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W OE A,

M E RMESASUMEEMG LS SHREMSMESAS pH MG = SREE 0 8 X FLaiE
XU A BB R T T AR PR S . A AR E N 0.5 .10 mg/L =ANK, A F K46
JE40.5.10 mg/L,pH BN 7.6 8.2 8.8, Eh B B B BN 515 25 =AKF-, ilad B KR4S THE &
RIS, ELETR T d )5, RUERAREE AR SR A A R B i 2 20 A R T 285 2 G v T %
fK(P<0.05), frvk AR (10 mg/L) 5 RSAA (10 me/L) 41 5% BLALHT Lo, g e K R i
FVRDRHE AL R 500 R I T 18.31% (14. 68% F1 17.49% o Y5 BAE R e — Z0R iy & &0 F , pH 7. 6 il pH
8.8 IS I ENT pH 8.2(P <0.05) . {HiE pH fEdE— IR AR A, pH 8. 8 AYFFTG H B F KT pH
7.6 F18.2(P<0.05), H pH 8.8 FMEZAE N 10 mg/L X HFAESLINEE R &A1, M WAHAEAE R —
RIS, 3 BEXT & R TR M (P >0.05)  {H X555 A K SRR G (L S 52 m i 35 (P <0.05) . 7ETE
A 10 mg/L i, ER B 15 F125 1o 2R KR TR AL RIAE TG R 1 3 TEh 8 5. S5 R TH R LB R

SR A A A R X R AR R P, = pH 2 Jim ] 224 O X R A B
KRIF : FLANEXTIR; A4 PRINE ; EAA; WRAASA; pH; 1 E; BER

PESES: S968.22 XEIRE: A

JUYN I X6F B ( Litopenaeous vannemei ) J& 7 i
W11 ( Arthropoda) , %f iR} ( Penaeidae ) , X} [ J&
(Penaeous) , ZMFEATMARK G&EREE ™ T &
AR B R DR R J 7 R AR Y T
B FRIE A R A, TR 42 BRI PN 43 R R
Al o ORI [E T — Al R T LAY X
HRASFRFE I , 2 2014 AR K FR5H = 5 1887 . 547
T3 i A X MR 3R 5 Y 83. 6% , ik
Xt IR IR A XS Fp2E

AR A A R 7K ™ 77 58 B 55 vp 22
R B3 PR 5, HORE IR 1) 1 3 2 22 O T RY , 380 1Y
VR T 25 50 W) B A 1 A B B L GO e, Ao ARG
S, K EAM R, PO R LT
R A 3 S AL BB 12 ( phenoloxidase activity ) 7E{IR 2
SAA(1.10 mg/L) FIXT A T4 T d 508

Wi EHER: 2016-09-18 f&ME HER: 2017-10-11

HAE B Y SRR E TR F] 5. 24 mg/LFH 1 d
Ja R R D 7 IR R IR ( Procambarus
clarkin) (%) [ I3 17 PR i ( LSZ) | S84k 4 1B,
AL (SOD) , LAl LSZ | 1y 48 fho it 17 14 LA K% of 240 i
SVECTE e A5 AU BT W A R () A S K T
K H A B U ( Macrobrachium nipponense ) 1]
SOD o 48 A S i 0 A e H TR At 41 A il ) 9
7 DRI 25 SR A 6 AR ARG o T 9 i [
ZRNREE EL A pH SEMIE IR Ry AR . A S
R AR TS EWREREE pH FIEE Y T =
Thies , (o 0 23 52 3 5 0iR (0 2 B 4 O o R R X
T AR B BE PR 0 |5 0 2, £R By, iR
N VA A5 SR T 32 E H B T . 7K BREE
Hh A S A LA AF B2 AR 25 - (NO, ~ ) T AK IR
(HNO,) Wi JE X AA7E, 5 5 BE B B 47 #Of i i

