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Effects of Two Typical Environmental Amendments on the Bacterial Community in Sediment

of Crab Culture System

CHEN Youming"??, DAI Wei*, LI Jiangang'?, XIA Aijun®, DONG Yuanhua'*"

(1 State Key Laboratory of Soil & Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Freshwater Fisheries Research Institute
of Jiangsu Province, Nanjing 210017, China; 4 College of Tobacco Science and Engineering, Zhengzhou University of Light
Industry, Zhengzhou 450002, China)

Abstract: High-throughput 16S rRNA gene sequencing technology was used to analyze the diversity, structure and function of
sediment bacterial communities in four treatment groups (control, oxidizd sediment amendment, probiotics and combined
application of two amendments). Combined with the changes of physicochemical properties of sediment, the mechanism of action
of different amendments was discussed. The results revealed that sediment total nitrogen, total phosphorus, and organic matter
content changed significantly over time, and the amendment treatments tended to increase these nutrient levels in the later culture
stage. The combined application group significantly increased the diversity of bacterial community, enhanced the functions of
amino acid metabolism, transport and catabolism, promoting nutrient cycling and organic matter degradation. Especially in June,
the combined application group showed a synergistic enhancement effect of bacterial community and function. This study
revealed the comprehensive regulation and mechanism of the two amendments alone and in combination on the sediment of crab
culture, and provided important support for the healthy culture of Chinese crab.

Key words: Environmental amendment; Probiotics; Crab culture; Bacterial community; Function prediction
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BRY IR SCH-S I, ORISR £ IR
FL LT B RV A PR A S IR U P A5 £ R 11
HER/RIN T, TEAHLIREAR | B IR ERE IR L KT Y
WAL S5 S R T R AR AT AP E RS, AR
PR YIRER AESH I RE , RUCRIRIEIR G | 57
BHAA A 1 BT B,

UTAEA , PRI WA A ™ SR AL A A2 3
R, L E I AR e i R 7R A0 A 2 1 770
R, A e B3 R ot 2 v IR e 1 AR A I
RE T, A1 A R e 1) B S5, 8 T i e e JEE
WA LA B a0 T A 2 0 D 5 5 ) AT
REZUGAE Y, VAR IRV E I v 2, M SR DR Y
ARSI RE AR EN P EHT L ASTE] S B R AR X
AR E 3 B R AR I e R A 21, (AR K
FEFRIEMY R A T R ER B R R RV AT BT
X AR A (R R it ) BB ) A P B A 2 1
WFFEAIIRA L

BT UL, AT B E A AR R TR 15 e
AR B ARG TR PR, P T ANk R Ak B
XA SR IH AR U TR BEAL TR | 40 B HE v AR I 2
AERFAE RS2 IR, LA 75 PR A R0 A4 BB ] 4 FH B CHERT
JRIEHBTACAC R AERIL , oA T TR A A A A PR B
BRI 2 RS FEAR S HF o

1 #MREFE

1.1 REEH Y

AHIFFE 5 FH P T B B B el R R0 2R A T, 40 )
AR R (R 44 HERBIRER, EEN
MR E AL, SR 20%) A 25 (R
i FOKSEEE, B MR ZEIAT R, A R0
A 2 000 14 CFU/g). 12056 T FHJRG U8 Ay it 3 s ik
JEHTIRYE, 1w FLAZ 0.5 em BRI S 4. ETRRY 4
W A AVLUEPIGIES 3R 0.46. 0.89., 14.0 g/kg.
PRI 5L AP N 05 (Eriocheir sinensis) , F1H6F-Y1&
oM (22.37+3.66) g, IR IAHIRFE 5 d LAE Wi
1
1.2 Rt

AARISTEVL I RAIK IR i h B i A 7
IR RGN 2.25 m® UBEEREL(1.5 mx1.5 mx1.0 m),
FEABEEEHL AT 15 om JEAYHBIEEYE . 58301,
BEEE TR HESAE 0.4 mo R, ARASBEESGIACE 4
N TR R A, RS 4 5505 BTl &
R Ry i 3k

