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B NRRERERER IR K S RS (RAS) it 28 (N). #E (P). YAM A HLET (DOM) B 4
TIE Rt FE AN TR BF 78 Z FEE RS20, SRJT = NBULAY 7 vk, o0 R B (B4R TRAR) 078 e #.38 J 1 K AL
P BT B A0 3 A0 DR T AR AE RS2 R, OF SRR LRI BRI OC G R . S5 ERWT, 5B 1~16 K, IRAAL I FA/K h NH,'-N|
TP. COD Fl TOC Jii f ¥k Ji B b /& FAr b B, 7655 16~33 K, NH,'-N Jif VR B Rp 22 8 . TP o dk ¥ B2 I T4
SR FRGL . COD Hl TOC it e P AR A i T o S B . = 4B 9ok % W], S3F B F Lk DOM £
WA B E Y BT, HIRESS T & A & i 8w . AR TR WY, S [ Ak 3 A S A0 TR v
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PEF BT, B SN E) G, PR U R R VR SR E T AL REALEER DOM(CL, C2, C4), S [a]
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Ja, BEXEIKAEA LR EHL T (C. N P) & &, SIRRKIEZEA . COD EHEY RN R, T
K JTEAR I 5| S R 25 g A 5 e A= B

RAS £ 28 J2 35 58 X DR 9 2 B2 s 43, X B2 /K M 2 a7 T 5 R A P i FLR
TR S5 ] B AECIR S A AR Y, B B OE B, SRR B Bl SR R ) R ) T RE ) S R,
L RAEREE SIS N, PR S8 S 3l s Ae A, ff NO, -N I #E 2>, [A] A B
g4 NO, -N 4k if Iy NH,-N, {2 #Ea4 4k /E ™. BEUTEL S5 48 4, 190 DOAR Y vh 20 R s i
WORAETEDRESAM T, 0 E A S B ST h & B . KANG 861 &k it ] 11 i 480 R 855
i TP TN VR B 29 R i AR P M A% . H AT, DG F AR 228 T /K™ 372 58 & Ge LR /K 3 if
C. N. PR ALRRAE B AF o8 F A h T W00 . s . /K SR A I B 35 8 R g, ikt
DA 28 R BRAH A 32 ORI 0 R X 3 A L % R S A e R B TEDRH I Y RAS 1 T 5 6 A 40
PG, ASWFSE R = NI J7 i, 80T T80 BE (P50 JR%) X RAS i f 3% N, P, DOM
(dissolved organic matter, DOM) B AIE S 0 2 40 TR B 7 25 40 52 ), 487 T 38 JOH 3K 3Lk
PEIT 5 40 B REVE RRAE R A AR DGO R, B A8 A i AT P 7K 7™ SR 50 KA B 38 3% A0 T B R K 7 5% B ol fgke
R RIS
1 MB5RF®
1.1 HARERILEFIT

A5 T e 1 B £ 288 SR A T O W K R A PR A R I SR A S M, %A R R BN A AR 3
TR vR7 % B ki LG AR K SR A, H AT E B AR 7 18 i S A6 PR K IR FE AR A 300 AN, IR AR
FEA MG Bt B AEMS, FRIE % W] Ik 40~80 kg'm .

K B 38 MU AR R e g e 8 (8] 1), BARMSZE 750 - 20 0K 80 g ¥4 V458 iy iy £ 2 434
F 500 mL B3 MV, FEHAH R B L) (BTG 1:4) B30 320 mL B 4li/K, FAT 2 min, WK
A AR . LRI AR A 2 DA BRA . L IR A A IR 4 A Je Je B th R I B
HMBLA I ADEAHE (B EN 3 Lmin ) FEATRFEEBESR, ¥ % (dissolved oxygen, DO) iy 7.93~
10.75 mg'L™!, DO F-H{H K 9.98 mg-L™'. AR RAEMF]E] G, &b 3 it 6 MRS G A4
HHE), BETERTRHEFRIBL 8 TE 1. 4, 9, 16, 24, 33 RATHEAE, Hp, K&, GEL
PR A A B B fa Z6RE 543 I D1Y . D4Y. D9Y. D16Y. D33Y K DIH. D4H. D9H. D16H. D33H
Foomo RMEHRIE, WA MG ARSI S, FEKETELEY, 1
R ESCALH L 4 000 rmin™ (YFEHESC 10 min, FF IEWGEIEIG , ORAFT—4 C UKAEFREIN . f08HF
i — BB AF T =80 °C UKAR I TH A& Z A0 o0 — 4 BRI #FE . & 100 H i 5 T

