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Kt B = A e
S8 F 2010 4£ 5 A 20 H & 10 A 21 HAE#H
VLA 1 5 1T B 52 36 5k b (b 2. 29°477607, A<
££:120°23'42") 47, By A 3 Sy — T AU 1. 33
hm? () 43t o 5256 K Tt K HE T, 7 T 5 v ] 2
18 A~ ALk 31,8 m® Ry SC 6 R . A A [T B Hh
—5K 20 m 1.7 m 5§ .5 mm &/ R L) (PE)
B ARBEFAT I . ¥ PE M B AR N 6.4 m
R 0 BT (2 1140 AN 85 B9 08 22 1 o ) JF % H A
WIS Y (Je T Ty 20 em) i, i (5 f47 i BE Py
ShPIEERS 1T m FTF —AR 2 m KA AR (e T I
JEZ10 50 em) I Bk 22 4L 5 N A AR BE A 8 i £
FrE L. TEBRG AN R A& — 4 i 20 m K
AT R LS 1 [ER] PBY DA  43 [o fi  1 Js  4
A—RER 20 cm BA L4 (PVC) E R 7 IE S
Pl B [ 7 7K 58 48

SR = A WL Sy 2009 4EEH R/ NEE, 1
H#TLAS AT 22 R — Ry, SC 50 i) i SR 7E R
FEH I N SEETT AR HT 10 KX B 58 K KT 80
mm ) I FE AT JC A% BR A AT R, S BT
( Ctenoparyngodon idellus) M) ( Carassius gibelio) .
&% ( Hypopthalmichthys molitrix ) F1 & ( Aristichthys

1.1

*x1

nobilis) 74 2009 4K AE , W 1 148 15 JH 17 783
—ROK A8 G SRR R IR AR A AR
1.2 FEXE

SEER T4 BT R B BRTLILK 5B 3, Sk
AR T [ B R R PVC A fil [ B A K A7 itk
PEAK AL T o >4 b K R A 110 em i 56
PAT L 398 I 1 9 5% PAT ] Bl i o8 PV 7 A il i
RFHEARTT AN | kg 9 2€ ARG SR IFIFHE Y . 20
B3 KRB, AL G 2E (DM) it f6 IE (CF) K 45
EHETSZERLAE (DC) A B 3 AR LA
9 A BK 31.8 m* (IR, FEIRRIRE N =
WL 20 A~ FEfn 1S B S B ik S RIS R
(fBELEO 1.501) o = fAWLEE A B A2 30 em 1Y
P 2 s 37 A 161 B A BB K T 30 em &b, o Rl ik 5%
FEEHE TR P ARAE (1 mx 1T mx1.5 m) Py, B
RIS L4 R A [ B

FRA SR HEAT 1155 d LI M E] 4K 8100
117 :00 [ 35 7 B 5 £ 645 WROFORE 50 45 48k
(B} 1% 8006 ) , F [ S 15 5 W By IR TG 5 A ko AR
i A = 22 B I 45 A [ B TP K (8 FE W AR A AT
0 G N R o oW i P Y i ) N S E R |
A BB P9 o T PR GDRERIIE A 2 — U P D A
P o S v 85 R S 8 A K SR FE Y 22 BR 7 4 A
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Tab.1 Amount of the formulated fish feed and fertilizer used,

and the pearl yield and fish yield in the experiment g
pOE:) OB 1) H R R LR IS PR — & B it ity i
treatment pellet feed powder feed duck manure urea KH, PO, pearl yield fish yield
DM 6 068 £16 7998 £0 6 000 =0 0 0 14.5 £2.4% 9 415 +472*
CF 5 850 £338 7998 £0 0 1250 +£0 320 £0 11.5+1.2° 6 402 +940°
DC 6 058 £7 7998 £0 3 000 £0 625 £0 160 =0 15.8+0.9° 8 682 76"

{E : DM Jii 15 3% ; CF i AL JIE s DC MG 2 AL NE o Bdle 2R 0 P38 + AR iEZE (n =3) |/l —SUARTE A EAR P REH LR ER B H (P <

0.05),

Notes: DM :duck manure fertilizer; CF;chemical fertilizer; DC;duck manure + chemical fertilizer. Data are expressed as mean +S.D. (n =3),

the values in the same column with different superscript are significantly different( P <0.05).

