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10°°]x[(2.51+P)/V]x[1/(R*T)]/1 000
K, Dy F Dy 43 5] kSt IR i 2 o A
R BEAEEG V(L) AR R(em) K 1L
LG ; T(min) KSR Ae. Aoy Ap

HHE K 7% 23240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

7

¥ T, 5% pH /KT VS A A0S i 3% 37 58 PLAP 15 X8 MR B 2 19 52 i

1089

Ap 53R 450 nm P T XL X IRAS L R
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RS AR JBE T XoF 0 837 2R 5 2% 30 AE PR Bk (1] 7Y

KFR o A B PR e 4l 1g(erl) $5 40, A
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SCA, FIH SPSS 3 (R4 12.00) 52 i ANOVA
#1 Duncan XA %, FH GraphPad Prism(bi4< 7.0)
22 BUP<0.05 8225 W E K

2

+
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2.1 AE pHETALYENIIAKEER, MiKE
YR T A R AL ER AN ST ER R M

Sz 1 Wi PO, P1. P2. P31 P4 /K 8 Py
XoFUR B 203 TR 84%+3% . T9%+4% . TT%+4%
81%+9% Al 31%+2%, AS[H] pH 7K F R XF #F A i
RIEME B F 2% 5 (ANOVA, P<0.05), P4 KAt
YRR R BELT PO, P1. P2 FIP3 /K (Duncan
[C, P <0.05); PO KA A XT IR B R 25 T
P1 1 P2 /K ## (Duncan, P < 0.05), {H5 P3 /K#l
TG # 225 (Duncan (&, P>0.05), ME 107 i,
TE JT A 38 £ pH {5 BN (6.6~9.6), X B i % 5

pH /K-F JRHE R GSH
pH level GR SOD PO survial CAT -Px
1.0
iNOS 0.20 0.06 0.06 0.45 0.25 0.36 0.44 0.8
pH 7J(S|Z 0.44 —0.18 -0.17 -0.03 —-0.06 0.6
pH level
- 0.4
GR 0.05 0.39 0.17 0.17 0.26
r0.2
SOD r0
-0.2
- —0.4
i 0.6
survival
-0.8
-1.0
1

GSH-Px

A E pH BT LYEXARAIESR S LEHD

RINBEEHAI X R
TEFRRREGMK, EORRBEEML, AGRIHXERDE, TH

Fig.1 Correlation between survival of L. vannamei, activity of antioxidant enzymes and

metabolism enzymes at different pH

The red color indicates negative correlation, the blue color indicates positive correlation, and the white color indicates no significant correlation, the same below
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O I I
PO Pl P2 P3 P4
LR ZH
treatment
(d)

2 A[E pH & FLYAE 41 0 ik B2 40 B 3
PO. Xff; P1.pH 6.6;: P2.pH 7.6; P3.pH8.6; P4.pH 9.6, ##i KRN HMEARNEZE . FBFFKIR Duncan IRETER 45, NEFRERIRF
—Ab PR AE AN F R AR ) 22 5, KRS FRERRFE— MR ARAEANES . FRARXRAFEREER (P<0.05), FH

Fig.2 Hemolymph cell count of L. vannamei at different pH levels

PO. Control; P1. pH 6.6; P2. pH 7.6; P3. pH 8.6; P4. pH 9.6. Data are expressed as mean = SD. Letters indicate the results of Duncan’ s

test. The small letters reflect the difference for the same treatment between different sampling days, and the capital letters reflect the

difference between different treatments on the same sampling day. The data with different letters are significant different at P <0.05,

