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O I AT FLA I R R K SR A i KA R AR AR ALY (87T ) VRRRR (S°) LB
(TS) & i FN BN A RAE , BRI H 5 R4 (DO) . pH B @5 (TP) R (TN) ML HLIR (TOC) AHIEE,
JUGAEE X} B P S5 55 L R 5% B 9 VG O 70 R 2 4 SR (L S AR 25 R AT SR AT A IS R P B AL B B
(18.13 ~232.56 mg/ke) Fife K+ M TR P BRALY & b (0. 31 ~ 5. 86 me/ke) HBIE T ll JURERBE P Ak 4 1
LA T SRR IR S TS S R4 B2 0.39 ~3.06 mg/kg Fil 221 ~4421 mg/kg, S* I TS Fifi 525 i} 7] 5
PRI, S A AR R X Al AR 1L 5 R Y8 TS 7 0. 12% ~1.76% Hy S*,0. 12% ~ 1. 04% Jy 51 JF
Bt s AKIEJC TR TS H14.30% ~17.85% Jti Ak ,0.09% ~0.37% Jy 5 gifi ; KA FEFRFF & LA EXTHR SR
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54 JEIRL, 56 - PLAATEENS O 8 R 1 b I Ve mm A4y 5 ik S HG5 FUA BRI I 1 0 5 2R 757

) FLA R IR 7K 57 58 8 K -t (Y 1, 23 51ie
N H H, Hy F1H,) AR5 5%, AR 0. 43
hm? JRJFHIT,6 4EHEES , 4F 11 J B RE3 A
ERIERIE I, FRB T IS L 4 1.5 v hm? A
PAHBEIF UL 2 W, A 11 T E s U AL
2 G (RN 1.5 kW/ &) FURHR AL E A B0
1 E (4 0.75 kW), H H, (H, JE/K LR E
2 400 m* JKZESE (Ipomoea aquatica) , 2015 41

SRITE K A TR KR (DR R) |, Bk 74. 97
TR/ hm? JEFRIRACYISE 15 d 9 PLYA I X R SR
H,6 HZE9 AR I, KHELY 1.5 m, & H
1300 ~ 15:00,22:00 ~ 1:00 Ji3 538 4 B 4 HE 47
WA, A H S =R A R 2 R (6: 00,
16:00) , #5535+ 7 J 20 AR 15 B A4
A — W (20 M B = Y 20% ~35% ) . FL
AN IMAER I (H,-H ) BOEARTE AL T3 1,

F1 MR IEERER

Tab.1 The basic information of the test ponds of Litopenaeus Vannamei

FRIHAIZIN [F]

W5 o FRIE KK d N7 5/ (kg/hm?) TR R AL
Pond No. Sta.rt?ng. tlmff and Culture time Unit yield Feed coefficient
finishing time :

H, 4.22 ~9.21 145 6 747 1.03

H, 4.22 ~9.21 145 6 597 1.04

H, 4.22 ~8.18 111 3691 0.94

H, 4.22 ~9.21 145 6 459 1.07

N — 2 - 0\ [16-17 7

1.2 #HmX& S,0,7 7 [l FE R Hy BT AR (S°) VO 5 SR FH R A 4y

KA ], P e 4 M EESELE 3 m
b FH A RIFEAR R e R BRI T , 43 1) B ] 4 o
JZ5 em AR AVE R IZ MRS, % 38 s 0] 52
B, FREAETD 4 MAEESESE 5 m Ab HISROK 3% R4
FEKOKTE T2 20 em) K2 K (FEE 2 30
em) SRR A G % KRR 38 (8] 5256 5 0 5E 7K
FidEbn. LR 15 d REE—IR, AP E RUR A
LT PEREFIRAE
1.3 #&E
131 JKAb2EFRHRI E

R A3 20 22 S 80K 5 {X (YSI ProPlus,
F ) XK (T) A (DO) pH 47 Bl I
FE o I H L B F B R R e K (A% B
BE IR T NI -2 OB L R IR
3 B T S YO BE TR B R B HL £ T A e
b R A I A 2R (NO, ™ -N) L BV A
(TAN) | & ¥ 8 (PO, -P) | i (TP) Al S A
(TN) ),

