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WE: W THRAMT AR P ABE KN RAER, LRULEET Y FENEL,
BB T AGAR R kARG A 2 AR R T A IAREAR R b CHALER . | EBRAnE &) fo
MAEMBEENNZR. FREr, BITA AKX B ER W TE LM ABREAERR. @
FB. BRB®R. #RAR. 2ARUZEANBRMEAERG ;W E, AR R4AES
7 29.07%. 61.84%. 10.8%. 136.11%. 218.54%. 21.50% Fr 12.69%; #EEXF8H. &
TR A BTG T 2038%. 25.5% o 9.48%, AT BN, FAur A AL AL
# % 3 fin 7 Methylomirabilota 1 Latescibacterota #y £ &, 45 5 7 101.11% Fn 48.86%;
ERWAFEL, BT 4A#ERE ZH 5 T Vicinamibacterales-norank Fn Latescibacterota-nor-
ank W EFE, S BB HET T 22.96% F1 48.23%. A1 LM R, R 40 L
B AOEN R LB % 5 45 # | (Chloroflexi) 2 7% 4 ¥ | (Actinobacteriota) £ 1 2 147 %, i@
FH. ARAR. 28RABANREKRAFITCELF AL, BERMLZARS
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MR, DA B3 3k AR AR 2R 43 WA 40 1) 4L ISR 5 1
KA B W) T G ) B ok 8 B i R A
R R IR AR T2 —, SRR
W AR T T8 SRR R . AR SR R T
T HEAE N, Je i 1 e o B4R
FRUY AR A 2 A VR R A ik T A AR &R 4y
WAYRLER 5, b R AR R W
I, 7 - S P AT A Bl AR, Ui T AR
I AR s B AR e T AT Al S Y, R
W AR AR AR ] B B S BUR PR A
YIEBERCR SRR AR L, SR AR 1 A K
B EEE W KARESS S (R S R )
MR 2R A B M i, 5 WO 2 10 954 57K 43 ok
T FPRL I TESE AR R AR 55 5 7 Yl
FARBAHAERERFR ., W R EHIRE
B, KBS, KRR SCaTH I UM R AR T
KGR RA LR S & R i i, HA R
EjHR 2 43 10 v (A LR G R 1 i A S OE
FH, R R AR 2R 40 I A DL A LR & it S
TKAEFR SR A I &R

S 38 35 7K B 1 T 1 AR IBUK REAR R 0 4
K BUAAHE €835 -5 13 156 HH AX (GC-MS) #1 Tllumina
MiSeq 1=y 3 52 I 77 H2 AR AIF 52 R R 2 A4 BT 485
SEHATK FEAR 2R 4 W 1) & B AR R A TR 2
FEME AR Ak B H 22 (R AH BLAE FH OC R FIsE g, DA
LR PR 5T A 0F A A58 2 rp R Bl e KRB R AR K
B, AR IR S A FE AR L R 4
FHREHR = BRI —E IR S %

1 MESTHE

1.1 SEIEimithsiR

SEI T 2020 4F 5—11 H 78 7 E K 7= B 24 i
FE BE IR K Ol WF 58 o0 3 VLR O 3 5 S H
(32°08'N,120°19'E) #F47 o X3 W7 #y 22 L
B, AEHAIE 16~20 °C, FHEH & 1078
mm, S5 1+ FE N B A (TN) 1 340 mg/kg.
SBE (TP) 71.82 mg/kg. fif & A (NO; -N) 0.78
mg/kg. %25 A (NH, -N) 4.78 mg/kg. Wi 25 A
(NO, -N)0.067 mg/kg.
1.2 E#MR 5T

S5 K A A ML B AR R RE 5055, FRAE NS
RONLLEEENE . ARSI 2 R, — Bk
TR LT B EAF IR B HH (RSC). 55— B by 7k e BAE
xR (RMC). A3 B M ST A R 5 400 m*, H
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r AL AR AR B YR TFAZIR 1.5 m, 98 4 m SLE R
25 1600 m* (I (] 1), KFEFAL N A T 55
M, BECRRAE 4~6 1R, (AR 30x40 cm. K REFE
7TH 12 HIFE#A, 90 1 H OKFERIZEA i
1) ] RSC H A 250 kg £LEEELUF, MRA% N4
40~45 g, KREB A HTAE N — K A B AE Sy £ Hi 3k
JE, N. P,0s. K,O it IE&535%1 0 165, 75 F1 135
kg/hm’, TEFSHE G 1) 20 1 40 d 4538 b — Wit AE
N. P,05. K,O i &5 ¥4k 66, 30 Fl 54 kg/hm?,
FH [B) /8 B R 0 R B, AR LR L 1% 1 e
BIEATHME TR S T A HER I =30%.
HIENT =3%. HK3<18%. MBEi=1%. 5 1%~
3.5%. MILF4E<8%. Kr<11%.
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Fig. 1 Plan sketch of the experiment site
®, @, ®, @, and ® indicated five different sampling points determ-

