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(1. [ K = ) 200t 50 Bt BR YLK =R FE R, AP AAT 38 R S R 7K 7= B2 VR R T 5 97 08 B U i =
JTREIRKFDN R E RS, AR 510380;
2. BT R FHET G, TR BN 516002)

BE: W TP Fe-aBELAZRATEETRBL BT R AEBEEEMO T W,
SCE AT M R M 3 OART B B A E (350, 450, 600 1 0 g/m®) (M1) Fra At
S E A E P =T AR G (5%, 10%. 15% F1 0%) (M2) 9 7 A SR 784 o 3T & M
FEMERRALET, ARESUAXN T & IR7E AT UL RO & R B 1 A )
WP, RN TP -2 BEHBERLEZATEENENRESLRILA. 2REF, &
MIEBRERXT, FTRBXEHEEEFTRAGIE EFLEFRAAREARA NHy-N). T8 4&
(NO; -N). # B A (NOs -N). % 4 (TN). %8k (TP). E## % (PO, -P) & A 454r, H
FEIANFARBEAN A, 0% M EE N 450 g/m’ 8y & JE ¥ K 415 350 Fo 600 g/m’
SIS AL, B E AT, 16SIRNAVA R Z@EENF oM E7, Ml ER T4
Ao BEHELEMMERGE AR EREN, I MEAESENE, ERAREREK,
Pt KRR . HE A G, 534 450 F2 350 g/m’ th 600 g/m’® fh 4k F AR At B AA
EXRRART, FEE AT Eo i R EE 5N B AT & 08 333 Rt R 78k
R, EM2EIBERX S, FA8BEEFRAGEZEMTEaFAMBFEAR, &
TN. TP. NH,-N. NO,-N. NOy-N f1 PO/ -P £ {2 W & Kt X KW, EZFAHA
M, BEEEEERN 10% t 525 41 %t 3578 KK NH,-N. NO; -N. TN. TPV % PO, -P
LXTHENRERLBA % 15% 2. GRENFAONEREN, TREZTRA
JEEF R mAA AR R AEN SN, EAxtTs, 10% &= 0 R4 8%
RERE. WERNZET FE-2HELARAE AN A TR LR T 548 #.
RYEA: Boed; g, #EE; 16SIRNA; A MFR; MAEMBSHE

FE S S 965.125 XRAPRERS: A

AT SRRV T R EREBE R H 257 SR, NI S EORFKBUSAL . AL IR
IR, BAMFMEEL NI MM, HH  KEZESAEAIR. &, #EY b AL
A4 . AR, Ba oA, ERER Y BN ERUBRLME AR, AV R =&
[Tz A, R R E N O SR B SR R S EORFE/K A S SR R S B A0 R 50, A
SRR, SRAEE S E HIEMSR R, e FEARIRSER, BN SREE W s e R R BLAR
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TR 5 U 25 57 W A A f0 B T, g 047 0
SR A K BILA S e h A AT,
PRI Z A G i F AR R 2T, IR LA AR
BRI SEE, G AR D Reiif, 1R
BRI, gl AR ES WA S R R
IR RN DA AR S = =R 7 (| A = = R o
Bk ol R SR N, T i R AR
fREb N2, MagEKIRE BRI,

FRFE K AR & 52 RGP FI FH 27K ™ ] 582 &
BN, B DL SR KR 5 G BR
FH KRB R FOR AT B T UL g, 7ENE R K
PR ARGT, FREIEKAEE — BT 5 R A
BEMBNEE, RAEE F 2R EE A YAt
BRI A g U RN A R A 4R, =
PRl s i, ] SRR A . SOE
SN = BAAE AE W DR (W ARAE W) . [H] R
He 4k [ i (sequence batch reaction, SBR). AT
b DL S E AR LY BRI K ) R AL B R
R B, HHEABRROR | R M DL A e
Ree AP B AR 25 S B () JATS A o ik e o % T LA % oy
FITHYFRFEAR UL, TR B S AL BB R T B 1
PENE . RS T A 2 1 D B

