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k 9 ESFE 223 A% X% I ok HEE H B
(P K= BT B BR LK = BEFEIT AP AR T HAT S R 7K A= B R SR 4 J S 0 00 8
IR FIETG R A TREARPE .G /R M 510380)

HE i #F %% % # (Ctenopharyngodon idella)—# (Aristichthys nobilis)-#(Carassius carassius) % #
AL SRR BGOCRI, ARG ANE], DL s R oKy LA, s
BRI R TR, FTRT A 2 FaFEANHRTOC). AN). HEPRIXWHAR. ERETF,
2 433 TOC NPy £ BER IR h AN, 27 77.06%71 81.00%, 92.08%F1 92.77%, 94.18%
#95.63%; TOC. N, P W EEMHB®RAH HRRER R, 20 FHNEFRHH 43.32%F0 22.10%,
61.40%7% 52.82%, 78.71%7%1 79.58%. 2 41 =5 & KUk 24l 5 4 AA(C). N, P #y 10.08%7Fn
13.05%, 21.00%71 25.57%, 15.41%7%1 18.60%., F#AKHHEH C, N, P KEREEMREFEH T
ZAK T % 1 3E(P<0.05), H AR 2 R 05 1% 92.91%. 88.52%F1 87.12%., F 4k Kh¥EH N, P K
REERERTTHAMIE, £C. NRRERZEEEZM|MT A AHEP<0.05), 27 EKT 48.99%F0
13.97%. 4 KPR 8 K0 CON P FI A £ 825 T8 A3 (P<0.05), 274 & T 29.49%.
21.72%F0 20.65%. R KW, FHABERERRKELRRRE, ABRRBRAYRAFAAFE, £—H
FemyrAEER, AR NE M.

KA Fa M M, Bk BRBKL

FESES S966 NEIFRIEEE A XEHS  2095-9869(2022)06-0188-11

i AT H f2KE E AR, AU 3R
B P a2 AR A (Zhang et al, 2020), 5 X N # 52
SR FEAE W S AR i, 2 2016 AT A
540 Ji hm* (FAO, 2016). {H 3% 37 5 7547 R AR UE K 7=
L2 A R, 03 BT ™ HE A PR () (e P 4,
2019; FEBAFREF, 2021) FRIEAEY) — M H e R HBA
TR 20%~30% 1 EFRY T, A RE 3 HCm T35
¥H % 45 N (Jakson et al, 2003; Sun et al, 2013), S&HFF

BTt 2R S8 N ) ST G . FRAE XURS f R .
O L E SR A BT I T R R OK, EREHEK ST
AT KGR Bk i EAE o W, AR K &
A I EAES . Yang Z5(2017)WFFE 00, Fk E iRk it
AR AR ) LR N ORI P2y 4.77x10% t F
3.75x10° t. Zhang %5 (2020)0F5T KW, F& ER/K o
FFAR ) A K S HER N AT P £ 2.79%10° t 11 2.89%10™ t,
HIASE R L
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SR SR FE AKX K SR ()5 ), B R AR
HLUFAO) N AE TR R GE/KF- A K = FRAE I IS, 42
BT T8 e SR )2 A G AR 2R A N U %
I TZ B EME G AE , SEBUK I8 St 2 TP IR
2 J5 THAH R Y PRS2 K JiE (FAO, 2010). 4k T3
&, WF5T A B\ 7E # 4 (Ctenopharyngodon  idella)—
(Aristichthys nobilis)—fill(Carassius carassius)4E 2 1k
IRFEIERLA -, 2B KR br . AR S S5
E TSRS, I EOKFEEE . BT, &
B S 4 AEFHOKIRAE, AFF=IEik 96 000 kg/hm’,

LSRG, FRIH A YA REXT B AW T 4 R
H, SBRAEFRBTET S, GRS, A5
AR Ak 23 5 M A 25 2R G0 1) ) A P4 B IR B)) (Feng
etal,2017), AHLER(TOC), N, P & n] B W M3z
FAIAEE () A AL (IR RIAEE, 2009), TOC, N, P Y3z nf
S WLE SR TR R R, PEAG R 58 A o i SRR i R
% (Acosta-Nassar et al, 1994; Sahu et al, 2003),
I, #Aik TOC. N. P BYCA B T Wy B B A g
WIENER TRRG, WINEBRG AR RS
PE b 3R g 2 A7 #2225 X (Teichert-Coddington et al,
2000), ASBIF5E LA R f — 0 2 48 7K 3l 3 Sy S 4
VL oy i 0 R 3 SR X R, BF ST 2 A M R
EWCRE, BAFHKRS C. N, P 1A F
th, AR SR AR L IR 5%