the same below

pH /K F 5 B A % (SCA, =—0.74, P<0.05),

pH 7K % I 96k L A1 . 25 A A0 it 4 %
f= B0 20 i B0OC B 3 B2 I (ANOVA, P > 0.05),
18 25 5% 1 50U 40 M %0 (ANOVA, P < 0.05), Pl
F1 P2 7K P X f 0B 40 i %5 B 20 F PO P3
1 P4 /K ## (Duncan [, P <0.05), ME 200,
S5 3 () P2 NP3 7K Al A G I ol 94 T 200 R AR
75 B A LR e JIURE 40 i 50O FIURE 41 i A B
I TR] A 4 T A AR W 3 8 £k (ANOVA, P > 0.05),
{5 PO 7K FE P X6 B Ifi 94k B A A0 A R L Uk 20
BOFN UKL 41 it 50E 56 28 K B 29k /> (Duncan (X,
P <0.05), P1 7Kl Py XTI I gk T 5 241 i 250 325 B
ML ECE SR 21 K] 987> (Duncanf%, P <0.05),
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P4 7K Al A T B I 96K EL A3 200 6 45 A 375 BH AN i A
55 14 KW 508/ (Duncanf%, P<0.05). 5 PO /K
FEAHLE, P1. P2, P3 il P4 7K HE P X B ofin g4 B
41 K\ S8 I A5 7 R A BH 5 020 (Duncan [,
P <0.05); P1 7K Py I gk B 375 B 200 fig 45 D56
14 K& B 8 9 /> (Duncan [K, P <0.05), 280k
2 RS RN ORI AR TS 00 7. 140 21 128 K
A B 29870 (Duncan [, P <0.05); P2 /K# Py X
U i 94 75 B M A BSOS 21 KRR 2 98/) (Duncan
K, P<0.05), PRS0, 7. 14F1
21 KA B ¥ /> (Duncan X, P <0.05); P3 /KiH
RS RNk N SRk e ) e AV AN T
/b (Duncanf%, P <0.05), URL4H M B 7E 55 21
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H1 28 K BG4 KA P xR i bk £ 37 B
41 Jifg KM\ 5R 14 K2 B 8 0 2> (Duncan [G, P <
0.05), = MU 4 Hf S0 7E 55 7 A 14 K i B i gk 20>
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5 pH /KBRS (SCA, P>0.05), pH /KAl

5 0 % R I bk EL SOD. GSH-Px, CAT. GR.
PO fil iNOS 1% ¥ (ANOVA, P <0.05) (K 3). P3
KA P X6 B I 3K B SOD 3 7 2. 3 T PLL P2 Al
P4 7K #t (Duncan [&., P < 0.05); P2 /KAf SOD i
£ 5.2 5 T P1 KA (Duncan &, P<0.05); P1/K
H SODIF 1 W 2 =5 T P4 K # (Duncan [C, P <
0.05). P3 7K Py Xif 0 1fi 6 I GSH-Px 6 Pk . 3 /=
T PO. P1. P2 Fl1 P4 /KH (Duncan [X, P <0.05),

