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Effects of Greenhouse Vegetable Cultivation on Fractionations and Bioavailability of Soil

Phosphorus—A Case Study on Paddy Soil and Fluvo-aquic Soil in Jiangsu Province
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(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to understand the influence of management strategies of greenhouse vegetable production (GVP) on the
fractions and bioavailability of soil phosphorus(P), soil samples encompassing a wide range of P status were collected in two typical
GVP bases in Jiangsu Province: one with paddy soil in Guli Village of Nanjing City and one with fluvo-aquic soil in Xiahu Village of
Xuzhou City, and the basic physiochemical properties and P fractions of the soil samples were analyzed. It was shown that Fe-P, O-P
and organic P predominated in the paddy soil, while Ca-P contributed the most in the fluvo-aquic soil. With the increase of utilization
intensity, the concentrations of soil available P, soluble P, Al-P, Fe-P, organic P and residual P in the paddy soil, the concentrations of
soil available P, soluble P, Al-P, O-P, Ca-P and organic P in the fluvo-aquic soil, the percentages of W-P and Al-P to total P for both
soil types were increased significantly (P<0.05), but O-P in paddy soil and residual P in fluvo-aquic soil were decreased significantly
(P<0.05). Stepwise regression analyses revealed that Olsen-P was mainly contributed by Fe-P and Al-P in paddy soil, while by W-P
and Ca-P in fluvo-aquic soil. It was worth noting that intensive agricultural inputs in GVP might increase the risk of P loss, especially
for fluvo-aquic soil. Therefore, appropriate management strategies, such as paddy-upland rotation and lower fertilizer rate, are
necessary to improve the bioavailability of soil P and achieve a sustainable progress of GVP.
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1.1 REXER

R R B VLI AE A B R i S A X
B MRV TIX A EAT(31.89° N, 118.67 ° E)Hlff
M4 L X R Wik (34.15° N, 117.25° E), Hd, &

B R R N R TR B AKPEACH £
A S D 2 el e e R A i R B i A T
U 23 BURHBE IR Ry SR M, P AEFRAE 12 a
Iidr, SAEREER SR, MARLIAHLIE R 32, X AR
N 14.9 thm®; R HOGIR = Ak
KNP, FRAERR KL 30 a Z A, Fi )y e ds
SAEFPR B SR B S KRR AR, XA UL A
F 121 ~ 447 thm®, PN IX A A ARAEY FHE SR,
WTE 3 thm® 245 .

1.2 TEHARE

FREXEN, B B FAMEAER >10.0 5~ 10,
1~ 5 a B RPN IR AR >20. 10 ~ 20,
1 ~ 10 a ABEIE KA 43 B R R i . v B AR 3
FPFI SR E . BRI SRR 4 B &
&2, BV R X SR P A 12 N0 A A SR
TAKRIAN, 76 3 m x4 m i FE PR MR AL 5 50k
RERIZ0~20cm) 13, RAEWSE, MU
B 1 kg Ze47 BREFISEI S, HRES AR,
SRR R . Ak, i L2, R AR A B aot
2.0 mm Je T H . SRIFHILT Yy 50 ¢ +4%, FHIY
HSWFEARI 3 0.149 mm JE e Ff, 430l FAS[R) 1 4%
e P I 5 AT o
1.3 TEMHRNE

pH KA HBALEIEQ : 2.5 1K EH); OM R Ak
AR B TR B R T AL I I 5 A (TN)R B
LR E 5 HHORAR A0 R A I 5 4
(TP)RHH HCIO,-HF-HCI {H &, e kil ;
7 %5 (Olsen-P)K ] 0.5 mol/L NaHCO; JF R F2 1L, 41
BEPL e, BB TR L 3 S50 %= i
Jrik ) e,

BB RN E S % (LR ) T,
FELBEILE 1. Hd, AHLSBEOr-P)1 b2 B
A TRIE 55 AR BRIBORA ] 5T 42t ) B AEAE O, RN
Peo MRS RGN TS B R ZME, B
Or-P #at, +HE TP &S LRSI ESHIRZ G
53 i (B o0 7% 9 25 W (Re-P) o BEAS 300K 5l 10 42
WE 3 AN EE, SRBOR A Bk R A B e
bl 0 32500 7
1.4 HHELE

% H IBM Statistics SPSS20.0 4 {4 #1750 ¥ 55
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Table 1 Sequential extraction procedures for soil P fraction analysis