1.3.2 JRIRIEFRINE

FERNERALY) (S*7) R H 3L 15 43 6 6
PR AR E R R S RES A
BALYI AR A B AT AR B S2 06 A5 s
[ %y 85. 20% ~ 92. 48% ; S5 EE R (K S 5
SO>I AL S,0,° 7 B4 SO, FE R 41
5 R AT OO R R, AR JE R R R

HrAY Celtra CS3000, 7 ) 338 T @4 BELL ST
W, IS R U P AR (TS) it ™ s TR AERR AL
AEFRJE A Vario MAX JC 2 43 BT A0 %2 8 A HLIK
(TOC) "™ Vario MAX JGZ M 52 TN; JK L
FEINGE TP ERHEIE A A kR
1.4 HiEALE

1) Excel 2010 {4 B SC 0 B4, 36 T R
3.4.3 PEAT I 2537, 3R JH Duncan’s 345 %
T (P EHNT 0.05 FREFLE) .

2 R0

2.1 RIEVEK BRI

2 4 TR b 32 K TS AR 1 B (E
FAR L X B, B R 2 AT 0, 4 Hk 5 4% pH
(7.96~9.72) I BREWs &, T. DO, TAN FI
NO, ~-N £5& LA X iR 2 ok 2% H il T
FREEHE (8 H) KR AN pH % &, NH,-N 5
SRR T A E R S B Y LRI R IR A K Y
4> NH,-N ¥ (0. 201 mg/L) "™ 350.42 ~0.86
mg/L, TP 5 TN gy484k X [H) 73 51 24 0. 24 ~2.09
mg/L 5 0.73 ~9.35 mg/L, 73!l it [ 5 20K
s o i i 28 bR 7 (0. 2 mg/T) i 1T 38 4
(0.5 mg/L) ™ il ad b, AT LK B3R A )
(T 50 K ) 45 7258 L 1 7K A4 7K J5T 8 A AH X 4
M FR4E H J5 1) 3 2K BT 46 A 3 45 T 509, TN
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TP g B b T, f s (R0 6 6L 23 31 5%
T5~THEM2 ~4 %, RN A BUKIE DO &5 i
FARTIRFEIE DO, A6 I 2 A e IR AEAX 1. 54 mg/

L,TAN NO, -N.PO,>"-P TP HH i3 & F 75 51 I |
VN TE A e b TR EI BT W i s e
FI ISR FHANDTE B B SR it LA T4 34

£2 ARERAREEARESTHESELRE

Tab.2 The average value and variation range of the main water quality

indexes of test shrimp ponds and water source

=}
:Ul—’jﬁ‘ H1 H2

H H
Pond No. 3 4 R
7Kg/ C 28.1+2.6 27.6 £2.7 28.2+2.3 27.7+2.4 27.9 +£3.2
Water temperature (24.4 ~30.7) (23.7~30.8) (24.6 ~30.5) (24.1~30.8) (23.9~33.5)
DO 8.49 £1.68 8.45+2.26 7.99 +1.64 8.45£2.17 3.95£1.97
(mg/L) (5.24 ~10.29) (5.18 ~11.87) (5.69 ~10.28) (5.85~11.72) (1.54 ~7.12)
" 8.81 +£0.50 8.77 £0.60 8.82 +£0.54 9.08 £0.41 8.11 £0.51
P (8.07 ~9.62) (7.96 ~9.72) (8.23~9.70) (8.46 ~9.62) (7.51~9.12)
B/ cm 22.5+8.3 24.8£7.0 19.8 7.0 18.4£5.2 38.1=+15.5
Transparency (10 ~35) (13 ~38) (11 ~28) (11 ~25) (11 ~58)
TAN/ 0.91 £0.60 0.80 £0.45 0.59 +0.11 0.93 £0.62 1.77 £1.41
(mg/L) (0.33~1.99) (0.34 ~1.61) (0.51~0.75) (0.28 ~1.93) (0.72~4.7)
NH;-N/ 0.24 £0.21 0.22 £0.16 0.18£0.14 0.42 £0.30 0.18 £0.25
(mg/L) (0.06 ~0.64) (0.03 ~0.46) (0.06 ~0.42) (0.05 ~0.86) (0.03 ~0.76)
NO, ~-N/ 0.121 £0.188 0.057 £0.088 0.012 +£0.007 0.222 +0.549 0.237 0. 149
(mg/L) (0.004 ~0.566) (0.004 ~0.224) (0.007 ~0.024) (0.005 ~1.579) (0.082 ~0.547)
P03~ -P 0.22 £0.09 0.23 £0.12 0.19 £0.03 0.18 £0.06 1.34 +1.86
(mg/L) (0.07 ~0.32) (0.09 ~0.45) (0.17 ~0.25) (0.06 ~0.25) (0.12 ~5.74)
TN/ 4.83 £3.26 3.51+2.6 3.14£2.13 3.96 £2.26 4.22 +£2.96
(mg/L) (0.97 ~9.35) (0.78 ~7.79) (0.73~5.3) (0.82~6.36) (1.06 ~10.01)
TP/ 0.9 £0.56 0.77 £0.59 1.02 £0.49 0.81 £0.48 1.99 £2.56
(mg/L) (0.27 ~1.82) (0.24 ~2.09) (0.43 ~1.57) (0.37 ~1.69) (0.25~7.89)