ined according to the five-point sampling method
13 WK

KEGRFREE G RESRAEN T #
IKFERIEESERTIE W (9 A 10 5F1 10 A 19 5), X
FH S SCRER) Dy i, B Pk ik — R A R A ARl
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2124 KopE OE R 46 45

R FZ eI ESME REUKE Y
NIRRT AR R 0 W o B e i PR 385 19
IKFEMRER IS #3, B 4 888 14, A Espino
KRB E IR E A 3 do AR FREDCALBLE A
SROCIRAAE FHE 3R 12 h, WERMKT BT, &
AL S A EE . ks, RS -
BT AL (GC-MS) T HA HLRR . S 3 1% Ay
FRAEYI R A& . ikt : DB-5MS (30 mx
0.25 mmx0.25 pm); HEFEE 1 pL; FEFRIRE 280 °C;
Tkt 25 (99.999%); Jit 1 mL/min; FEiE
90 °C {4 4F 1 min, LA 8 °C /min J} & 170 °C, LA
5 °C /min F+ % 240 °C, LA 20 °C /min F+ % 300 °C,
1449 6 min; FERE . 280°C; B TIRIRE 250 °C;
B 7 BLIE 70 ev; RIERHE 2072 V; i
0 Bl 33~550 m/z, 2 A HH KA 0 77 i DA ¢
[k S A

1.4 BUBRALIBING it Hh

K H Excel 2020 5 SPSS 24 #4754 i 523
0T, X BRSO 5 A R, O 25 5F
B R AR R 7 22 0 e fpt ST FEAR TR S, JF
HH Duncan [C 2 5 AL S LU A BRI 1) 22 S b 35
P (P<0.05 2255 503, P<0.01 2R EE), 2
AN FF BB AT 1g (x+1) X £ e 4 . 2 J5 ) Ori-
gin 2019 F1 TBtools 2021 #F 17 EIE N4l

2 4R

21 FEOHERKPRADSDIIILS ZEST

St KAGH F ik BRILBR B F 0% R bifi
BARRAEFTNHRE, WRSWHSFEIERR T
BBARINRE—EFEE LB WAL, 25528, 2
FpsE 2T AR AR 43 DA 1Y 2 B T A R 2H 4 3
#Z5 (P<0.05). 5 RMC #itt, RSC BRI
SR I IR T 21.50% (P<0.05), Hi R
SR RN ERERK, piliEE T
136.11% F1 218.54% (3 1), Fifid5 21 BB MR RS T
HPAR TR B RIS I 2 S ke R
RSC MU H &R 4 2 5 2 R Y2 i 4 7K
THEAE B PR AR N 2 TH R (P<0.05), 3% 5 1 WA 7E A
P A 5 5 £ BB R AT L S 4R KRR AR R A I
Ry o, FEERSTHAR. 2dR. 7
S5 TR AN L2 Z R 1) 43 Wb ik

3t K AGAR B ok T AHLBR BBy BR K R 6 R
o) 2 PSR A A ST K R AR 2R 20 WA HLIR
VR i .t 8 i 7K RS T I 0 R T 32 T R A
(F2, £3), XULHME KR AN TE, WA
Sy HLIR K R W RE b TR, 4555
1, 5 RMC M It RSC #2xX rh i & A HILER 1Y 4314
IR TE, XU LE RSC # hK A T LLEH
PR R WA VLRI & &, 5 RMC A Lo il

®1 HIHTRLEERNKFERRDDBEEERE (=20)

Tab. 1 Concentration of amino acids in rice roots exudates in different treatment groups during grain-filling umoL/L
35 abPrge WNEER O HEER OWER SRR RER RaER 23R RRER AR AERLE
stage treatment Ala Gly Pro Val Leu ILe Ser Asp Glu total

