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Background and Obijectives: The identification of the type and composition of

clay minerals in soil is of particular importance, as these minerals play a
fundamental role in potassium dynamics and the soil’s capacity to supply this
essential element to plants. Clay minerals can influence the uptake, retention,
and release of potassium, and therefore play a crucial role in fertilization
management and maintaining soil fertility. The present study aims to
investigate the relationship between different forms of soil potassium,
including soluble, exchangeable, and non-exchangeable potassium, as well as
the amount of released non-exchangeable potassium, in relation to the clay
mineral composition of agricultural soils.

Materials and Methods: 15 soil samples were collected from the 0-30 cm depth

of agricultural soils in the Shahrekord Piedmont Plain, based on variations in
exchangeable potassium, non-exchangeable potassium, cation exchange
capacity and clay content. The physical and chemical properties of the soils
were analyzed. Also, the exchangeable potassium of the soils was determined
using 1 N ammonium acetate, and the non-exchangeable potassium was
determined using 1 M boiling nitric acid. The amount of non-exchangeable
potassium released after 2017 hours using the sequential extraction method
with 0.01 M calcium chloride (CaCl,). The composition of clay minerals were
examined. The clay samples were saturated with potassium and magnesium,
and to identify the types of clay minerals, Mg, Mg-ethylene glycol, Mg—
glycerol, K, and K-heated treatments at 110, 350, and 550 °C were analyzed
using an X-ray diffraction (XRD) instrument.

Results: The results showed that the range of soluble, exchangeable, and non-

exchangeable potassium concentrations were 11.5-99.7, 108.5-612.7, and
491- 2065 mg kg~ ¢, respectively. The range of non-exchangeable potassium
released after 2017 hours varied from 225.5 to 479.0 mg kg~ *. The dominant
soil minerals included; micas, chlorites, kaolinite, smectites, quartz, and a
small amount of mixed mica—chlorite minerals, with variations in their relative
abundances. In soils with similar clay and silt contents, differences in
potassium release behavior are mainly attributed to the type and proportion of
clay minerals. Soils with the lowest levels of exchangeable and non-
exchangeable potassium exhibited the highest non-exchangeable potassium
release, whereas soils with high non-exchangeable potassium content showed
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a lower release percentage. The results showed that different forms of
potassium had significant relationships with certain soil properties; Soluble
and non-exchangeable potassium, as well as the cumulative amount of non-
exchangeable potassium released after 2017 hours, were positively correlated
with electrical conductivity (r=0.54**, r=0.45**, r=0.25**); soluble and non-
exchangeable potassium were negatively correlated with cation exchange
capacity (r=-0.18* , r=-0.26*); soluble potassium was positively correlated
with organic matter (r=0.21*); and exchangeable potassium was negatively
correlated with calcium carbonate equivalent (r=-0.34**). The different forms
of potassium and the amount of non-exchangeable potassium released after
2017 hours showed no significant correlation with the total clay content.
Different forms of potassium and the amount of non-exchangeable potassium
released after 2017 hours showed no significant correlation with total clay
content, indicating that potassium dynamics in these soils are influenced more
by the type and composition of clay minerals than by the clay content itself.

Conclusion: The results of this study indicated that potassium dynamics in the
agricultural soils of the Shahrekord plain are primarily influenced by the type
and composition of clay minerals. In other words, the quantity and rate of non-
exchangeable potassium release in soils depend more on the abundance and
type of potassium-bearing minerals, such as micas and smectites, rather than
merely the total clay content. Soils with high smectites content exhibited faster
non-exchangeable potassium release, whereas micas-rich soils had high non-
exchangeable potassium content but a lower release rate. These findings
highlight the importance of understanding clay mineralogy and the different
forms of potassium for designing optimal potassium fertilization programs. To
meet crop potassium requirements and avoid excessive fertilizer application,
it is necessary to consider not only exchangeable and non-exchangeable
potassium levels but also the clay mineral composition and the behavior of
potassium release.
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Figure 1- Geographical location of the soil sampling points in the agricultural areas of the Shahrekord plain
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Table 2- Amounts of potassium forms and the non-exchangeable potassium released after 168 and 2017 hours (mg kg™)
in the studied soils
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exchangeable potassium - fter 168 Exchangeable H . N
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M-kg™ ¢S5k » S ke
225.0 (46)* 126.0 491 1085 115 1
410.5 (34) 251.5 1212 355.3 22.7 2
3255 (42) 200.0 778 225.3 16.7 3
270.5 (21) 153.5 1305 120.7 19.3 4
242.5 (46) 130.5 527 156.3 11.7 5
361.0 (36) 202.0 1007 307.3 30.7 6
466.5 (23) 3230 2065 585.3 99.7 7
294.5 (36) 160.5 822 4393 18.7 8
312.0 (45) 166.0 700 466.0 16.0 9
270.0 (32) 142.5 845 441.5 135 10
479.0 (37) 275.0 1291 595.3 53.7 11
460.5 (33) 302.0 1382 612.7 65.3 12
287.0 (28) 156.0 1028 462.5 29.5 13
226.5 (39) 128.0 575 4133 12.7 14
3225 (42) 184.5 775 498.7 16.3 15
330.2 (33) 191.5 986.9 385.9 29.2 oSle
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*: Non-exchangeable potassium released after 2017 hours by the sequential extraction method
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Figure 4- Amount of non-exchangeable potassium released by 0.01 M calcium chloride extractant in the
studied soils
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Table 3- Correlation of potassium forms with soil properties
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0.117 -0.10™ -0.26* 0.07™
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0.11"
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Exchangeable
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Non-exchangeable
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exchangeable
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