PRI F B b TR BB
1 mol/L NH,CI PE¥% 30 min, &.0>(3 500 /min, 8 min), iLUE, EA KIS BE(W-P)

0.5 mol/L NH4F(pH 8.2)

0.1 mol/L NaOH

##¥% 1h, B.0(3 500 r/min, 8 min), &, EX

&% 2 h, W 16 h, PRS2 h, #0(4 500 v/min, 10min); EH EWEET =AM

LA B (ALP)

R4S G AW (Fe-P)

L OBIA L5 ml K HoSOy, #EA)JRHCEE R, WI—E SRR TA Y, 2F

0.3 mol/L #7514 —
B R A

0.25 mol/L H,SO,4

0.1 mol/L H,SO,
R

80 ~ 90 C/KIAMHA 15 min, SIA 0.5 mol/L NaOH W, #t+E 10 min, B HEE.L
(4 500 r/min, 10 min), EZ; W —E & FRER, 5 H.SO+HNOy+HCIO, R4

W IRAL, EE H,S0, I, B

550 CHIBE 1 h )5, HMRRIAERCERERAR R T, 40 CEAFTHIE 1h,

M % &8 (0-P)

¥ 1h, B3 500 t/min, Smin), iFIE, EXR 5454 A5 (Ca-P)

A HLAHE(Or-P)

2 HEREHSW

2.1 igMEH HIEE AU R

KB+ pH 2, Fhk & itfE 258.90 ~
33341 gkg, JEMEPIEEL; OM FI TN & &5 517
20.01 ~28.37 g/kg il 1.22 ~ 1.55 g/kg, MWHRAEIE 1 pH &

HPE R, BRI EETE 138.71 ~ 185.53 g/kg, @A
ibFiE L. OM #l TN & &7 5I7E 22.03 ~ 28.95 g/kg
F11.40 ~ 1.92 g/kg. Bl HA R EEIE N, PIFh
+HEAI) OM AT TN a2 FHEH, HikF|
i K (P<0.05), TR AETE + pH 2RI 12 TR
(P<0.05)(# 2).

F2 RS A ERE T REARIE R

Table 2 Basic physiochemical properties of greenhouse soils with various utilization intensities

e 231 i 5 pH OM(g/kg) TN(g/kg) Fhbi (g/kg) TP(g/kg) Olsen-P(mg/kg)
K#FNH L SR 527+1.00a 2837+3.14a 155+0.08a 31042+141a 1.45+027a 120.02 £ 19.00 a
T 526+052a 28.10+293a  145+0.18a 303.14+2748a 1.14+0.18a 84.69 +8.63 b
R 534+039a 2001+498b 1.22+0.10b 286.02+25.19a 0.78+0.07b 4785+443 ¢
HRAEE W 736+0.03¢c 2895+325a 1.92+0.06a 152.53+13.02a 3.23+0.15a  682.02+109.18a
g 756+£0.18b 27.18+3.80a  1.63+0.16b 158.03+11.14a 2.54=031b 368.12+69.78 b
22.03+086b  1.40+0.07c 17554+1620a 1.12+0.29c 126.70 + 16.35 ¢

L2YE 7.66 +0.05 a

I RPARNG TR [ — SR 8 E AR ) 5 B B S HLTE P<0.05 /K- LAFTE W 22 5% .

P KB A+ TP Al Olsen-P & 1051 A
0.78 ~ 1.45 g/kg Fl 47.85 ~ 120.02 mg/kg, 1R 4EIE
+ TP #il Olsen-P & &350 1.12 ~ 3.23 g/kg Fl
126.70 ~ 682.02 mg/kg, #EF LT, KA
g R AR - TP -2 & 5 i 8 R 4%
TR 1.86 f%5 1 2.88 %5 Olsen-P F-44 8 £ 435Il )&
BREER AN 2.51 550 5.38 53R 2). 24
Bras 0, BE i =% A FH SR B 3G, 7 b £ 48
R TP F1 Olsen-P & & ¥4 R B0 8 35 14 fin(P<
0.05).

