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 E: ARG HOKFRERA S G YA A YL S, AUFFOE IR SOE Ny - K AR
EHKAFX, HE5EFBEY IS S, WER—EBMIEEIKFE RS, HHRLIKEFHA (Pelteobagrus vachelli)
FRPE IR o IR AR P M T K A R B TG K TR B AL FE AR B Bl 2R R B G A R A AR O, VR T IR R R ARG IE
K FRFE TS KB TR LR R . S5 RERMH: 4 8 AisfT, AKAFHICKEE (NH,-N). LML (NO,-N).
MBS R EBRE DN 75.69%. 64.99%. 29.1% A1 43.29%, FE5H /K2 /KA HH B0 501440 J5 e g T 2 (i /K it 3%
FRFHKHEEE SR (SC/T 9101-2007) ) o Bl B 258 5270 BL IR 3K £ (Pelteobagrus vachelli) T RUE 2N 97.5%, AL
N 638 kg/m®, WEFVIN 71.57%, FEEAEKR (Rgrn) FHIN 0.96 %/d, THELRECFHEIN 1.48. EEIC 45 R %
B, TRHE RGR. BRI EZCRE, 29 R BERRIAK 61.71%. 61.85%. LIKHEFAMLGEERE (BRI,
KB WS Al a. BMLKEETEH, 25 55 B 50.26%. 38.53%. FLIREE AN . B
RIS 58 29.12% 10.65%, fi& (Hypophthalmichthys molitrix) T (Aristichthys nobilis) S5~ BERIFIFH R 55K
0.06%- 1.14% F1 0.02%. 0.33%, MLIRHEFANE . BERI R EE 5 T, 6§ (P<0.05). FRFHMS/KAGHH IG5
B il FEC LE S RO 0.043:1, WA HE—BUb a0, Rk, ASHT 7T 3R B 3 T IR A i 3 N0 10 Bl S IR K TR 5 R G /e TR
BEkEb. BBEF RS RS RIFSER, HEE SRR,
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VAR TAHS &, MR BREREOKFRE RS, T
J& T L IR F 1 (Pelteobagrus vachelli) ]3¢ 58 56 .
X% R G IR TE R KA RE JBEAT R FE, RN 20T 1 i &
St BB SNE L L 57 58 B 70 5 7K b B B T T AR R G BE Ok
R, DUt G 0 FE R 0 e B A0 45 g 1 B AR AL T
BTEL.

1 #MR57RE

1.1 PEEMBEOKFERGE

R R G T b 28 S8 M 117w [ K = B 2w A B
YLK FE AT G TR SE . AR HE 7R T L M LA TR Vb3
ey 3 s B AR 2 A R B Tt 3 A 45 5 TR Bl R OB PR K IR &R
g8, (L) 760 m?,  p B SR B B T AIK AL R B G AR
111 FEARAET

i 525 7% 5 L G AE JR AT Y 3 ()Y A A U SE B, b
27100 m*, WEKE. 9NN (HE2m, B 1m),
BEHEK et MRS PRIENLEE . FRFEAR K & Bk
FARK IR S B ARGHNFN 1.5kW P KE
KM BESEF GRS T 12 57 B A
HK, KA 0.075 mm LA AN W, o s8R =N
30 T/h.
112 KRAHEET

7K Kb B B T AT BEAE TH AR A 660 m* (33 mx20 m)
WiEd, FEAS. #KO. R-E-a X (RIRE
XD, KAEEYGHEX (FRRRKAEBYXD) . g
W BoKD CWLE 1D Hod, B A X AUKAEEY X
RN 1:1, SR IEI T .

Fili 2 77 5 X
Land-based farming area
> 1
. 4
RLEIN 2
Filter dam 2 IR PRI £ b
REBEIX FHIX
Aquatic Bacteria-
plant algal-fish
treatment treatment
area area
3 @ 2

v

TLUEST 1
Filter dam 1

LR FE R 1, T B XE R F s 25K FF R0 2, B X K 1
3ORFER 3, AKAEMEYIXHKA,; 4 RFEA 4, KREEWXHKEA,; 5RFE
15, FREER G KT

1.Sampling point 1, Bacteria-algal-fish area intake; 2.Sampling point
2, Bacteria-algal-fish area outlet; 3.Sampling point 3, Aquatic plant area intake;
4.Sampling point 4, Aquatic plant area outlet; 5.Sampling point 5, Aquaculture
system intake

A1l GEABEFRKAARAETER

Fig.1 Diagram of land-based recirculating aquaculture system

1) EEEAX

Bt X AR A 330 m?, FRFREE (Hypophthalmichthys
molitrix) 100 &, FIUHFIMERE (5.3240.34) g; MR
fiff ( Aristichys nobilis) 20 J& , ~F 33 %] 46 & i =
(5.17+0.27) go i 5 3 [H] T 98 f11 [X 5 S0 AR m /)N 35K 9
(Chlorella vulgaris) F1 EM B (& 7 K—iIRK, BUCKHE
JEARID o /NERFEEA EM B0 B A3 m A A R A
Al ANEREERRARKIA S S L &k, EM HEE
HECONVEIRAN . AP, ARINEEEE, YT
FFHd. FEMEREE . ERE. eoaE. BREanE, H
G IR L FF T =20%107 cfu/g, BRIEEEEE=10x10° cfu/g,
Fili 55 ZE AT B =2x10° cfu/g, w7 /KTH ] EM B &
WK 1.5 kgo

2) KAMYIX

KA R IX T AR 330 m?, VR R TR K
40m’, B SA 4mx2m 7FR PVCHESL AL ; 7R+
e KHR%E (Eichhornia crassipes) o

3) FiEE

SRR b TR R SR 1 A . b TR A
25 mx3m, WA S mx0.6 mx2.5m, N 10~
20 mm HIK AT . KINATZETE 70 cmx40 cm ) 48 A,
A48 At I RS 5K TH 7P (2.5 m), TERGS L.

