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oOFN AMrREMOR &£, &Y £ m, 2EED R &

(1 P EPBAEBKE IR, BRI 430072; 2 P EMFERCAGEDOME AR, BRI 4300745 3 dbliiifol s R dues, Wbk
433299; 4 WA E Lol Bl BE A AR T ARBFIE T/ E 5 0T Rt L W SE 6, 2RI 430064)

OE: TR K R RAEXS R AR H 3wl At BeIGHId0Aa dh i o e s S AR A AR 52 K 248 YE(IRCC-PR) |
BELERIFIE(RCO) L HAEG K FHAEPRFE M, SR 0~50 cm T IBERES , I5E 3304 2000 & 1 LA BBV AR R 1, 3SR T et
) Hedley B0 )7 ikME BB . S5RRW, 3 FRMERC B 3RIA v 800 MR & S 5 (Moderate-P: 57.2%~72.7%),
FaE B0 5 IR Z (Residual-P: 25.5%~40.0%), & 7E#E 5 ik {K(Labile-P: 1.8%~5.4%), fHILF IRCC # PR 13, IRCC-PR +1E
i) Labile-P 1 Residual-P (5 b THE, Moderate-P 5 [UIA%., 5 PR 13225/, IRCC-PR MM %0 & e AR PERE R BRIk 4 2
w R, RIZHHE(0~5 cm)/THHIHIKR 1 3(30~50 cm)i 5.1 F5F1 3.0 5, i 3 7€ IRCC Ik + E VR IR It 45 1
AL, PRIK SRR T 4 A iR T 20 A, Tl A FE I 0 O US4 1 1 s DAIBRVA I 2 IRV s o, R s Tl e o 342 o
AR TR o

KR RRUFILE, KEEE; KREH; BB, sbask

FESES: S153 MHEFRERG: A

Influence of Restoring Rice-upland Rotation on Soil Phosphorus Availability in Integrated

Rice-crayfish Co-culture Paddy

HU Fang'?, FU Songjie"" 2, ZHOU Wei®, LIU Wei*, JIAO Yang', LI Qingman', GU Sen'”

(1 Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2 School of Environmental Studies, China
University of Geosciences, Wuhan 430074, China; 3 Honghu Agricultural Technology Extension Center, Honghu, Hubei
433299, China; 4 Institute of Plant Protection and Soil Fertilizer, Hubei Academy of Agricultural Sciences/National Agricultural
Experimental Hongshan Station for Soil Quality, Wuhan 430064, China)

Abstract: In order to investigate the effect of restoring rice-upland rotation on soil phosphorus (P) availability in rice-crayfish
co-culture paddies, three field types: rice-upland rotation restored from rice-crayfish co-culture (IRCC-PR), continuous
rice-crayfish co-culture (IRCC), and traditional rice-upland rotation (PR) were selected in Yanwo Town, Honghu City, Hubei
Province. Soil samples were collected from 0 to 50 cm depth, and soil available P contents and alkaline phosphatase activities
(APA) were measured. The modified Hedley P fractionation method was used to determine various soil P fractions. Results
showed that moderate P (Moderate-P) had the highest proportion (57.2%-72.7%), followed by stable P (Residual-P,
25.5%-40.0%), with labile P (Labile-P) had the lowest proportion (1.8%-5.4%). Compared to IRCC and PR, IRCC-PR showed
increased proportions of Labile-P and Residual-P, while the proportion of Moderate-P decreased. Similar to PR, IRCC-PR
exhibited an obvious surface accumulation pattern for available P and APA, their concentrations in surface soils (0—5 cm) were
5.1 and 3.0 times higher than those in subsurface soils (30-50 cm), respectively. In contrast, these parameters slightly increased
with depth in IRCC. In conclusion, the results revealed that the restoration of rice-upland rotation altered the vertical distribution
of soil available P, emphasizing the need to shift the risk control strategy for P loss in paddy fields from managing leaching losses
to controlling P loss with soil erosion and surface runoff.