1 #wREFE
11 HARISKRIEIZE

AHIFFE 19 5 48 7K RN 6 B b 3 3 4 F T AR o
R ANAEAR SR K P2 3508 37 . e 3 10 348 7K 3t 37 g 52 6y
4, JiiE 3 F A K s A X R ZE Bt I T AR
£ 1.00 hm?, FHEI7KEE N 2.50 m. SEHG 4 3% 55 4]
THHEHE 53518 0.30 kg/ind. F1 0.60 kg/ind., JHFEHE
¥4 1.20 ind./m*; SERDEEHIME 254 0.50 ke/ind., WK
FEBEE N 0.25 ind./m?; HPRIEAFIAR J9 0.05 kg/ind.,
JFRE A 1.20 ind./m®, SEH I A 40~60 d I Hl
BiHAE A E] 1.00 kg/ind. B A 1.50 kg/ind. [ A1
0.40 kg/ind. 19 8, Jf #b 7T A0 [A] B 09 A% CH
0.30 kg/ind. Ay H A 0.50 kg/ind. AR FT 0.05 kg/ind.f
B, o FE Tt 35 ) G RO 5 SE B A AR A, AR
i 48— 57

2 Y IE R S O 27% 0 A LA T
Bl T A ShFCRLF TR, K 09:00 1 17:00
AW 1K, HERE N FAARER 3%~5%., fXid
SRR E AR B OO M, IR 4 B

M4 E AL 1 KR AL, BRI, &%
FFEHL 1 h, 12:30~14:30 FFH44EHL 2 h, KKK I
WAL, SR, 2 b IR R 259 .

12 SHENE

1.21 #ALET SCE T 2017—2018 4EHEAT, 52
0t 3 R U AR S T HORE , IBORERRE ] 435510 2017 4R 1,
4.7.8.9, 11 AM20184FE 1, 4, 7. 9. 11 .

SR FH L HRURE VR SR S R i (ST R Tt 3 2 25X A
LR O U SRR AT, FE 2 R Lk 445
HHC SR AR B 2 A 5 1) 05 SR SRR ) o

RARFE S . ARSI (0.2 m). H1(1.0 m).
T)Z(2.0 myZKFEIFHIR A, AR 91 52 46 % I /K BT
Fro MEFEARALFE M A(TN). M A (TAN). fERRER
A(NO;-N) . A A (NO>-N) ., MBE(TP). Wilih
(PO; -P)Fll TOC.N P B FE4hIE LS 1R Tu 45(2010)
il Laskov 45(2007)%777% ; TOC fii il TOC-5000A
sh43H1i¢ (Shimadzu, Inc., HA)ME , fd FE#K
JR AT (Y ST Professional Plus, %)% 52 ith 3
KIE(T), #EME(DO). pH. HFH(Cond). A
PEEAR(TDS), 2R %€ A7 15 3500 22 /K AR 3% B 2 (SD)
g 25 a AR DI A 25 UG 206 BT Al %

