

pH

10

 (1994) 

pH 7.5 9.2

6.8 7.3

 

84  ( ) ( ) 
 

(

) 0.3 ppm

 

(1)

(2)

(3)

(4) 1 10 

psu  
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 (

)  ( )

 

( )  
1.  

 (Ichthyophthirius 

multifiliis)  (

85)

28

 

2.  

 (Trichodina sp.) 

 ( 86) 

4 10

 
 

85   
 

86   
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3.  

 (Dactylogyrus sp.)  

(Pseudodactylogyrus sp.)  

(Gyrodactylus sp.) 

 ( 87)

4

 
 

87   
 

 ( 88) 

 

4.  

 (Lernaea cyprinus) 

 ( 89) 

 ( 90)

6 7 mm

 

5.  ( ) 

 (Plistophora anguillarum) 

 ( 91)

 ( 92 93)
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88   
 

89   90   
  

91   
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92   
 

93 
 

 

6.  

 (Oodinium 

limneticm O. pillularis) 

4 10

 ( 94)

 
 

94   

 ( 95)  (

96)

95   

96   
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( )  
1.  

 

(Aeromonas hydrophila)

 ( 97)  (

)

 ( )

 

2.  

 (Pseudomonas anguilliseptica)

 (

98)

 

3.  

Edwardsiella tarda

 ( 99 100)  
 
 

97   

 

 
98  (

) 
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99   
 
 
 

100    
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4.  

 (Flavobacterium columnare)

 ( 101)  
 

101   
 

5.  

Saprolegnia (S. 

ferax S. parasitica) Achlya Dictyuchus

 

( 102 103 104) 

 

( )  
90 8 23  (90) 

901512719

 

(Florfenicol)  (Flumequine)

 (Furazolidone)  (Oxolinic 

acid) -  

(Sulfamonomethoxine or sodium salt) 5

 (Trichlorfon)

17

 

(Dipterex )  (Masoten )

 (Dipterex )  

(Parasiticide-Ms-80 ) 

20.2 23.0  (Trichlorfon

) 96 4.7 ppm 

( 2000) 20 30

96 5.46

1.41 ppm ( 2012) 20

 (1990) 

28

24
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102   
 

103   
 

104    



56

 
17   

   

    10 mg/kg/
3-5   7  

    12 mg/kg/
3-5   20  

 
   20 mg/kg/

3-5  
 

5  

   2-3 ppm 5  

 

   12 mg/kg/
3-5  

 

20  

   5 ppm
3-5  20  

    50 mg/kg/
3-5   20  

-
    

200 mg/kg/

3-5
 

 30  

    
0.2-0.5 ppm

4   5  

90 8 23 (90) 901512719 -
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 (2015) 

4 (1)

(2)

(3)

(4)

 

100 g

21.8 g 23.5 g

100 g 15.4 g

19.9 g

180 12 100

20

40.9% 44.8%

44.9%

 

0.5% 33.1%

47.3%  

5

78.6% 72.3% 71.1%

7.3%

12.3% 13.1%

 

3 6P 5P

 ( 105)

 ( 106)  (

107) 5

 

2.5P 

(400 g/ ) 
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2 2.5P

 
 

105   106   
  
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

107    
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 ( 108 109 110)

 

 ( 2014)  

 

108   
( 87.7 cm 1,806 g 3
110.8 cm 6,269 g 10 ) 

109   
( 63.8 cm 784 g 61.4 cm

506 g 90.5 cm 2,789 g) 
 
 

110   
( 65.5 cm 608 g 86.8 cm

1,772 g 77.1 cm 1,316 g) 
 

6

 (9 ) 

DPPH

 ( 2015)  
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 ( 111)  ( 112)  (

113) 

 

( 114)
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120  ( ) 121  ( ) 
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