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AR IR AEMIBE R 0—400mg / kg T HIBE B T BUREK (Da) BE B B 3 LR 44 1 i, B 1
g SR AR e N R R T RS, RE LB R Lk S R AR ESE R
MEAERKEWEEAR, hRIEXHERMNEEL TEREDA T RO RS, &38R H
THYBCRIOK D R R R MR EREEME. EMRRE T, XERPOIZANESR
BByt > k> W L, LUK B 3B Y BUK B AR S S 1A K.

X8 B FHAK MR, KERMIER

EAME R RY], LIRS BOR B — AR AR B A R T A K, 7E Mg B AR AT, BB

5 R B 2R A% TR RE IR, P A VR e B L AR, W B BOR BN (B T e

MRS IR R IT StE, R A S B R 2 A ™ v e, B T 5 1
B2 A5 A Bt , B A R, - VS BV B W, T B R K, L AR S e e B e o
AR, Harrell™ 45 X A & B 2, 45 R R 50—300mg / ke TEHE A, By
BEB(D)FEBAREMEE A, BRI N D =a+ bP(P—HABR. 0.0 AREER). &
FRBERT, By AL MMIEFERZ K FEWE R, /KB ®FME/ERY.
Mahtab*'$2 48 T B8 L AR S L3R AR (D) EHIEA R (PR HEEKE (W)
ZBIFXFEAN: D=49.68 — 0.169P — 0.0001 P> — 8.685W + 0.371W* + 0.023PW. HBEfE
& RKRE. K IEIR AR BAE R X By 8w i & BT 5, B R ILiRE. AU —F
T fm PABF 5T .
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AR R T LR PR T BRI GBI TR SMATIHE KR KRR SR 808 B % & Bk
TRAE ELAE P B B R R R A R W E vk LR

2 ZR 51N

2.1 BEERAEXHEYSRBEIRm

B 4 R LA B 0—400mg / kg, H E Y8R ¥ (Da) BEMEBE B (P) 38 b0 7 3 0 (3=
D, ERRBEFEME(R2). TBRE LE VAR RBEEHAERBR MM AL X,
BB Da=a+bP, EWaNMBE IO LB WY AR £290—
100mg / kg KIHBL-& a AR | ST RHEBE N Da B 7E 2 UGB T 8RR, TYLE 0—
100mg / kg FEBEE B B G BORBAF, BMBE 0—100mg / kg B BT [E103 5 BAH 36 R B0E
HE 0—400mg / kg RK, (HEEKEFERAK, 2N HEYER T EAKE, Fot, TERFHE
BRE— AR 100mg / kg, I Z L% SEZRTEBEBREE, RS0 Da (4 A 5
w5, BT A, SKBRAG I 5 AR B 0—100mg / kg BIAE X FRERAF, £ 2 b BB

K1 TRBRETFEMNETHE T R Da(x10cmYs)
Table 1 Self-diffusion coefficients of phosphate in soils at varying phosphorus rates applied under
different temperature

Ti% EKE (%) BE(C) & ¥% & (mg P/kg) Phosphorus applied
Soil Moisture  Temperature 0 10 30 50 100 400
A4+ 15 5 0.216 0.272 0.535 1.47 1.68 6.84
25 0.366 0.831 2.05 2.46 481 4.5
45 0.870 1.43 2.51 4.72 5.27 19.3
20 5 0.310 0.455 1.65 1.75 2.37 8.0
25 1.01 1.14 3.78 4,61 8.69 17.0
45 1.48 2.17 4.43 6.82 925 23.8
Byt 16 5 0.113 0.181 0.347 0.64 0.88 1.98
25 0.855 0.513 1.21 1.60 4.39 8.96
45 1.44 1.66 3.67 4.30 6.50 134
20 5 0.32 0.438 1.287 1.71 2.54 5.26
25 0931 1.36 2.71 348 7.82 9.16
45 1.71 3.42 4.22 7.83 16.4 229
Pt 20 5 0.276 0.542 0.798 0.98 2.32 4.48
25 0.65 0.696 1.635 2.47 4.42 7.96
45 1.554 3.95 5.57 6.65 10.6 15.2
) 23 25 2.44 2.40 3.52 4.31 9.30 16.4
BBt 20 5 0.085 0.168 0.183 0.21 0.35 0.98
25 0.297 0.315 0.509 0.61 1.46 6.28
45 1.50 1.53 1.955 2.38 2.96 11.70
30 25 0.702 0.671 0.911 1.38 2.48 6.86