CO%O0KR day0 CIHE7TR day7 EDH 14K dayld @21 K day2l 28K day28
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S) 12
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0
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Fig. 3 Activity of antioxidant enzymes and metabolism enzymes of L. vannamei at different pH levels
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PO /K 8 P Xt R 1f bk B GR35 M 325 55 T PL ORI P4
JK# (Duncan [G, P <0.05), P2 Fl P3 /KA Py X} iR
I 34k B CAT ¥ P 2 2 = T P4 KA (Duncan G,
P <0.05). P3 7K Al Py Xf MR I gk B PO 3 14 B 2
TF PO, P1. P2J/KHl, i PO, P1 Fl P2 /Kf# PO Jif
P 58 & 7 T P4 KAl (Duncan [G, P<0.05), P37k
FE PN X Ak B INOSYS 1 3 & T PO Ml P2 UK
1, PO FIl P2 /K% INOSTE 4 . 3% =5 T P1 Fll P4 7K
#§ (Duncan [, P <0.05), MK 3T L, XJUFI
ML SOD, GSH-Px. CAT. GR. PO fl iNOS %
4 Bt B[] 11 25 1K (ANOVA, P < 0.05), PO ZKH# P
X I I 36 L SOD 1 14 7 S5 56 5 Y 26 14 KI5 3]
B KMH, ZJ5FA% (Duncan [, P<0.05); P17k
i PR R I 6K B AR B CAT . GR il PO 3% 1 78 46
7R FHEAL, GSH-Px IGPEFESS 14 K I & P AL
(Duncan [&, P <0.05); P2/KHE CAT i H7E5 7
K EREAL, INOS TG M 7E 4 14K B & AL
(Duncan [X , P < 0.05); P3 /K #fi SOD, CAT,
GSH-Px. GRGEMELESS 14 Rk B oK, BEE
W& {I% (Duncan [G, P <0.05), iNOS il PO i 1 7F
%7 KB EH AN (Duncan &, P <0.05); P4 /KH
CAT IHMEAESE 7 K W F FEAK, GSH-Px Iif P 1E 5
14 KW E AL, INOS W& PETESS 7 Rk 35 KAE ,
F J5 P (Duncan X, P<0.05). 5 PO KFGAHLL,
P1 /KA S 7 K SOD. CAT Hl PO i 1 i %
FEAG, 28 7 A0 14 K I} GSH-Px I 1 B 35 B AL,
%5 14 Kl GR 16 i KK (Duncan [G, P<0.05);
P2 /K M55 28 KL SOD §if PE W Z 3, 25 7 K
2 CAT I POVE T W & AR, 5 7 F1 14 KIF GSH-
Px i & F& X (Duncan [C, P < 0.05); P3 /K45
28 KL SOD i 4 b 35, 25 7 K& CAT Al
PO 7 7% . W 1 (Duncan (X, P<0.05); P4 /K#t
%5 7 K SOD. CAT. GR il POJF 1 i 35 F& A%,
55 7 F 14 K GSH-Px i P 8 2 F#IX (Duncan X,
P <0.05),

2.2 [E pH ERZEALIEE T FLYAE X ER A&
R, MAEBERERSESMAKEEYE

SCI 1408 PVO, PV, PV2 I PV3 7K Al P
o HR B5 2 45 K 78%+4% . 80%+11%. 47%+
20% F1 2%%3%, pH =7 A% Ak i B 458 fin ] & 35 F
I %R 1835 % (ANOVA, P < 0.05), PVO #l PV1
TR A PN X IR BRI R 2 s T PV2 R PV3 K
(Duncan (&, P<0.05) MIE 4]0, X oR iR
55 pH B AR FE 5 i 2 T AH G (SCA, =—0.86,

https://www.china-fishery.cn

P <0.05),

X HF I 3k EY T-GSH. GSH 1 GSSG & & 5
pH & 1 A8 AR iR BE AR G PE R 235 (SCA, P> 0.05),
{H SOD. GSH-Px. GR Fll CAT 7145 pH &7 A8
A R 5L B 2 A 56 (SCA, P <0.05), XU TG
R 5 CATIHPER B3 1IE M 56 (SCA, P<0.05), {H
5 T-GSH. GSHAI GSSG % & L) J% SOD, GSH-
Px FlI GR 7 P ¥ R4 5& (SCA, P> 0.05), GSH.
GSSH F1 T-GSH % & 5 GSH-Px fill GR i M A 4
X (SCA, P>0.05) (K 4). pH B4R £k e B X} T-
GSH. GSSG #1 GSH % &£ JG I # % I (ANOVA,
P>0.05), {H7] &% SOD, GSH-Px. GR fl
CAT i 7 (ANOVA, P <0.05) (3% 1), PV /Kl
PR B I 96k B SODAN GR 3% 1 i 3 25 T PV2 il
PV3 /K# (Duncan [&, P <0.05), GSH-Px i1k &
F# T PV2 FIPV3 JKili (Duncan [, P<0.05), CAT
6 M B 2 = T PV3 KA (Duncan [G, P < 0.05).
5 PVOKHEA L, PV /K Py XF o 1 4k B SOD
I GR IEMER T /5%, GSH-Px fl CAT it 5 )5
F I 25 (Duncan (X, P<0.05), PV2 F1PV3
JKRE PR MK GSH-Px Fl CAT {E ML T PVO
KA (Duncan [, P<0.05), [R]AJH: SOD, GSH-Px
1 GR {EHEIET PV KA (Duncan [K, P<0.05).

