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Abstract

In this study, a new ecological regulation model was established, and the effects of microecological
preparations on dissolved oxygen, pH, ammonia nitrogen, nitrite nitrogen and active phosphorus,
as well as Eriocheir sinensis growth and rice yield were explored by adding compound microeco-
logical preparations mainly containing lactic acid bacteria, denitrifying bacteria and bacillus in
paddy fields with Eriocheir sinensis. Through the study, it was concluded that the addition of mi-
croecological preparations to the water body of rice crab cultivation field could significantly affect
the water quality, and compared with the control group, there were significant differences in pH,
dissolved oxygen, ammonia nitrogen, nitrite nitrogen and active phosphorus in the experimental
group (P < 0.05). Among them, dissolved oxygen decreased by 14%, ammonia nitrogen increased
by 53%, nitrite nitrogen increased by 50%, and active phosphorus increased by 20%. However,
ammonia nitrogen, nitrite nitrogen and active phosphorus are relatively low in content, and they
also bring nutrients such as N and P to the water body. There was no significant change in the bac-
terial community of the water body, and the dominant phylum were Proteobacteria, Bacteroides,
Actinomycetes, and Firmicutes. The dominant genera are Limnohabitans, Hydrogenophaga, Poly-
nucleobacteria, Flavobacteria, and Curvibacter. The weight of 1,000 grains of rice increased by
9.14%, and the mass of buckle crab increased by 11.87%, and no diseases occurred. Therefore, the
application of microecological preparations in rice crab breeding fields had a significant impact on
water quality, the bacterial community of the water body remained basically stable, the yield of
rice and juvenile crabs increased, and there was a good economic increase in output.
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— AT AR AT REE R AN SRR, MR BB AT SRR, Hrb R AN R AR R
IKIA T A3 ] o

WA HIFE N BRI RS2 Ay, e, B2, S REE REMAERIEE
TR, AHFEAI TR NG, SRR A XK FREE R UL, A A 7R M A i
FIfE S, RBEUKTG RN, deRpRAS- T, 0 ERE TR R B XK SR AR, S K IR AA
MR RRKT S i [4]e X KRIABEEE R, AR ST R A T . ARG kisS, TR

][l

DOI: 10.12677/ams.2023.102013 119 PR EERTI


https://doi.org/10.12677/ams.2023.102013
http://creativecommons.org/licenses/by/4.0/

RILHE 5

HIEEWER, AR DL RIS KA SIS, M HOE ReG S Biva e . S i % 7).
P N LAkl A= R 2R SR AR ) A K BB PR R, PRARIRBE KR BB R RS H VIR & &,
DA R BT KRG, T B ) A D IR B KA i S A 555 B i RIS G 4] (5] [6]. TUAERS
1) 700 1 o B R P BB 2 (R AE S A LS8 4 B, ) KA P B BOINBE S U R K A AL AN
HEVR, HXREEMAR S A fEE. SRR RIS Y AEH7), G2 E KR b @S — R i zh
AVA, RSSO, AR DIE], KAKRERISGE, K= IR A AT LM R AE K[ 7].
HAT, E NI A SR G — A A S S M, B EE A M AT, Ea R
Z PR o bR 4 O A9 FE I 1T (8] [9]-

kA 2 700 64 B2 AT DA e A KA KRR [10] [11] [12], AR BEREEAK[13] [14], iR EKE7 &
[15] [16] [17] [18], A hnd&&E[ 1918 FUEM 1 AL 25 500 W] LSS N7 B AR U AE MV Z e, (B0 173
AR RIE T3, ik, ARBIF AR BRI T =R A AS R RE KR K RN A BV . /KRB AE K K]
&= BRI RO, DA DU A ) R A R B D 5 ) ) A e o R N R S

2. MRTEE
2.1, R

RIGE R A B AR A SR H 3T, AL T T 84 KEMIX(N 40790 E 121°85"). FH<E
8.5C, THJM/KE 650 mm, T 180 K, A—FE—F/KFEMIEX.

2.2. AR

IKFG SR EAE 927, RIRAAKIE T HE R G B A PR A R A B E . ASHIR R K =
FE ARSI KPR . AR . A5 EN 5.0 x 10° cfu/g. BAFHHEER . 7L
BRI . 2RO AEALANE . SO LAN RIS H N 5.0 x 10° cfu/g. it — 5 (M RFE . FLER W53 H &
M 1.0 x 10° cfu/g.