4) BUKIX

BUKIX A A 9m?, S F/KAERMYIX—f, didiE
W2 s, BUKXBCEKE, FTFIRmX K.

12 REBEFEEE

it 56 7% 5 X 7% B & RPN R IR B fa, W UR R K
(7.16£0.11) cm, “F¥MAFE (584+026) g, FRIEE
FEN 673 B/’ FREEAI KRR/ 80 cm, KAZHEN
1.2mh CRIFRBEARAE 2 h Hk— ), KIEBMA S &
TREYERE T mg/L LA b IR H I3 770 B I3 S A A
xRS, R R S B R SR X R e A
FREA A B R AT kAT .

1.3 RSETMER

KRGT 2023 45 HEER, MR 7KAE T
TE R G0 J8 BNIE AT M BOsh it 3l R /K A 3RO AR 72 . AR IRk
RIS 9 2023 4F 9 H~11 H, Z%i 24 h ANErigiT.
TP K E A I RN AT I AR EE, DL BRAK A
2% MG HENTE A IX, AREEAKE PR . 13
AW BERDGE S 2% G PRk A R E A (NH, -ND T4
fREh (NO,-N) SEEFY M, Lk ygdl 1 g5, Kik
ZKAEMPIX . LI 2, ICRTFHOKD, HAKIEK
PAShdE K, I T S 300 it i 77 B B e R /K A B BRL T R K
PRI RLEN -

I HA], FhEEFRIE O RN TR &l O &
F1=40% MARNT =3% HA4E<5%. HKD<17%),
T H R AR 1K, HERE AR ER 1.5%~
3%, HARPUKE. W06 @ e B m A Y, il
Guit TAE, B XN,

1.4 HEREMPHHEE
NERIT IR B B K TS e K A B FE ARk, W B
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SAKAER, AN WA XK, RS X K
L AKAEBYX KD, KAEBYXHKD, IR
XK. BN E 1 OKAE B R ICR AR B A bR, B
URIKFERAERT (8] 8:00—10:00. 7K (water temperature,
WT) . ¥ % (dissolved oxygen, DO) . pH f# ] W4 7
HQA40 d A IME s RAEKFELR 0.45 um BEIG LT 2 JE 4l )&
Ja, FF NH/-N OK#ERED N0, -N (EEAZ)
O RE ;s TN TP J3 il A5 FH Bl A4 3 et 1 0 VS A 5 40 20l
JEREVE IR 4 YR IR E o B /KR AR AR I HE bR
2% QRAKMIEFREKASCE SR (SC/T 9101-2007) )
RO TR e — WK, RG0S A7 1 ) 6 2 1 0 A4
R 5K ITT—5L.

BEMLREE RGN A il Pl R FEAS, SR AL E A
% (GB/T 5009.5-2003) F14y ¢ % ik (GB/T 12393-
1990) %€t A TN, TP & &, fkld TN, TP & &
D J7 3 R B AR RE S o e e AL 308t 1% 3] 4 2 740 1)
TN TP & &0 38 F ol P o 1 R 0 V05 8 o0 o0 e e
% (CY/T 221-2005) i 45 R ¥ 73 6 O BEVE (HT 712-
2014) M. FRFEEAHAENC AN R K E, FFE #h 7oK
[ TN AL TP & 5 s PN o o 7K Ab 2 B8 56 /K A7 38 R B2
(A bk 2% R K TN TP [N . FRBE A IR 78 K
41999 m’.
1.5 HEE®
1.5.1 KA F T AR

FIKAEFE TR R B 2B, HEA
W)

B R ERAE=[(C,—C))/Cy]1 % 100% Q)

X Cp Fon &K Ab BB T HE KIS R EE, mg/Ls G
FR B /KM BT H K TS YR, me/L.
152 AL AIIASR

FRHH R VAL R G 2 . 9 8% (weight gain rate,
WGR) . K% (specific growth rate, Rygr,,,) I 1H
KR (feed coefficient, FCR) 4845, i HARN

BIEHE = (S,/S o) x 100% @)
B E R WGR= [(W,—Wy)/ W,] x 100% (3
52 2E KR Ryar.,, = [(InW,~InW,) /1] x 100% (4)

YHEL ZBFCR =FI/(W, - W,) (5)
X S, RoRFRAA ¢ B[R TG R 2L, s S, Bom ke
TR G R E, s W, RN FRGH ¢ I [A) I ) 44 5T
W, g W, RARBERN AT E, g FIFRREANRE
HE, g
153  RARIK X BA) R