2.2 BRIHWEAKETERERGLY. LR
WA BR S BT
2.2.1  BRALH SRS A (LARE

723 FIZ 4 AT LA 3 A 375 01 A )
(145 d) {9 FLANEEXTIF H, (H, (H, #8K + bk I8
S SR TS BT A LA, 24
NFEF A 34 d Yy Hy A 2 ~ 3 6% B
FWTIE R 5 TS 19 H 4 HOAR B 0] A AEAE %
25 (P>0.05), H A4 MRIIHERR S S i
EAEIE N 0.31 ~5.86 mg/kg, A T H fa 1l %
TR B R SRR R R S AR B E KT
JH 1A S PR A 132. 54 mg/kg (P <0.01), [f]
WP E PR ST TS M AN Lk E T
12, 11% , 3 2 g T Jo 300 300 18 4 4F 78 2 Tl
PR LR LA R K R SR e W HE T, e T R
JE PG Y R R

Bl Ta g A [i) 37 5 I 1) 253 2 R 55 5 - 1t % [+
A0 R TS TS U8 S° A i AR Ak a3,y o
AL, 4 SR BB JE rp S° ot I 3 i i i 4
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Jerh P A AR, o I Y 2 ~ 3 %5 1
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T, Mt R 6 H 27 HIEJR S° & i
BET7 A 10 B, t ] a8 5K B iH
FRZK PRI 56 o AR5 A 4512 i K SR A A TR
ERAR J5E B 1 05 PR R R, DT 2 2 Ak A
J&o ANKLEY 257 BERN T AN A 1F 4
R TURY) (1) S A I SRR S, DT A% i b
PIv g o LRI A A R 20T, BN K R, TR AR
TR o T B0, 22 B0 5 £ B IEF R
50% ~70% ,6 F 26 H R IR (/KM 25 C F
FEE 30 °C),7 AWK AR TR 26 CA
Fio
2.2.2 B AR

o 3 fak 1 $idis s H, H, H, K+t
(FREE AW 145 d) JRIR TS SF¥(E &+ H, (35
BEJRIN 111 d) , HE VR A TS S X5 Rl AL 2 4k
IE AR, TR R B R Y H, 5 TS SF354E 330
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me/kg B, PR R B AR B H, 9% TS 3 ME
286 mg/kg i ; 77 22 70 M /s 45 97 B IR U
TS [ JC 225 (P >0.05) , fHAR B3 % T4
AR TS(1 008 mg/kg, P <0.01), 450
PR M3 ~ 4t I Lo nJR1, TS & ERETF
GRS i) A SEE A R A | 5 PR SR B AL, HLBR IR

JE— BRSNS AE L3R F S Wi
6], H, \H, A H, 509 TS {EF 9 A 4 HikfFcoRlE,
Hy JER TS T 6 A 27 HikiRR(H. #& K1t
JEJEH TS & 1) e 2 A0 L I WA (E Y 10 ~ 16
B TE R TS & i i Z A0 AR W R (e 1Y)
29 1%

