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BT S BB AR I PEAT HLER L SRR U e AU A DG A . S5 IR R MR KRR SRR i
WIAIAFURAh AN LOC T & 53 25.86%~39.13%, 13 MBC & 2 155 96.54%~105.73%, 3£ POC %
A 92.24%~132.32% (P<0.05) . -3 B-XYS i P AKX 29.35%~59.74% , ACP {ifi 4 P AL 41.64%~59.12%
(P<0.05) , Ifif NAG {5 1 #5¢ 7K 8 BA VR 5 X T 75 29.04%~98.86% (P<0.05) . Pearson 23 1 ik 7% , 3 LOC 1.
ROC .MBC 1 POC 5 pH , TN 1 TOC &% i 2 1E 4115 (P<0.05) ,DOC F1 C/N 5 pH F1 TN 5 £ A 54 (P<0.05) . 75
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L FCRE PR BRI |, I R VT R AR AR 57 A9 A 25 3
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1.1 RIS

TR I A A R T = A AT,
b FVEDOT B b 2 RS () R AR A R A8 0
A X e S T A A BT R XU L 4R
F-HA R 16 °C AR KR 1100 mm, £ X 5K
T 2017 4ETFAAAE T FRAF , 1050 1 e g KA
4o, R EIR . pH 6.9, B 2.44 g/kg, 1
ML 28.59 g/kg'.
1.2 =it

M oK A AP S R WAL 31177 (Oryza
sativa) , 3R WF 8 78 G R B U (Procambarus
clarkii) AR /NEEE o 00 3 B KRR HAE X
(RM) FIFEFHE (5 [Q LB HR ) Fp R0 (RC) 24 b
LR E 3 E R e, Hd KA AE
FECHIAR R 0.25 h?, Fike 7 Ao —Z= P g, & 2=
Fili FE o 8 i EHABE 2 5 e MR 28 45 P o A T B
2.5 hm?, B4F 3—5 H /N R 256 1, (8] 45
MR H U B 850 & R 375 kg/hm?, )RR
41875 kg/hm?®, 6 H I AT 7€ LA £5 , S8 J5 2E 47 HE
IR EEH AR, K RIFEARATIE S 16 cm>30 cm),
Tt A8 B % PR 2150 kg/hm?, B 2 — %k 225 kg/hm®
JIEHE , TR WA 7 BEM 2B IE 1 9, GBI 5y
75 kg/hm’. A ARIE 47 3 #1H0 B AR AL TRy
AR o KA CH] 5 HE K R B A b
F, B AE = B2 30 emo BR/NJRERFRAE AN A AR 57
B 5 KA PR 2 B A A By SRR AC AR )
1.3 HmXE&E

2021 4F 12022 4F T /K A A= W 1) (7 A < 73
BEW, 0 AR IR 10 A - BUBV) SR A RS B
JZ 23 (0~20 em) , R 5 i BURE 75 45 DR 1 2R
B TIRIR N VDR . FERL SR B, 50 B AT HR
UL P Sl ) B AR A PS5 2 I, T T 3 XU
EAb AT KT
1.4 #EHRE

3 B A BAR M BT 4 pH L A BLK (TOC) i
SVEC(TN) SR R e Al 43 A ) b 9 O i gk A7
W o 5 B f# A WAk 1 (Labile organic carbon
I, LOC 1).% KA Lok 1 (Labile organic
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carbon Il , LOC II ) Fi Xt F% i A Hl Ak
(Recalcitrant organic carbon, ROC) % H4
ROVIRA 4 W) 7 {8 HAE UG M 2 o BT
) -3 i 25 2 H AR I 5, B 0.5 g, fiEFH 2.5 mol/
L H,SO,, 7£ 105 °C T 7K fi# 30 min, illl & I3 W
R FLER & =, BI LOC T & & B4t + i 7k /8
PIfinA 13 mol/L H,SO, ¥l % 1 % J= , HI 5 8 77K
B R BE 2 1 mol/L, FEAE 105 °C T /K fig 3 h, Il
FE FIE W A LK F A, BRI LOC I & & 5 9
A EE YR TS I SR Bk o, B
ROC & . KA Pk (TOC) >k H 4% R £ b
T BRI, AR W i (MBC ) >R & 05 22 7%
P, % il A ALER (DOC) R H 1:2.5 iy /K
= Fb B O, 0K AT LK (POC) 2R H 7S i
TR M 5 R A L 5

