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Abstract: [ Objective | This study aims to supply theoretical foundations for utilization of straw and green
manure resources ,and high phosphorus (P)use efficiency in agricultural production.[ Method ] An 18—week soil
incubation experiment was conducted to study the P release dynamics of organic amendments (Chinese milk
vetch, rape straw ,400 ‘C rice husk biochar and 700 °C rice husk biochar)and soil P transformation mechanisms
by the methods of soil particulate organic matter (POM) separation and modified Hedley chemical sequential
fractionation. [ Result | After 18 weeks, the chinese milk vetch had the highest P release rate about 95.4%, fol-
lowed by 700 °C rice husk biochar(77.3%) ;400 C rice husk biochar and rape straw had no significant P re-
lease.The sequence of soil inorganic P(IP)increase rates after 18 weeks incubation by organic amendments with
equivalent P input was: Chinese milk vetch addition>700 °C rice husk biochar addition>400 °C rice husk bio-
char addition>rape straw addition>chemical fertilizer addition ; the sequence of soil conHCI-Po increase rates
was : Chinese milk vetch addition>rape straw addition>400 °C rice husk biochar addition, 700 “C rice husk bio-
char addition and chemical fertilizer addition had no significant effects on soil organic P (OP) ; the sequence of
soil residual-P increase rates was: 700 ‘C rice husk biochar addition>400 °C rice husk biochar addition>Chi-
nese milk vetch addition>rape straw addition>chemical fertilizer addition.For soil P fractions, soil residual-P
fraction had the highest increase rates by exogenetic P additions.For soil IP fractions , HCI-Pi had the highest in-
crease rates by organic amendments ; Resin—Pi had the highest increase rate by chemical fertilizer addition with
equivalent P input, followed by soil HCI-Pi fraction.Compared with chemical fertilizer addition , organic amend-
ments with equivalent P input may significantly increase soil P availability. | Conclusion | Green manure crops
such as Chinese milk vetch have the obvious advantage in promoting soil P supply ability and soil P availability.
The methods of soil POM separation was successfully employed in separating soil and straw residues to track
straw decomposition dynamics , however, more studies are needed for comparative verification.
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PR AVTVE A rE Bl ) S, HHERACE R B TN A L RARA L. EY
WK J5 R A 0~20 em BF 2 88, 2 KTt i J5 IR S o HEEEAHAME BTy . A LT 23.4 g/kg, &4
1.04 g/kg, 2 2.86 g/kg, Blf# A 131 mg/kg, FHEME 176 ma/kg, AU 254 mg/kg, pH 4 7.15,45K7.9.7% , il
$759.3% , K3 ki 31.0% , + 3 AP FIE L

B HLYPR RS 1 R 5 S8 AT BHA R AV VG AL R SR i St . 58 208 SRR AR R T S
VIR 2 em ZE47 25 o FESEAED BT A 6 AR 7S FHZERK DR EE T R i i 2 mm 07, 2o 07 5 A RS oe 8 T
FHA SE AL (IR N DL 4625 /3, 4390 T 400 “CH 700 “CHY S b e e fk 1 h, BIFS 400 “CHRE5T A9
RFNT00 CHEFEAED BTRAE S (60 H) o HEalA HLYR I IR 73R L2 1. BT HLBE AT 2 FH ik e — &
(AR,

&1 HAENIRSFESRRL

Tab.1 Basic nutrient contents of tested organic materials

RS AL (g-kg ™) 2/ (g-kg™) 2R/ (g-kg) op ON
Organic materials Organic matter Total P Total N
B RYAHIT
934.06 2.18 18.60 248.5 29.1
Chinese milk vetch
SR A
898.28 1.08 5.75 482.4 90.6
Rape straw
400 “CRAFEE W A
. 674.62 5.51 1.07 71.0 365.7
400 C rice husk biochar
700 “CRATEAE) A
527.40 6.98 1.64 43.8 186.5

