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The Migration Characteristics of Phosphorus in Greenhouse Soils

ZHANG Shu-jin, YU Hai-ying, LI Ting—xuan, ZHANG Xi-zhou
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Abstract: By investigating the management of greenhouses in Shouguang, Shandong Province and analyzing soil samples of both greenhouse
and open field, the contents and fractions of phosphorus in soils were studied. The results indicated that: (1)In the topsoils (0~20 cm) of the
greenhouses, the contents of total phosphorus and the fractions of inorganic phosphorus(except Ca—P) were 2.9 times, 3.7 times, 5.6 times,
4.1 times, 3.4 times and 6.1 times higher than that of the corresponding open field soils. And the maximum values were observed in the
topsoil (0~20 cm ), which displayed apparent accumulation in topsoils and tended to move downward further to the subsoil.(2 )Phosphorus
accumulated faster in the early stage of cultivation in the greenhouse soils. The content of the total phosphorus were 2—4—fold higher than that
of the open field in greenhouses cultivated for 4 to 8 years. And the accumulation rate of phosphorus decreased as cultivating years pass by.
(3)Cag—P, Al-P, O-P were the major fractions of available phosphorus in greenhouse, with an increase of 296.5 mg-kg™, 288.5 mg-kg™ and
306.0 mg kg™ over that of the open field soil.(4)The average contents of water soluble phosphorus and available phosphorus in greenhouse
topsoils amounted to 10.93 mg-kg™ and 248.40 mg-kg™ respectively, 8.7 times and 5.4 times higher than that of the open field soils. There
was a great possibility of phosphorus leaching and environmental pollution.
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Table 1 Fertilization level of greenhouse system in Shouguang, Shangdong Province

‘ . , . AHLE 1LAE
BEREHA  H5 FMEER/2) T/ YEY) K7™ /g hm e T ok JrTEy——
I S1(2) 650 #JK 5 000.22JK 7 500 e 15 2EHE 950
S2(2) 650 #JI 5 000.22JK 7 500 LB L 15 2EE 950
S3(4) 630 M3 000.22JK 7 500 T 7 500 K A FEE 14 2EE 950
S4(4) 650 K2 500.7F 7 500 M 2 500 Rk ek 13 240 950
S5(8) 530 Bl 10 000 R 3k 10 HEE 850

BilR — 4k 50

S6(8) 480 FHh 7 000, FEFH™ 7 000 pleE S 9 2EE 1 000
XRE $7(2) 325 FHhi 7 500 W3 AT PR 4% 35
TR 75
RS 150
Hm 700
S8(2) 680 F# 12 500, FiF 7 000 W FEFT 4 PR 4% 50
Vi 100
RS 200

H R 1 000
S9(4) 500 ZHfi 12 500.FiF 13 000 LS HAHE 850
$10(4) 500 F# 12 500.FiF 15 000 s ek HAE 850

S11(7) 560 FH#hi 5 000,31 2 000 e 12 2EE 1150
S12(13) 600 FHhi 7 500 i 2 2EHE 300
IR S13(2) 500 #JIK 5 000,%K 5 000 ek 12 M 4k 100
HAHE 900
S14(3) 320 #JK 2 000.7K 2 500 PLES 7 BilR 4% 300
HAHE 600

S15(4) 640 #JK 7 500.7%JK 7 500 X3 10 HAHE 1150
S16(4) 500  #JK 6 000K 6 000.FHi 2 500 fEE 12 HEE 750
S17(8) 390 #JK 5 000. 7K 2 500 X3 W3 9 HZEME 400
FEH 2 000 PR 4k 50
S18(9) 390 A 1750 B 1 750 et 6 Rk 150

B2HE 300
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Figure 1 Contents of total phosphorus in the topsoil(0~20 cm) of greenhouse in different cultivated years
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Figure 2 Spatial variation of total phosphorus in greenhouse soils
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Figure 3 Spatial variation of inorganic phosphorus fractions in greenhouse soils
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B KRME, A EE R IR 12.7 £5F0 7.1 5. UK
R E K TR 7 & BITEFREAEE 7 a 35
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FREGIE I, 3 ME Car-P RO & BIYEFEHIRA B3I, 1H
FHAHXS B 73 O AN RERM AR BR A3 T 2 T Rep e,
KW Car-P A HTE LR Cag-P Al-P Fl O-P [
XA RE, (EERFEMX R —E R ZE R
Al-P FI Fe-P WA PR AZ LS = 3 O-P F1
Cay—P HIHEIN %Efﬂ“ﬁt}ﬁ F Ca,—P.Cag—P .Fe-P, X[ fE
55 O-P il Caw-P HIIE M R AW A BB,
e BEHIE B S AL RIS A K