EETE: FEIFHA AR RN 25 5 X 50 0 00 H (CARSA7) 5 7 i B R /K £ 11 (520160004 ) 5 #F 1148 BHIF B T & 5

(2017F10021 )
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SEHEANUA, BEPEROR . KRR pH R R, LA
HNO, JE A7 AR B Al 25 U Fe i) BT F, PRt Ae
1% pH 46 PF T WA A AU s

X ) 5% £ 2 AR O IR W R 4 B BILAA Y
PRIERGE B — i i 2 AR i i 2l BE 32 3 P A 2
R G TR R A4 R o 52 245 P A 3
BN TR0 o O 1S4 R A i B R A M
THRA T , L AETRA T #5148 1
v RIS it H A E YRR R T L
AN XTI R R R B T AN 22, DRI o 2
TR R RS R LA TS X T FLah i
Xt U AR R R B 56 AR IS I, 46T LA T AL
i, 5K T B s % Mg B 358 W 38 R W) 1Y 3 A T
o

L ikl

1.1 SEIg#rs

S AE W L K 2% K 7 ROl A OBR 2 A
(120. 848687°F, 27.89073°N, Wiil45 M H ) ik
1, B P FLgh 1 S MR ( Litopenaeous vannemer ) 3k
B W VLA I 7K ™ 5% 58 B 5 T 3 TR B A b
(121.108733°E, 28.280329°N, Wil 44 M)
HHEMWEE 1 5 RTERAE BR R T K g SR L
24 h 5, BRIEAR A, A5 S AR T ) X IR T S 2
S
1.2 SRHE

S — LRI T 3 AN RS S (R
1) oGS RUH S 0 28 R0V 32 K A PN [ 47 55
wFgEaE " SR T A HART 96 h
MBI . WA A M A S A MG SR, I
SR ASFWIEL N 0 mg/L, 5 mg/L, 10
mg/L(pH 8.2, 8% 15) ; @A S pH #5925
L EASRUWE N 0 mg/L, 5 mg/L, 10 mg/L,pH
fIBBIE H7.6.8.2 F118. 8 (LA A EHSE 0 mg/
L,3hBE 15) 3 5 WA S AR A S g, WA S
RUKIEZ RO, 5, 10 mg/L,FRJEH 5 15 125 (S
RUIZ R 0 mg/L,pH 8.2) , SEERHF/KZVIRE, 4
YW, T #ESE AP IR, o B2y 15, pH 8. 2, A4S
RANEAH SR AL T 0.01 mg/L,

TR BB AR (FRFEKAR R 90 L) 3%t
IF10 &, A AL B 3 A, WA R B i
(W2HL) M (4.50 £0.50) g, TG (82300 20 A5 A
FUEASS A, LA aliny NH, CLAT NaNO, i jiiiat

TR, X FRBE KR A B2 25 R I 785 R B 0 A T
VR AR /NS AR o JBRAG  SL  E AK
T pH, H] NaOH H1 HCL VA WGEAT IR 3%, b
(AR5 3 3 s i NaCl 5208 K 1T o

SIS BT AR RE A T I I RO SR A R (K
10. 1% , % [ & 43. 1%, I 115 5. 1% F1JK 4%
10.7% ). & H$ M 3 WK (7:00, 1200,
18:00) , i 4 MRE, 500 2 h J5 Wi, CAE i f) et
FE 60CHE TG PRI . A H e 1/2 7K, FRAE K IR
W A ERFTE 6.0 mg/L LA B, G 16 L:8 D, K
M(32.0+1.0)C, SLE ISR 7 d, 50504,
Jei FRZD A W iR 1T 7K 3, FH FL 1 RSP g i 6
WA KA 22 0..001 g,

F1 ZWwigit
Tab.1 Experimental design
WAHER(mg/L)

