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e T I IR S D) b 33 4R R ATREE (058, SR A 3 — 00 2 A0 ) 1 R T

TIETNBE S H T, MR A/NE — B FORFAE R KA R AU i R RS FFIE F 0 e . A ALk
(Olsen—P) RALAETCHBERZm , G50 FR M BEUEIRACE R X+ B A& /NE— 2 FREAERP,0H
10 ~ 240 kg hm™, FEBEALF RGN, 346 . Olsen—P. JCHLEE R L R ICHLEE 1 Cay—P . Cag—P .,
Al-PHIFe-P¥ B E RN, O-PHICa,—-PTC W E A2 4 LG ABE AR TR & th B sy, JCInRsFF

WS, ek, THLBE SR

Olsen—PHIJCALIE H R Cag—P AN HAL A 25 24 06 8 25 284k 5

4 e A B R TR wE R, BERS AT BRI LA TE . Olsen—PAITLHLBE Y Cay-P
Cag—-P. AI-PHRERN, HALIOIsen-Pg R K, ToHLBEH LICa,-PE iR, HIK A Cag-P, K
HAL-P; LIEBER B AT S Rh A PHEE T IR BE EMCKR.

XA

FESES S153

A R A 2 R R IR E 75% 1) + 4
Bewl, ALY LA 7.8 mg kg
201H: 22 8OAF £ 397 - M Bl [ = i Ay B o6 /6 4 25 7= 114
FEENT, REBRWEENTEEZ AT, Wit
Wit f) BIF 55 2 4B TP 1 B v A T G BEE
AR T RN R B A A 22 A B
Gyl Y S UTARR, BEFE IR T
RN, IR R W T o Y R
SR /N E — B K R A P AR A R4 ) A
10.1%., 12.6% ', HEE#H FIEBERBERE, B
IEL 4 7% 25 T R IR 10 oA T S 5 20 1 3R
B G2 3k VT M, AT S 2B
BARBT ST, BREFMHIBESR D WIRNZ 4 =R

PRI, T P B - St 2R AR B0 K L o [ 282

s RIWICRE X% FEFFE I A%k THLBHES
MHEAARIRED A

fiff TR 3N ) R 1 SR P 2

19574F 5K SRR Jacksondié ) T B R M HUR RN
TIETCAUBIE 5 S HAE i D RS 2 T 3R
198OAE AT A 25 ) ') 42 4 I - M TE WL
ST, RIRAR G AR RIETHLBEIE & S
fhle TEEHENEH . CA RV Bk
A HLAE S 0 S e A, T R AR TEHL
Ry | B = AR cF (T - IR O B PXI AR 518
WA g 5 A WD e B, il FH A 2 T S 2 4 in 21
AR R, JFLIAI-PRBIE MR, B4k
W EAE LS4R8 A TS HLEE & 2 R/NIT
Fe-P > Ca,;,—-P > Al-P> Cay-P> Ca,—P>0-P, i
FABEAEHE N 2E L Fe-P & i, Ca,-P G W 4
I T w2 6 4F K E 1K 5

b B S (12220204D ) %EH) Supported by the Science and Technology Support Project of Hebei Province of China

(No. 12220204D )

T W IRAE#E Corresponding author, E-mail: jlliu@hebau.edu.cn
WAL M, AT A, EENE LR S E D AT . E-mail

EH A BORK (1989—) , &,
hxx1006982489@163.com

Wk HH: 2015-09-21; WEMESHk HEA: 2015-12-18

http: //pedologica. issas. ac. cn



780 + %

¥

53 %

SR KW A VLIS S fb 2= A0, B )=
Ca, -PE SN, HA SIS LB S A
Fr¥gim, KRN, Al-P, Fe-P, O-P.
Ca,-PE > . XIEEF sk a " e R
3 b AW ST F W S 1 24F it FHBEAE . A LR, &
BN JCALEE H B9 Cay—P |, Cag—P, HIK HALI-PAI
Fe-P,