RIGWE 4 MEPE, DCK, W, R R

F; @A, WIMEARRTRS R, RS mRE
BE AR, AR 10 d A 1R, AR R 1.25 g/m’;
@B, WA, AAS DAL R ZERLFT )
AR 10 d i 1K, MEFARHR 0.13 g/m’; DAB, #
T ZERAT A S R B RR S B A G BRI G, IR SR
TR 5 2E AAT B R O F i 0.13 g/m?), 5 d R
I s S E AR GE R 1.25 gm’), EERNE
RIEE R, A3 M ER

RIS E] A 2023 4E 4 A 10 H—7 H 30 H.,
i 20 H4nE, BB A SR 40% 1R
LR, A 50 d AR BRI SR Y 3%,
J5 60 d BEhtE R BAAER ) 4%, IRRFREESEEE N .
SFHEPKIR(25.08+0.77) C | I EFAMRE(7.11£0.31) mg/L |
KR E 3.68 mL/s.
1.3 RKRERRE

RIS, g H 25 BRI R AR TR YR
FEZSRAENCUEAE i, SRR HRIZ 0~10 cm. BFK
FAEILRIN 12 ANFRIRFEM, , B RS BV T 004
AbEE, o, —FAME 500 g IEVE, MEATCHEE LN
H &L, B A ER T, 1T bR I
s AR IS0 g JIEYE, FEA 50 mL JoR B LA
o, SEEMRAET 80 CHRUEMEEH, HTIF4:2 DNA
PR A R A AT 53T
1.4 ASEAKIBRNE

IR A, BRI L 5 KA £ 5
Bh&rh, ##E 20 min, WTRBIARAK S, RAMBF
FECKERE 0.01)FFTFRE, RIS RIKE(g), It
ARWH (g), W ERQ)MREASKE (%), ¥
B R (%)=CP R EFHWIE) P E=100;
FRE A K (%)=(In RKIYFE-In PI¥E) F5H K>
100,
1.5 RiBEBAMERNE

JE VR BRARE B 5 Y E AR bR AR i L AR
AT, BRI ERTE NY/T 88—1988 ARifEl',
LA BN E SR HT 717—2014 FR7ENT, A ML G
R NY/T 1121.6—2006 A1),
1.6 [KiBHBEBEZEDHT

JRUEHEA DNA A4 0™ #% 4% I HiPure Soil
DNA Kits(+ 4 DNA #8005 &) vt B ik, $EH
JE M 1% BB HEE I HL KK DNA S8, Jf:
i AR IR S0 G EE TN 2 DNA Ve B FatifE . (i
514 341F(5'-CCTACGGGNGGCWGCAG-3")Fl 806R
(5-GGACTACHVGGGTATCTAAT-3") *f 4 16S
rRNA JEHM V3~V4 a[ZE X T PCR ¥4, §3
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JE W= Gt dib R | B T ek, R IR SO,
JEAE Mumina V& #4738 w005 o DS 2t el )
B STILREE 7/ E s 2 /N B A
1.7 HiEAES%it o

it E R 16S rRNA FERMF 44, A
QUME2 A X AN BT AT T TR A B 4325 . 4
BEETE o ZHREE{d ) Shannon 3544 . Chao F5%%#1 PD
& B AT FRAE o R FH B R U7 22 53 T (One-way
ANOVA )R 56 AN [R] RA: B [B] sl kb B (250, FFR
Tukey HSD 472 H thig. i XL R I 208
(Two-way ANOVA)RGIRRFEI(S A . 6 H . 7 H). kb3
(CK. A. B, AB)KHAZHAEHIX o ZFEHERYFE
v B ZHEME N F AR T (PCoA) T HLAL , IR
FH B 4 22 5875 2243 BT (PERMANOVA) K 36 41 18 2 7%
SERIY 255 o BT BRAH DG /3BT (CCA) IR0 TR R 7%
5WEHEFEA . 2. AUZHEER, WL
IS8 R T X RV 20 A () 52 ] o AN [+) Ak BR8] 9
KL 22 F9l it UPGMA Bt riTAG . BT A
AR HTE R B 5 P og .