700 “C rice husk biochar

1.2 REiEit5H&E
121 XEat I E N ERSR, S ARECS0 g 2 mm 0 0 KU H3ERE L 5 ik — Rl e 4
AT, E T 100 mL ¥R P, 725 CHEREE SR 18 i, i B 6 M3 : (1) AT IR CK) 5 (2) %
INTEALBEIEBE IR — S8 (P) ; (3)TRINLE Z WA (AS) ; (4) W IHEEFSFF(BS) 5 (5) ¥s N 400 “Cl 45 1075
FeAEW BT (RB400) ; (6) WS 700 “Ciil & IR se A W 5 ik (RB700) o A Ab PR RHE LA 41 30 mg/kg 5%
RN BE IR P9 DURR B A O RR B R 7K R A0 60% . BEANALERE B 21 AR, 0 3 TR FRER 01,2,
3,612 18 JEGEA TR AR IORE , RECREAC BRI 3 N E AR . A5 B B 3R A I KT G 0 45
1.2.2 At )i i dem) A5 4 304 HLTT o 2 0 2545 AL (POM) SRR J7 361419 1 15 9245 B
B3 A AL B, DA I 45 B B LA S I 0 o AREBUE 3R 4 B BE B KT 4 20 ¢, IMA
60 mL 0.05 mol/L i) NaCl YA , THR % %% 1 LA 150 r/min 723 2 h, i 53 pum B0, JHZEWK ROE vk, &
FETT b BSERD AT POM AR &9, BUIR A Wi A TR Pt — 200 B

R LT ETh T B EE A S0 mLELG A, LA 35 mL 1Y Nal (% 1.85 g/fem’) , 218 F
FEHIRS, TE O 1250 g B0 45 min, i 0.45 pm JEREANIE , I3 2400 Nal, FERZUENE Fak
YW ENS AL L, T 60 CHMEEE, HT/5M POMFRE, B4 H . RH H,S0,~H,0,7H72
—SHBEPL L LT POM-P A9 22 .
123 2EAFF 52 RBIER Hedley fh27 % 2R AT U 15 557 B B T 3 A 05 25 41 73« PRI
0.5 g AT+ T 50 mL 2.0, B Gk B B+ 28 9B L0.5 mol/L NaHCO,.0.1 mol/LL NaOH . 1 mol/L
HCLATH HCI A7 HE L, AR EBUZ S B4 16 h, Z 5 B0 (2 100 g, 15 min) GEIENEE B . H5 iR
5% BA AR R TR HLSO,—H, 0, TH Ff- I 2 4 . 12 BRI TCHLIE FLEVEE 23 591 >R FH BH B8 1L (5 05 RN TCP I
AL 2205
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1.3 HIELESHH

iz H Excel2010 F1 SAS8.2 A T4 AL B 5 Se 17341 , R H Origin8. 1 VEIE] . N[l &b B[] 119 25 5 43 BT R
AR 2 7 2250 HT (one—way ANOVA) F1Z2 & 3 (Duncan ) K255 (P<0.05) . A WL RIS 5 1304 4310
AH I M7 R H Pearson 12 .

2 HERE5HH
2.1 BNYHBNE#ENE

T 25 - A ML 4320 ORI BT (POM) B U 7325, 1 AN [ A AL RS o Ak B 35 57 45 B B 1)
LR B, AW A5 B B A HLRH ) S A i Ol o NIRRT, 15 =00 4R (58 0 J8) A5 AL Ak 1l i
RN AS 77.3%, BS 126% , RB400 82.2% , RB700 91.3% ; A3 ALY KL i) [l Ut 58 3 531 o~y AS 72.5% , BS
132% ,RB400 44.1% ,RB700 72.7%.

AN TR AE BEAT AL AL S it S5 AR 0L, 3 3R AT AL RL o 2 A 18 326 08 (6] 1a) o AS ALBEAEYRHAS i
(AR 1 R P s R B, 8 5 RS T I %R 31.4% , B3G50 12 JEI T A 74.6% , 55 18 JRI 1 3 45 R B
Ji& f# 82.5%. BS Ab PR AE R F5 YR 12 J8 , I S8R FF B AN B L 55 18 Sl K 5% 45 o B AU % 39.7%
RB400 .RB700 4b L 7E B~ 1% 57 1 PN A 76 A6 40 ot o Jo it 34 T b 3578 4k (P>0.05) .