A NFE— R OR A R B IX Y A
Jrate AL PR IX G 63 % Y,
R SRR X R A /N R BRI R,
ACAF SR I B it P IE 12— s R BN o 1 - el A
B, FEAFIS BT B e -39 HLJST A i 3 gk
THEEMM P, RIS X A A
T8 2R 11 2 i) B R P28 FEL S 8 AL 4 4 FH S I 5 W )
FLb T K — [ ) i R %o % X S 5 0 R R 2
R RS A S X

FEF BARAE, ARWESE LA A6 A I T DX L
WA A 158, DL/ N — 7 ROKRAE33 RS AT
i AR AL A R, R
TS AT A0 FH SR 5 R0l N e it o) - 48 45 1 28 e P
FISEIR , ShRbS | 2 B R R 4 BT IR AR (AL
WA

1 MRS

1.1 R R

T 50 b 7 T b A8 A B 2 B SR AR AR ML A 5T BT
R, M TAEZ115°42, db4i37°53", R
KBt M 2 KU, AEIREE12.4°C, AR RN i
550 mm, JCRFIH200 d, J@iT LA REE X .

B o e £, AR MR, i
pH 8.7, AHLF11.50 g kg™', ©%0.83 g kg, &
B1.03 g kg™ (M2 J7 75 I NaOHIE Al —SH BT L (2
B E ), A% (Olsen—P) 12.30 mg kg™', #
2E1109.8 mg kg 1P,

1.2 Rt

KX, BN A BIEHE (NPE
R, AR, RIARERRRSFFR R (SER)
33K, 124N kb IR, 3RER, RELHES,
N TEIAL6T m?®, 45 it A Ak BEA QA A AECRE a1
Fis

RG] . 19814E10H —20144F6 H , &/
FRIAE33%E . B B K327,

HEKFEFLHER: 19814F10H —20044F

x1 ABEAHFRMELEREE

Table 1 Experimental design and fertilization rates set for various treatments ( kg hm™)

b 4k e Al 4k
A HRACHS Auxiliary AbHACRS Auxiliary
Treat t Main treatments Treat t Main treatments
reatmen treatments reatmen treatments
Code ] Code ]
N P,05 F&FfStraw N P,05 F&FfStraw
NoPySo 0 0 0 N,P,S, 180 120 0
NoPoS, 0 0 2250 N,P,S, 180 120 2250
NoPyS, 0 0 4500 N,P.S, 180 120 4500
N,P,S, 90 60 0 N,;P5S, 360 240 0
N,P,S, 90 60 2250 N;P;S, 360 240 2250
N,P,S, 90 60 4500 N;P5S, 360 240 4500

10 7 (244 [0 B 6 4F — A~ A 3, Wi 34F 44 3R 1 i it AT
Ty L AW NE AN FORFEFFIR B, 5 345 AN it U A
FEAFLAMLER 5 %%, BI1981—1983 ., 1987—1989,
1993—1995, 1999—200 14 F%5 FF it H 124 I it FHl
R, HABAE Y RER S5, M20054F6 H —2013
A6 ) 94 ) 4 4F 34 4 2% 1 it A Dy 8 it A A R KA

FRAH, BP R ORAEFFILIA 2 14F . /N RS FRIA A
. 19824FE6 H —19994E6 H , /INEFEF R A b
M FERFEFFEBR 15 FHE RS AT EIEH ) |, 2000
o H —201446H , NEFREFFIRALAR, BI/NE
F FF34 H154F

WS vk A/ANEHERD: 50% AN (IR

http: //pedologica. issas. ac. cn



3 4] BRRAE : KIAREFFIA B8 4 45 I8 A 0 1 5% ) 781

£) . 100% BEIE (L BEIRES ) M EKRFEF A
G Ao 2% b {T — R PEAOGE R G, 50% RAEAE/NE
Y BRI WG, B EKRED: 100%F E1EE
BB, ASHEBEERAC, LAt W) 5 R I )45 2
1.3 SWmBRFE*®

T AN 20144F6 H IR A& /N R R H
27O S AL TRO ~ 20 em B RE, AN XL
6MERRA W — 1 IR, TR H .