23 A [E pH EFER T LIEE X 7K R0

SEE T, ORI pHAE T 52 5 K A8 P B
J# . TAN, NO,-N, COD,,, 5{ Chl. a f77F & %
5 (ANOVA, P<0.05), {HNO;-N Z7AEE (ANO-
VA, P>0.05). M&5 AL, TAN, NO,-N FINO;-N
TESLR PR IE RIS 7 KB EHN, Chl a 74 14
K Z BN (Duncan (G, P<0.05), 5 PO /KHE4H
o, P1 KA TAN A 7 Kl B EFEAL, CODy,
RN BBEE I NO,-N S 21 Kl i 25 [
fil; Chl a 7E55 14 KRBT EEFEAL, 5521 f128 K
i i 34 (Duncan [G, P<0.05), P2 7KHiy TAN
DNER 14 O W B s SR A 21 Kk B
s Chloa N5 14 KR B35 FEK; NO,-NES
14 F1 21 KB} i 2 F&AIK (Duncan X, P <0.05), P3
I P BRSSO KR 3N ; TAN Al CODy,
W57 R ERRAR; NO,N & 14 K 35 A%,
528 KOT R EWM; Chl a %5 21 K& &1
Jin (Duncan [X, P <0.05), P4 7KFE Py S 08 B 78 2
0. 7 F1 14 KI5 2305 TAN Fl NO,-N 7E55 7
K2 B 5 NOs-N 7 25 14 K i & 3% 3%
(Duncan [&, P<0.05),

S I, ASTE) pH S A8 b R 3 R

HHE K 7% 23240 sponsored by China Society of Fisheries
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pH B &
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pH diel
variation
GSSG 0.22 0.34 0.11
car .
ﬁi(ﬁ% 0.34
survival

-0
T-GSH 0.04 0.03 —0.05
-—0.2

GSH GR GSH-Px SOD

1.0
—-0.21
0.8

—0.60 —0.11 0.24 —-0.17
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Fig. 4 Correlation between survival of L. vannamei, glutathione content and activity of

antioxidant enzymes at different amplitude of pH diel variation

*=1

A pH ERTALIERE T AR AR B h & Bt H K S MM EWEEEM

Tab.1 Glutathione content and activity of antioxidant enzymes of L. vannamei at

different amplitude of pH diel variation

PVO PV1 PV2 PV3
BB A/ (umol/L) - T-GSH 5.84+3.99 3.39+0.42 2.77+0.46 2.05+0.16
ANILA B H K/ (umol/L) - GSSG 0.75+0.21 0.94+0.88 0.78+0.33 0.38+0.00
IR B B H AR /(umol/L) - GSH 2.02+0.52 4.33+3.94 1.2140.58 1.30+£2.56
L B AGRE/(U/mL) - SOD 3.98+1.45 8.52+4.42° 3.75+1.44° 2.06+0.62°
B BRI S AL B/ (G 71 #07)  GSH-Px 22.64+7.14° 36.48+20.35" 12.89+6.68" 5.09+6.17°
B H KRS RS/(U/L)  GR 13.67+£7.38" 33.49+23.64° 10.45+3.35" 6.43+6.82°
LA/ (U/mg Hb) CAT 1.98+1.00° 2.43+0.39" 1.86+0.49" 0.1840.13

¥: PVO. %TH&, pH7.5~8.7; PVI.pH 7.5~8.2; PV2.pH 7.5~9.5; PV3.pH 7.5~10.0. ¥R A TV EARAEZE . [F4TF B3R R Duncan iG55

SR, FRARZRORAL LA B 2 (P < 0.05), A

Notes: PVO. control, pH 7.5-8.7; PV1. pH 7.5-8.2; PV2. pH 7.5-9.5; PV3. pH 7.5-10.0. Data are expressed as mean + SD. Letters indicate the results of
Duncan’s test, the data with different letters in the same row are significantly different at P < 0.05, the same below

