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SRS RGUR G K IR ANTG T #ss H R A 25
f, ZFEERAE A — MR G ERE R, B
& REfERR. P RRS I SRR I AR S A RO
BARM, 1SR R GR A SRR AR TR A HLTS
gy (BRaRTkL SRR WS A N E
AR PR B FRR, (R A KR B I F A 2
KR R, AR AR R AP 3R s, Sell «“—
AR 7o e 32 2 i O R A, 29 25% 4 F AR,
Hapg AR b E AR DL B CHE B A4,
KR AF)E % (Tal Ammonia Nitrogen, TAN) ZAEY)
VAN RIR E: (NO,-N) IR E: (NOs-N), il
PR ShoON TR & T AR CR AT R, S s
HIFRFEARAR B R IG IR BE N f i, T2 R SE A RS A
PEER, $w T BRI R, Gk a2 15% [ a]
Pt AR CRIFRY, B AT ) A WA TCHLEE, oA
HEEHUBER E: (H,PO,w HPO, . PO, SEAEAME—TT LA
WSR2, B R A P B T 7K A4 pH L, =i
pH ECRHR e P UT0E, FEICEWRWCRI A, W RS+
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RAE EAMELD 70 SEARHIIA, 56 [ Ao fa S A R T
THET, JR@L T AR A RGP BT 80 AR
W, SEIRYE/R R B K22 1 Rakoey WFR 15—/ MK
FoHr fa kA 24t (the University of the Virgin Islands
System, fAiFR UVI #x0) © [\, JbRZ 3G L
K%M Mark Memurtry 18R T f3EIEAE RS (the
North Carolina State University System, fijF#X NCSU #%
2O U B UVI KRG FREF RS, fEdE RS
BENT AERIREI B, th 45 b (12 2 T UG 4R B A
Hudk SR A R Gt o EK R RE B TR AR S
BRFCHT T 7K R 25T 20 tH40 90 4R AU 3038 E R G5
t E R IT I, Wt T E A E B R S
PFE. RSN B TR BRIE. WA R
SRRt SN R AR B B RS R, S 2 H AN [ i
KEARFRMAE. ARAK Bk 2 R G & .
AR PR N T SR RGN B A A, I
X RGBT T

S S RGN TSRO A P R
HAR, AL RGP AU 20%~50%1 %R 15%~65% b
MRSCR R, o U i 3 0 R e el v 45 S TR 9%
HAHZEEHMRKRTI2 BRI RE A
W R A ARSI B SR (L ER, HREE SRS T
AHURYIPEAC R, K Hoh 35 18 -5 4y i It H
THWE TR, RAKMREMSEEER. BEEE R A A
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He, B, RTR&S0IVERGRE . BRABeE
Rt FVE AR 2, R RGBT AT AN
A LA R A SRR B2 2105250 BRI, AR SO 5
I RGUR WA AR I S i D R AR W S
AT AN 3T, FFEERSAAAE K R 2, W AR
A St HEAT R .

1 RGEBITFEN

1.1 pH{H

pH {2 f R IA R RF\EMATHREL —,
HERAW. EYAEKMFEYENE. &%, E&5EY
AR pH (ETE A 5.5~6.5 MIRBRIEIAES, IRVEM A
FIT8 (Fe). #i (Mn). 1 (Cw. £ (Zn). B (B).
B (P). 47 (K). 45 (Ca)s B (Mg) ZEuR A,
A DLBE i A A 3 2 0 5 6 3R (KR P IS A Rk
M A K pH BTSN 7.5~9.0 FImis e E:, A5
FWPSZE pH A N 5.0 A1110.0 B, ASFIF R4k 401 10 4 K
SR 2% A S A R T A A g R A ) B AR
KRB W EIE pH BTG HETE 6.5~9.0, AS[H] & A i i
& pH {EAF, pH EIH KSR AEKMEs, #
FiE AT Mk, (RS, TEIkIEI T A
TR et f A pH (E IR, R TR mfsE
I RGN EEARYERE, Rl &8 FRY R E IR H 2,
VFZ 2 H 0 T 7RI 7. Tyson &P 9T 1 pH {H
XSRS R i IR R R, S5 R HEESE pH H
M 6.0 HETNE 8.0, FIIATEH &K SN~ M 1.5 kg/bR T
P2 0.7 kg/Pk. ABFFLRP, pH [EX#SEILA R
RERERAIHRG BEm, 27 i 7 pH A
6.0, 7.5 1 9.0 B I A RGBT, 4R R
RA AR pH KGN FEAC, 7€ pHAE N 6.0 ik
Bl E, N 50.9%, HKE pH H 7.5 F19.0. BRI,
R 4 25 R T RN E TRV S e, RN T 1 28
MAEKKE, BMHEIER, JFART 2GR EHH
R em. Bk, A 2g B2 — i,
DLIA BI56F R ) A0t SR PRSI RS E TR 4%, 3R & R AL
R R .
1.2 $RIRTRHEE

3L R g rh i Rb g 2 B R R ORI, I
YA 32 BTARHE R 52 . Liang Z2HF50 7 3 NI
B (FE 4. 6 A1 12 h BIAIRE A 73 55 2 SR 6 IR
4 RFN 2 D) KSR A R, S5 RRIL, B
BIEARTRE RIFHIKE, HmarmEymnr - &,
WDIKRE S BEE TR R, s R R EIA
., Yang PG T 3 FORE FFEMESRRE, 42
FruE M (Aquaponic Increasing Feeding, AIF). ¥51#%
M ( Aquaponic Uniform Feeding, AUF) Fl % 4% i
(Aquaponic Intermediate Feeding, AMF) X 247K i
Y AR FE A 2SR, SREH, B2
IFEMRHIEE (AUF) #8757 s h g e i =,
FHECPRHERR MRS, RAEMREFHZEIN T 30%. [F
I, B A A U A S R I, A5 MR ) R 5 e £ S A