2.3, R

ACRIGTEE 2 AN R S, RIS 9P, A KRR, B AR, A4,
SRR 8 /BN, I AR A 3 AN BB N AN M LI P AT, AN BEIRR TR 5 x 5 m?, KUK 6~20
om, FEWWAKE, SHKIRGIEL 2500 Ho BANIERA RN, AMIAEE . AR
ARSI, KA T 8 A 11 H. 8 A17H. 8 325 H. 9 A2 H. 9 A 14 H. RIS
B M 10 kg KB, 10 kg ARG, S kg RiBLSIIAIINE] 8 MR, 4R R TRI
RAF, ARG KA 41 d.

24. RESSHAEZE

TEBARIG AR, B A ) =N B R R A, ARG LRGN % 4 DU si@as by cn d),
A3 AT BEIRE DU B AR () ZRdb(b) Phdb(e)s PEFE(d), AFANEORE AR BRI % 15 em £ 45,
B RAGFA WL S5 B HCR B KRS — IR A, SRAERHEN 162 00, MR RSN RIF. W@ N 54 m
BRI FH KR [ 7K P28

Frill B K R AR R . I FA(DO) pHy ZAE(NH-N) EAH R E(NO-N) MR 55 (PO4-P) . i
AKBEE R TG, EAFKEFREZE 2 h BERINE. DO M T RHZFEE YSI5504 1545 754
ME X ERE, pH KA EHER pH tHPHB-1, Ll = 54GR HME, S HMEHE R THE, NH-N
BERHMEARFN I ENE ;. NO,»-N K N-(1-Z53E)- 2 “ OB PO,-P RASHIR 4 e
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IR 45 TR IR 55 KR B B S 2 AL 50 mmy/0.45pm (BLAR/ALAR)BEAT 3, WCAE R 14, #4 Frih
TP RIBE R E B B O, A7 T80 C B IR VKAR, b nd B s A MR A IR A 5] 2E1T DNA 42
B il A

2.5. JK¥E DNA 20, PCR # #MEENFRIZ

TC B 25 A T 4 —80°C ORAF IR BB B AT 5 R B J5 2E 47 7K FF DNA 132X 7 H TGuide S96 Rhxki%: 1-45/3%
fEFE R4 DNA JRBUZ R IAF &2 B0 DNA, M 16S K7 41514 27F A1 1492R (Lane, 1991). PCR
PWALE RAKAR N 30 ul VAR P EE T, Hodh &4 1.5 ul JEK4H DNAL10.5 pL NFW. 15 uL KOD ONE MM.
3 uL barcode F|#%f. PCR M 464 A 95°C 2 min, 98°C 10s, 55°C 30s, 72°C 1.5min, 72°C 2 min,
25 MEH[7].

¥ PCR F=¥palife. & & I35 A0 AT B 2 SC7E (SMRT-Bell) . £E5%F SCESH T AL, ff B sr7
W7 A% (PacBio Sequelll) AT il &M 7 . HLAMIHE KA bam CAF#& 0, CCS (IR HE ) S H
smrtlink 78 #1804 (SMRTLink, 8.0 JiR)F i« ARYEF AR F AR G EHE, Ry fastq L
e, EH ylima(v1.7.0) AR BIAS [FFE S I CCS 781, FELBRiRG 1R, MM AE B i & CCS JFH1[8].

2.6. YIERAIES 4R

OTU RIZrKEAE TG, RAERGKAEFH USRS ot s rh, N TE T 3T 08, NS
— AN RBIL(R AR, M B, SAEZ)RENR AR . nTCUREA F ALK, XA T AT
OTU %4y, A4 OTU SN F—fARFEF 5. 1 Usearch B4 5+ Reads 7E 97 %HIAHALLE K FE4T
B, H1E OTU. @it RDF 432K 8 (v2.2)f# ] SILVA 3 % (release132) %} OTU #4770 80F B (B A5
1B 80%). FHffiH PyNAST (V1.2.2)44i% & 1 OTU 5 SILVA $4E P& 4% O L RS 34T e X o DL
TN BTSN 2 5. i QIIME2 B, X a ZREVESRELHHAT IR, LLERAS[ERE WL AE MR 2 REIE
77 A7 AE PR AEALRE B

BT Beta 1X P 2 FE I 1) 40 B 55 5 75 VA 1S B DR B 2946 R, @ R IES MR R T AW LR
JEIALZH PPk BT X 303 (UPGMA) KB — ANFE S A FPEAT RG2S, DAk ff b 0 1B &N 90 b
FRAE W TR RRABLE AN R 2 RO AR L R G AR U . TR R . BOE AT S R ek R,
R R A G BB R, BRI B 2 5L R 1) B e ik e 2 345 HAE e 1) . i UPGMA VEFT = 4E 1)
RGURKAEW AT DLy Y AoRs i ) BRI, fERE— R KA R, WILRIAE ST 3 2 ANRRAE 1A] 1 3 )
KREE—H.

