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B OAUPR KIS EE T IR S AR Ak B I 1 e 2 Rk R A SR R S 7 a e AU, TR T R -2 Fe A
FRON G ZE W R T R A L e IO ML AL 4y & AR AL, R HE AR R A S AP A BT T R
HLBSREH 43 2B A X WG ROV i DUk o 5 SRR )« A 0 it R A 28 W S5 4R T T - S 30 A B - e b 45 OO 2R 4y o, I b 20
ZEW (P,0s) Jili FH 128 38 600 kg - hm™ (M3 ) B, BifE 0 25 Wl it FH A2 412 w8 - 390 50l 2 12 B0 10 R B0 (PAC) 35 0, {FL 384 o e 22 5%
BT R, T MSARFL(] 200 kg hm™) 35 B AAE , 5 Fiti AL B AR R (CKO A EE L B9 1 50591 0 86.58 mg - kg™ F14.50 4 H 43 i s £ - HETC
MUBR AL b, 138 Cas—P 5 10 Kb HE oK, 20 il5k 268.25 mg kg ' H120.73% . 5 440t FHAE FE (1 a, 2013 4E) M He, K 0t 36 2%
(7 a,2019 48 ) A R0 2 TTHRIER B 20 FTTEIR Cao—P 7% 75y vh 4835 PR Cas—P, H. Cas—P EAEA/E M R %M 0.3023 %2 1.679, ©F
REW], KN ESE AR ASCE T HCALBEE B X, W IR T TG vk R i 07, A 8wl s ik U e 2 ) T il 4 2
O P S PR, RIS M A T B B e XU RE -2 A R G PO 2t P AN TR T 800 kg - hm?, A5 A FEAE AR
Wit M2 R L 600 kg-hm ™ B .
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Effects of long—term application of swine manure on soil phosphorus content and inorganic phosphorus
components

ZHANG Chunlong, LI Bing", HUANG Rong, TANG Xiaoyan, XIAO Yi, BAT Genchuan, WANG Changquan

(College of Resources, Sichuan Agriculture University, Chengdu 611130, China)

Abstract: In order to investigate the change in inorganic phosphorus components in soil and its effects on soil phosphorus availability
under long—term application of swine manure, a 7—year field experiment was conducted in a rice-wheat rotation system to determine the
effects of swine manure application on soil inorganic phosphorus content and its proportion and soil phosphorus availability. The
contribution of soil inorganic phosphorus content to soil phosphorus availability was analyzed using path coefficient and stepwise regression
fitting equations. The results showed that long—term application of swine manure could significantly improve soil inorganic phosphorus
fractions and phosphorus availability. Six treatments with swine manure phosphorus application rates of (0—1 200 kg« hm™, P,0s) were
evaluated. When the application amount was more than 600 kg+hm™(M3), the increase range of soil Olsen—P and phosphorus activation
coefficient (PAC) decreased with the increase in application amount, and reached the maximum value in M5(1 200 kg-hm™) at 86.58 mg-
kg™ and 4.50 percent points, respectively. In terms of soil inorganic phosphorus, soil Cas—P content and its proportion increased the most,

reaching 268.25 mg- kg™ and 20.73%, respectively. After long—term application of swine manure, the main contribution source of available
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phosphorus altered from Ca,—P, an easily available phosphorus source, to Cas—P, a moderately active phosphorus source, and the direct

action coefficient of Cas—P increased from 0.302 to 1.679. Long—term application of swine manure significantly improved the availability of

soil phosphorus and the potential of soil phosphorus supply, altered soil inorganic phosphorus fractions, and the contribution source of

available phosphorus changed from an easily available to a medium active phosphorus source. However, high soil phosphorus activity may

lead to the risk of phosphorus leaching. Therefore, under the conditions of this study, the application amount of phosphorus in swine manure

in a rice—wheat rotation system should not be higher than 800 kg+hm™; the M3(600 kg+-hm™) treatment is relatively better associated with

the total rice and wheat yield than the other treatments in this study.

