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  &)%�R&8)S+TK.&)%'/% 5M%U#)0$ 0UKK"0%)&)%%K<0)� M+*K"0%)&)%'!% V'0 WX0TK.&$Y.T)�M���)Z5 
(Litopenaeus vannamei) �).MS�&)%7<+K.KK&'4]� 2 ;$<&)%7<+K. X<�;$<&)%7<+K.7,^ 1 MWU.KK&'4]� 5 &+$U5 Z<YM&U
&+$U57,^ 1 2̀K&+$U52�W2$5 a6Y'(,�.K)6)%4&0  &+$U57,^ 2 '/% 5M%U#)0$M5&�,'b,�5(Mg) M2+'b,�5(Ca) K"0%)/U�� 30:10 ppm 
&+$U57,^ 3 '/% 5M%U#)0$ Mg : Ca K"0%)/U�� 90 : 30 ppm &+$U57,^ 4 '/% 5M%U#)0$ Mg, Ca K"0%)/U�� 180 : 60 ppm  M+*&+$U57, ̂5 
'/% 5'&+`KM&.(NaCl) 50 &%"50UKK)6)% 1 & X+&%"5 7$&&+$U5&)%7<+K.'+,-�.<Y���-1)2�)5'2g5 25 (,(,7, a;Y&$Y.T)�M���)Z5
T�)<�-1)6�"&0"� 3-4 &%"5 a�K"0%)2�)56�)M�U� 35 0"�0UKi". (63 0"�0UK0)%).'50%) +.'+,-�.a�i".Zj'WK%�&+)/T�)<2�)5
!$ 500 + 0%  '4]�'�+)�)� 60 �"�  S+&)%7<+K.(W�U) &+$U57,^ 5 7,'̂/% 5<Y��'&+`KM&. 50 &%"50UKK)6)% 1 & X+&%"5 5,�-1)6�"&
'k+,^� �-1)6�"&%�5 M+*K"0%)&)%'!% V'0 WX00UK�"� /�.&�U)&+$U52�W2$5 M+*&+$U57,^'/% 5M%U#)0$M5&�,'b,�5 (Mg) M2+'b,�5 
(Ca) K"0%)/U��0U).l bR^.5,2U)M0&0U).&"�K�U).5,�"�/1)2"V7)./i 0  (P<0.05) /U��K"0%)&)%%K<0)�Z5UM0&0U).&"�7)./i 0  
(P>0.05)  
  !)&S+&)%7<+K.7,^ 1 (W�U) &)%'/% 5'&+`KM&. 50 &%"50UKK)6)% 1 & X+&%"5 a6YS+&)%7<+K.<,7,^/$< !R.Z<Y
71)&)%�R&8)0UK a�;$<&)%7<+K.7,^ 2 MWU.KK&'4]� 3 &+$U5Z<YM&U &+$U57,^ 1 2̀K&+$U52�W2$5 a6YK)6)%4&0  &+$U57,^ 2 '/% 5
'&+`KM&. 25 &%"50UKK)6)% 1 & X+&%"5 M+*&+$U57,^ 3 '/% 5'&+`KM&. 50 &%"50UKK)6)% 1 & X+&%"5 X<�� #,&)%'+,-�.
';U�'<,��&"W&)%7<+K.7,^ 1 M0U4+UK�&$Y.a�K"0%)2�)56�)M�U� 45 0"�0UKi". (81 0"�0UK0)%).M50%) M+*'+,-�.�)� 45 �"� 
S+&)%7<+K.(W�U) &+$U57,^ 3 7,^5,&)%'/% 5'&+`KM&. 50 &%"50UKK)6)% 1 & X+&%"5 a6YS+�-1)6�"&%�5<,7,^/$<'5̂̀K'7,�W&"W&+$U5
2�W2$5M+*&+$U57,^ 2 M0UM0&0U).&"�K�U).Z5U5,�"�/1)2"V7)./i 0 (P>0.05) a�T3*7,^&+$U52�W2$5 5,S+K"0%)&)%%K<0)�0̂1)
&�U)&+$U57,^ 2 M+* 3 7,^5,&)%'/% 5'&+`KM&. K"0%)/U�� 25 M+* 50 &%"50UKK)6)% 1 & X+&%"5 K�U).5,�"�/1)2"V7)./i 0  
(P<0.05) 