VIN S (s

=4S
ST

TP, OM
A ZH
(i)

DRAEAE BG4 Ak 1 ‘[

4d [ 9d | 16d [24d] 33d 3%
SRAIURE

Bl SBRRETERE

Fig. 1 Schematic diagram of experimental devices
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1.2 MEFHZE

1) FEKIACMERT 0. BEK pHL EC H 4 5IRH pH it . S E ; NH,-N. NO,-N,
TP & 543 51 % FH 98 FG I3 Bb (0 ik (HT 535-2009) . 4066 B 1k (HI/T 346-2007) . BHER #4 48 4043
JEHEVE (GB 11893-89) Ml % ; COD., TOC % 43 Sl R FH WA A PR I 22 43 . TOC 0l 52 A3 7

2) B K =Y ETE T . LB KRE I B AR AR A F = 45O 4 e BT (F-380 246400
FeRET, REEHEAER) 0, ikl AR 150 WRIKAT . PMT HLE 700 V., {5 M >110., #i Ry
FIE] 0.05 s, MK FEALT 10 mm HeE ML, 7RO B 200~500 nm ., & 514y 200~600 nm, 9
AR A 5 nm ., FA3EH E 4 30 000 nmemin ' B9 45 0F R PEAT 6.

3) f FE P AL PR BT o0 o L 3E TN, #3%€ TP, A AL BT ( organic matter, OM) 43 | & | H,SO,-
H,0, H & -Z X7 . H,SO,-H,0,1H & - B It b (3 . /KA A 55 IR AP A M- Lb 8 vk I 151,

4) 1 ZE AT DNA $2HL . PCR ¥ 34 M il it I )7 . AR 4% E.ZN.A.® soil DNA kit (Omega Bio-tek,
Norcross, GA, Z£[E) Ud 0] 5 3647 240 B BEVX 20 DNA fli48 , {81 19% (9 5508 W 58 e i UK 4% T DNA 114
P2 BT &, fff ] NanoDrop2000 #ll i DNA ¥k & F1 46 &£, 21 if A260/A280 {H 3K 78 1.8~2.0, #%
DNA £ df B F-20 °C - 17 i F 40 58 38 FH 51 4 338F (5°-ACTCCTACGGGAGGCAGCAG-3") il
806R (5-GGACTACHVGGGTWTCTAAT-3") X 16S rRNA 3 [H V3-V4 1] 48 [X F 47 PCR ¢ 4 17,
PHRFM T 95 C WAM 3 min, 27 M (95 C ZE1E 30s, 55 C iRk 30s, 72 C LEfi 30 s),
SRIG 72 °C FasE SEfH 10 min, 5 7E 4 C #4747 (PCR Y : ABI GeneAmp® 9700 %!), PCR J hj {4
%M. 5xTransStart FastPfu 28 1§ 4 uL, 2.5 mmol-L™' dNTPs2 pL, F¥##5[4) (5 umol-L )0.8 uL, ¥
5|9 (5 umol-L™)0.8 uL, TransStart FastPfu DNA R4 0.4 uL, £k DNA 10 ng, ddH,O %M % 20 pL,
B[R] — AR PCR =R A 5 i 2% Bl BiEE 2 7115 PCR 724, #IH AxyPrep DNA Gel Extraction
Kit (Axygen Biosciences, Union City, CA, 32[E) #:47 EI =W 2lifl, 2% B w e B i Dk A i, Jf
F Quantus™ Fluorometer (Promega, 3% [E) X [0l i 7= ¥ o 47 4 I % 42 . {# F§ NEXTflex™ Rapid DNA-
Seq Kit(Bioo Scientific, 3£[H) #k47# %, FH Ilumina 23 & i Miseq PE300 - &5 #E4T 2x300 bp X ]
FEorr (L EH AW E R A RA A BB 4 2 NCBI SRA B i & (% &% 5 -
PRINA800339).