RIGE R LLFIIE + At Z(mean + S.D.)RIR, KH SPSS 26.0 A4 150 Hd K M AL A ¢
K, PLP<0.05 NEREEZEKT, P<0.01 NESREZEKT.

3. BRE S
3.1, EASHIRIXFERE KR

fPE 1A, R, B 41 pH ARLTERIN(7.19~8.19), “FH4M(7.62 £ 0.20). A 4 pH AALTE N
(7.16~7.83), “F¥JN(7.43 +£0.13) mg/L, {34 5 XA 3% Z (P < 0.05).

Pl 2 m) 2, A ], DO & ALK, B ARG 2R (0.17~5.58) mg/L, P31 9(2.67 + 1.37) mg/L.
A B TE RN (1.99~4.25) mg/L, “FH°8(3.11 +0.56) mg/L, 4 5iR062H 2 7 5 3 (P < 0.05), A
HBHIFZ G, DO FEHERK, Mo, 2R, BRI EGETE, R TN &R,
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Figure 1. Changes in pH of paddy water bodies
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Figure 2. Changes of dissolved oxygen content in water of paddy field
B 2. MFEHEKFRBRESENTN
HPE 3w, RG], B 20 NH,-N 2463 9(0.80~2.57) mg/L, “F¥28(1.35 £0.41) mg/L, A4
NH4-N 254k (0.60~1.23) mg/L, “FHJ4(0.82 + 0.15) mg/L, XML 556 40 2 F R (P < 0.01);
AR IFZ G, 584 NH-N S EHEA S, ZFHEEMAREPIEZ, NH-N & &m0
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Figure 3. Changes in ammoniacal nitrogen levels in paddy water bodies
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P 4 w5, REE 1], B 41 NO,-N 4L E EI 4 (0~0.07) mg/L, “F-#4°5(0.03 £ 0.01) mg/L, A 241 NO,-N
AR AT Bl 9(0.01~0.03) mg/L, “F-#1°5(0.02 + 0.01) mg/L, XFHELA 556 H 7 7 B 2P < 0.01); HEH
NO,-N # &K, HEAWHEFAR, 18 d FIEALREFE 0.02 mg/L LLN, S5XMAERAEE, {iGh
JE WREEZH NOp-N 7 B 0E i %4, 25 21 d NO,-N & &, 4 0.07 mg/L.
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Figure 4. Changes of water nitrite content in paddy field

4. MFEEKFTHRA S EHEN

HPE 5w, R38R, B 20 PO,-P ALY DM(0.06~0.34) mg/L, “F#5°8(0.12 + 0.06) mg/L, A 4
PO,-P 22 4L 35l 29(0.05~0.16) mg/L, “F-¥J°4(0.10 £ 0.01) mg/L, X4 5564 % 57 82 (P < 0.05). Rl
WEhiok, R PO,-P & & EL EFE NEEs, 15 d)a, SRS PO,-P & EHEARFFALE
HICH ARkt

PO4-P(mg/L)

1 6 11 16 21 26 31 36
B al(d)

Figure 5. Changes in the content of active phosphorus in paddy water
[ 5. xREEK RS SEENETL
3.2. USSR FEE K AR A& E AR

3.2.1. Alpha MRS
YHTEHFTE 1 Alpha Z FEVEFREAIEE 1 P, IS4 55T IEZH OTU % H . ¥)Fh 2 # V£ F8 % (Shannon,
Simpson) A+ E 5 $(Ace, chao )3 JC 2.3 % (P > 0.05).
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Table 1. Alpha diversity index statistics
%< 1. Alpha ZHEMEIEHSET

Wap:| OTU Ace Chaol Simpson Shannon
A 383 £ 109 751.2 +£236.5 610.19 + 165.05 0.95+£0.22 5.74 £ 0.66
B 324 £ 126 675.6 +£235.7 507.52 £ 181.15 0.94 £0.46 5.55+0.91

3.2.2. Venn
Venn (& 6)&7xKAEH OTU & ECH 1099 4>, HAxTE4 A 5G4 B 34 OTU A/ 712 4>, A
HAA OTU N 98 4, i OTU [ 8.92%; B A4+ OTU A 289 41, At OTU ¥ 26.30%.

