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Determination of Phosphate Adsorption Characteristics and Loss Risk Threshold in

Greenhouse Vegetable Soil

ZHAO Tiantian® 2, TIAN Kangl*, LIU Benle®, FAN Ya’nan', HU Wenyoul’ 2, HUANG Biao!, ZHAO Yongcunl’ 2

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 University of Chinese Academy of Sciences,
Beijing 100049, China; 3 School of Civil and Hydraulic Engineering, Bengbu University, Bengbu, Anhui 233030, China)

Abstract: To clarify the adsorption characteristics of phosphate in facility vegetable field soil and its threshold for loss risk, this
study investigated topsoils (0-30 cm) and subsoils (30—60 cm) from solar greenhouses with cultivation durations of 1, 10, and 20
years, as well as plastic greenhouses with 5 and 15-year cultivation histories in Shouguang City, Shandong Province, to analyze of
phosphorus adsorption characteristics and quantify the environmental risk thresholds for phosphorus leaching. The results showed
that the maximum phosphorus adsorption capacity (QOm.x) initially increased then decreased with cultivation duration. This trend
correlated significantly with the variations in silt content and calcium carbonate concentration. Both adsorption affinity constant
(K) and phosphorus buffering capacity (PBC) demonstrated consistent declines with extended cultivation, showing higher values
in subsoil than topsoil. Conversely, phosphorus saturation degree (DPS) displayed an inverse relationship with these parameters.
Organic matter content and pH emerged as primary influencing factors of soil-phosphate binding capacity through correlation
analysis. Environmental risk analysis established critical thresholds for phosphorus loss at 68.7 mg/kg (risk threshold) and 335.6
mg/kg (control threshold), based on quantitative relationships between available phosphorus, PBC, and DPS. Notably, phosphorus
leaching risk escalated with cultivation duration, with subsoil showing unignorable phosphorus loss risk despite their higher
adsorption capacity.

Key words: Greenhouse soil; Phosphorus adsorption isotherm; Planting years; Loss risk
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LR 75 2 T [ LD (1 Tt i S A 7 e i,
30 RAEMFPA DT s, Y CH AR A2 60 JTH,
BRI 15.7 A, EAN “hEERZ S, #
JEMEFIIARES R, ML E A 36°41'N ~ 37°19N,
118°32'E~ 119°10E, JRBARHZRNUX KB, 41
R 127 °C, APAEKE 593.8 mm, IR TR
ARG, SRR L. HOGIR = MR R
B2 2 b fe 2 RO RIS B, SRR, %
PSRRI BRI T, BRI,
12 tEHMRESEAERNE

2021 4F 6 HTEINARAE Aot G BUREE TR 1
4E(SG1). 10 4E(SG10)H1 20 4E(SG20)H H YGiR 2 K fh
i 5 4E(PGS)FI 15 4E(PG15) SR KA 0 ~ 60 cm I
THERESL . RIS S (I A S
B oMk ) PO, pH SR MR, ki
oA 1 2.5 HapeR ORI E ;. A HL
R FE S TR - Ak 2 s 2 Z0R IR . R
R . BREREI A2k s 2R X 4k
TG E 5 RFREG R A, Wt hiR 5
TTRES SN 7= 1Y) COL (RFRIEA T3 . iR 5
R~ IR —EhMIH %, AR A 0.5 mol/L(pH=8.5)
TRIR AR B, AP LRI . HHERE S S A
HAEME LR 1.
1.3 B RIS

2.0 g 10 HXT+T 100 mL &0, 235l
A 40 mL F#EE 0. 5. 10, 20, 30. 50, 75. 100 mg/L
FRBERR — SR (0.01 mol/L KCI ELHND!7, F:hn
A 3 THH RS AEYE S, F 25 °CL 200 t/min #27
24 h, 5 500 r/min &.0 5 min, FEHEAPL L E
IEWBERR L SR B ER 3 R,
1.4 BERMERELNE

Langmuir 1 Freundlich &5 W BRI 57 0%
W B ARRAE fre 5 F0 5125, AT DASRAS - 3wl BFF 250 A
TEM 38 1% Wi B R

Langmuir W% [ 45 1R 277 & :

0 KCyq
t 1+KCeq
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Table 1 Physiochemical properties of tested soils
TIERES RRRE pH A U e AL FkL HhL kL EXS TR ES
(cm) (mgrkg)  (gkg)  (g/kg) (g/kg) (%) (%) (%) (g/kg) (g/kg)
SG1 0~30 7.74 68.2 0.88 0.95 12.97 9.00 60.1 30.9 27.3 15.06
30~ 60 8.06 30.7 0.66 0.56 7.49 8.66 67.2 24.2 29.2 19.41
SG10 0~30 7.88 239.5 2.77 2.06 25.94 13.0 57.9 29.1 35.5 38.87
30 ~ 60 8.21 92.8 0.95 0.62 7.26 12.1 65.8 22.1 35.6 85.13
SG20 0~30 6.42 522.2 437 2.35 28.15 9.98 58.4 31.7 32.8 3.96
30~ 60 6.99 345.6 2.14 1.00 11.83 11.5 52.0 36.5 29.2 12.93
PG5 0~30 7.46 81.6 0.83 1.07 10.91 6.05 64.2 29.8 28.0 3.74
30 ~ 60 7.78 11.9 0.33 0.45 5.39 11.0 57.5 31.5 30.3 5.12
PG15 0~30 7.00 191.0 2.16 1.70 20.12 7.84 472 449 28.5 8.44
30~ 60 7.83 94.1 0.88 0.57 6.37 8.42 52.3 39.2 29.9 22.44
HXrfr: 0 O A7 i - S BT Y LB (mg/kg); Ceg M AE(%) = 0, / Qy x100 (5)
THERCTBEORIE (me/L); 0 MibH I SUi: AE b LHERRIER(%)s Qo JWIRT IR
B foe K B i (mg/kg) s K OMBRWHE R AN D R 8 ¥ (mg/kg).

