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ABSTRACT
Introduction: Potassium (K) iStan essential plant nutrient, and its availability in soils is governed by dynamic
interactions among soluble, exchangeable, and, non-exchangeable forms. In calcareous soils, variations in clay

mineralogy can substahtially influence K _retention, release, and supply capacity. K quantity—intensity (Q/I)
relationships provide valuable information on the equilibrium status of K in the soil-solution system; however, their

ability to explain the release behavior of non-exchangeable K remains insufficiently understood. Furthermore, clay
mineralogy, particularly thetype and abundance of 2:1 clay minerals, plays a critical role in controlling K dynamics
and availability. Therefore, the objective of this study was to investigate the role of clay mineralogy and K quantity—
intensity relationships in explaining non-exchangeable K release and evaluating K supply capacity in selected
calcareous soilsof the Shahrekord Plain.

Materials and Methods: 30 soil samples (0-30 cm) were collected from agricultural fields in the Shahrekord Plain.
Based on clay content, exchangeable K, non-exchangeable K, and cation exchange capacity (CEC), 15 soil samples
were selected for further investigation. The physical and chemical properties of the soils, as well as different forms
of K, were determined. K quantity—intensity (Q/I) curves were then established for each soil by equilibrating the
samples with solutions having different K activity ratios. The K concentration in the equilibrium solution was
subsequently measured as a function of the K activity ratio, and Q/I parameters were calculated. Non-exchangeable
K release was evaluated after 2017 h using the sequential extraction method, and the clay mineralogical composition
of the soils was determined by X-ray diffraction (XRD) analysis.

Results and Discussion: The results showed that soluble K, available K (extracted with 1 N NH,OAc), and non-
exchangeable K ranged from 11.5 to 27.5, 168 to 403, and 527 to 931 mg kg™, respectively. The K quantity—
intensity parameters also exhibited considerable variability among the soils. The equilibrium activity ratio of K
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(ARL) ranged from 0.011 to 0.027 (mmol L™2)°-5, while the potential buffering capacity of K (PBCLI) varied from
215.8 to 417.7 (mmol kg2)/(mmol L™2)°->. The amount of non-exchangeable K released after 2017 h ranged from
2425 to 345.0 mg kg™*. Mineralogical analyses revealed that micas, chlorites, smectites, kaolinite, quartz, and
mixed-layer mica—chlorite were the dominant clay minerals in the studied soils. The results indicated that
differences in K behavior among the soils were mainly related to the type and abundance of 2:1 clay minerals. Soils
rich in mica exhibited a greater capacity for K retention and buffering due to the presence of specific K adsorption
sites, whereas higher smectite contents enhanced the release of non-exchangeable K. Furthermore, significant
correlations and regression relationships between Q/I parameters and non-exchangeable K release demonstrated that
these parameters, in addition to describing the equilibrium status of K in the soil-solution system, could explain part
of the behavior of non-exchangeable K release.

Conclusion: The findings demonstrated that K quantity—intensity parameters are useful not only for describing the
equilibrium status of K in the soil-solution system but also for explaining part of the long-term release behavior of
non-exchangeable K. In addition, clay mineralogy, particularly the type and“abundance of 2:1 clay minerals, played
a decisive role in controlling K dynamics. Therefore, the combined use of quantity—intensity parameters and
mineralogical information can provide a more comprehensive assessment of potassium supply capacity and improve
K management in calcareous soils.

Keywords: Potassium; Non-exchangeable potassium release Kinetics; Quantity—intensity (Q/I)
Clay mineralogy; Calcareous soils.
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fsamNs in the agricultural soils of the Shahrekord plain
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Table 1. Some physical and chemical properties of the studied soils
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Exchange Carbonate Matter Texture Number
Capacity Equivalent