1.3 HIELE

>k H Microsoft Office Excel 2010 F1 Origin 2021 {4 X5 B4l #1750 Hr b 3 AVE R, I FH IBM SPSS
19.0 F1 {4 147 B P 2 07 25 43 B LAKS S0 808 (] 7 22 Sk, DA P<0.05 W AT B2 5 . WA
DOMFlour T H A ) Matlab R2017a B4 X} B i = 4k 56 6 6 ik 47747 B 7431 o {4 F Fastp(version
0.20.0) 4 U)X 20 57 J5 4 DU 5 7 91 i2E A7 45, fd ) FLASH(version 1.2.7) #{4:U" #E 47 PR, (HH
Usearch 2% 4+ 1 UPARSE . 3% "(version 7.1), R #i& 97% 04 A1 1) BE XF ¥ %1 o 47 #:4E 70 22 98 50
(operational taxonomic units, OTUs) &I 55k &K, FH RDP classifier(version 2.2)1*" X £ 5% ¥ 51|
HEAT R o TR, LU XT Silva 16S rRNA U4 & (version 138), 15 & o XF B{E N 70%. fii il Origin
2021 £ Bar &, A R 55 112 3 AL B0 #7 [ (principal co-ordinates analysis, PCoA). TUAR T
] (redundancy analysis, RDA) # Heatmap [¥] .

2 FERESR

21 SNEXTx@EHE FEBKIBEUM R
PR B AR X 26 B K B R A AN 1 2 T o BEE B B TR S, DR A8 AL B A 1Y
K pH ¥ B F R T i E AL FR A (P<0.05), WAL PRA] pH  7.85 8 & 8.20, BifiJ5 7556 33 KK
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Fig. 2 Effect of oxygen environment changes on the physicochemical properties of overlying water

& 7.87; PRAACFEA pH WSE TG LT ZE e, 78565 4 R FIRARE 6.07. 1AM, HIABRET
K BC Ak 22 7 1 3 (P<0.05), G4 AL FZH EC K S5 vy st 1] 52 S BRI R PR ERE e a3,
HI (1~9 d) PR & T R J5 0 (16~24 d); IRAAAL B0 1 A5 7K EC Bl B2 B[] 522 5 1 5 R IR A9
B, B 9 Kk F i KME (9.38 mS-em™), Bl B i A

TS 124 K, KA . R FEY] K NH,-N gk AL R A1), oiidsse L7, 7
B4 RIB BN R, 2098 817.82 mg- L' F1 496.66 mg-L™"', Ffif5 & N M HAES 9 KR K
ik, 20310 409.23 mg- L™ Fl 129.20 mg-L™'; 7E%6 9~33 K, JRAALHEL] NH, -N Jii i o i R4 BT+
R, U AL B N E R Bk . R AR AL FRZH NO, -N R BE 5 5 B TF (1~9 d) J5 R B (9~24 d)
fHE (24~33 d) A fbifa 3 s G AR BRAL NO, -N o o 1R B8 ) &2 58 F % (1~9 d) J& BTt (9~16 d) 7 T %
(16~24 d) AR fbfadh, 755 16 Rik B K{H (66.46 mg-L™"), I T4 24 R FlEE .,

RV HTH (1~16 d), PRA . 4703 TP 57 & Wk B2 AR A AL, (HIR A AL A FATK TP i
We W T U A B, 7R85 9 Rk FIA(Y (102.00 mg-L™"), BEEZMW FEIFBETREE; RNVT
Je W (16~33 d) D) 2 4 S8 Ak B AL W 2 T R B AL B4, HOO s K, IREALH4 COD {H7E 1~9 d il
T, 7E5E 9 RIKFNE(H (12 450 mg L"), FJG 2R E 23 midr A P4 COD E N 2 ET
W& (1~16 d) J5 b TF (16~24 d) FF T B (24~33 d) B3, 7655 16 Kk B & ARME (1 066.67 mg-L™"), HEK
AALFEZ COD W3 & T U A AL BRAL (P<0.05). AXMIEMAE F EHK TOC 5 COD =L FLAEEAHMLL, R
AAC TR TOC HAE S 1~9 K F1 i & 3 218.33 mg L' Je B i fEAR s I E AL PR TOC i 5 ik & i
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FART IR A AL BEAL (P<0.05), H I 1H]) TOC it e B I AN K
22 SFBEXNTEE FBKARAEALEIFENEN