Keywords : swine manure; soil; inorganic phosphorus; availability phosphorus

BEEIMEREENRIIEFYZ—1,20194F,
KHEESEME A RET 243108251
31.25%, H.H: 1 40% B %% 3 i R A5 3 A 8508 1P,
AR IE , 4 BRI BT I50RE 7E 200 a IR RS, T 2
B R (6.45%)7 ¥ HAERHE IS it A R ]
DA A HL 2 HE O PR S5 as  FE 7  T ELRT DARAR
BB BENE 5 ff AN o] AR R O R
i B ) R T LA BN SE A S E AEAE HEE  E
o B AT VA PE W IR £ MgNHLPO, - 6HL0 4, i 1
WL 5 2N TOHLAS Bl , LR HE AR & T st ) 4
BROES BERERSE 2 M 4 JE B S AT R IR R R A
I TE AN 5 P W R Fe R B i R 5 46, DT RAAIG T
TR L AR T ReS 1 A P A e S I N i 25
FEWRL 53 1 BB 28 AL B Bt A - 380, il RE 25|
e - e A A Ak IR AR, L s R R A
FIAN T AFAE 22 579 1ok fEK-2RefE R g, T
B AZ B 5 [ 11 3K 3 B S AR S A7 1 AR A 35 25
PET; A HEVE MR 4 53 K Wl 2 A RCHENY, HOKAS 2= ] fig
SN A SRR SR T AR A SR R A AT

AN TR 20 43 W X - SR B 1) DUk B R R
BCME A AR 22 0, T 2 5k AR B R ) AR
[ AR R, LR (AL-P) Bk (Fe-P) &
- HE L b o B e i bRl P R A ), o
Fe—P X A7 8508 7 1 $2 7+ 1) B B2 42 R 80K 05561,
WA BFFEIN N 3 AL 2R 2 45 (CamP) L\
55 1 (Cas—P) X 3847 200R 7 1 A8 1h 1 BTk B K,
— M A D R 1 b R R A A R
Al-P Fe—P 415 52 " 7€ + 45 pH % /&5 19 45 it + 4%
W, 13 Ca,— P Cas—P 7R TR T -+ 5845 R0 75 1 52 i)
BRI, YR A it A S, — ] AR R
BEIR 5 ke e 20 o0 2 A IH A A0 AR, 55—y T nT LA
Ao AR - S PR P o (A - SR A LR e R SR
FAS e w45 ) )42 52 ) e 2 430, BEgY R
T AR AR 2 $E i - 39 P R X e v R i L o

1% WHART]

L AT RIS PR s S, R R 2B AN
BUBR 2 735 1 A8 A B0 5 I K X - 3 w8 3 20k 19 5T
BRBIFFE R o R , AN S I 7 a FH ) E A2, 4895
RIVI R 2t P X+ 35m SRR AT e R P 4%
o5 B BRI, AR OB 0 0 R
SO 1 o R S R U3 it P Ay i 157, - B
AR BERL AR s

1 #MEEFE

1.1 R EG R R

TR0 7 TR VIR T XA 9 R B B it g o
S FRHT 2 KU A, A R 15.2 °CL AR B R K
291200 mmo A HEOMIRVLT UK @b B & &
B 7K FE A, U AT 48 pH R 6.63, H HLIE (OM) . 2%
(TN) 485 (TP) .44 (TK) & 543 5 24 28.40 . 1.40 .
0.88.22.30 g- kg, B fift &L (AN) % & 4 113.00 mg -
kg™, A 30 W% (Olsen—P) & & 4 8.50 mg - kg™, 33 A4
(AK) &4 53.00 mg-kg s
1.2 R5Z it