AN R A AT WL RS i 5% Al i A2 AL R SR AR — B8 1b) . ASARIAERT RIS 128, 5~
FEAFBE 2R & A7 0 2 M FEAR (P<0.05) , RS FFBE MR IICR N 73.2% , 15 FR 45 18 Al W M BE R GK 95.4%
BS 5 RB400 &b 3, 7E 35 52 W1 TS F5 AT i S5 A8 52 2B 9 B e 8 AL 3 AN W1 IR . RB700 Ab FR7E 15 975 18
JEI B, A A e A W B e 1) 0 2 R AR (P<0.05) , B RT3 77.3% .
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- “oAe RB40O Top ' RB700
2ol ——w-- RB700 & 60T T
b = 2ot
=0 < =
i A~ HJWTHH O 40
’ 20 1 =9}
Hé 4
= = 30
S *»5
. l 20
< ] wof
0
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B AR (a) SRERIREE (b) 4

Fig. Decomposition dynamics(a)and residual P dynamics(b)of organic materials
2.2 WRERMXT HIEBA S S E R

F % 1F (%) Hedley % 2212 42 15045 , 761K - B8R B R 4153 b, LA HC1-Pi 5 NaOH-Pi P 20 73 5 ft fie
m(FR2) . RN, &AL R I FE (AS . BS .RB400 . RB700) YA [6 F2 B M 3 542 TF T - 584
TCHLBEL 51 75 2 (P<0.05) s TCALBE AR IS in AL 2 (P) 235 42T+ T Resin—Pi ,NaOH-Pi ,HCI-Pi I conHCI-Pi
GICHBEAL 73 & i (P<0.05) (F2) . BEROKTE |, AR AR YRR IS5 IR 45 AT, DL AS 4b 2 + 384 Tl
W20 43 O S die ey, HOOT 345 TOALBE 20 43 & S B TR B0, el s EIRIUT 27 RB700 ,RB400 . BS F1 P
ARFR . BN JCALBR AR AN, AT 4 35 45 T WL 20 43 (4R THRIUR: 2R T 48 WL RS Jin kb B (<
0.05) . AS &b P X} Resin—Pi. NaHCO,~Pi . NaOH-Pi. HCI-Pi 1 conHCI-Pi [ 45 T} #4351 g 14.38%,
16.23%, 12.15%,21.19%, 18.0%; RB700 &b B X + 1€ 2% To AL B 41 53 19 $2 T+ R 20 51 M 14.65%, 14.43%,
10.20%,19.11%,11.21%; RB400 &b B 1 4 T8 4351 4 13.06% , 13.66% ,9.68% ,20.15% ,9.16% ; BS 4b il +
HER AL 2H 7 5 0y B4R 71 9.18%,8.11%,7.08% , 17.50% ,9.59% ; P b B X} Resin—Pi ,NaOH-Pi ,HCI-
Pi Fl conHC1-Pi B4 F+- 585351 4 5.84% ,2.21%,5.58%,3.13% .

W A HLREZE Y, YR AR IR 183832 T+ NaHCO,~Po .NaOH-Po & & (P>0.05) ; AS . BS .RB400 4t #
WERTF T 3 conHCI-Po &5 (P<0.05) , 3 TR0 51 4 23.22% . 17.0% . 14.23%,
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W INANIERE B354 T T Residual-P 2H 53 & &, b HLEHS AL BE(RB700 . RB400 . AS . BS) 42 T
Y& Rt ol 8. % (P<0.05) . RB700, RB400. AS.BS & P Ab H# + 3 Residual-P & & 43 Il 32 T+ 64.35%,
48.51%,44.55%,32.67% ,23.76% , RN AEE L S NS 5¢ A5 W) [T 5 %F 1338 Residual -P A $2 FHE H 2K T 4581
SEREFF TCHLBE AL I i &b 3
K2 EHFEREARYEEMTEHASSE