ABSTRACT 
 The effect of mineral supplementation on survival and growth of Pacific white shrimp (Litopenaeus 

vannamei) were studied. This study was divided into two experiments. The first  experiment was consisted of five 
groups, (1) control group, (2) Mg : Ca ratio 30 : 10 ppm, (3) Mg : Ca ratio 90 : 30 ppm, (4) Mg : Ca ratio 180 : 60 ppm 
and (5) salt 50 g/1 kg of feed. Shrimp weight 3-4 g were stocked into 500-L fiberglass tanks at the density of 35 
shrimps per tank (63 shrimps/m2) and salinity was 25 ppt. After 60 days shrimp were harvested.  The average weight, 
yield and average daily weight gain(ADG) from group 5 were significantly higher (P<0.05) than the control and other 
groups. While survival rate from all groups were not significantly different (P>0.05).  
 According to the first experiment, salt 50 g/1 kg feed gave the best result. In the second experiment,  salt at 
two different concentrations was used and compared with the control group, (1) control group, (2) NaCl 25 g/1 kg of 
feed and (3) salt 50 g/1 kg of feed. The rearing procedure was similar to the first experiment except the stocking rate 
was 45 shrimp per tank (81 shrimp/m2) This experiment were cultured same the first experiment but shrimp were 
stocked at the density of 45 shrimps per tank (81 shrimps/m2). After 60-day of rearing period, salt 50 g/ 1 kg feed 
showed the highest yield than other groups. However, there was no significant differences of yield and average daily 
gain across the groups. While survival rate from control group was significantly lower (P<0.05) than group 2 and 3. 

 
 
 
 



EK�1K� 
&)%'+,-�.&$Y.T)�M���)Z5 (Litopenaeus vannamei) /U��a6VU'&80%&%!*a;Y�1-)2�)5'2g54&0 a�(`-�7,%̂ 5

;)�vwx.7*'+ X<�'k()*7).:)2a0YM+*7).:)20*�"�KK&TK.4%*'7�Z7� M0Ua�W).(`-�7,^5,&)%a;Y�-1)!)&M5U�-1)+1)
2+K.7,^K��U6U).Z&+!)&7*'+5)a;Ya�&)%'+,-�. bR^.a�;U�.y<�v�2�)5'2g5TK.�-1)!*+<0̂1)+.71)a6Y4% 5)3M%U#)0$a�
�-1)+<0̂1)+.0)52�)5'2g5<Y�� X<�'k()*a�;U�.'�+)7,^5,v�0&6�"&6%`K0&0 <0UK&"�6+)��"� '&80%&%W).(`-�7,^7,^
5,2�)5'2g50̂1)5)&!*(W4wV6)&$Y.+K&2%)WZ5UKK& 6%`K&$Y.0)�0"�� ^5a�%*6�U).&)%'+,-�. (4z�*�$;, 2550) a�T3*
7,^'&80%&%W).j)%�5!*(W&$Y.5,MS+T,<TU��0)5+1)0"�'4]�!1)���5)& bR^.'& <!)&&)%'/,�</,&"�'(`^KM�U.K)6)% 
'�`^K.!)&&$Y.T)�5,(y0 &%%57,^�U)��-1)6)K)6)%0+K<'�+) 7"-.&+).�"�M+*&+).2̀� M+*5,&)%& �K)6)%MWWXkW& �
&+).�-1)Z5U%KK)6)%0&iR.(`-�'65̀K�&$Y.&$+)<1) (;+KM+*(%'+ �, 2547) '5̂̀K5,&$Y.a�WUK'4]�!1)���5)&!R.5,XK&)/7,^
&$Y.<".&+U)�!*5,MS+T,<TU��0)5+1)0"�5)&TR-� 4%*&KW&"W&$Y.7,^5,MS+0)5+1)0"�'6+U)�,- Z5U'4]�7,^0YK.&)%TK.0+)<
!R.71)a6Y'&80%&%T)�&$Y.Z<Ya�%)2)0̂1) 7,^SU)�5)&)%M&Y4wV6)TK.'&80%&%5"&a;Y� #,&)%'0 5�"/<$4�� M2+'b,�56%`K
M5&�,'b,�5+.Z4a��-1)X<�0%. '(`^Ka6Y&$Y.a�WUK/)5)%i�1)M%U#)0$<".&+U)�Z4a;YZ<Y M0U(W�U)� #,<".&+U)�5"&Z5UZ<YS+ 
K,&7"-.�".'4]�� #,7,^/ -�'4+`K.5)&'(%)*0YK.a;Y�"/<$4��'4]�!1)���5)& 4w!!$W"�'&80%&%/U��a6VU!R.� �5a;Y� #,&)%
'0 5M%U#)0$0U). l  ';U� M2+'b,�5b"+'j06%`KM5&�,'b,�5b"+'j0 M+*M2+'b,�52+KZ%<�6%`KM5&�,'b,�52+KZ%<� 6%`K
Xb'<,�52+KZ%<� ('&+`KM&.) a�;U�.'�+)7,^&$Y.+K&2%)W(� # �, 2550) a�%*6�U).&)%'+,-�.'(`^K!*71)a6Y&$Y.5,/$T:)(
MTg.M%.TR-�  M+*5,&)%'!% V'0 WX0<,TR-�<Y�� 