¥ ELrAFHEIAg/om’.
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1 ANRAET, B BV BRI, BE 2 WA, 0—400mg / kg 7 B P 4EiA 1845 18
10mgP / kg, Da fEIE R4 (0.10—0.54) X 10" "cm® / s, KB T EHHME R 03 x 1071
em’ /s EA AR ETEE (0—100mg P/ kg £), Da R i th, ¥R TPy mE N

0.5%x 10" Ycm? /s &4,

MR PET, AR+ Da B MR AR, £ 20% &K BARBE T, &5 &
BB L Da YW EMTHE=ZMLH. HEZMHTERHERHE 10mg / kg 40, HIRF
EAERAS L > B+ > ¥t (R 2). XEERFENFMEKE L+ BRI 68N
58, FEBR BAD R, LR B B2, R P B A >, AT Y R SR B R

R2 HEBE0—400mg/ kg TEE M T B Da (x10"ecm?/s) SHERER (P,mg/ k)R B L ER 412"

Table 2 Linear regression equations for diffusion coefficient of phosphate, Da(x10'°%cm?/s) vs.

phosphorus application rates from 0—400mg/kg soil.

T SR (%) BE(C)

0—400mg P/kg

0—100mg P/kg

10—400mg P/kg

Soil Moisture Temperature g bx10° r a bx 10 r a bx16° r
#HL 15 5 0206 166 0996 0219 162 0929 0203 166  0.99
25 0752 348 0998 0445 437 0995 0881 343 0998
45 1239 452 0996 1204 462 0935 1362 458  0.99
20 5 0.117 318 0995 0482 212 0918 0053 320  0.994
25 224 386 0969 0860 786 0992 2650 372 0970
45 269 539 0991 1787 801 0980 3095 525 0993
Byt 16 5 0249 045 0980 030 079 0980 0295 043 0982
25 0860 210 0975 0293 374 0956 0862 210 0973
45 2554 281 0969 1681 535 095 2926 270 0973
20 5 0774 117 0971 0389 228 0981 095 112 0975
25 2361 192 0846 0649 687 0991 2838 175  0.833
45 448 502 0905 1172 146 0987 540 471 0899
Bt 20 5 0563 102 0973 0237 197 0984 065 099 0973
25 1325 174 0963  0.655 368 0984 1416 171  0.959
45 4353 294 0911 2508 829 0981 5288 263 0936
23 25 2936 352 0967 1730 701 0973 3102 346 0964
BHRLE 20 5 0138 021 0993 021 026 093 0154 021 099
25 0.115 152 0995 0278 105 0926 0012 156 0998
45 1129 260 0995 1480 154 0990 0984 265 099
30 25 0621 157 0998 0517 187 0983 0594 158 0998
* EFUE n=6,r,, =0917,r,, =0811; 3B n=5r =095,r, = 0878,
2.2 KB E(ERXNBY HHNR IR
KRAELER TSR
Da= A+ aP+ aP + bW+ bW + cPW (1

AR AR + 3 A — R BE R [ &K B (W, %) TR R Mk & (P, mg / ke) FHIBEY 8K
BT ME, RAZLEFEMNBRA T ET, A L EELTERAT RIS SHNE 3.

FlEX R =M R A 2 TR,
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Fig.1 Relation curves between the self—diffusion coefficients of phosphate in soils and the phosphorus rates

applied under 20% water content at SC (a) or 25T (b)

£33 T ERBD(Xx10"%em?/s)H5K (W, %) BB (P.mgP/kg L) X REBIFH IS

Table 3 The parameters of regression equation for the diffusion coefficient, Da (x10"cm’/s), vs. soil

water content (W, %) and phosphorus applied (P, mg/kg)

- BE(C) SPEEMXER R
Soil Temperature Parameters and multi—correlation coefficient (R)
A arx100 ax10* by hax 10 ex10’ R
HEL 5 1.785 2.635 0 —0.234 0.834 2.87 0.991% %+
25 —1.584 7.190 —0.8 —-0.413 2.994 0 0.986*%*
45 -1.279 6.854 -0.5 ~0.459 3.576 0 0.984*+**
Byt 5 1.955 ~1.06 -0.3 —0.380 1.589 1.63 0.980%**
25 —0.189 8.982 ~0.11 —-0.672 3.663 ~1.22 0.98]%**
45 —~13.36 12.58 -2 0.8027 0 0 0.952%%*
¥t 5 3.156 0.934 0 -0.616 2.515 0 0.938%*+
25 12.159 - —5.49 10 —1.647 5.133 5.83 0.995% >
45 -16.83 8.71 -1.4 0.9806 0 0 0.978%**
Bkt 5 21.573 0.183 0 -1.767 3.506 0 0.980%**
25 23.103 1.578 0 —1.948 3.978 0 0.989%**
45 42910 2,616 0 —3.478 6.937 0 0.960%**

*n=17,df = 1}, R, = 0.684, +*x 15 1% EFKF.