Key words: Rice-crayfish co-culture; Rice-upland rotation; Rice paddy; Phosphorus forms; Phosphorus availability
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#E WF 3 4E (Integrated rice-crayfish co-culture ,
IRCC), RIFE ] — e FH A AE 7K Fed A1 5 58 /N e R (el [
JEFEHMER, Procambarus clarkii), &+ JUAFLEFRE M
% R R i —Fh A v Zi A R B i AR
AIER 1 ZErp A 2 Z/ N iE, s &P alas R4,
TEWAAL . 280, IR . LI FIVL VG 5548 49 B Pt
J7o B 2023 AR, EFFIF IS 2 530 )7
F(15 Ai=1hm?), di/NEEREFRATE Y 85.8%),

IRCC WA Z 5ESM ML AR,
RV 3o A FH AR 2 2R G R AR W AN R /N e R 4R
HBERSRPERL, [R)Bf /NI AR () HE ) SR K e AR R A AR
YL, SCBLRE & A1) 5T A0 S SOUE P, DT 442 s A5
BRYFRAM TS, R, IRCC KT
B E X T g Rt B,
AR I e TR A R, R
XFG(fh B YR BIEE ) 7 /KRR H R AT A Y
Fe BRI, REmEo Y. IRCC N
ANIA], /NI MR 30 B > 1 R T A AP AR 29 (k%
B, WA EEDRET AR, IRBCR AN E
HREGRR, FR5E 7 ZAE B4R 9—10 HOKREBGRE , #
et FHEE W K, DARA 58 A BUER R 28 AS , BEAE /NI
il o IRCC BN, e FHIEAS AR Jl 1 /K i SR IR 3
EARTEKI EIAF] 320 2K,

TR K /NI BT s K 5 A R I it P
2, IRCC il T FIH AR E L, HEemR,
BIEASEAE, SIS IR, B AR TE S L T
FUEFICR, WK E E IR s
IRCC i H -3 rh 2B BLUR & TGk 4R
SCjif IRCC AFPRAE , - HEmg bl k10, 14
BER BT, AETETLR TS e R AR AU 2150 [
F, ARBE/ NIRRT, NI E & —
S ER , TN e AR U A 4345 25 LA i 7 T 2R [m]
T3, SRR, (R RS L BRESG
BB S5 5T, BEAA RUERER,

K% IRCC HFZE500E, A5 M 3EAL T . pH FIR
A Ji HL o A OGS AL BTk AR, 43 IRCC A7 H
PUK R = RS, R AR I A fa 34U TR
FH /N e B ) PN T 57 B R DA R 9 2% 2T A5 e
IRCC Y SR 2 A5 B AE N . SRR RURS:
#Bor A P IF IR IRCC A8 K E L 5 K 25 /E
(Paddy-upland rotation, PRI, UI/KFE—/NZZ . Ml
. B ESUARE. PR BN REA R 1 K
TIERE T, SRR AL, iR RIS
A7 07, I BA TR BE R A RKGREE, &R

AR N TR 2 RS, 78 24115 H 25 7 IR 1 /K A & 5
FABE ST, BIHRER AR E. Fik, IRCC
PRI PR AR T 7 Sl 3 i e, 242t
R TR A BEROR | LA Sk 0 R JR A R AR
Z U0 R, YR TR K T 5 F IRCC 4
K PR 5 3w 245 B AT 85t AR A LA 9
AR Z , W29 T H A BRI AL S 4
FF I, AR LITICEEKE PR 1 IRCC
FH AT SER 4, RHR S PR 5 3B BEE S FA S
IS AL LA, Sk TRCC e % R P S - 3wl A g )
AIRFERAE R PR XU 2 ] 4R AL R A 4l

1 HESH®

1.1 HAREERFIREZIT

W 5% X A7 F 8 A6 45 % 390 T3 786 65 5 (113°90'E~
114°00'E, 30°03'N~30°09'N), {3 T fiFyTi F
TP R B o I T R4 R P R IRCC AR X
Z—, WA REE BTN RS S P %
Hin DX A a8 S A Y 2 KU A, AR K
1060.5~1 331.1 mm, [F/KEZBLEPLE S—9 H, FEF
KRR R 16.6 °C, TREIMER , FH¥H 266.5 %,
B IRCC #EAN, b X ARG H A4 5 2 R 455 20 7K
FE—IMZE . AKFE—/INZE . KRR AAERRESE . HHESRIL
KFEE R E, FIAAAE A SR A 4P,