/1)6%"W�"0i$4%*/.2�TK.&)%�R&8)a�2%"-.�,-'(`^K6)/"</U��7,^'65)*/5a�&)%'/% 5M%U#)0$+.Z4a�K)6)%&$Y.
'(`^K'4]�M��7)./U.'/% 5a6Y'&80%&%/)5)%i�1)Z44%*�$&0�a;YZ<Ya�&)%'+,-�.&$Y.a�7$&(`-�7,^'(`^K!*71)a6Y&)%'+,-�.&$Y.
T)�M���)Z5TK.'&80%&%Z7�5,4%*/ 7# :)(5)&TR-� bR^.!*/U.S+a6YK$0/)6&%%5&)%'+,-�.&$Y.TK.4%*'7�Z7��".2.
%"&8)%*<"W2�)5'4]�S�Y�1)a�<Y)�&)%S+ 0M+*&)%/U.KK&Z<YK�U).5"^�2.M+*�"^.�`�0UKZ4 
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71)&)%7<+K.7,6̂YK.4| W"0 &)%TK.������ !"�#$%& !'()*'+,-�./"0���-1) 23*4%*5. 56)� 7�)+"�'&80%�)/0%� 
1. ��� OP�Q��L�M)-�DM)-������ !"!�1M�RM)!E��2�(?�#0!�'-"E��RM)!E��2�(?S1�'%���#01DMT

"%�%#���'1�'-���U�"��%#��'%������+� ,�% -.%"�*�'%�������(%�)����&/���0"011�2! DMT��MV)�.()
SW/1VK�E0�!�EX! 25 =M=MDM 

1.1  &)%'0%,�5�-1)M+*/"0��7<+K. 
      1.1.1 &)%'0%,�5�-1) 
      2�)5'2g5TK.�-1)7,^a;Ya�&)%�R&8)2%"-.�,-2̀K 25 (,(,7, X<��1)�-1)2�)5'2g5/�.!)&�)'&+`K (brine 

solution) 7,^5,2�)5'2g54%*5)3 100 (,(,7, 5)'!`K!).<Y���-1)4%*4)7,^SU)�&)%("&!�Z5U5,2+K%,�6+.'6+`KK��U'+�
a�i".Zj'WK%�&+)/ T�)<2�)5!$ 5000 + 0% !�Z<Y2�)5'2g5TK.�-1) 25 (,(,7, ("&�-1)Z�Y 2 /"4<)6� &UK�7,^!*�1)5)a;Y 

      1.1.2 &)%'0%,�5/"0��7<+K. 
      �1)&$Y.T)�M���)Z5T�)<�-1)6�"&0"� 3-4  &%"5 !)&!$%,��j)%�5a�!".6�"<!"�7W$%,5)�".������ !"�#$%& !

'()*'+,-�./"0���-1) 23*4%*5. 56)� 7�)+"�'&80%�)/0%� '(`^K4%"W/:)(&$Y.a�6YK.7<+K.�)� 3-4 �"� &UK�!*



�Y)�&$Y.+.'+,-�.a�i".Zj'WK%�&+)/T�)<2�)5!$ 500 + 0% W%%!$�-1) 400 + 0% i".+* 35 0"� (63 0"�0UK0)%).'50%) 
(%YK57,^!*�1)Z471)&)%7<+K.0UKZ4 X<�5,&)%a6Y'2%`^K.a6YK)&)�K�U).'(,�.(KM+*'+,-�.7,K̂$36:�5 6YK. 