RGN FEEZE S S pH EREME = B R R
FIFH %, AIF ) pH {HAHLL AUF G2 mAK, TmmstrE A
AR pH {EAE 7.5~8.0 Z (8], BAKM pH EH0H itk
YR NI BRARAE )~ E MR E M 2, AUF 1) pH {50
EAHAMERIER . SR, F5 SR I 5 e
PR, FRARMRLE, MM 2 A 7K LA
MRGEFMRAHZE; BOBREREE, EREM
2, Al LA K AR R R T AT S e DA g KT,
PRSI RGP EY R B ARG E SR A
R, ABRHAPAAER R EERAE,; Bk, WEMEN
AWt m 2B S RGE TRV F B R IER: X,
BEE MR e, S SBANLHEL N &5,
PR MO A AR K I R L g AN B A . DRI, 3B R
B — D M R R RIS St SRR ) 2 B i AR A,
A HH o A T 5 T SR S AR AT A 5[] B I KR A8 e A
BRI R, FIREBAEARTF B RS
AT SR A A, S E BN, sk N T 55 Bl A
AFRENE, X0 S RG RIS &P AT RS R
WEHE,
1.3 BEE

— Mok, WS (Dissolved Oxygen, DO) ¥R &
F 5mg/L i, A K KBEBEED, EmAE Y
A K AVE F=Y R IR A B . eAh, VAR
XA E ] 2O B, I BIA MR AR T 2 mg/L, T
PR B IR A A P RCR B, Rk, (R M s R
AR L S LR R as T R L . B
MR xR IR A, XA BRBE. A, RAEALAN
HoAhd R P A A R (R s B33, Fang 2000 7t L 1 2
W% (Semi-Aeration, SA) FE & H:IES (Intermittent
Aeration, TA) 2 FA[A] RSB AN f1 S 3L A2 R M5
W, 57N, SRR AEIAE R A RZ A
A EE RS S AR R G 11.3%, EERFINY
AT A R A AR e, ASEREN N EREER
KA, RAEWAERESS, R SRR R R =K,
(R BRI SRR, EREe BRIt A R
FHERBEEMNRASH, E MU AMIEFEKEAE
Biggm,  HOOHEY) 0 E TR 5 WSO A B A AL AR
MR, Rk, 4EFrfsEdid R 800 itk
RIREIRTE RIE S RGR RS E IR R A BRI 5%
B,
1.4 KOG

FEfSEILA R, B 7K ) 5 tes o] AR fr R 4
FIABR P, i R b A R 15 2 78 it g, B Ik
A BEG Y f2RaE E FPY. 7E DU RN A R R IR
XTI R R T ORI, AN [E K ) A A
(3, 6 f1 12 m/d) XJ I REI M. fAiG%. fredk
FEARELZW, KIJHARAE 6 m/d I 1A K F A
A, FINKBSE. A mAEK. F R A A
R IFPT, Endut PRI R I E RGP R
B, MK AN 1.28 m/d B, FEIRI S E I 8,
KA G2 2B, AT A O AR, IE Rk



294 My TFESHR (http://www.tcsae.org)

2022 4

KRR, FRICRGERE TRV PR A2, MK H
fap i D T AR K AR R 2 1) fR e e 1),
23 1 I E A AR R R A R A L R B AE R AR
Y, FECE IR RPN ke, & B K
JI5g A UM A KR AL 2 8 F%, IntRE =Y 5
PG FEAA A 2, SHED ARSI HER, H
KT FAFAEARF RGO . ARG AR 73 %
FANLLGIE] ) B ESHOF AR, L 7F i — ST
RWETC, ) B AS ] S A 1 X5 7K 77 47 A (40 5 e ATL ) R0 A L
PER, T FEPI AR K AE FRP 5 ) 28 )
LA Bt — B i

1.5 FhFEITRFLLA]

HRAEY A R AT DU T e LR B g%, M
VIR R R B R EMRIE TR M Tr R, iRk
GG B2 AR Z A E s AR 1 A KRR A
B BERUSCRE D EANE], BRI SE RS R A BRI
REBEZ BRI . AT R
Vi KRV AEEAKREY) 3 RS 10 FPAS R 7K AR M
Y, R T ENTR R BERIRIRR T RE T, S5 R ILR
R (Myriophyllum aquaticum) FIEH (Hydrocotyle
vulgaris)~ K7 (Oenanthe javanica) F3 NE (Canna
indica) SEHENKAEVIR KR PR BERIROSOR T 2 B35 5
FHALAEY), HHESAY) R E R . Endut S HE T
TOSERITTIE 2 Fhig it B AE A [FHASR 264 T A R A
M, FREZPOLRMBARMHE (66.5%) =T IT€
M EFIF R (59.9%). Hu ZEPIE R 5T (300 f SR 5t
ERGTRIL, FBAKEARFAE (41.3%) =T HXEH
BRI (34.4%), FFHAEXT 2 DB R
VIREVE o3 BT I, 7 AR 0 ] L PR A 2 7 5 v o
1 4 52, XAlaeBHMNIRRLARERE, HH
WA KR B T2 IR . o ST
Fo T ANEAKB B 38 5 A4 St S 3L R AL
1 TG 2R I ROSOR AR 00, 45 DR 3 I3 A S0l Tl P B WAL e
Bgho 2RSSR T A FIFh GRS 5T IR R K A
FACszm, S5 RUR IR BUE 5 HAE 34%~42%I,
&SR ERKERF, NERMTUENRE G, KX
R AR B . ABL B TE AT DA R A
ARIEMRER . BB R AR 7T Loy g i $2 i 5
WFRRMAES TS, BAEmNEARAHE, At
RGP EE NI

T A7) A0 £ R T L 2 0 S SR A R G ) SRR AL T AN R
GisH. HRDTEMIIT T R R A o SR R
GRFHAME W, SRRV EE R 45 Hom’ 1R
GAAB SRR AR RN . Lam FYERBEIRYE
fi& (Oxyeleotris marmorata) F% 03¢ (Ipomoea aquatica)
eI R R, BHT 7 SR R A BREE
FEEAE FRYFR R, RIAE R AR (3 mY/m®)
TGP R O S E TR A B B R AR, (H
FEAFUL I 3 mYm’ B, MW~ E RoR H TR,