K S4T30 B vk 5 DR AR L i 480 Ak 3 £ 38 O [R] s g s T 2 /KR i = 4 96 Y 6 3k AT i
Mr, 43S 4 Fhadl . Wik 3 fix, Cl, C2. C3. C4 Xfh; Ex/Em 4354 375 nm/444 nm, 425 nm/
484 nm. 470 nm/520 nm. 340 nm/404 nm, HH C1 MEE HER, C2 Mya HER a5 R % 1k 1y b a] 7=
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Fig. 3 The effect of oxygen environment changes on the DOM components of overlying water

Y, C3 AN, C4MREFEEAVCRENEAREY ™,
A7 BB 93 B v 0 e 45 40 0 e R s i F,, (maximum fluorescence, F,,) #1711, %5

W 4 7R o Fp B8 & RVOCHER POURE AR b & A& ik, T I, IREAEFEW F,, (8
BB H TG PGS R OMAN F,, RS EBHT %I T m T %
o AN RS, REAT Cl S mBW A m B G TRE LS fEam, C2. C3 F By
L, AN, CATERVETI B S A, TR TS R B FEAR, T 562.43~1 485.80, 4
AN, C3 difEFE AL, C2 BOCRERE T m R R, C1. C4 Bl 3 — BB B v i
()34 N2 W R, DA SR P AR BT | 28R FLRR W) o 4 Wi AR A Oy 3 o S /N ) B
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Fig. 4 Distribution of F, ,, values of fluorescent components in overlying water under the changes in oxygen environment

23 SNREREMNBESRR. B ARSI ENFI

ARBTUUE T I TN, fFE TP, OM & iR ALFRIE AN 5 P o o, PRAAL B £ 26 TN
B AE) IR By B TV R AIC S 1201 2 47.61 mgkg ', G A BE AL A 3% TN B 5 7R SN ) A G
ik, 7E%5 4 RIGIIHlE TARE, MR BRI 16 KB B R ME (32.93 mgke ") J5 & 12 n =
41.38 mg-kg (8] 5(a)). KA. WAL BRI (126 TP & B2 W AR (E A 1.52 4% . 1.42 4%, HAER
IO 3 v e SR A B TR LR (A R ARk, DR AR BRALBR A 16 Kb, BRI SR K (B 5 (b)), A
BE kAR X 04 OM BE MK, OM 5 i BI1ER) U EL R 3 e 3l (181 5(¢))-

70, WG #1d N4dB9d

O o m@1d N4dmod EE16d SN24d 0333 d S0 D E21d N4d BR9d
sof EAl6d N24d E333d 60 F ml6d §24d 3334
% =50t ue
P40t & , o 7\
g 20T PN : | \
- = N N\
% 20 % 20 é% 2 %§\§ .
& & g% ° . .
or 1081 N .
/\ N\ \

Bs5 SHBERTETEFETN, BFETP. OM 2T HWHIE
Fig. 5 The variation of N, P and OM contents in fish manure under the changes in oxygen environment

24 EMBENTNERMEFFABR S HEMRNTNT

1) R o ZFREVEAE . 85 Miseq PE300 = 38 i 57 54 12 SRR, 223545 503 966
FIFA, CFR R 41 997 Zc i B F S, R P KR EE O 415.20 bps L RAT 9 813 4
OTUs, P& MHENA 817 4> OTUs. & MR i/ MEAR S B AT - F 5, L4535 17 989 A 44 ¥
F, R R 2R B2, RWIA U 7 B R 8