A G LA G 55 BRI IR — e R S A 58 X0 4
(114°00'4.06"E, 30°05'28.17''N). % H HeJ5 % /K
TSR, JEARYEA P T R N LT
3 PRI ER . ORI AR S K R /ER
(IRCC-PR), 3 HU{5 H (B AL 0.55 hm?), T 2018
4E 3 ARsCifi IRCC, & 2020 4F 10 A K FEWRE T
RFPRLIMSE, YR KRR, QFRFLLRRIRIL
FERE(IRCC), 1 HHREH, @A 1.05 hm?, H 2020
iF 3 A RHFE S0 IRCC; A g /K RFAERL(PR),
2 B F (R T AR 0.50 hm?), A 4ER K FE -3¢
VR R R HER RO I TR RS o 1R
JEARA PR« AKAEEHE A AL (N)150 kg/hm® . BEAE
(P,05)75 kg/hm? . #PE(K,0)100 kg/hm?, Hrr,
AE . BRAE K 50% B9 EEAE S SEAL G, 4 2
VR AE . 22 25t B (N) 120 kg/hm? B AE (P,O5)
60 kg/hm? . A (K,0)75 kg/hm?, Hid, BEAE LK
50% BB R UIE FE SR 35 ARt A, el A AE AR
NEAE MBI .
1.2 Hm%

T 2022 4F 5 R T ACRFE SR A 0~50 cm
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TR SRR, RBRIRI AT LR Y, IR
5k 5 A4 )ZE(0~5.5~10,10~20,20~30,30~50 cm)
KA, Al — HB AR 20 R BER A — 1
Rl R 30 AL . W ERETEANKT R,

PR AT LA A B | BRARSE, B L 2R (10 H AT 100
FD, WS8R T o AR L A i
TE =20 C FHRUEMRAT. Mkt A B AL 1 I
%% lO

F1 TIEEARBUMER
Table 1 Basic physicochemical properties of soils
HHERX  1)Z(cm) pH LA 5317 (%) A LT e ToHLwE
ok Bk W (g/kg) (mg/kg) (mg/kg)

IRCC 0~5 8.73+0.03ab  5.5£0.8a  56.3%8.2a  38.3+4.3a 36.4+1.8a 636.8+31.9bc 534.8+26.8b
5~10 8.78£0.01a  5.6+0.9a  58.9+9.3a  354+2.1a 34.4+1.7a 620.0+35.0c 523.5+22.3b

10~20  8.7240.01b  5.4+l12a 55.849.0a  38.8+6.4a 36.1+1.8a 638.1+32.2bc 512.2+27.6b

20~30  8.75£0.02ab  5.6£0.7a  55.8+7.5a  38.6+7.2a 35.2+1.6a 699.6+34.8a 657.5+45.9a

30~50  8.78+0.06a  6.0+0.9a 60.1£10.0a  33.9+8.5a 33.8+1.7a 685.2+34.3ab 648.9+62.4a

T3 8.75+0.03A  5.6+0.2A  57.4+2.0A  37.0+2.2B 35.2+1.1B 656.0£34.4A 575.4£71.6A

IRCC-PR 0~5 8.19+0.05c  4.7£0.9a  46.7+8.7a  48.5+9.4a 51.8+11.0a 810.4+102.32 622.4+32.9a
5~10 8.25£0.10c  5.3+1.0a  50.3t7.6a  44.5+8.4a 49.4+6.9a 813.9+50.4a 627.9+47 3a

10~20  8.34+0.15bc  5.3+0.6a  52.849.5a  41.9+10.0a 46.8+6.1a 751.4+51.5b 605.5+47.5a

20~30  8.47+0.10ab  6.8+1.6a  62.0+8.1a  31.1£9.6a 39.2+7.9b 646.1+52.3¢ 533.6+24.1b

30~50  8.58+0.05a  5.1+l2a  50.4+7.4a  44.5+8.6a 29.8+10.2¢ 545.4+11.8d 482.7+25.1¢

T3 8.37+0.16B  5.5+1.2A 52.4+8.8AB 42.1+0.1AB 43.4+11.0A 713.4£119.0A 574.4+66.7A

PR 0~5 8.58+0.10c  4.0£0.3a  42.8+0.8a  53.2+l.la 40.049.3a 691.2+10.9b 584.9+33.0a
5~10  8.77x0.16ab  4.2+0.3a  44.5+24a  51.3+2.7a 39.6+10.1a 714.0+16.1ab 545.8+63.5ab