JKAK BRI . TAN Fl CODyy,» 1HXf NO,-N. NO;-
N il Chl. a % # JC I8 3 52 (ANOVA, P> 0.05,
F2). LW PV, PV2 HI PV3 /KA P A
i 5 T PVO K% (Duncan [&, P <0.05); PV2
H1PV3 K Al N TAN & 2 % F PVO 1 PV1 /K 1l
(Duncan [&, P < 0.05); PVO. PVI1 Fl PV2 /K #t
P CODy, B3 ET PV3 /K4# (Duncan [, P<0.05).

[ K P2 % 2 32 /) sponsored by China Society of Fisheries
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25 7 A I pH i i AT AE SR S8 2016 4F
24 LT R4 e 1 L I P L 4N TR R R R A
ToRYE R, A T 255 EoR P4 /KN (pH 9.6)
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Fig. 5 Variation in chemical water quality at different pH levels

X RS- 347 B35 R s I F P, P2 A1 P3 /KA (pH
6.6~8.6), 2B EE pH ik F 9.6 I T E LG I X}
IFREAT, X —45RE—ERE LIRS T4
=B CF pH ad = A] fig T 2O G X IR K
FET- B A . PLAI P2 KAl P (pH 6.6~7.6) X HF
RIS B IE T PO A1 P3 /KA (pH 8.2~8.6), F IR
5% pH E 3 I AS I F FLGR I XS SR A 3
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52 20 ) I bk B 57 B A0 e B A R VR
7T S350 67 200 R 2 50 240 i L A 0 0 0 4R 1 1
FAEA Ak Ry O AS B, 52 3 i ik B 40 i
AR KA, IR pH it & (pH 10.1) 3
T K (pH 6.5) BF FLAA ¥ X R il bk B2 B A i 4 . 3B
AH 41 it S FOURE 40 it 25034 BH B R IR, AHELZ T,
MIAEE pH > 8 B, FLATE T M I Ik A 200 e A
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#2 TFEpHERZUBE T AUFEERFHEL

Tab.2 Variation in chemical water quality at different amplitude of pH diel variation

PVO

PV1 PV2 PV3

JBT % /(mg CaCO4/L)  total alkalinity 170.83+19.03°

HAEE/(mg/L) TAN 1.89+0.17*
T AHEE A %/(mg/L) NO,-N 0.04+0.03
THERA%/(mg/L) NO3-N 0.30+0.12
S FEA R/ (mg/L) CODyy, 16.99+1.07°
4k #Fa/(ug/L) Chla 64.21£12.25

131.77+27.56° 400.78+39.72" 445.31+37.56"

1.98+0.15% 1.71£0.18° 1.30+0.37°

0.10+0.11 0.07+0.06 0.04+0.04

0.74+0.65 0.59+0.39 0.35+0.21
16.72+0.51° 16.12+0.60" 3.86+0.43°
63.21£17.67 45.48+18.26 35.99+27.55

175 ) 210 L Z50RI 0L A A A W i 2 T AR pH < 7
IO Az m T v, P1(pH 6.6) Fll P4(pH 9.6) 7K
PRy R R I b £ 375 F AN R A L e UKL 46 i R A
TR 1 0 5 I 1) 32 < T 2 s>, {H PO, P2
1 P3 7K PR X R AR A 2 ok L 2 M EROR A
HH i AR (PO 7K R P %o M ot 94k £ 2 JA7 41 i 50 R
UKL 200 1 50N A S 56 25 AR B kD), R TR
B¢ pH it 5 (=9.6) B0l L (<6.6) &= 2 BULY i
Xof B L b T 37 Y 0 B S .~ ASURE 20 i 50ORT UKL
S R /D o P4 KRS PR I I bk B 37 B A i 4K
FILE A0 L ECTE 55 14 KB Wk /b, 1) P1 KRS A X
U ot 9 B 375 B 00 50 200 B BN A 2 21 R iR
b, R pH O PLAH I X I i bk B 375 1Y 240
B0 52 0 ] BRI pH TE L SIS A5 AU BT A Ab
T A% 28 I 7K L2 00 i 50 A S 3 O i i A B
AR R FE A b, WD HED X — B4 5 52 50 )
] #% 58 & 4t N TAN. NO,-N HIG L it 55 55 58 )&
YRR B B T BORY PL AN v I N A 0% . Moul-
lac 5" Fl Liu % HR B K i . $hBE . W R A DA
KR A PR R IR A8 AR AT 52 i L 44 5 X R R
4l 5 15 X BF (Litopenaeus stylirostris) Il 3 B 41 g
B