R2 REMEEHSAXLEERPHR. B2

Tab.2 Nitrogen and phosphorus inputted into the experimental enclosures by feeding and fertilizing g
A i A nitrogen input % A phosphorus input
i P—— —
ceament K 3 % BR e Wi BMCAW e
feed duck manure urea total feed duck manure KH, PO, total
DM 694.5 118.2 0.0 812.8 420.4 295.2 0.0 715.6
CF 684.0 0.0 581.3 1265.2 414.1 0.0 72.0 486.1
DC 694.1 59.1 290.6 1043.8 420.1 147.6 36.0 603.7

TE : DM i 3% ; CF - i AL JIE s DC : a5 S AL AL . Kot R AP 2 fE

Notes: DM : duck manure fertilizer; CF. chemical fertilizer; DC: duck manure + chemical fertilizer. Data are expressed as mean of two

measurements.
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1.3 kERESHH

SRR 7:00 ~8:00 F YSI S50A AU 4,
A (YSI Scientific Instrument, Yellow Springs, Ohio,
USA) il il b N 2 JZ /K T (T) A 4 (DO) , Hli&E
W RE R0 % i W (SD) o ] YST 63 7Y pH 3 (YSI
Scientific Instrument, Yellow Springs, Ohio, USA) jlil
€ pH, 2010 45 [ 20 B, 55 2 Ji ( F) 78 Bl
P I S Ao (e PO A — 0, TR 24 50 em) IS Lok
K R AR KL Iz [P AR AT S 56 55 b 1) S 56 28 N
30T pH Z A A (TAN) RS (NO,-N) (AR
SA(NO,-N) (i P % (PO,-P) & & (TN) | & W
(TP) R RFRHF IR AL (COD,,, ) HHB T (Ca’ ") BEES
F (Mg ) B AR B T (COy ) H ik MR AR B T
(HCO; ) SH ¥ (CI7) (BB AR B (SO ) L A
JEFEBREE S5 K AL 2= 45 bR . Horh pH TAN \NO,-N
NO,-N.PO,-P . TN TP, COD,,, .Ca’* Mg’* .CO; .
HCO, B A JBE 1S B B2 45 2 ] 2 A 1k, CL Fi
SO, f4 JA4HT 1 Ko A3 KK BRI 547 7
LRIk 16 —17 ],
1.4 HEHEMEITHH

Na® + K" M i AL A (DIN) AR 45 i k22
LV 7

[Na" + K"] =25 x (1/2 x [CO; ] +
[HCO, ] +1/2 x [SO; ] + [Cl™ ] - 1/2 x
[Ca’" ] -1/2x[Mg**])

AR [ ] £ R E, Hf, Cco
HCO, ,SO;” \Cl™ ,Ca’" fl Mg*" #.{ii 4 mmol/L,
FiNa® + K™ B A7 A mmol/ L4 5y mg/ LI}, B

90
80
0 bl
60 -

50 +

FEHE / cm
SD
N

40 -

30

20

10 |

O 1 1

05-20  06-05

06-19 07-02 07-17

Na® + K" JiF 5 F¥E R 25,

[DIN] =[ TAN] + [NO,-N] + [ NO,-N]

F| ] SPSS 19. 0 (IBM® SPSS® Statistics ) i
T8 3t 40 Mo AW R I 2 4 ( One-way
ANOVA ) i 56 A [ il AE 4b B X 4% 7K Ak 2% 48 b5 K
FRIE W2 2R 5 A7 52 10, ] Duncan 3% iF
T2\, HZmEIHS 852 i DO 5K
& (T) . SD. TN TP f1 COD,, Z A X Z&, LI K&
TAN 5 T DO ,SD TN, TP fl COD,, = [i] iy %
o WM P<0.05 KRB EEKY.
2 4
2.1 7ki&.SD.DO F1 pH