AL, A T S5 28 e 8 £ S 2 TR 1R LR /N,
JIAE 0 S TR 1) T 4R 7% 40 FRE A B 77 53 MR WAL 2 1) A5 o

P, Y N SEFESERGTRER, I8
FEOrTCVE N Ay fift s FEAD LB R AT B s g KT, =
e FHEMAEKEERE, EHYE8 T, EasRt
ARG, EAEEMIRLE, ARTE BRI AE
M
2 ARGt
2.1 kiEEX

RAEFPRIRIRAY, 3L RGN 3 Mk
A, EPEE ik (Media Bed Culture) (B 1a). JR/K#R
K7 (Deep Water Culture, fEj#8 DWC) (] 1b) sy
Heki M (Floating Raft) FE FRHEBARFR A (Nutrient
Film Technique, f&#% NFT) U (& 1¢). fEfsEILAER
SRR PKERR, BRMAEK. BEYRAELK. K
BRI A E R, T2 RKIEaEY I FEET
k2552 ek B %), Lennard P B9t L i 1 #05E
A RGP AR KR CGREFRSE . RAREAE
FEMBARES) X EBRMERK, ARWEYE, KAEFE.
WIS s, I ah R B, R ks B A
) 2 00 32 3 T OROK R YRS SR AR 55 8, T 3 A
AR R REER . S REIANE
R G B RSO FH 22 5 HE )RR 28 RH 7K A 1) 22 fd T AR s 1E
Eb, TR AT Tt P R AT R FH -5 0 G R W SR A A
ANE], FFEA R fi] BB E e TR 25 K A B kT A
Roosta Z5PONP 45 TR (100%E2 kA . T5% 2 EE
+25%MHR . S0%IZ R +50% MM 25%I2 B +75% Rk
A 100% M5 SHEY)AEKFR B 0, B R NBER
ANNEARVELCERE G, B EA R, Al A7 R
& 3~4 151K, ATITA B TR 5 5 G R A
Mg TR, RAEY) ™ B A A P2 RS | o L)
SRETEIN, £E 100%Z BRGNS, 7 Bl B 5 o

BB e, KB AN R 4 AR OR AR
SO . kT AR AR O N B AL 1B 2 L N
AR SCSE 2 S F2 0 . T PR 7K R B IR R P A0 B
SRS B PR RG — FESE T I AE /K, (F R o R v )
JiR e N 22 AL A TR IR AR K TR R A R R T A,
A ER 9, Xt RGP RMAP RS, EERFER
MR SERIE AL BAEAE A SR, AR R
SR AEKMERRR I L. 10 B #1258 T R G /K 85451 200
FAY AR FH 52 0 ) SCRiREsE 2D, 7B BRI T HR R B 3 ok
B AT B RICR 2 B RE E R, RSN IR AT
FUHE T BRI CR AL, ZRE B RGBS
A M FIAS [ BE BT sz, JE— DX PR R Gt H T
JRAHRHE T AR, /KA s B At B AR Y
2.2 WBEARN

BRI RGN A TN FEE SN 2 M, Hpfks
I SEIA RG R 1 MERRIERNE R g H i EK
FEFRFE TR B SR B T, XM RAMNR A B
ARG (K 2a), Rakocy FEL##SL) UVI AU 2
AR AT RS0, BN B AR SRR, 48
A 8 Z 4 ) SR BE A R 5 G B K B R bR R A — e R
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JE EHR 2 2 BN 2, ol B SN % H fix
AR TR Ik, FE RN BURALEAR K
KRR, BHGE T — AR SO R 8K 2b),

a. FEFRIA b, 7

a. Substrate culture

HIFREAANRIAE S 2 AR E ST KUK IEA T &R 48, 7]
MR B S AR (K8 F7 T R AEATRE A, IX B mAm
FEPHA R AT,

Pyl c. B TR AR B S T

b. Deep water culture

c. Nutrient film technique culture

A1 3 AKX LA
Fig.1 Three types of hydroponics models

[ |—{ viseie || auw || Bisun |

ok % gk [ ks |

FRIE TG KEEHTG

[ pmdw — s k—{’wﬁm’l
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afBe Y
a. Coupled

bR
b. Uncoupled

B2 JBeEilfmatls X As R

Fig.2 Coupled and uncoupled aquaponics system

TG Bt S R 78 50 F R B T AR
AR EEYD, TR H G W R R, BRI AR R
RIS T AR . AR RS TR, A
R n R R g AR KA Y AR T A E] 40%01
Ao I 60%MEBA PR FIAP N TIREHA R
A RGXTE YR FI 2, — W REN RR
A N BRREAT T AT, ne ZEA D X H AT
IKFREE AL B R A I BB b AT T RS, il itk &
oK i EE e [ AR R RS A S, RILRFRAIEKT
{E RSN 6~8 min. MRS E 4 180 L/h i, REfg &kt
Ab FRAR IR FE R B IR IR K« S e B 7K 7 45 B3 B [ AR
TR, ZEK T AR B A AL R A
B, AR TR R R BSEA 180 L/ i,
[E I T A ) 75 S AR IE S AL 5Kk
DU T B R R AR UERS , KRR AP B i
BT AT TR, SR T XU K, R T
—NEIERRE, W50 R SO S 0 A U A
TIERIITR, (SRR A VR R B R R A B KR,
TiF A 1 B8 B A e MR T3 FUAE ) S N4

N TR R A R S A R B R
PRIEI X RS R T5 e, AR A PR SEUR R A G S AT
L, FREMRER O TR e, 1E N RETR
FH T TR 4% 0 33 A TR0 5 gt PR A g )P, (|
J PRAEUR AN e A 1R RN 3 P ) R I 8, S50 4 1) R
RS WIH AR R, I 2iE T 0, IR R S R4
PIRER AL, B2 — MR sl i, A
SN IREE AR RS CT . Khiari 25084 T e AP

PR BRI AL S B A, RIS T AN pH
(5.5, 6.0 f1 6.5, AFEREE (30, 35 1 40°C)H FAH
MIFFEEETTA] (1~30d) XFE =5 BIUSCRE 77 e . i
I M BE AR A S 4R B, 7E 35°C T{#HH pH 1H 6.0 5%
6.5 XK= FRE E A R PIEEAT 15 d A A abEE, ik
PEF ek, RBTER SRR R I ki, oK
PR b (RIS A v B TR, NAE IR A KR E BT
FEETTEMMETTRE .

