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Table 1. Some physicochemical properties of the studied soils.
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CEC oM CCE EC Soil classification ~ Symbol  soil number
(cmol. kg™) % (dS m™
6.1 128 393 479 0.05 35 2.1 7.6 Torriorthent Ay 1
7.7 170 379 451 0.05 35 3.0 7.8 Calciargid A, 2
24.4 273 373 354 0.18 35 4.5 7.9 Haplocambid A; 3
6.6 134 325 541 0.07 26 1.7 7.6 Torriorthent B, 4
7.8 144 376 480 0.90 31 5.4 7.8 Haplocambid B, 5
152 233 446 321 3.10 37 5.6 8 Haplocambid B; 6
7.7 16.5 38.6 449 0.11 28 0.7 7.4 Xerorthent C 7
8.7 18.7  39.6 417 0.22 31 0.9 7.6 Calcixerept C, 8
29.6 31.0 353 337 1.54 39 1.4 7.8 Haploxeralf Cs 9
7.0 19.8 397 405 0.29 29 0.7 7.4 Xerorthent D, 10
8.0 18.1 36.5 454 0.47 31 0.8 7.6 Calcixerept D, 11
40.9 31.8  38.1 30.1 0.4 39 1.7 7.8 Haploxeralf Ds 12
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A, B, C, D: Jei, Ziar, Saman and Farokhshar, respectively.
1, 2, 3: Upper-, mid-, and lower slope positions, respectively.
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Table 2. Linear equations of sorption isotherm used in the study.

ba bl

(Parameters)

b sl

(Linear equation)

b 8 dslee

(Non-linear equation)

(gPgh) s s Sla=A
ml pg' P) Sl 551 K

Jde slacolizab

Jde slacali ik ks,

Jbe glacubm,n

C/X=1/KA+C/A

In X=Ina+b1ln C
X=K, In (K,C)

X=m + nVC

(Langmuir) , 555Y

(Freundlich) G?‘-b') A
(Temkin) S

(Van-Hay) <o

(g P ml™) S Jals chale :C «(ug P g soil) b Cde laae X

X: Sorbed P (ug P g soil); C: Equilibrium P concentration (ug P ml™)
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1- Maximum Buffering Capacity (MBC)

2- Standard Buffering Capacity (SBC)

3- Equilibrium Buffering Capacity (EBC)
4- Phosphorus Buffering Capacity (PBC)

5- Standard Phosphorus Requirement (SPR)
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Figure 1. Fitting of sorption data with nonlinear Freundlich equation in two toposequences of arid
(A: Industrial town and B: Ziar) and semiarid (C: Shaherkord and D: Farrokhshahr) areas.
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Table 4. Linear correlation coefficients between the quantity sorption indices and some soil

physicochemical properties.

s pa ot SseSY A b Sk S

(a Freundlich) (A Langmuir) (Soil properties)
0.18™ 0.19™ (Organic Carbon) Ji . S
0.52™ 0.52™ (CaCO; Equivalents) Jsles pudS il S
0.15™ 0.36™ (Active CaCO3) Jl qenlS ol S
0.46™ 0.73* (di-thionate extractable AD) <5555 b (s Soslas LG D,_;._.a)ﬂ
0.66* 0.43" (di-thionate extractable Fe) U 5553 b (s Sejlas LG pal
0.29"™ 0.45™ (Clay) )

* significant at P<0.05, ™ non-significant.
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Table 5. Some P buffering indices and standard P requirement in four toposequences.

Sy
SPR(mg P Kg'soil) EBC(ml P g''soil) SBC(ml P g'soil) MBC(ml P g'soil) Soil

01

42.8 55.5 101.0 116.3 A,

116.1 68.6 139.7 169.5 A,

132.1 106.1 176.9 232.6 A;

27.3 31.4 53.6 59.5 B,

93.5 37.2 104.1 133.3 B,

93.8 49.0 105.6 126.6 B,

452 42.4 84.9 99.0 C

77.4 423 84.0 98.0 C,

104.9 47.7 117.9 144.9 (o}

37.5 34.0 69.6 74.6 D,

45.5 40.0 86.6 102.0 D,

48.5 50.3 94.4 107.0 D;
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A, B, C, D: Jei, Ziar, Saman and Farokhshar, respectively.
1, 2, 3: Upper-, mid-, and lower slope positions, respectively.
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Table 6. Correlation coefficients among buffering indices of the studied soils.