g 1T 1 B e = = N R A N )
20.8 ~33.3 C(FH/KIE A 28.0 C),H 58
AKIRFREE TR ,8—9 A /KiR 4 F57E 30 CTL L,
10 AJG /KR 2/ FREE 20 C, s8] a DM,
CF 1 DC [IF& N SD 235l (44 £2) (44 +4) |
(42 £3) em (FHMH = brifE22,n =3) ;3R )Z DO
F(6.12 £0.32) (6.10 £0.84) F1(6.12 +0.33)
mg/L;pH 7 8.52 +0.16.7.58 +0.47 F18.26 +
0.42(pH {2k 5 Yol vy %% ,7 A 17 HJ5 H pH
THRIR AR TR pH) o 4L B [H] SD F1 DO 22 7K i,
% (ANOVA,P>0.05),{H 5—8 H Fl k% CF Ny pH
AR T B DM (AR 5 WU 9 $icdis tL 3 pHL,
ANOVA P <0.05) . #3504 i) [A] 2 , % 4b 38 SD
MDO ¥R FEEH (K 1.82), DO 5 T,
SD.TN.TP Ll f COD,,, & Z #&, B IH 57 R
[ DO] =23.977 -0.512T -0.005SD -0.283

DM HCF HEDC

(T T
T T

08-02 08-18 09-04 09-19 10-03 10-20
H# date

Bl IBHEEAENTL

Fig. 1

Variation in secchi depth(SD)in the experimental enclosures
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Fig.2 Variation in dissolved oxygen(DO)in the experimental enclosures

[TN] -6.539[ TP](#* =0.682,n =99, P <0.0001)
#[DO] =22.295 - 0.442 T +0.014 SD - 0. 309
[COD,, ](#* =0.616,n=99,P <0.000 1),
2.2 FESF.RWEMBEE

SC % W) ] 4% 4b B9 SOIT, ClT, COlT |

HCO,; .Ca’" Mg’" Na’ + K" i fifi B 1 i o 5
¥ % 22 5+ (ANOVA P >0.05) (% 3), [l
AR SR R R B S A S () S KT
Ak, Horp Ca®t #e B A Ca’ /Mg’ R R H
(E3),

x3 IBHEERNEEFEF.SREMSEE

Tab.3 Main ions,total alkalinity and total hardness in the experimental enclosures

S0~/
(mg/L)

Ab T

treatment

co; /
(mg/L)

HCO; /
(mg/L)

cl/
(mg/L)

Ca’*/
(mg/L)

DM  0.11 £0.19 76.79 +3.75 64.52+4.73 47.80+2.72 23.94+1.39 5.86+0.29 63.02+1.67

CF 0.62+£1.07 75.81 £3.76 66.50 £6.81 49.61 £3.69 23.84 +0.99 5.97+£0.42 64.23 £2.78

DC 0.00£0.00 71.89 +£4.18 66.35+9.52 47.74 +£3.09 23.94 +0.53 6.01 £0.70 61.11 £1.26

et g, | BB s/
g a (mg CaCO,/L) (mg CaCO,/L)
(mg/L) (mg/L) -
total alkalinity total hardness
63.57 +3.10 84.24 +3.65
64.23 +2.78 84.49 +2.06
59.52 +3.46 84.89 +4.17

TE : DM i 3% ; CF i AL JIE s DC - S S S AL AL . Bdla FoR AP 38 + i (n =3)

Notes: DM :duck manure fertilizer; CF:chemical fertilizer; DC:duck manure + chemical fertilizer. Data are expressed as mean + SD(n =3).

32 ¢ 59

48

27t 15

= 416
- +
= 22 F b
£ 1° 2
= 144
8 17 + _38

.Caz+

42

21 A cat g )

1 1 1 1 1 1 1 1 1 0

7 . . L
=150 15 30 45 60 75 90 105 120 135 150 165
FFFEREL culture time

3 EWHEERA Ca’ REM Ca’ /Mg’ TR
Fig.3 Variation in concentration of Ca’* and

ratio of Ca’*/Mg’" in the experimental enclosures

2.3 RBEEMABEL

S35 A 6] 45 4b B[] TAN, NO,-N,NO,-N |
PO,-P TN TP .DIN/PO,-P #l TN/TP ¥ J; § & 2%
£ (ANOVA,P>0.05) (3 4), [FF CF H PO,-
P/TP % = FH % DM(ANOVA,P <0.05) , Fl
% DM 5 DC Z[u] L & HlF% CF 5 DC Z[i] PO, -
P/TP 5 1 i % (ANOVA,P >0.05), HEEN
TAN \NO,-N TN I TP % & Fifi & 5% 5 B [0] /) 4
KYEFEmm&aH (B4 ~K7), TAN § T,
DO .SD TN TP #l COD,,, & 3 #f %, [a |4 )5 7 H
[TAN] =1.346 -0.009[ DO] -0.018 T —0.011
SD -0.008[ TN] -0.027[TP] (# =0.524,n =