SR | T IRAME S, R — R IR G KA [
B ER, R YT IR EOR ] A
TR, MY A R AT Wl . R R
BEAKAR TR A . BESEE SR Y, BER] LSS R
FEOKAR B EAL TR 3 R A 0 1) A K i o h
Wk T —EMAT AR, BEHE NN, HY
TR A R ThD AR O, RIAR 25 Bk e, KRR
BOR BB N, Pri ok iy 2B sl ss W ook,
{8 TG R ) b e AEL ) I PR PO R L 03] i 25
XoF Yt 5 BE I TC AP AL, TR R A ) I R A A T R
IRENIE R —E LIS, T oK 520
23 PHUOKMA T HABA Y 5 FR 58 10 28 58 ok R b oA
PR, M sE 2R IR AR . pFsE
Wy, oA i) F R R ARG 5, IR
FEP [P WO R B IR, L7 R I T AR R Al
R MRS YBT3 B S AR IR,
I FH KA T ER 1Y 2 BR AT AR 32 AR Ik AR 0 R
fife 220 R TR R A ST RE LA E B,
WMLl A BT B R A L 0 IR R PR A, T
BT A7 1) R FE K R FAE IR R, I R T
A, pr Dhfa Se e A R a0 h i Ak Wi
HEMB R REN - EENSERER.
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FT I, AR5 DLt St A RGOk BE Y
FAH R G D REVR S5 R Ak X &, A T P RD
fh e A, BIVRE () b I o T ARAN [) £ L
(Houttuynia cordata) FIHE % FE (350, 450, 600 FI 0
g/m®) (M) FiAH [] oA 2% 5 AN ) b 3% 73 2 1 AR
F (5%, 10%. 15% Fi1 0%) (M2), @i #F 5% A E
PR S5 T 0 S e Az 430 %o 5 A £ 5% 5 b 3
TR BT S AR AR o (R i 3 R R TR I sE e, R
T8 A - R B I AR R G b AR R A A R R
FE/CLLA, LU LA 2 A f (g e A S R A A K
PSR

1 MRS TA

1.1 LWEMGEES

VIR % % 4kt (Oreochromis niloticus) ypoE 8
ERPAER SR 2, FRgise A, Il BB
W, HARWRE 2R 1 3%, 4 HLAH B A2
A BGINE RS, T8 R4 I T
M TS 24 it o

12 BESEMERSEHEFERGME

0 JJ R g AR AR TR KA T 2 IR A0 R T
KT, fa 33 R G A 4y R PR (M1 D
M2), M1 SZEAR, PRAFAH R IR aa AR, 4R
T IR RN [R5 B RS2 . 2R 12 MARiEf
JKIE I (K x 58 xR =1.6 mx1.6 mx2.0 m), # ML
I J5 S TR S5 RS 1) 2 E L [ R (9.5+0.5) em,
KT (16.042.4) g], WA LR 60 2/t
£ T HERIAS K > 0 > 5 =80 ¢cmx80 ecm*3 cm,
MR YRS N 3DHE, 440k 0. 350,
450 } 600 g/m’, R FIE 3R N 25%, R
PR 15 3 AT, XFRRAL 3 AN AT AR R
L OSLEREE Ry 4—6 H o

M2 SR, ORAE B T AR £ I R A 2
FERATR], BROTAS ) ok 2 56 1 AR o LU 2 B
FH 12 MR (Kx5ix%7=10.0 mx5.0mx2.5 m),
B R SRR I S R £ [ AR (19.3£1.9) em, &S
i (253.0+47.0) g], WIMRTRFREE LN 120 B, f
I R DR i T AR ) B Y 5%, 10%. 15%
F0% (WHHEZ, AFhfafl e, o)l s 2y
H 450 g/m’, FAWRE 3N FAT, SLEEE A
7—9 H.

Jr A SEER AL X BRAH H A AR Y — 2, &
KEE 2k, HEHE 2R TTER 3%,
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1.3 FRIEMIEKERE R HIBLIERMNE

FEHH L YE KRR Y SR A AN EAL H8E B 5 2 T ik
22 CORTEARR I3 HT 2 ) GEVURR) #4785,
ZUA (NH,-N) P2 R R0 BRI e L . AN A
(NO, -N) T 5E e N-(1-Z858)-2 — WG 1l
PR (NOy -N) M il SRS e e . fb2FH
AR (COD) 5 fff R M IR vk . A &1k
WA I JE 0 66 B v 5 B (TP). (i AR B bt
A3 CERE I R IERE IR ER (PO, -P) 45, &35 FRilll
SEWEEST 3N AT, M1 F M2 525 A5 K BT 3
2 JEI 1K

1.4 BiRFE. KERERE DNA RE

BRMERE  BNIIEREYLER 3 R Ak
PAefa, JL36 B, LWERIERUEEEmiE, H
70% L EEEEDE 3 K, MUbRiE, —20 °C fRAFEH .
M1 SR, 4—6 AR HRE 1R, 3K,
M2 LR, 7—8 AN RE 1R, 2k,

DNA K R%E  FIHAPLBE R (Y
5 2.5 L) 43 0 76 3t 3 rhc R0 AR R AR K TR 20~
30 em Ab KA, SKFEIR GBS, FIHEZ
e, hhiE EMALIERE (0.45 pm), BT 15mL K
WEOET, 20 °C RIFAH]. DNA KFEREE,
M1 IR, 4—6 H R HRE 1R, 3K,
M2 g, 7—8 AR RS 11k, L2k,

