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ABSTRACT

Twelve calcareous Mediterranean vertisol soils collected from different localities from Jordan were
investigated for phosphate adsorption-desorption-isotherms. The results indicated that the differences in
P-adsorption in the tested soils were relatively medium. The tested concentration range using Freundlich
and Langmuir isotherms was suitable to describe P-adsorption. Iron oxide and clay content were two
major factors that affected the adsorption isotherm in tested soils. Consequently, the fertilizer
quantity was calculated to reach the critical concentration in soil extract. The desorption process showed
that an important part of the adsorbed phosphate was mobilized. The results of desorption studies proved
that the use of 0.01M calcium chloride marked P-values, not only the actual supply level of P-values but
also the P-subsequent delivery.
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Phosphate adsorption- desorption by

Table (1) : Chemical and physical properties of the tested soils.

Soil Location Sand | Silt Clay | pH | ECy4 O.M. % | CaCO; %| Area CEC | ALy Feq Al, Fe, Olsen P
No. % % % 11 (dS/m) (m%g) meqg/ | ppm | ppm | ppm ppm ppm
100 g

1 Huwarah 56 15 29 78 |04 04 21 98.5 50.6 22.2 167.0 | 1721 865 22.0
2 Almazar south 51 23 26 79 103 0.5 23 97.1 42.5 28.1 311.3 | 1465 512 1.7
3 Hartha 53 16 31 78 |04 0.5 21 97.8 48.7 28.5 168.6 | 1933 1567 | 10.2
4 Alhuson 53 18 29 78 |04 0.5 21 99.7 43.9 25.7 191.0 | 1314 500 26.6
5 Alyadodeh 54 21 25 7.7 |04 0.2 23 95.7 45.2 28.5 150.0 | 1884 637 143
6 Ishtafainah 49 20 31 76 |03 2.3 23 91.1 36.1 21.3 93.6 2545 2100 | 32.2
7 Ramtha west 54 20 26 82 |03 0.9 21 96.5 44.9 17.1 136.3 | 2137 667 6.3
8 Hibras 47 18 35 7.7 |04 1.5 21 46.0 46.0 18.9 95.0 2052 950 9.7
9 Madaba 53 29 18 78 |03 1.2 23 95.0 33.9 12.3 120.0 | 1575 641 30.0
10 Alnnaymeh 57 15 28 79 |04 0.9 21 98.0 44.0 26.3 120.8 | 1711 1032 | 14.2
11 Thiban 47 30 23 8.0 (04 1.1 22 64.9 33.2 15.9 99.8 2330 971 7.0
12 Alrabbah 53 24 23 78 |04 1.3 23 95.7 35.8 21.1 107.0 | 2068 667 18.0
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Fig. (1): Phosphate adsorption-isotherm for some of the tested soils.
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Table (2) : Freundlich-adsorption- and desorption — Isotherms- equations, correlation coefficients and equilibrium constants of the tested soils.

Adsorption process

Desorption process

Soil No. Location Equation R? K n Equation R? K n

1 Huwarah Y=0.5751x + 1.7173 0.923 52.15 1.74 Y=0.9497x + 0.6644 0.989 1.05 1.94
2 Almazar south | Y=0.8141x + 1.2746 0.951 18.81 1.23 Y=0.6100x + 1.7813 0.845 1.64 5.94
3 Hartha Y=0.7912x + 1.5644 0.846 36.67 1.26 Y=0.6714x + 1.4076 0.896 149 4.09
4 Alhuson Y=05267x + 1.7745 0.965 59.49 1.89 Y=0.7116x + 1.0792 0.953 141 2.94
5 Alyadodeh Y=0.5505x + 1.6819 0.921 48.07 1.82 Y=0.9645x + 0.6097 0.940 1.04 1.84
6 Ishtafainah Y=0.5186x + 1.9107 0.936 81.41 1.93 Y=0.7591x + 1.0849 0.993 1.30 2.96
7 Ramtha west Y=0.9414x + 1.1506 0.889 32.08 1.06 Y=0.8447x + 1.5857 0.969 1.18 4.88
8 Hibras Y=0.6346x + 1.6973 0.686 49.80 1.58 Y=.8863x + 0.7663 0.951 1.13 2.15
9 Madaba Y=0.4697x + 1.7303 0.970 53.74 2.13 Y=0.8428x + 1.1268 0.982 1.19 3.04
10 Alnnaymeh Y=0.5601x + 1.6794 0.912 47.79 1.79 Y=0.8776x + 0.4414 0.913 1.14 1.55
11 Thiban Y=0.6657x + 1.4807 0.920 30.24 1.50 Y=0.7367x + 1.1017 0.961 1.36 3.00
12 Alrabbah Y=0.6442x + 1.6048 0.953 40.25 1.55 Y=0.7773x + 1.1017 0.954 1.29 2.76
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Table (3): Langmuir- ad and desorptin-isotherms equations, correlation coefficients and equilibrium constants of the tested soils.

