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Abstract: [ Objective] Investigating the contribution of inorganic phosphorus (P) fractions to soil available phosphorus under
equivalent soil organic matter content might be helpful in development of phosphate fertilizer management strategy whereby to
improve phosphorus use efficiency in a given soil. [Method] We collected and screened the soils with a gradient of Olsen P level but
the quite similar soil organic matter content (SOC ranges from 10.03 to 10.68 g-kg™) in a Tier soil under winter wheat-summer maize

cropping in Guanzhong Plain of Shaanxi Province. The Olsen P contents of the selected soil samples were 10.73 mg'kg™”, 18.06
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mgkg!, 20.61 mgkg', 24.01 mgkg', 30.73 mgkg', 43.69 mgkg', and 58.58 mg-kg’, respectively. We then analyzed the soil
inorganic phosphorus forms with the phosphorus fractionation method developed by Chang & Jackson and modified by Jiang & Gu.
[Result] The results showed that the calcium bounded phosphorus fraction was the dominant form in the cultivated soil in the
northwestern winter wheat-summer maize planting area, accounting for 66.67% of the total amount of inorganic phosphorus, of
which dicalcium phosphate (Ca,-P), octa-calcium phosphate (Cag-P) and apatite (Ca,o-P) account for 2.80%, 16.80% and 47.09%,
respectively, on average; and aluminum bounded phosphate (Al-P), iron bounded phosphate (Fe-P) and occluded phosphate (O-P)
composed of 16.28%, 5.23% and 11.81%, respectively. Soil Olsen P was increased significantly and linearly with the increasing
content of Ca,-P, Cag-P, Cajo-P, Al-P, Fe-P and O-P; while the phosphorus activation coefficients, defined as the ratio of soil Olsen P
to total P, were correlated significantly positively and linearly to the content of Ca,-P, Cag-P, Al-P, Fe-P and O-P. The results of path
analysis showed that the contribution of inorganic phosphorus to soil available phosphorus (Olsen P) in Guanzhong Plain area of
Shaanxi Province was in the order of Ca,-P (0.974)> Al-P (0.186)>Cag-P (0.182)>Fe-P (0.150)>Cay,-P (0.007)>0-P (-0.074),
the contribution of inorganic phosphorus to phosphorus activation coefficient (PAC) was Ca,-P (0.768)>Al-P (0.082)> Cag-P
(0.071)>Fe-P (-0.018)>Ca,o-P (-0.055)>0O-P (-0.388), which was consistent with the contribution of soil phosphorus component
to available phosphorus. The results of stepwise regression analysis showed that Ca,-P and Cag-P were the major two contributors to
Olsen P, but the Ca,-P contributed the most to PAC.[ ConclusionJUnder the same or similar soil organic matter condition, Ca,-P was
the most effective phosphorus source in Tier soil of wheat-maize growing area in Guanzhong Plain of Shaanxi Province. The
increase of soil phosphorus availability was mainly achieved by increasing the proportion of phosphorus forms of readily available
and relatively high availability such as Ca,-P, Cag-P and Al-P, and reducing the proportion of very low availability forms, i.e. Ca,o-P.
Generally, under current cropping system, the application of phosphate fertilizers mainly kept the soil phosphorus in pools of

available forms in the Guanzhong Plain.
Key words: forms of inorganic phosphorus; winter wheat summer maize cropping; tier; phosphorus availability; Olsen P
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Fig. 1 The distribution of soil sampling sites in Guanzhong
Plain of Shaanxi Province under winter wheat-summer

maize cropping
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Table 1 Soil chemical properties of investigated tier soil collected
in Guanzhong Plain of Shaanxi Province

TR AAEESE ANUSE B 25 AlEE
Soil sample Olsen P SOC pH Total P
(mgkg™") (gkeh (gkeh

S1 10.73 10.68 7.41 0.95
S2 18.06 10.34 7.29 0.96
S3 20.61 10.21 7.10 0.86
S4 24.01 10.54 7.86 1.08
S5 30.73 10.06 8.04 1.01
S6 43.69 10.49 7.54 1.24
S7 58.58 10.03 7.87 1.47
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AL E N 1073 mgrke ! HENE 58.58 mgrkg ! 1Y

BB LA AR M8 CaP AU

x2 HBIFXEBENHKETHELNBENSE (%)

455.71—684.92 mgkg' (4 2-D) , M Ca,-P 135
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Table 2 The proportion of different forms of inorganic phosphorus to total inorganic phosphorus in soils with a gradient of Olsen P

level of a tier soil

Ree Ja o

BTN B THLBE K 4 Lk Proportion of inorganic phosphorus fraction to total (%)