M i3 F1 £ Stool DNA Kit Fll water DNA Kit
(Omega, FE[E), FEEAEULIHHRERA A IE SR
KRR S DNA, B MM ER 31k, DL 100 uL
TE 2% ¥ & B DNA, —20 °C £ 7% . LA Nano-
Drop Al 260 5 280 nm W ¢ & b {H (260/280) 1T
i BT 82 DNA 2l , JEKei DNA &8, DIkFE
PR . M1 SRR, 4—6 H g H R
1R, FE3 W, 4 HE 1 UCREERIIGERES, 5051
¥R CD.1 (XFHRZ) . €S350.1, CS450.1, CS600.1;
5 HE 2 RCREM I ERE MR CD.2. CS450.2,
CS350.2. CS600.2; 6 J145 3 IR IEFE 5
4 CD.3. CS450.3. CS350.3. CS600.3, 7K &%
4 4—6 AR SARIENE, 1ok SS.1. SS350.1,
SS450.1 LA &% SS600.1; SD.2. SS350.2. SS450.2.
$S600.2; SD.3. SS350.3. SS450.3. SS600.3,

1.5 16S rDNA V4 XFH# &M =@ =N F

B ICK A RE S DNA W ERFEE 2 ng/uL 1E N
Bib, FIFH4E 16S tDNA V4 X 3@ 5 ¥ 515F
(5'-GTGYCAGCMGCCGCGGTAA-3") il 806R (5'-
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GGACTACHVGGGTWTCTAAT-3") §" B4 £ k¢ o
2 FHPEARE S PCR W LIS BE /R IR G J5 , #E T IH
Y&, 85T Mlumina Z\F] TruSeq DNA PCR-Free Sample
Prep Kit #4# 3C 78, {8 Illumina /3 &) Hiseq Rapid
SBS Kit v2 (FC-402-4023 500 Cycle) 5 & ¥

L6 TMEBEDNEEIES T

X0 P ARA ) S L B i AT A AR S, A
FRPHE I WA RO 64T OTUs R4 Hr, [l
¥ OTU M FERELS &, 15348 I OTUs
Koy iz . FARYE OTUs #1758 B L M 24
PESERO T 1 SETE 97% AR RIEEAKSE |, FH
UPARSE #3647 OTU B3R 255 fifi I Silva 25 %4
it AT Rl o3 255 B4 s i PyNAST 5303k
MR P B AT X, I i FastTree #4) &
OB s B 5 FEREVE 4L (compositional) 7K F-FI R 4t
K B (phylogenetic) 7K F I fif F§ QIIME, Mothur
HlR S5 AR 25 AR A BE4T Z FE 1 (Chaol . Shan-
non. Simpson Fl ACE $8%0) 73#r,

2 HEiR

21 MIERTAREYMELEENTIEES
SE MK BT R R0

AR IR S BRI RS OSSR
%5 B 1) £ B R SRR ARG 2 I £ 5 5 v o
NH,-N, NO,-N, NO;-N, TN, TP, PO, -P fl
COD, &L dik pidgts 2428k, HIYH]
WART XA, H 375 A A, ORI
(1), HFHZMELELEI, 15 RZH, NH,-N,
TN. TP H1 COD 8K F-RIAXTAZH>350 g/m*>
450 g/m*>600 g/m’, X MRS TLEF 44845, W
NO, -N i i #4230 d, 7£ TP " #F4E 45 d, #
TN KA PO -P W F4E 60 d, 60 d 2 )5, 2804
450 g/m* " NH,-N, NO; -N ¥ & WK KA T 5256
2 350, 600 g/m’ DL B ¥R, 75d 22 )5, LK
¢ 450 g/m* H NO, -N, TN, TP, PO, -P LI K&
COD HFFEEAK 52564 350, 600 g/m” LUK X RZH

WK, 25 200 s i S0 1 5 ) R 2 5 st
LA e, 5 0~15 K, SAE AR T B
P, 1545 K, SAHABMATEX LA, 350
g/m™>450 g/m>600 g/m™>X B4 . % 45 K5, Xt
PR i il S o TR T, SRS 2 T A AR
TR 560 KIF, UL A S AR Xt
B 41>450 g/m>>600 g/m*>350 g/m’®, % 75 KJ5, 4%

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

9H RN TR 2 [ Y e S S ol s B o N E T R PN e R A O A 1607

SIHBEMA SRS EIHEE, MRANEZE 0 22 MIBEXNTAREYEGEENTIEER
TR, 25590 K, SABMEASEN350gm> ERFEKEEEZHMEREZEEHNE

450 g/m>>600 g/m™>X} HRZH , 10 JIE B9 IR B RE R AR MI KT, F5 K A Alpha £ BEE S 57 L
SRS A S B, EARRE, Hik %1, 4 3 52% 40 SS450.1 1 Chaol. ACE DL J%
5 A A0 SR FH IRV A S BRI ] Shannon $8 4044 M fix 1%, Simpson F§ 50K, 5 H,