X UG KOs iR AR )5, FE AL OTUs. 40 i i 75 2 A P45 2L (Shannon i1 Simpson $5 %%) Fil 3= &
JE %L (Ace Al Chaol #840) a3 1 izR, FESHH] OTUs f/77E2 5, D16Y FEdhH OTUs ficfm (1051 4Y),
D4H # i 1 OTUs 5 flk (529 1) 7 1~4 d, JRAAAL B2 240 B 7 2 AR e s T U S| b 3 e, 78
9~33 d WIAHSZ ; #F4A0 . PRAEAL BRZH A0 TE 1 7% F W 16 5UME 1~16 d BA MBI L ia s, HIR AL
FHE 5 T A SR A A S 30 DR AR A B AN TR A R 2 R T A A AL, A N JE
WIAHRZ 5 FEHEAS ROV A vpr, DR AR Ah B (7 200 B8 F V5 =F & A0 T 4 S A B A
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Table 1 The diversity index of bacteria in fish manure under the changes in oxygen environment

FE LI S OTUs/>  Acef8%({  Chaoldg%k Shannont§ 4% Simpson§%{

D1Y 37 159 840 1658 1429 4.57 0.06
D4y 45 069 690 1429 1218 4.54 0.06
D9Y 34 295 710 1452 1230 4.09 0.11
Dl6Y 41 461 1051 1617 1560 5.20 0.03
D24Y 451779 844 1485 1474 4.94 0.03
D33Y 45174 983 1974 1715 5.20 0.02
DIH 39302 636 1523 1242 3.15 0.21
D4H 39 004 529 1124 972 3.73 0.08
D9H 42 965 555 1065 935 4.41 0.03
D16H 36 722 948 1735 1614 5.26 0.02
D24H 49 584 1028 1670 1704 5.44 0.01
D33H 47 452 999 1604 1630 5.40 0.02

2) SE ISR AR T a3 TP A DA RE VR AL U AE o FETTAKE EXSRE S W R = B e T it e b, A AE
Xt & DT 1% BIYIR A Y others, ANTAL 6 iz, FETTKF B, EIEAE ] B2 A AL
(Proteobacteria) . JEEEWH ] (Firmicutes). Z ] (Actinobacteria). 0 FF# ] (Bacteroidetes). 4%725 1
I} (Chloroflexi), H:H, Proteobacteria i F %My , AR XF =F B AE IR A AL FRAT I (1~9 d, 43.80%~
54.44%) W] W &5 F A ] (16~33 d, 20.02%~26.61%), AR X = B 78 4 S0 Ab F1 4 2 75 7 B A 1Y 4
(9~33d, 27.61%~44.64%); Firmicutes 75 IR 5 F4f S Ak 321 19 A0 X 3 B A8 £k 23 51 19.49%~39.67%
11.419%~53.30%, 4352 R & A3 5 B L AH X £ B = T Proteobacteria; Bacteroidetes TE -840 FR2H 1)
AN B FIREAC PR, EH X R 9%; Chloroflexi F 2 HBAES 16 KU, HHAEH%A
Qb A P A AR B TR A AL BRYL . Actinobacteria TE R 58 AN - S8 AL B 40w (19 S 24 AR X =E BE 43 5