MRE T 435 B-AWHTF(Bxylanase, B-XYS) .-
A (B-glucosidase, B-GC) . LBt I b
i (B-1, 4-N-acetylglucosaminidase, NAG) |+
F IR HE K (Leucine aminopeptidase, LAP) F1fig
4 %% 2 i ( Acid phosphatase, ACP )., B-XYS
PEFN B -GC ¥ M ¥ DL & o KU 4 B B K A AR
1 pmol X - 5& % My & Lok 14> Bl 36 S A
NAG ¥ P 1 LAP 3 4 L4 50 KT A K A
S 1 nmol XA EEARIE SR 1N B ACP T
PR s K EREEERAE AL T umol 33 M 14 il
TGN,
1.5 HiEAESSHT

K e K 50 FE P R T A R AR 1) 22 5
SR LK 27 25 43T (One-way ANOVA) LA
] AE 4 W 2 18] Y 22 55, SR HH Pearson #H 5¢ M 43 #r
A HLERA 5> 5 EEE TR OC R . Giit R R
4.3.1 N “rstatix” Al “stats” 4, , 1E & & A Origin
2019 Pro, MK FI5 B R P<0.05.

2 HER50Hr

21 AEBEEXTEREMEREEIRAS

A TR R AR A X B A M TR 1 TR
2021 412022 4F , M T /KRS HAE , FEERAD IR £
$E pH $E 5 9.30%~13.60%(P<0.05) , TN 7 4
65.47%~104.21% (P<0.05) , TOC & # & &
24.16%~45.43% (P<0.05) , ifii + & C/N F [%
25.55%~30.00%( P<0.05) .
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x1 AEEEER TEELER
Tab.1 Soil physiochemical properties under different
rice cultivation model

AEA ECHz GEL LB KRR AR P
Year  Parameter RC RM
pH 7.77+0.06 6.84+0.29 <0.001
TN/(ghkg)  3.88+0.24 1.90+0.70 <0.001
TOC/(glkg)  47.12£10.68  32.40+13.70 0.014
CN 12.1152.44  17.30+5.23 0.014
pH 7.76=0.17 7.10+0.12 <0.001
TN/(ghkg)  3.69+0.26 2.23+0.65 <0.001
TOC/(glkg)  56.23+7.14  45.29+13.1 0.043
CN 15.24+1.59  20.47+2.58 0.001

XA A R AR AL X A e e 20 7 FR AR R AT T 40
Br(3R2) . FHE TKFE AR, R IFF IR 1 LOC
[ &4 25.86%~39.13%(P<0.05) ,MBC %
P25 96.54%~105.73% (P<0.05) , POC & & 2
92.24%~132.32%(P<0.05) .

22 TEBEAMRREERESREKREEIKS

TEKRFE AR B 3 AR R, A5 4 e
e 1 s o BT (R) R R FR 3R D I
+ HE pH K RS AR TE R 8.20%~16.48% (P<
0.05) , H. R HFFf 5% 4 18 pH 78 2 K 0 00 8
A5 Ak, T K RS B A HE pH B T S R

O r

RC
RM

=3
(=1

RC

D
(=]
T

58]
(=]
T

(=1

filk
Total organic carbon content/(g/kg)

FI. F2 F3 sI S2 83
(©

R . AH B T KRS B AR A 0 A R 1 1
TN & & 7+ 5 56.83%~152.51% (P<0.05) , H.7§
IRAR SR BTN S A KN T W A2 1,
e R b 55 4 498 TN 2 BB i SR AR A A 3. A
R AP % £ 58 TOC & & AH 3 T K i AR Tt =
25.76%~77.49% (P<0.05) , H. — % ¥ Bifi B} [a] ¥
BRI TREE, A, R R IR LY
C/N AL FKAEBAE A AR K I N — % 22 7t
AN

F2 AEBEENX T ERAD T
Tab.2 Characteristics of soil carbon fractions under
different rice cultivation model