0.8 w0 350 g/m? de 450 g/m? 0.30 - woee 350 g/m? 8- 450 g/m?
= 07 I . e 600 g/m? oxe 0 g/m? o et 600 g/m? wxes 0 g/m? 9
e = 025 |
+ <t Z
% 0.6 oY Ag
o< = 0.20
=205 EY2
Do g =
E en ~ O ..,X,..
S 9o 04 = &5 0.15
m;& = @RA’( ] ORI X...
=03 T £
K = = Qg) 0.10 Kerernrernnns %
é 0.2 =
= 0.05
E 01t s
0 L L L L L J 0 L
0 15 30 45 60 75 90 0 15
KAEmS ] /d KAL) /d
sampling time sampling time
(@) (b)
045 r e 350 g/mz e 450 g/mz 8 r e 350 g/m2 e 450 g/mz
_ 0.40 | . e 600 g/m? % () g/m? 2L el 300 g/m? e ) g/m?
\qu . /2 6
~0O Koo .
%}) é x Ko = \E/ 5
) E 2y
X o =
= x B E3
i 3
= Q -
o010 wo-~ A 28 2
<é ol
0 L 0 L L L L L J
0 15 30 45 60 75 90 0 15 30 45 60 75 90
RFEIH)/d KA H)/d
sampling time sampling time
(© (d)
045 w0 350 g/m? e 450 g/m? 4.0 ¢ o 350 g/m? e 450 g/m?
reneiene S 2 - 2 e 2
. 0.40 | 600 s/mx 0 g/m -~ 35| 600 g/m 0 g/m )
—_ ‘| 0.35 $: é? 30 |
._] e <t b .
e 030 Sz
‘E’ 2 025 o5
% = £
&2 020 & 2
#2015 o E
M § 0.10 E
B Q
g -
0.05
0 1 1 1 1 1 ] 0 1 1 1 1 1 ]
0 15 30 45 60 75 90 0 15 30 45 60 75 90
KA [E)/d SRAEI [E)/d
sampling time sampling time
(© )

(Bl1 Fig.1)
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1608 Koo R 46 &
6 o 350 g/mz a3 450 g/mz —_ 14 - . 350 o/m? & 450 o/m?
I s 600 g/m? % 0 g/m? [ T x ) : 600 g/rr:: i 0 g/r%_lzm
5 I* ot S 12t S
8 ”‘;; I ~ 9/ ..... K"-.
-2 o2 10 ]
2] 1]
& _g ¥ 3 6| TR ) P .
=2 e = O &
g2 2] e
é > E - S
1 g 2|
Q
S
0 1 1 1 1 1 0 1 1 1 1 1 J
0 15 30 45 60 75 90 0 15 30 45 60 75 90
SRAEIT I8)/d RAEIT [E)/d
sampling time sampling time
(2 (h)

&1

M1 EBRTAE&EEEZELA (350 g¢/m’. 450 g/m’*, 600 g/m*F0 0 g/m”) Ayt IEK R

Fig. 1 Water quality trend based on different densities (350 g/m’, 450 g/m’, 600 g/m”and 0 g/m’) at
different sampling days in M1 culture model
(a) NH,'-N, (b) NO, -N, (c) NO; -N, (d) TN, (e) PO*-P, (f) TP, (g) DO, (h) COD, the same as Fig. 3

ST 2H SS350.2 1 SS450.2 H i MWy A 2 & R 1K)
Chaol Ml ACE #§ %%, VA K Z#£ 1445 %L Shannon +§
Bos, HA4H Simpson FE8URAL. 6 H5 5 A
BAMIE MR, RIS 2H SS350.3 Fl SS450.3
R L) A 2 5 BEAY Chaol Fil ACE #5%k, DI Z
FE P45 %0 Shannon 5 %0 f %5, H W41 Simpson
FEROAR ., 4 1 450 g/m® (SS450.1) 4H 33 58 K AR
b =F & BE A 5] BE YA T 350 g/m® (SS350.1). 600
g/m* (SS600.1)LA K X} R £H 0 g/m* (SD.1), 5—6 F
IKAERE SR E AR F 4 A B tm, B

=1

4 450 gm’ (SS450.2, SS450.3) il 350 g/m’
(SS350.2. SS350.3)f Z ¥ % Z i T 600 g/m’
(SS600.2. SS600.3) F10 g/m’ (SD.2. SD.3), i 5L
¥ 20 450 g/m® (SS450.2. SS450.3) Fl 350 g/m’
(SS350.2., SS350.3) £ F A E (P>0.05),
%R0 38 19 Alpha £ FEE 43 A 45 R B
4 A X%FME4H CD.1 " Chaol. ACE L) & Shannon 5
B4 e, Simpson ZFEMEFEEURAL, FEEM
LA X4 (CD.1) >450 g/m*(CS450.1)>
350 g/m® (CS350.1)>600 g/m® (CS600.1), 5 A, 5%

M1 & T FREKF B RE PR % Alpha S S5

Tab.1 Alpha diversity analysis of microbial communities from the pond water in M1 culture model

