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ABSTRACT 

Kinetics of desorption were conducted on soil samples previously 
examined for adsorption characteristics from the surface horizon of seven soils 
of Sulaimani governorate in Kurdistan region of Iraq by using miscible 
displacement technique . The soil samples were leached with 0.001M CaCl2. 
The solution of CaCl2 was passed through the soil at flow velocities of 1ml 
min-1. Ten- milliliter aliquots were collected until K was not detected in the 
leachate.  
 Potassium desorption conformed to Elovich and Parabolic diffusion 
equations kinetics. Potassium desorption as plotted by Elovich and parabolic 
diffusion equations in Ca- saturated soils was rapid at first and leveled off with 
the time indicating more difficult desorption reaction. Apparent desorption rate 
coefficient (Kd) for Elovich equation ranged from 0.0604 to 0.0441 cmol kg-1 
min-1, while the rate coefficient K desorption (Kd) according to parabolic 
diffusion equation ranged from 0.0188 to 0.0476 cmol kg-1  min-1/2.  

 
INTRODUCTION 

Equilibrium reactions existing between solution and exchange phases of 
soil K profoundly influence K chemistry. The rate and direction of these 
reactions determine whether applied K well be leached into lower soil horizons, 
adsorbed by plants, converted into unavailable forms or released into available 
forms. Knowledge of the reaction rates between solution and exchangeable 
phases of soil K is necessary in order to predict the rate of added K fertilizer in 
soils and to properly make K fertilizer recommendation (Sparkes et al., 1980). 
Numerous experiments have been done on the potassium exchange equilibria 
with different cation systems on different soils, but information is inadequate 
on the kinetics of K desorption on complex soil system (Sparkes et al., 1980; 
Choudhary and Prasad, 1997). The kinetics of K desorption in heterogeneous 
soil systems was shown to conform to first order kinetics and to the parabolic 
diffusion law (Sivasubramanim and Talibudeen, 1972). Elovich equation was 
superior to the first order rate approach, since the former method tended to 
combine simultaneous first order reactions into one linear slop. Jardine and 
Sparks (1984) reported a rapid kinetics of exchange on external planar sites, 
slow kinetics of exchange on interlattice exchange sites and intermediate 
kinetics of exchange on interlattice edge sites. Sparks et al. (1980) investigated 
the kinetics of K exchange on soils and clay minerals. These studies have 
shown that the rate of exchange between solution and exchangeable K forms is 
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diffusion controlled. Talibudeen et al. (1978) observed that the rate of release 
of soil K was linearly proportional to the square root of time whereas Mortland 
(1958) found that the release rate of K from biotite was of the 
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first order using a batch technique and a zero order with a miscible 
displacement technique. On the basis of least square regression analysis, 
Dhillon and Dhillon (1990) observed that the parabolic diffusion equation 
could explain better the kinetics of non- exchangeable K release. Recently, 
Hundal and Pasricha (1993), however, observed two simultaneous first order 
equations indicating both a rapid and a slow reaction rate. 
  The objectives of the present investigation were (1) to determine the 
rate of K desorption between exchangeable and solution phases in soil samples 
previously examined for K adsorption characteristics. The magnitude and rate 
of K desorption were determined using a miscible displacement technique. (2) 
to determine apparent K desorption rate coefficients (Kd) and reaction order. 

 
MATERIALS AND METHODS 

Seven soil samples belonging to agriculturally important soils were taken 
from agricultural regions in Sulaimani governorate in Kurdistan region, Iraq to 
study of kinetics of K desorption. The soil particle size distribution was 
determined by the pipette method (Gee and Bauder, 1986). Organic matter 
(OM) was determined by dichromate oxidation (Walkley and Black) procedure 
(Nelson and Sommers, 1986). pH was measured in a saturated paste using a 
combination electrode (Robbins and Wiegand, 1990); Electrical conductivity 
(ECe) was measured for the soil saturation extract with EC-meter, model 
((WTW82362 Weilheim, Germany); soluble CO3, HCO3, Cl and Ca + Mg by 
titration methods (Page et al., 1982); Na and K by flame photometer; Cation 
exchange capacity (CEC) was obtained by saturation with 1M ammonium 
acetate (NH4OAc) at pH 8.1 as an extraction solution (Polemio and Roades, 
1977). Total calcium carbonate (CaCO3) in the soil, expressed as the calcium 
carbonate equivalent (CCE) was determined by a rapid titration method 
(Rayment and Higginson, 1992). The active lime or active CaCO3 equivalent 
(ACCE), which is fine particle- size calcite, was determined by the 0.5 M NH4-
oxalate method (Drouineau, 1942). Physical and chemical characteristics of the 
soil samples are given in table (1, 2). 
 