MyEw H 5. £3E4p R AIHC10,-H,S0,
THAE PO E ; A88E (Olsen-P) SR
FINaHCO, 32 — 8Tt il e 2 Lk
T A5 TCHLBE R IO 25 90 A Ao ) i e 0
TeHLBE 9T

IR RS T HOTE . NEREREFT
L : 110 1 1.2, NEMERFFR AR (P)
4 H0.392% . 0.298%; FEFFBE (P) 20N
0.238%. 0.196% ',

T %= (i A% s ) % x 100
1.4 HiEQE

2 45 R

2.1 KEIRBHITHS RS T TIERETE

3BAE A RL A ALK I h A /N P AE33EE, B
FORPIAE 327 o FE T /INAE RN K EE AR I 1] 9 °F- 3
FE . BEARRNRS AR A, VRO A Ab B A R 0k
ERMEAR A (F2) o EXRFEFAEHES, . S,
(2250, 4 500 kg hm™, F[) 214, /NEF
FFIFEALIE 154, MY T4 F5 1 6 H #54.18
7.55 kg hm™*; N,P,. N,P,. N,P,F (P,0H&
60, 120, 240 kg hm™, FH ) EKRFEFFLTS, .
S,, HYTFAEHYFEFFE H#B9.12, 12.13 kg hm™;
NoPy. NP, NP A4l FIGISFEFFIA M S5, 1wk
WSt FE T 5 e, 5 il 40,92 ~ 16.51 kg hm™
(2.2% ~93.2% ) ; NP JER F RIS E TS
A, RIS RWCCRW M B R, Bk
20.51 ~31.11 kg hm™ (37.5% ~ 62.5% ) .
2.2 TIERARERK

33MEE AL, I R A BRSO 1T

KM Excel 200304 J2SPSS 7.0#EAT R Al %, SEREH . HIEAH SR 825 mg kg!, +

il 1
=2 T EIFEREAKE T HIER R FERKR
Table 2 P balance in soil relative to fertilizer level (average result, kg hm™)
- W # T4 P balance N
e INZE T p—_— . EURE ]
Treatments Wheat Maize yield S FEFFA H Phosphate it ZiAxei5i  Apparent balance
yield Total input  Straw return Output Surplus (%)
fertilizer

NoPoSo 994 2 480 1.21 1.21 0 17.72 -16.51 -93.2
NoP,S, 1060 2 868 4.18 4.18 0 19.63 -15.45 -78.7
NoPoS, 1467 3 044 7.55 7.55 0 21.89 -14.34 -65.5
N,P,S, 3067 4564 21.03 4.36 16.67 36.14 -15.11 -41.8
N,P.S, 3027 4862 23.91 7.24 16.67 37.26 -13.35 -35.8
N,P.S, 3047 5164 26.79 10.12 16.67 38.70 -11.91 -30.8
N,P,S, 3 868 5603 39.26 5.91 33.35 44.90 -5.64 -12.6
N,P,S, 3718 5322 41.96 8.61 33.35 42.88 -0.92 -2.1
N,P,S, 4116 6197 45.36 12.02 33.35 48.02 -2.66 -5.5
N;P.S, 5023 6314 75.14 8.45 66.69 54.63 20.51 37.5
N;P5S, 5161 6518 78.21 11.52 66.69 56.28 21.93 39.0
N;P.S, 4948 6270 80.93 14.24 66.69 49.82 31.11 62.4