1.2  &)%7<+K. 
      1.2.1 &)%�).MS�&)%7<+K. 
      �).MS�&)%7<+K.MWW/$U50+K< (completely randomized design) X<�5, 5 &+$U5&)%7<+K. a�M0U

+*&+$U5&)%7<+K.5, 3 b-1)  
        &+$U5&)%7<+K.7,^ 1 2̀K &+$U5TK.K)6)%2�W2$5 (control) a6YK)6)%'5g</1)'%g!%�44&0  
        &+$U5&)%7<+K.7,^ 2  2̀K &+$U5TK.K)6)%7,^S/5<Y��M5&�,'b,�52+KZ%<�M+*M2+'b,�52+KZ%<�a�

K"0%)/U�� 30:10 ppm 
        &+$U5&)%7<+K.7,^ 3  2̀K &+$U5TK.K)6)%7,^S/5<Y��M5&�,'b,�52+KZ%<�M+*M2+'b,�52+KZ%<�a�

K"0%)/U�� 90:30 ppm 
        &+$U5&)%7<+K.7,^ 4  2̀K &+$U5TK.K)6)%7,^S/5<Y��M5&�,'b,�52+KZ%<�M+*M2+'b,�52+KZ%<�a�

K"0%)/U�� 180:60 ppm 
        &+$U5&)%7<+K.7,^ 5  2̀K &+$U5TK.K)6)%7,^S/5<Y��'&+`KM&.K"0%)/U�� 50 &%"5 0UKK)6)% 1 

& X+&%"5 bR^.5,4% 5)3'&+`KM%U!)&&)%� '2%)*6�K KK�0U).l<".�,- 2+KZ%<� (Cl-) 2616.32 ppm M2+'b,�5 (Ca2+) 
12.22 ppm M5&�,'b,�5 (Mg2+) 235.923 ppm X(M7/'b,�5 (K+) 66.03 ppm Xb'<,�5 (Na+) 18739.923 ppm 

        1.2.2 K)6)%M+*&)%a6YK)6)% 
        a6YK)6)% 4 '�+) 2̀K4%*5)3 07.00 �. 11.00 �. 15.00 �. M+* 19.00 �. a�K"0%)/U��  5.3

'4K%�'bg�0�0UK�-1)6�"&0"�&$Y.0UK�"� 4%"WK)6)%0)5�-1)6�"&TK.&$Y.0)5� #,TK. ;+K M+*(%'+ � (2547) 0+K<
%*�*'�+)&)%'+,-�.�)� 60 �"� 

1.3  &)%�R&8)&)%'!% V'0 WX0M+*K"0%)&)%%K<0)�TK.&$Y.T)�M���)Z5 
       /$U5;"^.�-1)6�"&M+*W"�7R&K"0%)&)%%K<0)�TK.&$Y.a�M0U+*&+$U5&)%7<+K.7$&10 �"� !�/ -�/$<&)%

7<+K. 
       &)%� '2%)*6�K KK�7,^/1)2"VM+*2$3/5W"0 TK.�-1) 
       '&gW0"�K�U).�-1)&UK�&)%7<+K.M+*a�%*6�U).&)%7<+K.7$& 7 �"� !)&�"-�M0U+*&+$U57<+K. 

� '2%)*6�4% 5)3K KK�7,^/1)2"V Z<YM&U Ca2+, Mg2+, K+ M+* Na+ <Y��'2%`^K. atomic absorption 
spectrophotometer (Hitachi 170-30, Japan) (APHA et al., 1989) /U�� Cl- M+* SO4

2- � '2%)*6�X<�� #, 
tritration (UNEP GEMS, 1994) � '2%)*6�2$3/5W"0 TK.�-1)7$&�"�Z<YM&U 4% 5)3KK&b '!�7,^+*+)�a��-1) K$36:�5  
2�)5'4]�&%<'4]�<U).((,'K;) M+*2�)5'2g5 /U��2�)5'4]�<U). 2�)5&%*<Y). MK5X5'�,�-Z�X0%'!� Z�Z0%7�-
Z�X0%'!� � '2%)*6�7$& 7 �"� 0)5� #,TK. Strickland and Parson (1972) %*6�U).71)&)%7<+K.5,&)%<�<0*&K�
M+*'4+,^��iU)��-1)7$& 7 �"� <Y���-1)7,^5,2�)5'2g5 25 (,(,7, a�4% 5)3'7U)&"� 7$&&+$U57<+K.a;Y(+)/0 &/,'T,��4z<
i".'(`^K2�W2$54% 5)3M/.a6YK��Ua�%*<"W7,^'65)*/50UK&)%& �K)6)%TK.&$Y. 