HERES

2.1 INEH R X R B AL M B A S0

HiIZR 1 i al i, ek | R A LS
PR Aab L AT 2l S T PR 3R 28 B s I Y 2 22 5 A7 A
HRFNHELL. 5 A, FAEHZE 2T

2

(1.65~1.71 g/kg) ok 22 5, {H 6 H B R I BEAHEL
X R (CK) A 1 T iy, e rb i (R 590 B 5 it
AbPH(AB) AR & 1 (1.88 g/ke)f i, W m T CK Ak
FH(1.51 g/kg)(P<0.05), 7 H , £ IR0 1 T
B, HA R i 25 i 550 b (B R IR (1.18 g/kg),
A AR T HoAh b PR o A Ab BRI IR A B AE 6 H ik
FIEAE , JoHSE CK(1.06 g/kg)Fl AB 4bFH(1.05 g/kg),
BERT S A&, 71, (O INE AR R
FIALF(A) SR S e (1.06 g/kg), BFm T CK &b
F0.91 g/kg)o A FEVAT ML 12 Bl ) [B] HE RS 5
drsgn, HIR—H s ab e 2 A g%, Hiep, 5
ABAHA YRS EAE 16.5~17.0 ghkg, 6 H454b8
AP AR 17.8~19.4 g/kg, 7 H 4% A BUA LG &
HAE 18.3~20.2 g/kg, WHE T ZNHrE REM, B
] PR 25 X3 4/ (P=0.000 1), £ (P=0.000 1)F145 HLJ&
(P=0.001)7 =AY FZ IR & 2, 177 ALk 38 PR 28 A0 Ak 34 < o) i)
(1438 H 350N XoF G | 42 BRI AL AR5 i oK R B
FE(P>0.05).
2.2 INEMRFIX A E KA R

HEFE 110 d 5, FA0BRE A K AE LN 2
Jin ot 2 a0, St FH—Fh oA Bl R AL FE(A
BT % (1) - 38 T R AR ORI B3 = T CK &b
FE(P<0.05), ek R FIEG itE FH (AB) 9 38 i /FE FH BT
W, BRI S T liE A AR CK b
B S LA A Bl g ) W BT B < 3 R

F1 57 ATREAEREBUERAFSEL

Table | Dynamic changes in sediment physicochemical parameters under different treatments from May to July

gL Qb 2B (g/ke) 2R (g/kg) H LB (g/kg)
5H CK 1.69£0.12ab 0.82:£0.06d 16.5+0.7¢c
1.66+0.1ab 0.870.04cd 16.7+0.5bc
B 1.65+0.06ab 0.87+0.01cd 17.0+0.6bc
AB 1.71£0.01ab 0.84+0.06d 17.0+0.9bc
6 H CK 1.5120.12bc 1.06£0.10a 18.6+1.1abc
1.65+0.52ab 0.98+0.05abc 17.8+1.0abc
B 1.71£0.19ab 1.04+0.09ab 19.0+1.7abc
AB 1.88+0.09a 1.05+0.08a 19.4+3.2ab
7 CK 1.26+0.26cd 0.91=0.08bcd 18.8+1.6abc
1.4620.03bc 1.06+0.04a 20.2+1.0a
B 1.18+0.05d 1.00£0.13abc 19.9+0.9a
AB 1.31£0.16¢cd 1.00+0.03abc 18.3+1.3abc
I3 2557 H1(P 1H) Qb3 0.103 0.635 0.787
Fisf ] 0.0001™" 0.0001™" 0.0017"
B OB I 0.103 0.238 0.542

VE: CK WM, A KOURNLE R EN A AEA I, B Oy (LRI S 2F A B BRI EE, AB vl B VA 5 4 5 4 0 2 b
TG A VAL ; 25 0 6908005 AR )/ 57 B R ) A B AR ] 025 5283 (P<0.05) %+ %% 5 IR AE P<0.05 . P<0.01, P<0.001