AR LR TR R RN R X R B AR B E K (R 3), RARARST
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Fig.2 Relation curves of the phosphate diffusion coefficient with soil moisture and
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F4a KIBERTH SkSRYEEHRELRIER
Table 4 The formulas of the fertilizer coefficient and the water coefficient of phosphorus

diffusion under soil moisture interaction with phosphorus fertilizer

T % HEE(C) IKZBER R BL(ODa/ O Pyw REZZ 7k 5+ R B (D Da/ O W)p
Sail Temperature Fertilizer coefficient Water coefficient
Lt h S —0.02635+0.00287W —0.234+0.01668 W+0.00287 P
25 0.0719~-0.00016P —0.413+0.05988 W
45 0.06854—0.0001P —0.4592+0.07152W
Byt 5 -~0.01059—-0.00006P+0.00163 W —0.380+0.0318W4-0.00163 P
25 0.08982-0.00022P—-0.00122 W -0.6715+0.07326 W—0.00122P
45 0.1258-0.00042P 0.8027
- 5 0.00934 —0.6165+0.0503P
25 —0.05487-0.0002 P+0.00583 W —1.6468+0.1027 W4-0.00583 P
45 0.0871-0.00028 P 0.9806
®igt 5 0.00183 —1.7670+0.07012W
25 0.01578 —1.947540.07956 W
45 0.02616 —3.4776+40.1387W

KRB ZR) EE—ESKET, By BEKEBEIE (P) HEF BT, XFNE M
B Rl RS, RERXRANFR()NMMS. FTEER G )EY, RRARE
TAR L, XA RBW B EARR. LL25C R4, ST,

25CHY, B4 . By 4, 24 i K 22 B R} 3R S BE e B A T R /S, T BB ki ARk
AEOh—H B, X UL 0—400mg / kg + HEBE & V5 B Y, BT = b 38 bE M Bl B 1 Bk b
R PO A BT R, T8 R RSO MR R R, XA ERRE AN =Mt
BRHAKELR EHREREN, S CTHEER, BBl RMSRERT S S mR.

EMHFIEKE (20%) FERHE T, 4 f LA KTEHNARERS L > By 4+ > %
> "B L XEERFABH TEBRK S, BB rh A2/, B2, L35
OB TR BE R B R BT B

4 Fh HIRAIIE SR> B YR ASCH AN H PO, HEHEBEA X (F 4). THAN 0
By B YOM B2 i, B iR BE (25°C M 81) A4 £ (0.0599) < B3+ (0.0733) < %+
AME 1 (0.103 1 0.080). HEEIKEE HIBAMAEAT KA BRET T E/KBI LI LR R 118
K. EMEEKE (20%) MREHEBE TR BRRUES L > B LMkt > 58+,
XEBREN (20%) WEKET, 4 F L 18Kk 58 SR KRR GK B AR KK .
2.3 BRHAEERXBY SRR

R P 4B £ 4 [ y3 7 72

Da=A+aP+a,P+bT+bT +cPT ()

PEnERAE BESHY HERNERXR, 2385 M IR AT EW, frasg
RESHRU, TERYBEREFKT, UWHARA LR T BRUSRATITHN., FERWZEEA
WA c ¥HIEE, G IEK 58 BEAE 48 5 IE /9 58 1800 , B it e B R 080 B M 4 P il
Y BRSO .
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1 # I0. i 8 2 % K IE IR AH B4 A 2 Bk 8 B2 i 61

F5 B EEREB(Da, x 10%m’ / s) 5HEBER (P,mg / kg 1) FRE (T, C) AIMEFTRSY
Table 5 The parameters of multiple regression equation for the diffusion coefficient, Da (% 10'°cm?®/s),
* of phosphate in soil vs. phosphorus applied (P, mg / kg) and temperature (T,T)

T RKE®%) SEEEHRXRE (R
Soil Moisture Parameters and multi—correlation coefficient ( R)

A aix 100 ax10° by hax 10 ex10* R(n=15)

w4+ 15 —-0.3817 1.43 0 0.0949 -1.32 7.0 0.998%**
20 ~0.9302 5.35 -0.6 0.0761 0 5.1 0.990%**

Byt 16 -1.141 2.623 -0.5 0.0658 0 5.7 0.988***
20 —-2.5618 7.845 -1.8 0.1118 0 9.0 0.958%**