AEy

Year f6h5 Parameter  FHUFFPFRRC  KFEPAERM P
LOC 1 /(g/kg) 9.92+1.07 7.13£1.60  0.003
LOC I1/(g/kg) 9.08+1.08 7.79+2.43 0340
oo ROC/(g/kg) 28.12+10.69  17.48+12.09  0.050
MBC/(mg/kg) 151.246534  76.93+22.52  0.012
DOC/(mg/kg)  101.72+58.72  187.77+106.21  0.063
POC/(g/kg) 9.20+2.10 3.96+1.57 0
LOC I /(g/kg) 9.15+0.78 727232  0.047
LOC I /(g/kg) 7.68+2.24 7.94+227  0.806
ROC/(g/kg) 39.40+5.92 30.08+10.38  0.033
2022 MBC/(mg/kg)  198.65£109.53  96.56+30.79  0.013
DOC/(mg/kg) 32.13+11.04  48.13+7.64  0.003
POC/(g/kg) 6.94+1.46 3.61£1.24  <0.001
or RC
RM

A~
&]
Total nitrogen content/(g/kg)

WA C/NMY%

F1 F2 F3 S1 S2 S3
(d)
F1.F2.F3. 2021 4F 5 BEI] 2021 47 il EI0] . 2021 4F U0 5 S1.,52 .83, 2022 4F ) BER] 2022 AR REAYT 2022 4F ] .
F1,F2,F3. Tillering stage , Heading stage , Maturity stage in 2021; S1,S2,S3. Tillering stage , Heading stage , Maturity stage in 2022.
E1 ARAEKPLSEBAER

Fig. 1 Soil physiochemical properties at different cultivation stages
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ANFRBVER T, SR HLAR & AR 1L
WE 2 fin . AR, FRiFAh R 3 L0C 1
B BK G BAETF S 26.73%~55.04% , H 16l
R0 A 22 5 8 (P<0.05) . e R 77 £ 39
LOC Il & & 5K R AETC 3 22 572, M Ag AR Fp 77
14 ROC BOKFE HAERI T 5 64.18%~182.19%
(P<0.05), H Bl & KIAHER , PiA AR ROC

16 -
RM
= % -
<HI ED a abc 4 a ab abced
_— . + abc
= abed
2s “ila bed
]
&»—1
8 4
s
80
RM
5 2 6o L
§‘:§§060 aa.bc
= £ abbcd abc_, abc
Tz Yrdi cde d
£ 3 def ¢
O ef
& g 20 f
g
0 1 . 1 1 1 1
FI F2 F3 SI S22 S3
(©
500 -
RC
— RM
iy &£ 400F a
G 2
E < 300t
g 5
S § 200t ¢ D
3 dg
g 100F 'y de de dede

F1 F2 F3 S1 S2 S3
(©
F1.F2,F3. 2021 45 B 2021 AEAMAEIA | 2021 45 U 5 S1.,52 .83, 2022 4F 4R BE 2022 A A 2022 47 s .
F1,F2,F3. Tillering stage , Heading stage , Maturity stage in 2021; S1,5S2,83. Tillering stage , Heading stage , Maturity stage in 2022.

B2 AREBEEXTLIEANKRASESE

Fig.2 Content of soil organic carbon fractions under different rice cultivation model

2.2 TEURFIRXS L EEEEE MR

AN TR) Ak B 4 S8 il 5 7 1) 4 BT 445 SR 3
7N o AT KR BAE 2021 4 F1 2022 4F 5 56 1)
6] A5 AR AP % + 3 B -XYS FI ACP 7F 1 F& 1%
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P PR (P<0.05).

FEF AR % 1= 58 MBC F it 76 43 BE W = T /K A
AR (P<0.05) , T 75 i1 A 401 0 8 00 Wk 3 2
S TRIRAP IR I DOC 2 2 7 Hh A 0 a2
T KRR AR (P<0.05) , HBE & B K IR,
DOC & H iAW 5 o AHAS T /KR A A R b 5%
13 POC &5 T+ 61.98%~282.24%(P<0.05) .

