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Determination of Phosphate Adsorption Characteristics and Loss Risk Threshold in

Greenhouse Vegetable Soil

ZHAOQ Tiantian® 2, TIAN Kang**, LIU Benle?, FAN Ya’nan?, HU Wenyou® 2, HUANG Biao!, ZHAO Yongcun® 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 (Qmax) 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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%5 5 1 XTI AR PSR - SR B IR R WA FRHRAAIE 55 Wl 2 XIS 10 (L Aff 973
x1 DIREREARBAMR
Table 1  Physiochemical properties of tested soils
TR TEHRE pH R X0 ot L FkL MR WkE EXS BRI,
(cm) (mglkg)  (g/kg)  (g/kg) (9/kg) (%) (%) (%) (9/kg) (9/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 2395 2.77 2.06 25.94 13.0 57.9 29.1 355 38.87
30 ~60 8.21 92.8 0.95 0.62 7.26 12.1 65.8 221 35.6 85.13
SG20 0~30 6.42 522.2 4.37 2.35 28.15 9.98 58.4 31.7 32.8 3.96
30 ~ 60 6.99 345.6 2.14 1.00 11.83 115 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 57.5 315 30.3 5.12
PG15 0~30 7.00 191.0 2.16 1.70 20.12 7.84 47.2 44.9 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
A QA HLAL ik + HEMK I 8% (mg/kg) s C,, A AE(%) = Q, / Q, x100 (5)
ST BV (/L) s QMR b AE S RHERRRMER(%): Qo BRI B
{1 B B RO MY e (malkg) s KRB ME SR AN A AL BE(mglkg)-

(L/mg).
Freundlich M 25 28 72 .
Q = Kfcelzlqn )

K. K & Freundlich W FfF $c(L/kg); 1/n Sy it
850
1.5 BHEME., ZHhFEM T EBRRHERITE
STP

Qmax +STP )
A . DPS MM AIEE (%); STP Ay & W BfF A% mT gt
M i i (mg/kg) , I Olsen P 75 .

PBC =Q,, xK 4)
K. PBC by 1wk A K92 45 1 (L/Kg) o

DPS(%) = 100 3)

1.6 HESITS5HH

i Excel 2021 #ATHIEITHE 5408, R
Origin 2025 #EATAHIC /T Hr AL &, AHC 0Bk H
Spearman %,

2 H®#R

2.1 7[E]ThAE £ BRI& i 1 15 X B ER b A IR B 45 4E

Langmuir A1 Freundlich 75 i Bk 45 I 2R A 70 Xk
REHRE S RS RO B (% 2 T 1), B SG20
WRIZM PGL5 FJZ 44N, HARES RZEYET
0.95, H P<0.05, 1T SG20 Il PG15 ¥t i TEAR RV
JEVE W ORI T R, B B R R,

*2 MMIFEBEBESH

Table 2 Adsorption isotherm fitting parameters

44 + B Langmuir Freundlich DPS PBC
i (cm) Oma(mglkg)  K(L/mg) R Ki(L/kg) 1/n R? (%) (L/kg)
SG1 0~30 2835 0.028 6 0.98™" 17.79 0.557 0.97™ 194 8.11
30 ~60 370.1 0.0491 0.98" 44.08 0.445 0.98™" 7.66 18.17
SG10 0~30 3227 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
SG20 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 3739 0.0212 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 0.97™ 13.3 2.93

e e ex oo RIFOR AR X P<0.05, P<0.01, P<0.001 & 7K,
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Fig. 1 Fitting curves of soil phosphorus adsorption
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Fig.2  Soil phosphorus adsorption rate curve
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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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