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Fig. 1 Schematic overview of study area
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Tab. 1 Latitude and longitude of different sampling sites

Fh AR 2 I 1) ZEE HEN
Farming modes and time Longitude Latitude
IKFEGHAETRF 113.4965° 29.9908°
FEWF 234 FhF%2a IRCC-2 113.4919° 29.9945°
FEIF S & Fh 7%4a IRCC-4 113.4889° 29.9926°
TR 25 & i #:6a IRCC-6 112.5809° 30.4716°
FEIF £ & Fh 9% 10a IRCC-10 112.5755° 30.4657°

N). TEAHAS % (Nitrite nitrogen, NO; -N). & i (Total
phosphorus, TP). # X (Rapidly available phospho-
rus, AP). &% (Total carbon, TC)F1 = A L% (Total
organic carbon, TOC)%5"",

TIERAE P TR R ) AR i
I DAPLEEAT 420, H A A H (X (FACS verse, BD)
7£360 nmiUR WK 1460 nm k5 ik K47 50

K v 88 &0 - 2 AR (11lumina Hiseq) X 13873
A WD RE B U 2 AT 23 B, DNASE IS #y
PCRY M3, HAAL IR 225 SCHR[8]. TN 43 21
734 QIIMETi% J& , FI SILVA 132855 1 LL97% M
S SCRF BB 7 911447 EEXT
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Fig.2 Schematic of sampling point
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10, PRCAITRCHETOC & B2 i 184 b, 2 b B
TRC-29 L HETOCE E K T TRF (P<0.05)%b, HAih
BT TRF,

+ 3P TN, NH; -NAINO, -N& & [t fh 77 46 )
BT, B A 5 A (3.01£0.25) g/kg (TRC-
10). (50.79+2.12) mg/kg (TRC-6). (0.55+0.10) mg/
kg (TRC-10)(& 3C. 3EFI3F). FRPRC-21-IETNG
TS R T TRC-24b, HoAth B 77 42 BR A HH A L8 TN
NH; -NUL & NO; -N7 & 3 3 4 TRCK T-PRC (P<
0.05). H, PRC-2. TRC-2HIETNFINO, -N& =
5TRFTG & % % 7 (P>0.05), PRC-2. PRC-4. PRC-
1013 TNE & 5 TRC-2. TRC-4. TRC-10E &3
Z5(P>0.05), PRC-2. PRC-10/INO; -N& & 5TRC-
2. TRC-107G .3 % 5%(P>0.05)

W ot 5% 4F BRI 38 0, PRCHYNO; -N sk B
fiX, TRCH'NO; -N& &= 8N J& F#4K, HPRCS5TRC
ZESIREIN, Bom E HBIETRC-2 (7.75+2.54) mg/
kg (K 3D). F&PRC-104h, PRCH3E A NO;-NF &
P& T TRE. TRC (P<0.05); TRC-2. TRC-4%% % &
FTRF (P<0.05), TRC-6. TRC-105TRFZ H A .
# (P>0.05).

TP Fr 2 i Fob 77 4 PROZ BT 38 m, AP & U
SIS E AR &S (B 3GHI3H). AFFIF
SFEFRPRC. TRCEIETPH & 5 TRFE R # % 7
(P>0.05). PRC-2. PRC-4 MITRC-2. TRC-4. TRC-6
+ AP B B # & T TRE(P<0.05), PRC-6. PRC-
10AITRC-105TRFZ 55 A 2. 34 (P>0.05) .

TIEFR D CRA IR (DBE LR A M IR R T
BT, TSR A Rl IR S ORI N RS IR, 7
H4. FME10F N EE THIREE 4).