R3 FEERTEREFRUYEEMEFSEFTHESEUEE

Tab.3 The average value and variation range of content of sulfide and other factors in sediments

W
H H H H H
Pond No. ! 2 3 4 R
-/ ke) 1.75£1.78 1.47 +1.03 0.65 +£0.29 1.91 +0.9%4 132.54 £81.39
mg/kg (0.39 ~5.86) (0.31 ~3.41) (0.36 ~1.02) (0.46 ~2.89) (18.13 ~232.56)
svy 1.78 £0.68 1.32 +0.58 1.07 £0.59 1.63 +0.75 1.45 +£0.64
(mg/kg) (0.72 ~3.06) (0.39 ~2.44) (0.53 ~1.96) (0.33~2.50) (0.79 ~2.68)
TS / 295 +44 292 +46 286 +55 330 +70 1008 +405
(mg/kg) (221 ~348) (241 ~363) (255 ~384) (243 ~441) (422 ~1713)
TN / 1.14 £0.05 1.13 £0.08 1.06 £0.1 1.14 £0.09 1.36 £0.18
(mg/g) (1.06 ~1.22) (0.99 ~1.24) (0.95~1.23) (1.02~1.26) (1.14 ~1.72)
TP / 0.30 £0.16 0.30 £0.16 0.24 £0.07 0.31 £0.09 0.39 £0.16
(mg/g) (0.09 ~0.55) (0.11 ~0.55) (0.16 ~0.32) (0.19 ~0.44) (0.21 ~0.70)
TOC / 9.52 +1.57 9.55 +2.00 7.37+£0.71 9.79 +1.33 12.74 £2.1
(mg/g) (7.07 ~12.01) (6.86 ~13.37) (6.4~8.39) (8.16 ~12.16) (10.69 ~17.11)
F (S* ) AR (S') HRH(TS) B
Tab.4 The percentages of sulfide and elemental sulfur to TS of sediment
35 Pond No. H, H, Hs H, R
S2-/TS 0.54 £0.49 0.47 £0.30 0.24 £0.12 0.51 £0.22 12.11 £4.89
s%/TS 0.62 +£0.24 0.47 £0.23 0.40 £0.26 0.49 £0.26 0.16 £0.06

2.2.3 AR S AR AL

H1ZR 3 FE b R0 4 1 41t S ] 20 ) T8 I )8
HIBR R (S°) S AR R I S TR BT
b TR R S Bl AR A LA B, IR e
S® SPIEAH B IH ASAFAE 8.3 22 5+ (P >0.05) , L
HORPE YR Hr S” 5 5 3558 1 0] A A7 76 2
25 (P>0.05), 5 8 TS A—F; [Fwf £ 4 %
WIEE R LR S i TS 1 FH 43 L 0. 40% ~
0.62% ,E R S° A TS WEH 43N 0. 16%
X ST IR G, S" ARTEI AR E , AT
SEI LG AL D ST A i H 2 R
BRANG A AL A BRI ER o A I P R K bR
Jer 8" FerR (ARt BAE 8 1, e S AR IR AT
FEIIX S ARFRA KR h S° 2 T 5 2 L
KE—2"

2.3 BEXRTHRKETEREFRENK, B
RSB ST ST

H1[&l 2a %1 Hy £ 3tV o TOC & # K h
(7.38 £0.73) mg/g, i F K T HoAth 7% 5 1
(P <0.05),7 H 10 Hx i EEHG#E;H, 5
H, HibJiclerh TOC & & P E B4R, 430 h
(9.53 £1.61) mg/g.(9.57 £2.05) mg/g,H, +
MR TR T TOC 44 {E W 755 4 (9. 81 + 1. 36)
mg/g,3 FHRIGYH AR b S SEA — 3, A B H] G 2
FEXEF(P>0.05) BP0, B2 a5
WIURIE S BB TN 29% 37 % F1 49% 5 DU 17 37 4 th
JIEIR A TOC 5 B i F 2 A 264517 2 oy o
BRFRFHIERZ I TOC &t (AR B & IR A
HE T TOC 48[ 13,14 £1.97 mg/g, P <
0.01], [&l2b KM 4 AFEFIKTE T TN 5 HEBR
6 F 8 HEAKAN , HiAIA] S5 7E 1.00 ~1.25 mg/g
DX )R = v s Ak, Hy ~ H [ AE 7 5 3% 22
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F(P>0.05), 43K (1.15 0. 11) (1. 12 +
0.10) .(1.05+0.21) .(1.20 +0.17) mg/g, FL
BEMT AT TN S (1.39 £0.23) mg/
g, T HAAR T A DX B 75 58 1t 3 RS2 T