16 -

RC
RM

—_
(3]
T

LOC Il content/(g/kg)
~ o

Dy EARAT LR TT 5 1

(b)

RC
~ 480 RM

IS
(=]
(=)

[95]
[
(=]

Ay
MBC content/(mg/kg
[}
=
(=]
o
(e

80

MR DR &
POC content/(g/kg)
(=) N el
)
&
—
(¢]
——
Ne)
o
——
" O
a
——F
o
[¢]
——
g

FI F2 F3 SI S2 S3
®

29.35%~59.74% Fil 41.64%~59.12% (P<0.05) , 1fij
NAG 7 1 TH 55 29.04%~98.86% (P>0.05) . F& #F
Pl 3% 1 18 B -GC V- 36 HEAR F oK R B4, HLAE
2022 4R B i 2 7K P (P<0.05) o
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®3 TREBERK LIREEENE

Fig. 3 Soil enzyme activity under different rice cultivation model

SEY Year fii 2% Enzyme FRUFFPFE RC KRG HAE RM P
B-XYS/[ wmol/(24h-g) ] 1.98+0.42 2.81+0.49 0.001
B-GC/[ wmol/(24h-g) ] 4.20+1.78 5.07+2.50 0.407
2021 NAG/[nmol/(24h-g) ] 13.88+5.99 6.96+4.50 0.014
LAP/[ nmol/(24h-g) ] 3.65£0.63 3.43+0.48 0.436

ACP/[ wmol/(24h-g) | 8.24+1.65 14.12+2.59 0

B-XYS/[ wmol/(24h-¢) ] 1.35+0.42 3.35+1.22 0

B-GC/[ pmol/(24h-g) | 3.18+1.00 6.78+1.52 0
2022 NAG/[nmol/(24h-g) ] 36.36+3.89 28.18+7.98 0.014
LAP/[nmol/(24h-g) ] 3.59+1.09 3.64+0.57 0.906

ACP/[ pmol/(24h-g) | 7.06+1.38 17.27+2.31 0

23 TEFNBRASERERFHXR

X 4 A HUAK 4 73 5 PR 58 R 7 £ 4T Pearson
AT (E13) 45 5 woR , fF -8 LoC 1
&5+ pH . TN . TOC .ROC 1 POC &£ IE A %
FF (P<0.05), 515 C/N FIDOC 5+ 5L 77Uk 56 56
% (P<0.05) . ROC & # 5 TN, TOC.LOC 1 #
POC % 1E A 56 € £ (P<0.05) , MBC & & 5 pH.,
TN.TOC,.ROC I POC * 1E # 5 5 & (P<0.05) ,
i DOC & & U] 5 pH . TN . TOC .LOC 1 ¥J & i
X% 5 & (P<0.05) . POC % & 5 pH. TN, TOC,

@
e

ST SIIOION
QT O LY
< \)O\)O

&3

¢
&OOQQ;‘”%

O

LOC 1 ,ROC fil MBC £ 1E #1 % 3% & (P<0.05) .
AN, H3EC/N 5 pH TN FILOC [ &S 7
KHKFR(P<0.05).

+ 5 B-XYS 5 TOC F1 ROC £ IF A K K &
(P<0.05) , B-GC 5 DOC & 1FE #1 5% 3£ & (P<
0.05) . NAG 5 TN,LOC 1 HIPOC & iF #% %
£ (P<0.05) , 1M 5 C/N 2 1 f KL K & (P<0.05) .
ACP 5 C/N.DOC £ IF /56 & (P<0.05) , 1 5
pH.TN.LOC I .LOC II f1POC £ fi#f3 &
(P<0.05).

1.0
0.5
0
-0.5
-1.0

* P<0.05
** P<0.01
*E% P<0.001

(ORI

S g O R

o %Y' \)Y'

TEANBREAS EMERFHXFE

Fig. 3 Correlation analysis of soil organic carbon fractions and environmental factors
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3 e

3.1 FEERFIEI T IEEYSRA SRR

FE U A 5 2 — B 22 T i A ) A Sl R A
eV AR T A — M —
MU LA o BIF 5 e MR o 33 % = 8 B Ak o %
A R ) 55 i) 2 R AR A 7 A A T R
LRI