2.2 EHERMAER AEE T EBESS

HERUKBE A £ AR AR £ A S & B K
i TP (W E & 1 s . KB 288

SHEE LR M M. Fe-P>0-P>Or-P>Ca-P>
Re-P>Al-P>W-P, H.H, Fe-P. O-P Fl Or-P & 435
21932 ~ 412,17, 192.91 ~ 244.17 Fl 146.88 ~
212.58 mg/kg, 49l TP AY 22.06% ~ 34.41%.
15.15% ~ 25.18% #l1 10.93% ~ 23.65%; W-P Fll Al-P
FEHN 0.69 ~ 420 F148.37 ~175.04 mg/kg, 1Y
B3] TP # 0.09% ~ 0.28% F1 6.03% ~ 11.72%. J#11
I LA BEIE LA Ca-P IEHR W, H& RS
302.25 ~ 1 300.66 mg/kg, & TP HY 28.52% ~
41.77%; W-P. Al-P #l Or-P &H4r9I7E 4591 ~
475.51, 68.81 ~349.04 il 141.94 ~ 472.34 mg/kg, 4}
SE TP B 4.22% ~ 14.84%. 5.80% ~ 10.73% Fl
11.01% ~18.32%,
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Fig. 1

- A BT A % 1 Bt S ) P i B o 3
AEREES hE 1A, 1B "M, SREEFIFH AT,
JK#EA K+ W-P, Al-P. Fe-P. O-P. Ca-P. Or-P Fl
Re-P P34 & 43 R 52 B R 2544 T 19 6.09 1% .3.62
. 1.88 4%, 1.27 1%, 1.86 1. 1.45 {5H1 2.58 f%;
WS4 + W-P, Al-P, Fe-P. O-P, Ca-P. Or-P il
Re-P V38 5/ 5l 2R BRI S T I 10.36 1.
5.07 £, 218 %, 2.72 %, 3.05 %, 3.33 15 #1 0.91
o HZMEERRY, SRERMMELL, smER A
SN R AKBEAN L W-P, Al-P, Fe-P fl Re-P &2 i
FHIN(P<0.05), WHRAEIE - W-P. Al-P, O-P. Ca-P
H1 Or-P & 34 i 8 2 i 27K (P<0.05).

SR, A WPEAS TP H 4 LS BT AN
(B 1C. 1D). S5ERIRIMHEL, SREEFIHAAME FRBEA
Jt O-P FIIRARIE 1+ Re-P /00l IR T 7.41% Al
18.79%, HIL NREEIRF]RE/KT(P<0.05); MAKFAN
+ W-P Al AI-P 435K T 0.19% Fl 5.69%, MIBARE 1
W-P Fil Al-P 235K T 10.62% F1 4.92%, Wifh+-35E55
A W-P Fil AL-P [R5 EARIA 2 B 257K F-(P<0.05),

2.3 iZESEH T B S S Olsen-P tHX

IKBEAA L R4 £ 19 Olsen-P & & 54 0E

A B e 3 it %) F 58 £ I8 XA

Concentrations and proportions of phosphorous fractions in greenhouse soils with various utilization intensities

BIEBBEETPTI 4L (%)

bl
W-P Al-P Fe-P O-P Ca-P Or-P Re-P
[CHIZS

(EI R AR R NE FRER IR Bl — I 38 B R M RT3 BE T 28 5748 P<0.05 /K- 2.3)

MESagR4btt

ABES A IS R R 3 Mk 4 PR K
AN+ Olsen-P & +H:5 W-P, Al-P, Fe-P, O-P. Ca-P,
Re-P & i S W 3 1EAH G (P<0.01); #1R 4EIE +
Olsen-P & 5 W-P, Al-P, Fe-P., O-P., Ca-P fl Or-P
R RN E IEA R (P<0.01). BR Or-P Z 4k, /K
BE A A H At 4 B I8 5 AH DG 2435 31 1 2 (P<0.05)
B K (P<0.01) [FIFEHE, IR AEIE 1R Re-P

Gh, FHA A BEIE A Z A OB AER S B T
(P<0.05)E 4% 1. % (P<0.01)/K -, X Al RE 5 B Atk
BASBEBILS SR A I g X

£3 KHANLTIEHSS Olsen-P HIHEE ST

Table 3 Pearson’s correlation coefficients between Olsen-P and
P fractions of paddy soil