10~20  8.75+0.15ab  4.1£0.3a  46.0+1.1a  50.0+1.3a 40.0+5.8a 737.1+25.6a 560.8+53.8ab
20~30  8.67+0.12bc  4.3+02a  47.7+2.8a  48.0+3.0a 34.1+0.8a 645.6+10.5¢ 516.2+129.7ab

30~50  8.86+0.08a  4.6+l.6a 51.1+20.6a  44.30.la 23.5+1.8b 526.2+31.2d 503.1+34.9b

T3 8.73+0.11A  4.3+0.6B  46.4+0.1B  49.4+£223A 35.4+8.4B 662.8+79.5A 542.2+62.2A

e RS FREA R 7R AN Rl A BRR] 22 5 .35 (P<0.05); /NS FREAN R ZR7R 7] —4b BEAN [R] L J22 6] 22 7t . 35 (P<0.05).

1.3 MEEREFE

3 AW (Olsen-P) >R FH B iR S AM IR H— R B 4T
PO 3 0 P25 A M B R A U5 1 (Alkaline
phosphatase activity, APA)ffi FBréE 145, R XM
SRR AN e I e P

IR A9 . R Moir #1 Tiessen! i3k
{1 Hedley B9k, Hic B8 3wk R R vt 55 51
B, KIS H,O 42 BUBE (HL,O0-P; A1 H,O-P,) .
NaHCO; #2 U # (NaHCO;-P; fil NaHCO;-P,). NaOH
F2 I (NaOH-P; il NaOH-P,). HCI $2 It (HCI-P;)
F5E A B (Residual-P) . $EBULIRATT . FREL 1.0 ¢
i 100 BT L FET 50 mL B0, B
A H,0.0.5 mol/L NaHCO;(pH=8.2) 0.1 mol/L NaOH
Al 1 mol/L HCl #FATHEHL; FRFRIETE 550 C MR
2 h, 1 mol/L H,SO, #2HL. HFRIRFH I 16 h,
B0 A BT P, Hor, HCI-P; Al Residual-P
SR FHARSA T L (7 B B 2 s H,O \NaHCO; Fl NaOH
REUSBH S A VL) RTLHL (P FIES, TCHLEE

AT HHR R AR BRI L (A I 5 8o SR Uk 280t
K,SO, WHffja il i, w5 JoHLBE A 25 E R R
APLBE, Hrh, HO $2HRBEF NaHCO; 4 Ui 1y 1
PEBE(Labile-P), NaOH $2HUBEFI HCI & By th 45
T PE#E (Moderate-P).

Olsen-P Jz Bt + 3 v 5 B AR W W MOR FH W, 2
FEAF A RO (B AR BRI 498 APA
PEE T RAEA B0 KT A H Z# 46m
ZAR B K. BT AT TR AR BT 24T 3
AT AE
1.4 HHELIE

B AT $udi 12 Excel 2016 #E4 7468, F ] SPSS
26.0 FRAEFEA T 245307 . 4H 0] 2 LR Pearson A
Kb, Wi Origin 2021 52 AR

2 HEREHWH

2.1 TBIHIEREKERIEFLEBRESEL
13 2 W, BT A B e R 2 LU HCL-P 5
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I (298.9~414.4 mg/kg), HUHK Residual-P(136.0~
248.1 mg/kg), HAILEHEHREHMLT 40.0 mg/kg.

AN[EE 585 & 5 HEF i HCI-P>Residual-P>NaOH-P>
NaHCO;-P>H,0-P, IRCC-PR #il PR +3#Erf, i

S EHRINEXZ S . WZL; IRCC L3,
{2 H,0-P,. NaHCO;-P;. NaHCO;-P, Fl NaOH-P; & —
ERERES . KRR, AREARZELES E2E
INT H AR PR A AL 3

%2 TERERSHSE@mg/ke)

Table 2 Contents of various soil phosphorus fractions (mg/kg)

BERE 1 Z(cm) H,0-P;

H,0-P, NaHCO;-P; NaHCO;-P, NaOH-P; NaOH-P,

HCI-P;  Residual-P TP o] 50 (%)

