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Abstract:  Objective This study was designed to explore the impact of a new rice-shrimp farming model (NRS) on soil fertility
and microbial community composition in paddy field. =~ Method Three different farming treatments: new rice-shrimp farming
model (NRS), traditional rice-shrimp farming model (TRS) and rice monoculture (CK) were set up, with CK as control. The
paddy field physicochemical indexes and microbial diversity and community structure were determined by using the soil
agrochemical analysis method and 16S rDNA amplicon high-throughput sequencing technology. Result Compared with CK and
TRS, NRS significantly improved the contents of soil organic matter, available K, available P and pH. NRS significantly
increased the microbial diversity and species richness. A total of 32 phyla, 80 classes, 202 orders, 347 families and 491 genera of
bacterial groups were detected in the paddy field of three models. The dominant bacterial phyla were Proteobacteria,
Acidobacteriota, Chloroflexi, Verrucomicrobiota and Desulfobacterota. Compared with CK, NRS changed the composition of the
soil microbial community. Among the bacterial dominant phyla, the relative abundances of Acidobacteria, Chloroflexi and
Verrucomicrobiota were increased by 30.89%, 36.38% and 2.16%, while the relative abundance of Proteobacteria and
Desulfobacteria decreased by 17.96% and 58.59%, respectively. Compared with TRS, NRS also changed the composition of the
soil microbial community. Among the bacterial dominant phyla, the relative abundances of Desulfobacteria increased by 14.93%,
while the relative abundance of Chloroflexi, Verrucomicrobiota, Proteobacteria and Acidobacteria decreased by 39.29%, 37.42%,
16.27% and 6.81%, respectively. Correlation analysis showed that soil organic matter, available potassium, available phosphorus,
available nitrogen and pH were the main physicochemical factors affecting the structure of soil microbial community in paddy
field.  Conclusion The new rice-shrimp farming model is conducive to improving soil fertility, significantly improving soil
microbial diversity and altering microbial community structure. The results of this study have certain guiding significance and
reference for the demonstration and promotion of the new rice-shrimp farming model.

Key words: New rice-shrimp farming; Soil fertility; Microbial community structure
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T IENE Ty R AR AE T IR P R K 0 B A
TER T, RIERRRrE Y A KR A R R 57
FUKATHIRE T, AR, LR e iR 0

HASRIT A pH SR+ AL T K Y AL A 4R
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FIHEM S50 2l , 75 H 2248 R G WY B F6E M, Sk itk — ST R R A R X e ) AR A

S BhAZ BN R, X Fh I A AR A R B4R
RIZ ISy . B IR ) R e AR T W
HEEEH L

SREURF IR AL G CH E, JE BRI R R R 37
AL N IR A A K SR ZERG b, nTREXT
T HH A SR8 0y R0 AR W B s AR A T B S Y
M) o AR5 38 40 I 0 A TG A 1) e A o A =R K A
PR RS A PR . BIEAR A
Gy RS i, [FEETF 16S DNA P15
MR A, X ik 3 MRS I A Y
ZREVE R S AT LRSI, B E R R AR IR Al
Fr A 20 A 8 R 0 R B AR ) TR R 5 A 1 5

PR S A, AT R R 4 SR (I (e
O R RS WSRES

1.1 iKIE AR

WIET 2021 4F 6 & 10 HEHFIT A ™ &
XS W R (28°58'N, 116°04'E) #H17,
5% DX W JAy Z SAE IX, Ao, T & 7l
PR R 17.3°C, FHIFEWE 1 609.8 mm, JCH
1279 d, ASHEREF, AT T3, AT
KBGO I H 0~20 em H 3R F 5
ARt Lk 1.