TE: HE T 334F /N AT K 17 BT 5 R SR S SR LA, FG T R B DR /NS L RORERE RN R B, AR D AT
BE FOKRFEFF A BB AN Z FEFF R 8% Note: Apparent P balances were figured out, based on at different treatments were calculated
based on the average yields of wheat and maize in the 33 years, where the output included P removal with grains and straws of wheat and

maize, and the input included P in applied chemical fertilizers and in returned straw of preceding wheat and maize crops
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100
8 5 4W% P% of Total P & K ICHLE% P%of Total-Pi O f§ Ca-P% P% of Ca-P
S s0r
» |
g 601 5
g .
3
S 40t -
2 .
20 . -
5 H :
0 1 1 1 @ 1 1 1 ) 1 . 1
Tl
Total-Pi Olsen-P  Ca-P  CagP Al-P Fe-P O-P Ca, P Ca,-P Ca-P Ca, P

44 J& 755 Fraction of phosphorus

e B PEOE A A B EREE A S 5 09 F3{E Note: Data in the figure were means of each treatment
K1 KRR R 3w 2 4

Fig. 1

B R AL LTI N £, R EE78.2%),
TL#EH LiCa-P A E, HEHLBESENT1.0%,
Hr, Ca,-P. Cax—P$HCaIO—P§j\%U£Ca—PﬁE@
0.6% . 29.1%M70.2%; Al-P. Fe-PHIO-P435]
TEHLHE MR AY6.0% . 6.8%F1 16.1%; Olsen—P 4>
BEM1.0%, & ICHLBE B HIN1.3%.
2.3 KERFLTHMNLESBE. THBMO0Isen-P

opAl

A FF 3 TR 0 0 B i X A . G
PLBE S A Olsen—PRYFZ M AN 3R o K it A
334 )5, AEMFE AT, 4R E I T
iy Benl, TIFEAH S, B, THL
M AOlsen—PASAL R B 3% 5 Y HIERE R UCF

Fractionation of soil phosphorus under long-term straw return

M B A, KSR AT A E 2 A A
TCHL#E B & MOlsen—P, BIN,P,S Hal [ #% FF 4 M
S, (N3P.S,) , IR A A, HIiES
B . ML AR FOlsen—P o 543 B3 N302 . 261
M7.34 mg kg™ (33.5% ., 34.4%HM56.5% ) , 25
KB B KOF o M R RS AT IR B AN [R] @l )+
HWEawE . LR B E MOlsen-PRYSZIN . + 34
B . ToHLEE M FOlsen— P 25 B AT FH 4 09 484
TG SNPA L, AL & 7EN,P K,
LM ICHLEE BRIk B E 25 M T Olsen-P,
HB G AL, Olsen—PH) g E 0, S5N,PS,H
i, N,P,S,. N,P,S,HIN,P.S, 1328 . TCHLEE R
HAOlsen—P4r HIE G IN154 . 164F17.24 mg kg™

R3 KPEFTEHTHLRSH,. VB2 EMO0Isen-P

Table 3 Soil total-P, Pi and Olsen-P under long—term straw return ( mg kg™")

b P
reatmente NP, N,P, N,P, N,P,
B0 S 667a (b) 772a (ab) 790a (ab) 901b (a)
Total-P S, 679a (b) 784a (b) 800a (b) 1008b (a)
S, 685a (b) 794a (b) 819a (b) 1203a (a)
oML So 458a (b) 526a (ab) 581a (ab) 760b (a)
Total-Pi S, 502a (b) 568a (ab) 616a (ab) 900b (a)
S, 550a (b) 613a (b) 655a (b) 1021a (a)
Olsen—P S, 1.22a (d) 4.48a (c¢) 7.89a (b) 13.00b (a)
S, 2.55a (d) 5.07a (c¢) 9.22a (b) 15.74b (a)
S, 2.90a (d) 5.81a (¢) 10.56a (b) 20.34a (a)

W NEFRNFRIRERIKRSD BEART S RINMNER BEELE, BN RTHERBEELE, T Note:
Different lower case letter in the table showed the significant difference at 5% level; the significant difference of each column and row

were indicated by the letters outside and inside of the parentheses, respectively. The same below
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JRAE IR AT I FH X 4 3 B 3