IRCC 0~5 1.940.1  1.3+02 12.2+1.1  4.6+0.2
5~10  1.9+0.1 21203 11.130.6  3.5£0.2
10~20  1.040.1 1.4+£0.1 11.120.6  3.9+0.3
20~30  2.9+0.3 1.1£02 13.0£0.7  3.9+0.4
30~50  2.3+0.2  0.9+0.1 8.7+0.4 3.6+0.2
FEH O 2.0+£0.7a 1.4+0.5a 112+1.6a 3.9+0.4a

IRCC-PR 0~5  2.4+0.1 2.5%0.3 31.2+1.6  6.1+0.5
5~10 21202 2.0+0.1 26.6+1.3  5.8+0.3
10~20  1.9+02 1.8+02 15.8+0.8  7.8+0.7
20~30  1.5%0.1 1.3+0.1 8.3+0.4 6.1+0.2
30~50  1.3:0.2  1.1£0.1  5.0£0.3 2.5+0.6

¥ 1.840.4a 1.7+0.6a 17.4+11.3a

PR 0~5 1.4+0.1 2.3+0.2 20.5¢1.1 5.1£0.3
5~10 22403 1.3x0.1 232421  6.2+0.6
10~20  12+0.1 2.8+0.3 18.7+0.9  4.8+0.8
20~30  1.8£0.2 23+02 13.6x1.1  4.6£0.2
30~50  1.3%0.1 12+0.1  5.3+0.8 2.0+0.5
FH o 1.6£0.4a 2.0+0.7a 163+7.1a  4.5:1.5a

29.0+1.5
23.0+2.1
32.443.6
24.0+2.2
21.242.1

44.6+5.1
43.2+3.2 35.0+£3.8 398.4+£29.9 242.7+12.1
36.7£1.8  26.9+5.3 393.5£19.7 246.4+32.1
27.4+2.4
16.4+0.8

40.7£2.0
34.5+1.7
21.2+4.1

12.1£0.6 357.5+17.9 197.3£9.9 636.8+31.8 96.7
11.9+0.9 364.2+18.2 185.7+21.3 620.0+41.0 97.3
5.3+0.3 365.8+38.3 193.5+19.7 638.1£25.9 96.3
18.4£2.9 403.1+40.2 201.7+30.1 699.6+45.0 95.5
19.0£1.1 396.2+19.8 202.1£5.1 685.2+34.3 95.4

25.9+4.6a 13.3+5.6a 377.4+20.7a 196.1+6.8a 656.0+34.4a 96.2

43.8£6.2 404.5+22.2 242.3+12.2 810.4+40.5 95.9
813.9+55.7 92.9
751.4+37.6 97.3
14.8+2.7 308.6+35.4 248.1+22.4 646.1+42.3 95.4

7.8+1.4 298.9+34.9 205.9+10.3 545.4+35.8 98.8

5.741.9a 33.7+£11.8a25.7+14.6a360.8+£52.3a 237.1£17.6a 713.4£115.9a  96.1
36.6£1.8  26.4+1.3 414.4+£20.7 200.5£10.0 691.2+34.6 102.3
36.6£3.8 23.9+2.2 400.2£30.0 199.3£21.0 714.0+45.7 97.0

16.5£0.8 403.6+32.2 201.0+15.6 737.1+26.9 93.5
14.1£1.7 392.7£19.6 191.2+24.9 645.6+42.3 101.4
2.7£0.5 368.6+£38.1 136.0£16.8 526.2+26.3 102.3

33.9+7.5a 16.7+9.3a 395.9+17.1a 185.6+28.0a 662.8+83.5a 99.3

T FZNG TR RIS RBP4 B A] 22 57 B 3 (P<0.05)

P I R S T — 2 0 AR (R 1), 4
KR, A B ER R 4 58 b S5 5 8% (Moderate-P)
SRR E(323.1~492.9 mg/kg), & TERE(Labile-P) &1
5 f15(9.8~42.2 mg/kg). HHE T IRCC, IRCC-PR 14
Moderate-P; #l Moderate-P, & 1 7F 0~5.5~10 F11 10~
20 cm 3 42 FHE, 7E 20~30 em il 30~50 cm + )2
TR ; Residual-P WIZEATAT 125 T IRCC H3,
FrA B ERAR 1, Moderate-P 7 Hode 1 (57.2%~
72.7%), Hk Ea g A58 (Residual-P, 25.5%~40.0%),
Labile-P (5 AR (1.8%~5.4%)(3% 3); Hi, Moderate-P
1 Labile-P 2 ICHLIAL L AHEET IRCC, IRCC-PR
115 Moderate-P /5 FL(K, 1 Residual-P (5 E T &
22 TEIMHEMRSKERERTEBRBNUETL