5 2 4 0k 40 B 0 > J0RE 40 B rh A A
AL (proPO)', M52 | Fpia B}, proPO A &%
160 PO JF A AE e Dyfet ™, X M i bk T 4 At %
5 PO IR MM DG, A 32 346 1 i 3R 35 INOS,
Hott— A A 0 s . AR . ELRE RN A A
o2 SR 2L A R K AE RS NOM™, v [ B Xof R
(Fenneropenaeus chinensis) £ |15t 2% & fiE (WSSV)
J&, AR INOS I HEFEAREY, AR 1, L
RS N 17 NP U v S O A S T e i RS ]
PO i PEAH G B3, {H PO 1 P 5 X R BTk
KUK #KE SOD. GSH-Px. GR. CAT HliNOS

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

W R EEMK, KX 65 L
TE X R A7 05 R AL D R S E B VI X &R
5 POAH I, Itk iNOS I ¥ 5 PO I GSH-
Px {iPERIEASE, M5 XIS %L SOD, GR
I CAT W HEAH G, B —F8 bR X LGN I XF
IR RS W HE R VE 89 T PO T Pk

H 3% 3 W1 4K 9 9 SOD. CAT. GSH-Px fil
GR ZF T E AL ] 98 4% 4% Fh 420 A R 2L (ROS) T ifs
SR EAL R B s, Horfr, SOD A A A
I (05) ¥4k H,0,, 1 GSH-Px 1 CAT i#t—2
¥ H,0, # At Hy0R, AS:g 1, A pH {H
T LG R I 8 2R 5 ik EL R ) PO GSH-Px
FICAT I M &t & 25 IEAH ¢, & W] PO. GSH-Px
HCAT 16 M T i3 %k FLGA i % R ] 7= A R4 VR
FEAREAET %, Hesh kN SOD. CAT. GSH-
Px 1 GR S90S Ak B M R 08 T ik 5 3R 55 ) 77
HEHEDIN IR . BT pH i w8 s R v B
WK P ST R AL BE )1 (T-AOC), SOD F CAT i
PEREAR™, P IRIB YR (Macrobrachium rosenbergii)
1E 52 3 2 A W38 i AR 4 B SOD Al PO TF MR
B, Li 81 HdE Y KK pH o 6.5 F110.5 1F, L
YR X R N SOD Tf PE7E 6~24 h N i & T [
I H &5 pH I 4T URAA P4 5 G 78 A0 O 1) i 1Y) 356 1 2
JIRRE, TR KIEF ., A%E 1 d, P4k
4 (pH 9.6) N ML 44 5 %5 4 I, #k EY SOD. GSH-Px
I CAT WG R RIS, S &8 T R
P 14 X SOD It T4 7 K). X —%45R 5
A AWK 2 B0 W 5 AR Y Sl PR Y
Ty R S —F