AR A 783

(23.1%. 35.9%#1593.2% ) ; ﬁ@‘ﬂe%ﬁ*ﬂﬁ&’*
W0 F, N,PS,. NPS,. N,P,S,. N,P,S,. N,P,
FINP,S AL B, 358 4 | %HL@;E\E$DOISEH—P
O3 3234 . 271/19.90 mg kg™ (35.1% .
59.1%HM1811.7% ) .
2.4 KHBFTHMTIEESES VBN
1 AT 0 F A B IR G it X = HE A5 B S
TCHLBE M sZ AN R4 FT 7 . HHERE R W ST
17 = i B ol O EK o S R 7Y = 0B 1 o
Cag—P EHIN, +3ECa,-P, Al-PAIFe-PAEfk
KA E, HIERR WG B AR e, B AR
HEMHEM, T3Ca,-P. Cag-PHMAI-PH
Sy W ST o 3 % == N R 07 S = OB 1
1+ Ca,-P. Cag-P. Al-PFIFe-P¥ i Z 10,
o, 5NP S HH, N PSS, A B Cag—PHE N
7.33 mg kg™ (10.2% ) ; 5N,P,S Hd, N,PS, kb
PR Cag—PHEfI124.39 mg kg™ (32.5% ) ; 5N,P,S,
L3, N,P,S, FIN,P,S,Ab # Cay—P 435I 3G 110.07
M26.71 mg kg™ (10.3%H27.3% ) ; 5N,P,S,

%, N,P,S,FIN,P,S, At B Ca,-P%)
6.84 mg kg™ (64.5% . 178.6% ) ; Cag—P43 534
80.15, 129.3 mg kg™ (42.0%. 67.8% ) ; Al-P%»
”lJiJ][IIS 68. 26.14 mg kg™' (37.0%. 61.7%) ,

SRR E K, X NG Cay,—P > Cag—P >
Al-P,

A RIS FF 3A HH 2 S ] 4l FH et 0 4= S84 TR 28 T L
Wiz . B GE BRI = 28 i 43 Ca,—~PFICag—P
HIK KAL-P, B HNFe-P, 1MO-PHICa,—P¥J i
Lk, Hid, 5N PSS HE#, N P,S,. N,P,S,Hl
N,P,S b B 35 Ca,—P . Cag—P. Al-PHIFe—P-Hh4
BN1.53. 49.43. 14.18F113.09 mg kg™ (242.9% .
68.9% . 59.5%M40.7% ) ; HN,P,S, L#,
N,P,S;. N,P,S FIN,P,S Ab ¥ -3 Ca,~P . Cay-P
Al-PHIFe—P V-3 /12.60 . 85.29 . 20.44%[114.66
mg kg™ (305.5%. 118.2% . 84.7%HM45.2% ) ;
NP S, L8, NP ,S,. N,P,S,HIN,P,S, kb3 +
HECa,—~P. Cag—P. Al-PHIFe-PFHM/M4.18 .,
102.23., 23.98F118.33mg kg™ (435.8% . 129.3% .