HH 0] 2 AE IR 3 16 T 2012 4F iR 36 4% B 6 b
B A5 B AR AR A H (CKO) AT 5 A8 20 (LA P05 )
Jit FH A48 3 < 150,300.600.,900 ., 1 200 kg - hm™, 43 51| #5
i M1 M2 M3 M4 M5, BN AP 39K, AL
HEA , ELAA TS 0 L 26 1. a6 X b A AR 2Kk /)
F - KRR, /N X AL 20 m?. /)N X (0] FH 98 i 7
X B, B 1R HR K AR . FREZE (6 H 2= 10 ) B
(11 H BUAES JT)REF T — UM e A IR
St A B, AR IE S T B R 2 (46.40% N) (it
BERR S (12.00% P,0s) H AL (60.00% K.0) , #4535 N
B VL HE A 7 A Ml s w) T 4 AL Y T 43 A T
ZE B BT R MG 2R 0 R 8% O 9 B B ) 35 AR 4 —
H,HGAN)I7.50 g kg W (P,05)29.13 g+ kg™
T (K.0) 12.00 g - kg™, 5 28 R TCAILBE 41 53 53 50l oy
H,0-P 2.79 mg-kg' .NaHCO;—P 4.03 mg-kg ' \NaOH-P
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Table 1 Experimental fertilization application (kg+hm™)

AbF WM KRR I BERRES Sk it i (P,05) it i (N) Jiti i (K-0)
Treatment Manure Urea Superphosphate KCl Phosphorus application Nitrogen application Potassium application
CK 0 776 1250 250 150 360 150
M1 5150 588 0 150 150 360 150
M2 10 300 388 0 40 300 360 150
M3 20 600 0 0 600 360 250
M4 30900 0 0 900 540 370
M5 41200 0 0 1200 720 495
T 2 PP A Ay A A 22 W it S
Note : The amount of fertilizer application is in rice—wheat rotation.
1.07 mg- kg \HCI-P 13.21 mg- kg Residual-P 3.26  2[IH4M k.
-1
mg-kg™ o
2 HBRESHN

1.3 HRRERNE

O3 590 i R 200 30 (1 a, 2013 48 ) ALK 3 % 41
it A 2 )5 (7 a,2019 47 ) SR A2 K8 28 g 2 ) - 4 5k
JZ2(0~20 cm) 4, i T BORE YL F - B EURE , FF S TR
A5 R T DY A3 AR B8 1.00 kg +FE, HAEXCT 314351
1 1.00 mm F10.149 mm 4 J& Ji 07 J5 55 R A

TP 2R I NaOH % fill— 50 B 50 . €6, — 5356 % B 3 )
£ Olsen—P % FH 0.5 mol - L NaHCOg(pH 8.5)IF 4k~
FRERPT . - OB RE R E . i 3w L
SR R S5O TS 1 TE ML o Gy ik F
H R ICHLE 73 M Car—P . Cas—P Al-P . Fe—P . 4 & A
(0-P) . 145 (Cai—P)6 Z , 1 T 138573 I E o

+ HERETE b R E(PAC) = 20 % & (mg - kg ™'/
A (mg- kg )x100%
1.4 HIBESH

K F Excel 2010 F11 SPSS 19.0 JEA 7356 $504 4b 38
FHI L o B o 2k o B R 5 25 40 BT (ANOVA)
il Tukey 1 (P<0.05) , FHIC 3B >R FH K2 2 M OC F 2L
5, TOHLBEZE 53 X0 A3 350 1 BT 1R R P A A 0 i R i

2.1 KEBE A EIHEM 2N

gk 2 s, KWt G 2E e i = 1 S 1R i
(P<0.05, FA). 5 CKAHLL, KWt F 35 05 AED
7k Bt 2% it ) £ 1) 28 P R 5t P A S BB AL
INFZE ZE R G TR O M AR PR (21.98%) , T K A 77 & 5
FEAZ 7= i 78 M2 b B BR H A KAEL, 36 7= 40 ok
34.46% .27.00% ; A% T it FA 4 25 00 19, 4 197t R %
FE 5 A5 M5 3 (M2~MS ) Ab kg 49y 7 349 S 25 6
SVARTIT T AR 7 S B it P R 21 A PR B K S 2 4
T it 2 28 it P 2 () 186 22 ST T oo I PR AR A e
22 KEERBEN TIETPREREGNEHZMN
22,1 LIETP &