(L/mg).

Freundlich Mg Bl &5 7R 2 5% .

0, = K;Cy' )
. Ky 24 Freundlich W # %0 (L/kg); 1/n MR
FE L.

1.5 BYEME. EHhFEMTIEBRERMRTE
STP

DPS(%):mxloo (3)
. DPS MBEMAIEE (%); STP Ay 4k W B %) v i
Mr (W B (mg/kg), FH Olsen P 3R .

PBC=Q,, xK (4)
A PBC A HIERE I K M A (L/kg)o

1.6 HESGItSHH

i Excel 2021 #f78¥EiT B 5408, R
Origin 2025 HEATAHIC /AT A&, HHOC A Bk
Spearman A5 .

2 &R

2.1 A[E)FHE 4 R 1% e 4 338 X R R YD R B 4 E

Langmuir 1 Freundlich i I B 45 i 2 AR 720 Xk
REFHEM I EROREF (R 2 AR 1) Bk SG20
WRZM PG1S R)JZ AN, HARS R EYET
0.95, H P<0.05. T SG20 il PG15 £ & 7e Il
FEVSIR R TR W, BT

®2 BMFEREBESH

Table 2 Adsorption isotherm fitting parameters

44 + R Langmuir Freundlich DPS PBC
bR (cm) Om(mg/ke)  K(L/mg) R K{(L/kg) Un R (%) (Lkg)
SG1 0~30 283.5 0.028 6 0.98"" 17.79 0.557 0.97" 19.4 8.11
30 ~ 60 370.1 0.049 1 0.98"" 44.08 0.445 0.98"" 7.66 18.17
SG10 0~ 30 322.7 0.0199 0.94™" 17.02 0.566 0.99" 42.7 6.42
30 ~ 60 538.0 0.026 7 0.99™ 32.37 0.564 0.98" 14.7 14.36
$G20 0~ 30 —45.22 -0.180 0.62" -817.1 ~0.790 0.89™" 109.5 8.14
30 ~ 60 -0.999 -0.236 0.34 —833.5 -1.510 0.49 100.3 0.24
PG5 0~30 373.9 0.021 2 0.97"" 16.20 0.618 0.95™ 17.9 7.93
30 ~ 60 416.9 0.074 7 0.97"" 70.70 0.386 0.99" 2.78 31.14
PG15 0~30 —4.043 -0.323 0.47 -284.8 ~1.173 0.67" 100.2 131
30 ~ 60 611.0 0.004 8 0.97™ 4.22 0.846 097" 13.3 2.93
ey x| wx e RISORIA IR P<0.05, P<0.01. P<0.001 & 3E /K-,
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Fig. 1 Fitting curves of soil phosphorus adsorption
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SG20 Hl PG15 4554 Freundlich #1145 th £k . fr
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M1 611.0 mg/kg. PRI, AW EFI 10 K (H
TE SG1 1 PG5 Mk, HERJZMWRE -1
KB AP AR AT BR A9 350 T A o A1, TEIRJE Oumax
K, )& Ky, WERZHFEWEYRTRZLE. E
BRI, SG20 RZEHWREZETIEL K& PG15
RIZTIE Oue YW RHTE, RYIHHIESHMED
T 100%.PBC fie KAE H BLTE PGS W3R 2 3,
HR N SG1 W )2 4,

SG20 KIZ5WRIZLIEL K PG15 RJZ 15k
WA FHERTIAIRS R 1, | 2). B EAE(Rue
PRI T, ISR AR TR BE, P SG20
2 IR R TS & R R T T 100 mg/kg.
FEMR B AR v, 330 3 AN 14 Tl IO R 23R B o S Il
YRR FEE (R B N A R T R AU LA s [
PR RN - 43, L8 g WO FF 25 I it o5 Al R e 2 P 388
MR YU ISR B2 R T 50 mg/L B, A i
sl ATl IO A 3 TR
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Fig.2 Soil phosphorus adsorption rate curve
2.2 g R K KU A

BEE A A & B3N, PBC Al DPS 7B {5
BARLN S, A ROEIR B — E 1 B e B ks
T . MBEMG S REN], PBC BEA RS
AR B TUE TR e PR, B
PUAEA RO & iy 68.7 mg/kg B (&] 3A). RS
P AUE PBC [ 2 10 Likg LUFIF#a T E, RU
TIRCICIEE AN IRTE, i TR Hh BB 2R K
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Fig.3 Relationship between available P in greenhouse soil and maximum buffering capacity of P (A) and P saturation (B)
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Fig.4 Correlation analysis between soil properties and adsorption
parameters of phosphorus
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