SPR K n EBC SBC MBC S
(Buffering Index)

0.84** 0.42%* 0.53%* 0.66* 0.83%* 0.87** - K
0.90** 0.77** 0.78** 0.92%* 0.99** - MBC
0.89%* 0.79%* 0.79%* 0.93** SBC
0.73%* 0.95%* 0.88** - EBC
0.52"™ 0.85%* - n
0.54™ - K1
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** gignificant at P<0.01, * significant at P<0.05, ™ non-significant
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Table 7. Correlation of buffering indices and standard requirement of phosphorus with some soil

properties.
gl b Al gl LB o sn )l oo SaT - Jb Sl JTop s

o LS b Slses b Equivalent ) Active )  Organic )

(Clay)
(di-thionate extractable Fe)  (di-thionate extractable Al) (CaCOs (CaCOs (Carbon

0.32" 0.45" 0.76%* 0.48" 0.15" 0.13" MBC
0.30" 0.49" 0.65%* 0.41" 0.13" 0.11" SBC
0.23" 0.53" 0.53" 0.34" 0.00 0.16" EBC
0.35" 0.33" 0.53" 0.49" 0.14" 0.36" SPR
0.24" 0.53" 0.68%* 0.42" 0.01" 0.32" K
0.08" 0.57" 0.39" 0.20" 0.17" 0.35" Kl
0.26" 0.33" 0.30™ 0.12" 0.01" 0.34" n
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** gignificant at P<0.01, * significant at P<0.05, ™ non-significant.
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Abstract

Background and Objectives: Phosphate reactions with soil components are important from the
viewpoint of plant nutrition and P fertilizer use efficiency. The plant availability of P in soils is
often below that of required for optimum crop production due to either precipitation of P with
Ca, Fe and Al, or to specific adsorption of P by metal hydrous oxides. The availability of the
applied P is controlled by sorption/desorption characteristics of the soil. If large amounts of P
are accumulated in soil, the capacity of the soil to sorb additional P can be saturated, which may
lead to an increased risk for P losses through leaching and surface runoff. In the present study
Phosphorus buffering capacity in calcareous soils at upper-, mid- and lower-slope positions of
two arid and two semiarid landscapes were investigated.

Materials and Methods: Two toposequences in arid region (Isfahan) and two in semiarid
region (Shahre-Kord) of central Iran were selected for this study. Composite samples of the
topsoil (0-30 cm) were taken at the upper-, mid- and lower-slope positions at each site. Soil
samples were air dried, sieved (2 mm) and some chemical and physical characteristics of
samples were determined. Phosphorus buffering indices of twelve soils was determined using a
batch experiment and Langmuir, Freundlich, Temkin and Van Hay isotherms.

Results: Sorption of P by all studied soils increased with the initial P concentration and better
accorded with the Langmuir and Freundlich sorption isotherms than Temkin and Van-Hay. The
best fit is found to be with the Freundlich isotherm for all landscapes in terms of the coefficient
of determination (R’=0.865-0.994) and the standard error of estimate. Maximum P sorption
(derived from Langmuir and Freundlich) were found at lower-slope position of four landscapes.
Among the physico-chemical properties of soils, di-thionate extractable Al (Ald) and Fe (Fed)
were positively correlated with maximum P sorption showing that P availability in these soils
was affected by Fe and Al oxides. Buffering capacity indices such as maximum buffering
capacity, standard buffering capacity and K at lower-slope position were higher than other
position. All P buffering indices in landscapes showed a positive correlation with Ald. High
correlation coefficients between P buffering indices let us to use any buffering indices for
prediction of P availability in soils.

Conclusion: For maximum production, appropriate P management is needed at lower- slope
position (agricultural lands) on the basis of higher P buffering indices and standard P
requirement.
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