DUBRPIRE &L - AR AR Ve AR AL TE . 60°C
HEF, k3R . a0, A Vario ELII JC & /il
(Elementar, Dortmund, f&E)MEKIE TOC., TN &
i, SRAIOAE(HT 632-2011)IE K6 TP & &
122 AHBK XL
1221 HSHAHES SEas I R], AR FOfE
e KRR A= T1 o B AR FRARER 250 mL,
B =R AR A PP =R ) A
JRIRVS S 1 A E= PRI AR =B T -
WP, BOFR IR RO LA RN 1, # 1 mg 0, =
0.375 mg C, MHE A AL CIHHAEY R,
1.2.2.2 R & % B AFFHA S ) Ih SR AR SR
FAASRE S, WK K&, SREHT . A, T
100 Hfi G, 45 0.1 mol/L HCl i fk 2% TOC,
W iF Vario ELIIT JTZ 4311 (Elementar, Dortmund,
FEEHME TOC i, SCHWIE, 10 AMIE A
PEARR B o SIS S5 TR, SR 4% S50t i R AR A B
HTOC #2005 [a) 3558 A MR i o
1.2.2.3  #14 KAR B @ N SERRIAG, KR
TOC & &Ad il TOC-5000A [ 3434 (H ) E .
SEIGHAMR], fEFH 3 4 500 mL BEAR (5T 450°CHIER)
FERF 0 SR PR, SR TOC-5000A H 34 Hr A (H
A E TOC &,
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1224 F#HAHFE TN E W J7 % 5 i i
A e E AR, R S ORI
1.2.25 Frgh & K oy p ok ) A of R AR e i/
W WA H K AT B 5 i 40(DOy, mg/L) A AR K A 4
(DO, mg/L)FNSZEG Lt [a] t () E, [FR, &EA
F 2 O R DL BR K AR I 52
1.2.2.6 K AKRFREE RAZM Z B - 17 2%
HROK AR Uh 13 i B (mg/L) . R KR i 48 (mg/L) Fl
SEERRFLRT] ¢ (W) E, [RIEE, BERCA IR A S T
REDLTH B BB AKARIENGZ A . IR JEFESEE % SOD [0,
mg/(m*d)[FE/A I TE
(DO, ~DOYxV
Axt
X, VL) EREKIRER, A(m?) R IR A AR
1.2.2.7 I3 A MR St IR A YNGR,
TOC & it P 7 7 32 [) SR A0 25 e ARHT A o
1.2.2.8 KAKFJRIR TOC # & SCETF AT,
I VLY T A8 2 R s AR DT, 4%
WE ST CES , T OB KRR 1.5 m. T
YA R AR E B9 PVC % (B2 K 90 mm, =K
550 mm), 7E% ARG —HE B IR R 0.8 cm),
PABj 1k 1 28 55 KAk A Wtk A o LR IIAR 45 e
B ATEL , A s, (IRTEERE . K 2K
W, R AT B R R RIS FR (1S em)rhr, i 28
TRAKIETE, SRJGTE 60°CHET 48 h, L FISLLG K BE,
R I N K S AR TR R O 10 em. BRI,
PEATASWIE ST (B0 0 R 2 4F), At 30 0 FH R U
PECHAE N 8 cm) R 10 cm MYJETE , FH/K bR 4E
20 cm W)Y, B iWHH P TOC ME S M Zhang %5
(2020)89 Fr ik o
123 N.PWZ  SLEWIGET, R 60 CHLT
ZEfEE, B, @ Vario ELIT JTE /3 H1iX
(Elementar, Dortmund, 7 E)l & TN & & . R AR
FER DA kL TN i, FRA8 faZOmRl e TP
Bl OO EE R . SEE ], (A 3 A4
500 mL BEAR(ZEat 450°CRIBE) RSN, ESRFEN . ¥]
RIKAR RIS TN, TP & 2R F T K,SO, B &1k
BEIGE L it 2 b (Capone, 1993)I5E 2 55 [ & & .
IR RUEFL R WA |« S5 AR KR | JIRVRH N
P &2 HA KR, IRIBERE, KK TN, TP &
KT KoSO, BEA AR 2 o i U A B 7 2 [
TOC, JiE I8 TN 3K H Vario ELIII JG Z 43+ #7{X (Elementar,
Dortmund, 72E)E . JCYE TP B K HIBE %
WOR A FRF M2 N P B I 5 Jr v R0 LR R B 37
FEA2E, BN H N, P lE SR Zhang %(2020)

SOD = 24 (D

Y5 1% AR5 5 F- 42 BB Briggs 25:(1994) 1 Weiler(2011)
BT
F =K x Cun, )

A, F ORI A i e, MIEES TR,
M TAN Fie FRAR I B8 25(2002) 975 15 5 K ¥ i Ak,
Z8(cm/h): K=1.01+0.33U (U N K&, m/s).
124 AKX H R4 C. N, P &
PN 1L g =

C. N. P WFHEITFWT:

C. N, P FIHRE=FM AW =80 C. N, P
T/ RGEMAR C. N, P EE x 100%

C. N. P /KRR IE R R .

C. N. P HEHR=Z5 /KKK C. N, PFHE
B/IRGEH AN C., N, PEE x100%
1.25 %ita#r ffiF SPSS 21.0 # % B gtk A7
AT, SRASIEEAR T BRI T #, P<0.05
2 5 E K

2 HR

21 REEF

TEREAS SR R], A AR ) R R
V5 g I R NS U8 TOC 5 1 39 8 25 A% T 10 b %
(P<0.05), 175 B B 4 3 v T AL th % (P<0.05) 5 241
WIE KRR . pH., DO, Mg FIHE SR Eh 15 b5 A0
He 38 TE e 3 25 7 (P>0.05) (2 1)