A4 LhTE 2 RE R aZFitE  Alpha diversity
month groups sample ID Chaol ACE Shannon Simpson
4 0 g/’ SD.1 4234.968 421° 6293.246 226" 4.132048" 0.042 827°
April 350 g/t $8350.1 2950.025 000° 4030.817 790° 3.156037° 0.111191°
450 g/’ $8450.1 7722.002 331° 11232.269 940° 4.951382° 0.025 413°
600 g/’ $S600.1 2455.263 393" 3410.518 572" 3.113625° 0.105 827
5H 0 g/’ SD.2 69 827.611 200° 143 741.087 900° 7.535805" 0.007 813
May 350 g/’ $8350.2 100 625.649 600° 206 953.621 500° 8.140034° 0.003 548°
450 g/t $5450.2 92 100.737 120° 190 282.653 500° 8.033208" 0.003 271¢
600 g/’ $8600.2 78 280.112 480" 166 707.320 400° 7.799991° 0.004 631°
65 0 g/m’ SD.3 17 494.464 980° 33024415 750° 6.554623" 0.007 127°
fune 350 g/t $53503 65 771.161 640° 134 577.402 200° 7438774 0.004 092°
450 g/’ $54503 63 964.124 930° 127 475.028 100° 7.394 275" 0.006 413¢
600 g/m’ $S600.3 46 352.694 400" 103 556.088 800" 7.287 827 0.008 184°

Ve AR AR A L AR BEZH R K AR i TR TR 7 B R RR R 22 57 11 34 (P<0.05), FIH

Notes: in each month, the water samples sharing the different superscripts represent significant difference (P<0.05), the same below
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¥ 40 CS450.2 fl CS350.2 F Chaol, ACELL &
Shannon #8480, HIXPIZH Simpson ZFE 45
Bk, PIdLE2Z S AR E (P>0.05), 6 1, 5
20 350 g/m* (CS350.3) Chaol. ACE Ll K Shan-
non $8 =5, Simpson 5§ U MK, H K& 450

g/m’ (CS450.3) Zb HL 2] , H 350 g/m* (CS350.3)N
450 g/m’ (CS450.3) ' Simpson 1§ $ G B & % 7
(P>0.05) (3% 2). Al H i h 600 g/m® (CS600.3) 41 ,
& JEHE%L Chaol A1 ACE ¥ TXF R4, ML
FEPERY Simpson 8 £t AR X 5 T X BB 4H (CD.3).

#2 M1 EATTIREFEARTMNRE DR Alpha SO

Tab.2 Alpha diversity analysis of microbial communities from the tilapia intestinal contents in M1 culture model

aZ et Alpha diversity

Ry PGBLIEAE it 2t i
month groups sample ID Chaol ACE Shannon Simpson
4ﬂ‘ 0 g/m’ CD.1 114 228.256 700" 253 375.908 500" 8.228 362" 0.006 111°
Aprl 350 g/m’ CS350.1 4410.130 435° 6972.270 278° 3.365 483° 0.082 774*
450 g/m’ CS450.1 6321.329 049" 9251.907 636 4.489 214° 0.030 538°
600 g/m’ CS600.1 4139.659 389° 6312.750 687¢ 3.149 598° 0.186 464*
5H 0 g/mz CD.2 3 814.595 395¢ 5535.228 217¢ 3.700 472° 0.082 896"
May 350 g/m’ CS350.2 70 657.260 660° 137 059.012 400° 6.001 413* 0.074 224°
450 g/m’ CS450.2 71423.719 020° 155 353.944 500" 6.961 554° 0.027 793¢
600 g/m’ CS600.2 31 316.031 050° 66 386.446 710" 4.010910° 0.187 892°
6H 0 g/mz CD.3 28 942.661 680° 53 815.817 230° 6.391 716" 0.027 223°
fune 350 g/m’ CS350.3 60 026.645 620° 125 738.513 900° 6.482 313" 0.020 874°
450 g/m’ CS450.3 47 389.281 760° 88 954.705 490° 6.372 726" 0.021 040°
600 g/m’ CS600.3 43 231.947 690° 84 583.554 770 6.031 838" 0.039 001"

T RS AT S Rl oy A HE & IR A3 A R
KA AR 4 T B 1R SR RE D SS600.1,
$S350.1 #1 SD.1 N —3, WHEZMARL, oo
I RE AR ZEfUFT 1 (Clostridiales) (] 2), 5 A2k
£E W FE i SS350.2, SS450.2, SS600.2 fil SD.2
H—3, KAWL AEL, Bk Erik
PEBHAR VA SEE/RTEICHE H (Burkholderiales) |
R b H (Acidimicrobiales). HZEEE H (Actinomy-
cetales), fUFTE H (Bacteroidales), ZEKE H (Syn-
echococcales), " H L H (Methylophilales), 6 H
SRAEMBES) $S350.3 . SS450.3., SS600.3F1 SD.3 F
H—3, AR A EREREE . Rk
P H (Synechococcales) . 575tk {&H (Rickettsiales)
R H . ME&wH ., WHFEH . ®HF#E H (Fla-
vobacteriales), # fif #T & H (Sphingobacteriales).
BeJE 5 AR 6 HRAEMFE RN — KL, $S450.1
FMERN— 3

f 3 9 25 W FE S R 4 H R 4 19 CS350.1,
CS450.1 F1 CS600.1 RN —32, RIFFES AN Ak
T, EEARAERE AR ZE AT (Clostridiales).,
5 A R CS600.2, CS450.2 Fil CS350.2 %k —
2, ¥ H MR HIFH H (Fusobacteriales) . 1H 72