M 2 BT, 3 FPBEAEASE A AL 3 - 3% Olsen-P
b 2R E LA R . IRCC-PR 1 3
Olsen-P &84T 2.3~11.8 mg/kg, HBf + 2 R B A
MEZE TR, 2 0~5 cm T1EA Olsen-P &1 NE

JZ 30~50 cm 41 5.1 £%. PR £3% Olsen-P & &4
T 3.3~8.7 mg/kg, BELJZERBEREING T REEHRLE,
TE 20~30 cm +EIF IR E M B E TR, F£Z 0~5cm +
) Olsen-P & MJKJZE 30~50 cm H3EH) 2.6 5,
IRCC 1% Olsen-P %/ T 5.3~7.0 mg/kg, HFfi+
JEUREE G IC A AR ke e H 30~50 em )2
B, 20~30 cm )2 Olsen-P S B & E, NATEM
1.3 f%. IRCC +3 Olsen-P 7£ 0~5 cm Al 5~10 cm +
2 % T IRCC-PR #l PR +3E, Tii7E 20~30 cm Fil
30~50 cm 2N 2 T 2

5 Olsen-P AHL, 3 FIHE/ERICALIE 158 APA 16 1PE
Bifi 1 SR EE RN [R] (B 3) IRCC-PR Al PR 1438
() APA TEPETCH 25 5%, 7350 T 183.5~554.6 mg/ (kg'h)
Fl 71.4~517.7 mg/(kgh), HIBE+ZEBE R T
W Hoh, BTPETE 10~20 cm 2RI B3 R,
JEHFE 20~30 cm HEIF IR EIEE FRE, 0~5 cm )2
3R 30~50 cm /2R 3.0 f5H01 7.3 f%. IRCC +3%
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Fig. 1 Changes in contents of different active forms of phosphorus in soil

R3 FRFEBMEESHESBE A S %)

Table 3 Percentages of different active forms of phosphorus in total phosphorus (%)

BrERER +JZ(cm) Labile-P; Labile-P, Moderate-P; Moderate-P, Residual-P
IRCC 0~5 2.340.1 1.0+0.1 62.8+3.1 2.00.1 32.0£1.6
5~10 2.140.2 0.9+0.0 64.2+5.2 2.0+0.2 30.8+3.5

10~20 2.0+0.4 0.9+0.2 64.8+6.5 0.90.1 31.5+4.2

20~30 2.440.5 0.8+0.1 63.9+2.1 2.8+0.4 30.242.1

30~50 1.740.1 0.7+0.1 63.844.2 2.940.5 30.9+1.1

Ty 2.1+0.3 0.9+0.1 63.9+0.7 2.1%0.8 31.1£0.7

IRCC-PR 0~5 4.3+0.6 1.140.1 57.942.9 5.6+0.3 31.1%1.6
5~10 3.8+0.8 1.0+0.2 58.5+5.6 4.6+0.4 32.242.1

10~20 2.440.4 1.3+0.2 59.0+10.1 3.6+0.2 33.7£1.7

20~30 1.6+0.3 1.240.2 54.9+8.5 2.3+0.3 40.0+2.1

30~50 1.240.3 0.7+0.0 58.7+3.7 1.4+0.0 38.0+1.9

T3y 2.7+1.4 1.1£0.2 57.8+1.7 3.5%1.7 35.043.8

PR 0~5 3.1+0.3 1.040.1 63.8+6.2 3.740.2 28.3+1.1
5~10 3.70.7 1.1£0.1 63.2+8.8 3.4+0.5 28.6+2.4

10~20 2.9+0.3 1.1£0.1 64.5+11.1 2.4+0.3 29.1+5.3

20~30 2.3+0.4 1.1£0.1 65.1+2.3 2.2+0.3 29.346.5

30~50 1.240.3 0.6+0.2 72.243.6 0.5+0.1 25.540.8

Ty 2.6+0.9 1.0£0.2 65.8+3.7 2.4+1.3 28.2+1.5
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Olsen-P (mg/kg) APA (mg/(kgh))
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Fig. 2 Soil available phosphorus contents under different
cultivation modes treatments

