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ETAY Ear!

ZAAD FTAEF K OB’
Al A K
e 7 2 R P Bl 2255 R R T P 600 %
2. WNHAFEB KBS il

3. RHHRERK P A L

Jo R A IR TR T XU DA S 0 = (B8
LA o 214081;

WE 611731;

201306)

KRR R, 3T AR AR IRIEIT e A
REEMHMARERERN AEXELERRY, RENEEFTRE A FHE

WMEKBREATETAREERRER, RAVHE XX ERRFHES T, HFEK, HEL

FTENEBRARMENFERERARFRELS, B ERRPHBENEESFB
ZRE| T RE AXE A AR EFZABANWRRFERATT M, RANEEREG &
Ty fe B LI IR B [ 3R 6 B 0 R AT

HEAL B 2
T AR R RE B SN AR

VR B 2 B

7 == T/}Eji H

W, R E AR A S P A BRI SEAT T e, BB AR R B B 0 By AT T R,
DU 5 3 402 AR AR S R SRR SR B A o LA

KA

hESES S949  THEEERIAD A

1 32 I Az (aquaponics) & —Fl 2 22 R 58 G 1Y
BRI S PR EORBES, ReoK™ FR 58 S KPR B A
LGS G, SCBRh A IR, AT SO S
JK 7 IR BRAR 2T o B DR o SR R R K HET . FRBE {5 G
TEURIR PR ) R 0 (Yep et al, 2019; Baganz et al,
2022; XIEKAE, 2022), RIS ATLL™ HALBA K™
B, MWIMB B | A S AT iR, i
Stk R — M K FRGE L MRS L st I A
WS uE 4 AT R EMIRESE, 2023), WA ECE
MOCRGE . BRI R R (BB, 2019), JT4F

R E; BEWHE; BOWE; LEMEN; BEMENT
XEHE  2095-9869(2025)02-0015-12

K, S A BB ET G T E NI S 21
K (Yep et al, 2019), HATH RS 1t (Palm et al,
2018) ., B HIIT I8 4% AR (Danaher et al, 2013) . H 4 Fl
11251 3EHE(Endut et al, 2010), E F#F-f(Delaide et al,
2016) . PREEE £ (Tyson et al, 2011). %5 % & #
(Folorunso et al, 2021)F1% GEAk Wi (X1 7k 4245, 2022)
GIFE T T IZ R RITE , S A: R n A R
TP T —E AR S

e RGBT I A S R A K Bs 65
HE7K 7 FE B8 I 77 A A A T B IR AR A, DA el

o [ K R AR S BE IR K I B S 0 BE AR 55 9% (2023BFRO1) . [ GRF (IR 7K £ 7 Ml 5 AR A 7 (CARS-46) Fil
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BFIKIABE, AR, IS RAENAEE
BRI FHRCR (N E S, 2022), FE/K)FRFH
TR R 7 ) R B A DL A A, & A& nT
VIB AR 0 B 42 R, (R AU 75 e A=
R A 2 28 i A A TEHLE IRk, (IEA P W s R
o BAGI A S0E R G foh B T R IR AL
o S dtE R R R WA AL B AEFRDe il
AT IR o 2k v A R B s () B R 2 A i
JE (PR 5, 2012; (TAEBLAE, 2022), i i 0T
H A BT 2 B M E FH R REAE, 2019). BRI
PAAR, A e Ja s a2 R ) A K it R PR 5
ZAEF (Parfrey et al, 2018), HIt, ZE4ifpm3gitsg
REMREZTT, MUTFEAGHNRZRIT, &%
SR ARt S A R bt AHY) DL AE ) Z ]
MY A AT, A A WV R A 1 B3R AL A6 I 1) G
AKX R, X T AE Rt Stk R AR S B
5% Y (Wongkiew et al, 2017),

AR, BEE Y RAR R E Y BHAR S
PO S, FE NIRRT e A: R i
YR VE A S T RE Y 5 FE 2 4k (Kasozi et al, 2021),
Tt SR I RGEA OC I AE e TS 2R L AR
Tihe S A BT IR AL, XF oA ok i A 8 AR 4
ARG A EEHIEE X, Wik, AR S
SEE T IR SR 0 SR I A OC B A W VR ST
FEXIARAIWEFE T AT TR, B AR SR fa S 3t
RGP A SRR, NARRIF AL
PyH AR R & Je Rl Ak 52 2 A FR A AR 1t — e 1
ULf#