R BESCC RN
RN (BERGERL + TR0 + WA KR + b FE K+
IKAERE) = B (R a2k + LR IK)Z + AR R 7240+

IKAERE + U) (6)

Tl N (MR + TR £ 28 + WIUR K AR + #h 7K+
TKAEREY)) = Wit D OBk 25 + BRI E + [AR R 720+
KAERY) + U) 7

S [E A R 30 A AL U8 R KA e RO L TR

Y, URNERMERE. B, SRR, KIESB KA

W B4

B BEFVHF =0 B R S8/
(PRI 2. S E)x 100%  (8)

1.54 FEREFAETE KL TEHBRGBIL X Z

fi FE 5 B A K AR B T T AR O &R, ARIE R
ARHAT I

1) FRAEFRIEAN 5 KA HE 5 oK S A e AR A AT U
ﬁ[lS]

S, =H [(AhxAn)xS (9

RSN BT, m’ H /KA # T R KR,
m; AR CNERRBOKIIREE, m; An Bk 3E SR FE AT K
A K AL R BT R EL ;S KA FR BTG T AR, mP.

2) MRHE K AL FE B G BB R i IR A o fE A T
I FELA [F) IR 46 7K — 58 VR BE (1 0 R 7K A4 TS e v A i 3
IR KM IE FE R K HEBCE SR (SC/T 9101-2007) ) 22
SR AT S

So= (OXKXAd) [ (AvXAhxAnxT)xS (100

A Q N/KAERIT/KAEBIMELR R, % K NKE
TS GRS, g/m®s Ad AR IR K 8] 6 ) R
B, ds Av ISR EBRIREE, mg/L.

3) MR 1 P e R EG T
So= (666.TXTyxHyxOXK) [ (MyxKoxAhxAnxT)xS (11)

Ao 7 NEEWFEE M, d; Hy NFRFEMKEE, m;
My RTS8, kg Ky AFRIE S HEHS 25
g/kg.
1.6 HUELIBS SR
HARIEFEFRII Ll “MeantSE” (BME+FRAER) B
For, ] Excel Al SPSS 27 X & 165 1 B #:47 48 it
508, H#iTERSH . FHRREERTZ2H (One-
Way ANOVA) #l Duncan % & LW HHEAT R E 0T, &
ZIKFH0.05.

2 GER55H

2.1 KAEBBEITEEKERSHETL

RIS, WIGTE KK B AR pH [HUWEE 1
From. AR &, W HUKAREI SRR AR Fo e, TR
WE KT TmgL, e (ol KFbr#E (GB 11607-
1989) ),

HHPE 2 a7, R IEIRGE K NH,-N. NO, -N.
TN A1 TP &5 Ye Wik FE W KM A, ¥ 2RI N Rk
JKALE BT H K NH, N ¥R 0.06 mg/L, NO, -N K&
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40.01 mg/L, TN KN 1.08 mg/L, TP N 0.07 mg/L,
REfE 2 CRZKIMMIEFRIE/KHEBCE R (SC/T 9101-2007) ) .

® 1 KIFEENEUIEREL

Table 1 Changes of conventional physical and chemical indexes
of water bodies
N 7K e s
mﬁ M . Water tfr;D;erature . A -1 pH fi
Sampling point C Dissolved oxygen/(mg-L ") pH value
1 21.66+1.26 9.29+0.53 7.78+0.17
2 21.78+1.28 9.76+0.57 7.94+0.27
3 21.74+1.21 9.78+0.62 7.96+0.26
4 21.89+1.26 9.27+0.66 7.84+0.26
5 21.94+1.25 7.92+0.65 7.71£0.27
04 0.
3 S 00 s
Nag 03 2 w2 0.04 [ ab
RET ® B\é : X
Z25 02 ZE£5 003
ZEE be be . SZEF 00 Ll
z<g 01 Z £ ool = b b
Q Q B
g, m & |
51 =}
1 2 3 4 5 1 2 3 4 5
KA i Sampling point KA i Sampling point
a. NH-NVREE AR 1L b. NO;-NKEUTFE AL,
a. NH;-N concentration b. NO;-N concentration
changes along the cource changes along the cource
s 0161 a
-5 16 27 0141
g E 14 52012
W= 12 MBS 0.10
¥E S 10 225008
Z— 508 o= 0.06
EEE 06 o=
C 504 g5 004
202 L S 0.02
8 0 s 0

SKFF 15 Sampling point
c. TN BEIFEAZ AL
c. TN concentration

changes along the cource

1
KA 5 Sampling point
d. TPYREEiRE AL
d. TP concentration
changes along the cource

I BT E—SHAR R RRIRAE 0.05 KF ELEREE.
Note: Different letters of the same parameter in the figure indicate significant
difference at the level of 0.05.