Table (1): some physical properties of investigated soils. 

Location Depth 
cm 

Soil order 
PSD g kg-1 Texture 

Class Sand Silt Clay 
Bazyan 0-10 Entisols 58.6 574.5 366.9 SiCL 
Arbat 0-15 Entisols 62.9 543.9 393.2 SiCL 

Bakrajow 0-12 Vertisols 69.8 464.4 465.8 SiC 
Qlyasan 0-12 Vertisols 99.6 430.1 470.3 SiC 

Kanypanka 0-25 Mollisols 33.9 508.0 458.1 SiC 
Said Sadiq 0-10 Mollisols 174.5 377.0 448.5 C 

Serwa 0-18 Mollisols 13.14 443.5 543.3 SiC 
 
 
Kinetics of Desorption Studies: The miscible displacement technique used 
for desorption studies as described by (Sparks and Rechcigl, 1982; Chaudhary 



Mesopotamia J. of Agric.                      (ISSN 1815 – 316 X)                     Vol.(39)  
No.(3)2011 
 

 35 

and Prasad, 1999).A duplicate 1.00 gm of soil samples previously examined for 
K adsorption characteristics in to 47mm Nucleopore filter- column. The soil 
samples were leached with 0.01 M CaCl2

. The solution of CaCl2 was passed 
through the soil at flow velocities of 1ml min-1. Ten- milliliter aliquots were 
collected until K was not detected in the leachate. Potassium in the leachate 
was determined by flame photometer and K desorbed (cmol kg-1soil) was 
calculated.  
 
Table (2): some chemical properties of investigated soils  

Soil properties 
Locations 

Bazyan Arbat Bakrajow Qlyasan Kanypanka Said Sadiq Serwa 

pH 7.83 8.18 7.54 7.90 7.46 7.80 7.65 

ECe (dS m-1) 0.52 0.38 0.66 0.52 0.27 0.42 0.33 
CEC 

(cmolc kg-1) 46.18 51.56 48.94 50.25 55.33 50.74 50.84 

O. M. (g kg-1) 31.70 30.50 24.40 33.70 26.50 29.80 23.20 

CaCO3 
equ. 

(g kg-1) 

Total 197.70 33.80 325.50 389.40 225.50 81.60 150.00 

active 70.00 20.00 110.00 150.00 100.00 10.00 65.00 

So
lu

bl
e 

io
ns

 
(m

m
ol

 L
-1

) 

Ca2+ 2.11 1.79 2.62 2.38 1.16 1.67 1.47 
Mg2+ 0.91 0.49 0.70 0.48 0.34 0.58 0.32 
Na+ 0.47 0.41 0.50 0.41 0.42 0.43 0.44 
K+ 0.11 0.01 0.11 0.11 0.08 0.13 0.01 

HCO3
-1 5.08 4.39 4.16 3.76 2.75 3.63 3.34 

Cl-1 0.78 0.30 1.10 0.86 0.42 0.88 0.66 
SO4

2- 0.87 0.79 0.87 0.88 0.93 0.87 0.85 

  
 Potassium desorption (cmol kg-1soil) with time was fitted employing 
different kinetic equations, namely zero order, first order, Elovich, parabolic 
diffusion, and power function equations: 
Zero order equation:   Ct = Co -Kt 
First order equation:   ln(Ct/Co) = Kdt 
Where:  

Kd = desorption rate coefficient of potassium 
Ct = amount of desorbed potassium at time t (cmol kg-1 soil) 
Co = amount of desorbed potassium at equilibrium (cmol kg-1 

soil) 
t= time in hours 

The value of desorption rate coefficient (Kd) were calculated from the slope of 
linear relationship between log (Ct/Co) vs. t. 
Elovich equation :   Ct = 1/Kln (CoK) – 1/Klnt  
  Plotting Ct versus the term of the duration of the extraction (lnt) the 
Elovich equation will be a straight line with the slop (1/K) and logarithmic 
intercept (1/Kln(CoK), the slop of straight line was expressed for the rate 
coefficient of desorption of K. 
 