ARG GG BN R R IR & T 1 pH,
XG5 R R AR5, XA RES FRE I
it FH A A BRI K A G, 5k B Tt FH 2
BT RE S B - R, T RS AR R R AE B TR SR AT
ab AR 2 H R AR KR T K SR, T BB E
SRR AR REERFP IR & T L TN
i, X ] B R R AN R AR S e A SR I
(R ) A G AR, 1SRRI, f
IR IR B AR A 5 (295.07 kg/hm?) 27K A
PANEEIE 4 A (140.10 kg/hm?) (9 PIF5 LA B
FRURFR AT N T 14 TOC & i, iX 5 R 24
WFITLs T —8 . SR, A IE K B, R A IR
WE AR T R H A O/N, 5 2Z 0 58 45
SR B X AT RBIE P Z HT AR SE 2 AR KR
WCAR I R A - SR i, I B 1 - HERE AR 2 K A
TR 140 5% M A5 K, T A P 5 A ARG P e 0 [ o 52
22 - 398 C/N, 235 2 b s e R o 77 43 B 300 R 4 7R
48 O/N I AR T KRR . 3k T e 5 R GE
ISR A G FRFE IR C/N D ERIZK B 4%
A AT RS IR T8/ C/N,

FEUFFhFE HHELOC T AIROC & & = T /K Fd
A8 LOC T & &5 KA BRI 0 3
Z 5, X5 SIS —5. LoC T 1vERRZIE
LT U K S5 O i 0 HLRZH 4, ROC AR 11
by NN [ (T R SRR e e L AN B
i B A RIS H LSR5 o P HE A R n T %
JZ - HEH B o fi AT MLBR 2H 4355 2 FIOME 73 i AT HL
W4l o &7, ROC Rl A K IWIHERS A A
B, X T g S B OA KR AR K R R R I Bl
5, FLA I A ALIR I 2 Ak A W AR N, sk T
ROC Y3 . Hod, 2022 4FFF A EL A B T Bk
BT R A R 2022 AR AF 5T 1 1] [ 22, A
TGRS KR AT Re I T KRR R
ESI R G /RT3

145 MBC J2& ) Bt 4 49647 LA 25 Ak A+ 18 o
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TR HURMTE AR . AW 9T K& B, 16 5 BEI ARG IR
P77 £ 458 MBC % & = T/K R 54, iX 5 WANG
SN M SR B B 5T 4 R — B e
T RS ] MBC B 22 76 R K RS B4 22 [7]
JFIC W R 22 5, STAF S FE AR RSO R 5t R & B0
WEES . 2R KFEHAE - DOC & &
By T RIARFP SR 180X 55 5 Y s 45 R
— B0, —J7 X ] Be -5 AF AR AR SR AR S K 5
e DOC Fifi 7K Ji2 2 A 5, 5y — T T e MR o 7R A
N H R = A9 MBC, T fE 5| 2 13 DOC %
HIYREAK . POC H A& 58 453 i (1A P 3R 1R 4
o BRI AR AR R SRR L1 POC & R 7EAS
(] 300 280 8 T /K R RV AR 5K, X AT B R 2 A R
PR R T LA POC, #F5EHE H, FEFFIE
FH /0N e B R 0 U 7 0 R R B S AT O R
2B+ POC &0,
3.2 TRINFRIEXTIE H T EEE AT

- ST T 0 v AR R e X A B
EEARRE TR IRES . B-XYS LM T A A i
PR ABE A B W0 2 ff e ), ACP U e e T
e L SR VIR iR ¥ AR T B8 Ny B 7 s
H 1) A IR o A = A 48 C P A B R DG 1 il 0% P
B, X5 ZHANG %5225 + e 4 i (1 1 7E T fig
T 238 R — 3, o A I R R A 5 R T
fie 7K Ak A P A A G AR W B R S 2 B . LI
SRR I, % S R R AR R AT TR T A Akl A
SAPLEES &, X RE S ACP & IR ¢
+IHENAG 5ILT s ff A X, L£HENAG
TEPERG I, AT RS R oy v IR 2 R A gt 7 A Ky
+HE kR T REE LT BRI Y 155 T+
Serb B LT B EE R ) SR A
33 TEFVBRASSHRERFHXR