Tab.2 The soil P fraction contents after incubation mg-kg™!
Ab 3
Treatments CK P AS BS RB400 RB700
ToHLE 1P Resin—Pi 339.60 e 359.424d 388.45 a 370.78 ¢ 383.94b 389.35a
NaHCO,-Pi 263.85d 269.93d 306.66 a 28525 ¢ 299.90 b 301.92 ab
NaOH-Pi 693.52 ¢ 708.85 d 777.79 a 742.64 ¢ 760.67 b 764.27 b
HCI-Pi 714.48 ¢ 754.36 b 865.89 a 839.53 a 858.46 a 851.02a
conHCI-Pi 209.09d 215.63 ¢ 246.72 a 229.15b 228.25b 232.53 b
HHLBEOP NaHCO,-Po 202.65 a 199.40 a 206.77 a 20245 a 199.68 a 199.35 a
NaOH-Po 401.75 a 405.09 a 407.39 a 397.87 a 401.33 a 409.60 a
conHCl-Po 103.79 ¢ 109.04 be 127.89 a 121.43 ab 118.56 ab 117.58 abe
Residual-P 91.03d 112.66 ¢ 131.58 b 120.77 be 135.19 ab 149.61 a

Resin—Pi 48 BH B 138 ) 5 3= 2 B9 JC WL ; NaHCO,~Pi . NaHCO,~Po 73 1] 45 0.5 mol/L NaHCO, ¥ $ i JE WL Wk A A AL
i ; NaOH-Pi . NaOH-Po 531/ 0.1 mol/L NaOH 2 2 {9 JCHLEA A1 A L ; HCI-Pi 45 | mol/L HCLIZ 42 Ay JCHLEA 5 conHCI-Pi |
conHCI-Po 53 545 vk Eh WV 3 (1) TE WL A1 HLBE s Residual-PFE AR 0 . 7472 /NG 7R [F], 267778 0.05 K 1
ZREE, Bl P<0.05,

Resin—Pi: Inorganic P extracted with resin strip; NaHCO,~Pi ,NaHCO;—Po: Inorganic P and organic P extracted with 0.5 mol/L
NaHCO, ; NaOH-Pi . NaOH-Po : Inorganic P and organic P extracted with 0.1 mol/LL NaOH ; HCI-Pi: Inorganic P extracted with
1 mol/L. HCl; conHCI-Pi,conHCI-Po: Inorganic P and organic P extracted with concentrated HCl ; Residual-P: Residual P.Differ-
ent small letters in the same row means significant difference among different treatments at 0.05 level.

2.3 TEBMASHISET

- A TOHUIR A 5 i 349 3y B 55 75 s (1) 56 328 Y 16 0 U AR A B ARG B 32, 45 T AL 2 40 1 A 0
(B HR IR 5 - B2 A LR ZH 20 % 1 MR SR I Ay B 5% 55 [ SR A AR5 3 i G I e ka3, 385 52 45 R
ki KA (E2) .

CK.PAb eSS e rh , L4 LB AL o & i A W AR 5 . CKARBRAES 18 A 5%
45 AT, NaHCO,~Pi . conHCI-Pi 21 431 2t 43 1) b 5% 32 00 B 265 1 S5 32 T+ 2.36% . 3.10% 5 HoAth T AL B 241 53
Resin—Pi . NaOH-Pi \HCI-Pi & i 535 2 W)WM L, KA B & 22 (P>0.05) . PACIRTESS 18 fil 5 7 45 )
iF, conHCI-Pi 273 % & He B F2 00300 50 5 4 71 3.77% , Hofh CHLBE 4l 20 S B R o i S5 n i e o % 22 7
(P>0.05), AS.BS.RB400.RB700 At , 7E 8550k B vhr , 4= 98 & TO LI 2H 40 % & Fifi 1% 7 1) ) 12 52 BT B
P2 i S AR s A AL BTCHLBE 2 43 T eSS SR 5 12 JRI B Hh A, Fe R A BRI