Parabolic equation:   Ct = Co + Kd t

1/2 
Where, ‘Ct’ is the amount of K desorbed at time‘t’, ‘Co’ is the amount of 
desorbed K at equilibrium and ‘Kd’ is the overall diffusion coefficient and ‘t’ is 
the time in hours. 
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Power function equation:  lnCt = lnCo + klnt 
Where: 
  Ct = the amount of K desorbed at time t. 
 The equations used to describe the kinetics of K desorption were 
evaluated by comparing the linear coefficient of determination (R2) and the 
standard error (SE) of the estimate. This SE was calculated according to the 
equation: 
                                 SE= [Σ (Ct – C*

t)
2 / n-2]1/2 

 Where ‘Ct’ and ‘C*
t’ represent the amount of metal measured and 

calculated at time ‘t’ respectively, and ‘n’ is the number of measurement points 
for each equation which were determined by least squares regression analysis 
(Martin and Sparks, 1983; Havlin et al., 1985). 
 

RESULTS AND DISCUSSION 
The results of K desorption by miscible displacement technique are 

describe according to mathematical kinetic linear equations to choice the best 
equation depending on highest value of coefficient of determination (R2) and 
the lowest value of standard error of estimate (SE) (Sparks, 1992). Table (3) 
show all equations describe the reaction rate of K desorption in the studied soils 
as evidenced by the over all highest value of (R2) and lowest (SE) however 
potassium desorption in the studied soils conformed to Elovich  and parabolic 
diffusion kinetic equations. 
This result is agreed with finding by (Sivasubramanim and Talibudeen, 1972; 
Dhillon and Dhillon, 1990). 
 
Table (3): Show the value of R2 and SE for K desorption from the studied soils 

Location 
Zero order First order Elovich Parabolic Power function 

SE R2 SE R2 SE R2 SE R2 SE R2 

Bazyan 0.052 0.912 0.089 0.797 0.006 0.995 0.013 0.976 0.071 0.976 
Arbat 0.051 0.914 0.088 0.793 0.004 0.998 0.013 0.977 0.072 0.974 

Bakrajow 0.056 0.893 0.087 0.778 0.004 0.997 0.012 0.966 0.070 0.968 
Qlyasan 0.079 0.760 0.086 0.662 0.009 0.960 0.017 0.872 0.105 0.906 

Kaneypanka 0.025 0.966 0.099 0.842 0.017 0.979 0.021 0.997 0.056 0.991 
Said Sadiq 0.053 0.914 0.071 0.808 0.002 0.999 0.010 0.998 0.054 0.979 

Serwan 0.042 0.954 0.069 0.860 0.009 0.988 0.006 0.995 0.031 0.995 

mean 0.051 0.902 0.084 0.791 0.007 0.988 0.013 0.966 0.066 0.970 

 
The rate coefficient of K desorption (Kd) by using miscible displacement 

to Elovich equation ranged between 0.0604 and 0.1441 cmol kg-1 min-1. In the 
whole soil, the highest rate constant was for Kanypanka location soil 
(Mollisols), and the lowest for Qlyasan location soil (Vertisols) as shown in 
table (4).While the rate coefficient K desorption (Kd) according to parabolic 
diffusion equation ranged between 0.0188 and 0.0476 cmol kg-1 min-1/2 the 
highest rate constant also for Kanypanka location soil (Mollisols) and the 
lowest value for Qlyasan location soil (Vertisols). This apparent discrepancy 
may be attributed to the difference in type and content of minerals in clay 
fractions. 