B2 RS BT
Fig.2 Variations of main water quality parameters along
the course

APl 3 AT, ZKAEERRS TN NH, N B L8N 75.69%,
PR X, UM 1. AKAEAE Y X R E L 2 X NH,-N
FERREITTERE 5N 57.29% 23.75%- 9.69% A1 9.28%;
NO, -N & ERF A 64.99%, i FE/K AL EE 50 o1k R
AN 29.51% 41.26%. 9.13% £l 20.10%; TN &%
KN 29.1%, I FE K AL 0 TR R 0 N 42.84%.
24.75% 14.67% F1 17.75%; TP B EBRFEN 43.29%, #F
FE &K AL ER R ICTTRREZE 73 1 47.60% 19.72% 11.36%
A1 21.32%. HHULAT N, T A XA SR 1 2 /K A B B
JUXF NH,-N. NO, -N. TN 1 TP Z55 4e#) 2 F ) 3= 2
X, TRk R 50%, Hrb i i A X R STk R A
POR =

ik b, F/KALELH TN NH,-N I NO, -N [ 254
MR AF (F 4) . B #EE AKX S NH,-N. NO, -N. TN
TP () 2 BR 3R 70 5l A 43.36%- 19.18%.  12.46% Al
20.61%; iLJEM 1 %F NH,-N. NO, -N. TN £l TP {2
BRI 27.95%. 34.49%. 8.35% Al 11.09%; /KA4EHE

¥y X% NH,"N. NO, -N. TN Al TP i 2 & 7 %l N
19.53%. 10.91%. 5.26% A1 7.18%; LI 2 % NH,"-N.

NO, -N. TN Al TP ] % & 2 53 5l 4 23.31%- 26.45%-

7.04% F1 14.09%. 1% BRI R G5 TN 12 BRSO %

IR AR ARG KR AL ER RO [R] I i 2 il /K

FrdE (GB 11607-1989) ) A1 (4 7K Jth 38 55 5 7K HE s 8 5k
(SC/T 9101-2007) ) .

—— % %Z(Ammonia nitrogen
90 - —o— IVAHM #iNitrite
g0l = & Total nitrogen
—o— M Total phosphorus

5 5o
o

=30+

= 3
520+

St

I > J 2
4 @5;@% )9;\\&\ \%%é;o&\ >§§§<‘&
: BV RORSS
Py VY %5’@@ VS

B IKAEHE . TT
Each water treatment unit
B3 ERARMAHKEREG BRI
Fig.3 Change of removal rate of main water quality parameters
along the course

100 o g ta [X Bacteria-algal-fish area
90 1 o 3y 1 Filter dam 1

80 1 o /KA X Hydrophyte region
70 1 = idEHI2Filter dam 2

o % % X
= p i & R Q\gﬁ‘&

PRI
Removal rate/%
wn
S

e B S o &
& &
& %x\ _\@"0 @% N
& 3 &
& & $
s <
A
UNGIEEEA

Water quality index

B4 FRIEBKKR IR

Fig.4 Purification effect of aquaculture tail water

2.2 I HABIFEE IR B UK R BN S T AL R FHE

M 5 A&, R K NH,-NIK LTS E N
0.13~0.55 mg/L, “F¥JMEN 0.13 mg/L, EREIFREE 1
JE BT I — R UEAE s X REIE ARV RN 0.14~0.25 mg/L,
FEARITT RS 2 AN S 4 JA I d, X HE3E NH,™-N
WEENEE 2 FoFas, ¥m Tikse s (& sa) . iR
NO, -N ¥ &£ A8 4k 3 i 4 0.007~0.052 mg/L, “F¥J{H A
0.020 mg/L, FERIGTFRESS 1 R H I — R, xF iR
YEAALTE N 0.023~0.047 mg/L, “F-¥{H 4 0.032 mg/L,
TER T FE2E 6 Ji it BB, X R IE NO, -N IR
MEE 3 AT, Hm TR (B sb) o I IE R I
B TP IR AR 3 — 5, Hox BRI O v R A

(E 5¢).



214 Ak TREZH (http://www.tcsae.org) 2024 &
o HeHTest pond o R Test pond T % ST AL o P 1 S ST b
=030 o 1%J‘!]ﬁ1)2.5C‘:)bntlra(())lnpond = 0060 T§\J‘!]\7?'\*ECec?ntrr’;o)lnpond 15$%$igﬁ 71.57%; CF%‘Eﬁikz?i’Jjj 0.96 %ﬁi, L‘H
L UL . BEAKCOT 309 1.48, BRAHEFL o0 IR T, SR
L P TN T S O ke 2T T AT R H R SRR 9
‘gigow LA Q/’/\j %25 0.02 N \° bt FEAHEL, Bl /K FREESE S T PL I 90 1R TS 56 o
b5 B o— g b —
soost T éo.m L e 24 T XTI
0 1¢2345678 0 1j345678 % 3 ml s, TRLEEOT R EERMACKIE, SR
i} 1] Time/Week i} [7] Time/Week . .
é/f_‘ N =K . 0) \\/_'El' 3\,&" /\é
a. B FEH TN NHS SN, b, B0 8 TN NHE S A ARUCEAALLL 01.71%, UL RS, fR%

a. NH;-N concentration
changes along the cource

b. NO,-N concentration
changes along the cource

—o— Y& Test pond

= 050r wtieip
20 045 XT,(;“ i Control pond
£%040 A
:X"g_éé 8%8 "p, Q. - 0---0----C
¥ 220250,
= 5020
£ =015 L\
s 0 /
£ 2 0.10F A/ o g —O—0—C
g 005 -