3 itig
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hm?, HH1 2 184 kg-hm > FALAEH A . BEBERTEL
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Table 2 The change characteristic of inorganic phosphorus fractions in the topsoil(0~20 ¢cm )of greenhouse

TeHLBEH 5 /mg kg™

Hus 4EFR
Ca,-P Caz-P Al-pP Fe-P 0-p Cap-P
IR OF 17.2(2.8) 47.7(7.9) 70.3(11.6) 25.3(4.2) 71.5(11.8) 295.6(49.0)
G2 91.4(6.5) 319.9(22.8) 283.7(20.2) 47.4(34) 120.1(8.5) 425.5(30.3)
G4 102.4(4.7) 583.3(26.7) 496.6(22.7) 98.1(4.5) 450.3(20.6) 320.1(14.7)
G8 96.3(4.2) 605.9(26.2) 367.7(15.9) 88.5(3.8) 506.4(21.9) 403.4(17.5)
SCREE OF 23.1(4.3) 40.5(7.5) 75.0(14.0) 42.1(7.8) 64.4(12.0) 203.1(37.8)
G2 77.8(10.7) 106.0(14.6) 158.3(21.8) 83.0(11.4) 76.2(10.5) 125.7(17.3)
G4 56.2(8.8) 57.8(9.0) 161.6(25.2) 89.2(13.9) 67.9(10.6) 113.6(17.7)
G7 138.1(7.1) 297.6(15.2) 631.0(32.2) 162.6(8.3) 258.3(13.2) 306.1(15.6)
G13 73.5(7.9) 134.8(14.4) 149.0(15.9) 109.5(11.7) 164.4(17.6) 217.0(23.2)
PINESH OF 39.5(5.5) 107.0(14.9) 131.5(18.3) 36.9(5.2) 45.7(6.4) 228.0(31.8)
G2 178.6(9.7) 339.7(18.4) 417.0(22.6) 233.7(12.7) 330.8(17.9) 167.8(9.1)
G3 128.3(7.1) 263.9(14.7) 559.7(31.1) 146.8(8.2) 340.7(18.9) 259.6(14.4)
G4 119.0(6.4) 331.2(17.9) 474.6(25.6) 204.2(11.0) 353.7(19.1) 225.6(12.2)
G8 113.6(6.2) 296.7(16.3) 417.7(23.0) 139.5(7.7) 437.6(24.1) 266.0(14.6)
G9 75.8(4.8) 228.0(14.5) 351.9(224) 127.2(8.1) 326.5(20.8) 360.9(23.0)

T 35 5 AT RN B 43t (%)=(THLBE 43/ 2% ) x 100,
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R AGE 4 702 kg-hm?, RERBEF HRBERZE T+
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W, FERFEFFEREE 1 a TIESBS RN L,
J& IELBES BARSIG N, (AR IS N & 2 PR
B 4~6 a JREE PR ER , il S
A B BRI R S BK . AR
ZERRI] TERERITAORTGN, DR BB, L
AT 4~8 a B}, 1L BEA S| — MR O E, VR
TR 2~4 £, FEE PR AR FR B Ak 2235 m , HP 2R
BENRBIRE, 2HEERERA TR, XS
TR BRI EE T NFA R, IR
RHRE B —EMRE, Y H RS HAEE KR
FrREJIBT , R A R XGRS BB R, ZRH
B R W B K R e A MR K B H AR A

RHLIEE T — W5 . IR E I Res— Bt
Ja, 7 EESE R B BEYA KRR JRREE
AR R, T S BUEYIR-EE 24, TAE P
S AEAE = RW A G R B — LB AH I A4 16 il St Uk
PR, WHEE  BIEESE A A E  F
PGSBS KRN 3RS 2w KA
SR —E

X1 34 SO K B it P B A 1 25 SR OR3P HUBIF Y
FH, A TEMBEE FE L Cay-P Cag-P il AI-P
MIERIRE, HFELE 0~20cm 2B, BHEM
Wt , Rt A OB S 1 & B B3
b, B Cag—P 3G N & KR , HK /& Ca-P Al-P #il
Ca—P, Z'RH%%% ,Eﬁﬂﬂ%ﬁi?gi&,iggﬁg
FZDL Cag-P Al-P F1 O-P B R, 1 Car-P 2
T RBARM B S, STAMPRA AR, i
A A K 1l e R A 3 AR g CaCO,
W/, ¥4 CarP, FIFHFR, {H Car-P ZIEWHY
AR, ERERESEMNEFANERET,
Gy e MR A, R R E AR XD, &
LR E HIERACA AR AR, 18 BT IR 2 AR