1 BaXRHEERRRKEIT

SR R BFIRAR R R &, Rl LR
WA A B 23 i R T SR A (R A, 2016) 0 156
A ERE A2 (Food and Agriculture Organization
of the United Nations, FAO)¥ ff1 2 3l H Rt — 2 g
SR AE R K S5 58 FK B B A — B 7= R G 4R
A (Somerville et al, 2014), It4h, Baganz £5(2022)%f
o S AR FORSRE TR An e S, ARk Y
3 A HOR R AR K A SR S AR S T 4 A
AR IR K SR, ook 7 F58 7 A 17K FE 540
TERUA WA R AT T 8 00 S AL 35 5% 5 i o
gt | R IR SR AR K IR AR K P 57 S A Y R
T2 5 R 25 B R TR RORTT U e i e dt
H:F R (trans-aquaponics), 58 S SR A R — i
TR Tt AR ROl 45 R 1A & (aquaponics faming) .

S BT E AR IR g — 2 X, {Hfa
St A FOR SR 1Y S K P IR FUK B AR B 45 5 R B
B GEIRIE IR, A SCHe i 0 38 A HoR 2 48
X — B A PR A AR .

HRAEIK 7 T8 5 KPR IE 456 07 R TA] , e
A BT DL 43 S D AV 50 e A AR S 67 £ 58
AR T A7 S S A R UL A Tt R R —
A TR IRAR S, T S A7 A SR e AR B DA A OK fa S 2k
AN F R IR KSR R SCRT LR 3 K R 35 =X
(deep water culture technique, DWC) ., 5 FF AL 1%
(nutrient film technique, NFT). &/ K#% 1 2 (media
bed technique, MBT)&E#2, Maucieri 5(2018)F5 H,
TE O R F Mt S A FORAA I SCHR Y, 43%(H F /2
MBT 80, 33%fl Y2 DWC B2, 15%(8 H i 2
NFT 8, AUA 9% T2 HARRE . 7L, ASC
X LAY S AR AT T A L H S i 2 AR
HIT N H AT RE M UE MR R AR B, TELER 1. itk
Ah, FO £ SR LA R 48 LU A B &R 4G (coupled
aquaponics) i 3=, Bl 7K ;™= F2 58 50 F /K BF AR 55 PR o4l
B —A A GIKTERR RS, B RG HA — 1Ky
o] (FMVEERREAE, 2023) (H T TR Ry 2k
T A A K B R oK i 25 5%, HLFRAE K
R E IR IR A2 SOk Ok e ik B M AE K
752K (Ayipio et al, 2019; Monsees et al, 2019), T4k,
firp ki 28 411 252 3 A2 42 (decoupled aquaponics) i i 1fij A=
(Baganz et al, 2022; Goddek et al, 2015), Zff3gd g
A5 BT o i 5 7K A= Bl W RN P 1 A K SRR
F77E R FEREE ARG RT3 S0 N7 7K ™ SR 5 R K
R d5 BT ST PR PR, 8 PR Z 18] AT DAAR I 5 25
AT, DTS2 BLEJEAE 2R FH (Rodgers et al, 2022),
R S A R I 2R R SR (HE Y1
R E RGE T B A EEAE O 2 iE .
eI A R AL K IR | A KR F A
RS Z AN DIRE A TT , TEIX LEAN [F] Y D) RE SR IC AR AE
A RSN, KA | R S AR 4 | A
BETURORE S5 AN [F] 2R 35 S o s A R e i A
ZR A VIR 2R . A IRE , IRZI
i3 R G AR KAUETT .

2 BRHERGFHHEMHEHNARFR
AN BEBHEUEE R P RLRE ISR B K A S AR AL

DR, T P Bl A 0 7 2L ROR D BE X T T gl
Yo Ae A AR AR LR S R 2Ry . Hafhit,



%2 RS AR RGP BUE YRR T R R S RS 17
x1 BRNERHEEXRESROMEYESMLET
Tab.1 Introduction for common aquaponics modes and their related microbial niche
2, fii /v FHEIYGERTT FE A SCHik
Mode Description Main functional units Main microhabitats References
it WS TEFRRMLIE E AT R, R L K RAMITGE kiR TR fERASS
7&#%&&%%5 B—E FMESGTOKERY, AR IR 58 KEEROT Ml . ARPR . %(2023‘);
oy ATEHR RERE, — RS PE FAMEREE AR IR AL
e al " T §0016)
L RfefemE ’ s
kI o,
° 4§(2023)
SRR S W BEUR A R R T T AT ST Y R R N (31 A
TEPE PR K SR o BB Bk, #9ORA . KL %), EEmZE
G0y kil b FURRAE B H 5 w9 A A T AR
e RRICTE S 1EAK D B2 T | Fischer
A AE B ) B UK HEL ) AR T AL T A AR — i SRR 90 Bl B 5 25(2021);
W I iR KU GBI g 25
G FHEY) | .
Bk WRGITIR . RIS e LU, SR - 000,
5 p - A Yk ug oo, MY . ARPR. M. Lennard
R HIRR R R RN e 5006y
HEATFRONIRAG , T BRI e T p B Schmant
PR R O 2%
EARBE BRI b R S T T ALy 5t (2017)
B WHYR R E , YRR 4