http : // www. scxuebao. cn



3 3

Wots 8%, 55 AN AR T 7 122 0] 0 00 255 SR TR K (A K AL 27 1 52 1

411

99,P <0.0001) 5 [ TAN] =1.424 —0.010[ DO
~0.015 T -0.012 SD - 0.002[ COD,,, | (7

0.524,7n=99,P <0.0001),

*4 THHEERPR. BEEEWRBELL
Tab.4 Concentration of nitrogen,phosphorus and ratio of

nitrogen to phosphorus in the experimental enclosures

b 3 TAN/ NO,-N/ NO,-N/ PO,-P/ TN/ TP/ PO,-P/TP/ DIN/ TN/
treatment  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) % PO,-P/% TP/ %
DM  0.303+0.087 0.046 +0.007 0.004 £0.001 0.081 £0.046 2.448 +0.227 0.358 +0.182 25.9 +1.2° 19.8£9.6 14.8 £6.7
CF 0.274 £0.041 0.039 +0.014 0.010 £0.007 0.102 +0.046 2.456 +0.450 0.436 +0.142 48.7 +11.8"° 11.9+5.6 12.0+2.4
DC 0.359 +£0.129 0.043 £0.006 0.005 +0.001 0.065 +0.053 2.488 +0.233 0.413 +0.127 38.8 +11.8" 21.3+10.8 10.3 +4.0

T : DM it 1 3% 5

CF:jifi LIt s DC: 5 S AL . BHa R AP EME + frEE (n=3)

Notes: DM : duck manure fertilizer; CF:chemical fertilizer; DC;duck manure + chemical fertilizer. Data are expressed as mean + SD(n =3).

WHHRAE/(mg/L)

AR /(mg/L)

TAN

1.4

0.8

0.6

0.4

0.2

06-19 07-02 07-17 08-02 08-18 09-04 09-19 10-03 10-20

H# date

05-20  06-05

4 IRHEERNERNEL

Fig.4 Variation in concentration of ammonia in the experimental enclosures

0.08 T
—— DM
0.07
—EF CF
0.06

--A- pC

07-17 08-02 08-18 0904 09}19
H#H date

05-20  06-05  06-19

07-02 10-03 1020

5 XRHEEARATHBSERNEWL

Fig.5 Variation in concentration of nitrite nitrogen in the experimental enclosures
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Fig. 6 Variation in concentration of total nitrogen in the experimental enclosures
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Fig.7 Variation in concentration of total phosphorus in the experimental enclosures
2.4 COD,, Fiz F e 1 DR B A A it R 2 R b T Y

S, 45 40 B B H ) CODy,, 7 i Fifl 77 48
I ) ) S K 2 S I W TR (L 8) s (H 4% kb
6] COD,,, & LR %% 5% (ANOVA,P>0.05),

3 ithig

JK 7 R Bt HE B4 H B SR R T R A A
AR ARAT B 1) IR G A= 7 S80CR 2 i IE B 7T A o 20
IR R, 3T K SR At IE AR 5 IS
&t JIE 2 24 2 D) AH 5C , AN H9F 5 v 1 B S 2 it
S AR A £ 7 2 36 R0 L Rl /I T A A L SR Al b

(F 1 fFE2) M JER B A% R SR KF T i
WS FIAL AL ) 25 5o SXRE, BFRE 45 Rl BT
e P SE  N LFRB KA K A 2 BR B % 57 5l
PR A K PR B 3 A B R G 0 G e I A e
JKCZE 1 S MR T A TR 20 sl 1 A 0 P i
A7 BB SRR 2T 205 SR e 2 UL I e 55 A
Hk A2 AL . ASHTF ST P SE B I ) K 3 155 d 0
TR 5% 37 B TS G 5 K B 48 R SR B
Sy 11, e A LA 0 T
Y SR
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Fig.8 Variation in chemical oxygen demand in the experimental enclosures