APA TEPENT 71.8~196.9 mg/(kgh), K+ 2K
HOmIJC W%, 78 0~5. 5~10 il 10~20 cm +)Z &
Z{X T IRCC-PR # PR 13,
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Table 4 Correlation coefficients among soil available phosphorus, alkaline phosphatase activity, and various soil phosphorus fractions

3 FEHMEER IR IR R AR 1t
Fig. 3 Soil alkaline phosphatase activity under different cultivation
modes treatments

BEARERIRE R GER 4). 45REKW], 13 Olsen-P 5
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Jia] ¥ 5 25 IEAH DG (P<0.01), 4 APA 5 Labile-P;.
Labile-P, . Moderate-P, fil Residual-P [a] & i 2 1E4H ¢
(P<0.01) o A [F] 756 14 A 8 T 285 1) A 522 S8 3 AR OC
(P<0.05), Moderate-P; 5 Residual-P [a] 5 i 2 fi A6
(P<0.05),

W ERES AY Pearson #8351t

Olsen-P APA Labile-P; Labile-P, Moderate-P; Moderate-P, Residual-P
Olsen-P 1 0.65" 0.97" 0.53" 0.68" 0.82" 0.25
APA 1 0.66" 0.70" 0.24 0.71" 0.49™
Labile-P; 1 0.52" 0.64" 0.85" 0.29
Labile-P, 1 0.32 0.69" 0.55"
Moderate-P; 1 0.44" -0.38"
Moderate-P, 1 057"

Residual-P

1

T *H M FIRFE P<0.05., P<0.01 K-8 A6,

*
N

7E IRCC-PR #F, KWK M IRCC 1L
D5 T A ] ) AR AR AR R, KA 1 2 A
LA S R S AR AR, £EE
W & & 19 HE 5 K A HCI-P>Residual-P>NaOH-P>
NaHCO;-P>H,0-P, iX—25 5t 515 4 3l P8 K T3
I KRG 3 S e A A T S g i 2 POV g P )
FLER—3 ., MET IRCC F1 PR #ix,, IRCC-PR +
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i e T, Moderate-P 3= fb 220 T4k . 4809
R0 NS W45 6 S B, T Labile-P 224

T 55 BT - 48 3 1 ) W] SS e TC LB K B A A ]
PEG OB, YL SR £ Y Labile-P, 475
PERRRLRL AN R, H e & R A — R AP R Ak 2
e, K Moderate-P 551k JA7 %0 LA HE(HER PO
IRCC-PR IR A AR A8 o 1 i 0] - e mi vk
AEIES T AL EE ik pe, nl AR B I ok 1
i, DA $E R A AR I IR A KU . R, AE
IRCC-PR A, 302 it A BEORAR AL Wl 1 b
Je S i, LA R A MR A K ZE T R
WERE A i, A KRR DR, AP 1EY)
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WAO7 5 RRET IR FE S K A A X e i Ak v B 2 125

AR L2, BRI ERZ S . R
FEBHEZ(0~20 cm), HAE &AL &F IRCC, HAEK
2 HEN B BAR T o X AT AR LA W T R
K. (DfE IRCC-PR I PR T, BHAEFAEKAE I
TMSEPIFEVED) , VEP WS ) ol A R 5 1A 00 & 46 T
FE+HE; QIRCC BT, M AR KRE S H —
ZfLAE, 1fif IRCC-PR 1 PR A5 N it FH P 2L AR D,
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TP il Olsen-P . MHILZ T, IRCC IR TP Al
Olsen-P % it fifi +- )2 VR BEBE INWE STt =, AT REE
AN A RS e R e K oo e = ST 7 vl £ R
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1 Olsen-P 2 BUAS W] (35 1T oA WA, R BHIR &K
PR AE G T SR WU [R) 0 B 90 2 AU 42 1 SR W . 7
IRCC-PR #:C T, ®EHEHERG N, BERAERZ L
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T AU
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V15 20T A (A F P2 Olsen-P & £2(21.79 mg/kg),
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14 Olsen-P Hil APA J&HMI AT 5/~ HIERER A
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