. AR (mg/L) RS R
SN
AbFRA Xg‘z\,.l‘?%(mg/]_,) x pH (mg/L) x £
Nitrite-N . L
Treatment . ammonia-N Nitrite-N
concentration X . .
groups . concentration X  concentration X
ammonia-N ..
. pH Salinity

concentration

1 0x0 0x7.6 0 x5

2 0 x5 0x8.2 0x15

3 0x10 0x8.8 0x25

4 5x0 5x7.6 5 x5

5 5 x5 5x8.2 5x15

6 5x10 5x8.8 5 x25

7 10 x0 10x7.6 10 x5

8 10 x5 10 x8.2 10 x 15

9 10 x 10 10 x8.8 10 x 25

1.3 HESH

FEAEKFE(SCR, %/d) TRBEZE(FI,, %,
H AT F 20850 R eHig ka2 (FCE,, %)
3R SN A KR

BEAKZR(SGR, %/d) =100 x (LaW, -
LaW,)/T

BER(FI,, % 5 KR E %) =100
xF/[T x (W,+ W,)/2]

Tk e b A (FCE,, %) =100 x (W, -
W,)/F
A XA TR E (W, ), W, W, 53514
SIS T If K A5 AR X IR R F O AR A
(TH, g) ;T HEEFFEENE (d) .

SR SPSS 16. 0 5 5 56 44 14 T 5 R 28 A0 AL
2R 77 22 70 #7, Duncan [QZ H LA, LA P <0.05
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VR 25 WK, ARG E R A HE +
FrE2Z (Mean + SD) 75, 2R Excel 2013 Xt
SCE R PRI T EH LA

2 4
2.1 SEEMTHSEBE X LANEFIRER
5BRENFM

W3 2 PR, RSB B0 WA S R & 35
PN 0,5,10 mg/L Y 3 4HRIE T, 525 X UF
(R A AR R B SRRV A b R 4 Bt 25 Rk
JERIG T T FE(P <0.05)  ZARFTAHER
FOMEE N O THE 5 81 10 mg/L i, SR AR 465 2 A
KA R E R R AR R E TR (P <
0.05) . WASA A M ZASZ W HE F 38 BEAE X T
BABRERLE(P<0.001), FEEKRY
AR (A) MM ESE(N) fF 6 0 IR,
HEHA ) FER Ry (%/d) = —3.198 — 0.291 4
A — 0.202N + 0.0094 x N + 0.0114% +0.005N>
(R*=0.97, P<0.05),

*x2

2.2 S&EMpH BEMAMENTEKEER
=R

R 3 s, &8 FOKF 1 82 v 5 BO R Y
R AR, B E R MR R TR (P <
0.05) . pH 7K1 e 722 [w] B 52 i % W 1% 455 5 A=
K R M3, pH 2 8.2 B XTERAY
FiE AR KR, B B AR R R m (P <
0.05), pH 8.8 B £ 24k T & AR, HA
BEAKFHR S mg/L I, Ff e A K R L
FRPUE, SR N 10 mg/L N, X EFFEER 3 K
et giitg LRV, ZASEKEF pH
XN AR AR 3 R B AR (L 3R 1 52
M 2% 5 2 (P <0.05) . WHAFHA XN FHENS
Bozm 2250 3% (P <0.001) o XFAS [F] ¥ B2 2 45
R (A) FIA [ K- pHCH) R 4R AR K R AT
[0 b B, LR 7 A

Ry, (%/d) = —253.949 + 0.0344 +64.101
H - 0.0524 x H+0.0194° -3.983H*(R* =0.79,
P<0.05),

THSEMESENNNENTHREERER FERXBRERAMEUENZIN

Tab.2 The effect of nitrite-N and ammonia-N on specific growth rate, survival rate,