22 FHEEWFERERESR

MF 2 FTLAR Y, TEBA SRR IR, K I )
PR, RO TR R (P<0.05), {HAEEL
Z¥l(feed conversion rate) i X T H FL L3 (P<0.05)

23 EFHKXER

MR 3 AT LUE Y, ARk AR R I A K
WyE TOC METMA®RE, 255 TOC L AR
77.06%F1 81.00%; HUJEIRIAEMIRIH LT, 415
di TOC Bk A 20.05%F1 15.30%. 7258 1 384 A i
TOC ki A1) 1.93%F1 3.38%. 44 7K A4 5 1 i A
0 BN 0.28%~0.90% . 0.24%~0.26% Fll
0.03%~0.06%, fiklJE 2 ZHihIE N, P Ay FEoR I,
SE NL P EEIAR 92.08%~92.77%F1 94.18%~
95.63% . FEFH 2 A NP B A 4.19%~6.95%
F1 3.34%~5.49%. IS A5 N P Sk A
) 0.89%~2.89%F1 0.31%~0.98%. &M% AN N, P
Fo A, AT 0.1%. 2 41 s 38 i 04 AY o R 450
AT 0.03%7F1 0.05%.
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Tab.1 Variation of environmental factors in the two treatments
R — 0 Rangi ‘ _ ﬁzi’zjfﬁ (MeanitSD) ‘
Environmental factors AL I A K I R 3 F Kt
Control ponds Treatment ponds Control ponds Treatment ponds
KA K T/C 16.2~31.5 15.80~33.60 27.15£5.40 26.48+4.97
Water B 53 Cond /(uS/cm) 358.00~3 664.00 512.00~876.00 1 641.18+1 002.22  714.22+97.29"
M fEE R TDS /(mg/L) 248.50~2 379.00 370.50~624.00 1 198.60+669.52 478.76+62.77"
pH 6.96~8.51 6.81~8.30 7.48+0.32 7.58+0.37
A DO /(mg/L) 3.48~11.87 2.16~10.63 6.66:+1.85 5.67+2.01
#EWE SD /em 8.00~18.00 10.00~28.00 14.45+2.06 17.06+3.86"
4% a Chl-a/(pg/L) 0.09~0.40 0.09~0.43 0.209+0.080 0.221+0.085
M A TAN /(mg/L) 0.04~4.04 0.02~1.17 0.83+0.84 0.40+0.34
AR ER A NO3—N /(mg/L) 0.18~11.57 0.46~9.69 0.25+0.16 0.29+0.17
WAEAR £ % NO3-N /(mg/L) 0.04~0.79 0.06~0.61 2.80+£2.79 3.60+2.92
iR ER PO —P /(mg/L) 0.02~0.29 0.01~0.12 7.89+3.71 8.57+4.64
M TN /(mg/L) 1.58~16.10 3.49~25.02 0.05240.050 0.052+0.033
S TP /(mg/L) 0.17~3.26 0.27~3.33 0.99+0.71 0.91+0.63
HHLK TOC /(mg/L) 6.46~17.67 8.55~20.71 11.56+2.67 12.08+2.76
fh2EF#e S i CODG, /(mg/L) 34.00~93.00 45.00~109.00 60.85+14.06 63.58+2.76
e A TN /(mg/L) 800.00~2 200.00  900.00~2600.00 1 407.58+388.39 1 750.30+445.73
Sediment M TP /(mg/L) 700.00~1 510.00 700.00~2000.00 1 089.88+237.36 1 011.45+256.79
HHL% TOC /(mg/L) 17 920.00~52 100.00 10 000.00~36 900.00 30 621.82+7 869.42 27 103.03+6 298.44"

T *FORAL PR 25 5 W3 (P < 0.05), TIA.

Note: Data with * in the same row means significant difference (P < 0.05), the same as below.

2 24METFERBRE
Tab.2 Yield and feed of the two treatments

£ R T K I
Parameter Control ponds Treatment ponds
35537.50£4 39129 84 750.00+8256.82°

7= H Production

/(kg/hm?)

IR Feed 60 582.50+11 045.91 111 481.67+14 372.47"
/(kg/hm?)