1.4  &)%� '2%)*6�7)./i 0  
      6+".!)&/ -�/$<&)%7<+K.�)� 60 �"� W"�7R&!1)���&$Y.7,^'6+`K%K<a�M0U+*i". ;"^.�-1)6�"& 21)��3

�-1)6�"&'k+,^� K"0%)&)%%K<0)� S+S+ 0%�5 M+*K"0%)&)%'!% V'0 WX0a�M0U+*&+$U5&)%7<+K. �1)TYK5�+7,^Z<Y!)&



&)%7<+K.5)� '2%)*6�2�)5M0&0U).7)./i 0  X<�� #, analysis of variance (ANOVA) M+*'4%,�W'7,�W2�)5
M0&0U).TK.2U)'k+,^� X<�� #, Duncan�s multiple range test (DMRT) 7,^%*<"W2�)5';`^K5"^� 95 '4K%�'b�0� X<�a;Y
X4%M&%5/1)'%g!%�47)./i 0  (K�"�0;"�, 2542) 

!)&S+&)%7<+K.a�&)%�R&8)TYK7,^ 1 (W�U)&)%a;Y'&+`KM&.a�K"0%)/U�� 50 &%"50UKK)6)% 1 
& X+&%"5 a6YS+<,7,^/$<!R.�1)'&+`KM&.5)71)&)%7<+K.0UKZ4 

2. ��� OP�Q������� !���U�"��S1L� !�@%#���'1%#��'%������+� ,�% -.%"�*�'%����(%�)
����&/���0"011�2! DMT��MV)�.()SW/1VK�E0�!�EX! 25 =M=MDM S1�'%��E0�!>1�"1#1�[� 

2.1 &)%'0%,�5�-1)M+*/"0��7<+K.71)';U�'<,��&"W&)%�R&8)a�TYK7,^ 1 M0U4+UK�&$Y.a�K"0%)2�)56�)M�U� 
45 0"�0UKi". (81 0"�0UK0)%).M50%) M+*'+,-�.�)� 45 �"� 

2.2  &)%7<+K. 
�).MS�&)%7<+K.MWW/$U50+K< (completely randomized design) X<��1)'&+`KM&.5)71)&)%�R&8)

0UK  X<�MWU.&)%7<+K.KK&'4]� 3 &+$U5&)%7<+K.&+$U5&)%7<+K.+* 3 b-1) Z<YM&U 
&+$U5&)%7<+K.7,^ 1 2̀K &+$U5TK.K)6)%2�W2$5 (control) a6YK)6)%'5g</1)'%g!%�44&0  
&+$U5&)%7<+K.7,^ 2  2̀K &+$U5TK.K)6)%7,^S/5'&+`KM&.K"0%)/U�� 25 &%"5 0UKK)6)% 1 & X+&%"5 
&+$U5&)%7<+K.7,^ 3  2̀K &+$U5TK.K)6)%7,^S/5'&+`KM&.K"0%)/U�� 50 &%"5 0UKK)6)% 1 & X+&%"5 
X<�&)%a6YK)6)% &)%/$U5;"^.�-1)6�"& &)%� '2%)*6�2$3:)(�-1) &)%'!% V'0 WX0 M+*K"0%)&)%%K<0)� 

';U�'<,��&"W&)%�R&8)a�TYK  1         
 

��"�*0 +��@?�� 
1. ��� OP�Q��L�M)-�DM)-������ !"!�1M�RM)!E��2�(?�#0!�'-"E��RM)!E��2�(?S1�'%���#01DMT

"%�%#���'1�'-���U�"��%#��'%������+� ,�% -.%"�*�'%����(%�)����&/���0"011�2!  
S+&)%�R&8)&)%'+,-�.&$Y.T)�M���)Z5a�&+$U52�W2$5M+*&+$U57<+K. bR^.a;Y%*�*'�+)'+,-�.�)� 60 �"� 

