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Table 1- Characteristics of 12 calcareous soils used in this study
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Property
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415 13.7 33.8
2.3 0.18 8.1
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46.9 9.3 19.7
54.5 2.8 52
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143.8 1.2 0.8

FC o Sl cush, (359 90 y0

9.0 5.2 . . .
Weight of soil moisture at FC
67.1 15.6 ot
sand %
40.5 15.6 e
silt %
57.3 16.8 "o
clay %
8.5 7.8 pH*
8.2 7.4 pH**
32.5 7 CCE %
10.3 1.5 ACCE %
1.6 0.2 0.C%
4.1 0.15 EC (ds/m)

*Distilled water to soil in al:1 ratio;** CaCl, to soil in a 2:1 ratio
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Table 2- Corn plant growth parameters in zero level of P in this study
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Coefficient of variation (%) std. deviation mean minimum minimum Property
40.4 0.4 11 1.8 0.5 @POb) 4, S s
Root Dry weight (g/pot)
34.2 2.1 62 101 3.8 @/POD) s S22 055
Shoot Dry weight (g/pot)
252 0.1 0.5 0.6 0.2 (MYR) a2, 4t =alé
Root P concentration (mg/g)
| o Coa e e
16.9 0.7 4.1 5.1 3.0 M)l o ot bl
Shoot P concentration (mg/g)
40.4 02 0.5 0.8 0.2 MEPOD a2, ot o
Root P content (mg/g)
243 5.9 243 33 161 MEPODGbe s i uke
Shoot P content (mg/pot)
34.2 21.2 61.9  100.0 37.7 e A5 doyow
Relative growth (%)
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Figure 1-. P desorption by 0.5 M NaHCOj3 solution at 16 hours for some calcareous soils.
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Table 3- Kinetic models used in this study
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MEFE KgN™) yao adpe S pw o _10_1 q*=qo+kot o dye
ko:Zero-order rate constant(mg P kg™ h™') Zero order
B Jgl ase ey ol Ky Jol 4o

ki:first-order rate constant (h™!)

[mg P kg!y!] ags ase ceyw culi: ko
ko:second-order rate constant [(mg P kg!)!]
[mg P kg")? h?] psm a0 oy coli 1 k3
ks: Third-order rate constant [(mg P kg')?h?]
[(mgP kg')™] Sarssy cepm oo :kp

kp:diffusion rate constant [(mg P kg')*?]
mg P kg !y jaus adsl Caxly cepw iz a
a: Initial desorption rate constant P (mg P kg!' h™!)
[ang P kg'y'] Gizly cee e = b
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Mg P kg hl) jaus algl Cizly e o ool s O
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Bs: desorption rate constant [(mg P kg')']
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Third order
Sl (Soisy
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— +k t0.5
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exponential
ous ool @”ﬂ
= 1/Bs Ln(asPs) + 1/Bs Lnt L .
G = 1/Ps Ln(ouB) P Simplified Elovich

aiboa U gles )0 5 a0 Gloj ,o oo o5l Jaud ke ol 54 Qt 5 Qo *
* qo and q; is the amount of P released at time zero and time t respectively
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Table 4- Range and means of coefficient of determination (r?) and standard error of estimate (SE) for the kinetic models used in this study