0‘1‘2‘3.4‘5.6.7‘8‘
i [/ Time/ Week
c. Fli TR BT TPIR E B A5 24k
c. TP concentration changes along the cource
AS MARALTKRLHDEEN
Fig.5 Dynamic change of water quality parameters in land-based
aquaculture unit

2.3 [HEFEBTFEYR
B2 2 AT, BL IR B i Tl BE R e 22 8 A
N T IR, HBaEEN 97.5%, HhAr~ 8N 6.38 kg/m’,

ROCRFINEM 32.29%. KEHFT . KIEF K78 KA
TEE D HE R TR BN B ET 2.24%. 3.43% F1 0.33%.
FRLEB RN EERACKE, HRABITRBARN
61.85%, HUCR/KH, HARGBTRTMAREM 22.95%.
FLIKHFita ., KIZEMATEKBETCER I 5 RGBT R
ANEH 8.64%. 6.00% F1 0.50%-

ERG RN & AT, BRI A4
(BEERITE. KRB, WIS 2FocRmHEr
FEHA, b RAECEHER 50.26% 1 41.12%.
IKEFFKZ 0 5 R B oc = H &= 1) 3.19% F14.98%.
fife . 5 RO AL ] A R R0 SR G B H I DT RS A 2
1%. ZREDUAIKH 2 oRmH M EE T, 7204
YT R R 38.53%. 32.69%, HUGE R IR
fi, HREWICER LK EDR 15.23%. KJZFEENLE
PR IR FE PRI B 0 3 4 ) R B o0 R a2 8.77%-
4.18%. 17K A B TR A DT AN L 1%,

*2 PEEFIER TS FUERER

Table 2 Harvest information in land-based culture unit

WG LRI cope SRR % FREAEKE o FRHEA
AR Fik PR pwre EE e IR g ificgrowth CHPREL T g
. o . Survival . Weight gain Food
Culture mode Species Initial mean Terminal mean rate/% production rate/% rate ficient Culture Reference
body weight/g body weightlg '© 0" /(kg-m™) ateiso (%d™y SO vclesd
I AR R K FR AR 5
Land based L B4 £ 5.84+0.18  9.99+0.71 975 638  71.57+452  096+0.05 1484009 56  AHIR
recirculating A ' ) ’ : ’ ' ' ’ ’ ’ ’ ’ s
aquaculture model
VG K TR AR 2
Pond recirculating Wi 21.34+2.82 168.50+5.47  86.88 104.67+18.61  0.68+0.17 322 [16]
aquaculture model
TYEFRIHR -
i
Pond culture model by 21.3+2.82 180.05£5.96  93.12 112.404+28.13  0.77+0.19 322 [16]
*x3 FERGABBTIKR
Table 3  Nitrogen and phosphorus budget of aquaculture system
¥ N\ Input quantity it Output quantity
Wi H Ttems % Nitrogen f#% Phosphorus % Nitrogen f#% Phosphorus
o di bt R di bl JE dib i i
Quality/g Proportion/% Quality/g Proportion/% Quality/g Proportion/% Quality/g Proportion/%
¥} Fodder 27741.40 61.71 1238.00 61.85 / / / /
LI Hf Pe
f tﬁﬁ*’vacheﬁe"b"gm 14513.60 32.29 172.90 8.64 22591.30 50.26 304.80 15.23
it Hypophthalmichthys molitrix 1.29 0.00 1.04 0.05 12.48 0.03 10.46 0.52
i Aristichthys nobilis 0.28 0.00 0.19 0.01 1.84 0.00 1.72 0.09
JK#iF5 Eichhornia crassipes 1005.84 2.24 459.36 22.95 1432.56 3.19 654.24 32.69
/KJE Aquifer 1540.44 343 120.12 6.00 2237.40 4.98 175.56 8.77
#hFE7K Make-up water 148.10 0.33 10.00 0.50 / / / /
i 4 2 324 Solid waste / / / / 189.78 0.42 83.66 4.18
%74 T Composite term / / / / 18 485.60 41.12 771.18 38.53
J2 & Total amount 44950.95 2001.61 / / / /

TR ARG P AR BRI R L 4. FER
girr, TLICHFEX EBER AR A8 (29.12+£0.75) %-

(10.65+0.29) %. fifE . xR =058 (0.06+
0.01) %. (0.02+0.00) %; XTHERIFIFHZ > HA (1.14+
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0.17) %. (0.33+0.04) %. Duncan's £ & L 45 B BoR,
FUIREF AN . BRI R 03 & T, 6 (P<
0.05). fEFIfE FM%E. BERIHREZRALE (P>0.05),

*4 FERFTEXNEAHMMAER

Table 4 Nitrogen and phosphorus utilization of fish in aquaculture

system
Wb RS GRS
Speci Nitrogen utilization ~ Phosphorus utilization
pecies rate/% rate/%
FLIRTE Ut a a
=+ =+

Pelteobagrus vachelli 29.12£0.75 10.65+0.29
i b b

Hypophthalmichthys molitrix 0.06+0.01 1.14£0.17
i b ¢

0.02+0.00 0.33+0.04

Aristichthys nobilis

i BRI E AR A A B RS B E R R (P<0.05) .
Note: Data marked with different letters for the same item in the figure indicate
significant differences between them (P<0.05).