P IN2.47 |

*4 KB ZTHTHRSHS TS

Table 4 on Fractions of soil inorganic P under long-term straw return ( mg kg™")
TCHL Lb
Inorganic P fractions  Treatments NoPo o P P
Ca,—P S, 0.63a (h) 0.95a (b) 1.70a (b) 3.83¢ (a)
S, 0.85a (b) 2.0la (b) 2.03a (b) 6.30b (a)
S, 0.96a (c¢) 2.10a (be) 2.66a (b) 10.67a (a)
Cag—P S, 71.75bh (b) 75.08b (b) 97.73¢ (ab) 190.74¢ (a)
S, 72.19b (c) 93.76b (b)) 107.80b (b) 270.89b (a)
S, 79.08a (d) 99.47a (¢) 124.44a (b) 320.02a (a)
Al-P S, 23.81a (c¢) 35.54a (b) 36.07a (b) 42.35¢ (a)
S, 24.14a (c) 35.93a (b) 39.79a (b) 58.03b (a)
S, 25.04a (d) 36.31a (¢) 42.26a (b) 68.49a (a)
Fe-P So 32.15a (c¢) 38.80a (b) 44.20a (ab) 52.73a (a)
S, 32.44a (c) 42.00a (b) 46.28a (b) 53.02a (a)
S, 32.95a (¢) 43.66a (b) 48.70a (b) 61.48a (a)
0-P S, 67.87a (a) 93.08a (a) 91.45a (a) 111.6a (a)
S, 86.61a (a) 97.64a (a) 98.67a (a) 121.2a (a)
S, 117.6a (a) 120.6a (a) 103.2a (a) 137.0a (a)
Ca,—P S, 261.9a (a) 282.3a (a) 310.1a (a) 358.6a (a)
S, 284.9a (a) 296.7a (a) 321.2a (a) 389.7a (a)
S, 293.9a (a) 310.8a (a) 333.1a (a) 423.3a (a)
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95.8%F155.6% ) ; BRI EBEIC AR FFEC G T,
N.P;S;. N,P;S,. N,P,S;. N,P,S,. N;P.S, FIN,P,S,4b
B, +3Ca,-P. Cag—P. Al-PHIFe—P43 5| F 11
hn3.67. 97.65. 22.99H117.04 mg kg™ (581.7% .
136.1% . 96.6%M153.0% ) . AW, HH[RFEFFA H
BT, BEREEEAC RGN, RIS TOHLEE I AH
Xt Ca,—P > Cag—P > Al-P > Fe-P,,

25 TEMBSESEESHMEENXAR

T IERR R AR T R S AR AR A SO &R
TSR . M E S AE334F 5 + b & 2 BB
AR B 5 B 5 334 I A A R R A ST A G K
£, SRRV, HEBRFEYE T 501sen-P,
AW OHLBEEIE . Ca,—P. Cag—P. Al-P. Fe-P,
O-PHICa,—PHY & B2 B E A C LR

xS ITEBMARSESEHRSHMIEBNEIXAR

Table 5 Relationships of P balance with various inorganic P fractions

WA

P fractions

A5 e

The equation

{03128

P fractions

HRTT R

The equation

P fractions

LBV

The equation

Olsen-P

R0
Total-P
T S

Total inorganic-Pi

y=0.33x+8.85
(r=0.9649%%* )

y=9.35x+841
(r=0.9250%% )

y=9.54x+663.00
(7=0.9590%* )

Ca,-P y=0.16x+3.18
(7=0.9081%% )

Cag—P y=4.73x+142.37
(r=0.9081%%)

Al-P y=0.71x+40.30
(7=0.8994%3 )

Fe-P

Ca,,-P

y=0.49x+44.95
(r=0.9128%%* )

y=0.75x+105.28
(r=0.6783% )

y=2.70x+327.22
(r=0.9654%% )

T MCDy Bly=bx+a, Hhy /b FRRAHE (mg kg™ ) 3 xWEX HIBENE 71 (kg hm™) , *FRp <0.05, **F/R
p<0.01, n=12, ry4s=0.5530, ry,,=0.6840 Note: Of the equation y= bx+a, y stands for phosphorus fractions (mg kg™ ) , x for surplus

P (kghm™) , *for p<0.05, and ** for p <0.01. the sample size n = 12, 7405 = 0.5530, 7,,,=0.6840

3 i i

3.1 KERBTTHEMERSHENZN

Fili FF 3 T X 184 0 -+ 58 A7 BT Aok 8 B Ak
PERA BRI Y, 6 A% A B W B A
RS REHS Y PN, KRR g
LE3AEFEFFIA M (R HHET7 560 ~ 7 380 kg hm™,
JEF TS kg hm™) , HHESBES R B ERN, KR
0 A R A I A /N E AR I (IR TG 000
ke hm™, BEIEJHE150 kg hm™ ) 104F &4 i -3¢
MR A B Y S A )
—IRKgeH b, WA KOF T RS AS KA R
AN S T RIEARES T EACR IR
AL B AR X A 7 64F , 38 ML 7Y 3tb He ok A1 1A 3 56
b 0 SO 00 75 1 - 4 W R A RO (AN A 4t v
o WO T IR A BH /N — R X A K
FEAFR A, 3AERSFFR A B G A [ RS FR A H 2 5
TR R Z M AR R KU —
2 WIS IX QAR AT T e A 20wl JC I s 4k > .