feed intake and feed conversion rate of L. vannamei

TWAESA ASEUE/ FeEdE KR o P %
W/ (mg/L) (mg/L) WREiR e RATTR g FGR/ % SGRy/ (%/d) %ﬁf @Eﬁ%%
nitrite- ammonia- Initial weight Final weight Survival rate Specific . ‘ .
N concentration N concentration growth rate Feed intake Feed conversion
0 4.52+0.04"  5.72£0.19* 100.00 £0.00*  3.36 +0.07*  8.25+0.07° 50.04 +0.68"
0 5 4.54+£0.02" 5.28+0.01" 95.00+7.07" 2.16+0.09" 8.14 £0.06® 25.60 +1.95"
10 4.56 £0.00°  5.10£0.01" 90.00 +0.00™ 1.60 +0.01¢  8.01 £0.02%° 20.02 +0.11
0 4.46 £0.03"  5.08 £0.04" 96.67 £5.77" 1.86+0.14° 7.94 +0.14*1 22.99 +1.75"
5 5 4.52+0.04"  4.99+0.08" 83.33£5.77% 1.40+0.13° 7.78 +0.16°* 17.49 £0.75¢
10 4.47£0.00° 4.78 £0.01' 80.00 +10™ 0.98+0.03" 7.53+0.08° 12.22 +0.46°
0 4.50 £0.05°  4.96 £0.16° 83.33 £5.77"° 1.41 +0.10° 7.86 +0.27"% 17.97 =1.60"
10 5 4.47+£0.13*  4.77£0.15° 73.33+£5.77° 0.94+0.05" 7.62+0.14%  12.32+0.84°
10 4.45+0.10°  4.64£0.18° 46.67 +15.27% 0.62+0.045 7.04+0.21' 8.75 +0.57°
F R TSR 0.000 0.001 0.000 0.002 0. 000
Variance ARA 0.000 0.000 0.000 0.000 0.000
?r;fl{yg; Hf%};? 0.000 0.076 0.000 0.004 0.000

T BB 3 TR EIE (n =3) o [RSVEEA LITARA AR FRERR 2250 B3 (P <0.05) o T 2200 Hr (P () PR T5 2

SrAT S U 3R J5 28 50

Notes: Values ( expressed as mean *

2.3 THERMEBEEBENALAENFERS
BRENMm

AN R E T Xk MR A A A K AR MR R e A
REPAB (R 4) FE5 ~ 15 FHETEHEN, K E
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SD, n=3) with different superscripts in the same column are significantly different from each other (P <
0.05). Variance analysis were One-way ANOVA and Two-way ANOVA

A SR R e AR R B R R B R T e i T
(P<0.05), 2 )kt % & B b JH B (P <
0.05) , 1M XF MR A F EL AL S ~ 25 JE [ N Z B4
JERTEI AR & (P=0.05) o Jr 200 brios, #



2 14

B S AR RIEREE G DR 50 PLAN ST I A K i A ) 171

JEE TR U 18 4 2 A SR RN AR Ak 23850 ) 22 5
(P <0.001) (HXT B LW AL E (P=
0.05) o WVAHZS ZAKF X X I B4 45 100 2 B30 52 )
Z5FRECP <0.001), W fif A Z £ B WA T
EHAE IR R AR R 2 R
(P<0.05) Xkl bR sgm 2z R AR E (P =
0.05) . ARNEAEAA(N) FMERLE (S) T 1%k E
AR BT 5 B N Ry (%/d) = 1. 488 -
0.121N +0.1825 + 0.003N x S - 0. 001N* -
0.0065*(R*=0.84, P<0.05)

3 e

3.1 SEMTHEESRBEX LAEST IR
1]

G RN i 785 ZR0 2 % R 77 78 PR 45 v o 32
B A PR, 38 e TR B B 2 R M A AR Y A
PRTIRE (BT 1k, A0 Q2R A, AR A2 B
A A AR S AR, AT DA 5 Sl i i i
Wi AR R AR S RUI 2T 8 1 1 BNE , DT 75 | A s 4
IR EERE " o AR MR IS R LR G %
FER AR AL 2 B, KA ) A S R B 20k B T i
AE, I A R L TR ( Nitrosom: onas ) B fiF 4k
YERL B M A SR . AAS AR E T H 3l