BFR ALK HEAT IR WA, (HA PR &

AR RA R,

L 90% Y W A= W 4 T 1 TR 5L 0 & AT 2l SR
(Kellenberger, 2001), P, 2537 BT w5 4
PS5 A B8 T R R A BT R B v A R TR A S
DIte BA BRI RS . 4R, BE 41 LE W)
AYE B A EEOR M P R R, DA 1 38 2
TR 2 5 D] 0 A R 3 ) 2 DR A 2 R R R o i B R
AT W A T A BRI T 7 S (PR S, 2013),

T 28 H W B W R BNZ R AE S S AR ORI SY
W) B % (Munguia-Fragozo et al, 2015), ¥ 34 F &
Sl ol NS e s NIREZY i J I R R 7 v 2 2 S 5 el
BT Z R S AL B, 2 AE(2016) (] 168
rRNA FE K4 3 w5l il P BRI T S AR
KN FRFEAKAAR . DURRY) Bt figp T8 v 0 240 o RV 2H i o
Schmautz 5(2017)iz H [Fl—F AR F B o dr 17 fa st
AERGEPFRAEM . AR R L B St A AN R R 43 1)
MR . HAh, POtE S PCR BORWHLN H]
T St AR R G AUE A D) Re i AR W F B R U E A
M. Derikvand %5(2021)1 FHo¢ Y6 & PCR £ AR5 Hr
TSRS R G A Wi iR T Y 2 4 AL 4l 7 (ammonia-
oxidizing bacteria, AOB) fil & & ft 7 # (ammonia-
oxidizing archaea, AOA) EAIG I TG YI 1
FIFEHL, Gao SF(2022)f FHiX —H AR E R T 3¢

ARG A R G I R R I 2 . AT
B, XL A W R A M AE B SRR Y I IR
T IRATR I RGP RUE YRR 2R | Al
FAERZEIRIA A 1 D REHL ] ) BEAF .

3 BRHALERFHIIMENHESFEAH
B 5 The
31 BXHERFPNBEMEESHGE

A Z X TR E S RGN IINE . RS
ESWE BA 2 XCELENIEH, YFE. ACE 84k,
Chao 1 8%(. Shannon #5%% . Simpson $850ZERETE +
WS B bR TIPS AR Wi TE 2R
KRR E S, HAT, CAMXHRIRE T AR
Ty St E R UE YR TR Z R REE . AN,
M EQOI6)FFE R, 25D SETRIRYE N T FRFE K
PARFITGTRR W v A TR RE 5 0 R, (EURE G X R
W, A0SR Tt IR 57 58 K A4 b 41 V5 1Y Shannon £
FEPEY Simpson ZEEPERIA T R B, 55— AH Bl A AF
FEREY, K ARIEN T, fik 7ES
T R 1) #0353 S A ol 398 v o B KA 20 TRV T R
A A 5 0 b s (B XSS, 2019), (HERFEDTRY



18 ook B

546 &

SR A R SR A AR S AN TR SRR S R R
WYEITIC W 25 R (I ESE, 2021), EEHK 3K
E R4 (DWC I MBT #30) 576 MK 5250 R SE 0 L
AN, AU RN, @RI R G R T  4 E
F & EFP/K ) A Shannon ZREVEFE U = TE IR K
F55H 2 4 (Fischer et al, 2021), A, REaseitp
F G0N 3 7K 7 IR 2R GE A ) 2R Y LAt
FA TR, B aSI A R A E B N2 H
T 2t , FEATT DL Bt SR 3 A R g0 rhoK IR g
HEVa Z e T /K ™ R R G, R A e
Y Z FEPE R Hn] B R B X S A R 2 T RE T
B A 4 S H (van der Plas, 2019),