Sy o 9 3 A B 45 At T 3 A AL R X
FHK K SD HI DO A 7 A B3 A R i i, {H
5—8 A At AL HE K A pH (B T it 18 2 fr) Bl
PLET 5 S S AR LL , b Ak IE 25 5 7 K 7k pH R
W 5 2 W 1 A0 (R ) 6 26 AN DR ) A 4l K
PRER AL I XU 72 o A r A 4 0TI Sk i A A
227 A 1 T P R VR AN 4 R o i 5
B 9 U8 TV £ 2 R BE 3R AT B K f R g (H R R %
HEALAE X pH A] B 77 A BRI . K 3R B P AR
KM pH AR X R SE X T 35 58 A W0 O 1735 AR KR
AHEERE Y Kk pH AT R M = A WL
s e BB % % pH A X
R WL SR B A S BR A SR TR . B AR
f9 FEL I P 22 B 7= G T G 1 246 0 285 45 W 2 A 4k
A 9 FET R ( 2 1), AT B 56 A P i 61 el b pHL 4501
A K, ASHEFE B 9% 54 ] 9 4E K¢ SD Al DO &
TR RS, Bk % 57 58 5 391K 1A h R 1 DO AN
pH A5 1] R XoF 37 B8 A= W 47 35 A K7 A R ) i) 5%
Wi, FRE KR H DO 5 AR A 3T B
L 2 5 UV B iR 32 K 1A o DO 1 pH
A5 A 3 35 B SR BRURS G (46 7K G AR £ R ) 4R
KR E DO,

Szt ob i 3 A0 R B 45 4 0 1 2 A4k AR X
FH KK T BB T L A L BUBE JE L TAN | NO, -
N.NO,-N . PO,-P TN TP il COD,,, & & ¥ T &
Bk IX BB T A 2R 1E SR T AL 1 ik
i 55 4 A VL RC 45 R 9 S b HEAT B AR N
P i A 5 FR A NP i AR 27% ~ 37%

T FES o 7K 2 P 8 D 45 MR T 4 BRARH 1) 52 T T
W 5 . B MR C S GRE RN IR X FR K MK NP
R A AN R, — B BT RS DR
AR N E R TEIE K AR PR Rt
AR TGV S 2 N 45 4 e T 3 A e
JK f&H DIN/PO,-P fil TN/TP ¥k F 7, 75— & it
JiE b 2 W O R SR A K AR NP Y B i i
TG A B M 38 2 R T K R R NP B 4 2
7/1M SEEAE Y N/P KT 7 K5 7k PR
il ,N/P/NT 7 BF 45 55 th 0 N BR il . A B 5% &
B, B 25 FR AR P NPt 3 [ 5 B 1]
Y K b TR S, BB it AR 4 AR NP
A 3 2 SR IR AE K PR AL DR K AR R 4
DA NP GGl 2 X 38 2% 7 A BRI A L NP LG4 X T
PEH) N BRI PR B = 1R . AR &
B M 26 | A AT B 45 4 it T 2 Ak I g K A
PO,-P/TP (£ 7E I 3 2% 5, i 18 36 i /K /& PO, -
P/TP (26% ) fik T Jii fk I /K & o ) PO,-P/TP
(49% ) , T 45 45 it 15 3 R AL AT 19 K & b PO, -P/
TP(39% ) Ji H . Green 5% 45 Hjiti 4% 36 19 % F
835 55 {3 o PO,-P/TP Jy 20% ~ 30% , jiti {1k JE
MWy 2 N 50% . [H I PO,-P/TP W] 76— i FLJE
b e H R K A FE (A BILIE AR AR ) 9 Fh 2