Olsen-P W-P AP Fe-P O-P CaP Or-P
W-P 0917 1
AP 096" 0.94™ 1
Fe-P  0.78" 0.69" 0.76" 1
0-P 074" 0.84™ 076" 061" 1
Ca-P  0.76™ 0.84" 0.83" 043 053" 1
Or-P 042 034 038 053 031 0.8 1
Re-P  0.84™ 085" 092" 059" 061" 0927 021
T #* R RTE P<0.01 7KF 1 5 A S (WU, * 7R 7E P<0.05

K B AU T A
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Table 4 Pearson’s correlation coefficients between Olsen-P and P
fractions of fluvo-aquic soil

Olsen-P  W-P Al-P Fe-P O-P Ca-P  Or-P
W-P  0.94” 1
AP 0777 0.73" 1
Fe-P 049 036" 0.67" 1
O-P 086" 0.76™ 095" 071" 1
Ca-P 0.82” 0717 0.89™ 0.59" 090" 1
Or-P 080" 0.78" 090" 055" 087" 086" 1
Re-P -0.16 -0.07 -0.02 -0.02 -0.10 -0.10 028

by itk — 2Lt XS h + 4% Olsen-P 7% ft
AW BIEA, L At Ay AR DS T
Olsen-P & AT AL FNE 4], A SCLL Olsen-P
NN, W-P, Al-P, Fe-P, O-P, Ca-P, Or-P
Fl Re-P iy H AR i, #4780 MIA 047 (3R 5). 45
WL, JKHEA KT Olsen-P & k/NFEEZ AlLP
Fl Fe-P & @521 (P<0.001), TR 4RIE 1 Olsen-P
IKF-FEEZ W-P Al Ca-P & HEMFIN(P<0.001), H
W-P & U B

%5 1LIE Olsen-P 5EMESBELETDHER

Table 5 Stepwise regression of soil Olsen-P and P fractions

1 A [m] 5 7 R? I E
VSIS Olsen-P = 0.27 Al-P + 0.14 Fe-P + 9.09 0.92 P<0.001
R AR + Olsen-P = 0.91 W-P + 0.20 Ca-P — 8.28 0.93 P<0.001
3 it A, X FEJEHR TV A b ROk A i Y,
e

3.1 IEHESR R AR B XY 1 1 B R
PoifisEH +3% OM. TN, TP Al Olsen-P &1y
I Ay Bt ) FH e 32 388 o 25 14 i (P<0.05) . © AT B
FERW, WA — B R 2 S, B OM %
I BN (P<0.00 )M, TP F1 Olsen-P &4/ 5| ]
IR AR 1 2 A5UVR S AERO A, X R
TR A R, o RO A L)
PR, I T8 A G, FEC g
T RBHG BREFRITRZIN, AR
HHEPAFA T REM CIL SO ZEsmmatl e 1, s
pH S FEFR Ak, Bk rms A/ F R 2 it
T HERR AR, X HASCH R ARTE + pH FfA
St J3E 384 01T S 2 BRI (P<0.05) B 45 SR AH — B Al
M, Kong ZPHdg i, HARTEER LWL, B
SEHh 148 pH TR T 0.86 N HL0
3.2 EERMARF AEETIESRESSH
—MBAEBL T, TCHLASBE AR I e 2
5, 2905 TP 1 60% ~ 80% >, AwFser, KEA K
T FR AR T - AL B s s TP AR
70.93% ~ 71.39% F1 60.70% ~ 77.33%. RHEHITLEE
B EEHE T, @R IS Fe-P. AL-P,
O-P Al Ca-P PUFPIEZSRY, Hrfr, Fe-P Al Al-P 221
TAETOHLEBE EZ R, Ca-P J&A KM IETCHL
BB EERAEL, fE 1AL, Fe-P Il O-P JE K
N TEHEHE EEIEZ, 0 AP BT & He AT
BN, XATRE S RIE S BT AL-P [ Fe-P it A
KB AEMNEAEE -, Ca-P SN EELHLE

RERTEG S B0, N2 YRS, E5 R R B AR
JTEk. AL, W-P BRI —F, 7EKHE
N AP I HARA (0.09% ~ 0.28%), 3% B 5% 2!
T | R R R R, R R o [
AE SRR AT Y 13 Or-P SR I/NGEZRHE
A, . AR, Kbt e, b
MR, — A, TP SEME 1, Or-P
Fra s AR Scd, AKBEA R R AR 1
Or-P (& TP A 4r LB MHEIE, R TP A Al REJ& I
FE Or-P i EEEE,