£1 REHEO~20cm HIEFEBUMRK

Table 1 Physicochemical properties of sample paddy soil from 0 to 20 cm in the test field

14 AHLE SOM 2 TN A TP EETK /) BRR AN/ HREE AP/ BEALED AK/
pH
Soil / (gkg™) / (gkg™) / (gkg) (gkg") (mgkg™") (mgkg') (mgkg!)
Cigaeed
4.08+0.02 13.13+£0.92 0.63 +£0.04 0.87 £0.01 1.32 £0.04 116.26 £1.06 13.45 +0.81 89.72 £1.86

Yellow brown soil

1.2 Rt

PR R AR S (BT 2005010 ), FRFEXS
LONTTICIEEMR ( Procambarus clarkii ). iR K1k
B3 PR EE . KR EAEXTIR (CK), iR
i [Q RS MR A A& e R ar A IR A= (8 A 2089 )
( TRS), 7% [ MR R dF A IR B i = (56
HJCERYE ) (NRS ). HRHAEH SRR 10 @ (124
Wi=15 5 ), 4578 TRS iR 50 I B 7o & 145
1.5m. 5 I m, EIEFZH 600 m* FRE (1),
JKAEFIAERT, [ TRS 1 NRS AZbFEASH Ak 2 &
HHHTZ9 10 cm, FEA5IIMA 1 000 kg 4= A1 K47
RGN (Hrh TRS AbFEAE A7 K 32 B 40306 76 3074
), DA /N IR R SR I AR o HRE Y R

IKFERAEAR R 4G, U HARERN 50 ke
#AE N KRET 2021 4F 6 HSEmIER, 15 d J5m
TRS. NRS 50 A H b $5 ve [ R B MR, 0
225 kg-hm ™, SFEFHLKEZY 120 Hokg's K EHEG
Tt oK FE L AR A IR 3R5r =25%, N 13%; P,0s:
6%; Ky0: 6% ), HPKREHRA/ER (CK) FIFFHR R
FEAEH (TRS. NRS) 77K Fe oA 4] 399 (4 it fin A
450 kg-hm >, JKFESFBEW] A KRB (CKO) 380

JERHE N 450 kg-hm 2, =R (19— K REFRS
FF¥ A it M o B #H DL PO B IR R 1%
) LA B M ARDRL . ARDREZE AL . MR 1 =35% . HLAR
Wi=5%. KT <20%. BBE=1%. ¥5<3%. H
Y <8%. /Kir<10%. £ TRS IRIuAFEH T, TTIT
JRER FZ AN, DR AES -, B
VR PR A 7 SR 355 ( Elodea nuttallii ), 7B 5 R 28 1/3,
KA A (2021 4F 10 H ) A FL S BURE
RAETEH L3, AT Pkik— 70K 3 AT RO EIOH [H)
MY7KFE, & FARES R —E B, SRRk
AR B3, S MR . RSPl —1
fif 4 B TR AR A B S J5 T 1% DNA
WG 5 — M HAAXT, BRI . Mk,
WFES T 1 mm G5, T bR b
1.3 MEFZE
1.3.1 3R fb v ol 2 Z MR+ B PO gy
%, RAFERRA A EEINE AT (SOM)
i R HBRY BOL I E R A (AN) S R
MY E /R E SR (TN) &a; RA H,S0,-
HCIO, T4 EARSAPL L Lk 8% (TP) &it; R
A 0.5 mol L 'NaHCO; = #— Lt (35 1 A 550k
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e P o= X
N e e Y

2
CK TRS NRS

E: CK, KBTI’ TRS, fGERIFFIRIE; NRS,
FEUF A 58420, R [A] Note: CK, Rice monoculture model; TRS,
Traditional rice-shrimp farming model; NRS, New rice-shrimp

farming model. The same below

Bl 1 A H S R A A P T s 2
Fig. 1 Plan sketch of different farming models in paddy field

(AP) ;s R NaOH & fil— JHE G RE R 2 4
BO(TK) & R Imol L7 B R B i 42— J Mt
JE I A (AK) & SRR BE THE ¢ £
HEpH (t/KEE1:5),

1.3.2 T DNA4EE SR+ DNA 250
F& (hEMEPR, 85 . DE-05514), #EE Ltk
At DNA G 1% i B 58 I i kRS 56 1 496 5 DNA 1)
BT R, 20CHRAEEH .