22 TIEWEVREERSENSIEE

MEMEEAR W SR, ARFIFRE
PR H LA 2 A [F — N E R, &SR
Tor 50 TG ¥ 2 7 5 (P>0.05)

MRAE YRl e 45 51, B 6J# s T E 1 AT 15K
A AR W R B A X B, Hh AR
Proteobacteria. P& #T [ Acidobacteria. %% 1% Chlo-
roflexi. Ji £k 7 Actinobacteriaft 1 77 5 44 % 4L
o AR TR TR AFRT 3 5 I A 4 A PR P G 028 5
JISZE A 1A X = B U 92>

IR YRR F A 88 11 R Alpha % #E 1%

PSR B (AWCD) J it T - 38 4ol A= P 8 7 X
UM BRI 09 A FH RS 3 A AR BHE M A 4k . /] 7
7R, AWCDFE 3 4= 9 15 5% i 18] (1 4 K i 384,
0—72hiV I 14 i1, 96h /5 3 K TF s . 45 KK
B b 77 A PR n, = 3Rl AR et B U R FH RE 0 S T
15 J5 B A, PRC 338 4ot 28 W ik K1) FH B 0 28 1w T
TRC, B 44y AWCDpre,>AWCD > AWCDpre.s>
AWCDpgc.¢>AWCDpre. i W WCD 1R s> AWCD 0>
AWCD1pc.6>AWCD1re 10

K 30 INAWCD,, 5 HEFh 7 45 R (1 38 fin 2 47
R, 3 s TRC-2RI TRC-41) + 343 2E ¥ AWCD,,
5TRFL & 3% % 5 (P>0.05), PRC-2F1PRC-4f] 1 15
AP 35 FE 4R B 5 TRF TG 5. & 22 53 (P>0.05) . [ifi
FhIRAEBR B9 0, AWCD,, FH 2 8 P41

BT AWCD, B i A= s R 8 64T 32 1k
93BT (B 8), 159 27N RFAEAE> 1 32 sy, REA
[F) b 77 4 B 38 ik 2B A B R i R D BB ) 2 7R
Ko B FE AT 56 KIE3VR AR IE I AWCD,, 38 1T
FHIME AT, R BAPC 1 far {E & F-0.5 B I A 18F0,
BAEOFIRESS . SPRERZ. AFVEILERZL . 2R %
KA. BT LVEH, S s E R B 25
16T AT B . BRI R R IR
TRFI A AED T

I L 168h 3R i 6 KR BRIRC-RAE, K I
PRC-2FITRC-2 T 3855 AE W) B A B i (1) 65 ik YA
BHRE 77, 2 e W A 7 A B A 8 388 i A= s A
B8 71328 FEAR (B 9).

x2 TREMFERDIBOBUIDIRCEIEHTER, 1=3)

Tab. 2 Physics and chemistry indices of soil for different farming times (mean+SE, n=3)

Fﬁ FHIRAEIR KR ETRE FRUFEE A& F 97 IRCC

ndex Farming time 24F2a 4%F4a 64F8a 104£10a
pH PRC (7.3240.13)° (6.960.07)" (6.54+0.06)° (7.26£0.18)° (7.77£0.11)"
TRC (7.78+0.13)" (7.770.16)"  (7.62£0.10°  (7.55%0.16)°
15 % Cond (mS/cm) PRC (1.90+0.03) (1.84+0.05)" (1.82+0.01)" (1.82+0.01)° (2.16+0.08)"
TRC (1.90£0.02)"  (1.95+0.05)° (2.05£0.05) (2.08+0.05)°

“IKEMC (%) PRC (30+2)’ (3243)" (31x1)" (39+3)' (42+4)"
TRC (48+43)° (41£5)° (53£7)° (55+2)°

1 =S8 E _Ebr 8 R 2% 7 23 (P<0.05)

Note: Different superscript letters in the same parameter indicate significant differences (P<0.05)
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% KRR A, R LI HURR A B A e ™
T A AU S T 2 R YRR
TRV, 7E o g i AR SR R T R
FEEEA T, Biolog-ECO%E H iR, B I 4F
PR T = 3 A= %o B I T R FH i 0 38, T e B A
FRAE PR FRAR 1 B2 22 B P R LT IR 190 1) FH g
J1o XK, TEREN ] IRCCHL T, 3R
PIHACHTE MRS 2 1 L, 1X AT BE W KB 1+
KIS EA MUK & =, 2E R SR R Y s
o 5 EAMR—E, AR R FRE R I3 R E Xt
BRUEFI F R A 40 SV FE s A A 2™
PEI R A BB E IR RIR . —, R R =
FESRFFH A8 7, U B R 1 ] SR A8 = 1
A BCE R AL ), N R . R
FrEEEE M. WK FHEIEFRENRER
I, AR FEIR R T« KRR AE K,
S EYIE A IR A N CH, SR =R
PRSP RRT AR, & Y R IR AR R I IRCC A 3
A Re g pRs A T g R AR, XAMNE
R F KRG AR, BF BT FFRRE = SR B HE L
B, I, & ERMIRCCT M AN B A K
T B F FH g