3.2 pHERTALIEE X FLANE X ER 778 %
M#AEAMREKS EMRELEE ARG
S A5 RE W, pH e A2 AL R 8 7] 52 1)
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FLAN X R BLTE R . PV2(pH 7.5~9.5) il PV3(pH=
7.5~10.0) 7K A8 A XFIE B0 22 U] AT PVO(pH 7.5~
8.7) il PV1(pH 7.5~8.2) /K 1, FWH — K & i
pH ik F] 9.5 B i) S 2o xf iR sl 1% R0 R, X
5556 1T a5 B —5, PV2 Al PV3 7K Al Py XiF iR
1M 94k B GSH-Px {if M 2 2K F PVO Fl PV KA,
H CAT 1% 7 W K T PVO /KA ;. PV3 K i oy %of
R M9 B CAT 36 P 35 IK T PV KAl . X sb gl
R, Y pH B AS IR B IR 3] 2.0~2.5 B, A
SEOHER Ik I GSH-Px Fil CAT 1M R, %1E
F| PV3 KR Py IE RS R AR S S, WA
DU R B8 T 6 T o8 E — 8 B B 1 5 1M 94k I GSH-
Px Fl CAT i M8 A A & o WF5E % W B 5% pH A8
A6 AT 5 i) FL 49 Y X6 B i iR B SOD. GSH-Px Fl
CAT [ 3k, 1 pH % 2h 2 fifi X iR i = A=
KEH I 5 5 DNAFUG 22, s, R
PVO. PV1. PV2 I PV3 7KA# [a] %f &F Ifil ik I GSH-
Px Fl GR G PEAAAE i 35 25 5, {HAS [A] K A ] X iR
MLk T-GSH. GSSG il GSH & i G Iif % 22 7%,
J¥ H GSH. GSSH #1 T-GSH % & 5 GSH-Px & GR
T PR AN A OC o X S 45 S 3% B I 94k I8 GSH-Px Al
GR G MRy A fk nl fig H 2 22 GSSG 5 GSH 2 |i]
G R ARSI T, LN Vi X IR B3 SR
HHMME CATIE M2 IEM K, 5 mke T-
GSH. GSH Hll GSSG # & Ll }z SOD. GSH-Px /I
GRIGMEARM G, S8 T, LN X IR 3% R
5 ifi kB GSH-Px Al CAT iGPE R IEAIE, 5 SOD
A GRIGHEAM K, XL L, AN[H pH
FIS bW B2 T L4 T8 % AR 58 3% 2 55 44 P il ok £
GSH-Px 1 CAT IGVEAfAE—E MBK R, BIYIAEE
pH K55 5 (=9.6) 5648 b I8 B 55 K (=2.0)AF,
XFHF TG #E . LIk I GSH-Px I CAT 1 14 24140 %oF
BAK, X — 5 215 3R B R 0 5 5 I ik
I GSH-Px Fll CAT {HEHEAFAEFIR K R M ABEE L,
EAF I — 5T

33 [ pH BB 7 2 LR B Xt FL 44 S AT
SRIE I R KO

KR pH 28 AL FEAR KRR FE b B T 7K v ik iR
K R (CO,+HCO; +COI)H, Rl ¥ 6 & 1
FHFNK A= A Wy W 0 A FH 34 7] 25028 K AR CO, MR EE
B # W FE CO,, i pH FF 5 J5 3 /7 4 CO,, [
pH BEAK . BAh, XTERIG S . FER . WA PEA BL
JEFR BB T FREM A Y pH 7= A i 0
pH AL RIS MK AR TRAE A, #E—25 51 TAN
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FINO,-N &2, filan, A& Nitrosomonas
F Nitrobacter i& B A K B pH 75 FE & 7.0~9.0 P>,
H v 58 1L 41 B Nitrosomona eutrophafil N. euro-
paea W) B & pH Ry 7.4~7.8%Y, 4 & AL 40 & (WVit-
rosomonas sp.. Nitrosospira sp.. Nitrobacter sp.Fll
Nitrospira genera) 1) 2 F AL 3 7E pH iy 8.0 I} %
i, 4 pH B E] 7.0 I 2 A ML R TR DY, 4
o A5 Ak Ak 25 BT 4R 18 X R SR 5 3 3% P pH
5 TAN FINONE A K. ALK H, PO,
P1. P2, P3 Fl P4 K## N TAN, NO,-N. NO;-N,
CODy, FlI Chl. a ¥ J3 B X R 55 58 B [ G T 7 i
H A pH F B % B . TAN. NO,-N. NO;-N,
CODyy, 1 Chl. a FFE R H ZE 57 o LT, A
[] pH A P2 A i 2 I 255 B2 e /K A G . TAN
1 CODy,o ZIEHI S5 1 W] BT A K HE 4 TAN
He B (<2.0 mg/L) #f 25 I T XF 4R 5% 5 b 9 h ARG
TAN ¥ BE P, NO,-N ik i (<1.0 mg/L) i IX T
NO,-N j= 4= 35 FAE H 3 (25.7 mg/L)°%; 5K
56 11 390 1) X S ol 7% 2 B AR 9 7K A (PV3) A TAN
1 CODyy,, BH AR T 180T 2 AH X 458 i 1Y K A (PVO
PV, FIE A 3Ehn pH B B AR AR 5 BT 5 2
F1%) 5 B P 358 78 A T BE A 2 i SO0 R I AT
) 2 E A