#t 20 ~0.2944 437 -0.8 ~0.0929 4.17 4.1 0.993%%*
HiEt 20 0.4600 -0.66 1.4 -0.0316 1.05 6.1 0.998%**

M S EIFEAA, Sy SR RRBOR TR E, BBGRTIRE. B, 7 20% &
KETF,. HA L. BY & 28D BORSEE P 230 sg in, 558 fin &4 0E B RE R B &
RO T, WER R BRI R I - E B M. e BN O e
BANR B BE Y B X M, R R R TSI AR BB E R (0Da / 0T), (18
FRAEZZ R R PO B L EAEA TRV BUER R (0Da / OP) (EHREZIEHRZE) B
MEE, GRGR6)ERY, EHEFEEKE (20%), B IR ZIER R E (0Da / 0P) BREIHR
FHEBE (P), WBGRTIRE(T), BERE PHTHEE. B4 L. By + BT MEERE
S R KT OB/ T B R IR S AR R BB PR T SR . XA
KA EAE RAMEER (% 4) B A —B, R LA IR 32 IE R R S35 BE IR B 7+ = 3% i, i3
EFE 10C, HZRBIEME N 0.0041—0.0090cm’ /s + (mg P/ kg) L4 M TEZHERA
X,

Fx6 MBEERATHIHEHMABSEEREREIR
Table 6 The formulas of the temperature coefficient and the fertilizer coefficient under
application phosphorus fertilizer interaction with temperature

e | HFKE (%) 32 B 2 B (0.Da/ 0 Pyr B 3% 38 BE 2 30 (O Da/ 0 T)e
Soil Moisture Fertilizer coefficient Temperature coefficient
HHE+ 15 0.0143+40.0007T 0.0949-0.00264T+0.0007P
20 0.0535-0.00012P+0.00051T 0.0761+0.00051P
Byt 16 0.02623-0.0001P+0.00057T 0.0658+0.00057P
20 0.07845—0.00036 ,+0.0009T 0.1118+0.0009P
#+ 20 0.0437—-0.00016P+0.00041 T —0.0929+0.00834T+0.00041 P
H#Et 20 —0.0066+0.000028 P+0.000611T —0.0316+0.00210T+0.00061 P

47 HIEMIEACEE R PO ERE R MM (R 6). €20% S/KET, B R
B 100mg / kg L, B AE R FE &K 0.041—0.090cm* / s » T, FH K 0.06lcm* /s C.
HILE L ERER 0—400mg / kg L5 BEERHEB R FIHEIERN 0.243cm’ /s T, ¥4
TR LMRERBESREL X ML MERLMEERBBREFE®RAR N, B
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HIERR R 1 (0.00834) B K F #4851 (0.00210); £ 5—45CHEHE KN, BESERER K
UK R RMERE 0.0204cm’ /s - CAR, BRI RSB E RBCF B IEMHBRMER 1/
10. BURAERE, IEACIRE RECZIRE N Z WE/N.

E—EMREMGEHE T, R ARUSS LK, 58BN, By %L
Y, XERERR TIESRAE S5, BB RRNE XY, X5 O KIEARE
YEF Frf8 4518 4 — 3.

KR ELAE B o B B A S R 43 b LR P
24 KIREHEEERAXBHY AW

HEKF (W, %) B (T, C) MM B R (P, mg / ke) ¥ L b0t BE D8R %
(Da, X 10"cm’ / s) M RX =Fp R, KA 2 TR BT 758, #4784 73 R 8 5 ¥
I, 45 W EANZ B LA R R

HH L Da = 4.4952 — 0.6923W — 0.1406T — 0.01972P + 0.02434 W2 + 0.00233 PW

+0.0013PT + 0.01 146 WT — 0.00004TWP (n = 57, R= 0977**)  (3)

Byt Da=25627-0.6175W—0.1532T + 0.04611P + 0.02351 W> + 0.0018372

— 0.00010P° — 0.00079 PT + 0.00796 WT + 0.00009T WP

(n =57, R=0.970"") 4)
PEt Da = 4.782 — 0.9969 W + 0.08963T + 0.04400 P + 0.03422W> — 0.00009 P*

— 0.00413PT + 0.00023TWP (n = 44, R = 0.980*") (5)
BT Da=30.6264 —2.4943W— 0.1396T + 0.01502P + 0.04697W> + 0.00125T>

+ 0.006574WT (n = 46, R= 0.939"") (6)