Soil sample

Cay-P Cag-P Cayo-P Ca-P Al-P Fe-P O-P
S1 1.63¢ 14.84bc 53.65a 70.12a 12.50¢ 5.63ab 11.76a
S2 2.02bc 13.92¢ 54.24a 70.19a 12.32¢ 5.84a 11.65a
S3 2.23b 16.26b 50.17ab 68.66a 13.46¢ 4.93ab 12.95a
S4 2.31b 19.05a 45.83bc 67.18a 16.84b 4.44b 11.54a
S5 3.64a 16.61b 47.30b 67.54a 14.83bc 5.36ab 12.27a
S6 3.69a 16.48b 42.39¢ 62.57b 21.02a 4.84ab 11.56a
S7 4.08a 20.43a 35.95d 60.46b 22.97a 5.60ab 10.97a
Mean 2.80 16.80 47.08 66.67 16.28 5.23 11.81

FIZUHAR G AN NG PR OR ) TE UL A S AN o AR R 2 5 e (5%)

Different lowercase letters within a column indicate significant differences of the relative content of phosphorus fraction between soil samples at the 5%

probability level
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®3 TERNBAS SENHMIEZEMBEIN

2.6 TIEBASHENRLE (PAC) RYTTHK
5 a5, BELHUBE B RS (PAC)
B KN A : Cay-P (0.768) > Al-P (0.082)
>Cag-P (0.071) >Fe-P (-0.018) >Cay-P (-0.055)
>0-P (-0.388) , X5 T IERELL >0 R 1 DT koK
—3, HE SIETLLIEH Ca,-Py Al-P. Cag-P X[
TR E (PAC) [ H R4 IEZ4Y, Fe-P. Cajo-Ps
O-P XIS REL (PAC) MBS A AN, H
A& Fe-P. O-P [MAHCREKRIUA IEA K, XELLEZ
F| Cap-P. Al-P. Cag-P [W[HHE M. R TIHEXTEE
JCHUBE XA R A IR T B 5 1) RN IR 5

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

FERIE T NEREZ (B M)/ Indirect effect 5y BHR AL
Factor Direct effect X1y X2y X5y X4y X5y X6y Correlation coefficient with y
Cay-P (x1) 0.974 0.160 0.003 0.175 0.119 -0.065 0.974

Cag-P (x2) 0.182 0.855 0.004 0.174 0.103 -0.063 0.897

Cayo-P (x3) 0.007 0.439 0.093 0.094 0.039 -0.048 0.444

Al-P (x4) 0.186 0.917 0.170 0.004 0.121 -0.063 0.938

Fe-P (xs) 0.150 0.773 0.125 0.002 0.151 -0.047 0.828

O-P (x¢) -0.074 0.852 0.154 0.005 0.158 0.095 0.834

y BRI SE. K 46 y: Denotes soil available phosphorus content. The same as Table 4

x4 TBEINBAS SEYHSEZEMNE SRS

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

Bl-r HEAEH fa4E H Indirect effect 5y AR R WK

Factor Direct effect Correlation coefficient with y  Significant level
X|—Yy Xy X5—Yy

Ca,-P(x) 0.684 0.166 0.123 0.974 0.000

Cag-P(x5) 0.189 0.601 0.106 0.897 0.064

Fe-P(xs) 0.155 0.543 0.130 0.828 0.054

#5 TEIANBAS SHELRE (PAC) Z[EMIBENT

Table 5 Path analysis for phosphorus activation coefficient (PAC) as a function of soil inorganic phosphorus fractions

YRR T FLEAEH] ]2 E i . Indirect effect 5y AR AR
Factor Direct effect Xi—y Xs>y X5y X4y X5y X6y Correlation coefficient with y
Cay-P (x1) 0.768 0.062 -0.025 0.077 -0.014 -0.339 0.767

Cag-P (x2) 0.071 0.674 -0.028 0.077 -0.012 -0.328 0.690

Cayo-P (x3) -0.055 0.346 0.036 0.042 -0.005 -0.250 0.302

Al-P (x4) 0.082 0.723 0.066 -0.028 -0.015 -0.330 0.732

Fe-P (xs) -0.018 0.609 0.049 -0.014 0.066 -0.245 0.602

O-P (x6) -0.388 0.672 0.060 -0.035 0.070 -0.011 0.579

y AL R B (PAC)  y: Phosphorus activation efficient (PAC)
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7 S 12 A NA OB A RER o N Y I e R 7 SR
FEC (PAC) fH5gm b, B TCHURE Z 18] 1) ) 2 5%
W) P 25 35 T A TN U 1k R B R A 0 &R
1 5 35 1 - Cap-P AMWIL A B (1 3d 12 2 4w, 1 HL AL-P
Cag-P JBid Cay-P $407 PAC M2 R AR =, X+
SRR ALY A b R ECHAT B R H A 4 R &
B Cap-P SR RE A BFEMKR, di—
WIAE T Cay-P &5 A3 IR o
3 itig
3.1 HFTRXEHMBESSENNH