FE S A RGNS, AR D) RE SR IT I AR P B
KA BN 2R . —TIHT 16SrRNA ¥
v 38 I PR R A SE IR A R, AR IR K S
ARG DWC ), gt B A 40 & B 5 AR
LR MR PR AT YA T5 2 4E P (Shannon ZFE TR
BOMRFFAHIT K, (Ht i s T2 b g s g £
FEPE(Schmautz et al, 2017), It4h, Kasozi 5£(2020)
AT TR I K M Se 4 E RGE(MBT #E0) A 4 7K B 5
TEA R X ER (TR X AR BRI . A LA 1k XA
HK DO WA ZREME, e BRI AR Br X S8R5 Bl
TS Ak DX I P 200 TR v 22 R I I o T T ORI
JKIX . Schmautz Z5(2022)F ¢ T fa 3 4 R4 (DWC
RO I A AR (SR A . B K . B . HAR
B ) R DR A B 45 (28 3 M 7 R 5 ) w1 40 R R ol A
HEvs ZREE, R A IR i Y 2 e s
R, BRI RGN R R AR W) A A AR I
HyZ3 [ 5y A RRAE , Z2 R0 IR 20T BB IK 3 4 A= W) 2 RE 1
FITERL, FERZIE A A YIRS IRe f R GifasE

32 GBXEHERFHMMEMEEARK

a3 R R G0 1 AR W RE T 2R BN TR
W R GERFE | $8 7R KA 2R W 0 fl R K R AR IR AS A
5 % HAE H (Vallance et al, 2011; Parfrey et al, 2018;
XEEHAE, 2022). Bck 25(2019)/f ] e 0 H AR H8
5 TIEKFRIH R G G Sl AV PR K f0 3 A E R
G RCEREEAR, BRSPS 4 1
A v BAE 4325 B 0 (operational taxonomic unit, OTU),
1R T o5 I 49(Alphaproteobacteria) | B FT 14
Fl(Oxalobacteraceae) . MAE HLIFFH Comamonadaceae)
FIEEAT )& (Cetobacterium), 111 X SU S BE 3 77 4E T
KPP FE R G MR I A R, B ME6a
B, YR RS ESE P (toi et al, 2007; Schmautz
et al, 2017), BbAh, 2 FpfaEdtAd: Rg A it jE s

AL F A TR S BEI AR 56 K SR8 R G A7 AE W o 2=
S, FEY) A AE R OK M52 ) 2 4 T R O Y 2H AR (Eck
etal, 2019), {HZ, KANWHFAEZSIRZIZ W E
T A0 AH O O T A W BT AL AT S AR SN

AR, O RIS T 28k iz N H FivE
PSR T, RS RGP RO X
THF A ERE R ESREREE T EH R
A KHEE X (Neu et al, 2021), AHFFEEAR, 2 FAH
H A RGE A R AR AN A AR 17 4
OTUs T %O MR, HadsE Ras
1% 5 T# JE (Bdellovibrio) . Luteolibacter J& . 14T H &
(Rhodobacter ) FiI i 1k 12 ie # )& (Nitrospira) %5 (Eck et al,
2019). fHJE, AW R T AE 2 A: R P A
M) RE T M M A R E A AR 25
(Schmautz et al, 2017, 2022), #1, Schmautz %
(QO17)WFFE R, WL IR RIT . /K= FR5H BT M
YK BT AR AT Yt i oot &
BHERE T LR ] (Actinobacteria) {25 HE, HIB
T #5 i5 %M 8 H (Sphingomonadales) Fl £ (4, ¥ ffd 7 H
(Xanthomonadales) 1) 2/ Ff D) 5 Jin 46 1] T & 48 76 7K 7~
FRHH FRIT I B A 4 B RETS T, R K B B TT R AR B B
A= TV T U LA WE Y L TR H (Methylophilales) i 4 #43%
o AFTIBE T AR 2 S TR R G A
A R BN Z AR DI RERHIE . LA, EEXT
RAGA DR AW, UH RS S5 O i D i
VIR K], et A REerh ) FEAH AR PSR
J& T i 1k #T % J& (Nitrobacter) . . f§ 1k 2 g & )@
(Nitrosomonas) Fllfif§ fL 4R g i s , HorbsR e T i AL i3
BE T B B CAE W R S T E R s Y
(Bartelme et al, 2017; Schmautz et al, 2017; Wongkiew
etal, 2018), XELASA APyt i 0L T FHA A R 40
(R IESE, 2023; ZFRKOFAE, 2024),