HTN S B 2c AT LRI Y BEFR AR ] (Y
ST, 5 IS S5 R T IS 8 o TP e 2
TR B AL, I T RE 5 R SRR WAL
A X, PRI TG B 2 5 (P >0.05) .

250 3.5 .
8.0 —a—H —e—H,——H—vH R —#—H ——H,—+H,—vH —+R 3.0
= 200 o 2.8 2:5
L 6.0 :
o ~ £ 2.0 ~
= = =
) 150 o o 2.1 %
- 4.0 S - 1.5 N
s " £ = T E
> 100 ~ & 1.4 NG
s ©» Lo @
< £
A 2.0 ~
50 % 0.7 0.5
0 0 0 0
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H#i Date HHH Date
(a) (b)
. 1800
500. 0 —e—J ——H, —H-—vH*+R ,
/
_ 450.0f 1600
-
, / 1400 _
o 400.0 | p =
= / 11200 &
7 350.0¢ y , Ei
@ 1000 <
S 300.0} =
) X 800
P
& 250.0 600

00. 0 400
8-Jun 23—Jun 8—Jul 23-JUl 7-Aug 22-Aug 6-Sep 21-Sep
HH# Date

(c)

B1 KRS .S" TS A RREFFHEM E TR

Fig.1 Content variations of sulfide, elemental sulfur and total sulfur in sediments versus culture time

3 e
3.1 RiEmUYEEEREBISIRHEXYE

5 NIKYE S*T 8"\ TS S HAh B 1 A
AURH AT 45 R . SR BRI S* 5IKTR
Hr TOC . TS Fl TN [A] 77 7E ) 2. 2 1EAH 3¢ (P <
0.01) , k¥ TS W 5 e v TOC TP F1 TN [A]
FELERR 35 TEAR DG (P <0.01) , B Je A Bl
Jo I S A2 IV U v Ak 4 1 S B e PR 2R
S*TRITS 5K A rh DO pH [H] 47 7F 2 3 1k 56
AL AR IS R e s A 2 1 AR e S A AL
T 53t LA SR Bl B IR R W i AR % ) G
R, WGHE RGP LA & B A
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WA A ALY A R L T RREE S5 A
18 1.8
+I-Il—.—Hz+H3—v—H4+R / +H1 —0—H2 —A—H3 —v—H4 =R /
16 / 1.6 /
/ /
~ 14 // A /
G / \ ® 1.4 N /
g 12 ’/ s E / \ A/
> /’\ < // ///r/‘/%\ pv A
S g L2f/ /'\ M /
= 10 \\ a AN 7
e W/ v
8 1.0F
6 0.8
8—Jun 23—Jun 8—Jul 23-JUl 7-Aug 22-Aug 6-Sep 21-Sep 8—Jun 23—Jun 8-Jul 23-JUl 7-Aug 22-Aug 6-Sep 21-Sep
HH# Date H#A Date
(a) (b)
0.8
+H1 +[-]2 ~kH3 H4 —aR
C)
S~
o0
E
S~
(=9
=
0
8-Jun 23—Jun 8-Jul 23-JU1 7-Aug 22-Aug 6-Sep 21-Sep
H3 Date
(c)
E2 JEiEH TOC.TN 71 TP & EREFr AR E ATk
Fig.2 Content variations of TOC, TN and TP in sediments versus culture time
x5 REHBUYSEEHERFHHEXXER
Tab.5 The correlation of sulfide and other indicators
e JiE Y8 Sediment 7K4& Culture water
FEFR Index 5
S TS TN TP TOC DO pH
s?- 0.159 0.962** 0.680 " * 0.309 0.643** -0.621** -0.445*
s0 0.113 0.221 0. 165 0.222 -0.019 0.175
TS 0.655** 0.414%* 0.681 " -0.665"* -0.456" "
e " IR FE AL (P <0.01) ;" FIR BEH (P <0.05)
Notes: " indicates very significant positive (P <0.01) ; * indicates significant positive (P <0.05)
3.2 FEAEFWERBAYHIZN FRHHJG B AERAN IR 53 0138 fn 14 4% .10 £5 .1