1.3.3  HIEANE 16S rRNA P8 Fil DL ik
4l Ak 13 3 DNA 1E AR, XF4H7R 16S rRNA V3~
V4 AR XHEATY 3G, 51751k 338F (5'-ACTCC
TACGGGAGGCAGCA-3' )Hil 806R( 5'-GGACTACHV
GGGTWTCTAAT-3') 1 PCR )W 4450 95°C T
A5 4 min, 95°CAEYE 30 s, 55CiEk 30s, 72°CHE
130, AEE 32 Y; 72°CHEM 10 min; 4CIRTE .
[A]—#EA PCR P4 2elmlif . glifb)m S miRee, it
HILEEYRHEARAR ChEIes) ST, F
H Miseq PE250 *F- 15 ( 22 Illumina 23 7] #4707

1.4 HiEAbE

A Trimmomatic v0.33 X} il DNA J7 51l 17
R, RBRi A, 15 2IPLL 751 ; f#H Usearch
AR Tags 78 97% AR RLEE KT #4726 | 315
5 EENE P IEE( operational taxonomicunits, OTUs )
2 536 4>, FABEIFAIECH 1166 194 % ffiJH R i
7 H 224l 32 A R 43 A ( principal coordinates
analysis , PCoA ) Fll £k P4 | 5 &% 5 43 #r ( line
discriminant analysis effect size, LEfSe) &; it
Pearson FH 43 M FITUA% 431 redundancy analysis,
RDA ) B¢ T35 AV D 48 A 55 20 81 R % ) A9 A DG
Y. fdEH] SPSS 20.0 AR HEAT B 3R J5 2253 HT .

2 45 R

2.1 ARE#HFEAIEH T EELEROZNE

t 2% 2 AT, KRS - S B AL AN [ Ao 7 A
AR A E KRR B, 2 EAE IR A R
B AL B T4 T A pH . AHLTE . A . A
BB ACER O £, (E RN AD 5 0 =X 0 42 A RIOR
TR (P<0.05), A . UM 3 KMt
O R E X P
2.2 AEMFARXIITEE T IEMEWEEN Alpha

EZEe:0p- A1

9 ANEE SN L3145 1 269 382 Xif Reads, Ui
Reads Jfifs $Hps)5dLr=4: 1 171 393 4% Clean Reads,
BAFEL D74 39 191 4% Clean Reads. 181 %t
Reads 7E 97.0% AL EEZKF N #EAT IR 2, HARTHAY
TR OTU MK 2 536, = BTt P FIA K00 1166 194,
WA 2 frR, CK Bl TRS A0 NRS #2:X) OTU
K 2 307, 2325 12 501, 45A OTU M
S 10, 7 1115,

%2 REMFAER TERLIERLMER

Table 2 Physicochemical properties of paddy field in different farming models

JL3L] FHLEE SOM LA TN 4k TP 4 TK / WA AN/ ARE AP/ ERALE! AK/
Treatment ot / (gkg™t) / (gkg!) / (gkg") (gkg!) (mgkg™) (mgkg") (mgkg™)
CK 4.06+0.05¢ 16.54+0.83¢ 0.65+0.03a  0.85+0.03a  1.41£0.03a  96.43+4.02b 17.88+1.36b  96.62+3.91c
TRS 4.61£0.05b 19.43+1.77b 0.61£0.06a  0.81+0.05a  1.35+0.02a  126.10+1.30a  18.68 £1.09b 120.75+1.88b
bbNRS  5.32+0.06a  31.62+2.51a 0.64+0.06a  0.84+0.02a  1.38+0.02a  119.51+4.34a  23.36+2.08a 170.73+7.86a