LN
B

98 712 289

A B

Figure 6. Venn diagram of water body in paddy field
6. FEEKHE Venn

3.2.3. UPGMA 9

UPGMA (Unweighted Pair-Group Method with Arithmetic Mean) B} JE A ZH - 14035, DA KT 54 S (B4
FRAL R ARAINE . anls] 7, MBPIR G RIE AT 73 B R 45 ST A, Rl DUK Lo PR3 28— &
BE Al MBI, R BZAHRA &, MUERE. B0 EEAH A4, A7, B7. B4, AKiiRZAH
RE—, MR, Hhb A4 R A7 AR s . HIEATA B AT REA Z EAHUEE L A K

=A
Al mB

A4

A7

L ——
0.07

Figure 7. Hcluster tree

7. TRINERPRE
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3.2.4. FBEKETKFEAEEEEHR

TG ZH 500 HEALRE i A0 R B AL RHT 10 IITT AR N TR T ] T TE T BT JEERER T
Campilobacterota. HEfibd 1. W4l 1. Epsilonbacteraeota. BZJiEfA|]. Patescibacteria (14 8). HH AL
I AU BT JBCER TR 1T ERERR T AR T THEXS FE > 1%) o IR 2 S50 A A PUANTT o BUAk A 58.50%
1 51.43%- 17.72%F122.22%- 15.10%F1 21.99% LA }% 2.61%F1 1.03% (5] 8). SXFHAZHAALL, 504
I VAELRERR TR RERG N, R B I AU R T T BERRAIG, H e AR IR A5 SRR B 10 NMTE R AR (P > 0.05).

100% - M Others
M Patescibacteria
I Spirochaetes
m Epsilonbacteracota
i Cyanobacteria
B Verrucomicrobia
B Campilobacterota
M Firmicutes
M Actinobacteria
= Bacteroidetes
M Proteobacteria

A B

Figure 8. The bacterial community compositionat thephylum level. Note: only the phyla in the top 10 of the abundance level
are shown, and the other phyla are merged into others shown in fig.8

B 8. IIKEREREME. i RERFEEKTER 10 807, HFEGIMEHH others EEP RN

80%

60% -

FRXFFBE

40%

20% |

0% -

3.2.5. FEEKEFRKEAEEEHRK

TR0 2 55 0] FE LA ot 40 TR A Y AL RGHT 10 (1)R 43938 Limnohabitans Hydrogenophaga; 2 1%F )& «
AP, Curvibacters Aurantimicrobium, Rhodocluna, Allopseudarcicella, Candidatus Planktoluna F
Candidatus_Planktophila (¥ 9). 2 MBI /KA R #E & 2835 UL Limnohabitans Z AT # & Curvibacter

F Rhodocluna N = .
100% - m Others
W Candidatus_Planktophila
80% 1 @ Aurantimicrobium
® Candidatus_Planktoluna
M 60% -| = Hydrogenophaga
"H+ ® Flavobacterium
3‘% 40% | m Allopseudarcicella
B Curvibacter
20% - W Rhodoluna
W Polynucleobacter
0% ® Linbohabitans
A B

Figure 9. The bacterial community composition at the genuslevel. Note: only the genera in the top 10 of the abundance level
are shown, and the other genera are merged into Others shown in fig

9. BAKTHEEEZEMRRT. T: RERFEKTHE 10 KB, FEEBIMEHA Others ZEEF R

DOI: 10.12677/ams.2023.102013 125 PR 2ERT I


https://doi.org/10.12677/ams.2023.102013

RILHE 5

AL TR, RS A) Limnohabitans . Hydrogenophaga. Flavobacterium. A% 1H &+ EFH 5
Curvibacter. Rhodocluna F1 Allopseudarcicella & N . i t IS H 10 MEERAEZE P> 0.05),

3.3. KiEMINE~E

BORAHT-I (£ 2), B HAKRBTHRE LN 2699+0.70 g, A4 TP THREN24.73+£024 g,
FHERWMEZEP<0.01). BANBEHATEE N 4.63+0.69g, AHMBEHAHEEHN 5181094 g, HEE
FAREZEP>0.05).

Table 2. Physiological morphology of rice and yield of juvenile crab in each group
2. BUKIEMEIRR ST~ 8

285 7 BERL THLE (g) LR (%) B i ()
A 20.43 +0.90a 24.73 +0.24b 91.80 +1.12a 4.63 £0.6%
B 21.27+0.76a 26.99 +0.24a 90.90 + 1.53a 5.18 +0.94a

i RSP ERARE TS TR ARG B3 2R P <0.05), trkE 7R TR LR EEE TP > 0.05).
Note: Those marked with different lowercase letters in the same column indicated significant difference between groups
(P <0.05), those marked with the same lowercase letters indicated no significant difference between groups (P > 0.05).