TR A LA 3 B i B A A S TOHLE 4 73 A8 A AN F] , NaHCO,~Po .NaOH-Po & conHCl-Po 415}
BAL PR IAEREFRAE 6.3 .6 JH A — W ANA, J5 Bl R [A] 18 25 715 (P<0.05) . AS.BS.RB400,RB700 4t
PEFESS 18 A IR 45 R 5 K5 3200 (5 1 J8) M E , NaHCO,—Po 4143 & & $2 T %43 314 8.68%,9.14%,
6.24%,5.56% ; NaOH-Po 2l 53 75 B 7E KR R 45 AT, 45 Ab B3 51 H2 T 14.4% ,13.0%,15.4%,22.7% ; conHCl—
Po 53 & i, B A Ty 42 71 33.0%,31.5%,24.7% ,24.3% ., PAEFE  FERG R 45 Rt 5 1 32 w0 AR 1L, 34
AL 535 100 0 0 5 4R 4 9.75%,20.3%,20.7%

CK.P b3 fE st B v, £ 48 residual-P & 5 0 i 35 I 3l , K 97 005 JC o 22 1 (P>0.05) . AS,
BS.RB400 .RB700 4b 3, 15 residual P 7 5t 52 I (A P3G N ) A 3, 7E 85 97 55 12 J8] 1 2 residual -P 1Y
T (P<0.05) , 73 T 43.4%,27.8%,36.5% F131.8%
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24 FBHYHEBEES TEBASNXER

VA AL R 5 A B ARG (2 3) o BRI (1A ML AL POM-P 5 £ NaHCO,-Po
Y150 TG i A Sk H S 4 e A 45 Bl 4 20 2 S I 3 (P<0.01) B i 3 (P<0.05) fi Ml 56 . 7F -3 4%
W4l 3 Z 8], NaHCO,—Po [ 5 Resin—Pi 4 {8 3 1E #H 3¢ (P<0.05) 4b, 5 Hoh 4% 41 43 35 6 8 38 AH G 1 .
conHC1-Po B 5 conHCI-Pi JC i FAH AN, 5 HAL A 21 43 3 R4 35 1IE A5G (P<0.01) o oA 4% 1 1k
2043 22 (A 2 S I 3 IEAH 6 56 R (P<0.01) o
F3 AVRIEES TR S HIEE ST (N=72)

Tab.3 Correlation coefficients between organic materials P and soil P fractions(N=72)

&2

0 2 4 6 81012141618 20

2 FE ][]/ Weeks

e AL 1 B AR L

Fig.2  Dynamics of soil P fractions

0 2 4 6 8 101214161820
2 FE ][]/ Weeks

POM-P  Resin-Pi NaHCO,-Pi NaOH-Pi HCI-Pi conHCI-Pi NaHCO,-Po NaOH-Po conHCl-Po Residual-P
POM-P 1.000
Resin—Pi -0.577"  1.000
NallCO,-Pi  -0.633"  0.928” 1.000
NaOH-Pi ~ -0.570"  0.891" 0.869" 1.000
HCI-Pi -0.574"  0.902" 0.859" 0.951" 1000
conHCI-Pi ~ -0.608"  0.811" 0.912" 0.773"  0.764" 1.000
NaHCO,-Po  -0.121 0.283" 0.114 0.215 0.184 -0.050 1.000
NaOH-Po ~ -0.422"  0.663" 0.669" 0.428"  0.461" 0.575" 0.539" 1.000
conHCI-Po ~ -0.244"  0.535" 0.435" 0.503"  0.467" 0.184 0.724" 0.591" 1.000
Residual-P ~ -0.531"  0.793" 0.746" 0.829"  0.781" 0.567" 0.354" 0.523" 0.619" 1.000

“P<0.01;" P<0.05,

3 it

i#

3.1 HIEREAS
HELEIR PR IE T E— B R o & IR WIRAAIE S . AR 5, K 3 E R
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KA R TEPE N 25 5 B IRAETE SO AN A o A2 b PR slomditE + 38 b, HIERE R IB A LA Ca—P 2 F 5 HC1-Pi
21 4y Ja 22 AR R SO A R P I B 2RI AR DL Fe/Al-P iy £ 3 NaOH-Pi 41 53 J|m 217, A
TR, A - R L HCL-Pi 4 20 % i fi =, LU NaOH-Pi s RIS 4 885 R A0 S DLAS 45 & 1k
FERERSS AR T, AR IS 1+ 58 W 22 W XSS a2 g + RE BT B R B IR AEHEA
Sk A DK S5 P LB 4 B R A R e AR R T P R Y Fe/AL-P 9 B AR A T R
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