T A PR RS D) e B
M, A3 AL AL 5 PR R - 1 AR Ak 2 U ARG . pH
BN A SR 5 ) - A AL e b ) T R R R
Z—, 145 pH & 52 4 HE v g BLBR 1) fb 2 R e
YRRV P06 1 2l A HLAR 4 3 % 1, TN
&H5L0C 1 .ROC.MBC F1 POC ¥ 5 1F 1 3%
KZ XA AR IR A R B U i T IR
1y R K — 4 A R BRI T AME
TRFRNFS FF 1, & C/N B ANIE A FLA — T AR
TR)ZETHEC/N, 53— Jr A R A R R
PRERAL T Gl A S5 F AR T R IERUE Y K
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B o AT 44 O/N AR R T3 — s .
HATENE, T TOC &R 5L0C 1 .ROCHI
POC & B IEM5E, H POC X 5 LOC 1 fiIROC
LR IEAHOC, 33X AT BE S il ) A AR Fh FRA X TOC A3
hnFZoRIET L5 POC,

A LR A2 RS PRS2 AR . A
LRI, FIHETOC HIROC &1 5 B-XYS IR IE
PG R X AT BESE A B-XY'S REMENE A RN 43
i A AR Al OB A7 Bh T 3 MUBR AT
THEDOC &1 5 B-GCIH MR MM KR, X 5Z
HTIBRFREE RA—FY . X AT RE R KN AR IR R 57
B B K S5 25175 KRG 20 b B-GC™  (H /K
N4 553 DOC ik . NAG/E—FJLT s
fif i, AT BE R LS T AR SRR UESE,
NAG 5 3¢ i n] R FH &R BLIR 19 & 2% DA
K, H T C/N TR RS et TSR Y)
TG PERE C/N FEAK MG N . ACP J2—Fh7EBRTE S5
TS A v A, AN G Rk S S pH
AR, MR, Hifi M5 DOC & i S IEAH G
XF, M5 LOC 1 .LOC Il FIPOC & f S k6
KR, BT R PR A A AR o3 ) o i T R 2
F=A: ACP FIHEIINDOC f 5 7Y

4 %5

ABEGE R IR, Fe A A 2 S P s T A
+3#ELOoC I .MBC fil POC & & , 27 T /5 I +
SETE MR ALK B o R b R AR 2 i 4
5 pH RV B i, BRI B-X Y S T ACP 36 M, $2 5
- HENAG TG, B0 T s A MUK 4 4
E O S R SIS Re W AL AL B WU RN
eI % 1) 7 B L /BORER it A7 B R o 7 1
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Effect of rice—crayfish farming on soil organic carbon component and
enzyme activity

PENG Liang'?, HAO Liuliu*, DAI Lili*, TAO Ling®, ZHANG Hui’*, LI Gu®, ZHU Jianqiang'
(1. College of Agriculture, Yangtze University, Jingzhou 432025, Hubei, China; 2. Yangtze River Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, Hubei, China)

Abstract: To explore the effect of rice-crayfish farming on the stability of soil organic carbon and enzyme
activity, a comparative experiment was conducted between rice-crayfish farming model and rice
monoculture model using Oryza sativa “Shen Liang You 3117” and Procambarus clarkii as material in 2021
and 2022. The results showed that, compared to the rice monoculture model (RM) , the soil LOC 1
content in the rice-crayfish farming model (RC) increased by 25.85% to 39.13%, the soil MBC content
increased by 96.54% to 105.73%, and the soil POC content increased by 92.24% to 132.32% (P<0.05).
Meanwhile, the activity of soil 3-XYS in RC decreased by 29.35% to 59.74%, B-GC activity decreased by
17.16% to 53.10%, and ACP activity decreased by 41.64% to 59.12% (P<0.05). Pearson analysis revealed
that soil LOC I, ROC, MBC, and POC were positive correlated with pH, TN, and TOC (P<0.05), while
DOC and C/N ratio were negative correlated with pH and TN (P<0.05). The rice-crayfish farming model
increased the soil pH and TN, reduced the activity of B-XYS and ACP, enhanced the activity of NAG in
the soil, and thus increased the content of active organic carbon in the soil.

Key words: rice-crayfish farming; soil; organic carbon; component; enzyme activity
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