25 FEEFERTSKAEETERMELL XA

RPE (90, 2 fh BRI BT A IR K — Ik,
M} H=2.5 m, Ah=0.8 m, An=1, fRAF (9) #5: S,;=3.1258,
R R FEAR 5 K AL FE B oG AR L LE G RN 3.125:1.

WA (100, KEMEHEE QN 12.12%; UHKE
XFTN B 5BR, KAEREYIRG RPHRIE K 7% Kl
2SI BF 9T, K=30 g/m®; 2 h BT A FRmEAm K —u,
Ad=0.083 d; KA PIAEKFE AN 8 i, W 7=56 d;
¥ TN M 1.50 mg/L F£3] 0.5 mg/L, N Av=1 mg/L; £EIK
#7K 0.8 m, HJ Ah=0.8 m; ZifHIFEEANEAK, W An=1.
KA (100 15: S5,=0.0067S, B[ FE50E 5 7K 4b 8 o5
MARFL LR &R 0.006 7:1.

WA (1), ARFFFEEW T, v 56 d; FREEMMIE
K Hy N 0.8 m; /KK AEMYIBEHER O N 12.12%:;
IK AR5 G W IS K 2 25 R 1 A 7
K=30 g/m’; 666.7 m* R HH 1 ISH 75 B M, N 1472.59 kg
FAE K P HES R K, 2 RBEP R, K=
10 g/kg: BFRBIKHITRRE Ah 9 0.8 m; 4 ¥ R 57 FE AR e
AKs W An=1; KAEEPIEKE A 8 A, W 7=56 d.
KA (1D 15 S=0.16S, RIFRFEM 5 K AL B BT AR
BCEE K & 0.16:1.

3 3 i
3.1 KAIBE T FRERKBL S

ThIEIE IR K 775 5 Ge /K A 385 G I8 R K AR AR )
Pt KRN KRG, BRoKAERY X
RIS, U X, Gl - E
FIAH EAE A K . 7K AR BE 5§06 NH,-N. NO, -N.
TN F1 TP & L BR 5 51N 75.69% 64.99%. 29.1% Fl
43.29%, FH R A X ) DT AR EOK A X R, R
“HE-EE-f HA B RGeS, R EEN
PRSI T AR AR AR E, Rl TR AN, TR
PR SR AL B IR 2 AT R B E R BT = A A ML
FTEE IO 6 W™= A= A AL R w4l A . A AR
W= TR EER A, AN AR R AR ) CO, T R

R, A RAP0, BRI, (R PR 5 F R
YA KR e P, AR, K A B T
TN & 2B RA AR, H 29.1%, HEW SR80 2 P ok
B RN EA R, WMAMEHEZ YW, 3
Bl BRI =

KA W] LU B & R CE SRR A D
LK S5 AE i o R A 0 KR BT AR
YA KRET) . IR RFM L BB R IAE, T
KIS RE St AS R, k) B RIERIR R,
T ZE AR FR R, RGP, AR R
WMAMREE R AR, ISP EEFE (R
N 25~35°C) HFFT 8 FhK AR = ik FE VAV (3.0
3.5, 4.0, 4.5F 5.5 mg/L) HIAFERCR, SRKRH, K
AP K B L BR R EIA 95% PL bo SR AT FE
d, KA XA NH,-N. NO, -N. TN Ml TP B3k
RV, 7TRE S KA X BE K 5 Qe ik BUIRH
Ko WHFERM, VOKKEY) (Gent B8 Hydrilla verticillata
Y Vallisneria natans~ 4:f43% Ceratophyllum demersum -
FRINE #E Myriophyllum spicatum V5 IR T-2% Potamo-
geton maackianus) JEWUSATSIL/KIE TN, TP #KEE FACY;
LRIR T3 (Potamogeton malaianu) A IIFEH =L
JEE TR -5 S R n T K A b TP IR R iR R
5% 3 KR B 73 25 2 WOB % . AR R, KA
YA PR FRTE IR KIS, RLZRE ST AR &,
GEEFK AP, rRBEC, PR EAKAEEY
T5KACBRRE T AR K ARG B BORT, RS ERIT B7
W O bR SR AL, R G A A B AR T OO R TS G
PIPY. g5 BRTIR, KAREY) X T A B R K A R A
P o3 FETCHE a1 o HL R Kb e
32 FEHR

FLIR B B i I AR s, Bk, iR, Iw
I SR PR 8 B WO D, SR AR 3 R M Kt
TRV e H T TRV A AR AR R K AR TS By K™
a2 By R AE R L, AR RE TR, ik
FEOAEEAG . R T4 B0 IR 590 i AR S A R IR I T
KREFEEZ N, BFaKBESMHERESH, Kk
NH,"-N. NO, -N # NO; -N & & 5 it I = G /K A A L
BEAK T 60%~80%"" . 5 B0 3 e At i 92 L 1)
Qo S A K MR EAT T EEBR i, A RERW, FER
BEARE R G K B, fem RAREMERE &, &I
B F A K PERE . XIS B9 T AR R R R
TR AECYERE, SRR, ARG SRR T B
BB R RN 93.12%, GHE AR 112.40%, FFEL
KFEF9 0.77%/d, THEIEIAKFRIEBAT, Himn
22322 RIWIFRIH, FOIE F N 86.88%, I H K148
104.67%, HiELERF TN 0.68%/d. ABFTTH, Fik
TEIMK TR T, FLIRBE UL 56 RIFRIE, HUEH
N 97.5%, HEFRFIBN 71.57%, FiEEKEFEh
0.96%/d, 5N gk gt RARLL, A TR A
IR SR ASOR I Bl G A K R G e % LT
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P ER TR K, B KA %
3.3 FERGHERBFAME