fE AR L 0 SE A 22 4 U3 o 18 o ST F) ER SRR
o7 o £ 27 A ) [ AR URE ) 3 A FE AL, 7R 43 [RTSCR)
FIEF:Y . Dijkgraaf S50 T —AN 2 [m] B AR AL T £
I RS, @ RER A R IR IR S, 17
EREAHEE 77.74%. Goddek ZEPIHIFT T LR
AI5EK (Upflow Anaerobic Sludge Bed, UASB) X ff
AL RGIRE YR ELRE S, SRR IE HUE Y
O R R AR AT R S FR R, B R AT LRSS R
TR, H BT ocE I E RGNS YR
I . Yogev 251N ta 35384 KRG 5L T UASB X}
R AR R PE R, 45 R R W] UASB mI BAEIR R 5%
HH69%IIME, KIS T RGEMBETRIR R, Bk
WHN, REU N AR A UASB 25 % N 2 FIL s 76 T 7]
DA R GeT5 G e, RICE Z R SR . H2,
S SR T8 V5 Y RN A% RTUSCRE 22 1178 97 06 2 ek )
IR B, RN AR AL TR PRI, HETER
AR TG R SR AR IR, (H s e 45 1k A B
Rk, EFE—SX e TERATRAL, EF XA F
FAE, WM BIES, FRAHR RS A, CLIPAb
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EEKRG AT
3 EHHIF R A

AR T LA B XS R R N g, 32 EA SR
IR MEEREE . TR AR S o TR R R
1 H AR IAEE Hod I 0 e 15 B A YA s s, BT
Wi B, WA R ERMA YA 26 1w R B ]
FUOT A R T A — A AT IR LA B A R 56 20 A R R
#h DA U () — 2, Tl o s im A= 40 1) 90 A TR T R 5
P v B O BN A B 37 0 R AR ) R R S B
HYBE A MAEY F  ER L, £ BRI 2 AT
TEM—R RS T AN, 1 b A PRAE K K A3 PA K
AEE T T R A IR KIS 1), e S A
PEERMEER, HE&2MMETR, e
ININF 2 N T vk e, A i 77 4% F i 3= 22
AL RAPRE, — R EEAAEAR RS R, W —
) 3 B AL s s A )

3.1 KEXKRIBTH

TEZK =IRG8 FR AR P 71K 22 08 BRI VAN INAE 77
B, ATDAPOEA K BT, R R
BRAHE, AR TR 2E . Z %A COD (Chemical
Oxygen Demand) [, FFH sk A4 B BE 1008, w7t
WA W) SR S K FRAE IR T R AR T R IR
SO, KA G HU B E Y A R, RO SESRAE R
G P AEYI R AR RS R, A EiE AT DL R
AR R G0, Zou SO I f RN SR A RN F
A RGP IR A WAESIR (G 2R AT
AR EE), 4RERERINMEDRFE, KRGS
TS B NSRRI amod FE[RI 45 DUECE TN, A fkid 48 &,
PRt TSR L RAFIEIN AR, RERRFHRE
FPEE, IBENT 53.3%. FAEYIHIFI R S8
FEA(EEE A . 7EAESERN S e 1) f 32 3 A R G0 B2 ol
TR A AR R T R ORI, AT R
A= ) 55 LA SRR W A K AR 3k 57 (Plant Growth
Promoter, PGP) WIVEH, T &8 A EHMAED
HFE, RGEPEMBBERR LR & T XA, aTLE
B AR, AR Y H 2R A 2 7Y, Gullian
LS o L SE A AT B AR I 30 T 2 RS 3R
R AR 2 o 2 FRAT B SR A Mid i i A A ML
I RADUIE ()T TR 6 SR 4t v L 20 PO 9 4 2 2 AL 2R
Ko BRItz A, FAEY SERBAG BT IR E RS
RIRFIHBE . A FRRY, AR AT
R E RA, EIOLAER AR A S T gl
BRI A, T8 St A s AR B AR OSBRI amod #5 DUE S T35
MR, BEF R EE RS 13.79% 3, X LR 5T HR
R THAEDRES R RG0K, RN TR #EE
VIR EARIA o
3.2 ERERM

TR NG 4 FE b — St . AR
a8 FAS IRV A 75 TDRL rp 3R AT 40, DRl g w] LI
WHANMESTET, REEKKE, RERE.

PO S35 R EN 76 0 AN A B4R T, GE W] LR
RGP EFRMBA I Z . b JLRR B T AR A RHA
IRFUHBENTE EARN, EE RN RIS, AT
BRI T R AR . AR WS E R
J5t, I BB B A ) G AL, A R 1 1R e
ZFAOAT B AT LA 2 A, XLl T DR e 2 E R
W MRS 26, I R vy #4018 A RO AT 2 T AR
SEINARRE S G BTG S5 . 2 SR RS T v A
T R BRI LR I, 3E TR DR A TS R R
B, AWETTPPAG T K TS R R ) TDRL X R S AR R g
BRI BHAS ARANTT R 2L AR 1 A K LA )
S B, SRR, WS TR IR e 0 T RS X
WAL, REPRBEYI R, S TR A
FIH =), Gao P T LU T AN IR LI RERR (04 15
30 mg/L) xS R R A Z A, SR
I B R IRAT AR IR B BRMEL AN, LA PR 15 mg/L
I, RGN ER PR RAE F, fEF 4R T 15 mg/L
e, WACIRTE & LA amod % gm0 AH IR I A8
JEBEIR) nocrB 3 PRI DUACRIIA e K AEL. 384T WF TR B T
WS A E BE TR BT AR G AT 7t R
RPN, R BR R IR e 5 BE 2508 33
PE R G T R I L AR R A DR R 2,

HH R AT L, A=) R E 2R G0 7K 5T 2 R A ERDRL R F 7
T BA RAFRIBCR . AL RAE T AR 2,
AFHIFIAA AR EERZCR, "R HEA RS &
BRCAREHEMHG, DR ENINEREROR: s
FEFAFRMAEDREREFHFAAR, EFEtE— D3
5 P 2 AR AAR LA FH SR R AT IR AW T

4 FR5RE

AREER IR L E R I TR 4RI, R RS
R BERARERMRRAIRE, T NRGIEIT M
KRGV FEYGIFIRE 3 AT7H, FEZEXNRGE=
REEVHBR T (B 1Y) BAEYD KRB e
it Hroy TR mEO R BERAIRCR, AR
PRSI AR IR L] X T3 AR S BRI 2
A, T LLERE GG RN IRAS RAUKER X TR,
JEHAERACHE KR, ATUMLIs T 26 F (pHAE ¥
fs AR AR TT I AN f L Y
MBI R R BRI RCRKE .