Middleton % ° Ay 75 3 55 98 £ 1 3h 4 ) 3
E R 5 8 HE A (AN 26 ) A5 HLIE B 1 AE B
AR T FRAE A K . Boyd %A 1E 3R 4
th 38 TR 2D it A AIUAE DA R AR A AILAE AR K AR
TR ) N DTO I = <3 X W v i N 0 S e o S
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TE f6 0 25 Ay 5% B8 K MR R A G P 75 5 5 K 1k
pH T [, MUTIT Xk = A LR A= K RIS BR 1) 7 7 2
A0 5 i 5 26 AT R A R PR A 5 9 N P B
] A KR B A R BLSRI A HLR B B S =
0 LI i P £ 2 £ fEL K ik e R 26 T %
KRR AR LR E Y ik k DO TR
I P B B A WL R A S i (77 4 NH,-N il
NO,-N %) . Wang %" A hy 76 £ i 25 45 37 58 v
T 6 9 100 206 15 M T 4 GRDRE, oR £ 2 B 1 £
T A 45 £ DRI T A 26 0 LA HLIE TS 1 I 5
TEAE AT AR R B B e sh 9 &, T 7 A 1 4 e
— TR S HUEE R, e L 3R
BB 7K P 5 ORI AR TR i R AR A LA it
B FREHSIIGAE B, 454 0 S 3 A AL T Y
Bl v B2 ke A e T G T 2 s 1 M g L B (R
1), 0 45 45 G 1 26 04k A0 B A 42 125 2 B 7
o 36 e B IR R K AOK TR BVE T o A G 45 4 it G 2%
A A (938 B LA LU0 R LA LR A 1 o — 2
B

ABEFE R, 35 58 K 1R K Al 2 22 B R Y 2
V578 1 A 5 T LS 309 A [ 55 B I B 1k Ak 2
5 A TR AR 3o A T it S A ) 71 25 L X — B4
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Effect of three fertilization programs on the chemical water quality for
integrated culture of freshwater pearl mussel and fish

DAI Yangxin, TANG Jinyu, WANG Yan" , LI Youming
(College of Animal Sciences,Zhejiang University ,Hangzhou 310058, China)

Abstract: A 155-day experiment was conducted in land-based enclosures to examine the effects of three
fertilization programs on chemical water quality for integrated culture of freshwater pearl mussel ( Hyriopsis
cumingii) and fishes. The pearl mussel was co-cultured with grass carp, gibel carp, silver carp and bighead
carp,and the stocking ratio of fish to mussel was 1.5: 1. Three fertilization programs, including fertilizing
with duck manure ( DM ) , with chemical fertilizer ( CF) , and with duck manure and chemical fertilizer in
combination ( DC) , were used. In the experiment,the pH was lower in the CF enclosures than that in the DM
enclosures during the earlier phase ( from May 20 to July 18). The SD, concentration of dissolved oxygen
(DO) and Ca’*,and ratio of Ca’* to Mg2+ decreased, while the concentration of ammonia( TAN) , nitrite
(NO,-N) ,total nitrogen ( TN ), total phosphorus ( TP) and chemical oxygen demand ( COD,,, ) increased,
with the progress of the experiment. There were no significant differences in the SD and concentration of
dissolved oxygen(DO),SO; ,Cl~,CO>" ,HCO, ,Ca** ,Mg’" , hardness, alkalinity ,ammonia( TAN) ,NO,-
N,NO,-N, PO,-P, total nitrogen ( TN ), total phosphorus ( TP) and chemical oxygen demand ( COD,,, )
between the fertilization treatments. The ratio of PO,-P to TP was higher in the CF enclosures than that in the
DM enclosures. Our results indicate that using different fertilization programs had no significantly different
effects on the major ions, hardness, alkalinity, TAN, NO,-N, NO,-N, PO,-P, TN, TP and COD,,, in the
enclosures with integrated culture of freshwater pearl mussel with fishes and fed formulated fish feed. The
concentration of COD,,, was slightly low,but the ratio of PO,-P to TP was higher,in the enclosures fertilized
with chemical fertilizer,relative to the enclosures fertilized with duck manure, whereas the concentration of
COD,,, and ratio of PO,-P to TP were at median levels in the enclosures fertilized with both chemical
fertilizers and duck manure. The higher growth rate and nacre secretion of H. cumingii hung in the enclosures
supplied with both chemical fertilizers and duck manure suggest this fertilization program is suitable for H.
cumingii farming.
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