Tk 2 2.37+0.05 2.07+0.05*

Feed conversion rate

SCEGHA], RO E AR Kb TOC 2
IR REIKEHE, 7505 REH A TOC 1 43.32%
M 22.10%; HUORFRA AANENE, 43905 B A
14.09%F01 20.41%. 77U A= 002 43 51 i A TOC 11
16.08%F1 12.10% ., F=F8 0 ABER 537 i s A TOC 11y
10.08% 1 13.05%; JIC U6 FF W 435 i 5 A TOC 1)
2.66%F1 1.85%. LARKERE . Biwifi A TOC )
FEBIARAG . SO, IRJEF B2 2 4iyE N, P #
W EERE, 295 ARG A N, P 1 52.82%~

61.40%F1 78.71%~79.58% . F& 5 (1 UL AR 43301 o i A
N. P 1 21.00%~25.57%F1 15.41%~18.60%, LA KM
T A NP Y 1.26%~6.20%F1 0.81%~4.83%.,
TR AN 1Y 0.33%~0.65%. B 5 89 HFIARAE

24 EFHRER

MFE 4 FTLAE Y, S, B0k C. N,
P KA BRI SR B KT H Bt I (P<0.05),
Ho B AL 50 SRR 92.91% .88.52%F11 87.12%.
FHoKIER) N, P R RS W & T o I
(P<0.05), C. N JigJe B 2R W 3 A8 T 5 Bt %
(P<0.05).

25 EFHMAZR

R K b E R E B YE SR AE AN €. NL P
FIH 243518 13.05%F1 10.08%, 25.57%F1 21.00%,
18.60%F1 15.41%., MIE 1 AJLAF H, ZHh K ik 55

FEAZE) C. N P ORI 1 2 & T 5 J i %
(P<0.05), Zr513E % 29.49% . 21.72%F1 20.65%.
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B WM Common ponds

30 o BHEBGhIE Zero water exchange ponds
*
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I
I 1
i
IO_II
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B C AN BEP
=1

5 Nutrient

FlIFH
Utilization efficiency/%

Bl 1 2 AwyEFRFE AN C. N, P AR

Fig.1 Utilization efficiency of organic carbon, nitrogen and
phosphorus by the cultured animals in different groups
[l —fEbrbrfr * R 27 B .
“*” means significant difference compared with
control group (P<0.05).

3 it
31 WEEF

AWFFE R IR, S50 [R) R4 K b 3 K AR ) H S
R MIEREFAFIE T TOC &8 0 2% T % #lid
JE(P<0.05), Tz I B 1 2 e T At E (P<0.05); 2 41
b I HL A AR AR A H 35 TE (B 3 25 57 (P>0.05) . HL R RE:
KRS HLRE S 38R, S T KA A7 A 45 i e figf S5 i 28
F o8, TCHLERREE , 2Pt IE K B A —
BRFR(ZE AL, 2017), IR R AL S K AR rp i
fiff P R SRR A A WL S T, i R K b A 1
Y5 2 o Thirumalinis 55(2009)0F 58 R, b K4
WA AR R S L S R A OG . AT, HOM
b B KA ) R A R R S R S e TR
K3 (P<0.05) 175 B BRI 2 B9t 7 B 3l 34 7K 1R v 5k 77
TR 220, FESEAS SR, 4K 82 B
TR AU (P<0.05), HULTTAT, FHOK SR
FEAG T 3t 3 2 1 UKL TS U6 TOC SRR, iz
Tt 3 Y B

3.2 FHEEYKIK

FESRBA AR, FRAE P S RPEK A KT, a2k
A KR R SR DS K, DU SRR A R4 T o
ABEgE R, R ARBIK, (HE Kb I 28 0 7
FE TR YE Rk R B KT R R g
(P<0.05), Ji K H SE 02 2R AE N [A] & B I T A AR R
TR, 4l Be— s T i B (Du et al, 2005;
Aslam et al, 2021), /K E P i fh, #h5

g, DRSS T, BT IRR R A OO
R 3th 35 v 35 B 0 A 0 A ) o B R (] 9 AE K 5 T
TGk, EFRGE TGS I A S R &
K FETEFCARES I, ) T IE N A Y, nIRR
R 375 v I 300 e R s P £ 2 S S R B R T
o RO R A B, BARK IR AR T
W YR AL AR 2R, BRAIG T B R
(Pseudomonas) . . B H [ J& (Kl ebsi el la) F1 8 FT 14
J& (Flavobacterium) 55 80 I+ B2, AT/ 90 1 & A=
(K2, 2020a, b).