100

s i N M i e — I others
—— - — ] - [ Bdetiovibrio
- - |:| Cyanobacteria

80 — . . - Chloroflexi
|:| Bacteroidetes
- Actinobacteria

- Firmicutes
- Proteobacteria

TP ARRS 3 B 1%

20

4 &
SN

PR R
e TR
B 6 SIMZHET & Irh M a0 1KFEMEFE

Fig. 6 The characteristics of bacterial phylum in fish manure under the changes in oxygen environment
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H21.06% F1 21.22%, FEHIAERN G
TEJE K- (B 7) b, X Top 40 ML @ #E4T 0 Ao 45 R R W], AS[E AL BP0 34 i T i A X
FEAERRKZES, L IRABEA KT E N A HIE (Acinetobacter, 6.97%~38.54%) .
Clostridium_sensu_stricto_13(3.47%~8.69%). W IR EIRIKTE & (Propioniciclava, 0.06%~11.37%). %
R BR B & (Ornithinibacter, 0.44%~6.00%); %8 b B 41 3B )8 N Acinetobacter(6.13%~23.95%) . J&
¥R B (Kurthia, 0.019%~44.28%). M\ E H.48 & J& (Comamonas, 1.18%~15.51%). Propioniciclava
(0.03%~7.15%) . Clostridium_sensu_stricto 13(1.21~4.60%)., H:, Acinetobacter 75035 d 5 45 8 5 1)
FRE, HAE R AL B B ARXT T B B 0 s T A AR B, B R I R] A3, AR R B AR
BB . Kurthia FEAFEL A AL BRI (1~9 d), HAXTFEE N 6.219%~44.18%, W &5
FTHAMEE . Clostridium_sensu_stricto_13 AT BE & R A AN BELH &5 T U E AL BH . Propioniciclava
Ornithinibacter TE R 5, . RO P F BB IR N FEW, 5 Actinobacteria 12 b ¥4 v — 2,
Proteobacteria "L &R Comamonas F 5 W BIAE4EAC B . AN, Paraclostridium . Stenotrophomonas .
Leucobacter Z= MM FE R T 1% WH B EELELE TREMIEY ; Rhodococcus. Glutamicibacter
SEN) 2 B AR AR SE AL B
3) Y B A7 IR ISFRIE 5 IR I A OGP 43 #1 . 2 T Bray_Curtis FE 25 (%) PCoA 43 #T 48 I 45 g 2%
AT S B B A 2 R A TR AE OTUs 7K F- B AL Fn 22 k. lIE 8 AT L, 58 1. 2 F i og
100 ! g
— —

80

60

40

JEACTARE = %

20

N
e R

[ Stenotrophomonas [ solobacterium I others

[ Rhodococcus [ Soonwooa [ unclassified_f Clostridiaceae
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Abstract In order to explore the effects of oxygen environment changes on the release characteristics of
nitrogen (N), phosphorus (P), dissolved organic matter (DOM) and bacterial community diversity from fish
manure in the land-based circulating water culture system (RAS). The indoor simulation experiments were
conducted to analyze the effects of oxygen environment (aerobic and anaerobic) changes on the physicochemical
properties of the fish manure and its overlying water, and the bacterial community characteristics of the fish
manure, finally reveal their correlations. The results showed that the mass concentrations of NH,"-N, TP, COD,
and TOC in the overlying water by anaerobic treatments were significantly higher than that by aerobic
treatments at 1-16 d. At 16-33 d, the NH,"-N continuously increased and the TP was lower than that by aerobic
treatments. The mass concentrations of COD and TOC by the anaerobic treatment were still higher than that by
aerobic treatments. Three-dimensional fluorescence spectroscopy showed that DOM components in the
overlying water mainly included protein and humic substances under the changes of oxygen environment, but
anaerobic conditions caused higher contents of each component. Microbiological analysis showed that there
were differences in the relative abundance of bacterial communities by different treatments. The dominant
bacterial phyla were Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, and Chloroflexi, and their
relative abundances were all greater than 5%. The dominant bacterial genera by anaerobic treatments mainly
included Acinetobacter, Clostridium_sensu_stricto_13, Propioniciclava, and Ornithinibacte. The dominant
bacterial genera by aerobic treatments were Acinetobacte, Kurthia, Comamonas, and Propioniciclava. The
correlation analysis between the clustering characteristics of bacterial community and environmental factors
showed that the bacterial community structure by aerobic and anaerobic treatments tended to be similar with the
increase of reaction times. The DOM components (C1, C2, and C4), reaction times, COD, TOC, fish manure
TN, fish manure TP, and NO, -N were the key environmental factors that affecting the bacterial genera by
anaerobic treatments. There were significant correlations between some bacterial genera and reaction times, EC,
DOM (C1, C2, C4), NH,"-N, and COD by aerobic treatments (P<0.05). Additionally, the change in oxygen
environment significantly impacted the physicochemical properties of fish manure and its overlying water,
promoted the release of N, P and DOM, and influenced on the structure and diversity of bacterial community.
These effects by anaerobic treatments were stronger than that by aerobic treatments.

Keywords land-based recirculating aquaculture; fish manure; oxygen environment changes; C/N/P release;

bacterial community
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