YR ERAH SO AL, FE B 5200 25 5 i ox
AR N R R AT TR 7 AR AR DR I S il 4 1T, AT
PRI R R 1Y 2 B, S BOW A S B R LR, X
ik AR E . RTRESAS TR
AR =R A SCHR R W KA b i) A S A L
FAE T R LA R A BRI RE, B
KU S R g R I, 7R E (1 mg/
L) MES A SE RN T LHESA TS
TR YR ( Macrobrachium rosenbergii ) 1) Ifil 20 Mo 5% &2
E L TFASR Y . ABIRLRSREN, &5
FUFIE A 25 EK - T &1, 6k 068 B 9 4 A2
B AR RO Al 5 A ™ Y B AR .
AHICHTFE B, e PG i MR Bl 7 22 285 R I A 285
R FE G =y, B R 1) 55 £ I [R] L 5 £ 450 T A )
SRR S, S ) S I b AR
e, i P HAR R TR L Xk B AR A
LA EERT AR AR 53 35 R T, K A rp G S Rk BE 1Y
PANET 111 R N W N = = B3 P I R U DO
{DF R N R NC] BUUE = 7 1 A £ N ]
TR AT X6 U 14 A58 P 48 £ 38 )85 o, i EL Al
XPHRTEA: B 1R 2 K B Y BE S HRAE I AP ek s
W ARl ) P A AR R T e, — 8 L[] 52 21 1 4o o)
TR LA N i AR A AR BRI

£3 pHAMEEENNMENMFEERKE FER BEERAMELERHZME

Tab.3 The effect of pH and ammonia-N on specific growth rate, survival rate,

feed intake and feed conversion rate of L. vannamei

B KR

ammonia- MR BT feRA/% SCRy(%sd) IR fRAR
N concentration pH Initial weight Final weight Survival rate Specific Fld_/% FCE,/% .
(mg/L) growth rate Feed intake = Feed conversion
7.6 4.48 +0.04* 5.46 +0.03>  100.00 =0.00° 2.84+0.05"  7.75+0.03%  36.49 0,43
0 8.2 4.33 £0. 13 5.65+0.13*  100.00 £0.00°  3.79 £0.75" 8.21 £0.20*  52.28 +0.07*
8.8 4.55 0. 06" 5.40 0.01"  95.00+7.07"  2.45+0.22'  7.41+0.10"  32.96 +2.92"
7.6 4.39+0.05*  5.20+0.08°  93.33+5.77"  2.61 £0.86™  5.57£0.19%  46.44 +14.04"
5 8.2 4.37+0.12°  5.37+0.11"  96.67+5.77"  2.99+0.77%  6.04£0.44°  48.82 +8.78"
8.8 4.31+£0.10°  4.08+0.17"  63.33+5.78° —0.80 £0.74° 4.88 £0.06° —15.99 +14.25°
7.6 4.41 0. 10" 4.77+0.02°  86.67 +5.77" 1.37 +0.29¢ 5.43+0.08¢  24.17 +4.71¢
10 8.2 4.33 £0.17° 5.02+0.109  96.67 +5.77"  1.56 £0.60¢ 5.79 +0.40%  26.86 +10.05
8.8 4.50 £0.05* n. a. 0.00 0. 009 n. a. n. a. n. a.
LA BEA 0.000 0.000 0.000 0.000 0.000
Variance analysis pH 0.000 0.001 0.000 0.000 0.000
(P 1H) A xpH 0.000 0.004 0.002 0.000 0.000

T BB 3 TR EIE (n =3) o [RSVEEA LITPRA AR T RER R 2250 35 (P <0.05) o J5 2200 Hr (P () AR T 2

OMAT SRR TT 225040 . a. FORAIFAIREE T, B To UG

Notes: Values (expressed as mean = SD, n =3) with different superscripts in the same column are significantly different from each other (P <

