445 3 2
20254E 5 H

S PN

Journal of Huazhong Agricultural University

Vol.44 No.3
May 2025,74~83

SRITHE , S RAF T, 45 e FRJSUE IR e ) L S L ) 2 R M RBR S AP 5 [T ] A v el R 222441, 2025, 44(3) : 74-83.

DOI:10.13300/j.cnki.hnlkxb.2025.03.009

5e FCJR 25 MR X 46 F £ S ia A 25 R 1 A Bk Bl 7 B9 2 M)
K, DR E AT BUR Y, E N

LA o ARk X BUR R R IR, KX, 4300705 2. 4 b Rk X 3 FR 5 K54 1%, KX 430070;
3Pk b K FRMAFHARFR, KX 430070;4. 48 LKAk kK 5K =S, &2 430070

ME N IRTCR- SR SRR R B Z PR T AR 1 22 ek BB [ 1 14 2 57, SR K RS AR AR - SR Ao
FeAsE X )X L33, W28 A [ KA A A AR O BF 2 (0~20 em) FINEHFJZ (20~40 em) T IERUE WIRE % Z 1%
FIREEVE A SA HUBRAL 7T IR o S5 5R TR, 5K AR A LE A - IR MR U2 A2 LA HLaR
IR T 7.300 M135.8%0 . WEAE LRI TR ZAEPE I R, Chaol $5 % & B2 45 ORI ACE 458 %0533
AR T 6.990.7.200 M1 8.7 0% 5 M X B2 1 HERE M v 2R JC W B 50 ma o A - A IR i o B 38 v 1 B2 A
AP 8 0 R R L [ 0% 11 19 245 T K50 R B RIS B AT vy TSR RS . T UL, R - AR LR
SR AT 25 4 e B2 A HLBR AR RN W R R RaE T, ek T T s R AT g B B T

KR FE-ARARIRAE A PR IR SRAEYIE S

hESZES  S511; S966.12

A2 W) 22 REPE 2 R FIONS AR A7 il B0 A AR
BT AT BAC R Ly A Aolk rRR R AR TR e b
R BRI AR v LA R S A A A R R AL Y
PP R Al 3R e 3o )T AS ) B 1
55 588 (BUK)™ B ) SR A 22 18] Y I3 [+ 4 P oF o )
R Y PR, BN O R — ] R 2 Al B B SR
Wt e R T 5 A R 3 AT S el K R A A A
i G R AN 2K ™ S W) SR AN A 4, LU D A BT
5 0 58 WA 5% B HE 22 0 AR N B AR E R R A
FEOT R A A FR AR T 2 A SR R P 2
PR AR [ A 25 R R AR e i 286.3
J7 hm”, I LURRAR 8.4 06 M R G2 1 10 A 45
AR IR A IR A 7 (BRI B A AR AL & A
o U B S AR ) AR AR dh B (i XA IE
FIAR 24 BYAR A ) F1 22 B WA T T B DL 35 2 A TR A
GEL ORI, SR F £ A % %0 A L3 AE ) g
FR S, 4R 91 e b S A A ) 22 A e AT ML B [ A
HIAAR A AL

b A DA 2 il b A 25 AR G d R B R %, Lk
it 85k 249 g SRR i B A e 19 2~3 45 [
I, 1 3E A BILB 7L 2 A SR B 21 v Fre SRR )

Weks H . 2024-09-02

XERFRIREE A

XEHS  1000-2421(2025)03-0074-10

RN B e AR 22 5 — 2R 90 9 A= 25 e 55 T e , n
F IR T R AL 2 4 LA B R AR A A A
I, i g L HEAT LA [T 7 1T LA 2 figp A 8 A LA K i
e R HEAC ) AR R i SRR WA D B Sl ek
AL PRI S8R 51 2 AR R Y L A LR Y
TEBURIRRE TR R SCEAE I R E R
JEPMSEATAE R, T 5 4R R A 25 R G0 R A HAB i3t
A AR R ) B B RS T AR A ELAE T
FE A SE I — RN FR G e AL B R 1 1 e
A= Wy Z2 A RV AL T LA S5 S A [ e A
PSRN By L S BAR DL, W] LI Oy Sl B Y 45
FRFTIN PR DR o e - b AR P O 2 2
b R A Py A v AL RIS E PR BT 5, A B TR A
b g AT LA A5 IR 55 Dy RE LA B LT 38 0 2R Ak 2106
PRI TR .

