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Table 1 Basic properties of the soils used

HS k- pH HILR R A KBt SUBLA Hi(g / ke) frie
Sample Soil k7 +1:1) Organic CEC Available Mechanical Texture
No. (Water: matter (cmol(+) / kg) | phosphorus composition
soil=1:1) (g/ kg) (mg/kg) |<0.001 <0.0lmm
I wHt 8.2 29 4.48 49 85 141 | BiEE
il Ryt 7.8 9.1 10.17 6.8 137 348 Sik
I % * 8.0 11.4 17.28 10.7 221 488 | HEL
v "t 6.8 5.8 21-.35 9.3 386 607 BHit

* e B Olsen %, BUBLAH LA BB B0 € .
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P B (B 1A) : FREUH M6 1 58, 1A% B 60 KHLPO, ¥, Erp— Gl A 2P FREH (FFie
FIR K 2uCi/ g +), M HIKAKEAME L, RO B FERA ST 60C FHRF, BT Imm 5
fERBEA LR, BRI A BB LR EFRRI S, A BRI KRE L — X, BB
SRS, TARCAIRARE LA AR R ROE T, S WY SO, B R B S, B TR
WA B A28, EAEIR (ST, 25T B 45C ) T #, 7 RGBT #Et, W 4k BRIt
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Fig.1 Diffusion half—cells(A)and diffusion tube(B)used to measure self—diffusion coefficient
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Kb, 0, ¢ BRI B (BUTHEIRBE, cpm / g), O A IEARIE L BB IR BE (cpm / g) » h AT HCE
WL (cm), ¢ ABFIR] (s), m R H 8K 3.142.

PRUERE (B 1B): AR D AR BER E B KHPO, W, P S IR ERWAER
A a ¥ AR P, K E THETSMEAALEX PR ALNKELE, %0 c®, NARA
BT, o ALY EE RO TR, b AR A RIS, P 24h L, 8 LB SRS T4,
THEKA BN RIS o R IIBEIEL, 3 A 1SmL 5°°P (9 RV B ARG, b BRTEA 2mL R,
BFEBAKE. FHER MRS, B ERS b BALSTBR, FMARBFIR, mitkx &
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Fig.2 Relation curves between soil moisture and phosphate diffusion coefficient(D,)
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Table 2 Self—diffusion coefficients of phosphate (D,) in soils at varying water suction and temperature

e AEC) + A1 (10°Pa)
Sample Temperature Soil water suction
No. 15 6 1 0.5 0.3 0.1 0.05
I 5 0.025 0.101 0.320 1.043 1.470 1.744 3.872
25 0.056 0.427 1.152 1.745 2.464 4.608 10.96
45 0.272 0.846 1.540 2.448 4.740 6.816 13.82
I 5 0.023 0.121 0.648 1.278 1.7 4.005 5.13
25 0.066 0.486 1:60 2.265 3.425 5.05 13.03
45 0.237 1.15 4.30 6.125 7.83 9.63 16.54
m 5 0.071 0.189 0.93 0.99 1.74 1 6.25 7.13
25 0.207 0.66 1.34 2.48 4.31 8.40 14.50
45 0.638 1.24 4.38 6.65 7.59 10.65 18.60
v 5 0.161 0.207 0.412 0.496 0.598 1.564 6.18
25 0.606 0.752 0910 1.064 1.380 2.670 9.32
45 1.376 1.622 2.540 2.854 3.096 4.860 11.96

i BB S0mg / kg T, %+ AT 1.4g / cm’,

£3 TWEKBW, %) SHVBRBD,, x10%m’ /) EIRFTE"

Table 3 Regression equations of phosphate diffusion coefficient (D,) varying with soil water content (W, %)

a3

% Model D, = ae®™

#A) Model D=aW®

+i BEE(C)
Soil Temperature a 5% 10 ; a b ;
HHat 5 0.0180 2.46 0.933 1.98x107* 3.16 0.984
25 0.0378 2.53 0.952 3.94x 107 3.22 0.994
45 0.105 2.15 0.975 2.73x 107 . 2.64 0.983
Byt S 0.0034 2.95 0.950 9.25x 1077 4.81 0.988
25 0.0187 2.49 0.970 2.19%x 107 3.99 0.994
45 0.165 1.82 0.901 9.28x107* 3.01 0.951
# L 5 0.0013 3.15 0.947 4.69%x107° 6.37 0.973
25 0.0170 2.37 0.984 1.76 x 107° 4.71 0.997
45 0.087 1.93 0.951 4.53x 107 3.85 0.976
HEL 5 0.0025 1.87 0.983 1.32x 1078 5.26 0.975
25 0.0280 1.35 0.950 3.74x107° 4.74 0.981
45 0.133 1.07 0.981 1.22x107* 3.02 0.955