WtEE SR R D, HIRER B S & BAAEAR
FFEE R NE 1A, B), L W-P FI AL-P &30
SN B, FofT TP (9 E 40 b B AR R 5 3 on i g 3
Hn(P<0.05)(El 1 C. D). R, KB R L O-P FI
WRAETE 1 Re-P i TP B E 2 bR B A AH S A AR
PERUAE, BB FH 8 1 T B 3 F B (P<0.05) . 31X
HZHmHEERAR, —JriH, e R figEda A
A EE R R B ST OM I E . OM
FE 5 fff D R P RS A AT LR B8 B T R S ) T 4 T
Tok T A W B B S A O 2, AT P X Tl Y R B
PUPE W B2 Sy —Jrir, 1Rt 3 b - SR AL T
BN -3 PR RR R PV AR R, (X AW ) ) R
BRI, MEER S AR, 5 R LRk
BEE S AR, Or-P i TP A9 H 4 HLARFFLE— X RS
SE 7K o 332 Hh TR AT HLAE 2 2 350 e R
NP R R, B —ARABREIAR, AFT Or-P Y
FLREPY ARBETE R, KB £ RERARE + N/P
A5k 1.09 F100.78, BHRAK T2 E AL A 3
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N/P [1(1.23 1 1.58), TaaFuubEse 1k —5F0 . thah,
W R m i . S A AT, A AT RE S
Or-P W™ fbad Be . DAL 43 Hr2 H 8Ji  Si Ff Ave aot e
o AR N T R A B A, i H
AT BHIEAS AR EE, B W-P F1 AL-P % H 550 5
B
33 EEXMTEBESITEBREMERE

S

8 gl 1) A A AR RO T B A A o AR A
AR . B, BRYEKBEA N £ Olsen-P
KV EZIEH Fe-P SiEZDUCEN. HE, Akl
YR2E R, BEBEACE A i R A K, KB AR £
Al-P &7 Fe-P 4k, KAEWICAHE 3 2R IE T
AL-P I Fe-PPOl, RALAN, A HLACH fLo R
N TR HLIRALA FTRETEfL AL-P FIl Fe-P, i 4AH
Py R B, 454 A 30T Olsen-P 548 B E 52 4
MU HTEE R, ARWF5EN R, K#EA R £ Olsen-P (1)
FHAIE N Fe-P Fl AI-P. Xf THII24%EE £, Olsen-P
ERI/NFEEZ W-P Hl Ca-P 1520, H W-P AU1EH
N BE, X E5OA MR AR X ] 450 Fil
RPN Ca-P itk —2 X143 K Cay-P . Cag-P Fll Cayo-P
J& , BB Cap-P &A1 I 31 Olsen-P 1 f5 2RI,
Al-P . Fe-P Fll Cag-P AI LME R AWEIR . ZEAIH SR 1,
TR Ca-P #Ef7HE— X5, WA GRS MR
Ca,-P. Cag-P il Ca;o-P XHEIRARIE 1= Olsen-P HY 5Tk
L, SO T B MR TAE. KEEA S,
W-P %| Olsen-P /EHIFA R, XAlREEHF W-P
B AR 20 .
3.4 IEHESEH 1 R A XU

Wit g% S PR At R v ok it A A 8 A 7 o
AW, WEPERE A W-P SR o W,
KGR Y, S T RERG B 0 XU . B
HWFFRERM, KB R AEHEAETE £ Olsen-P A
BIE A 82.7 mg/kgP Al 40.0 mg/kgh™, Y
Olsen-P & M IZEIT, w2 LA 1)y =02 7
tk . ARWFFE P, WRAEE + Olsen-P & & 7F
126.70 ~ 682.07 mg/kg, A S H TR A R I
FHE ;s KB+ e R & T, A A nlig
FETEREIR S KU . 3% 5 Kalkhajeh 251 RIFSE 25 S AH —
e Bl R FH R R, R ARTE LR
SEAREE N . PR A SR I S XU A7 A B 22
5, BT SH AR OGS, FTRE S HAMEAR R
WHRZR ., BILZAh, N/P T, S mifEy s
PSR, B8 2 B AR SR A -3, T A W]

I - SR R S 1) SRR ZS T n 22 Bt R S A
PR ALY BAT R | IR AR, BRI
Fg IR o B =2 1 T DR L R i S e A ot
B V) T A SR R R O, U HOE R A 1
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