S5 SHTH RMC  3.52+0.63* 4.18+1.37° 0.99+0.15" 4.30£0.17* 8.38+1.73" 3.35£0.65° 12.18+3.10* 3.70£1.11° 0.85£0.28° 41.45+3.53"

early grain filling
RSC  2.20+0.57% 2.36+0.70° 0.91+0.06" 2.40+0.44° 6.72+1.83° 2.46+0.30" 12.2243.46" 2.84+0.96" 0.71+0.16° 32.88+4.62"

g JE RMC  3.85+1.03" 3.30+0.48" 0.60+0.06° 1.30£0.30° 6.73+1.81° 0.74+0.11° 1.65£0.39" 3.56+0.75" 8.76+0.74* 30.58+1.34°
later grain filling
RSC  2.40+1.33"™ 5.80+1.22" 0.46+0.20° 1.50£0.67° 10.20£2.99" 1.75+0.27° 5.25£0.69° 2.08+1.33" 7.64+0.40" 37.1+4.96™

T B REARRNS FREERIRTE 0.05 KPEREZE; TH

Notes: Different small letters in the same column indicate significant differences at the 0.05 level; the same below

®2 FEIHTARLBRA I KFER R D HEER X RAF N (n=20)

Tab. 2 Effects of different treatment groups on phenolic acid secreted by rice roots during grain-filling umoL/L
I35 Ab 7 PAEERR X B R HFEHR TR & &
stage treatment cinnamic acid 4-hydroxybenzoic acid coumalic acid total
2SR RMC 24.78£1.26" 370.93+89.01° 130.57+23.67 526.28+110.49"
early grain filling
RSC 21.44+4.94® 282.46+63.20° 89.2849.30 393.18+63.21°
4555 RMC 18.87+4.77° 66.42+27.33° 36.97+15.95 122.25+35.71°
later grain filling
RSC 25.14+2.65° 52.88+15.18° 32.64+11.39 110.66+21.02°
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R3 EXHATELEEXIKIERR DDAV (n=20)

Tab. 3 Effects of different treatment groups on organic acid secreted by rice roots during grain-filling umoL/L
iEg] Ak B FrERIR BRI AR R oRIR IRER AHR SR
stage treatment citric acid succinic acid tartaric acid oxalic acid fumaric acid ~ L-malic acid total

G5 SIHTIY RMC 209.03+£20.75" 11.73+4.68°  267.75+21.64°  344.43+94.98 4.60+0.76° 14.48+3.33°  852.03+99.48"
early grain filling ., .

RSC 161.62+58.80"  10.44+6.99 285.64+124.55" 219.44+159.97  4.36+0.74° 17.44£13.95° 698.94+89.90"
ZREE] RMC  102.32+2.68"  48.9848.61°  75.18+9.18" 152.20+33.49  37.08+3.33" 21.83+3.93"  437.60+40.79°
later grain filling

RSC 79.36£9.91°  47.72+20.17°  121.68£7.11% 197.64+88.80 41.10+3.09"  38.18+11.13°  525.68+102.21°

AR T 12.69%. JCIS AR LS SCHT A &S
RSC #Ex N /K FEAR R 4TI B R 1) S it BRI T EMC
15 (P<0.05), FYJo i FEAL T 9.48%, X UiHH
RSC AT, ATLAW] i AR/ AR R R 14 53Dk it
AN [7) Ak BHASE CXT 7K R 285 S AR 3R 40 W45 A
PURR R RIS 0 & A R IsE A (R 2, 4 3).
5 RMC L, RSC B 7K REAR 2R 43 WA A TR
FERER . LORER Y A P (P<0.05), 43l
PEE T 61.84%. 29.07% 1 10.8%; RSC %
o IR DR HH TR RN A IR 3 I 43 S 8 RMC R T
20.38% Fll 25.5%. 5 RMC =040 [, RSC B
Hh I SR R AN S SR R A b i TR B A K, T A R
TREIREE RN, UK FESS S, RSC A2 hE
A 3 5 A LR 1 b i R B R DR R v T ok
M . SERFR AN A FR Y 2 Wi 5 TR 43 Wb B A 1)
R AR = 2 DR R R AR T 6 SR 2K Y R N A R 1Y
Syt . RMC BEU R KRS B =it 2 414.5 kg, F
174 6 585 kg/hm?; RSC A3 R /KRG M7 H 2 591
kg, ¥ HE 7 066.5 kg/hm?, HH T RMC A=,
RSC #X TF/K A7 it P14 8 17 7.31%. X Ui W]
FERGHI P oin A LT BB MR SR, nT AR = K R 1Y
P
2.2 KGR TIEMEM S RETREME
M