AR TR, ASF TR S AR R R, A
BMANBIRIE LB A 25, ARG T, HEkhE
W IR M R N 10 Ty P, s kDT xt
ot Sk, SN FEVR IR AL s BRI AR IR
U, TRk N & A& s I LB F 80% LA
Fo FKETED SEARRISERLTSE R (Takifugu rubripes)
TEMIK TR R AW AL R RN & RAG AT
RN EE LA, (HEHIA 96% LLE. A#FF A, FAk
RN F R, 5T AR R — 2

R A, EECHIUEH NIRRT, 4
KAKE BGREDD, ARG RER, FEAHK (L
RIEfi) MEgAMER (BEFREIH. KIEER. T
e BRARGEMMEZEIH, 250 52 H
50.26%- 41.12%, KPR SEA AR B2 Wl far H i) 32 22
T, A A ) 32.69% 38.53%. XIMFEEE %
KO AT (Micropterus salmoides) FE5EMIE I 70 45
KW, REVBRFHEAS A BmH g EZ . P
5 KL h g Sk, SR IFRMIEF R RN, FREAE
PIBGREZ TR M EE T, R R 2T R
M EE . R FRRENT R TR AT REXT BT R
Bt P EE . AR, KEFRERRE
wikE TR RE, WNSE. BEESH 7 LA A . B
TR, BEAPURAEIR, 58 450 H sy,

Tkl FRFEAR RN FR BN G S5 TR 208 o 2 R IR A
PIXH R WSS SR e R MR, KRR, IR
Fita () EEA 2508 29.12%. 10.65%, T 5 fafl
R FRHIEA . BERIFER (058 17.51% H119.78%) 1,
(R T RN B A0 VR RV IR BRI FH 2R (0 310 65.2%
F116.6%) PO, {5t W UR ) FH 2% 52 3] 9% 58 % 5 1 977 B
AIFEM o T AN [F R GE b Foor 2088 1) 75 SR AR A7
ZESe, ABEFH, TG 5 U I IROSOR 2R 8 2
e T R, JR DRI T RE R T IS A R R, B,
YERGE KA, FERRERE LAY HEL RN,
[R] (b £ s U ) FH 26 0 I T BL IR B i
34 FEBLTEMRSSEUCRTERELXR

BB SR G P 7K 7258 5 G 1A% 0 1) R FE R s
LTI AL L R R, W MR RA . BITRER
PLR B A R i o AL B e I AR /N, i LBE T
PR, Jov2 A Rab #3758 K HR s G 1A B T T AR
K, WIS gEiRFram A, i B PR 1, AR
FORHE H KRR FRFA B T HEA TS ik . FRE
K= HEG REGHAT MR, 13 H IR A 5 K Ab BE T T
FABC LL 5% &2 51k 3.125:1. 0.0067:1. 0.16:1. 3 Fpit44
SR EFROR, HEWY 3 Fhar A 753 89 0 b EEAS ]
TR R B (K AP35 3P R IRE K
TR RI T HES R K 1ENSHBER TR E XK.
A% R B Fp 9 A 5 K A R T S B R R LK O RN
0.043:1, AT 0.0067:1 5 0.16:1 2 [}, 5 3.125:1 Z 3
BOK, HARES K H B R B2, Ul AR 4

P KRBT ST 49 1 TR E BE 26 R AFAE 1 R R TR 97 I
%, I RS GG S IR S e HERU TS B iR
TR AR HES REGHAT R TR T A2 4k
Re /1. FRHE S S 2 PR R AR, R EE TR, K
7745 B B TR D00 R, AT T AR 14 e b 3 R B g
Y5 YDA Ak PR 6 0 A K FRFE R K, TNL TP
FINH,-N EBRFLEES] 90%~100%*; /NR#E (Chlorella
vulgaris) FHAZE KT (Bacillus licheniformis) Xt &
JKH TNL TP A1 NH,"-N 2 3% 535l A 88.95%. 80.28%
F172.00%*, 52 AL, ABFFH TN, TP F1 NH,-N
(R 22 BRHAY TN 29.1% 43.29% F1 75.69%, 1#4k.HE

RIEFNHADIRDS, HEM S MAEY . ERRIEE R
B b Be S <0 R, AW 7T BT R B 3 B A T AR
FK Ab B TR BC LE A 1R R 3R B 1), bk, A
WIS FR I 2 40 v A AT Is 7, BT DAFRBE AN 5 /K A 5
JC I TH FRC b 5% 28 75 78 3 v /K A B BA G 1R g ) AN SR B
fugs (R b, 45 GHCF R — P A

4 % 1B

1) AZRGUKAFE TN NH,-N. NO, -N. TN £l TP
ST R B BRI WA 75.69% 64.99%. 29.1% K
43.29%, FEHAFRIK & EAL G RERE I 2 ik K 5 A HE
(GB 11607-1989) ) F €% 7K yth 3% 77 B /K HE il 2 R
(SC/T 9101-2007) ) .