WE 1 s, g TP B B R 2 S 1 0 A
Jiti PR 2 AE BRAE 1T S 0 n . 5 CKAH L, 766
WA AN TR it FH K S A Y 4 458 TP B 4R
1 5.56%~42.22% T 1< Wit 8% 25 )5, 45 06 3%
(M2~M5) &b F i + 3 TP & B B 47 T 4.91%-~
51.14% , A0 FAAE ZE0) 3 , 25 A0 1 -3 TP 75 S AH L

R2 AELETEY = EMEW (kg-hm™)
Table 2 The crops yield under different treatments (kg+hm™)

b 20134F 20194F
Treatment KA Rice /NHZZE Wheat FEA 72 R+W JKAEZE Rice /NHZZE Wheat 2 2= R+W
CK 8 159+155¢ 3 941+46¢ 12 100+198cd 7 974+256d 4336+76¢ 12 310+234d
M1 8 372+306¢ 4492+74a 12 864+275h 9 721+505¢ 5289+122a 15 010+442a
M2 9 088+341a 422274 13 310+243a 10 723+563a 4911x166h 15 634+514a
M3 8 992+265a 3853+78¢ 12 846+234h 10 590+437a 4795+198h 15 385+448a
M4 8 916:244ab 3349+196d 12 265+373¢ 10 483403ab 3 689+220d 14 171+439h
M5 8 509+155hc 3300+284d 11 810+304d 9 912+255he 3 621+268d 13 533+369¢

T« AN R RE R AT ) 4 03 AT TR] 22 2 A () 4k B R] 22 57 S 2% (P<0.05) ¢

Note: Different letters indicate significant difference among the treatments in the same year and season (P<0.05).
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% i‘% e
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A FE Treatment Kb FH Treatment

AR SR R AR R AR AN [R] b BRIV 22 5 2.2 (P<0.05) . R[]
Different letters indicate significant difference among the treatments in the
same year(P<0.05).The same below

E1 AEENTETP EEMFIN

Figure 1 Effects of different treatments on TP content

BT 0.16~0.32 g- kg™, FLr L M4 b PR 38 i 5 K
SV b R e R T TP i (A K S
Lt AT, S 260 it F 2 76 600 kg - hm™ LA |
I (M3~MS5) , 358 TP % 5 1 W B8 215 it - 185 i
FEE
2.2.2 +3% Olsen—P &1t J2 PAC

ke 2 s, K Bt A6 26 B 3 S 135 Olsen—P
Tk e PAC, TEREZENE FIWIIN , 3% Olsen—P % 2 fif
2 it FH 2 1 0T S G, He e MS Ak 3 -3 O1-
sen—P i 4 TSR B K B CK IS 1 787.5% . il
7 it FA s 1] A 388 0 (2019 4 ) , 45 A #1358 Olsen—P 75
11 (9.50~96.08 mg - kg™ ) i 2 1= T 2013 4 (8.00~71.00
mg-kg"') . 1 PAC T RAE 43 TP 7] + 3 Olsen-
PHEALHIXE S FERE . 5 CKAH EL , 454 28 A PR ) 1 2
PAC ¥ 14T, 43 BIAE 2013 4FF1 2019 4F i 38 i1
T 0.26~4.66 4~ F10.71~5.11 N F 43 . % EE 2013 4
F12019 4F A~ i 1] + 3% PAC B & W, M3 . M4 Ab BE Ay
ZERAR . BRI PR 2 AT DL 25 4 v
Olsen—P 7 5 Al PAC,, Fifi 2 it FH BF (] (R 185 0, 5 2E 4%
A K 600~1 200 kg hm 5 %F + 3 PAC & 32 T1k
TRBAE Frh R 2R AT R 600 kg - hm ™ BF X6 1 38
PAC AR 8
2.3 KEAME R ENT T ELVBA S T