33 BRHLERFHHBEMEEINGE

331 WAMELEFEAZRAALENHRPER
A P AE 7K ™= B v BT AT %) A 4 it 2 R
P, TE4E R K= FE R GRS L TR B
6 B 2o A v & 45 2 TG TR A B R AE (Ol B 05,
2022), FEMRFRK S E R E R, B &
) AR Thne o (AR IR R R R AT S
Fa () 8 5 22— (Somerville et al, 2014), 7F M1 3 F5 5l —
HEASTEIRBR , MR PR BB Ak B 7t S 4F R )
T A (AR 2 4R, 2021), HILWAT UL, 7Efasgdtg
ARG, RIEHEREEAICEMEII L EZ —, a3
A R rh W APE AL S TS AR H (nitrification) |
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A ALAE H (denitrification) . [# % (nitrogen fixation)§
. b, Z25E B RUED O 2 A
FERGET A AR, 22 T S5
T o AEALTAE Py AT LK X 28 T 19 NH4-N FlINO>-N
FALHTEHE R NOs-N,  H vk NHL-N X 64
PG (Hu et al, 2015). NH;-N AT Ll it 2 Fhig e
AN NOs-N; B2, e Efbd W aics 2 &8l
FIVEATT, NHs-N ATLUES L NO2-N (Rotthauwe
etal, 1997; Francis et al, 2005), F7E IV ik 40 &
(nitrite-oxidizing bacteria, NOB)#AEFH T ¥k — & 4k
4 NO;-N (Daims et al, 2001), Itoh, Fifi# 5¢ 2 fitifhid
#2 (complete ammonia oxidation, Comammox)#{ & ¥ ,
TE Comammox 2l & F/EF ™ NHy-N 7] LL— 8 4k
4 NO3-N, AZxH:Hrfa] ™4 NO,-N (Daims et al,
2015).

TSI RYerh, A Wi 8 A% AR P AR Br 2 il
WA Y o & R e R B SR . Schmautz 45
(2017)ZEAEFR/K f0 e 2 A R 40 1 A W 3l DR 2 AR AR ks
D) T %2 e =F B2 1 1 T BB 17 )/ 4 TR SR T AR
E TR B AR SR A R R R KT 20, 2
AU NOB 25H¥, (HR)E T 4L ie 14 ik & 11 A6
a3 4 TR 2B T DL AT 52 4 il 4k it B2 (Daims et al,
2015). Schmautz %5 (2017)[FAE R B, 1At uE#E
AR 4 A B A S Hh A7 A /D 1 1 SRR T A 6 PR i
H (Nitrosomonadales) FI i LT 1 )& (1 78 AE W25 % . SR
J& T A AL B T H ) A 2 LA 2R TR, 2
AOB ZEHf, (HAILAT R B = NOB 2 Hf (Pepper
etal, 2015). BLAbh, J5—IfasediA: RErh A i
A AT B I, A DR AR AR ) A K R B
B 4 B n SR s TS 1k SR E R R Y 20 TR 2SR
(Schmautz et al, 2022), fllfi TR & B, 7EiX 2 PIIREH
JCHIRFETESEL AOA WY RZERE, RIE TH AT
(Thaumarchaeota), 734F, TE/K7= 58 H ookl 2] 1
RJET Brocadiales B H WA YIZERE, ZISBUEY
A DL T IR R = A b 1S F2 (anammox)(van Niftrik et al,
2012), HHULAT UL, fEfsRIA: R b A AE 5 D RE
B AR, (B Tk = D Re L N R R, AT
SRICIE X A iz G PR oK fa S 4k AE RGE W A ok vk 2 b
1) FZ R R

bR TSt AR, SO A R A R A A Rl
AHKARGE . AR 20452015058 R B, TE i3tk
Rgiizfirid R, LA A N0)JE B AR
AR BRI 1.54%, Ui SCE AR U e fa sk
g RS A k154 B EAEH (Zou et al, 2016a,
2016b). [ ZAd A2 U 0 A0 E 2 A iR 4y, AT

FERM, FE S A R G0 A 21 43 rh E k) 21 5 2
MAEWMWAAE, B, RIETHEIERNS
(Novosphingobium) i1 4 g 24 1 F1 s J& T F e /\ & 48
P FF(Methanosarcinaceae) ¥ 1l # 25 i (Schmautz et al,
2022), WLAb, FEfnSEdhE RGN IR E TG Je HEAS Rk
KT 25 5 0w iE )7 R i 72 (dissimilatory
nitrate reduction to ammonium, DNRA)ATA 2R, #
wn, sRJE T s IR # e (Desulfovibrio) . Ignavibacterium
& . Draconibacteriaceae FF} . W EFHHolophagaceae)
DA % 8 4 1A Bk (Caldilineaceae) 4 AH ¢ 41 B 25