AIRIF TR LR . /N —H FEOKEAEFE33
AErp, FORFEFHAH214F, B0 ~ 4 500 kg hm™,

INEFERFEALIA I 154F, P,05 HIH0 ~ 240 kg hm™
BeG i T, 4 I 3R WS SR WP R AR
FEAA R AC P AT, BE RS FFO6 B p 38, 135
A THLEE S =M Olsen—PY W E WA, JTCHL
B HCa,—P . Cag-PHIAI-PYJ W EWIN, Fe-P,
O-PHICa,—PTC W F A5k 5 4 T3 Wiy A/ T
i, KIAFEFFE T 25 Ca— P B HT I3,
MiOlsen—P, JEAHLHEH Ca,-P K HABIE 2585 T i 715
o DA LgE R, R A X 3 0lsen-P, TG
LB Ca,—P . Cag—PHFIAT-PEEAG S8R IR 1) 52 1
BT HIE R R SRR . &/NE—H Fok%R
e, ANiBEAL SRR FFA IR AL T 20 B
R, FAb PR 0] 3 A o B AR Ak Tk
RSP 5 X2 A A 25K i K S R R R R A X
PRI, 24 4 A R KT A AR, A5 T 3 H )
o 10 A PR R AT DU FERE R AL R
THFEMY R B AL, R EE A KT R, X—
2 SIS T QR s PR I LR
A R R 5 R R OO A A — BN SR
3.2 TEXNBTHXEES

A H A SR B TS N & 2 Z R R R R,
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WA m | PR R RS (E R T
ARG 7304 P2 B YRR R
+ BT N Ca—P 5 TCHLIET1.9% ~ 90.8% ,
Ca,-P5Ca-PAY0.9% ~3.6%, Cay—P5Ca-PHY
1.7% ~ 44.8%, Ca,—P 5 Ca—PI#51.7% ~97.4% " ;
JCE it A HLIE s B IR, K 1k 8 T o
SEAT R0 B TTHLBE A 50 R C a,— P A 22 550 1R
[ Cag—P " P24 B A PR (4D
HFEME G AU ) 5 Ak AL B it 2 07 it AE 16
A, THLBE A 2/35 A Ca,—PHICag—P 1 i
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Effects of Long-term Straw Return on Various Fractions
of Phosphorus in Fluvo-aquic Soil

HUANG Xinxin' LIAO Wenhua' LIU Jianling"” ** ZHANG Wei' CAO Caiyun’ GUO Li’
(1 College of Resources and Environmental Sciences, Hebei Agricultural University, Baoding, Hebei 071001, China )
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Abstract During the last decades, long-term fertilization has improved soil fertility in the Huang-Huai-Hai Plain.

With increasing soil available P, crop response in yield to phosphorus fertilization has been found declining, while

environmental risks of unreasonable fertilization are becoming an hot issue of concern. In recent years, returning straw to

fields is a farming practice getting more and more popular in the Huang-Huai-Hai Plain, however, few studies, let alone

long-term straw return field experiments, have been carried out to investigate impacts of such changes in field management

on fractions of soil inorganic P, soil P availability, yield response as well as potential environmental risks. Therefore, based

on the 33-year long-term fertilization field experiment effects of straw return in conjunction with chemical P fertilization on

total-P, Olsen-P as well as fractions of inorganic phosphorus in fluvo-aquic soil in the Huang-Huai-Hai Plain were studied.
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Fractionation of inorganic P was done using the Gu Y-C, Jiang B-F method. In this experiment, the split-plot method was
used, and 4 main plots, ie. NoSy, N;S;, N,S, and N;S; were laid out. Each main plot was split into 3 sub-plots, applied
with straw at a rate of 0, 2 250 and 4 500 kg hm™, separately. This experiment under a winter wheat-summer maize rotation
system was initiated in 1981, and designed to have maize straw returned to the field in 1981-1983, 1987-1989, 1993-
1995, 1999-2001 and 2005-2013 and winter wheat straw returned in 2000 and on.