(W�U)&+$U57,^  5 7,^5,&)%'/% 5'&+`KM&. &$Y.5,�-1)6�"&'k+,^� 17.93±0.06 &%"5 K"0%)&)%%K<0)� 91.43±2.86 
'4K%�'b�0� �-1)6�"&%�5 573.90±19.57 &%"5 M+*K"0%)&)%'!% V'0 WX0 0.31±0.00 &%"50UK0"�0UK�"� a�T3*7,^&+$U5
2�W2$5 M+*&+$U57,^'/% 5M%U#)0$ Mg : Ca K"0%)/U��0U).l a6YS+�-1)6�"&'k+,^� �-1)6�"&%�5M+*K"0%)&)%'!% V'0 WX0
0UK�"� M0&0U).&"�K�U).5,�"�/1)2"V7)./i 0  (P<0.05) &"W&+$U57,^ 5 7,^5,&)%'/% 5'&+`KM&. /U��K"0%)&)%%K<0)�Z5U
M0&0U).&"�7)./i 0  (P>0.05) !)&S+&)%7<+K.!*'6g�Z<Y�U)&+$U57,^'/% 5 Mg : Ca K"0%)/U�� 30:10 ppm M+*
&+$U57,^'/% 5'&+`KM&.5,K"0%)%K<0)�M+*S+S+ 0%�5/�. (Table1) ';U�'<,��&"W&)%�R&8)TK. Davis and 
Lawrence. (1992) 7,^5,&)%'/% 5M%U#)0$%�5 bR^.a6YS+K"0%)%K</�.&�U)&+$U57,^Z5UZ<Y'/% 5M%U#)0$ M+* Davis et al. 
(2002) Z<Y&+U)�Z�Y�U)M%U#)0$ Na+, Cl-, K+, Mg2+, Ca2+ M+* SO4

2-'4]�4w!!"�/1)2"V0UK&)%'!% V'0 WX0M+*K"0%)&)%
%K<0)�TK.&$Y. bR^./K<2+YK.&"WS+&)%7<+K.�,-'�`^K.!)&'&+`KM&. 5,M%U#)0$7,^/1)2"V0U).l2%W !R.71)a6Y&$Y.5,K"0%)
%K<0)�,K"0%)&)%'!% V'0 WX0 M+*�-1)6�"&'k+,^�/�. '5̂̀K'7,�W&"W&+$U52�W2$5M+*&+$U57,^a6YM%U#)0$'(,�.M2U
M5&�,'b,�5 M+*M2+'b,�5'7U)�"-�  /K<2+YK.&"W  McGraw and Scarpa (2002) (W�U)Xb'<,�5M+*X(M7/'b,�55,
S+0UK&)%'!% V'0 WX0TK.&$Y.T)�7,^'+,-�.5)&&�U)M2+'b,�5M+*M5&�,'b,�5 '�`^K.!)&Xb'<,�5 X(M7/'b,�55,/U��
/1)2"Va�&)%%"&8)/5<$+'&+`KM%U:)�a�M+*:)��K&'b++� !*;U��%"&8)4% 5)3�-1)a�%U).&)�a6YK��Ua�/:)�*4&0  



!R./U.S+a6Y5,(+"..)�'6+`K'(`^KZ4a;Ya�&)%'!% V'0 WX0Z<Y5)&TR-� �K&!)&�,-&$Y.�".Z5U5,/:)�*'2%,�<!)&&)%4%"W
/5<$+KK/X50 &71)a6Y&$Y.5,4%*/ 7# :)(a�&)%�UK�K)6)%M+*<�<bR5<,TR-� <".�"-�&)%'+,-�.&$Y.7,^5,2�)56�)M�U�5)&
!1)'4]�0YK.'( ^54% 5)3M%U#)0$0U).l '(`^K71)a6Y&)%'!% V'0 WX0<,TR-� '�`^K.!)&M%U#)0$7,^'/% 5;U��a�&)%%"&8)2�)5
'TY5TY�TK.M%U#)0$a6Y'65)*/5&"W2�)50YK.&)%TK.&$Y.T)� (Pan et al.,2006) 

 
Table 1 Average weight, survival and yield from five treatments 
Treatment Average weight 

(g) 
Survival rate 
(%) 

Yield (g) ADG (g) 

1. Control 16.57±0.11a 87.62±3.30a 508.00±17.58a 0.28±0.00a 
2. Mg:Ca 30:10 ppm 16.20±0.40a 92.38±5.95a 524.33±46.07ab 0.27±0.01a 
3. Mg:Ca 90:30 ppm 16.57±1.21a 86.67±7.19a 500.87±24.51a 0.28±0.03a 
4. Mg:Ca 180:60 ppm 16.73±0.25a 85.71±5.71a 501.87±31.01a 0.28±0.01a 
5. NaCl 17.93±0.06b 91.43±2.86a 573.90±19.57b 0.31±0.00b 

The different alphabets in the same column mean significant difference (P<0.05). 
 