ARG R R R Ab B R] 25 57 8 35 ( P<0.05 ). Note: Different lowercase letters mean that there are significant differences between

treatments ( P<0.05) .
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Alpha Z2FE M R B ) 2B S R 3 & R I
Yikh 2Rk, o, ACE 485081 Chaol $5%0UH LIIT
fli V% & B, Shannon F8%UHI Simpson 5%
RV, h# 3 AT, CK #Esl. TRS #
M NRS #EA RS H 140 R ACE $8%8. Chaol
F6%% . Shannon F84UMI Simpson 54043714 1 818,
2 142 F12 418, 1852, 2 164 Fl2 434, 8.90. 9.30
H19.83, 0.48., 0.60 Fl1 0.76, 3 &M F = 1A% H 1
HEANPEREVE Alpha ZFEVEFS R+ & B 5 £ 1B
#225( P<0.05 ), H 2B H NRS #x0>TRS #ix{>CK
BB, S50 EW, 5 CK BUM L, NRS
R TRS A 5 48 T 7 - 3 40 1 = = A
ZREPE, (H NRS ARG 4 i o 4 5 B 2
PER P BRI (P<0.05, £ 3).

23 AEMFEXT LERMEMEEEN

RO AR, BB T 1K AR K FAH
X AT 10 AN S TIER . S5 R R, AR

FeB AR H I RE IR AR E T 9 A
SRR A ARG I A AR B o JE T 32 177,80 46,202 H |
347 BHAT 491 @ (& 3),

CK TRS

NRS

2 T A R RV O 4 R

Fig.2 Venn diagrams of paddy field bacteria communities

%3 AREMFEXTHELIEMERE Alpha ZHEHEK

Table 3 Bacteria alpha diversity index of paddy field in different farming models

Qb FR ACE $8%4 Chaol $5% Shannon 5§ %% Simpson F5 %%
Treatment ACE index Chaol index Shannon index Simpson index
CK 1 818+183¢ 1 852+177¢ 8.90+0.18¢ 0.48+0.06¢
TRS 2 142+71b 2 164+70b 9.30+0.02b 0.60+0.01b
NRS 2 418+28a 2 434+24a 9.83+0.04a 0.76+0.03a

1 AE/NG FRER R A B 22 57 B 2 ( P<0.05 ). Note: Different lowercase letters mean significant differences between treatments

(P<0.05) .
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FAXTFJ# Relative abundance/%

20 E Chloroflexi

O Acidobacteriota
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Fig. 3 Composition of soil bacterial community in paddy field under different farming models (a: phylum level; b:

class level )

http://pedologica.issas.ac.cn



6 1

M B R IR OO F SR T R A PR T S A 1

1795

TEIKF B, 3 SRt 0y TR i Al —
o DX FESEAT LAY E T (Proteobacteria ).
TR T 1 1( Acidobacteriota ). %25 | J( Chloroflexi ).
P& # I7 ( Verrucomicrobiota ) #1 i & & [
( Desulfobacterota ), #H %3 FE 70 5~ 18.27% ~
22.27%.12.85%~18.05%.6.90%~15.50%.6.94%~
11.33%F1 4.89%~13.57%. 5 CK 4b#IY, NRS 4k
FRAT TRS AbSREASIE R 1A AR B 1A 32340 3)
FEAR 17.96%F11 2.02%. 58.59%F01 63.96%, TMHFRATH
] BRI T PR T 12 54 i 30.89%F11 40.47%
36.38%FI1 124.64% . 2.16%#1 63.26% ( &l 3a ),

