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The Surface Properties of Lou Soil with Different Phosphorus Levels and Their
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Abstract: [ Objective ] This study was designed to identify the surface electrochemical characteristics of Lou soil with different
phosphorus levels and to study the transportation processes of phosphorus in the soil solid-liquid phase. Also, the relationship

with soil surface properties was investigated and the change of surface properties of Lou soil under controlled electrolyte
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concentration and its internal relevance with phosphorus loss were clarified. [ Method ] The number of soil particles and
phosphorus loss of Lou soil under different electrolyte concentrations was obtained by rainfall simulation test. The surface
chemical properties of the soil were determined by combined measurement and analysis of surface properties. Also, the surface
electrochemical properties of Lou soil with different phosphorus levels and their effects on soil phosphorus loss under the
condition of long-term localized application of phosphate fertilizer were studied. [ Result] The results show that: (1) The total
phosphorus content of Lou soil treated with long-term application of phosphate fertilizer is 2.46 times larger than that of Lou soil
treated without phosphate fertilizer. However, the former’s surface potential, surface charge density, surface electric field strength,
specific surface area, and surface charge number were lower than those of Lou soil without the application of phosphorus; (2) For
Lou soils with different phosphorus levels, the cumulative loss of soil particles and phosphorus tended to intensify with an
increase in the surface potential (absolute value) of soil particles. There was a linear positive correlation between the cumulative
loss of particulate phosphorus (PP) and the cumulative loss of soil particles; (3) The surface potential(absolute value)of Lou soil
with lower phosphorus content was larger than that of Lou soil with higher phosphorus content, and the electrostatic repulsion
between soil particles was larger, resulting in poor stability of soil aggregates and more cumulative loss of soil particles and their
attached phosphorus; (4) Under the experimental conditions, the phosphorus loss in Lou soil was dominated by PP, accounting for
81%-99% of total phosphorus loss, and the proportion of dissolved phosphorus was extremely low. [ Conclusion ] Long-term
application of phosphate fertilizer can change the surface properties of Lou soil, and effectively maintain the stability of soil
aggregates and attached phosphorus during rainfall. This study provides a new idea for environmental risk prevention and control
of the long-term phosphorus application soil.

Key words: Positioning test; Soil surface electrochemical properties; Aggregate stability; Phosphorus loss; Particulate

phosphorus; Dissolved phosphorus
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1.1 SRR

AP (B A+ ) SR AR
BEIX (34°17'51" N, 108°00'48" E) “HE %+
JE 55 RE R G 25 W b (K e R . i
X IR 524.7 m, AEFERR 13 €, AEFREIREK
it 550~600 mm, FEERIE 79 H, FEAkE
993 mm. AHIF T LRI 1 Bk {4 /N2 - AR IR KR
RHALE, AF: (1) iEfb2ea . FEAE (NK);
(2) Mafb2=% . B, #AELLEE (NPK ). &, B, 47
RE 43 510+ 135 kg-hm *( LA N 31 ), 108.0 kg-hm ™
( LA P,Os ). 67.50 kg- hm 2 ( L K,0 ). & . # .
BRE 43 ) A PR (46% N )| 38 i R 45 ( 12%~
16% P,05 ). Bil4 (50% K,0 ). W5~ /K -1
+Hy B A R AN R 1 TR o BURLA R bR
LU, A YL, pH 4 B e R E LY v
e
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Table 1 Physical and chemical properties of soils

URLZH BY, Particle composition/% FALE e
i+ Qb3 Soil organic Total
FhkL Clay Brkr Silt ki Sand pH
Tested soil Treatment matter phosphorus
<0.002 mm 0.02~0.002 mm 2~0.02 mm
/(gkg") / (gkg")
. NK 23.69 67.01 9.30 8.64 16.52 0.68
A (BB AhL)
NPK 24.85 69.30 5.85 8.45 18.64 1.67

F o NK: fifb2E %, AR B, NPK.: ffifh=pa . B FPAEAb TR, S50k 2 R PRk 3 S 42 . Note: NK: treatment with nitrogen

and potassium fertilizer; NPK: treatment with nitrogen, phosphorus and potassium fertilizer. The particle composition was determined by the

rapid method"®. @ Lou soil ( Earth-Cumulic Orthic Anthrosols ) .
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0.5mol-L™" f) NaCl A 5 L, ELFE24n )5, &
£ (4000 rmin', 5min) & R, D ERER
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Fig. 1 Schematic drawing of the rainfall simulation experiment plot
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Table 2 Surface properties of soil treated with NK and NPK