ARIF LI A S AT R B
FUNRPR LR o 2R 0P B -

TEK RSS2, 5 RMC Ml H RSC #E3K Hh Chaol
1 Shannon $§ %4 2 i 2 7K A8 HE 2% 1 28 A% i T 5 o
HAR 22 5 OR B S EJE X 2 AR B T R
RSC # tb F RMC #5:X BB 15 32 =5 /K R AR P+ 581
P Z R o X KRR S SERTE I 2 Pk BAR X
A A DU A 9 7 55 % (coverage) HBTE 92% LA
I+, H Shannon F8¥3& T (£ 4), 53R KM
A YR S5 R A HEAE 0 R B AR, 1R B AL
it 12t O BRI 4 T S 0 45 i P 0 b B o 25 8

A My BE K 4R M T * A Nlumina
MiSeq = 18 it 1 7y 4 A X KRG 45 521 5 WIAR Pr 1+
AT, A ERIRCR e, 7RI TRIE 4326
2P IKF- Wyt o A A AR B R BT 1% 19 Fh
IH44 4 other, Z5HR /R, TE/KFELSSEHT G 2 Fp
AR AR B A IR 1K R — 3K,
A ABTT X E>10%) B9FIXS 3 5 22 8] 17
TE—EZE 5. WEHil, ZRARE, HET]
HARTE ] (26.62%) FIRRFF TR ] (19.43%), 455K
JEi, RMC B ARSAFPRERG T2 % 4 %,
SRR TE T 1] (25.74%) . BRAT#ITT (13.81%).
ST (10.35%) FIARZE R 1] (10.30%). 1fif RSC
BT HA 3R, ABIRETT (22.51%). BRI
7 (17.13%) PS5 (10.33%), MR8 FE
B HA 7.47%, BEALT RMC & (P<0.05), +
JERT 1% W 134E 155, Hrh RSCHEXT
Methylomirabilota(3.62%) Fll Latescibacterota(2.74%)
() 72 B 2 B T (P<0.05), 43 Wil RSC A=t 41

F4 TEIBEDEHRTHED o ZHUEGT (0=20)

Tab.4 a diversity index statistics of microbes in diferent treatment groups

i} 491 SLLE| 1%
stage treatment OTU Chaol Shannon Simpson coverage
S5 early grain filling RMC 7.02x10° 9.81x10° 7.94x10' 0.98x10° 0.93x10'
RSC 7.20x10° 9.44x10° 7.87x10' 1.02x107° 0.95x10'
4550 later grain filling RMC 7.65x10° 9.32x10° 8.05x10' 0.84x107° 0.95%10'
RSC 7.00x10° 9.78x10° 8.01x10' 0.86x10° 0.94x10'
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2. REURSLAE S ST 3 KFERARLE SR 4 RIRILA SR FR

Fig. 2 Species community structure of rice rhizosphere soil microorganisms at phylum level

1. early grain filling of rice monoculture mode; 2. early grain filling of rice-crayfish integrated mode; 3. early grain filling of rice monoculture mode;

4. later grain filling of rice-crayfish integrated mode; the same below

i 1 101.11% F1 48.86% (&1 2), 7E KA A 45 5
#, RSCHLL i % 2 & T Methylomirabilota Fil
Latescibacterota B A A 3= (P<0.05), BRI T i<k
WITHFRE

TEIB 2K b, g5 SE K R AR Br 4 48
MAEWFERT 1% 0P FIa 2280, ik
45.53%; B T 455250 F KT 1% W Fhie >
BT 18BN, (5 H 42.29%, HESCHTH, X 4L Rl