o o3l g e\ o . . . e Ll clio
; ’ lfc'zj 4l g Sl (Sorisy Py & o P39S 4l o Jsl 4 e S0 A5y ;st) tistical
1mphtie exponential | Parabolic diffusion Third order Second-order First-order Zero order anstical
Elovich characteristics
r2 SE r2 SE I'2 SE I'2 SE r2 S E r2 S E r2 S E
0. ol
0.87 | 0.36 | 091 | 035 0.81 0.34 0.37 0.51 045 | 042 | 055 | 033 | 0.04 31 o
minimum
ilas
099 | 348 | 0.98 | 3.53 0.97 3.51 0.65 9.01 079 | 643 | 0.89 | 3.88 | 0.96 | 14.66
maxmum
oeSle
095 | 1.22 | 0.96 | 1.22 0.91 1.2 0.47 4.66 0.6 1.86 | 0.71 | 1.26 0.8 2.22
mean
Lo 8l =il
0.03 - 0.02 - 0.05 - 0.09 - 0.08 - 0.08 - 0.09 - S S
std. deviation
(1) Slyass gy
3.46 - 2.41 - 5.12 - 18.87 - 13.43 - 10.78 - 10.83 - Coefficient of
variation (%)
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Table 5- Values of the best fitted models parameters for the 12 examined soils.
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Simplified Elovich exponential Parabolic diffusion Statistical characteristics
a5 Pst” Bs s ab b a kp qQo
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45.85 036  387.22 1.12 0.05 4.88 1.69 3.6 std. deviation ,Lae 8,
1044  58.53 120.85 6228 24.19 54.1 67.19 56.88 Coefficient of variation (%) (/) &l yess o po
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Figure 3- Relationships between predicted and measured

released P by exponential (A), simple Elovich (B) and
parabolic diffusion (C) equations for the 12 calcareous soils
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Figure 2- Fitted P release data according to the
exponential (A), simple Elovich (B) and parabolic
diffusion (C) equations for the 12 calcareous soils
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Table 6- Correlation coefficients (r) for linear relationships between
the best kinetics models constants in this study
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equations constants
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0.42" -0.37 035" 1 b
0.99™ 0.66" 1 ab
0.59° 1 qo
1 ky
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Table 7- The best models based on used kinetics equations for the studied soils.
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Table 8- Correlation coefficients (r) for linear relationships between the best kinetics models constants in this
study with corn growth parameters.
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Figure 5- Relationships between the “a” constant
of the exponential model and the corn shoot P content
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Figure 6- Relationships between the “ab” constant of the

exponential model and the corn shoot P content
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Table 9- Correlation coefficients (r) for linear relationships between the best kinetics models constants with
desorbed P by NaHCOs at different extraction times in this study
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Kinetics of phosphorus release and correlation of its parameters with soil
properties and corn growth in some calcareous soils of East Azerbaijan
province
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ABSTRACT

In this research, kinetics of phosphorus (P) extraction by sodium bicarbonate from the <2 mm fraction
of 12 calcareous soils of East Azerbaijan province was investigated using surface (0-30 cm) soil sam-
ples. Soils were equilibrated with 0.5 M, NaHCOj; solution for 0.25 to 16 h. To determine the corn
plant growth parameters a factorial experiment in a randomized complete block design with three rep-
lications was conducted for a period of 2 months. According to the results, the minimum and maxi-
mum amount of extracted P during 16 hours was 5.54 and 38.15 with a mean of 15.68 mg P kg, re-
spectively. Comparisons of coefficients of determination (r*) and standard errors (SE) for seven differ-
ent models indicated that the best models for describing the P release data in all soils were two-
constant rate, parabolic-diffusion and simple Elovich equations, respectively. The zero, first, second-
and third order equations could not describe P release properly and 1 decreased from zero to third or-
der. Soil organic matter was the most pertinent soil characteristics that predicted the rate constants of
the two constant and parabolic kinetics models. The parameter (a) of two-parameter rate equation, was
positively correlated with shoot dry weight of corn and shoot P content (r=0.75"" and r=0.61"", respec-
tively).There was no significant relationship between rate parameter b and measured corn plant pa-
rameters either singly or in combination. Although, the amount of the extractable P for initial extrac-
tion time (a.b constant) was significant and positively correlated with shoot dry weight (r=0.76""). The
diffusion rate (kp) of parabolic-diffusion equation showed significant relationships (p<0.01) with dry
matter of corn shoot. Consequently, a soil test for available P (Olsen-P) that involved extraction for a
quite short time period might underestimate the amount of P that is eventually released to soil solution
and plants.
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