« r HREFBGn=T, 7o) =0.798.
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L FF) b 72 TG % 75 1 TR M H AR TR, DA R SORLA 17 HE S 5 | A A LR R /N e e AR 1] B,
s R SR GE R 1 i EUR B, ARIBTSE B A AR R 11,

AREE M2 R F I (A 2), i 4 Fh 13, WRERIERE 1, 7 20% &7k & T, 13K
PAR KB/, A BB BUR B R AR, 40 25°C B B9 K #4391 8 —-0.1x 10°, 0.3 %
10%, —0.5x 10° #1—15x 10°Pa, F 8B H4 3K 4.61x107'°,3.24 x 107, 2.48 x 107'° F0
0.61x 107 %m?* /s, SRR FKER, KSR R& BN, KEBU/N, B 8RR
BWARA S, MR, RS KE TR BARRS LEMN S8 —RE BE R
K (F6). HAMB FHBY SRS HARE, BREE L, HR 3 M EARER
Bt <t <EETGR2)., SHERBERASHER -, HXMTRW, X3M L
ERYTHARSHESEARMERATEAREIEMX, RKRAOFLEME. X5
Olsen! 25 ie 3 A —B, Eit, FRHXIBEY BRI M 5 K40 R B UIMEE, B Hhid 2
WY R K, BT MK &, BFUKR AR R & KE.

F4 THKBAS, 10°Pa) ST R E(Da, x 10'%cm? / s) BEEH R (Da=aS™)

Table 4 Power function equation (Da= aS™®) of measured phosphate diffusion coefficient (Da) varying with

soil water suction (S)

ot 5C 25C 45C

Soil a -b r a —b r a —b r
#HHEL 0.364 0.851 —0.980 0.841 0.881 -0.990 1.473 0.733 —0.988
Byt 0.488 0.929 —0.978 1.054 0.885 —0.983 3.045 0.737 -0.936
® + 0.726 0.814 —-0.990 1.656 0.720 —0.992 3.441 0.603 —0.988
Hiwt 0.499 0.568 -0.943 1.205 0.524 -0.870 2.705 0.377 —0.930

S 29(0.05-15) X 10°Pain= 17, ryy, = 0.798.
#5 TERBEMRETHMNIIRBEETBESY Dp(x 10%m?/s)”
Table 5 Porous self—diffusion coefficients of phosphate (Dp) in the water saturated soils of varying phosphate

. concentration and temperature

HS RET) B4 B (mol / L) S BEC) © BRI (mol / L)

Sample Temperature Phosphate concentration Sample Temperature Phosphate concentration
No. 0 0.01 0.026 No. 0 0.01 0.026
I 5 169 8.29 34.8 il 5 1.38 7.34 63.6
25 5.22 343 56.3 25 5.28 33.8 80.6

45 23.1 54.2 196 45 25.0 120 184
I 5 .03 . 152 325 v 5 1.44 29.5 68.4
25 2.84 62.1 91.4 25 3.70 53.8 87.8

45 7.23 151 181 45 28.9 76.9 107

* BEARE 1.5/ cm’,



154 + #® ¥ R 33 %
2.3 REXEHEAIRE

JEfR R - R A L, B Y B R SRR E A Sk (R 2. % 5), XFEERERE N
BEF &, BB iz s T sheesg i, ¥ 8 o 38 K A RIREE T &R, K kG
BB, B R B T RUIT S B e, PR TR SR BE bR O, SRR XY B 8K
MY DE 2R, ATRR A BT BRI R .

£ 5—-45CTuE M, BEEFE 10C, FRMHERFEKE T HBY BABH IR
K (0.06-2.99) % 10" %cm?® / s, B MG B 29K 10-50% . [6)— 38 B4 7k B4, V8 B I+
BEEMNBEY BRBOE MM A, 15% 10°Pa KRS AT K&K ES 0.1 x 10°Pa XN &
KREHE, FHR 10T D, I8N, J5 & NETH§ 325 %, BT BB ERY 25K E
R, AT LB D LR SRR R K, 10T IR SRR Y SR FUR M E N
(1.6—40.3) x 10™%cm® / s, {EL88 fi g B P44 0 30% 224,

L6 20%ESKEBTH HABSHEIRBEXRE(C) +
Table 6 Correlation coefficients (r) between phosphate diffusion coefficient in soil at 20% water content and

clay content

5C 25¢C 45C

<0.00lmm <0.0lmm <0.002mm |<0.00lmm <0.0lmm <0.002mm |<0.00lmm <0.0lmm <0.002mm

—0.987 —0.888 —0.978 —0.990 -0.969 —0.973 —0.910 —0.693 —0.850

*n=4,ry4=0.950,ry,,=0.900.
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By R A AT A, 3K A R BE X B B e S RS, TT R RS A AR,
BEATZ A A R We], R S B & oo Bl 2 A e
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D,=A+a W+a,W +b T+b,T +cWT 1)
MEMMEBERAR KT ER (W, %) MAFREBE(T.C) TEBRY BEREK D,
(x10%m? / s) ERFATEA, R AZS BB AR B ET, Fr84 8L T HIT R R