4. g
4.1. RESHIHXFEHEK R

IR B A KK BT E R SGIIE, pH A 7.5~8.5, BRI AOAE K ARIEARTF S,
AT T pH BIREIANK, F2M0 pH (1R FOVRT, IR FW pH F#IG, BUOYMIK S Ak 2 5518
PE, I KIS SRS, T H AR AE I AE 7K DO, (BRI 1 pH.

IR DO SR AREIR, PR A5 M50 & A R 28 FAT B S5 4P S0, AN 2R A 1 75 0
DO /K VIEEAK, It F/RHRERIESEM, DO Fik BTte O B R AL 5 28 AN m], HAE
ifi B AR PR DOEAT REIRAE . BRI, TR S, BRSO . TR
ANTE T PR R L, AR KR HoK D, Kb DO A se R, AT LR DL L B 2 58 e AL
HISS T BT B A R, DI, IO RCES SIS 2 2 B .

AR R AAEE RS R SR DU R IR AN, ReRIERL . &k, L.
BAfte MR, Bidl. BREEER[20] B anit AR AT B BEAE TRIEK PR KB A1 T B gt 2 15T S5 9K »
H 5 th B A R 0 AR o AR AT T A EOREF AT B B A B B 2 R A S BN IS R R DI RE
FEFRIE /KR AR 2 AT T REA R AOK AR P b2 T . RSB IR RSA EYR,  JRR AL
NRARR. HIREEAIBEIR $h 55, MOV KR EERAE K BRI N 5 008 95, X L2k M Reidid
FAERK AR IR, IR RAF IS (ERINLEDY, ST mh 2K E, K5
B S SRR AOK A A F BT, KB TR 00 3 00 Bl 2 0 o T E S 4 A B O F OB L, U
W S P TR U, AT BRBEL L T A O SR A IR e 211

SAEAAR A BRI, R P @, IR R AR P A LR, 2 O 2 A K A
HAREEM, RSN TR, 2R S RILIR A AT SR AN R R R 1, TEHLR
PR ME AL, KA ISR, JEIESE T M. IR RR S 4R 2 A YRR AR KT
XSRS KA HUR & AR, 2% PEHOR KRS B S0 ROt A . I v B i s St =
FEPUAE A TR RANEPE B, KRB B S s B[ 18]
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4.2. WETSHIFIFEEK G EE RSN

LB RGNV FIERE ) RE R IR B AR AN S Z A G, W5 HY M A BRI AR XS =
K. WHFCHEH, FEEELVERE R KA T A MR R IS TR B 1] R v T TR URF B T T 32 [19] 6

SHPRTCE] G R, SXREAMEL, WA T F RN, A AT BT
FERRAS, S35h, ARTERR ] Re i KA, H0) o O &5 IR AE D i A K BT, B4k NL P &0 &, 5K
& N P JCREEMK, SAVRRBEMMAERF MG, EESRENHEAHEEZEN. ik,
RS R RE R [, BN A R & F 8 T BB B T T 2R i s, FLIREE . WEJiR
B, G ZF A BT DU s KR R N OB P, FLERAT B R AE LR . PUBIKSEYT,  RRAS A0 S B
A, HEEFE KA B 2 B 2 o3 MR MU R AL AR R B S 0T, B4 T R BEE T . AR =4 3
TR 1) B A 22 I SEAE FH AN [RI AR B AR VD RS AAE L 3 Bl FIALEE, AR FRBE /KA v 3= 22 DR H 7
KRR 21]. WEKF LRI BEHBCKE, 2 M HPKEMEFEAREAFEE, YU
Limnohabitans. 21T E J& Curvibacter F1 Rhodocluna N7, HLLFXIRA, RIGHR L AT E B FE
F+&5; Curvibacter~ Rhodocluna A1 Allopseudarcicella F & R B FONF 19 O FEAT 1 8 BB I AE1L Th RS,
FEARE IR T DU BR b N 2 AR AT T WP, BT B JB A AR TS5 K AL B Wb A BRI /K FRAE IR K A
WINE Js I 285 U 25 B R AR AEBOR E 2R 18]. EARI . 50 4 /KA o 1 B A 1 8 3 B L Xt
HEZH B =1, X 1] e S5 IR 41 /KA b DO & & L IR AL AR OC o A i FL R B [ 21| LM B BH(Rhodobacteraceae)
CAEZ AR 75 KA B L Zrh R I, JF 58 5 ot & BU5 S £ 2L R RE . Rhodoluna AT A
B, AR T2 0 4 T E 0 B RIS A b I AE, Ul WA RS FH KR o B 3025 R 5 U e I 71 e
7o
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