33 EFHWUXER

Alongi %#(2009). Zhang %:(2020)#F53 %M, IF
T o E 7= & TOC W EZRIE, 5 R4 TOC &
AT 60%~80%; VEIEA PN 2 TOC %t iy 32 22
W, 5 ARG A N ) 45%~80%., HEHERS N, P
AR EEORIE, & N, P HAK 70%~98%; JIEJE
ERASE N, PR TEERE, SRGEHAN K
20%~75% . ZGcHi A P 1Y 40%~95% (Jakson et al, 2003;
Casillas—Hernnandez et al, 2012; Zhang et al, 2018), T
RS R A AT, 2 4 A TOC .,
N. P W FEZRIEY RER A, 208 77.06%F
81.00% . 92.08%F/1 92.77% . 94.18%#/1 95.63%; TOC .
N. P F 25 R IR R, 430k 43.32%
Ml 22.10%. 61.40%F1 52.82%. 78.71%F1 79.58%.,
TOC A . fiy th Eo il i 22 55 1T e 2 FR A AR X A9 AN [
R . AT, 2 gl dE TR R A SR, KAk
BIHREEAK, LR 10~15 cm, SE AL 20 cm, #7
il TR R A, L, BRI R gk
R f A

AW, TOC A1 N By Sk A> S5 . 4K
IR FHGE TOC 43 70F 30.12%F1 12.35% 1%
A, 19.94%F1 10.74% A N “RER”, i BxX A
S0 JE A AT B RS ARVE o ZE RS A fE v, R
YA A MLYAE R fi U5 A A B NO,-N Al
NO3-N if 5K A % (Hargreaves, 1998), 1] 43 kR4
T E TSk (Wang et al, 2018), % TABF 5T b 3254
Kk DO B (— M =4 mg/L), K, LA R
HACFEARD ST & 4% T HEAER, HEZ =Y RS
Nao HUIAWFIE R BL, 2 23 Y A Fe i S s AL TR
TN BBk 80%LA I, % NO3-N By
ALK 90% LA I, H 24K il 8 7 S8 s R Ak v 1Y 3 B
TR MR =2, 2020), HIt, SEEHoKbiE C.
N “JREE” Bl TH s, BT P O UG R,
TARMIES, HEH AL B HAR—2
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_ - - - ELELTFEY9TE 1 OT'SIZFSEY80 [  IuQUIPas Jo uonendsay  Iffify AR smdinQ
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k4 24@METOC, TN TPHAE
Tab.4 TOC, TN and TP accumulation of the two treatments

JH ALK TOC MA TN S TP
oms AL Fiokitl WADESE  FHUKLSE WA Bk
Control ponds Treatment ponds Control ponds Treatment ponds Control ponds Treatment ponds
KA B 215.33+62.48 25.33+21.94" 159.15477.05  34.44420.66°  42.12+1.40 9.99::4.04"
Accumulation in
water /(kg/hm?)
NS 0.52+0.14 0.04+0.03" 3.24+2.01 0.37+0.25" 3.85+0.56 0.50+0.23"

Accumulation ratio
in water /%

JRUe R R
Accumulation in
sediment /(kg-hm?)
IR B A

Accumulation ratio
in sediment /%

18 294.67+£5741.57

43.32+8.50 22.10+2.07"

16 210.67+3030.13 3 166.67+602.42 5019.73+295.31° 878.37+175.67 1 660.00+226.00°

61.40+0.88 52.8243.01" 78.71+£3.46 79.58+1.70

3.4 EFHMEA

F TR RS AR A K ZHERE
TrEHK . PEAGTE, TR 1 kefa T EE3~13.4 m’
17K (Effendi et al, 2020), T H24E Hopkin%5(1992) 1
38, A 77 1 kg HR I B4k 39~199 m?  AKAR L B ) C
NHIPAE K = SR 5 06 sh B2 5 Y B, Bl K HE L
X T 3 K 38 A 3 R G B T (Yang et al, 2017,
Zhang et al, 2020), ARBF5EH, R 240 — H R
K, AR Kt AR AR R -1 B a5 B Tt I A
Pb TG 3 25 (3R 1), MiZKIATOC. N. PR E &AM
SRy AR R L (P<0.05)(FR4), HFERER
3 REAK92.91% . 88.52%F187.12%, 13 HH & sk 3%
B AL T A A5 R ATt 3 7 B e B ) 7K 5 G o PR T g
T R 3 R, A A0 2 A A Bt S B S ] £
RS B, FEFRE T 5 i b ) A A
25, HE MO IE A5 3 0 S e 5 AR K
O R Yy el e R R R BRI A R —
ASFEXE RE B K, 5 R IR AR L R i s Y AR
AEHE, R IR A PREE B fy BAIR ;LR A 2R
R, (HAER A, RN LT A A K
B, gl Be—m TRl B, X E 5=
FI R 7 F £, (Du et al, 2005; Aslam et al, 2021).
T K S B /NG A Fe A, A EE R TR A AR
i, ¥m T RERARNE SRR, 552
FERI, FHEHOH KA A SR A, Bt
44 ¥ 8 B (Dechloromonas) . s JL T Ji i /@
(Chitinophaga) . % ¥ 5 il I J& (Zymomonas) . Bt i
L}l 7 (Roseomonas) 45 = B2 il 3 2 T MU I , %7K