���OP�Q�E&@�!-'% ���1VK�%��(�*)*�0�������MV)��&/���0"011�2!S1��&#!���D(���"�*
��&#!E0-E&! 
 2$3/5W"0 TK.�-1) (Table 2) a�&+$U57<+K.M+*&+$U52�W2$50+K<%*�*'�+)&)%'+,-�. (W�U) K$36:�5  (,
'K; 4% 5)3KK&b '!�7,^+*+)��-1) M+*2�)5'2g5K��Ua�;U�.7,^'65)*/50UK&)%'()*'+,-�./"0���-1) bR^.;U�.7,^'65)*/5
2̀K K$36:�5 TK.�-1)a�;U�. 25-32 K.�)'b+'b,�/71)a6Y&$Y.5,K"0%)&)%'!% V'0 WX0Z<Y<,7,^/$< (,'K;%*6�U). 7.5-8.5 
KK&b '!�Z5U2�%0̂1)&�U) 4 5 ++ &%"50UK+ 0% /U��2�)5'4]�<U).TK.�-1) ;+KM+*(%'+ � (2547) &+U)��U) 2U)2�)5'4]�
<U).5,2�)5/1)2"V5)&a�&)%'()*'+,-�.&$Y. bR^.!*5,2�)5/"5("�#�&"WK"0%)%K<M+*&)%'!% V'0 WX0TK.&$Y.T)�M���)
Z5M+*&$Y.7$&;� < 2U)2�)5'4]�<U).7,^'65)*/5&"W&)%'+,-�.&$Y.T)�M���)Z5K��U%*6�U). 80-150 5 ++ &%"50UK+ 0% a�
&)%7<+K.�,-2U)2�)5'4]�<U).K��Ua�;U�.7,^'65)*/5 2U)2�)5&%*<Y).TK.�-1)!*M4%S"�0)52�)5'2g5 a�W).;U�.
TK.&)%7<+K.(W�U)'5̂̀K2�)5'2g5'( ^52U)2�)5&%*<Y).TK.�-1)!*'( ^5TR-�<Y�� 2U)MK5X5'�,�%�5!*(W�U)W).;U�.5,
2U)'( ^5/�.'�`^K.!)&Z5U5,&)%'4+,^��iU)��-1)71)a6Y5,&)%/*/50*&K�!)&'�8K)6)%M+*T,-&$Y.W% '�3&Y�i".5)&  
 
 
 
 
 
 
 
 



Table 2 Water quality parameters during culture period (1st experiment) 
Parameters Control treatment  
 Group 1 Group 2 Group 3 Group 4 Group 5 
 mean±SD mean±SD mean±SD mean±SD mean±SD 

Temperature (°c)     29.95±0.00a 29.95±0.01a 29.97±0.01ab 30.01±0.02b 30.08±0.06c 

pH                           7.45±0.04a 7.58±0.03b 7.61±0.01ac 7.62±0.02ac 7.63±0.01c 

DO (mg/L)              6.03±0.06a 6.20±0.10a 6.13±0.06a 6.20±0.10a 6.13±0.06a 

Salinity (ppt) 28.12±0.10b 27.53±0.48ab 27.26±0.41a 27.40±0.23a 27.35±0.25a 

Alkalinity (mg/L as CaCO3) 120.44±13.15a 142.89±18.03b 125.78±10.84a 131.78±10.79ab 142.22±16.20b 

Hardness (mg/L) 5581.3±210.8b 5410.7±193ab 5373.8±271.7ab 5283.6±336.4ab 5108±175.2a 

Total ammonia-N (mg/L) 2.37±1.80a 2.34±1.90a 4.14±3.17a 3.21±3.26a 3.28±3.01a 

Nitrite-N (mg/L) 2.41±2.27a 3.03±2.26a 2.76±1.55a 5.02±1.52b 3.45±1.86ab 

The different alphabets in the same row mean significant difference (P<0.05). 
 
 
 
 
 
 
 
 



2. ��� OP�Q������� !���U�"��S1L� !�@%#���'1%#��'%������+� ,�% -.%"�*�'%����(%�)
����&/���0"011�2! DMT��MV)�.()SW/1VK�E0�!�EX! 25 S1�'%��E0�!>1�"1#1�[� 