AR T, AR A: R ARG AR TR BRI A
TEARHMAEY, 25 RETHARE, B
it F BT 00 7 B8 1 3 R R, XA
TEA D RE Y& R Y RENG K, fi 38tk RGP AN ]
oM EIEA F S FERAM 4, VRGN, 1t
Hb, HRTHAGSR G Z X Tl R S 5k o
i . B HAL TR IE A W DI BE U M AT, X BAE
KRR BRI T IRAT T4 KRGz 7L
) A
332 WMAEML & EXF M RN X £ TE 3%
oA R G, X0 R i R AT XU () B0 T
AT BEFE R G S s T B rh Bk B I A R G, i fa e 2t
A FRGE ) KA P O 3 S8 BUR A ) B 5 T R
BT B FFREL(Mori et al, 2019), Hitk, XHF SR
AEYIB AR E S EEL, Mori (20195 K8, &
TR T R G AK S R G 3 & T BOW A
YIERE DA OCHRE , I TC 6 T e A R 48 h 80w
MAYAE BN RE . A, AR, P
(Oreochromis niloticus)fEH /K F=FE P 5T o R Sl A W iV
Al DA A ) A2 A 52 P (plant. growth promoting
microorganisms, PGPMs) ¥ 7E Y ) JZ(Sanchez et al,
2019), K= FRGH B ITTH AR W TEA Y K B BT Y SE
FH AT REXT T M) 77 5 A A& IE [7] 52 1 (Bartelme et al,
2018; Eck et al, 2019), tAh, TEIGFRKIRIH R G
I RS A B R B 2 A W R T I
e B BUAE FH (Khalil et al, 2021; Stouvenakers
etal, 2023), fEHIE b, REMIRILE RGK™FH
AT AT BEAETEXTFE A R A D 26, (3 H T34
AP AN T A8 X e 2 TUAE W e A e AT AR e A, T
VEFEFE Y ) (8B (Parfrey et al, 2018).

e S R, (0 SRR P) 1) filt BRI [ A
Z B AR BN B E R, JH RSN E T
T o 38 CAE P R B A A A v 2 1 0 1 = B 1Y)
KRN ZE , 7E 2D KF _E AL LR AP HL G LA [ )
1278 (Mueller et al, 2015), X2k, miEMEY
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TEVE S SR I 3 Ay, S22 8 IR . SRy DRk
RS R AR A E J1(Wang et al, 2018), Wi EY)
BV I ZFALE], 0 AR 7R B AR W KRN S B IR B
M2, 43l b b B i s st JF IS s e 4
M, MM & ¥ His T E (Pérez et al, 2010), J& TH,
¥ i & (Lactobacillus) 1 XU #F i & (Bifidobacterium)
1) g A T T AR 5 £ B KA T, A Bl T
I IR Y 4= K (Song et al, 2014), Ak, Wity
() Z REPEXT S R R R i G 2, A ST R,
A W B T 1 2 REVE 5 42 S R IR ) =2 (B A7 K
B (Sullam et al, 2012), 7ERELY) 7 1H, MRERADIHEE
AT UL R R R G % | 8 AR R AR v X B AR )
AES) . MR WS- IARB I, WE IR T HA
g 2B OV T I REAR , SR ATE B A 56 R (Xiong
et al, 2020), XEEHIAY T UL EHGE A AR
VS TR, Ak I i SR B A SR T 5, s E o O
FE DI 22 GEMEHRT T 2K [R] X P05 (Compant et al,
2005), H TR I A Z2 G5 v S (RN AT ) il R
(B A7 7E 2 DA G , i R0 o i (B R S B T
MZE HAER o PR e R 28 0= 1, AN STt 16 25
A AR PR At A= R A 2 b S m , sl T DUR A RGE
B AR RIS T THE M o AR 7 B T IR A PR
o SR A R b g F A Y 5 0 EACHURE E A
YERT, JFIF & A B R AR A B w4 0%
B RGBT TR A = R0R

4 BR{ERGHEENREFNT LG

e A R Ge b R e Is B B AR Ay
e, HZ RV R 52 3 2 A A8 R A 3k (] 3K Bl 5
M), AR 8 A W AR A A R B T R R ML B
(Chesson, 2000; 2F 5 4%, 2009; Vellend, 2010; %42 1E
45 2015; Zhou et al, 2017), Z5& a3tk RE R,
FATEE T M0 A: R G rp A MR TR LR )
HEZR (A 1)

Tt S E RGN, BAE ) F R IR T A
D N 1IN = 7/ 1 L 3| g O S A b7t
A A7 3 R A A AR X T W B A R A W B VR O L
AEZIIEN, ME RGBT, WA YREE R 25
A2 B R G AR Y R K e, Ban,
fift %8 M1 3% 43 /K “F (Munguia-Fragozo et al, 2015).
Kasozi 5(2021)6 %5 | fE sk RGP RIE . pH.
VAR AL B AL L A 2 IR BE TR R W 25 o T MR
T 2H R RTE M, 0 R A Al AR Y A R
(Kasozi et al, 2021) %S4 1y K 2K 38 2ot 7] o fb e %