2) RAGREIFFE TR EFML 8 A, H
BT E R 97.5%, WEEN (71.57+4.52) %, HEL R
N 1.48, FEREERUR RUT.

3) ARG R AR 5 7K A B BT S BT AR B Ok &R
90.043:1, FHEREAKGHMREE, HERIABHEERE,
HARE H oK e, FER LS ELR
T T AR B B A 1R K B $E T 25 6] .
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Construction and operation effect of land-based recirculating
aquaculture system based on pond

HU Xiaona , ZHU Yongjiu , WU Xingbing , LI Xuemei , WANG Long , ZHANG Yuansong , LI Xiaoli™

(Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs/Yangtze River Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China)

Abstract: To explore how the land-based recirculating water aquaculture system can be organically integrated with existing
freshwater ponds, this study carried out to transform the aquaculture ponds into a combined "bacteria-algae-fish-aquatic plants"
water treatment area, which was combined with a land-based aquaculture unit to construct a land-based recirculating water
aquaculture system for conducting experiments on the culture of Pelteobagrus vachelli. During the experiment, the physical
and chemical indicators of water quality in each water treatment unit and the growth of fish in the land-based aquaculture unit
were monitored, and the nitrogen and phosphorus balance in the aquaculture system as well as the relationship between the
aquaculture unit and the water treatment unit area were evaluated. The results indicated that after 8 weeks of operation, the total
removal rates of ammonia nitrogen (NH,'-N), nitrite (NO,-N), total nitrogen (TN) and total phosphorus (TP) by the water
treatment units were 75.69%, 64.99%, 29.1% and 43.29%, respectively. Among them, the removal rates of NH,"-N, NO,-N,
TN and TP were 43.36%, 19.18%, 12.46% and 20.61%, respectively, in the bacteria-algal-fish area, and the removal rates of
NH,"-N, NO,-N, TN and TP in the aquatic plant area were 19.53%, 10.91%, 5.26% and 7.18%, respectively. The culture tail
water was able to meet the "Requirement for Water Discharge from Freshwater Aquaculture Pond" (SC/T 9101-2007) after
being purified by the water treatment unit. During the experimental period, the NH, -N concentration of the test ponds ranged
from 0.13 to 0.55 mg/L, with an average value of 0.13 mg/L, and the control ponds ranged from 0.14 to 0.25 mg/L. The NH, -
N concentration of the control ponds was higher than that of the test ponds from the 2nd week onward (P<0.05). The NO,-N
concentration of the test ponds ranged from 0.007 to 0.052 mg/L, with an average value of 0.020 mg/L, and the control ponds
ranged from 0.023 to 0.047 mg/L, with an average value of 0.032 mg/L. The NO,-N concentrations in the control ponds were
higher than those in the experimental ponds from the 3rd week onward (P<0.05). The trends of changes in the TP
concentrations in the experimental ponds and control ponds were consistent, and the control ponds were significantly higher
than the experimental ponds (P<0.05). The land-based culture unit of Pelteobagrus vachelli had a survival rate of 97.5%, a unit
yield of 6.38 kg/m’, an average weight gain rate (WGR) was 71.57%, an average specific growth rate (Rsgr.m) 0f 0.96 %/d, and
an average food coefficient (FCR) of 1.48. The results of the nitrogen and phosphorus income and expenditure showed that the
feed was the main source of nitrogen and phosphorus in the system, accounting for 61.71% and 61.85% of the total nitrogen
and phosphorus input, respectively. Pelteobagrus vachelli and integrated accumulation (including bottom sediment deposition,
water leakage, adsorption, etc.) were the main items of N and P output, accounting for 50.26% and 38.53% of the total N and P
output, respectively. The utilization rates of nitrogen and phosphorus were 29.12% and 10.65%, respectively, and the utilization
rates of nitrogen and phosphorus were 0.06% and 1.14% for Hypophthalmichthys molitrix and 0.02% and 0.33% for
Aristichthys nobilis, respectively. The results of multiple comparisons showed that the utilization of nitrogen and phosphorus of
Pelteobagrus vachelli was significantly higher than that of Hypophthalmichthys molitrix and Aristichthys nobilis (P<0.05).
Based on the calculation of the water exchange volume, the pollutant concentration discharged by the aquaculture tank, and the
production and discharge coefficient of the aquaculture fish, it was determined that the proportion relationships between the
aquaculture barrel and the water treatment unit were 3.125:1, 0.0067:1 and 0.16:1, respectively. However, the proportion
relationship between the aquaculture tank and the actual area of the purification pond in this study was 0.043:1, and there was
still potential for further optimization. Therefore, this study demonstrated that the land-based recirculating aquaculture system
based on the modification of the aquaculture ponds has a good effect in the aspects of aquaculture tailwater purification and
nitrogen and phosphorus utilization, which is worthy of further optimization and promotion.

Keywords: pond; recirculating aquaculture; purification effect; nitrogen; phosphorus; pelteobagrus vachelli
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