M F BETE 2 PR 2 ) 5 A 22 S, B T 45
Jell], RSC #XF Vicinamibacterales norank(3.30%) .
Latescibacterota norank (2.35%) W £ E# 8 &5 T
RMC i3 (P<0.05); 5 RMC AL, RSC =
A% ] = Gemmatimonadaceae uncultured (2.36%)
FI=ERE, SE4EE T 13.11%; Steroidobacteraceae
uncultured (1.04%) Fl Sutterellaceae uncultured J&
(0.64%) B -FEE YRR T 93.59% F1 87.56% (&1 3)0

100 -= - W Vicinamibacterales_norank B BI1-7BS_norank
90 | B MBNTIS5 norank I Sh765B-Tz1-35
W Thermodesulfovibrionia_norank M Nitrospira
— 80 | B Gemmatimonadaceae_uncultured ~ WM TRA3-20_norank
[5) I
E 0 B B Unclassified Anaerolineaceae_uncultured
s 07 [ - EEm
2 utterellaceae_unculture rdenticatenales_noran
< 2 =—-—--ls I Itured W drdenticatenal k
wy O b
B oS0 60 | m— . s W Vicinamibacteraceae_norank W Subgroup 7_norank
H B — —
£ g 50 — = = NBI1-j_norank Subgroup 18_norank
ﬁg B SC-I-84_norank B Sphingomonas
=)
&R 2 40 B MNDI B S085_norank
<
I ] B Latescibacterota_norank SJA-15_norank
N 30
= W Subgroup 17_norank W mlel-7
[}
= 20 W Steroidobacteraceae_uncultured B Bryobacter
™ Rokubacteriales_norank W Pedosphaeraceae_norank
10 B Defluviicoccus I KD4-96 norank
0 W Subgroup 22 _norank B other

1 2 3 4

&3

IKFERPR IR E MR 57 3K F LRV EE R 5492 57 (& (n=20)

Fig.3 Species community structure of rice rhizosphere soil microorganisms at genus level
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AR L3E A 4 Beta % AR £ F A7 A
T T i 2 Fah B 27 K REAR B+
YRR SR LR 22 Sk, X 2 R S K R G
SEHIF I E K9 OTU {HHEAT Tl 731 (PCoA).
PEHL 2 B 4> PCol F PCo2 MR . 455 Bs,
GECHTWY, X 2 PRI AR S E S —

0.05

—0.05

PCo2 (17.65%)

—0.10

—0.15

ERNINC NN I NI )
NSNS RPN Q°
PCol (42.9%)

A, Ud TR 2SS A K R AR PR i A P Vs 4 1
T HES; BT AR, X2 M AR
i Z RS AR, HICE & (151 4). Xt Ikl
& LB BN AERS IR AR RO RN, AR R AR B
T R v 4 R 2L 1Y 2 e e o A 35
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—0.02

PCo2 (19.21%)
(]
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005 0 005 0.10
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El 4 TRCEEN TOKERR IR E DR LEIDH) Beta SRS

Fig. 4 Beta diversity analysis of microbial community structure in rice rhizosphere soil under different treatments

23 KFEIREAMEMSIRA DB Z EHIHE X
Mot

MKFFE L KAGREZ S E A6
Ha K AT TETRY K e BCE BERT 5 AAE
PR TSR WA SRS AT, A5 R BOR
WRARSWHEAER S ES D ESPHETITERA D
ERORHE, (BREREAR. 2R, MEERH
M2 . 7 RN IR S S e T IR ]
BERFEAAHG; AVRAENSWESSRE R
U T 13 52 3 M OGN AR S 4%
BT T ] 2 B E G, TSR] 52
WEIEM; SRR S5WARNEMNIEGHR, 5
LRASTAT VRN 1 1 5 3 TR A e (181 5),

S KT F B KAGAR R 4 ik dh & E X 1) 8
H8 K M AT FE @ B 7K Lk B BE T 10 1
& 5 M R W) Z RSO SC R A, AR B,
WA RS 2 ZE R 5 & 5 Vicinamibacterales-
norank JB 2 R FEIEMC, MARAMRN G2 EE
TG XPREERHER . A SRR R S (Y )
Wi 5 SC-1-84-norank J& 2 .35 1E M OC, Dok R
W5 SC-1-84-norank J& 2 B & A ¢, I H¥ER
PR A H 2R 1 43 W i 78 5 SC-1-84-norank J& 2 1%
UM G PP Y 4y Wb i 5 SC-1-84-norank
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JE 2 W EIEAG, DRI AR I /WS S5
Sutterellaceae J& 5 . UM (K 6), X ERIAMR AR
I3 WA B AR 20 43 % 3G W RS2 AN TR,
A1 B N 22 2 R % it 1Y T R 2 2 3L Vicinamibac-
terales-norank)& W HE - BEI FH i, SERIR . Dok
R 5 2R % B 1Y T i 2 S BUR R 1A SC-1-
84-norank J& HEFFE R