Bk Car—P . Caio—P #PHA 45 TC LIS 2H 53 1) 5 it 3
Wi 8 2% i FH 2 % it P BsF [ A 85 o ot S 2 1 m (1 3) .
5 CK A FE , M5 Ab B i Cay—P & i & 75 , 2013 4E F1I
2019 4E 15 43 5114 91.00 mg - kg™ 1 268.25 mg - kg™ (&l
3b). H%E20134F,2019 40 18 Al-P . Fe-P {5 2 1Y

1% WHART]

B2 REAIERT L1 Olsen-P &2 LHEPACHIF I
Figure 2 Effects of different treatments on Olsen—P
content and PAC

S TIN  E E  2 th F  8 n  ARAE (1 3d AN 3e)
B i FF % 25 J5 398 AL-P . Fe—P A G 1] HoAth i 21
Vig 2

W 4 FT 7R, 25 4h B 4 3 TC ML 4100 1) 5 A7
XS, 5 CKA, 2013 4E A ZE M ARG T
Ca,—P . Cas—P Al-P ¥ (5 Lt , 2019 4E B384 i 1 Cas—P
Fe—P i (5t (HID T Cao—P Y (5 He, Forb M5 4038
) Caw—P 7 e fe/IN, 5 CK I T 18.00 1A 43wt o Bifi
o Jita B BT 1) (8 385 00, 45 A0 B Cas—P 7 B33 T,
2019 4E 4% 2013 4E 14 111 6.60~10.91 413 43 4, 1M 4% Ak
PRI Caw—P 7 FLEIBEAR , 2019 4 55 2013 4F 15} g /D
13.13~20.90 1~ A 43 i, AT DU A i A8 1+ S T L2
53 i b, HLREE AL ]34T, Cano—P o He 235K
ST 5, K Wt FH A 25 2 B 32 T L 3 Cas-P
Fe-P &8 R 5 B, T Can—P 5 BTG B35 52, 0
22 B PR AR AR 2 2 Hh 9 5 HE
24 TEENBAS T LIEREERER T

KB AR Ay BT s B AH OC R E A A 5
FBIE— 25 ) AR A )5 25t P AL BT 3 O LB
WHoxt HIEE R AR T, WNRIATLIE N, TE
Jit FHAE 2S00 10, TCHLBEAL 29 h i) Can—P X 14 Olsen—P
T 0 EAHAE R B K L 15 0.690, HKJ2 Cas—P, iX
T AR 21 T 1Y) £ B A S R Car—P, VS TE
WA Cag—P. Caio—P .Fe—P 0-P %} + 3 Olsen—P &
T AR RO AR, A X Ca—P Cas—P 6
AH X B v A O 288, AT L Caio—P \Fe—P ,O—P A fEi
1t 52 Cax—P ., Cas—P 4143, P11 X)Wl A7 2 A
DUk o SR HIZ A BHE 534 1 58K DL 20 53 %)
Olsen—P [R5 WA ZLN , UE S 2013 4 Hf Y Ca,—P | Cas—P
RIH B E L (R 4) , HAb TCHLBE2H 53 3 %+ 35
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Figure 3 Effects of different treatments on inorganic phosphorus fractions content in soil
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Figure 4 Proportion of soil inorganic phosphorus components in different treatments
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Olsen—P 7% FsZ AN g 2%

T 3 S it A% 28 5, %200 13 Olsen—P 75 1
B 3 Z LB 4430 Cas—P, B H4/EH 250K 1.679,
HYR I AI-P(0.268 ) , 3 it B i 25 Jiti FH ERF 18] (4 284 o
YEVI Y T B R IRt Car—P 728 N Cag—P, VS TE B I
i Cas—P 575 43 A1-P, 11} Caio—P . O—P 415 Jy X 1] F
JE($23) . TCIHE 2013 4R34 f& 2019 4, Fe—P X} 13
Olsen—P [ TR A TU(E , F L 1 24 1 3R Bl v
R B AR 5T, Cax—P Fl Cas—P 43711
SR BT ORI A AL B (F B it B ] 1
BN, Cas—P 720 Fy = B4 RUBE R .