GBI 4 10 FLGNIE XS IR £% K 43t e
P mi i) & 5290 0.36 ~5. 86 mg/kg, (kT
ok T B B8 A e 9 19 %% 42 R BR (400 mg/
kg) B TR A ROKE, {HH, H, H, 5 H; iR
IR YE YR A B A ) 5 2 B R A S [] ) A8 R
BRAIE nEa #, By 21 145 d F 11l d @y

TR S Ao K 3% WS R IR A a7 AR O G I 1t %2
T5Y G A AR M — 8, LR
URTEFRFEAIIN, SR/ A A8, B AR /D, KR
By IRIERALY) S Bk, 6 AIRE T HYlA,
Wl o R A BRI AE G, SR SR A S5
Wit =z bR 8 o, I N 7R e I B A T A R
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B R AR ALY BRI 2, R R
SO0, AT I U 48 A X A, T 3 T A 3 =2 ik
A IR EFACY) & B TR A H R SE I B 2 1
ISR

JE S A ) e 5 TR IE I I 5 AL 1 e B
2, 2 TR I TR B I P R
JUAATEXH IR IR I R v, ARG 256 1 IR AR K S
TR, 00 ELIE I 5i 56 5 A8 B, 0 T R e A A
Pr5 R e BLR , o & B 5
TR AR AR AR R IR TS A R A A A A B I S
T RA YT &5 5
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Sulfide content in sediment of outdoor ponds of Litopenaeus vannamei and its
relationship with other environmental factors

ZHOU Weiwei'?, DAI Xilin"*, FENG Qifei’, ZANG Weiling'*

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Shanghat Collaborative Innovation for Aquati Animal Genetics and Breeding, Shanghai Ocean University,
Shanghai 201306, China; 3. Shanghai Jinshan District Aquatic Technology Extension Station ,Shanghai 201500, China)

Abstract ; By regularly monitoring and analyzing the water chemical indexes and the content variation trend of
S*7, S’ and TS in sediments of the outdoor ponds of Litopenaeus vannamei, their relationships with DO, pH,
TP, TN and TOC were investigated for guiding the healthy aquaculture of Litopenaeus vannamei. The results
indicate that S~ content in sediments of the outdoor ponds and surrounding rivers were respectively 0.31 ~
5.86mg/kg and 18. 13 —232.56 mg/kg, which were all lower than the safety low-limit of sulfide content in
fishery sedimentary environment; S° and TS contents in sediments of the outdoor ponds were 0. 39 ~ 3. 06
mg/kg and 221 - 4421 mg/kg, respectively. S*~ and TS contents showed wave-like increase trend with
aquaculture time, and S° content varied within a cube-type range. S*~ and S” proportions of TS in sediments
of outdoor ponds were respectively 0.12% —1.76% and 0.12% —1.04% , and those in sediments of water
source were respectively 4.30% -17.85% and 0.09% —-0.37% ; The main water chemical indexes met the
Litopenaeus vannamei aquaculture demand. TOC and TN contents showed wave-like increase trend versus
aquaculture time but the variation trend of TP content was not obvious. Additionally, it was found that S*~
and TS had a significant positive correlation with TOC and TN but a negative correlation with DO and pH. The
results demonstrate that accumulation of organic matters including residual feeds, metabolites and biological
carcasses in shrimp pond could result in higher oxygen consumption and the sulfide content increase under
low-oxygen condition. Hence, it was suggested that the key solutions to reducing the sulfide and organic
matter contents in shrimp pond sediments were the rational feeding, the maintenance of abundant dissolved
oxygen in shrimp ponds and the thorough desilting.

Key words: Litopenaeus vannamei; sulfide; elemental sulfur; total sulfur; environmental factors
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