KRR, TR,
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Table 2 Crab growth under different treatments
AEE IR R FESEER R RE
(g/H) (g/H) (%) (%)
CK  22.3743.66 57.60+5.99c 157.47+£26.77¢ 0.86+0.09¢c
22.3743.66  70.76+£7.89b 216.30+35.27b 1.04+0.10ab
B 22.3743.66  69.71+£8.76b  211.60+39.16b 1.03+0.11ab
AB  22.37+3.66 78.40+7.87a 250.48+35.17a 1.14+0.09a

2.3 INEMRFIXERRMEE S EAHKN N
JEUE A B RE VR A R B R T, BB T
(Proteobacteria) FIHLLAT I# [ ] (Bacteroidota) 47 2% /5 #5415
Pz, HIHARXS F BETEAS R B (R 2 50%(]
1A); H R k)2 BE B ] (Firmicutes) . 28 25 B ']
(Chloroflexi), FRFT ] (Acidobacteriota) Fljil £k B4 1]
(Actinobacteriota), FfiZ5 B [0] AY#E#S, Proteobacteria
F A X B AR T A A B b 38O R A R KR, T
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Firmicutes 1 Chloroflexi FYAHXS £ EEFE 6 H A1 7 A4
Frigin, JEHEAE 7 A, AB AP Proteobacteria
Al Firmicutes MIAHXS B W& . ERAF LA
1B), Jit Je 40 7 3= 2 A0 A Jm A 45 v 57 307 IR 8
(Cloacibacterium) . Wi 514 J& (Dechloromonas) |

W B )& (Flavobacterium) F1 %5 g A i & )@
(Sphingomonas) . AB AP ™1, Clostridium_sensu_
stricto 1. [ ¥ i 7 J& (Pseudomonas) F1 ¥ ¥ i J&
(Lysobacter) P ARXS 3 5 b 25 1 T HA AL 38 0 A Zb 3R AN
B 4b¥ . Dechloromonas 1 Sphingomonas 7£ A Ak
PRrb R IR A ARG SRR T R AT e
(Lysinibacillus) F1 7= 7K £, FR U FT T8 (Acetobacteroides)
AR BEAE B A E A BTN . Bl I TR HERS
FAL T Dechloromonas Fl Sphingomonas BIAAX} =
E 7 HBEFE, i Clostridium_sensu_stricto 1
Lysinibacillus BRI S FENTE AB b BB d 42 Tt

AB_7

n Clos trid jum Sensu_striciy |
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C, .
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Fig. 1 Changes of sediment bacterial communities under different environmental amendment treatments

24 BEYRFIMEKEBARBEZEHNIISELER

MRS o 2RI R, BEG H . 6 1.
7 AHAZLFE(CK . A, B, AB)E 500 T S I 40 15 #F
V2R, £ 4P Shannon 84X, Chaol 18
B PD FRE0H) WEAGER 3). 5—6 H, &b
Shannon $5 %53 Tt 5, (HALBR[E] 22 AN B3 1
Chaol 5%UF1 PD F5EUU R —E A m 2257, 5
H, CK il AB ZbFHfY Chaol $650 B &5 T A kb3,
ifif B AL TR 6 7, B ALFEAY Chaol H5%K
RERE, BEST ABA, 7H, AEENZ

BN B, CK 4R Shannon 84U & &
T AB ZbFE, A ZbFRFN B ARFRY 25 H /N R R T
220 Hr g R R, Shannon 8502 A3 | B[] R Hsg
H AR &0 (P<0.05); 1 Chaol il PD #8453
B Ao 1A S H 5 A ER A 32 AR R, % A BRI S
1] ) 22 B A A BRI 2 REPE R S S R P h i 35 T
EM .