R - B A 7 A T e o A T 2545 o R A 5P i
SRS R Ji o e R B 2 — 100 R FR A5
AHEA ZRE, a0 T=) i £ Bam oK 10 -& Py i s sh
Y E R AR P 2 PR CAR A 2 M A A IR ST LA R 2k
FIREE AR o AL 1y S5 ERR IR R IR
A FH RS AT 0 SRR A 1A A ) LE A7 IR A SE R (Y 12

AT H AL 925 % T ORI H (2021HSZD002) 5 Fl 48 H S & 115 H (2022YFD2400700)

5K, E-mail: wyz18 @webmail.hzau.edu.cn
WAEVEE « 22/l E-mail : lixiaokun@mail.hzau.edu.cn



% 33

TROTHE G5 5 DRBUES IR e L SR ) 2 A P AR [ 47 14 52 ) 75

Yo WRAYER R CHEM ) AN Bk R kR AR B T
B35 43 R 500 S 1 AT HLER A AL SRR R AL,
e - WR b AR o rh R R ) FH ) A5 SR A 7 e R AN AR
FH rH AR A AT R AT LA e o S B S SR
Wy CEEUE 2R ) AR E SR 9 R 3 sh W) SR LI
I A IS 8 A B OG R (AN £ 5 5 IS V), DT 52 i)
(DGR E 3 T T ORI B2) = A = (1 S i 2 |
FEAE AT 1 BRI WA U 4 RN Z2 1 LA M + A
BUBK B R 5 23 A1 B 52 i L AN T RS . PRI, AR BT
FEiE L R 6 a i e ALk, LK RS SR R X RE 4R
G - RS 0T A T A S A W 0 2 RE VR L
T [ A7 R S ), LA A e - R A R B 5 7 T e 8
FRBERL =R
1 MHBEF=E
1.1 A8

ABIFSE B o7 g B A T AL A VLT S
W HLIX (30°39'N, 112°71'E) . X )& I 4ty
D 2 AU AR AR 16.1 °CL AR P B R
1200 mm, MIZEEEPE6—8 H , HHERR WYL
YIE B KRS 1o BF)Z (0~20 cm) 138 pH
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HL R Ry AE K RS H0Y R O — AN SR B (TR
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pH R LA LI E UK LR e 1:1) 5 R A 3L
R (S AR SR HTEAEH (1.0 mol/L) 2
B, R AT s B A (AAS, UK) 478 A5 8 (NH, -
N il 25 20 (NO; ~-N) 75 80 2 5 - 38 3 AL (Ol
sen-P: AP) 75 i >k HI #%& & & B4 (NaHCO;, 0.5
mol/L,pH=8.5) 12 & F1 5 #4366 B 1+ (UV 2500,
Japan) b 8005 o
1.4 TEERNFNEDEEFZSH

DR, ] E.Z.N.A.® soil DNA Kit iz,
7 & (Omega Bio-tek, Norcross, GA, U.S.)$#24Lf)
PEIBOL BERT S VR T4 5 19 - e A 1T + 3% DNA
P& . R AT 1.0% 3B BE B K B UK R Nano-
Drop@®ND-2000 4366 11 ( Thermo Scientific Inc.,
USA) i % DNA [ 57 8 A1 B2 o H 41 & 16S
rRNA J [K 38 F 5 | ] 338F Fl1 866R X H V4 & 545 X
HEATY B, ) e B ITS 38 FH 514 ITS1F (5 -
GGAAGTAAAAGTCGTAACAAGG - 3’ ) M
ITS2R(5'-GCTGCGTTCTTCATCGATGC-3") ik
Frdmsite aliqk e 0 7= LR TR 9 TR A i AT TR
4, 1F lllumina NovaSeq PE250 *F 5 (Illumina, San
Diego, USA) 7. F HH QIIME2 & 3 X 4" 1% 5~



76 LRI I NI <3 4

944 %

JF 00 JEL 06 T 9 2R A T s B et il 0k B T RS A AR
B TR FL TR 838 91 AE 5 (ASV) .

2WAEIRER ST . RATR 4110 H 34
BT AEDE B0, T ASVEL A
Mothur v1.30.1 315 alpha £ #EPE 48 50, (45 19 ASV
LA & Shannon ,Chaol #1 Richness #1 ACE 8%, {#i F
Vegan v2.5-3 {46, 38 2 55 T RO LA A AR UMY
FARARGI AT (PCoA) B 2 R i A G AE M0 Vs B AR AL
MZFEPE . I R “ggClusterNet " #1749
W 45 JE B A3 A2 e O 34 4 6 = B HE 44 1T 500
B ASV ) 3 A: 1F ) 2%, F| FH Spearman 15 AH 6 &
B 2% T8 Ve (G g vE CPIYE CP B AR KR L
12 IR R B YA 3 0 TR AR DG F AR AE G
FE ) S FH 28 1 AR i 300 1 e i it M (RRUE R ) o
1.5 HIEHW