The external planar surface sites and the edge sites desorbed K readily 
while the desorption of K from interlayer sites involved a slow rate of diffusion 
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(Sawhney, 1966). The diffusion was the predominant mechanism of K 
desorption in these soils as illustrated in figures (1 and 2) by the linear relation 
between the cumulative desorbed K cmol kg-1 and lnt for Elovich equation and 
between the cumulative desorbed K cmol kg-1 and time1/2 for parabolic 
diffusion equation. 
 
 
 
Table (4): Apparent desorption rate coefficients (Kd) calculated at 1.0 ml min-1 

flow velocity, of studied soils 

Location 
Zero order 
Cmol kg-1 

min-1 

First order 
min-1 

Elovich 
cmol kg-1 

min-1 

Parabolic 
cmol kg-1 

min-1/2 

Power function 
cmol kg-1 min-1 

Bazyan -0.0052 0.0055 0.1102 0.0357 0.5778 
Arbat -0.0051 0.0054 0.1075 0.0348 0.5663 

Bakrajow -0.0051 0.0051 0.0816 0.0263 0.5401 
Qlyasan -0.0044 0.0038 0.0604 0.0188 0.4198 

Kaneypanka -0.0042 0.0072 0.1441 0.0476 0.7401 
Said Sadiq -0.0054 0.0045 0.088 0.0285 0.4744 

Serwan -0.006 0.0053 0.1072 0.0352 0.5405 
mean -0.0050 0.0052 0.0999 0.0324 0.8418 

 
The slops of the relation of cumulative desorbed K and lnt for Elovich 

equation and time-1/2 for parabolic diffusion equation are different for 
investigated soils. Similar type of relationship between per cent K desorbed and 
time1/2 was reported by (Sparks et al., 1980; Choudhary and Prasad, 1997) in 
soils of varying clay content. 

 
 



Mesopotamia J. of Agric.                      (ISSN 1815 – 316 X)                     Vol.(39)  
No.(3)2011 
 

 38 

Fig.(1) Elovich equation kinetics of k desorption 
by using miscible displacement.
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Fig.(2) Parabolic diffusion equation kinetics 
of K desorption by using miscible 

displacement technique.
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  سول و مولیسول في محافظة السلیمانیةلترب إنتیسول فیرتیحركیات تحرر البوتاسیوم 
  محمد على جمال العبیدي                                            غفور احمد مام رسول   

  عةكلیة  الزرا/  الموصلجامعة                                      كلیة الزراعة/ جامعة السلیمانیة 
 قسم علوم التربة و المیاه                                    قسم علوم التربة و المیاه       
  

  الخالصة
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تم دراسة حركیwات تحwرر البوتاسwیوم علwى عینwات مسwتخدمة سwابقاَ إلختبwار إمتwزاز البوتاسwیوم 
یwة اإلزاحwة اإلمتزاجیwة سبع ترب محافظة السلیمانیة في كوردستان العراق بإستخدام تقنللطبقات سطحیة 

  . الھادئة
مwwوالري مwwن كلوریwwد الكالسwwیوم و تwwم تمریwwر محلwwول كلوریwwد  ٠.٠١تwwم غسwwل عینwwات بمحلwwول 

مللیتwرات مwن المحلwول لحwین عwدم  ١٠و جمعwت  ١-مللیتwر دقیقwة ١من خالل التربة و بسwرعة الكالسیوم 
وفیج و معادلwwة اإلنتشwwار و عملیwwة لwة إلwwدمwwع معا رو تمشwى عملیwwة التحwwر. ظھwور البوتاسwwیوم فwwي الراشwwح

 ٠.٠٦٠٤ مwنالتحرر كانت سریعة في البدایة ثم تعادلت، و كانت معامل سرعة التحwرر لمعادلwة إلwوفیج 
 ٠.٠١٨٨بینما معامل سرعة التحرر حسب معادلة اإلنتشار كانwت  ١-دقیقة ١-سنتیمول كغم ٠.٠٤٤١إلى 
  .١-دقیقة ١-سنتیمول كغم ٠.٠٤٧٦إلى 
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