FETFHMEREE B ZFEPER £ FR T (PCoA) LY
RE/R, MHECK, A, B, AB)SHEG H. 6 A.
7 1) 2 5 0 6 A TRV 25 A8 (] 2A) . PCoAL
FIPCoA2 4> BB T 27.11% H123.06% 4N RETE
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Table 3« diversity indexes of sediment bacterial communities under different treatments

s ] AbE Shannon(Z ke 1) Chaol (E & &) PD(RGRF)
S H CK 10.83+0.09b 5927+89¢d 1 076.08+7.23bc
10.31+0.36d 5014+483¢f 890.65+77.79d
B 10.75+0.19bc 5859+411cd 1 063.2+80.2bc
AB 10.85+0.09b 5 980+599¢cd 1 067.32+113.62bc
6 H CK 12.3+0.12a 11 381+219ab 2 002.91+51.05a
12.37+0.12a 11 585+479ab 1 997.29+110.76a
B 12.48+0.03a 12 054+174a 2 078.31+33.46a
AB 12.35+0.08a 11 182+499b 1 970.18+65.29a
7H CK 10.81+0.22b 6 079+206¢ 1 154.37+59.57b
10.48+0.32bcd 5 673+433cde 1 065.67+94.77bc
B 10.39+0.45¢cd 5 188+869def 990.77+150.04cd
AB 9.81+0.24¢ 4 863+133f 923.58+50.28cd
T 255 H(P H) Qb PR 0.032" 0.117 0.069
sy 1] 0.000 1" 0.000 1™ 0.000 1™
Rb 3 < it ] 0.002" 0.008™ 0.026"
> n
5, B = 0
®) . hhos s
Yo LA =< L]
N A RN
€, 0 A
(A) T . N
T mam 3 \\r &
.. N, -
AbFR Bs, R
02+ e CK B2
§ oA B,
8 B B72
8 » AB B5.1
d s ] CK
< 0 73
8 + o5/ 52 A7,
s + 06J]
~ 7 o) ap
+ & o ~0;
LS " &
02+ * . ‘Y\/b:’ ., %,
° :‘:-I- CQV . 7,
0.2 0 0.2 & o] R

PCoA1(27.11%)

N o
o >

? O -
a4 -

(A: ERFRHT(PCoA); B: BEIMHI(UPGMA), BT A 6 1, AFRRILA, 6 %R 6, 1 FR3INEEPRE 11, HAU
M, R
2 AEEXMEEMERE B SN

Fig.2 B diversities of sediment bacterial communities under different treatments
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BT A BTN, R A AbBE, RET A Ab3S
BREIE LA A A T H, S AR RRAR 5 7
PCoAl Fll PCoA2 il bWl 534k, CK 5 AB
LB REE LS M 22 Sk, i A AbERA B AbERA T
P 22 0], FBIBER B HERS , AN )4k JHOG) 40 DA HE
R maT R, BAEKRE, AB BRI

AR RRUE T R, T CKAR BRI 454
FHASFRAE o Ak B o ) 9 52 F AR P K 3l JE 08 240 7
TS B S E R N R

UPGMA BRI Ar it — 3 W1, I 8] [N 3R X 4 R
VR SR AL AT 25 2, A [ Ik 1) A R A SR A A
N (& 2B). R, AR AR BEAE [R]— s 6] L S B
h—E2E5, JUHZTE 6 JF 7 A, ABALBMFEA
BRI R G T 03 BRI TR RS, AR
TV AR R R W B, Rl 7 A OREAS, ST
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PR EL, A0 pARES AR B S i s AR A .