JiF A B8 % ] Excel (2010) #1 SPSS (IBM 26) i#
753 o SR I SE SUREAS ¢ e 56 ok 0 = A7 LAk

21 Fr i gL Al B AR A R R AR X
BE A ) 22 RS AR R A W A SRR R AT
7 245381 s R FH Origin 2017 21l 3% .

2 ZERESH

21 WB-IMFEEA L EEHRRENZN
R 1R, R IR Ah SR A (RC) X 4 e At
Jo RN A A HILAR 2 J3 1) 5 i 7E N ) 1 )22 [R] 528 4 3 25
o BVARTE A - AR IR OB 4 R A
FUA AL AL 3 1 52 i A 3 S 2/ N TS0 2 1 5
5 RM M H, RC 2 3 38 n #F 2 1 88 5A HL Bk
(SOC) ok B4 WL (POC) . H3ERR A (C/N) F
W EEA AP A L (MAOC/MAON) , 43 5138
T 7.3%.12.3% .5.3% F1 8.1 %, 1 XF H At 1k J5 TGt
EROW, AHHCHEE 3, RC KRB E 550 Lk
(SOC) Ff & (TN) | i ki 25 47 Hl & (POC) Al &
(PON) UKL AT LR AN Z A HLAR (POC/SOC) Fil

x1 AEMFEXTHEEMBEUERTIEGEASSE

Table 1 The soil physicochemical properties and different soil organic carbon fractions in different rice farming models

. #k)Z - 48(0~20 cm) Topsoil W k)2 £ 48(20~40 cm) Subsoil Ji 25551 ANOVA(F)
I?;i IKAEHAER (RIS SR KRR FE-IRRh R pisdil iz QPR X
RM RC RM RC T D TXD
SOC/(g/kg) 18.524-1.09 19.88+0.93" 12.944-0.56 17.58+0.98" 32.46™ 55.98™ 9.67
POC/(g/kg) 7.0940.52 7.96+0.33" 3.88+0.38 7.75+0.71" 65.50" 34.23" 26.12"
MAOC/(g/kg) 11.43+0.68 11.92+0.85 9.05+0.25 9.83+0.53 3.15 39.35™ 0.16
(POC/SOC) /% 38.27+£1.37 40.08+1.94 29.96+1.80 44.0342.26" 54.01" 4.08 32.19"
(MAOC/SOC)/% 61.73+1.37 59.92+1.94 70.04+1.80 55.97+2.26" 54.01" 4.08 32.19"
TN/(g/kg) 1.9540.12 1.994-0.08 1.3540.05 1.75+0.10" 15.73" 59.55" 10.82"
PON/(g/kg) 0.63+0.05 0.7240.04 0.34+0.03 0.7040.08" 52.05" 24.53" 20.45"
MAON/(g/kg) 1.3240.10 1.274-0.09 1.014-0.03 1.044-0.06 0.02 40.57" 0.86
(PON/TN)/% 32.39+1.81 36.04+2.65 25.31+£1.40 40.24+3.04™ 48.35™ 1.16 17.79™
(MAON/TN)/% 67.61+1.81 63.96+2.65 74.69+1.40 59.7643.04™ 48.35™ 1.16 17.79”
SOC/TN 9.48+0.18 9.98+0.13" 9.5540.26 10.054+0.01° 26.34™ 0.49 0.00
POC/PON 11.2140.03 11.1240.22 11.314+0.41 11.0140.27 1.53 0.00 0.41
MAOC/MAON 8.66+0.20 9.3640.22" 8.95+0.18 9.4240.10" 31.38" 2.95 1.22
pH 6.60+0.33 6.93+0.05 6.94+0.08 7.04+0.10 4.53 5.11 1.24
AN/(mg/kg) 51.54+3.55 53.42+4.62 17.234-0.46 6.814+0.39"" 247.94" 940.6™ 24.34"
AP/(mg/kg) 9.22+1.27 8.46+0.88 7.05+0.93 6.54+0.35 0.76 12.56" 0.29
DOC/AN 2.7240.18 2.8640.27 9.9940.35 29.8541.12" 890.99” 1926™ 582.28"
DOC/AP 15.37+1.69 18.00+0.73 24.67+2.90 31.0941.75" 10.79" 82.30™ 0.99