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

E/REREE . WFFHEH L ERE R H . 6 HXR
£ (R RE B (CS600.3, CS450.3, CD.3) {38k &N —
%, PRE H A FF# B (Fusobacteriales), #2:4k
SEFFE H . FLERFTH H (Lactobacillales), $8LFT
R H AR B o X BR4E CD.1 MISE 5] €S350.3
Iy R R —/NS . XFIRZE CD.2 B —

23 M2RATAREEEFREEERNS
e FRFE M EIK BRI R

M2 R, 45 10 R A 3 A 3 R AT AU AIR
AR S W E R TP, PO, -P. NH, N, NO, -
N. NO;-N. TN F1 COD ([ 3), £ /KFEhn
A e, (AR AR T XL, H AR5 ]
A, BB SR Z R AR L, 30d
ZHT, B DO ZAk, HAth EZEKBTHE AR NH, -N
TN. TP Fll COD 45 Wi il 7K P A [ 52 5 21 v 3
% B2 >5%>10%>15%. 30~45 d, KN[FZH 2 (1]
f) COD. PO, -P L J TP 475 4K 4k 35 R #E (19 /K °F- .
45dJ5, SAUKREESIENL, 60d)E, HinE
9 10% AYSZ4H COD ., PO,*-P, TP, TN, NH,-N,
NO; =N (4 W5 I S B AR T 5% . 15% S5 4H
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Fig.2 Stacked species composition and Bray distance cluster analysis of bacteria microorganism from
pool water (a) and fish guts (b) of different treatments (350 g/m’, 450 g/m’, 600 g/m”and 0 g/m’) at
different months in M1 culture model

SD.1, SS350.1, SS450.1 and SS600.1 are water samples taken in April; SD.2, SS350.2, SS450.2 and SS600.2 are water samples taken in May; SD.3,
SS350.3, SS450.3 and SS600.3 are water samples taken in June. CD.1, CS350.1, CS450.1 and CS600.1 are fish gut samples taken in April; CD.2,
CS450.2, CS350.2 and CS600.2 are fish gut samples taken in May; CD.3, CS450.3, CS350.3 and CS600.3 are fish gut samples taken in June
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Fig.3 Water quality trend based on different treatments (5%, 10%, 15% and 0%) at

different sampling days in M2 culture model

24 MEBERTAREEEZKREERRNS
& BB K H R EK A E RS AR R0

M2 #E20F, N [ £ VR PR B 5 1 AU B
A A1 7 308 B LSRR K VA R Vi 235 1) 14 52 T DL 2% 3
A 4, 55 18 K, AN[FS2 50 2H /K AR HE il Alpha £
FEPEFE % Chaol . ACE L & Shannon f5 1 = 31N
15% £ >%F B8 41 >5% 41>10% 41, Simpson 45 %i )]
AR, Hid 5% 1 10% 2 22 18]G i 3%
Z 5 (P>0.05), 15% ZH A% R4 2 0] 22 R A
& (P>0.05), MCEF, AN[EALFEZH X HE )7 3E Alpha
Z 1% Chaol I ACE #8453 ¥4 X IR 2H>15% 4H
>10% 2H>5% #H, Shannon 5% LI K 15% 2H>
Xf HRZH>5% H>10% 41, FHorpoxf 4L F 15% 4b B

HZ A B 22 5 (P>0.05), 10% F1 5% AbFiZH
(6] JC 2 3 22 5% (P>0.05), J7 il 45 40 Simpson $5 %k
Z RT3 25 5% (P>0.05).

XF 22 #E P $5 5 Chaol. ACE. Shannon D) &
Simpson FFEUHE AT R I, 5 45 R EHE R
FEXT 8 B A A R R, FEFR B KRR i,
10% SEHr AR XS 5 B e, 5 15% L2 =2 1)
FRARTE (P>0.05) 5% S5 2H Ak B4 3
BB EET 10% 1 15% S804 (P<0.05). Simpson
1 Shannon 8 £ HT W, FEURE & B 5]
ARG BIE R R — 8 R RSB P
S TR R AR X AR A 2200, (HR 45 b 3
H (5%, 10%. 15%) F & EMEZHEY B ELT
X HRZH (0%) (P<0.05). 10% &b F 20 4 b = 55 o il