B,

RIELER R A-P RREHEHESERR
HITCHUBELL Sy, T Fe-P & BECFR b T th G 1 B 3%
RN, XA RE SR E H R A T —E R ENRIE
X, EAPRERAY,EBEHIEABEZRIEASHE
WG, INMEEIR = T2 pH LR i 138y
B B AR, VR IR A — B TR B BRI, T SO R
- 3EHF 2 pH R = LA, HIFRHEA i —
HTT . HIERRILE I+ 3 pH T I, JRA IBKER
b R AR W R AR AR U S R 4R, 1B e 5T
FR il 5t A B AEBLBEE RS U, i Al-P F1 Fe-P ZEIRE
HIEPRINEE . SMHXSWRE(R3),BE
#FE{L Al-P Fl Fe-P 5 pH 23 i .3 1Y fAAH R
F, HAR R B HR-0.535 2%, -0.752 5%+, 13 pH
TREZMREX L PELEEE, 1 AL-P &2 HEXE
L 5 HEN— A, BERERKHLTESE
A4k, EE AR EORE RERE F E A RS,
T AR R, T O0-P M-S B S i RLR
ERIFAE, HI, A AR EEBAE S 5k h
BRUHARRTEARAY O-POBTEREIR) , i HAE H 3 R
FEB K, BELE Cap-P FERSFE M AR
FIEZR TR ENER AR HHBHHEREH
MG, K Ca-P B HFER ARG RS HE AT
RE R TCHIBRA 2, B0 & B I mT RB S R B2k
R XA+ R A O, ARV A it —2
T,

R 5 B S ALK IR S Y
PR, AR AR AR . FF T8 T +
SEHBEIN E FPIR S A B A, AR S
H, IWRFNEE T E A & &k 248.4 mg-
kg'(CV=31%), B+ K 5.4 5, KK TE
YIRS R R v RBME R, T AR E I E
Mo Bk Cay-P 4, IR E HIER T KBS
A Z R AR BEM XX R, BRI
W, TR R B 2R A STER R, B
BT AR A X E RO (F55 Rl R R
#0) : Ca,~P(0.608 2)>Al-P(0.362 8)>Cag—P(-0.200 1)
>0-P(0.173 8)>Fe-P(0.017 6)>Ca-P(0.016 5)>%
MLBE(0.002 2) , (I, ZEIR 2 + 3, AR SR HE
B B ALBE K, T ZE TCALBR AL 4 U 2L Cap—P
1 AL-P R 300 i) MR, BRI ROBOR A AR
EERE., BREBEOTE 23 a B E RIS e
i, Ca,—P Fll Cag—P Jr3fBi FEBER , SRR A
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iR, Ca-P BXHEYIEA ST , PRI & Xk
BB ZR A BT, MR L3 dT . AL-P By
WIEMZBEIR , (BfERERIE AT . AR EEX,
b LB R R 25.1%, IRt 2 18 % s i
FEBE . Cas—P 5HABEAETEN B35 19 IEA K
FBHERREEA HHE(-0.200 1) X ATRERZ H T
Ca,-P F1 Al-P 5 —/MERMEE R BB

ELA R R, 0.01 mol - L'CaCl, #EH A U
5 505 KRR A B M IEA M, 2 S
FREKMRBRZIBIEA, O] FAERAE L P
FREMBRRE, TRIEME RIS KSR
Wk B R AR 4R R TN, B Ha 2 (017
B IEMRRR . KT, A 5K
VSRR Z A AR TER B B IE A 6 (y=0.092 6x -
12.086,R?*=0.701** n=18), I@FHKIEE , TEHEK
KU SERIBETER, AAMIREERAEES,F
¥EREF 109 mg-kg (CV=19%), Ef&ih1IEK
8.7f5(£3), W, IBZ= HIEBEMR VAT B9 7T BB
K, BAGELERATEXE , MAERABII - B K1
B 545 OB 2 A AH M | BESE— B4R s 3 ik

R 3 BELTEBE (0~20 cm) K FAHERE ERBER pH &
Table 3 Contents of water soluble phosphorus, available
phosphorus and pH in the topsoil(0~20 c¢m )of greenhouse

BEREMA S5 KEEBng-kg'  H¥@Hmg-kg!  pH

I OF 0.4 33.1 7.67
s1 5.2 1524 7.12
s2 7.1 2045 7.48
S3 10.7 285.6 7.24
S4 7.8 2582 7.44
S5 2.6 135.4 7.50
S6 5.6 305.0 7.60
pe i OF 0.3 33.3 6.51
s7 2.6 197.9 7.52
S8 8.7 2474 743
S9 3.1 144.1 7.20
S10 2.0 139.5 7.31
s11 222 377.1 5.81
s12 3.0 185.4 7.36
IMES OF 3.1 71.6 7.37
S13 14.6 308.3 6.24
S14 8.1 217.1 6.44
s15 25.8 3315 6.23
S16 16.6 283.2 5.92
S17 22.0 363.4 6.52
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