fRHC, N PHYZBREE T X BRI, AR T KR 3%
EERLRBEVESE, 2020a; K46, 2020),
JERFLZEEC, N, Pl i Z R4 . ARG,
TR IE RN . PIEE A B & I 25 T M i
(P<0.05), X AT HEJE: 1 27 b 4 PARE 2 22 1) 5 i1 -
TN E R S TR, R
TR ) R A, (R DO AR 2]t 308 VS 7 1)
RS T 5 AL AN, ST, B R A A
VAESZI S5 oMb AT T T 08 . BN . W UR AR e, W
Tk i — AL FAa IR A, FLARAE S0 B 0T e
HHLHLIE K 50~60 d, L, @EMEHKIBIEN . PE
TR B T Bl s . AT HAK I N, PIE
B RS TR, HEN, PERMER
AR T M I (P<0.05) . 5L AT R & 2 40 7K w3
SR, X RS A4 Sl AR HE T TR s SRR R
CE KM, WK R A PR, O T B D8
TR A, TR 37 £ A TR B D A 3 i 90 P
UK AR P )8 3R 8 DI AL T8 33 SR Rl 28
I FH I 0 B sh 25 R T A X B SR A A U B e
S B KR A SRR S i, BRI T ik
K HIEA R R B SRR A, AW R
B R R An B R R T EL AT R sh A R A,
2011; Adamek et al, 2013), 7ESZ5 WP, Tk
R A 0 2 B R i A i, HAa S A s A
W, fERE T RIR S SR MR, B W R
A FE A o PR FH 25 B 80 40K it I i e L
BEAKN, PRREE, ML MbYE, TRk
JRUEN . PR R HIREAL T 48.99%F113.97%, H T
JEE Y8 P A 5 2 R T LA R PO TTC AR BB 31 5 =8, 24
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HWIEE PP R AN L B 2 57
35 EFRFBMAREMUL

5 EAE e, B Kb ISR A HC. N
PR I 1729.49% ., 21.72% . 20.65%. JH ]
RE R FC A AL I P 255 8800, (i 4 /K it it 7 i f 2R B
A R ) L R RN A R R B, DI R TR R
A,

A, IREHRERAMT T C. N P HE
FATE, 5 Guo % (2017)M1 Zhang %(2020)HF 51 45
MH—3, RV, BFIRWIEEEIY, g5
(Sinonovacula constricta)(Tian et al, 2001; Guo et al,
2017) . = #f WL &E (Hyriopsis cumingii)( X1 Al 45
2014), AMEEEXPEFRERICHIE P RIHZCE, BIK
HRE, KWk, 5IA RIS YRS RSt
BRCRM)— PR, A AT Rk — 2P 5 s B Ao G-
oKt 5 i E TR ER A R

4 it

AHIFFE L5 FL U | Bt K SR ) A A%
PRI i, FEIUERL RS W REE SRR
HE, e ERENAHR, ETIREDK™FRIHE TR
EAEHE R (N 2y 9.91 J7 t/4E, P A 1.61 1 t/4F)(SE—
R4 [ V5 G PR A AN R, 2020) 85, DR S B g —
A ACACFNHE ) 2 R DSHE A b E SR A AR S B AT
IoE] 18 L FH AT, X R K R A M T R e L
HEEE .
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Sudy on Organic Carbon, Nitrogen, and Phosphorus Budgets of Zero-Water

Exchange Ponds of Grass Carp, Bighead Carp, and Crucian Carp

ZHANG Kai, WANG Guangjun, GONG Wangbao, YU Ermeng,
LI Zhifei, XIA Yun, TIAN Jingjing, XIE Jun"

(Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Tropical and Subtropical
Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs, Guangdong Ecological
Remediation of Aquaculture Pollution Research Center, Guangzhou,Guangdong 510380, China)

Abstract Presently, aquaculture production is increasing to meet the increasing demand for protein,
and the total area of aquaculture ponds worldwide was 5.4 million hectares in 2016. However, pond
aquaculture causes serious environmental problems. Animals generally use only 20%~30% of the input
nutrients in feed, and the majority of the remainder are dispersed in the aquaculture system, leading to an
increasing waste load inside the aquaculture pond system. The conventional way to improve the
aquaculture pond environment is by changing water, however, wastewater drainage is not in accordance
with the water shortage situation in China. Additionally, aquaculture wastewater discharge affects the
surrounding environment. It showed that China’s seawater ponds discharge 4.77% 10* and 3.75%10" tons of
nitrogen and phosphorus, respectively, into surrounding seas annually. According to our previous research
results, it is estimated that China’s freshwater aquaculture ponds discharge 2.79x 10° and 2.89x10" tons of
nitrogen and phosphorus, respectively, into the surrounding waters annually.

To reduce the impact of aquaculture wastewater on the environment, our research team built a
zero-water exchange aquaculture mode based on the polyculture system of grass carp (Ctenopharyngodon
idella), bighead carp (Aristichthys nobilis), and crucian carp (Carassius carassius). At present, this mode
has achieved zero-water exchange for four years, and the annual yield is 96 000 kg/hm®. However, the
mechanism of zero-water exchange is unclear.

In aquaculture ponds, the organic carbon, nitrogen, and phosphorus contents can directly reflect
changes in the aquaculture environment, and the budget of organic carbon, nitrogen, and phosphorus can
reflect the nutrient accumulation and utilization efficiency of nutrients by aquaculture animals.
Quantifying the budget of organic carbon, nitrogen, and phosphorus can aid the understanding of the
system from the material cycle and energy flow, and is of considerable significance for the management
and optimization of the system at the ecosystem level. Therefore, this study used the zero-water exchange
pond of grass, bighead, and crucian carp as the experimental group, and a common pond for grass,
bighead, and crucian carp as the control group. The carbon, nitrogen, and phosphorus budget
characteristics of these two groups were studied to provide a theoretical reference for optimizing the

zero-water exchange culture mode. This study was conducted between January, 2017 and November, 2018.

The results showed that feed was the main source of organic carbon, nitrogen, and phosphorus in the
experimental and control groups, contributing 77.06%, 92.08%, and 94.18% in the experimental group,
and 81.00%, 92.77%, and 95.63% in the control group, respectively. The main output of organic carbon,
nitrogen, and phosphorus was sediment accumulation, which accounted for 43.32%, 61.40%, and 78.71%
of the input nutrients in the experimental group and 22.10%, 52.82%, and 79.58% of that in the control
group, respectively. Harvesting the fish in the experimental and control groups accounted for 10.08% and

D Corresponding author: XIE Jun, E-mail: xiejunhy01@126.com
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13.05% of input carbon, 21.00% and 25.57% of input nitrogen, and 15.41% and 18.60% of input
phosphorus, respectively. The water accumulation amount and accumulation rates of carbon, nitrogen, and
phosphorus in the zero-water exchange ponds were significantly lower than those in the common pond
(P<0.05), and the water accumulation rates decreased by 92.91%, 88.52%, and 87.12%, respectively. The
sediment accumulation of nitrogen and phosphorus in the zero-water exchange pond was significantly
higher than that in the common pond; however, the sediment accumulation rates of carbon and nitrogen in
the zero-water exchange pond were significantly lower than those in the common pond (P<0.05),
decreasing by 48.99% and 13.97%, respectively. The carbon, nitrogen, and phosphorus utilization rates of
the zero-water exchange pond were significantly higher than those of the normal pond (P<0.05),
increasing by 29.49%, 21.72%, and 20.65%, respectively. These results indicate that the zero-water
exchange mode can effectively reduce nutrient accumulation and improve the material utilization rate,
representing a green and efficient aquaculture mode. Considering the nutrient emissions of Chinese
aquaculture, the zero-water exchange mode has a good application potential.

Key words Ctenopharyngodon idella; Aristichthys nobilis; Carassius carassius, Zero-water
exchange; Nutrient