3 iFig

3.1 TIEREEE M R BE 5 X< A B A 35 2SR NE AL

AWFFE K 2 R T R
52 A R U H R AR A &= T 600~1 200
kg+hm™(M3~M5) i}, 1= 3% Olsen—P 7 &t £l PAC $2 I+
RORBAE X 5 ZHANG S5 SH 7K T 5] SE ) i 57 45 51
— B, — MM E PR N R (0.93%~
5.20%) , H LA AT F) 1 AR X 4 5 1 e ML o 32 (4
70%) K2 AA MLZENE T 20 A 3T DL B 1
W R R T LTS PR, Ho R R OL-

sen—P P AR , (H 4 387G 850 v 2l Kbk
I, T I R KU I AR i 25, R AR i 5 vh
8% 2 B FH 4 7E 600 kg - hm>(M3) DL F 1), 438
TP . Olsen—P M4 FHRCR 588285 FH A AE L, X ]
RE A RN HC R G 2 P A i B 35 4 T 3% Olsen—P
SRR 2),mMFEZE(0~20 ecm) T/ ZE A Olsen—P 7
L R T B R RSN, DT RIS TR A
ZE it FH AR 0 R I AR XA — e R AR
T ARG 3 PACTERS ZE4% A S 600 kg - hm™
BB TR S i T B R . A A 2013 45,2019
AF [ Ab B 4 32 Olsen—P 3% i1 45 5 58 26 Bl it P 42 ]
5T R, N y=-0.000 082°+0.125 2x—-14.018,R*=
0.868 1, I A THU S AR ARk 782.5 , 3X e W] X 4 25 1
Jiti F A T 782.5 kg - hm i}, 15 2013 440 He , K 300 it
FRH 36 4 58 Olsen—P 75 2 388 o0 12 i 5 288 it FH) ek ) 348
T, 24 W A = T 782.5 kg hm B, 5
2013 AEAH b, A J it 4% 3 1238 Olsen—P & FE 3G I 2
B 28 Tk P et A i S22 T Rk A, BRI 2 il
e T 782.5 kg - hm i), 3RJZ T R I PR R A
% 1 AT Re - B R O XURS | IRl 45 G i 4
PR F M3 AL B AT A AR PR (R 2) .

it FHAE 2505 T 0] B4 R eI A A

R3 TELHBEEAS 5 Olsen-PEEZ EHIBE RO

Table 3 Path analysis for soil Olsen—P content as a function of soil inorganic phosphorus fractions

PEFIE T ECHEAE [} 4% AF A Indirect effect 5y R R K
Factor Direct effect Ca,-P—y Cag-P—y Ca-P—y  Al-P—y Fe-P—y 0-P—y Ty
Ca,—P 0.690%/— —/— 0.291/— 0.004/— —/— -0.032/— 0.044/— 0.997/—
Cas—P 0.302*/1.679* 0.662/— —/— 0.003/0.010 —/0.109  -0.034/-0.461 0.047/0.011 0.981/0.991
Ca,o—P -0.012/0.230 -0.244/— -0.072/0.555 —/— —/0.051 -0.002/-0.252  0.001/-0.018 -0.331/0.360
Al-P —/0.268* —/— —/1.243 —/0.011 —/— —/-0.466 —/0.013 —/0.916
Fe-P -0.037/-1.331* 0.598/— 0.281/1.243 -0.001/0.013 —/0.111 —/— 0.048/0.011 0.888/0.888
O0-P 0.051/0.092 0.599/— 0.280/0.432 -0.001/-0.013 —/0.044 -0.035/-0.162 —= 0.894/0.334

TE /220 2013 A BR TR A5 R A Mk 2019 AR B TH AR y WA B i, N ). AP O A — AR JE HERR I 1 R B L A0 S

Olsen—P 1] il ZAH 5,

Note: The data in the table,/ on the left calculate year 2013 processing and year 2019 on the right, y is the effective phosphorus content, the same

below. Al=P is the exclusion factor after one year of processing,* shows that there is a significant correlation between Olsen—P and this component.