Results show that among the plots the same in P,0s application rate, (0, 60 or 20 kg hm™ in chemical phosphorus ) ,
those having maize straw returned for 21 years and those having wheat straw returned for 15 years witnessed soil Cag—P
significantly increased with rising straw return rate; in plots applied with P,0s at 240 kg hm™ in chemical phosphorus, soil
total P, available P and inorganic P, such as Ca,—-P, Cag—P and Al-P, were all significantly increased with rising straw
return rate, but Fe—P, O-P and Ca,,—P did not change much in content. Compared to Plot NyP,S,, Plot NoP,S, ( maize straw
returned at 4 500 kg hm™ ) was 10.2% or 7.33 mg kg ' higher in content of soil Cag—P; compared to Plot N,P,S;, Plot N,P,S,
was 32.5% or 24.39 mg kg™ higher in content of soil Cag—P; compared to Plot N,P,S,, Plot N,P,S, was 10.3% or 10.07
mg kg_1 and Plot N,P,S, was 27.3% or 26.71 mg kg™ higher in content of soil Cag—P; and in comparison with Plot N;P,S;,
Plot N;P.S, and N;P,S, was 64.5% or 2.47 mg kg 'and 178.6% or 6.84 mg kg™ higher in content of soil Ca,—P, 42.0% or
80.15 mg kg 'and 67.8% or 129.3 mg kg™ higher in content of soil Cag—P and 37.0% or 15.68 mg kg™ and 61.7% or 26.14
mg kg™, higher in content of AI-P, respectively. In terms of relative increment (p <0.05) the fractions of inorganic P
displayed an order of Ca,—P > Cag—P > Al-P. In addition, in the plots the same in straw return rate, impacts of chemical P
fertilization rate on soil P were also examined: in comparison with Plot NoP,S,, Plots N,P,S;, N,P,S, and N;P;S, had soil
total P, inorganic P and Olsen—P increased on average by 154, 164 and 7.24 mg kg™ (23.1%, 35.9%, 593.2% ) ,
respectively, and Ca,—P, Cag—P, Al-P and Fe—P increased on average by 1.53, 49.43, 14.18 and 13.09 mg kg™

(242.9%, 68.9%, 59.5% and 40.7% ) , respectively. Furthermore, in comparison with NoP,S,, Plots N,P;S,, N,PS,,
N,P,S;, N,P,S,, N;P5S, and N;P;S, had soil total P, inorganic P and Olsen—P increased on average by 2013, 271 and 9.90
mg kg7l (35.1%, 59.1%, 811.7% ) , and Ca,~P, Cag—P, Al-P and Fe-P increased by 3.67, 97.65, 22.99 and 17.04
mg kg™ (581.7%, 136.1%, 96.6% and 53.0% ) , respectively.

In conclusion, in the farmlands under the winter wheat-summer maize rotation system in the Huang-Huai-Hai Plain,
when P input falls lower than P output ( 120 kg hm™) , the soils would not have much changes in total P, inorganic P,
Olsen—P and fractions of inorganic P, regardless of whether straw is returned in addition to fertilization. However, when P
input goes beyond P output, soil total P, Olsen—P as well as Ca,—-P, Cag—P, Al-P and Fe—P will all increase, and among
the P fractions, Olsen—P ranks first in relative increment, and is followed by Ca,—P, Cag—P and AI-P. In addition, balance
of soil phosphorus input and output is positively related to contents of the various fractions of soil phosphorus ( p <0.05) .

Key words Fluvo-aquic soil; Long-term fertilization experiment; Straw return; Olsen—P; Fractions of inorganic

phosphorus
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