#F3 M2EATE 18 KBk AT & FEASTIHME MR Alpha ZHMEDR

Tab.3 Alpha diversity analysis of microbial communities from pond water and tilapia intestinal contents in

M2 culture model on 18" day

B bl i oZFEME  Alpha diversity

sample ID Chaol ACE Shannon Simpson
5%KFE 5% water sample 516.448 108° 521.440 565° 1.493 945° 0.533 945°
10%7KFE  10% water sample 413.188 631° 486.251 983" 1.633 222° 0.476 528"
15%7KFE 15% water sample 945.472 830° 1028.148 148" 4.306 267 0.055 246"
HHEZKAE  control water sample 773.301 162* 834.019 552° 4.337 609° 0.045 735°
SU%JHIE 5% gut sample 951.604 287" 997.802 959" 4.907 026° 0.032 412°
10%/%7E 10% gut sample 1158.052 531* 1211.060 834" 4.894 347" 0.022 382°
15%WiE  15% gut sample 1273.210 849° 1 342.480 266" 5.296 933" 0.016 386"
tHEIZIE  control gut sample 1349.632 176" 1420.589 759* 5.070 079° 0.025 850"

T ANFERAR B IE A B K A EARAN R 7 BEROR 22 53 10 % (P<0.05), R IH]

Notes: in the water or gut samples, datas in each column sharing the different superscripts mean significant difference (P<0.05), the same below
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Fig. 4 Dominant bacterial phyla and abundance analysis of water and gut content samples in
different treatments (5%, 10%, 15% and 0%) in M2 model on 18" day
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F4 M2 ERXTE 45 KBk M TG FHERN T MR MEDE % Alpha SRS
Tab.4 Alpha diversity analysis of microbial communities from pond water and tilapia intestinal contents in
M2 culture model on 45" day
FF S i aZFEME  Alpha diversity
sample ID Chaol ACE Shannon Simpson
5%7KHE 5% water sample 706.404 304" 720.268 700° 3.006 445° 0.123 591°
10%7KFf  10% water sample 760.580 674" 793.416 700° 3.279 118" 0.098 051°
15%7KFE  15% water sample 692.098 858" 749.729 200™ 3.292 509 0.103 832*
XHEKAEE  control water sample 615.543 998° 681.021 600° 2.871935¢ 0.188 559°
S%MiE 5% gut sample 937.028 800° 968.268 900° 4.295 879" 0.052 335"
10%/%3E  10% gut sample 1165.416 000" 1203.943 000° 4.825217° 0.026 768"
15%M7iE  15% gut sample 1 149.538 000° 1198.279 000° 4.020 471° 0.078 808°
XA HIE  control gut sample 972.680 100° 1.002.716 000° 4.028 445¢ 0.082 468°
JKARFE b water samples JAIERE fh gut samples
1.00 s EE
0.75 - HAl others
- J7 ] Euryarchaeota
FEFFI#1TT  Acidobacteria
. X3 B 7] Chloroflexi

J&

2
==}
relative abundance
o
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S
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AR A
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B ki
B =i
I T
| EIA)
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| PG
B mEm
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Fusobacteria
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E5 M2EXTE 45 RARILIEE (5%, 10%. 15% F1 0%) K AR EERNRBAE TREEE D
Fig.5 Dominant bacterial phyla and abundance analysis of water and gut content samples in
different treatments (5%, 10%, 15% and 0%) in M2 model on 45" day

SR SRS R{URY ) T O 71 P (SR AR 2 VE S

XM HAARZ B2, AR . PUR
PO PUME . DURALSE™, I ARkt K B
Xt A A A T T B BOR BT M, TR g
WHAEENZTME. ABIAFIE T AR
AP AR SR MR SR R G, A BIZ RGN K

https://www.china-fishery.cn

+or B, X B AR BEEREE ) AR R BAE — &
B PP HI R ik — 2 e i X, %
2 B A o o A AR S RS B HL B, AR
WEFEBETH T PR A SE AR 0 M1 AT M2,

K 22 R

sponsored by China Society of Fisheries


https://www.china-fishery.cn

9 1] WU, S B - IR RS A R g e SN RIINC LG X v K ST B AN TR I 2 A 4 5 ) 1615

MBS, B AR I R s 3 Y T
FURATR], (F o i oA 285 R[], 7 S 56 300 1)
4—6 J1, Ay SCI A A RE i 2 M 45 UK BTER b
Hirr 40 d ZHTRBUN R4 600 g/m’ £ T 450 g/m?’,
SIH A 450 g/m’ fE T 350 g/m?, 60 d Z R, SLE
2H 450 g/m® 7E23% NH,-N, TN, TP fil COD 4§45
Fr EART-5256:4H 350 F1 600 g/m?, Vi HI7E M1 A=
T, SCEGZH 350, 450 K 600 g/m® HRAEALT- Lk
AR 0 SR G W K BT, b iR 2R i 450
g/m” 0 JJR R VF PRAE 05 /K 7 1, ARG T S2 50 4l
350 g/m’ 1 600 g/m*, RN A E FIFEA .