B S AL B AR AN [R) 2 53 P TR VR A
] AR AR R R Z AR AR W &R S A A )
FEEd s fb, AfFEARIE RGE i,
3 S PA] 5K 2 ey s [ 0 45 AN [ fl A 0 7 AL 8 DA T
W RSt , IR ARFI

bR T IREE ARG R M A R TR R, AT
B PR EAE | AESEAR D 2R R A A A R
XoF Tl A W 7 1) 98 3 o A5 o H 245 ] (Dini- Andreote
et al, 2015; Roéttjers et al, 2018; Castledine et al,
2020), sl RGAE D/ NI E A SRS,
WEEH NI MY EE EHOCTAY  AKIR TR
PITA Y« 25 A RS L B 2B PR A, FE KR Y
VEFH T A [6] A2 25 A0 04 G0 A P T A W 3 77 Al 4 0
G, I RGARA AT BE S W R B X T B
MK = FRBE 0 K B R G A W T R R AL
B SR, BHETRRATIIAE 2 0 3 34 R g b KA
TE A YR & BE & U AN [FIR 43 I A W 26,
IR A0 T W3k — 281 32 AH O 1 S A= W 3 i 2
T2 B X P AR . HAb, ks AT R AR
HA5G, LRVEM TSR A: R R MR
g, (HR TR A A5 i R ) 0 S A R e T U E TR A
HERARXS TTER AR, AT3 R R Y

5 AREE

5 TR, 1545 T2 RH G M2 A2 HoR 1Y)
R, TR S A RGP A M RE I T 5T 38 %
o BADHE EEAEPTEE b, Rt 1 st
RGN Z R A DR L) ARSI 1
&, PUN T — RO IIREMUEY) , X ECRUAEYE
A WL . SRS AR T R,
S B R G BRI R G AT RS ENE . i T S8
Hiy S £ S I A RGP U IR TR X T SR A R
Gk € mRos AT IPE FPLA , 3410 5 E SN R S
PRIT I RGO [R) R D2 2 R | 2 A
TIRE R 3 A R R FUE BUHLTR] , AT A ) 2R W) A A
3 AR R G b i OB D R Ao AR S R R e AR E
ROAs AT Z AL, USRS AT LU i Gk 4 i 5
Bov S A RGEEAT AR . ARG TSR RS
TR E YRR IS, AT AFELL R LT R AR

(D ERZWM A YA S RG b By o AP E . H
i, KIS 5E 34 B £ T S e A R g8 AR [l R 431
N TR T 2H A, (H 2208 T LT B AR O LA AR Y
HEEME, BN, KRR F7E (Arbuscular mycorrhizal
fungi, AMF) & MR R BRIGAE Y ERE, FER TR O
AN e B AR AT DA A ) R i 0 2 R ISR L