S+&)%�R&8)&)%'+,-�.&$Y.T)�M���)Z5a�&+$U52�W2$5M+*&+$U57<+K. bR^.a;Y%*�*'�+)'+,-�.�)� 45 �"� 
(W�U)&+$U57,^ 3 7,^5,&)%'/% 5'&+`KM&. (NaCl) 50 &%"50UKK)6)% 1 & X+&%"5 &$Y.5,�-1)6�"&'k+,^� 16.99±0.77&%"5 
K"0%)&)%%K<0)� 97.78±2.22'4K%� 'b�0� �-1)6�"&%�5 747.08±25.00 &%"5 M+*K"0%)&)%'!% V'0 WX0 
0.29±0.02 &%"50UK0"�0UK�"� a�T3*7,^&+$U52�W2$5 a6YS+K"0%)%K< M0&0U).&"�K�U).5,�"�/1)2"V7)./i 0  
(P<0.05)&"W&+$U57,^ 2 M+* 3 7,^5,&)%'/% 5'&+K̀M&. (NaCl) K"0%)/U�� 25 M+* 50 &%"50UKK)6)% 1 & X+&%"5 M0U5,
2U)�-1)6�"&k+,^�/�.M0UM0&0U).&"�K�U).Z5U5,�"�/1)2"V7)./i 0  (P>0.05) M+*2U)K"0%)&)%'!% V'0 WX0'k+,^�0UK�"�
/�.M0&0U).&"�K�U).5,�"�/1)2"V7)./i 0  (P<0.05)  '�`^K.!)&&+$U52�W2$55,K"0%)&)%%K<0)��YK�&�U)&+$U5K̂̀�!R.
71)a6Y&$Y./)5)%i�1)M%U#)0$7,^5,K��Ua��-1)Z4a;Ya�&)%'!% V'0 WX0Z<Y<,&�U)'(%)*5,!1)���&$Y.a�i".�YK�&�U)'5̂̀K'7,�W
&"W%*�*M%&TK.&)%'+,-�.7,^4+UK�&$Y.a�K"0%)2�)56�)M�U�/�. 71)a6Y&$Y.W)./U��0)�'�`^K.!)&M%U#)0$a��-1)Z5U
'(,�.(K0UK2�)50YK.&)%TK.&$Y. '5̂̀KiR.;U�.%*�*'�+)6�R^.7,^K"0%)2�)56�)M�U�'65)*/5&"W4% 5)3M%U#)0$7,^5,
K��Ua��-1)&$Y.!R.5,&)%'!% V'0 WX0Z<Y<,M+*Z5U5,&)%0)�TK.&$Y.'( ^5(Table 3) !*'6g�Z<Y�U)&)%'/% 5'&+`KM&.71)a6Y
K"0%)&)%'!% V'0 WX0 K"0%)&)%%K<0)�/�.&�U)&)%Z5U'/% 5'&+`KM&. '�`^K.!)&&)%7<+K.2%"-.�,-'+,-�.&$Y.a�K"0%)7,^
6�)M�U�/�. M%U#)0$7,^5,K��Ua��-1)K)!Z5U'(,�.(K0UK2�)50YK.&)%TK.&$Y. X<�'k()*a�;U�.'�+)7,^&$Y.5,&)%+K&
2%)W � ^.5,2�)50YK.&)%M%U#)0$/�.'(`^K�1)Z4a;Ya�&%*W��&)%/%Y).'4+`K&a65U (Pante, 1990; Li et al, 2008) 
 
Table 3 Average weight, survival and yield from three treatments 

Treatment Average weight 
(g) 

Survival rate (%) Yield (g) ADG (g) 

1. Control 18.63±2.64a 82.22±6.67a 684.24±47.01a 0.33±0.06a 
2. NaCl 25 g 17.16±0.98a 93.33±2.23b 720.24±29.63a 0.29±0.02a 
3. NaCl 50 g 16.99±0.77a 97.78±2.22b 747.08±25.00a 0.29±0.02a 
The different alphabets in the same column mean significant difference (P<0.05) 
 

/1)6%"W2$3:)(�-1)a�&+$U57<+K.M+*&+$U52�W2$50+K<%*�*'�+)&)%'+,-�. (W�U) K$36:�5  (,'K; 
4% 5)3KK&b '!�7,^+*+)��-1) 2�)5'2g5 2U)2�)5'4]�<U). 2�)5&%*<Y).TK.�-1) 2U)MK5X5'�,�%�5 M+*Z�Z0%7�
K��Ua�;U�.7,'̂65)*/50UK&)%'+,-�.&$Y.T)�M���)Z5 

 
��&L 

!)&&)%7<+K.�,-M/<.a6Y'6g��U)&)%a6Y'&+`KM&.S/5K)6)%&$Y.a�K"0%)/U�� 50 &%"50UKK)%6)% 1 
& X+&%"5 !*71)a6YK"0%)&)%'!% V'0 WX0 K"0%)&)%%K<0)�TK.&$Y.T)�M���)Z5 /�.&�U)&+$U52�W2$5M+* &+$U5&)%
7<+K.7,^'0 5'(,�.M5&�,'b,�5M+*M2+'b,�52+KZ%<� 
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