F4 HEXHBAS 5 Olsen-P 2 Z BIRIE S BT

Table 4 Stepwise regression analysis between soil inorganic phosphorus fractions and available phosphorus content at

initial stage of treatment

YERIE T HEIE [ #24% FH Indirect effect 5y MR R EL K
Factor Direct effect Car-P—y Cag-P—y Fe-P—y Tiy Significant level
Ca—P 0.709/— —/— 0.281/— —/— 0.997/— <0.001/—
Cas—P 0.299/1.357 0.614/— —/— —/0.366 0.981/0.991 0.005/<0.001
Fe-P —/-0.389 —/— —/1.277 —/— —/0.888 —/0.011

1% WHART]
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AT Fe A9 B AT AL AT DA AL R A B B 1Sk s i
G Bk RS R A AL X R B, DT 2
- ST P R OO [T 2V FHRAEARR , 185 000 - S9RE Xo  P f
ZH 43 1) B AR st i R T AR T 5 F R it P A 3
825 B IMAE P A X 5 ) A 3 TE AL 4L 4 (Car-P
Cas—P.Al-P) MR . e 2wk A L85,
Can—P 7 5 JC B & AL A ICHLBE L 7 7 it B 2
B, T AE 45 43 Can—P ETCHLBEAL 23 TP Y &5 L
AR AT R OB L 7 o e e e . —
J7 2 G S T L AELE Ca—P, H Can—P#E H
SRIREE P ARXEREA T 0 i S e A6, o3 — 7T s
KA LT = A (A MLER L 2F T 1 3% Cai—P 4
fEP R3S B A MLIH B T RO IE R T
i, A LR B IR (1) 2k R v 23 T R - b ) IR R
il CO, M 1 38 pH, 4338 pH 32 5 2 ik 1+ 39 X
VWA o0 IO S I B A1 S ME LR 4
O3 T B [RAR Ca—P ZE LB 0P B i e, AR
W5 Hh A% 28 it FH ) 101 40 2 1 T 3 OM Rl AK %
i, M pH JC i 52 (£ 5) , i 11 OM & &t
5 + 3 Olsen—P % 1 2 I 5 H & ¢ & (P<0.05, T
] ) 5 4 19 3% 20 it FH 4 2% BB f2 35 14 i 13 OM L TN,
TK . AK . AN 6, Jf 288 5 13 pH(GR 5) i 1
1% OM . pH . TN & 55 3 Olsen-P &5 B EAH K . 1E
N T A% 28 it P e A B ep , IS Ah 3G B A B 2H 40 R
Caio—P 7 LR 2 38.37% (1K1 4) , IEIT 145 pH 15 6.98 (&
5), B0t FH A% 26 T DL SR S5 3 T -3 P 2 A1 Rl
PS5 b, T - SRR A S R AR R X T A R Sy
PR A — s e, (H B STk 55 1 — 2450t

3.2 TIERMBEEES I LB R AR Tk

AN ) 20 G Wl o0k - SFERRAG 1 BT R AA7E 22 521, ELX
VEWIE 2= S o 0 A E e A (A /N 20
XIYEY) B AR, T HAS R 20 43 TeLsk A et oA
JAATE], AT 2 - eI AR ) 25 5, — MR
TEALBELE 73 Caa—P o4 BLHEA BRI, Cas—P L Al-P
Fe—P Jy H 435 PEBE IR, O—P . Caw—P Ry 75 B JH.,
AMIETE R i % 28 5 — 4 BR Caw—P . O-P 5h, 1%
Olsen—P J PAC 15 Ho At + 3 I AL 2 70 3% {0 25 1E AR
%, Hal A2 40 B 3225 815 43 4y ¢ WA it P A 25—
4F Car—P /2 1138 Olsen—P i) T LEBEYR , Cas—P J2& T8 7 %
U, oA TCHLBE A 53 32 B3 2 52 0 1 58 Cao—P 7 5L 1M
i) 2 XF 1= 338 Olsen—P & 77 A 52 . X 5 A5 2 G
S AR S BT A R AR DL, A R A R Y
2B Ca,—P J2& 13 Olsen—P i) FEZBEIR , X J& T 7E
i e B - 5 Can—P I PR B i HLAL B B 43 K
PEBE , 54 25 b B R BERR SR A LR B T 4
Car—P &3 42T 1 138 A RUEY,