0.05). Variance analysis were One-way ANOVA and Two-way ANOVA. The meaning of n. a. is non-available data due to all shrimps died
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Tab.4 The effect of nitrite-N and salinity on specific growth rate, survival rate,
feed intake and feed conversion rate of L. vannamei
DIRTERY K745 Rk 2 %
ﬁnmifk " o MRy BAER/g fANR/%  SCRy/(%/d) %%j,f @%ﬁf
N concentration Salinity Initial weight Final weight Survival rate Specific & o
(mg/L) arowth rate Feed intake = Feed conversion
5 4.51+£0.02"  5.26+0.04* 100.00 +0.00* 2.17 +0.02" 5.34 +0.27* 38.34 +1.19¢
0 15 4.57+0.15*  5.53+01.19° 100.00 +0.00* 2.72+0.03" 4.93 +0.23" 56.73 +2.83%
25 4.51+0.01* 5.36+0.03*™ 100.00 +0.00* 2.59 +0.03" 4.90+0.22" 56.79 +2.83%
5 4.50 £0.09*  5.13+0.09%  90.00 +0.10° 1.86+0.09° 4.62+0.25" 40.34 +1.63"
5 15 4.54+£0.09" 5.40 +0.06™ 100.00 £0.00° 2.48 +0.21™ 4.95+0.06> 49.95 +4.70""
25 4.48 £0.04*  5.11 £0.10% 100.00 £0.00* 1.88 +0.17¢  4.95 £0.39"  38.26 +6.69"
5 4.55+0.04" 4.87+0.09"  76.67+5.78" 0.94+0.36 4.55+0.11" 20.76 £8.04°
10 15 4.48 £0.09*  5.20 £0.08° 93.33 +11.55% 2.12+0.34> 4.72+0.08" 44.78 +6.53"¢
25 4.46 £0.10° 5.06+0.06°  96.67 £5.77* 1.79+0.13°  4.75+0.14> 37.76 +3.09¢
WAEAR 0.000 0.014 0.000 0.007 0.000
.}jééﬂﬁ . i 0. 000 0.010 0.000 0.970 0.000
Variance analysis e
(P{H) Efi;; 0.403 0.191 0.033 0.021 0.053

T EIREE N 3 AT (n =3) o RSB AT EITARE AR PR 2ZR B3 (P <0.05) o T2t (P (i) M Nz Tr 2

IRCPSE WiP =Sy iy

Notes: Values (expressed as mean + SD, n=3) with different superscripts in the same column are significantly different from each other (P <

0.05). Variance analysis were One-way ANOVA and Two-way ANOVA

3.2 AR pH #BE X L4 R X 4R 8 52 0
(] R, 22 A8 R A 2 00T X S 1) 52 i 52 )
pH AR . 2SR T RIR ) FE 28R TR
BT RASAH N TAS ARG Lm0
Ve, REAE o 37 AN 0 R T AN 4L, T pH Y
EAASEE TASAN R T AS AL S
A AR AR R A A AR TR, pH B
Thim — A, E 3 P Z S B E R4 THE 10
57, fE4 h Py, pH 7£ 7.0 ~8.5 BFLHE P,
[E X ( Fenneropenaeus chinensis) %] WiF it #6 4 R
bt pH ZeAR (s i A . pH FH k8. 8
~9.5 I, &[G HF 6 iz BR T 00 SRR g R S f] 1
KU, 3 B R BEE pH YT X
B AR TR bR W T RIS SR . pH AT LU e 3k
BT RS R ok ik — 23 X E, BT 2L pH R
BRIT (A 1 P HG 58, /KA o 1) B il R AR i
HIHFE TR pH ETH) X T T =5 RS T Y
Xof BRI 35 fe R R o
3.3 IFAHZSEFIER E#E & X FL AR X HF 8 52 0
I RGP U A 1) A K S i) R R T S ) M
PRAE 2 5 8 5 A U7 . 6 8 728 A ml g fi
XFURGEATE &, S BB e R A4S, th T
TR RETE Z 80 P 52 sh W rY R & 3 e b i BRI
Fo ], PR AR BB 1 A2 fb e e T AR KRB I AR R
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WFFEN Ry PLG T X R 7 42301 5695 05 (24, 7) B
T4 45 1SR B PR B AR Kb . AT
5 — B R LA X B ) Bl AR K R R 20
ZEAY S ARSI AR 1S MR KB TR
25 X455 B RIS R R4
REWLER S0 IR AE R AR B (ER SN 15 F125) 1F LR
FOARER B (Fh 8 5) B /N sl 3, ARk
THOLT (FRBEN 5) FLYATE X IREHTAIR U1 B g
R TEERE 15 ~25 BYBRES R0 AV IS
JiEes' . R R A A B R T
S TR 285 R0 7 X6 B £ 858 5 5 4 AH [
WSO A5 242 T L ek B R SR B I G
SR (FREAE A2 A SR b — B 2 A W 2
AR