FRIH KR BEZS R S5 R KW, 4—6 1,
Bl I (B A HERS A [m] 25 8 £ A P I PR S 4 2H 1Y
PRRE 2 REVE RS 5] B E e s, Hodh s AT
47, 6 ALT 5 H. TEHESET, 4 A5 1R
£ B BE B SS600.1. SS350.1 Fil SD.1 &l — 37,
SS450.1 MR H— ., 5 A 6 H REMFEMNE
K—RKZ o B A mEs R, 4 A SS450.1 41937
BEK RGBT\ A ) 2 REvE Y BE LT
SS600.1. SS350.1 LA K& %I M4 41 SD.1; 5 A ,
SS350.2 1 SS450.2 iy A4 W) F & B M Z FE AL T
$S600.2 F1 SD.2; 6 H , SS450.3 Fll SS350.3 (1) £
& M Z AR AL T SS600.3 A SD.3, iX it ]
TE % R (0 ) 1h % 56 % 22 187.5 g/m® B, AH [F] 5
P FpAR T AR R, AN [ R R AR % R (350, 450
Je 600 g/m®) P4 0] Sk 2 A0 B At 5 B it 3 1 240 TR
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Effects of planting density or proportion on water quality and
bacterial microbiota in the tilapia and Houttuynia cordata aquaponics

KE Xiaoli', LIQingyong’, HUANG Qiubiao’, WANG Miao ',
YI Mengmeng ', LIU Zhigang ', LU Maixin "
(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture and Rural Affairs,

Pearl River Fisheries Research Institute, Chinese Academy of Fisheries Science, Guangzhou 510380, China;
2. Fisheries Research & Extension Center of Huizhou, Huizhou 516002, China)

Abstract: Intensive aquaculture is generally characterized by the addition of nutritionally enriched diets. High-pro-
tein feed inputs thus lead to an inefficient use of nitrogen, and the waste of the natural resources, mostly fishmeal,
from which this nitrogen originated. With increasing concentration, ammonia and nitrite can be toxic to aquatic
life. Previous studies demonstrated that Houttuynia cordata floating bed could significantly reduce ammonia and
nitrogen (N) in tilapia intensive aquaculture, but little information is available about the effective planting density
or proportion of H. cordata and its effects on water quality and microbiota in tilapia co-culturing pond system. For
this, this study constructed two aquaponic models (M1 and M2) based on H. cordata and tilapia, and respectively
investigated their effects on water quality and bacterial microbiota in the tilapia intestinal tract and the pond water
system. The M1 model included four density treatments (350 g/m* 450 g/m’, 600 g/m’, and 0 g/m’): the control
0 g/m’ (no H. cordata floating bed), treatment 350 g/m’ (planting 350 g H. cordata per square meter pond water),
treatment 450 g/m’, and treatment 600 g/m’. The M2 model included four cover ratio treatments: the control 0 %
(with no H. cordata floating bed), treatment 5 % (growing 5% H. cordata with floating bed), treatment 10%, and
treatment 15%. Results showed in the M1 model the water quality trends based on chemical oxygen demand
(COD), ammonia nitrogen(NH,4 -N), nitrite nitrogen (NO,-N), nitrate nitrogen (NO5-N), total nitrogen (TN), total
phosphorus (TP) and ortho phosphate (PO, -P) in treatment groups were significantly lower than those in the con-
trol groups. And in the three experimental months, the effect of treatment 450 g/m’ was relatively more stable than
treatments 350 g/m’ and 600 g/m’. High-throughput sequencing analysis based on a-diversity indices (Chaol,
ACE, Shannon and Simpson) showed different H. cordata floating bed treatments (350 g/m*, 450 g/m’, and 600
g/m’) could significantly improve the bacterial microbiota composition and increase the bacterial microbiota
diversity. And these effects were more obvious along with the extension of co-cultured time. In same month, the
effects of treatments 450 g/m” and 350 g/m” (P<0.05) were more stable than that of treatment 600 g/m* (P>0.05).
Among different months, the effect from seasonal variation on bacterial composition of fish gut or water was
greater than the effect from H. cordata floating bed. In the M2 model, results showed that the H. cordata floating
bed with different cover ratios could effectively improve the pond water quality and increase the bacterial com-
munity richness and diversity in tilapia ponds and fish guts. And the effect of treatment 10% was relatively more
stable. These results demonstrated that using H. cordata floating beds in aquaponics could improve the pond water
quality and increase the richness and diversity of the bacterial community in tilapia ponds and in fish guts. In this
study, the density 450 g/m* was more stable than densities of 350 g/m” and 600 g/m’, and a 10% cover ratio of H.
cordata floating bed was superior to ratios of 15% and 5%. These results provide a scientific basis for the applica-
tion of aquaponics based on H. cordata and tilapia.
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