I AR ] PR 2 3 SR o - S8 25 23 R D7 VA 1
BRI FROUEE T T ORI TAE, 459k
R LA N R N U S 2L Ca-P b 3,
S A EHLUE R BT 70%, o LA Cayo-P A 4axd AR
#, Cag-P K, CayP Frmimdk, X AIHLUEE &M
2% A, oAl 3 FEA AP, Fe-P. O-P /& EHLEE &
T 30%5 AP ARSI N (45 415 BT
5l K /N IR K Cayg-P > Cag-P~Al-P>O-P > Fe-P >
Cay-P, BRVEICH P I X A 3 Ca-P 2 TEHL
WM FEIEA, NS ER 60%—70%, X5 I
RFFCEE RIEARY) o FEVPHEBTRIAT, AHMADPY%%
TEACH A KM 4% EE ) Ca-P N EHLBE S
69.66%, RN 1.75%, WS T HILLINLE .

B A7 R o AN N, Cap-P. Cag-P. Al-P
R R R LB e (B 4) , IX 5 Sl i)
(ATF s AL, AR IERER A - R ],
BEA R ARG N, Cap-P. Cag-P. AL-P ity (¥ ELA]
—HAEEIN, O-P HEALRFEAAZ . FEARWFH, Caj-P
JIT o7 1 LU A9 i 5 AT 200 0 2 T R A
(B 4, XK IO L R348 - i oT s R
—5. Fe-P F1 O-P ( JCHLA (¥ b A5 il 254 20l 75 2 111
BINFEATAAL (B 4) , 5 REAE A K
FUEA TN TIPS R R
W Bt 5 i e R P8 0 O-P T o5 1) BL 481 76 32 i ik 2>
Fe-P 7€ LJF, X0 fig SR etk o A IR BE N 2 26
Ko RBFFHTIER M LA RS = TN 17.8
gk, BT 24 AEKIINGET NP (KD AbFE () 18.4
gkg!) FHEEY, 74 11 Olsen P £ i dR =i <60
mg-kg, TSN, X R SR AR N %
SR A 2B I A5 0. AR, KITERE AT
FELE A S T EY BRI Cayx-P FUEATE
YEH] Cag-Pv AL-P [fILLMI, BEAR 138 AEA T Cayo-P

LG TR 0 7 A 80 & &, AT T 13 o
PR g 7P,
3.2 FERIKET AR E D 3B R STRk
FEHEAS T Z R R, SRS AT A
A —HA T — S PR, B RS
1, #B4 Bk % 5b Hhs AT o & Rk st A
FT X A A H 35145 Cao-P 55 Olsen P £ 3 IEAHIE
KFR, HALEEMICHEES Olsen P #5412 3% I AH
KKFR (F 3, XEwhEH ST s 5
flATTO AR 26 AR K e A7 a5 1) T L 43 24
Ca,o-P 5 Olsen P #5CPEIL 2 5%[1) 5% /K >F-, Ca,-P.
Cag-P. Al-P. Fe-P. O-P 5 Olsen P 2 [A]iE % 1%
BEKF. 5 WANG R Es S —80 1
BT 21 AR AR (Y TN U 5 A 2 (4 A
TG REH], B Cayo-P 55 Olsen P AHHSEAN, I
M JEASI TN S Olsen P 2 A M IEA L LR,
WA MRS R, Tib At Cax-P (M H BT REL,
W EILAMIEIEIL Cap-P (W3 KA LR, U]
Cay-P X[ LB M DUk K, J00E T Cap-P RAFEYI A
I, Cag-P. AL-P. Fe-P FIAT R0 ) B B4
BN, X JURPEA S 5 A 0 i AR R IE AR DGR
FIEFU e TEANILMIERS, Rehleid Cayx-P X
R VR o P A5 S PN IR AL S 1
W R S AH OG0 AT, A3 T KT T3 Cap-P.
Cag-P J Al-P. Fe-P X[AEDHRATAS [ B (1) A Rk
451, O-P HURHLAIA &0 0 3 IEAH DG, HILEd
Cay-P WA AT BER Tk (R 3) , IX— skt 4214
TE 94T 0k b BT 4 R — 80, (R LB n] RE A
Cag-P. Al-P. Fe-P &5 JLNMEAALAIR, nlfe AR
SR SR AAE R, JLA M BRI i LA A,
JL4E Cayo-P 1 F1 Olsen P #H5%, 1H Cayo-P X1H R
B REURDN, RIS B DTk GR
3D, XS DTkt &l L Cay-P. Cag-P 555K
U, X5 WANGHU et ERImFsT g i — 5. B4
(U= 3 B 45 R W], ASBIFIE 07 R0 o ik fee T 211
J& Cay-P. Cag-P. Fe-P 3 N4y, FIE FK BBk
PaM s Rl — 2B 1) 3 E A HUEHUIE KR
S5 AR AT S R d O-P BT
KGR Fe-P, nIAeE T IBA PRS2 7 B
o TROCMESEP IR [t L AR AE R
HIF 4 R T Cay-P. Fe-P Fl Cag-P &3k
AR T SRR . Cay-P Fl Cag-P &% X A [+ 33 5k
ORI B IX — i, S K I
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(T 4 S — g0,
33 ARBAKETENBEESEHRILERER
(PAC) HIXFR

