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Abstract

This study aimed to investigate the effect of different levels of using zeolite (0, 1, and 2% by weight)
with two types of exchangeable cations (calcium and sodium) and humic acid (0 and 0.5% by weight)
on potassium adsorption isotherms in a loamy soil using simple linear, Freundlich, Langmuir, and
Temkin equations. The amended soils were incubated for two months with a moisture level close to
the field capacity, and a temperature of 25 °C. Potassium adsorption isotherm experiments were
performed using isothermal solutions with initial concentrations of 3-30 mM at a solid: solution ratio
of 1:10. Potassium adsorption increased in the amended soils, especially in Na-zeolite treatments.
The presence of humic acid increased the adsorption of potassium, which can be due to the increase
of adsorption sites in the organo-mineral complexes formed between humic acid and clay minerals.
The highest value (20.61 L kg?) of linear adsorption coefficient (K4) was obtained in the soil
amended by 2% Na-zeolite + 0.5% humic acid, and the lowest value (7.81 L kg*) was observed in
1% Ca-zeolite treatment. Parameter br, the heat of exchange in the Temkin equation, was 54.9 to
71.5 (J mol™?). The lowest value corresponded to 2% Na-zeolite + 0.5% humic acid treatment, and
the highest value was related to 1% Ca-zeolite treatment. The amount of heat of exchange in the
treatments containing humic acid was lower than in the treatments containing the same amount of
zeolite and without humic acid, which indicates the increased ease of potassium adsorption in the
presence of this substance. The Freundlich equation showed the best fit for the data. Based on the
obtained results, it is possible to recommend the simultaneous use of zeolite and humic acid to
increase potassium retentionin medium-textured soils.
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Figure 1. Potassium adsorption isotherms in control and soils amended by Ca-zeolite (a) and Na-zeolite (b)
with and without the presence of humic acid (HA)
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Figure 2. Equivalent fraction of potassium (E) adsorbed in control and soils amended by Ca-zeolite (a) and
Na-zeolite (b) with and without the presence of humic acid (HA)
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Table 2. Parameters of simple linear, Freundlich, Langmuir, and Temkin equations fitted to potassium
isotherm data

Simple linear Freundlich Langmuir Temkin

Treatments Ka K n KL Qmax Kt B br

L kg! L mmolt  mmol kg*! Jmol?

Control 8.88 25.06 1.49 0.10 250 147 4492 55.15
de g d c b h a e

1% Ca-Z 7.81 36.22 1.98 0.19 200 3.07 3467 7146
e f b abc c f f a

1% Ca-Z + 0.5% HA 11.27 3954 177 0.17 250 2.80 4299 57.63
c e c bc b g ab d

2% Ca-Z 9.22 4375 2.10 0.25 200 423 3524 70.30
de d ab ab c e ef a

2% Ca-Z + 0.5% HA 13.54 5248 2.04 0.25 250 5.14 3994 62.03
b c ab ab b c c c

1% Na-Z 10.28 4518 2.04 0.21 250 423 3728 66.46
cd d ab abc b e de b

1% Na-Z + 0.5% HA 14.78 62.37 224 0.33 250 8.34 3760 65.89
b b a a b a d b

2% Na-Z 13.46 51.88 2.00 0.27 250 482 4080 60.72
b c b ab b d bc c

2% Na-Z + 0.5% HA 20.61 64.86 1.97 0.25 333 6.56 45.16 54.86
a a b ab a b a e

e (0<0.05) SSlo (slasels iz (g3l Lulal o o cire Dglis ooz Lis st p 50 alinl By,
Dissimilar letters in each column indicate a significant difference according to Duncan's multiple range test (p<0.05)
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Table 3. Values of coefficient of determination (R?) and standard error (SE) of fitting simple linear,
Freundlich, Langmuir, and Temkin equations to potassium isotherm data

Treatments Simple linear Freundlich Langmuir Temkin
R? SE R? SE R? SE R? SE
Control 0978 7.97 0.998 0.011 0.975 0.004 0955 11.2
1% Ca-Z 0.968 9.14 0.995 0.021 0.959  0.007 0.935 13.0
1% Ca-Z + 0.5% HA 0981 831 0.997 0.016 0.949  0.005 0932 154
2% Ca-Z 0977 9.20 0.997 0.015 0.954  0.006 0931 141
2% Ca-Z + 0.5% HA 0.982 8.67 0.986 0.038 0.925 0.005 0.895 204
1% Na-Z 0965 10.8 0.986 0.037 0.952  0.005 0919 161
1% Na-Z + 0.5% HA 0970 118 0.979 0.048 0.941 0.004 0.886 22.0
2% Na-Z 0.984 8.24 0.996 0.021 0.932  0.005 0912 187
2% Na-Z + 0.5% HA 0.988 841 0.984 0.045 0.903  0.003 0.876 255
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