Adsorptin process

Desorptin process

Soil No.. Location Equation R’ M K mbc Equation R? M K
mg /kg L /mg mg/kg I/mg
1 Huwarah Y =0.0029x + 0.0148 | 0.993 | 344.8 0.196 67.6 Y =0.0098x + 0.4595 0.934 | 102 0.02
Almazar
2 South Y =0.0024x + 0.0504 | 0.871 | 416.6 0.047 19.6 Y =0.0191x + 0.1618 0.920 | 52 0.21
3 Hartha Y =0.0023x + 0.0235 | 0.850 | 434.8 0.097 42.2 Y =0.0132x + 0.2008 0.956 | 76 0.07
4 Alhuson Y =0.0029x + 0.0129 | 0.990 | 344.8 0.225 77.6 Y =0.0316x + 0.2680 0.976 | 32 0.12
5 Alyadodeh Y =0.0032x + 0.0154 | 0.986 | 315.0 0.207 65.2 Y =0.0237x + 0.4009 0.997 | 42 0.06
6 Ishtafainah Y =0.0026x + 0.0079 | 0.991 | 384.6 0.329 126.5 Y =0.0247x + 0.2537 0.972 | 40 0.1
7 Ramtha West | Y =0.0016x + 0.0286 | 0.516 | 625.0 0.056 35.0 Y =0.0117x + 0.1744 0.923 | 85 0.07
8 Hibras Y =0.0029x + 0.0141 | 0.970 | 344.3 0.205 70.6 Y =0.0315x + 0.3136 0.998 | 32 0.1
9 Madaba Y =0.0031x + 0.0207 | 0.974 | 322.6 0.449 144.8 Y =0.0088x + 0.3024 0.967 | 114 0.03
10 Alnnaymeh Y =0.0039x + 0.0147 | 0.993 | 256.4 0.265 67.9 Y =0.0212x + 0.5451 0.927 | 47 0.04
11 Thiban Y =0.0062x + 0.0197 | 0.993 161.3 0.314 50.6 Y =0.0169x + 0.2690 0.974 | 59 0.06
12 Alrabbh Y =0.0027x + 0.0214 | 0.987 | 370.4 0.126 46.6 Y =0.0227x + 0.2971 0.989 | 44 0.08

M= adsorption maximum

K= binding energy

mbc= maximum buffering capacity
mbc= M * K ( Holford and Mattingly, 1976 )
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Table (4) : The correlation coefficients between soil properties and the adsorption parameters.

Ads. Pararm. Clay pH EC oM CaCo; Area CEC Aly Feq Al, Fe, Olsen P
% ds/m % % m?/g meq/100g ppm ppm | ppm | ppm ppm
Ads.g 0.664** -0.217 -0.134 | -0.241 -0.284 0.009 0.428 0.067 -0.369 | 0.527 | 0.698** | 0.224
AdS. 100 ppm 0.599* 0.008 -0.124 | -0.184 -0.429 0.142 0.375 0.102 -0.256 | 0.371 | 0.503 0.088
AdS. 5 ppm 0.130 -0.369 0.133 0.097 -0.129 -0.434 -0.147 -0.233 6.612* 0.171 | 0.195 0.337
M moikg 0.186 0.331 -0.429 | -0.15 -0.149 0.343 0.360 0.051 0.258 | 0.033 | -0.012 -0.151
Kiang. img 0.238 -0.684** | 0.035 -0.258 0.057 0.043 -0.564 -0.099 -0.478 | 0.187 | 0.508 0.844**
R2|ang_ -0.022 -0.730** 0.443 -0.019 0.278 -0.179 -0.254 0.121 -0.176 | -0.124 | 0.124 0.479
mbc 0.657* -0.685** | 0.003 -0.079 0.047 -0.542 -0.412 -0.035 -0.475 | 0.487 | 0.523 0.273
NEreu. -0.231 -0.637* 0.118 -0.086 0.274 0.071 -0.307 -0.166 -0.351 | -0.178 | 0.086 0.833***
Kereu. 0.237 -0.680** | 0.033 -0.258 0.057 0.042 -0.105 -0.1 -0.478 | 0.187 | 0.508 0.844***
R2reu. -0.730** | 0.117 -0.200 | -0.396 0.492 0.745** -0.421 0.049 0.284 | -0.281 | -0.205 0.455

* Significant p <5%
** Significant p < 1%
*** Significant p < 0.1%
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Table (5) : The adsorbed and desorbed amount of phosphate from the tested soils.