(Cmol, kg™ 7. (ds m?
21.3 235 0.65 486 260 25.4 CL 0.32 7.8 1
25.0 35.0 045 446 180 374 CL 0.33 7.9 2
20.0 335 023 666 160 17.4 SL 0.31 7.9 3
18.0 43.0 0.82 626 200 174 SL 0.37 7.8 4
17.0 445 059 426 300 274 CL 0.31 8.1 5
21.7 240 133 426 28.0 /294 CL 0.34 7.9 6
21.1 36.0 0.72 246 128.0° 474 C 0.33 8.0 7
18.0 44.5 041 566 120 314 SCL 0.31 8.0 8
18.4 385 055 266 260 474 C 0.33 8.0 9
217 295 0.70), 366 200 434 C 0.33 8.1 10
217 34,0 050 346 220 434 C 0.30 8.2 11
23.0 235 0.83 446 220 334 CL 0.31 7.8 12
22.3 20.0 048 646 160 194 SL 0.33 7.7 13
24.9 26.5 090 266 320 414 C 0.32 8.1 14
214 30.0 \ 068 266 320 414 C 0.32 8.1 15
21.0 066 436 230 334 0.33 8.0 Mean
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\Sandy Loam SCL: Sandy Clay Loam .CL: Clay Loam C: Clay
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Table 2. Amounts of potassium forms and the non-exchangeable potassium released (mg kg™) in the studied

soils
release of non- release of non-exchangeable Non-Exchangeable Available Soluble Soil
exchangeable potassium potassium after 168 hours Potassium potassium Potassium Number

after 2017 hours

314.0 (40.8)° 190.0 24.7) 769 206 13.0 1
308.5 42.3) 181.5 (24.9) 729 195 115 2
325.5 41.8) 200.0 25.7) 778 242 16.7 3
242.5 46.0) 130.5 (24.8) 527 168 11.7 4
297.0 40.0) 169.0 (22.6) 748 187 27.5 5
322.536.9) 185.5 21.2) 875 230 13.2 6
270.0 32.0) 142.5 (16.7) 845 218 13.5 7
246.5 32.0) 125.0 (16.3) 770 184 115 8
345.0 37.0) 180.5 (19.4) 931 283 15.5 9
289.5(33.8) 151.0 (17.6) 857 258 12.0 10
263.0 38.7) 134.0.(19.7) 680 250 18.5 1
249.5 35.6) 128.0 (18.3) 700 251 25.2 12
322.037.8) 184.521.7) 851 403 18.7 13
276.0 31.0) 151.0 (16.8) 897 308 21.0 14
3225 41.6) 184.5 (23.8) 775 343 16.2 15
293.0 37.5) 162.5,20.8) 782 248.4 16.4 Mean

" Numbers in parentheses represent the percentage of non-exchangeable potassium released after 168 and 2017 h,

respectively.
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Figure 2- The amount of non-exchangeable potassium released by 0.01 M CacCl, extractant of the Studied
Soils
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Figure 2. Clay diffractograms of samples 7 (a), and 15/(b).

Mg: magnesium-saturated sample; Mg-eg: magnesium-saturated sample treated with ethylene glycol; Mg-g: magnesium-
saturated sample treated with glycerol; K: potassium-saturated sample; K110: potassium-saturated sample heated at 110 °C;
K350: potassium-saturated sample heated at 350 °C; K550: potassium-saturated sample heated at 550 °C.
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Table 4. Correlation Coefficients between Potassium Quantity—Intensity (Q/I) Parameters, Selected Soil
Properties, and Non-Exchangeable Potassium Release

PBCK AR Kx AK®

0.40™ -0.24™ -0.30™ -0.02"™ Clay

-0.10™ -0.11™ 0.12"™ -0.16™ Silt

-0.22"™ 0.23™ 0.13™ 0.11™ Sand

-0.28"™ -0.04™ 0.11™ -0.20™ Organic Matter

-0.59" -0.48™ 0.13™ -0.81" Calcium Carbonate Equivalent

077" 0.02" -0.56" 0.43"™ Cation Exchange Capacity

0.02"™ 0.13™ -0.01™ 0.16™ Soluble Potassium

0.09™ 0.94” 0.30™ 0.92" Exchangeable potassium

-0.27™ 0.53" 0.33™ 0.36™ Non- Ex¢hangeable potassium

-0.52" 0.48"™ 0.53" 0.14™ Cumulative amount of the NEK release
after 168 h

-0.53" 0.61 0.56" 0.25™ Cumulative amount of the NEK release
after 2017 h

**: significant at the 1% level, *: significant at the 5% level, andwns: not significant
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