SLSL E N A 1 LA 2 % o R IR EE, LR mE A 2 1fi L A B0 U SCN
Treatment /mV /(Cm™?) / (108V-m™) /(m*g™) / (cmol-kg™)

NK -112.1 0.35 5.00 46.12 16.90

NPK -110.4 0.31 4.44 41.78 13.61

(DSurface potential, @Surface charge density, (3Surface electric field strength, @Specific surface area, (B®Surface charge number.

R3 TEBMBUREFMT LIRBRRE B AL

Table 3 Surface potentials of soil particles at different electrolyte
concentrations

HL RSB I JEE LR A
Electrolyte concentration Surface potential /mV
/ (mmol-L™") NK NPK
0.1 —328.3 -322.2
1 —269.5 —263.5
10 -211.2 -205.4
100 —-154.7 —149.1

22 ARFREBA TARBEAKFIELER (SP)

BERIAHE (PP ) FKEHE

R BRI SAE (Lgp ) BERE R I ] )72 4k
KR 2a, B 2b Frs. P AR iR R B K
B4R (SP ) P2 R BE XA 0T 4 43 1A Wl v SR
PSR A BRI Lop Wil 22 187 LA 3G 0 75 328 47
SNSRI SN o S UK s w Y (T ER DA R
el - I LR, SP R AR B A . i,

NPK AbFESE 753222 mV 44 F Lgp H—-149.1 mV
AT 3485 A —Af BN, NK AR3I7E-328.3 mV
TR Lep A-154.7 mV £ F B 6 fi5. I
IS, NK A+ L i KT NPK 4b
B, LA O 2 1 H A A AR AL T A AR . il
NK 4b P8 + Fe i i A i —154.7 mV FF £-211.2 mV,
H Lep ¥ T 30%, 1 NPK b3 + i v 457 i
~149.1 mV F}£-205.4 mV, Lep BT 105%; 43
L B -211.2mV #E— 2 T & E -269.5 Al
-328.3 mV A, NK 4bF Lep 435030 T 120%A
97%, T AHALL R THT HLA 38 IR 2544 T NPK Ab3E Lgp 43
AN T 14%H1 29%. LA 25 R3EM . Hekim
LA 9 T R B T I8 AN [ e 7K T 388 R 1) 3
&, H ONK i+ RME B,

AN TR R LA 451 NK, NPK A B8 4 0k 25
BRI E (Lep) W 2¢. K 2d iR, NK 4b
PRI+ B A 1 —154.7 mV FFE-328.3 mV i,
H Lpp 39T 10.67 155 10 NPK Ab 38 + R AT AL
M=149.1 mV F+ZE-3222 mV, H Lpp (W4T 2.87
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Fig.2 Cumulative loss of soil particles ( Lsp, a

, b) and particulate phosphorus ( Lpp, ¢, d) in Lou soil treated with NK and NPK under

different surface potentials
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Fig. 3 Cumulative loss of dissolved phosphorus in Lou soil treated with NK (a) and NPK (b ) under different surface potentials
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Fig. 4 The relationship between Lsp, Lpp and Lpp and surface potential of Lou soil treated with NK and NPK
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Table 4 The relationship between cumulative loss of soil particles

(Lsp) and cumulative loss of particulate phosphorus (Lpp) in Lou
soil treated with NK and NPK

FKHEAENM  Lee (y) 5 Lo (x) BIA ML
Qb3
Surface The fitting curve of Lpp () R?
Treatment
potential/mV and Lgp (x)
NK —328.3 y=0.623 2x—7.374 0.999 8
-269.5 y=0.595 2x—43.49 0.999 8
-211.2 y=0.546 2x—10.72 0.996 8
—154.7 y=0.293 5x+33.65 0.983 6
NPK —322.2 y=1.477x—80.10 0.998 9
—263.5 y=1.496x—40.23 0.999 6
—205.4 y=1.384x—44.21 0.999 3
—149.1 y=1.134x+35.08 0.9870
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