LR BRI EREF KT, ERIET AT K BEAGHR ST HER
KER. FE(3)—(6) KA IIEBY BOR BBE K 4> 1R B R Hle 9 B 9 338 i T 189, 4L oy T BRI
RZ AR EAR R R, L2 AR R . D R SO K 53 IR A0 HE B BB A 5 Bk
@R BB, /T TSR A R KK,

KB EREAER T, B HOERN R B (ODa / 0P), , (FIFFKBZER RS, &
AT 7K o1 AR B — R W, B BUR SR FE B g oo

"4 L (0Da/ 0P), ,, = —0.01972 + 0.00233 W+ 0.0013T — 0.00004 WT

RY¥ L (0Da/ 0Py, = 0.0461 — 0.0002P — 0.00079T + 0.00009 WT

¥+ (@Da/0P),, = 0.044 — 0.00018P — 0.00413T + 0.00023 WT )

®#wt (0Da/0P),, =0.01502

ERGB EZREAERT, B 8K RB(ODa/ 0W),  (FFRIBRZ K EH) . R
1 B M % & — R B, B BUR BHE K A & R AL R

WML (ODa/OW), = —0.6923 + 0.04868 W+ 0.00233P + 0.01146T ]

— 0.00004TP

Byt (ODa/ow),,= —0.6175+ 0.04701 W+ 0.00796T + 0.00009 P

¥ t (0Da/0W),,= —0.9969 + 0.06844 W+ 0.00023TP

WL (ODa/ OW), = — 24943 + 0.09394W + 0.006574T

FEK IR T EAE R T, BEY BB E R B (0 Da / aT),,W(*éi%kHExzﬁJE%ﬁ) ARGy

v

®
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THERE B — e B, - IRBE Y BOR SRR B R,

®HL (0Da/0T),, = —0.1406 + 0.0013P + 0.01146 W — 0.00004 PW

BY¥it (0Da/0T),, = —0.1532+ 0.00366T — 0.00079P + 0.00796 W

+ 0.00009PW ©)

¥ t (0Da/0T),, = 0.08963 — 0.00413P + 0.00023PW

®#WL (0Da/0T),, = 0.1396 + 0.00251T + 0.006574 W

TR (7). (8). (9)FRW, By B A AL IR 32 /K 23 & H. /K 15 32 HERH AR B0R Ak BB 32 i 2
AP RS GRE. EHRE SHRN R, X =FRXNEAMNEL. TR I=ZAEE
HEZWHT BOIEREREL, HE KRR E LARRNHASHEREAL
— B, [, 72 R R AR S B BOR AR, RAEBEY BN & R BREKXA M
B, &R E. Bl SERGWRBAHTELSTHERAT, MRS BT #
RPE R, (& RECE WA R B E B O E L, 20 Sk, BITE 45 R B0
Rigkth T, B RBEALERARE L > Byt > st > BB EER. RUERRE
RAE IR P — Bt B, RV ] BU B R E B, TR XUE R 38 B 1
IR 6 R H 1320 B BUE R R 2 By BUK /> R SO B BRI R 3 2, DUE
aritiE. XRTERERBAGFENE CEF# -2 5,
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DIFFUSION OF PHOSPHATE AND ITS ENERGETIC
CHARACTERISTICS IN SOILS:
II. INFLUENCE OF PHOSPHORUS APPLICATION RATE AND ITS
INTERACTION WITH SOIL MOISTURE OR / AND TEMPERATURE

Xu Ming-gang Sun Ben—hua and Zhang Yi—ping

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

The effect of phosphorus application rate and its interaction with soil moisture or /
and temperature on the self—diffusion coefficient (Da) of phosphate in four textural
unsaturated soils was studied. Although a linear increase in the Da value with
increasing phosphorus application rate from 0 to 400 mg per kilogram soil was
observed in all the soils, the increase “extent was greater in the lighter textural soil or
the lower buffer capacity soil at the same phosphate rate applied. The Da values
influenced by the interactions of factors such as soil moisture, temperature and
phosphorus fertilizer rate applied in different soils were different. In order to express
the difference in quantity, according to the nonlinear multiple regression equations
between Da value and the factors, the “water coefficient’, “temperature coefficient”
and “fertilizer coefficient” of phosphate diffusion rate were proposed in this paper -
using the partial differentials of the equations. It was found under the same conditions,
these coefficients in the four soils decreased in order as loessal soil > black lu soil >
lou soil > yellow cinnamon soil, which .indicated that the effects of the interactions
between the factors on the Da value were closely related to soil texture.

Key words Phosphate, Diffusion coefficient, Phosphorus application rate, Inte-
raction of moisture with fertilizer