%24

TROSRERE: M E R PR YRR DT T ik e S e 21

iy

£ mE vmes

a g; P
% i g Dispersal (coalescence) .
& a

=

&

JUSWIUOIIAUD O1OIqY
5 i = e

$9852001d SUSTUIUINIS( T L) Y bt

B s A R G0 PR TR L HE 2

Fig.1 The framework of mechanisms of the assembly of microbial communities in aquaponics systems
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Abstract Aquaponics, which is widely considered as an efficient, ecological, and healthy aquaculture
mode with notable implications for addressing issues such as aquaculture pollution, freshwater resource
scarcity, and aquatic product quality, integrates the aquaculture and hydroponics. The definition of
aquaponics remains controversial; however, the key lies in the symbiosis of aquatic animals and
vegetables within a single system. Aquaponics encompasses various modes, such as the in situ mode
combining pond aquaculture with ecological floating beds and the ex situ mode combining tank-based
recirculating aquaculture and vegetable cultivation. Extensive research and discussion have been
conducted on system design, aeration and filtration techniques, selection of plants and fish, nutrient
balance, environmental control, disease management, and intelligent monitoring, providing technical
support for constructing and operating aquaponic systems. Within the aquaponics system, microorganisms
are crucial in nutrient transformation and the health of plants and animals, profoundly impacting the
ecological balance of the system. Recently, with the rapid development of molecular biology and
bioinformatics, genomic techniques such as amplicon-based high-throughput sequencing and qPCR have
provided powerful support for analyzing the complex diversity, compositions, and functions of microbial
communities in aquaponic systems. Regarding the diversity of microbial communities, studies have
indicated higher bacterial community diversity in aquaponic systems than that in aquaculture systems.
However, other studies have found no remarkable difference in bacterial diversity between aquaponic and
aquaculture systems. Within the aquaponics system, notable differences were observed in the microbial
community diversity among different microhabitats. Generally, the bacterial community diversity was the
highest in the plant rhizosphere and biofilter and the lowest in the fish feces, with the bacterial diversity in
the aquaculture water lying between the two. Various factors drive the spatial distribution of microbial
diversity within the aquaponics system, profoundly impacting the functionality of microbial communities
and system stability. Additionally, the composition of microbial communities in aquaponic systems are
crucial in reflecting system characteristics and indicating the health and growth status of aquatic
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organisms. The composition of microbial communities in aquaponic systems differed from that in
aquaculture and plant growth environments. Studies have identified core microbial taxa comprising
bacteria belonging to the genus Bdellovibrio, Luteolibacter, Rhodobacter, and Nitrospira shared in
different modes of aquaponic systems. Furthermore, research has shown that dominant bacterial groups
vary between different functional units within the aquaponics system. In the biofilter, bacterial taxa
belonging to the phylum Actinobacteria were enriched, whereas bacterial taxa belonging to the orders
Sphingomonadales and Xanthomonadales inhabited the biofilm of the fish tank. The rhizosphere bacterial
communities were dominated by taxa affiliated with the order Methylophilales. Generally, the presence of
plants greatly influences the composition of bacterial communities in aquaponics systems. However, the
effect of the presence of aquatic animals on plant-related microbial community compositions remains
largely unexplored. Regarding microbial functions, nitrogen cycling is one of the most critical elemental
cycling processes in aquaponics systems. Establishing efficient “nitrification” functional unit (i.e.,
biofilters) is a key aspect of system design and construction. The nitrifying microorganisms involved in
the nitrification process are considered as beneficial microbial communities in the aquaponics system,
typically colonizing the biofilter or the plant rhizosphere environment. For example, aerobic
ammonia-oxidizing, anaerobic ammonia-oxidizing, nitrite-oxidizing, and complete ammonia-oxidizing
microorganisms have all been detected in aquaponics systems. Additionally, denitrification, nitrogen
fixation, and anaerobic reduction of nitrate to ammonium processes have also been identified in
aquaponics systems. However, the existing research has primarily relied on taxonomic annotations of
amplicon-based sequencing data according to the current database. Whether the nitrogen cycling
microorganisms are functionally active and what the contributions of different nitrogen cycling processes
are in the aquaponics system remain unclear. Furthermore, research on functional microorganisms
involved in the cycling of other elements such as carbon, phosphorus, sulfur, and iron in the aquaponics
system lacks, limiting our understanding of the operational mechanisms of aquaponics systems. In
aquaponic systems, pathogenic microorganisms that pose risks to the health of fish and plants may be
introduced during the construction and operation of the system. Their dispersal and colonization could be
facilitated by the water flow in the aquaponics system. Therefore, the prevention and control of
pathogenic microorganisms are crucial. One study has indicated that the aquaculture unit of the aquaponic
system harbored microbes beneficial for plant health. However, whether these beneficial microorganisms
could colonize the plant roots and consequently regulate plant health remain unclear. Additionally, the gut
microbiota and rhizosphere microbial communities are key factors in promoting host health. Given the
close correlation between the health of fish and plants in aquaponics systems, these host microorganisms
interact. However, the interactions between these host microorganisms and host disease resistance in
aquaponics systems remain unclear. The microbial communities in aquaponic systems exhibit dynamic
characteristics, with their diversity and compositions being jointly influenced by multiple ecological
processes. Drawing on microbial ecology theory of community assembly mechanisms and considering the
unique features of aquaponic systems, we propose a framework for the formation of microbial
communities within aquaponic systems. Abiotic environmental factors, biotic interactions, host selection,
dispersal, speciation, and drift processes collectively govern the assembly of microbial communities in
aquaponic systems; however, the relative contributions of these processes still require investigation. For a
better understanding of the role of microbial communities in the stable and efficient operation of
aquaponics systems the distribution characteristics and assembly mechanisms of the diversity,
compositions, and functions of different microbial domains in aquaponics systems (e.g., eukaryotic
microorganisms) must be systematically investigated. Additionally, the key microbial functional taxa in
aquaponics systems and their impacts on the stability and efficiency of the system must be revealed, with
the goal of potentially controlling aquaponic systems through microbial methods in the future.

Key words Aquaponics; Microbial communities; Core microbial taxa; Elemental cycling;
Community assembly mechanism
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