FRAT, 833 RIS AT 2 AR IO UL A7 A2 1) B
R, FEERRGMKSHHE T ZMREEN TIH,
HAMRKBEEAMATE N, REGIETE BRI
s DTN TIEA K . W LEE D I AL B TR R
Bk, FAEERTBL PLEsuE . AN TR RESFHORTT
FANSRRIK BT . HSBR . i RP ae ke o
> NI RBEIH FE, BN R GLsAT R ENE, A
i RGN RS E SRR R R

Hk, #x T RENRE. BEF AR, 2
FRAEMIRTT RGP AR, W EFMEET
RGR WETCR KA R B mi R AL A 1 X 2K 2k



HH

RS MIOVERGR. PRI B 2 297

ITHIWE AR A IR TR WA R G i sh i
W FE e A 3R, 2R B T A i R 48, FEwm
R BEEFRPBRIAM AR Hn &R g bl s A 1 A
PR BRI, AT IE AR SR A A AT 3 o
PSS ARTH AL, T B B U XA A K 7 kAT TP
fEABEFL, HAt& AR AL R R RS R EE A A . A
Ut, ArBLE BT FCR 2 TR ST IR SR WA
ARG W BRLR] ™ R A R R AR, DIZ R GE Rt —
AR BEER SR

3 ERIB i U wb i W@ 2/ % X /K sl P [ P o G e
i FI o AR RO RS- R R B AL
VR o T FE] PO A ) R AE £ SRR A AR G R
P TR TR FE, W] AT A X PEHBEAT IR A SR TT: 1)
WU A Py R S 3 AR R e b A e v AR AL Y
SO, AR TUHCE YRR A B E IR 2) ik
PRI AN o OAfEAE P SR B RbE . BB
o R A B E R AR 2 RN B AR AR, AT e it
TE A e R gt — B SO

(& £ 3 #

[11 Yep B, Zheng Y. Aquaponic trends and challenges — A
review[J]. Journal of Cleaner Production, 2019, 228:
1586-1599.

[2] 48R, PR, Tk, & AXLAERFERRTHELN
RS IALD]. AT, 2015, 9(9): 4211-4216.
Zou Yina, Hu Zhen, Zhang Jian, et al. Investigation and
optimization of nitrogen transformations in aquaponics[J].
Chinese Journal of Environmental Engineering, 2015, 9(9):
4211-4216. (in Chinese with English abstract)

[3] Rafiee G, Saad C R. Nutrient cycle and sludge production
during different stages of red tilapia (Oreochromis sp.)
growth in a recirculating aquaculture system[J]. Aquaculture,
2005, 244(1-4): 109-118.

[4] Yavuzcan Y H, Robaina L, Pirhonen J, et al. Fish welfare in
aquaponic systems: Its relation to water quality with an
emphasis on feed and faeces—a review[J]. Water, 2017, 9(1):
13.

[5] Lewis WM, Wehr L W. A fish-rearing system incorporating
cages, water circulation, and sewage removal[J]. Prog Fish
Cult, 1976, 38(2): 78-87.

[6] Rakocy J, Shultz R C, Bailey D S, et al. Aquaponic
production of tilapia and basil: Comparing a batch and
staggered cropping system[J]. Acta Horticulturae, 2004, 648:
63-69.

[71 McMurtry M R, Sanders D C, Cure J D, et al. Efficiency of

water use of an integrated fish/vegetable co-culture system[J].

Journal of World Aquacuture Society, 1997, 28(4): 420-428.
(8] IRIRIE, sk, WU, & B3RP R,
A R REEHAD] BBk, 2020, 47(5): 1-7.
Xu Yanfei, Zhang Yulei, Gu Chuanchuan, et al. Historical
process, typical systems and developing trends of
aquaponics[J]. Fishery Modernization, 2020, 47(5): 1-7. (in
Chinese with English abstract)
[91 TUKR, sk, ke, & mSSUERGMVTRD]. T
EK R, 1997(4): 71-76.
Ding Yongliang, Zhang Minghua, Zhang Jianhua, et al.
Researches on fish and vegetable co-existing system[J].

[11]

[12]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

Journal of Fishery Sciences of China, 1997(4): 71-76. (in
Chinese with English abstract)

KM, TOKR, B, % B3R ERR K R LR
T[], BARHOLAE S, 2004(4): 7-12.

Zhang Minghua, Ding Yongliang, Yang Jing, et al. A study
on fish and vegetable co-existing technique and systems
engineering[J]. Modern Fisheries Information, 2004(4): 7-12.
(in Chinese with English abstract)

Schneider O, Sereti V, Eding E H, et al. Analysis of nutrient
flows in integrated intensive aquaculture systems[J].
Aquacultural Engineering, 2005, 32(3/4): 379-401.

Graber A, Junge R. Aquaponic systems: Nutrient recycling
from fish wastewater by vegetable production[J].
Desalination, 2009, 246(1/2/3): 147-156.

Hu Z, Lee J] W, Chandran K, et al. Effect of plant species on
nitrogen recovery in aquaponics[J]. Bioresource Technology,
2015, 188: 92-98.

Trang N T D, Schierup H H, Brix H. Leaf vegetables for use
in integrated hydroponics and aquaculture systems: Effects of
root flooding on growth, mineral composition and nutrient
uptake[J]. African Journal of Biotechnology, 2010, 9(27):
4186-4196.