Soil No. 1 Soil No. 2 Soil No. 3 Soil No. 4
Treatments mg
p/l P ads.mg/kg P des.mg/kg P ads.mg/kg P des.mg/kg P ads.mg/kg P des.mg/kg | P ads.mg/kg P des.mg/kg
0 0.0 0.3 0.0 0.3 0.0 0.3 0.0 0.3
5 17.1 1.1 15.6 2.1 16.5 2.3 18.3 0.7
10 36.1 1.3 29.2 7.5 35.9 2.4 36.5 1.9
20 4.7 1.5 64.8 10.4 74.4 2.9 72.0 3.9
40 139.4 6.0 1334 11.7 149.0 35 138.7 7.8
100 278.1 38.3 252.7 40.3 296.3 36.4 282.8 23.4
Soil No. 5 Soil No. 6 Soil No. 7 Soil No. 8
Treatments mg
p/l P ads.mg/kg P des.mg/kg P ads.mg/kg P des.mg/kg P ads.mg/kg P des.mg/kg | P ads.mg/kg P des.mg/kg
0 0.0 0.2 0.0 0.3 0.0 0.2 0.0 0.2
5 18.5 0.4 18.4 0.9 16.8 1.6 18.8 0.5
10 37.8 1.0 37.8 1.1 35.3 3.0 37.8 0.9
20 71.6 1.7 73.9 2.9 73.9 3.6 73.9 1.7
40 134.6 9.4 149.1 3.9 149.6 5.6 154.3 34
100 263.4 41.0 313.0 24.6 318.6 36.8 287.5 40.8
Soil No. 9 Soil No. 10 Soil No. 11 Soil No. 12
Treatments mg
p/l P ads.mg/kg P des.mg/kg P ads.mg/kg P des.mg/kg P ads.mg/kg P des.mg/kg | P ads.mg/kg P des.mg/kg
0 0.0 0.4 0.0 0.2 0.0 0.2 0.0 0.3
5 18.1 0.8 18.5 0.3 18.2 1.1 16.3 1.7
10 35.1 2.2 36.5 1.6 35.5 2.2 34.9 2.4
20 70.3 3.2 73.7 2.0 70.6 3.2 71.9 3.3
40 123.1 15.3 140.0 4.0 128..3 8.1 137.4 55
100 250.6 48.8 284.2 25.0 242.3 47.8 277.0 37.6
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Table (6): The correlation coefficients between the tested soil properties and the desorption parameters.
Clay pH EC oM CaCo; Area CEC Algy Feqy Al, Fe, Olsen P
Des. Param. % dS/m % % m/g meq/100g ppm ppm ppm ppm ppm
Des. g -0.226 0.248 -0.304 -0.101 | 0.089 -0.147 -0.315 -0.176 0.415 -0.261 -228 -0.238
DeS. 100ppm -0.436 0.211 -0.33 0.419 | 0.305 -0.367 -0.247 -0.483 -0.018 0.055 -0.365 -0.351
DeS.sppm -0.017 0.325 -0.202 -0.086 | 0.062 0.275 0.067 172 0.471 0.407 0.074 -0.365
M ok -0.1312 | 0.156 0.352 -0.133 [ -0.211 0.272 -0.043 -0.254 0.075 -0.179 -0.083 0.176
Ky ang, 0.174 -0.045 -0.427 -0.163 | 0.264 -0.046 -0.022 0.375 0.678** [ -0.205 -0.132 -0.197
R? Lang. 0.005 -0.595* [ 0.176 0.226 | 0.286 -0.476 -0.311 -0.151 -0.511 0.287 0.067 0.239
N Erey -0.097 0.468 -0.611* [ -0.116 [ 0.126 0.217 -0.044 0.072 0.627* -0.083 -0.077 -0.369
K Erey, -0.041 0.121 -0.364 -0.143 [ 0.164 0.136 -0.189 0.293 0.604* -0.168 0.074 -0.173
R%reu, -0.121 -0.142 0.129 0.138 | -0.026 -0.147 -0.272 -0.668** [ -0.723** | 0.406 0.179 0.562*

* Significant p <5%
** Significant p < 1%
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