¥ Note: RM HI RC 43 31 7R K AR5 B U RIS -HFFP 72430 . RM and RC are the rice monoculture model and rice-crayfish farming model,
respectively.SOC : =3 HLA% Soil organic carbon; POC : 17 2575 HLEk Particulate organic carbon; MAOC : i ¥ 45 &4 HLEK Mineral associ-
ate organic carbon; TN: -3 5% Total nitrogen ; PON: ki #&54 LA Particulate organic nitrogen; MAON: 5 ¥ 45 & 45 MLA Mineral associ-
ate organic nitrogen; AN: H3E47 2 & Available nitrogen; AP F-3EHU B Available phosphorus; DOC : ¥ fi# 14 A HLAk Dissolved organic car-

bon * #3537 ] — L J2 AN ) b B ] 28 7 f 25 (+P<<0.05) B 2 (P<<0.01) o R [A], “+”

, “#*” indicates that there are significant (P<<

0.05)or very significant differences (P<C0.01) between different treatments under the same soil layer. The same as follows.
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Fig. 1 The relative abundance of dominant phyla of bacterial(A) and fungal(B) communities
in different rice farming models
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Table 2 The soil microbials community «-diversity in different rice farming models

#k)Z - HE (0~20 cm) Topsoil

M #F)Z 4238 (20~40 cm) Subsoil

(DGX/ES] ZREPETESR — — — —
Types of microbials Diversity index UCEL KT GERUINE DS e KRR e -UF R SR AT
RM RC RM RC
FrAAEHL Shannon index 7.73+0.01 7.66+0.06 7.32+0.04 7.18+0.04
A Chaol #8%% Chaol index 556596 5528304 51224214 49334128
Bacteria F 5 85 Richness index 4 986+85 4 9464239 4 436+136 4298+42
ACE#%% ACE index 5535102 55284285 51444190 4961490
Fr AR %L Shannon index 4.42+0.13 4.3740.15 3.45+0.19 3.62+0.04
HE Chaol #%% Chaol index 379.6£35.0 353.54£32.5 198.5+14.4 133.94:10.0"
Fungi 55 BF453K Richness index 361.7+28.5 335.7+18.2 192.34+16.2 132.748.0"
ACE#%% ACE index 375.94-33.7 346.4£23.9 196.5414.7 133.64£9.2"
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Fig. 2 The soil microbials community 3-diversity in different rice farming models
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Fig. 3 The soil bacterial microbials community co-occurrence networks and the robustness

of networks in different rice farming models
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Fig. 4 The soil fungal microbials community co-occurrence networks and the robustness

of networks in different rice farming models
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Table 3 The topological properties of soil microbials
community co-occurrence networks in different

rice farming models
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Fig. 5 Mantel test of soil physicochemical properties
and microbials community diversity
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Effects of crayfish on microbial diversity and carbon
sequestration in paddy soil

ZHANG Wanyang'*, MA Tianqgiao"?, WANG Jinping"*, GU Zemao"*, LI Xiaokun"*

1L.Shuangshui Shuanglii Institute , Huazhong Agricultural University, Wuhan 430070 , China;
2.College of Resources and Environment , Huazhong Agricultural University, Wuhan 430070, China;
3.College of Plant Science and Technology,Huazhong Agricultural University, Wuhan 430070, China;
4.College of Fisheries , Huazhong Agricultural University, Wuhan 430070, China

Abstract A field-based comparative experiment between rice monoculture (RM) and rice-crayfish-
farming models (RC) was conducted to study the effects of introducing crayfish ( Procambarus clarkii) into
paddy fields on the microbial diversity and the carbon sequestration in soil. The impacts of different rice culti-
vation models on the diversity and stability of microbial community, and the fractions of organic carbon in
the topsoil (0-20 cm) and subsoil (20-40 cm) were investigated. The results showed that the content of or-
ganic carbon in topsoil under the RC was 7.3% higher than that under RM, with a significant increase of
35.8% in the content of organic carbon in subsoil. The diversity of fungal community in the subsoil signifi-
cantly decreased , with a decrease in the index of Chaol, Richness, and ACE indexes of 6.9% ,7.2% , and
8.7% , respectively , while there was no significant effect on the diversity of microbial community in the top-
soil. The RC significantly enhanced the network size , connectivity , and average degree of co-occurrence net-
works for bacteria and fungi in both topsoil and subsoil, thereby improving the stability of network.It is indi-
cated that the RC significantly increases the accumulation of organic carbon and the stability of microbial
community in subsoil , promoting the biological fertility in paddy soil.

Keywords rice-crayfish farming models (RC) ; organic carbon in soil ; microbes in soil ; biological fer-
tility in soil
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