3 i

31 FEMRHERKXMKBRASDENR,. &
ELBL AN ER S BRI 720

R A e A A R A L Bl T LR A A T 4 4
AL Ty, RS AL ) SRR R I )
(1435 1 AL DA DG AR T A XA AR 3
AT R HERE AR SR B, AR RS A AT
DA 35 4 e A 38 v 25 8 AT 3R A TN AT HIL B
T, R A, AT A T A A
HE T3 o TR AR R AN [] i HE 4 47 AR 2R 230y Y 1
FERIL, TEHFECF AL A5 F R K AR 28 70 i
APRK S B ZEERIEE T, K
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Fig. 5 Correlation analysis heat map between the abundance of phylum level and the content of rice rhizosphere exudates
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Fig. 6 Correlation analysis heat map between the abundance of genus level and the content of rice rhizosphere exudates

1. Latescibacterota_norank; 2. Thermodesulfovibrionia_norank; 3. NB1-j norank; 4. Sutterellaceae uncultured; 5. Steroidobacteraceae uncultured;

6. SC-1-84 norank; 7. Vicinamibacterales norank; 8. Vicinamibacteraceae norank.9: MBNT15 norank; 10. Gemmatimonadaceae uncultured
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Effects of rice-crayfish integrated model on root exudates and
microorganisms of rice during grain filling

TAO Xianfa!, LIBing? YU Zhaoxiong®, HOU Yiran>, WANG Long', ZHU Jian ">

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China;
2. Key Laboratory of Integrated Rice-Fish Farming Ecology, Ministry of Agriculture and Rural Affairs,
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The traditional rice-crayfish coculture systems may develop a novel sustainable agriculture by clarify-
ing whether crayfish is serving as a stimulus for rice growth. In order to investigate this mechanism, the experi-
ment selected Cherax quadricarinatus as the cultured species and compared rice root exudates (organic acids,
amino acids and phenolic acids) and microbial community structure in integrated rice-crayfish farming
(RSC)and rice monoculture (RMC). Gas chromatography/mass spectrometry (GC-MS) and Illumina MiSeq
sequencers were adopted as the research method. The results showed that the secretions of malic acid, tartaric
acid, maleic acid, isoleucine, serine, total organic acids and total amino acids in rice roots were increased sig-
nificantly in coculture system during the grain filling stage, with the gap reaching 29.07% ,61.84%,10.8%,
136.11%, 218.54%, 21.50% and 12.69% respectively compared to the control group; The total amount of p-
hydroxybenzoic acid, coumaric acid and phenolic acid decreased by 20.38%, 25.5% and 9.48%. In the hard
dough stage, the abundance of Methylomirabilota and Latescibacterota were increased in integrated farming
system by 101.11% and 48.86%, respectively; At the genus level, the rice-crayfish integrated model signific-
antly increased the abundance of Vicinamibacteria-norank and Latescibacterota-norank by 22.96% and
48.23%. Correlation analysis showed that the total amount of organic acids and phenolic acids secreted by
roots were negatively correlated with Chloroflexi and Actinobacteriota. Similarly, tartaric acid, isoleucine,
serine and total organic acids were negatively correlated with Actinobacteriota. In contrast, tartaric acid and serine
were positively correlated with Vicinabacteria-norank. In conclusion integrated rice-crayfish farming could signi-
ficantly enhance the secretion of organic acids and amino acids in rice roots and tap sufficient carbon source for the
microorganisms of Methylomirabilota, Latescibacterota, Latescibacterota-norank and Vicinamibacteria-norank,
thus to stimulate their accumulation in rice rhizosphere and accelerate the release of soil nutrients. These findings
provide unique insights into how positive interactions between crayfish and rice root properties in terms of effi-
cient nutrient absorption and how modern agricultural systems might be improved by boosting grain yield and
quality.

Key words: Cherax quadricarinatus; rice-crayfish integrated model; root exudates; rhizospheric microorganism;
grain filling stage
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