AW 7 a5, X 13 Olsen-P 5 &
7 A TE DT B A E T SR E0R = 0 LB 3 1 Car—P
A5 Ay Cas—P, 1l Ca,—P Xf 3% Olsen—P & &= 52 /)N
O T 8 Ca-P G PR 5, O B3 A AT
S 1) B R 1 TP S0 PR R Cas—P UCTE AL T
PR 2t T TS VR A 43 Ca-P 1) RBUEHE T
XFPEAL AR, HAE g 133 vh AR TR PEBE IR Y Cas—P 1Y)
B BE S g RPN R R . AR Fe—P X
1235 Olsen—P & 5 1Y HLHAE FH R B AN sy (H 3R
PR 17 BTk , 3k A TCALE2H S8 2 (8] 424 52

F5 REIAE TR SR

Table 5 Soil physical and chemical properties of different treatments

it 4 FR Apply year AL B Treatment OM/(g-kg™) pH TN/(g-kg')  TK/(g-kg')  AK/(mg-kg') AN/(mg-kg")
20134 CK 28.42+0.34c 6.63+0.02a  1.43x0.08b  22.35+0.14b  56.33x0.85¢c  113.17+5.32¢
M1 28.33+0.35¢ 6.62+0.04a  1.45+0.06ab  22.19+0.42b  57.56+1.07b  116.30+1.55¢

M2 28.78+0.43¢ 6.63+0.02a  1.45+0.06ab  22.55+0.65ab  56.85+1.21bc  93.13+1.00d

M3 29.4120.36h 6.64+0.01a  1.45:0.08ab  23.48+0.39a  57.08+0.43bc  116.7620.16¢

M4 29.5620.53b 6.67+0.06a 1.47£0.06a  23.08+0.88ab  57.61x1.12b  129.42+5.13b

M5 29.9020.36a 6.68+0.04a 1.52+0.01a  23.17+0.48a  59.44+0.87a  140.29+7.84a

20194 CK 19.03+1.24f 5.83+0.06f 1.4620.09c  25.55+4.17b  46.33x2.85d  130.11x1.93d
M1 28.56+1.38¢ 6.32+0.04e¢ 1.45+0.08¢c  27.19+2.53b  37.56x<0.0le  128.91+1.12d

M2 36.85:0.36d  6.51x0.05d  1.43+0.08c  28.55%6.7lab  52.85+4.42¢  120.14+2.99¢

M3 41.01+0.49¢ 6.65+0.03¢ 1.71+0.09b  27.48+5.44b  67.08+<0.0la  158.89+3.68a

M4 4420+138b  6.87+0.06b  1.87+0.09a  32.0842.90a  60.61+2.92b  149.19+2.76c

M5 46.52+0.88a 6.98+0.06a  1.91+0.02a  33.17+0.54a  69.44+295a  154.80+2.98b

T ARSI AR R4 09 AN ) b B 0] 22 52 2. 25 (P<0.05)

Note: Different letters indicate significant difference among treatments in the same year(P<0.05).
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-8 Fe—P 5 17 63X £ ok AR 28 i E A G
FEH R 18 TP AN R S 3 P 45 B Fe—P
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N, 5), BIETCHLBEL 5 (Fe—P  A1-P) [n] Cas—P 5%
A, HEINT Cas—P 5, 4 ELHEA SRSy Cas—P

4 £
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Lo S (B8 v NN A e 0 NG NE R = e
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U5 VEAERRIE Ol A1-P.
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