BHL  D,=3.624-0.6475W—0.0937T+0.0276 W*+0.0123WT(n=21,R=0.973"")

Byt D, =4.155-0.710 W—0.090T+0.0216 W*+0.0121 WT(n=21,R=0.983" *)

¥ +  D,=8.553-1.134W—0.165T+0.0365W>+0.0137WT(n=21,R=0.984" %)

H¥Wt D,=22.34-1.756W—0.0857T+0.0334 W*+0.00529 WT(n=21,R=0.980" *)

F R R EHTUR OGS B2 K -, i BB 15 5 Rt kAR 8 2K, B AT LA e
B KB SB BARNER, XETRN=4HE A 3.

B 5 R = 4 AT A /KR X B SR BB R IE A BN, RO DA =R K+
BECK, B T8/, OB BRSO 138K s i sii B A s s n. ik, BESRE
FRBE R LN B, B BRAT, WIFE R L8k HERERRR TSRS ES, TR
E R B9 SR B A BRAL AT R 3. @B Y BUR MR K 7 BUIR BE I e IR BEBE SR Z A K
Ha R 3K 23 T
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Fig.3 The three dimensional curves of phosphate diffusion coefficient (D) in soil vs.water conteﬁt and
temperature
BT BERMB KT R B (2D, / aW) p (RIFRIRITK ST R EO) A, KB N

#Ht  (oD,/ aW) =—0.6475+0.0552W+0.0123T

Byt (aD,/ aW)=—0.710+0.0432W+0.0138T

% + D,/ aW)r=—1.134+0.0730 W+0.0137T )

WLt oD,/ aW) p=—1.756+0.0668 W+0.00529T '

B 2) RN H I T 458 Ot S B b BUKIRAR FAEH RRK 3 RECI R K5
£ BANR B R R, B REK A& BRI AR B A S . @R E g - R LR IR
I B BUZIK AT B B K (0.067—0.073) , T B B4 00 BB 5 H R 8 48 T AR 38K 43
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B LA — S K BT YR B RS, 8 3R F T 8By 8RR AL 3, FR
ZHBY RN ZRE R OD, / oT) , (R HKSCHEERE) , HFERA:

HEL  (oD,/ aT) p=—0.0937+0.0123 W

myit  (aD,/ aT)yp=-0.090+0.0121 W

% + D,/ aT)y,=-0.165+0.0137W (3)

#wit (oD,/ aT) =—0.0857+0.00529 W
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DIFFUSION OF PHOSPHATE IN SOILS

1 .THE INFLUENCE OF SOIL MOISTURE, TEXTURE AND
TEMPERATURE AS WELL AS THEIR INTERACTIONS

Xu Minggang Zhang Yiping and Wang Ruiqun

(Department of Soil Science and Agrochemistry, Northwestern Agricultural University, Yangling Shaanxi  712100)

Summary

Self—diffusion coefficients of phosphate in four soils of different texture at varying water
content and temperature were measured by the methods of diffusion half—cells and diffusion
tube using #*P—labelled KH,PO, solution. The results showed that the apparent self—diffu-
sion coefficient (D,)in the water unsaturated soils increased with increasing soil water content
(W) or decreasing soil water suction (S). The relationship between D, and W or S could be
described by the power equation of D,=aW® or D,=aS°. The effect of soil texture on
D, value was closely related with moisture condition. Under the same water content, the
lighter the soil texture the higher the D, value, and a significant positive correlation of
D, value with clay content was observed. On the contrary, at equal watér suction, a negative
correlation between D, value and clay content was found normally. The porous self—diffu-
sion coefficient (D,)in water saturated soil was higher 10>-10* fold than the D, value of the
soil, but there were no differences between the soils. The D, or D, value increased with the
température, and every increase of temperature 10T within 5C to 45C caused the D, or
D, value to increase by about 10—50% , with an average of 30% or so.Moreover, nonlinear
multiple regression analyses were used to investigate the relation between the interaction of
soil moisture with temperature and the self—diffusion coefficient of phosphate in soil. The an-
alytical results indicated that the interaction influenced the diffusion of phosphate clearly,
and the influencing extent could be defined by the concepts of “water coefficient” and “tem-
perature coefficient "advanced in this paper.

Key words Phosphate, Diffusion coefficient, Soil moisture, Soil texture