4 g

L T, S R A 25 R 5 0 LN
XU 8 A AR 410 1 A7 A2 B A0, SR
GO fE FBEE pH AT e e {5 6 25 200
Xt SR A 3 S P T e R R — e R T R
TEFRFE I AR, 2 ) A ORI A S R R WL
PEPRIEELAY pH FNIERBERARAT = 7 i MRS L
RIA R IELL
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Immunities of the shrimp, Litopenaeus vannamei ( Boone )

Growth and feed intake of Litopenaeous vannemei under stress-environment
interaction

CHEN Heng'?*?, CHEN Chen'?*’, YU Jungi"*’, ZHANG Xiang'?’, YAN Maocang'?®, ZENG
Guoquan'>” | KE Yejian'*?, FANG Xiaoyi®

(1. Zhejiang Mariculture Research Institute, Wenzhou 325005, China; 2. Zhejiang Yongxing Aquatic Seeds, Wenzhou
325000, China; 3. Zhejiang Key Lab of Exploitation and Preservation of Coastal Bio-Resource, Wenzhou 325005, China; 4.

Agricultural technical extension center of Tonglu, Hangzhou 311507, China)

Abstract; In this study, sub-chronic toxicological experiments were carried out on the growth and feeding of
Litopenaeus vannamei by three groups of two environment factors, including ammonia-nitrogen (0, 5, 10 mg/
L) with nitrite-nitrogen (0, 5, 10 mg/L), nitrite-N (0, 5, 10 mg/L) with salinities (5, 15, 25), and
ammonia-N (0, 5, 10 mg/L) with pH (7.6, 8.2, 8.8). After 7 days of continuous culture, the growth and
feed intake parameters all decreased with nitrite-N and ammonia-N concentration (P <0.05). Compared with
control treatment, the specific growth rate, feed intake and feed conversion rate decreased by 18.31% ,
14.68% and 17.49% at highest concentration of ammonia-N and nitrite-N, respectively. In the culture with
ammonia-N as exclusive N source addition, the parameters of pH 7.6 and pH 8. 8 were significantly lower
than those of pH 7.6 (P <0.05). Furthermore, the survival rate of pH 8.8 was lower than those of pH 7.6
and pH 8.2 (P <0.05), and all individuals died on the second day in the pH 8.8 and 10 mg/L ammonia-N
treatment, suggesting that high pH value would enhance the negative effects induced by ammonia-N to L.
vannamet. In the culture with nitrite-N as exclusive N source addition, the salinity had no influence on feed
intake (P >0.05), but had significant effects on the specific growth rate and feed conversion (P <0.05).
When concentration of nitrite-N reached 10 mg/L, the specific growth rate, feed conversion and survival rate
of both salinity 15 and salinity 25 were higher than those of salinity 5 (P <0.05). The result showed that
high salinity could alleviate the inhibition of nitrite-N on growth, while high pH value would exacerbate the
toxicity of ammonia-N to L. vannamei.

Key words: Litopenaeous vannemei; growth; environmental stress; ammonia-nitrogen; nitrite-nitrogen; pH;

salinity ; food intake
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