TE OTU /Kb, XA B T B4 2 0 T 2557
Hr(PERMANOVA)(F 4), 4R E/R, MFELHEERN
[Fi] I [F] 20 A 7 2 A AP AR 3 25 57:(P<0.01) . B
M, CK(P=0.004), A(P=0.003). B(P=0.007)F1 AB
AEBL(P=0.006)7E 5 H . 6 AF 7 A BIHEREVE S50y
2N, F W B [ 2 B 2 45 A A B R I 2548 2 A

A SR 2R o i — 20 A A AR [ s ) A [7] &b 342 ] 1)
25, kKB 5 AARFELIEZ B 77 7F B 3% 2 5 (P=
0.019), 1fii 6 H(P=0.72)F1 7 H (P=0.139)5 kb2 [A]
ZERARE . XRY, 75 H, RNREPFREES R AT
Jiti PRV XS RT 240 TR AR 7 5 R 7 2 Ty b s e i B
BT , 25 A0 BRR] ARV 25 A0 e T — 3K,
AN T e 58 590 P it X 9 2 ) %) 55 ) 38 ATk 553

x4 TRLESALRERRER

Table 4 Comparison information table for different treatment groups

255 WWAREA ST 20 Fl i FE(df) F{& R? P& B E PR
CK_5. CK_6. CK_7 2 3.746 3 0.5553 0.004 ok
A5 A6, AT 2 3.5394 0.5412 0.003 o
B5.B 6. B7 2 3.6310 0.547 6 0.007 o
AB 5. AB 6. AB_7 2 3.495 0 0.538 1 0.006 ok
CK 5. A 5. B5. AB 5 3 1.324 4 03318 0.019 *
CK_ 6. A_6. B 6. AB_6 3 0.949 0 02625 0.720
CK 7. A7.B 7. AB_7 3 1.1143 0.294 7 0.139

25 KiEEUEFSHEREEEEHNEXNE

HAUAH G/ (CCA) G R R, VS R V& 45
1 5 35 R - Z (R AE 25 AH G HE (1R 3), Hir CCAL
A CCA2 A B T 44.94% F123.54% RY4NTE
BRI SEME 5, BRI oTiREN 68.48%. 2A(TN).
4T (TP)FIAE HL BT (SOM) X 40 B BE 75 1 20 A A i 2
s, Hrh 2R RCoh B . AREZE(CK. A
B. AB)FEATE CCA AP 2 W RIS, A LhH
FEARSE R TAM, 52K FmAHX, B ALBREA
RIHBERAE FE . FERMERRIGS HL 6 AL 7 H)
S0, 5 AR T AREARI A SRR, FRBH AR
e AR A B AR P e 2 R e T A R

25¢
™ uby
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s ]
O35/
06/
7

CCA2(23.54%)
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Fig. 3 Canonical correspondence analysis (CCA) of sediment
physicochemical factors and bacterial community structure

2.6 INER R AN KT 40 B A 5 Th s A B B &2
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A BRI A B I S e AT R B AR GG U T 4 R A
E DI RELL (& 4), CK b, SRR ff A ML A
FHA R LW A 51X (Glycan biosynthesis and
metabolism) P HEF B &, M R FIALEE(A . B, AB)
g R R R 9 (Amino acid metabolism) . Jg 5L 5}
(Lipid metabolism) Fl # 1 B X il (Nucleotide
metabolism) DI fig B 3458 . FAKIMIF, A AFF B
Aub 38 8 1 AR RN B 7K Ak ) 138 (Carbohydrate
metabolism) D AE F &, i i 5 0 At T e
(Transport and catabolism)7E AB ZbHH I i $27F. Iit
A, B ACFEPHERE QIS (Energy metabolism)I)HE
Az A AR, T4 E Sl AR 5 (Cell motility) DI fE
FEETE A IS . RIS IR, CK ARSI ThE
B S R HLA . B, AB)R &ML, Hor A kb
H1 AB A FRR DI RERFERCAARL, X AT RES B 1 IR Te T
AR ETE XA SR 2 S A o S D) R AL

3 g
3.1 BRI ERME RS R E M0
JERVRAE R KA A 25 R G i T B A Ry,

A A PR SCHES oy , AR AR T E %
AEFRRIR, I NI E AR TR M, JFXIK R
EHFIERY ., B R UDTREE A8 Y3
FEAAFAETIRVE A, 10 R AT ik A B e A7
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Fig. 4 Predicted changes in functional composition of sediment bacterial community treated by environmental amendments
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