Endut A, Jusoh A, Ali N, et al. Effect of flow rate on water
quality parameters and plant growth of water spinach
(Ilpomoea aquatica) in an aquaponic recirculating system[J].
Desalination and Water Treatment, 2009, 5(1/2/3): 19-28.
Zou Y, Hu Z, Zhang J, et al. Attempts to improve nitrogen
utilization efficiency of aquaponics through nitrifies addition
and filler gradation[J]. Environmental Science and Pollution
Research, 2016, 23(7): 6671-6679.

Zou Y, Hu Z, Zhang J, et al. Effects of pH on nitrogen
transformations in media-based aquaponics[J]. Bioresource
Technology, 2016, 210: 81-87.

Gullian K M, Gold B G, Delgadillo D M, et al. Effect of the
use of Bacillus spp. on the characteristics of dissolved
fluorescent organic matter and the phytochemical quality of
Stevia rebaudiana grown in a recirculating aquaponic
system[J]. Environmental Science and Pollution Research,
2021, 28(27): 36326-36343.

Wu D X, Zhao S M, Peng N, et al. Effects of a probiotic
( Bacillus subtilis FY99-01) on the bacterial community
structure and composition of shrimp (Litopenaeus vannamei,
boone) culture water assessed by denaturing gradient gel
electrophoresis  and  high-throughput  sequencing[J].
Aquaculture Research, 2016, 47(3): 857-869.

Roosta H R, Afsharipoor S. Effects of different cultivation
media on vegetative growth, ecophysiological traits and
nutrients concentration in strawberry under hydroponic and
aquaponic cultivation systems[J]. Advances in Environmental
Biology, 2012, 6: 543-555.

Liang J Y, Chien Y H. Effects of feeding frequency and
photoperiod on water quality and crop production in a
tilapia-water spinach raft aquaponics system[J]. International
Biodeterioration & Biodegradation, 2013, 85: 693-700.

Gao X, Zhang H, Xu Y, et al. Effects of humic acid on the
nitrogen utilization efficiency and microbial communities in
aquaponic systems[J]. Aquaculture, 2022, 547: 737475.

Fang Y. Improving nitrogen utilization efficiency of
aquaponics by introducing algal-bacterial consortia[J].
Bioresource Technology, 2017, 245: 358-364.

Ngo Thuy Diem T, Konnerup D, Brix H. Effects of



298

Fk TREZAR Chttp://www.tcsae.org)

2022 4

[29]

(31]

[34]

[33]

[36]

recirculation rates on water quality and Oreochromis
niloticus growth in aquaponic systems[J]. Aquacultural
Engineering, 2017, 78: 95-104.

Endut A, Jusoh A, Ali N, et al. A study on the optimal
hydraulic loading rate and plant ratios in recirculation
aquaponic system[J]. Bioresource Technology, 2010, 101(5):
1511-1517.

Goddek S, Delaide B P L, Joyce A, et al. Nutrient
mineralization and organic matter reduction performance of
RAS-based sludge in sequential UASB-EGSB reactors[J].
Aquacultural Engineering, 2018, 83: 10-19.

Rakocy J E. Aquaponics-Integrating Fish and Plant
Culture[M]. New York: John Wiley & Sons, Ltd, 2012:
344-386.

XTR, BrEns, SR, S ANFE pH O AERD A LA
R M), WA, 2017, 44(5): 7-11, 18.
Liu Su, Yang Yuqing, Zhang Haifa, et al. Effect of pH and
filter material on ammonia nitrogen removal by nitrifying
bacteria[J]. Fishery Modernization, 2017, 44(5): 7-11, 18. (in
Chinese with English abstract)

VR, K4, TJkhh pH W EBEE KEKEB Y
W[T). KRR, 2014, 33(2): 133-136

Xu Youqing, Zhang Renzhen, Ding Zhaokun. Effects of pH

of reproduction, growth and development in fish: A review[J].

Fisheries Science, 2014, 33(2): 133-136. (in Chinese with
English abstract)

Tyson R V, Simonne E H, Treadwell D D, et al. Reconciling
pH for ammonia biofiltration and cucumber yield in a
recirculating aquaponic system with perlite biofilters[J].
HortScience, 2008, 43(3): 719-724.

Yang T, Kim H J. Nutrient management regime affects water
quality, crop growth, and nitrogen use efficiency of
aquaponic systems[J]. Scientia Horticulturae, 2019, 256:
108619.

Hu Z, Lee ] W, Chandran K, et al. Nitrous oxide (N,O)
emission from aquaculture: A review[J]. Environmental
Science & Technology, American Chemical Society, 2012,
46(12): 6470-6480.

Zhang W, Hou F, Peng Y, et al. Optimizing aeration rate in
an external nitrification-denitrifying phosphorus removal
(ENDPR) system for domestic wastewater treatment[J].
Chemical Engineering Journal, 2014, 245: 342-347.

Guo C Z, Fu W, Chen X M, et al. Nitrogen-removal
performance and community structure of nitrifying bacteria
under different aeration modes in an oxidation ditch[J]. Water
Research, 2013, 47(11): 3845-3853.

Fang Y, Hu Z, Zou Y, et al. Increasing economic and
environmental benefits of media-based aquaponics through
optimizing aeration pattern[J]. Journal of Cleaner Production,
2017,162: 1111-1117.

Yang T, Kim H J. Effects of hydraulic loading rate on spatial
and temporal water quality characteristics and crop growth
and yield in aquaponic systems[J]. Horticulturae, 2020, 6(1):
9.

Shete A P, Verma A K, Chadha N K, et al. Optimization of
hydraulic loading rate in aquaponic system with common
carp (Cyprinus carpio) and mint (Mentha arvensis)[J].
Aquacultural Engineering, 2016(72/73): 53-57.

Prehn J, Waul C K, Pedersen L F, et al. Impact of water
boundary layer diffusion on the nitrification rate of
submerged biofilter elements from a recirculating aquaculture

[39]

[41]

[43]

[44]

[45]

[46]

[47]

[48]

system[J]. Water Research, 2012, 46(11): 3516-3524.