4 g

AR ER G R IRfe TR LR R A, S5
THEFRYRKERR . PR, K. YR
BEE IR IR ISR 2 ETHEY, HIER G
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n, IR 2 A VSR HOZ TR, HS iR
MBI LT R FEAR. BEAh, AR IRER ) £
BN R EYR . B RRRME IR R

R3 TREMFFERTIFMEDT2h AWCD R IRES M iEhR

Tab.3 AWCD and functional diversity indices of soil microbial community in 72h for different farming times

e #FrIndex TRF PRC-2 PRC-4 PRC-6 PRC-10 TRC-2 TRC-4 TRC-6 TRC-10
AWCD;, 0.643° 1.044° 0.910° 0.458° 0.315° 0.645° 0.646° 0.300° 0.138"
o 3.147° 3.169° 3.184" 3.030° 2.760" 2.955° 2.981" 2.766' 2.586°
D 0.048" 0.047" 0.047" 0.077° 0.058° 0.062° 0.059° 0.079" 0.094°
J 0.751° 0.793" 0.805" 0.562° 0.714° 0.711° 0.680" 0.530" 0.531"

1 =S8 E _Ebr 8 R 2% 7 23 (P<0.05)

Note: Different superscript letters in the same parameter indicate significant differences (P<0.05)
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INTEGRATED RICE-CRAYFISH FARMING ON SOIL FERTILITY
AND MICROBIAL COMMUNITY

XU Yuan-Zhaol, SONG Qing-Yangz, WANG Huiz, YI Jian—Huaz, BI Yong-HongS, MI Wu-Juan’ and SONG Gao-Fei’

(1. Changjiang Basin Ecology and Environment Monitoring and Scientific Research Center, Changjiang Basin Ecology and Envi-
ronment Administration, Ministry of Ecology and Environment, Wuhan 430010, China; 2. National Key Laboratory of
Agricultural Microbiology, Yichang 443003, China; 3. State Key Laboratory of Fresh Water Ecology and
Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: To investigate the effects of the IRCC on soil fertility and microorganisms, we compared the effects of
different farming time (0 years-Traditional monoculture rice field, TRF; 2 years; 4 years; 6 years; 10 years) on the
physicochemical properties, microbial diversity, and carbon metabolism capacity of the soil. The results showed that
the IRCC increased the fertility of paddy soil, with higher levels of TC, TN, NO;-N, NH;-N, NO;-N, and AP
compared to TRF. In IRCC fields, the nutrient content was higher in TRC than that in PRC. Additionally, the content of
TC, TOC, TN, NH; -N, NO; -N, and TP increased with longer farming time, while NO; -N and AP increased and then
decreased over time. With extended farming time, no significant differences were observed in soil microbial quantity,
but the microbial diversity indices gradually decreased. In PRC, the soil microbes showed a higher ability to utilize
carbon sources than compared to TRC, with the order being AWCDpgrc.;> AWCDgp>AWCDprc.s>AWCDpre.6>
AWCDprc.10 and AWCDrc.4>AWCD 1R 2> AWCD 1.6 AWCDrgc.1o- The results indicate that the IRCC mode,
with an appropriate farming time, is beneficial for improving paddy soil fertility, enhancing microbial diversity, and
increasing carbon utilization capacity. However, long-term IRCC farming (beyond 4 years) has adverse effects on soil
fertility and microbial carbon utilization activity. These findings provide a reference for achieving the healthy and
sustainable development of ecosystem in the IRCC mode.

Key words: Integrated rice-crayfish culture; Farming time; Soil fertility; Microbial community; Carbon utilization
capacity; Procambarus clarkia
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