34 g

IRBE pH 7K V- USRS A i B AT 8 35 52 i it
W % FE LI X R G R . 2 pH=9.5 BB K
pH iz i (H 48 i 9.5 B, X R AE T % I 3 4
[i5) Fisf 42 56 XoF R IfiL 94k B2 SOD. GSH-Px. CAT #il PO
EPER AL, X — IR RS pH s 198 2 5
O 3 25 LA X HRAE T A BB RN . R,
UK R 45 pH AR Ay FLAA T X U S 31 55 5 R BT 4Y
R () — T i
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Effect of pH variation on survival of Litopenaeus vannamei reared in
ponds and its physiological mechanisms

LU Lingzi, WANG Yan . HASAN Md Mehadi
(Ocean College, Zhejiang University, Zhoushan 316200, China)

Abstract: Generally, pH in the ponds of Litopenaeus vannamei farming exhibits long term trend as well as diel
variation. Understanding the effect of pH variation on survival of L. vannamei is critical for improving water qual-
ity management in commercial white shrimp farming. In the present study, two independent experiments each with
single factor design were conducted to evaluate the effects of pH level and amplitude of pH diel variation on sur-
vival of L. vannamei. Meanwhile, the physiological mechanisms were analyzed. In experimental I, four pH levels
(6.6, 7.6, 8.6 and 9.6) were evaluated, and the average pH level (8.2) observed in commercial ponds was used as
control. In experimental II, three amplitude of pH diel variation (7.5-8.2, 7.5-9.5, 7.5-10.0) were evaluated, and
the average amplitude of pH diel variation (7.5-8.7) observed in commercial ponds was used as control. The res-
ults showed that pH level can significantly affect survival of L. vannamei, hemolymph cell count, and activities of
superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathionereductase (GR), catalase (CAT), phen-
oloxidase (PO) and inducible nitric oxide synthase (iNOS) in vivo. Mortality of L. vannamei significantly
increased, while activities of SOD, GSH-Px, GR, CAT, PO and iNOS declined, when environmental pH climbed
from 7.6 to 9.6. On the other hand, amplitude of diel pH variation can significantly affect survival of L. vannamei
and activities of antioxidant enzymes (SOD, GSH-Px, GR and CAT), but did not result in significant change in
glutathione content. Mortality of L. vannamei significantly increased, while activities of SOD, GSH-Px, GR and
CAT decreased, when amplitude of diel pH variation was extended from 7.5—8.2 to 7.5—10.0. This study reveals
that pH level and amplitude of diel pH variation are important environmental factors responsible for survival of L.
vannamei, and stress induced by unsuitable pH should be the physiology mechanism since high mortality of L.
vannamei was accompanied by the change in activities of SOD, GSH-Px, CAT and PO. According to the present
study, it is recommended that proper pH control should be listed as an important content for environmental man-

agement in L. vannamei pond farming.
Key words: Litopenaeus vannamei; pH; survival rate; antioxidant enzyme; hemolymph cell; glutathione
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