XUFE, LRpEr, METRL . BURACSEILAEE R R R
SR hEROVEE S, 2020, 22(3): 160-166.
Liu Shuang, An Shiqi, Yan Ziwei, et al. Progress and
prospect of aquaponics technology[J]. Journal of Agricultural
Science and Technology, 2020, 22(3): 160-166. (in Chinese
with English abstract)

SR A4, ARIGENE, 5. 10 FroK AR ) 20 TR 1L
KRR T LI FE[T]. Ol RL 22244, 2010,
29(8): 1571-1575.

Jin Shuquan, Zhou Jinbo, Zhu Xiaoli, et al . Comparison of
nitrogen and phosphorus uptake and water purification ability
of ten aquatic macrophytes[J]. Journal of Agro-Environment
Science, 2010, 29(8):1571-1575. (in Chinese with English
abstract)

Endut A, Lananan F, Abdul Hamid S H, et al. Balancing of
nutrient uptake by water spinach ( I[pomoea aquatica ) and
mustard green (Brassica juncea) with nutrient production by
african catfish (Clarias gariepinus) in scaling aquaponic
recirculation system[J]. Desalination and Water Treatment,
2016, 57(60): 29531-29540.

T, ORZIME, TR, S ARZEKE BT S A
MK RE T L ELT]. T E AR AEE AR, 2021, 37(23):
125-132.

Gao Xiating, Song Honggiao, Zhang Haigeng, et al. Lettuce
and celery at different growth stages: comparison of water
purification capacity[J]. Chinese Agricultural Science
Bulletin, 2021, 37(23): 125-132. (in Chinese with English
abstract)

BRI, EAT, TR, & m3UERG PR
B R TR RK B R A S [J]. Rk TR AR,
2022, 38(9): 247-252.

Li Tianpei, Wang Xiaochan, Ding Weimin, et al. Effects of
different vegetables in aquaponics system on nitrogen
conversion in aquaculture tail water[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2022, 38(9): 247-252. (in Chinese with English
abstract)

BOROT, WRE Mok, % OMEE X AR E RGUA
RALIImI]. R TR, 2019, 35(4): 132-137.
Cai Shufang, Chen Min, Chen Yongkuai, et al. Effects of
plant density on nitrogen transformation in aquaponics
system[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019,
35(4): 132 -137. (in Chinese with English abstract)

Lam S S, Ma N L, Jusoh A, et al. Biological nutrient removal
by recirculating aquaponic system: Optimization of the
dimension ratio between the hydroponic & rearing tank
components[J]. International Biodeterioration &
Biodegradation, 2015, 102: 107-115.

Love D C, Fry J P, Li X, et al. Commercial aquaponics
production and profitability: Findings from an international
survey[J]. Aquaculture, 2015, 435: 67-74.

Timmons M B, Ebeling J M, Wheaton F W, et al.
Recirculating Aquaculture Systems[M]. New York: John
Wiley & Sons, Ltd, 2015.

Cherif M, Tirilly Y, Belanger R R. Effect of oxygen
concentration on plant growth, lipidperoxidation, and
receptivity of tomato roots to Pythium F under hydroponic
conditions[J]. European Journal of Plant Pathology, 1997,



HH B RS MIOUVERGR WA BRI TR A e 8

299

[49]

[50]

[51]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

103(3): 255-264.

Engle C R. Economics of aquaponics[J]. Aquaculture, 2015,
5006: 1-4.

Lennard W A, Leonard B V. A comparison of three different
hydroponic sub-systems (gravel bed, floating and nutrient
film technique) in an aquaponic test system[J]. Aquaculture
International, 2006, 14(6): 539-550.

Shete A P, Verma A K, Chadha N K, et al. Evaluation of
different hydroponic media for mint (Mentha arvensis) with
common carp (Cyprinus carpio) juveniles in an aquaponic

system[J].  Aquaculture International, 2017, 25(3):
1291-1301.

Wongkiew S, Hu Z, Chandran K, et al. Nitrogen
transformations in aquaponic systems: A review[J].

Aquacultural Engineering, 2017, 76: 9-19.

ZH, AR, KFEE, F BIKEVRR ST EE
AK AL P P B BIE FE[CL/Hh K 22 4. 2013 b K
oA, U WVE A, 2013: 251,
THERK, SR BT IR R A i A b B K SRR K
PEREWE T[], Hh R I8 R, 2016, 32(29): 29-35.
Zhang Haigeng, Guan Chongwu. Effluent purifying
performance of new style fluidized-sand biofilter in
recirculating aquaculture system[J]. Chinese Agricultural
Science Bulletin, 2016, 32(29): 29-35. (in Chinese with
English abstract)

Holm N J B, Al S T, Oleskowicz P P. The future of anaerobic
digestion and biogas utilization[J]. Bioresource Technology,
2009, 100(22): 5478-5484.

Kathijotes N, Petrova V, Zlatareva E, et al. Impacts of biogas
digestate on crop production and the environment: A
bulgarian case study[J]. American Journal of Environmental
Sciences, 2015, 11(2): 81-89.

Layden N M, Mavinic D S, Kelly H G, et al. Autothermal
thermophilic aerobic digestion (ATAD) — Part I: Review of

origins, design, and process operation[J]. Journal of
Environmental Engineering and Science, 2007, 6(6):
665-678.

Khiari Z, Kaluthota S, Savidov N. Aerobic bioconversion of
aquaculture solid waste into liquid fertilizer: Effects of
bioprocess  parameters on  kinetics of  nitrogen
mineralization[J]. Aquaculture, 2019, 500: 492-499.
Dijkgraaf K H, Goddek S, Keesman K J. Modeling
innovative aquaponics farming in kenya[J]. Aquaculture
International, 2019, 27(5): 1395-1422.

Yogev U, Vogler M, Nir O, et al. Phosphorous recovery from
a novel recirculating aquaculture system followed by its
sustainable reuse as a fertilizer[J]. Science of The Total
Environment, 2020, 722: 137949.