IR R B (PAC) JEAT R Ay AW LA
SR T At A R R AR P . T R L
TS SR - A O R AR ST, IRk R
LA LRE (PAC) SRR SEA M. KE2HL
TIPS 2 DA il A L R A4 i - S B A R R 1,
LI RA g 5T A — 4, ANEREIEB GO,
(A R AN A REOE I 2 . K45 EhLiE S
PAC [FAHIG W 45 R W 7s Bk Cayo-P 5 PAC ANHIGHE,
A B SN UBE S PAC #5850 525 IE A 525 & (
5) o AR HT L R W], Cay-P X PAC HAAE T i,
IM Al-P. Cag-P EZHE I Ca,-P (A D1k T PAC.
WU 250007 3 fhf-3 (B4, Wi+, 4038) L PAC Y
% 2H 23 (1) AH 26 43 A1 45 R W] NaHCO;-Pi (A4 T
Ca-P) 5 PAC B W HE FAMKR. fEAMITT
—RHE L RN R T Capy-P X—AN4147,
WIGUE T Cap-P X AT 2 M v iikane K12, i 3%
i 5 2 AL i 2 TR PR AR 2 W R 5 [T A 43 AT 1 45
H1Z& B Ca,-P. Cag-P.Fe-P #[ %) Olsen P % KTk,
KR PAC AR R0 & ARG, 654
SO, R W AT E PAC>2.0% A RE UL 4
1 oy WAk S AT 0, PAC<<2.0%IN AN Sy AL Ky
A, AT AR, AR IR WE ST Hp it A
KFERIFE R, PAC JEASHERE 2, FTLl PAC
L5 5 41 531 2 R) (P38 4753 AT 45 SR Olsen P55 #5453
Tl FRD B A% 2 A &5 SRAPAE 22 7, BRI A el g DAL A fi
FA s BRBNF LIRS PAC AP0, (B}
JoE IR — s S Cay-P X} PAC Al Olsen P [ 51k #1R
Ky MIMUEIH T Cap-P J& i oe X 3 138 FAEY BAfT
SR o

4 ZEig

PHAb &N -5 T KPR X B2 1 B % R L
Ca-P A¥, Hr Cag-P ¥ 47.1%, KN Cag-P Al
Al-P 4% 57 16.8%#1 16.3%, O-P Fil Fe-P MIXHR & E,
MEARN, 5 11.8%F1 5.2%; Cay-P ik,
Y14 2.8%. FRE (Olsen P) FEIHIL A% (PAC)
5 Ca,-P. Cag-P. Al-P. O-P. Fe-P 2% 5 FEA LA
WA R 2 IEAR DGOSR (P<<0.001) , 1 Cao-P X
547 0 2 TE A O - S AR T AR A [n] ) &5 SR T
Cap-P X7 B AR AL RETTHR I B8 K Cag-P X1

R A AR DR R WIAEAT HUTOH R SAR I 4541 T
Cap-P /N2 -FORFRIX 1 i AT UM R . 3 --
B A RO A R LA RO, et
VEVEHAHIN Cay-P FIAAZHUAEN] Cag-P. Al-P
el sk LI EETE Cago-P LG, ik 13w
BRI REAL, STt TR Ik g
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