TENIKE L, 3 PR A 49 20 T 41—
2, 492 y-ZEE E 99 ( Gammaproteobacteria ). 2
FF # 49 ( Acidobacteriae ) . ao- 2% £ # H 4N
( Alphaproteobacteria ). K448 44 ( Anaerolineae ).
PE B 49 ( Verrucomicrobiae ) . it A 5. i B 4X
( Desulfuromonadia ), %% #4X ( Planctomycetes ).
W B B 29 ( Thermoleophilia ). # i &7 9K B 49
AH X F B 4 SN
10.67%~11.51%.7.61%~11.87%.6.75%~11.60% .
6.10%~14.43%. 6.44%~11.19%. 2.71%~5.77%.
1.55%~6.00%. 1.68%~4.10%F1 0.42%~7.47%.
v - ZETE R N SR A A PR R S R e AR
5 CK AL, NRS BRI TRS By v - ZRTE R
AN BAR XTSRS T 7.87%F1 2.34% (&l 3b ).
24 AEFMFEXTHEELEMEDH Beta %

i

A UPGMA S i 2 ORI 4

( Thermodesulfovibrionia )

CK NRSb
B NRSc

- - TRSa

- - TRSb

- TRSc

o

0.04

PC2 16.67%

#343#71 (Principal co-ordinates analysis, PCoA ) if
— RN [ P A5 2 e A 3R A B A 0
B2 S, e RN 4. & 4a W, A
W 3 AR ERE R, RUFER M EE
T, B 4b AT, PCoA 4: M ke T 40 TR HETE i
ARSI 73.82%, Hord PC1f@RE 1 40 AT AR S 1
57.15%, PC2 fifke | AR HETR B2 F 1Y 16.67%. 3
Fofr 40 20 40 T B IS AL ) 22 R B ( RP=0.697,
P<0.05 ).
25 AEAMAEXTEZEREENAES X

i — 2 38 2o R ) 43 BT A A A o KO
HAT 3822 5 R XLt K/, il s s,
XA RIS ) T A7 4 i AT LEfSe 23047, 24 LDA=4
W, A EHERESEDT. WL B B JEAKE
A 30 NN/ R B2 57 (P<0.05), Hirp,
CK B AEHE 13 2557 B AN B 7052, NRS Bt
FETE 12 DR BENAW />, TRS HAFE 5
NS BEE > . CK. NRS il TRS A 2
5o WO W A Ay 3 g o o B T 1T
Vicinamibacteria X FITEE # ] o
26 AEMFEXTLEMEYHELEHSEN

E F iy HE X

TEE 3 Pl R Fp #8520 A H 4 498 1) B Ak P57
AP TKOF R 2R T B AT, 25 AL an
&l 6a BT/ o 3O DR 1 o 40 T B 465 ) A i AR f
H 86.33%, Hir 55 —HE P Bl i B AE Bl 56.88%,
55 B Y R AR SN 29.45% S —Hh L, AN
REEZWE T, HXRECh 0.67, 6,

PCoA
L b
0.1 Vg R=0697 |
P=0.005
| © NRS
¥ e v ——
of  TRS
I ° CK
—0.1} ‘
Ll,
02 |
|
) | 1 1
0 02 0.4

PC1 57.15%

K4 Fei - SEAN RS 45 R ZE (a) T PCoA 73#T (b)
Fig. 4 Cluster analysis of soil bacterial community in paddy field by UPGMA (a) and PCoA (b ) method
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Fig. 5 LEfSe analysis of soil bacterial communities in paddy field
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Fig. 6 RDA analysis ( a ) and Spearman correlationship analysis ( b ) of physicochemical factors and soil microbial communities ( phylum level )
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55T RDA SrHrai it it — 20 Ok h xf + e
AR 7 B A e AR 40, A Pearson AHICHE
S MTIR ST AN R T 1A A Fh 5 384k
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FI 25 IEAHE (P<0.01), M5 AN S5 2408
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SR A HE R BRI AR ST o NRS 455 2URE H
LA EACH CK AL & E) 50%, (HAIELF
AR R AR T T RS H SR AR g, X AT BE R R T
EHEE ORI /N T R HE M 068 45 1 A 4358, A R0kh 78
$EE T 118 SOM , AU HH 4 1 77 70 M AR 40 1 &
i, NRS #ix0 1 SOM. AP, AK &l pH # i
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