Abdel-Latif H M R, Chaklader M R, Shukry M, et al. A
multispecies probiotic modulates growth, digestive enzymes,
immunity, hepatic antioxidant activity, and disease resistance
of Pangasianodon hypophthalmus
Aquaculture, 2023, 563: 738948.
Adeshina I, Akpoilih B U, Udom B F, et al. Interactive

fingerlings[J].

[63]

[67]

[68]

[69]

[70]

effects of dietary phosphorus and microbial phytase on
growth performance, intestinal morphometry, and welfare of
nile tilapia (Oreochromis niloticus) fed on low-fishmeal
diets[J]. Aquaculture, 2023, 563: 738995.
Lipczynska-Kochany E. Humic substances, their microbial
interactions and effects on biological transformations of
organic pollutants in water and soil: A review[J].
Chemosphere, 2018, 202: 420-437.

Martins C F, Ribeiro D M, Matzapetakis M, et al. Effect of
dietary spirulina (A4rthrospira platensis) on the intestinal
function of post-weaned piglet: An approach combining
proteomics, metabolomics and histological studies[J]. Journal
of Proteomics, 2022, 269: 104726.

Wang Y B, Li J R, Lin J. Probiotics in aquaculture:
Challenges and outlook[J]. Aquaculture, 2008, 281: 1-4.
BRI, WAIR, FEifh, 5 MAIEX PR E
IREE R PUwi ST RER ). | AR R R, 2008, 28(6):
41-45.

Li Changling, Huang Xianghu, Li Ruiwei, et al. Effects of
nitrifying bacteria on culture environment and anti-disease
ability of larval tilapia[J]. Journal of Guangdong Ocean
University, 2008, 28(6): 41-45. (in Chinese with English
abstract)

Boopathy R, Kern C, Corbin A. Use of Bacillus consortium
in waste digestion and pathogen control in shrimp
aquaculture[J]. International Biodeterioration &
Biodegradation, 2015, 102: 159-164.

Hlordzi V, Kuebutornye F K A, Afriyie G, et al. The use of
Bacillus species in maintenance of water quality in aquaculture:
A review[J]. Aquaculture Reports, 2020, 18: 100503.

WA, EA, FELh, & ST E S E a1 K
PR FREE R K BB B T (D). FREERF S S HOR, 2009,
32(11): 28-31.

Meng Rui, He Liansheng, Xi Beidou, et al. Experimental
study on purifying aquaculture wastewater between bacillus
and nitrifying bacteria[J]. Environmental Science &
Technology, 2009, 32(11): 28-31. (in Chinese with English
abstract)

BE, BHCr. JURCE Y R AN RGE L K 7 SR 5 8
R[] KEEY =R, 2004(1): 85-89.

Qi Zhen, Yang Jingpping. Application of microbiological
preparation and microalgae in aquaculture[J]. Acta
Hydrobiologica Sinica, 2004(1): 85-89. (in Chinese with
English abstract)

Akhter N, Wu B, Memon A M, et al. Probiotics and
prebiotics associated with aquaculture: A review[J]. Fish &
Shellfish Immunology, 2015, 45(2): 733-741.

Silva C B, Fitzsimmons K. Effect of dietary phytase on
phosphorus use efficiency and dynamics in aquaponics[J].
Aquaculture International, 2017, 25(3): 1227-1238.

Siringi J O, Turoop L, Njonge F. Growth and biochemical
response of nile tilapia (Oreochromis niloticus) to spirulina
(Arthrospira platensis) enhanced aquaponic system[J].
Aquaculture, 2021, 544: 737134.



300 Ak TR (http://www.tcsae.org) 2022 4

Research status and prospect of nitrogen and phosphorus use efficiency in
the aquaponic system

Jiang Jinchen'*3, Gao Xiating'*, Xu Yanfei', Shan Jianjun'?, Zhang Yulei'”

(1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Key Laboratory of Aquaculture Facilities Engineering, Ministry of Agriculture and Rural Affairs, Shanghai 200092, China)

Abstract: Aquaponics is a kind of technology, which consists of a Recirculating Aquaculture System (RAS) and hydroponics,
and uses aquaculture effluent to provide nutrients for plants. Agricultural products (fish and plants) are produced from one
nitrogen source (fish feed), with such characteristics as energy and water conservation, and environmental friendliness, which
makes it a sustainable way of agricultural development. In this paper, the research status of nitrogen and phosphorus utilization
efficiency of aquaponics was discussed from three aspects: Operating process conditions, system design, and biological agents.
This paper summarized the optimization effect and principle of the operating process conditions of the aquaponics system: the
adjustment of pH, dissolved oxygen, and hydraulic loading, the improvement of feeding frequency and feeding strategy, plant
selection, and precise planting ratio, which could affect the nitrogen and phosphorus utilization efficiency of the system by
directly affecting the normal growth and biological yield of fish, plants, and microorganisms. The advantages and limitations
of different planting patterns and system construction patterns in the design of aquaponics systems to improve the system
nitrogen and phosphorus utilization efficiency were analyzed. Media bed culture had higher nitrogen utilization efficiency than
deep-water culture and nutrient film pipeline culture due to its higher microbial load. The decoupling type had more
development potential than the coupling type because of its more precise control conditions and more equipment integration.
This paper also summarized the application prospect of biological agents including microorganism preparation, plant extracts,
and algae in aquaponics systems: Which could be used as water quality improvement regulators or fed additives to improve
nitrogen and phosphorus utilization efficiency of the system by decomposing residual bait of fish manure, increasing
nitrification, promoting plant growth, increasing dissolved oxygen, enhancing fish immunity, promoting nitrifying bacteria
growth, improving feed utilization rate and other functions. Three suggestions for optimizing the aquaponics system and
further improving the utilization rate of nitrogen and phosphorus nutrients in the system were put forward: Accelerating the
research and development of fishery intelligent aquaculture equipment technology, strengthening the research on the
mechanism of nitrogen and phosphorus transformation rule of aquaponics system under different conditions, and deepening the
application of biological agents in the aquaponics system.

Keywords: nitrogen; phosphorus; aquaculture; aquaponics; utilization efficiency; process conditions; system design;
biological agents



