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Abstract: [ Objective] In the past few decades, soil potassium has received less attention than nitrogen and phosphorus, despite that
potassium loss in farmland is a common issue due to large crop demand and the relatively small application amount. Soluble potassium
resources are relatively unabundant in China. The low self-sufficiency rate and high reliance on imports led to the high cost of potassium
fertilizers. Due to the importance of potassium in crop production and the cost and environmental consequences of applying potassium
fertilizer, it is worth paying attention to mineral potassium in future agricultural production. It has been found that there is a unique
potassium release mechanisms of layered silicate potassium-rich minerals in paddy soils. However, there is currently a lack of systematic
research on the changes and influencing factors of different potassium transformation thresholds during the formation of paddy soils,
which greatly limits the establishment and development of potassium transformation models for these soils. [Method] This study
selected "potassium-rich" purple paddy soil and "potassium-poor" red paddy soil, and investigated the evolution characteristics and
influencing factors of different potassium transformation thresholds during their formation through time series analysis. The aim was to
provide theoretical support for reducing the dependence on soluble potassium fertilizers in rice fields. [Result] For "potassium-rich"
purple paddy soil, traditional rice cultivation in the early stages (within 0-20 years) significantly reduced the total amount of water-
soluble potassium and exchangeable potassium in the plow layer (about a 28% decrease). After this period, the transformation thresholds
between water-soluble potassium and exchangeable potassium, and between exchangeable potassium and non-exchangeable potassium,
remained relatively stable, with thresholds stabilizing between 6144 and 1069 mg-kg!, respectively. For "potassium-poor" red paddy
soil, the total amount of water-soluble potassium and exchangeable potassium also decreased significantly in the early stages of rice
cultivation (within 0-100 years), reaching very low levels (about a 30% decrease). Subsequently, the transformation thresholds between
water-soluble potassium and exchangeable potassium, and between exchangeable potassium and non-exchangeable potassium, stabilized,
with thresholds remaining between 3244 and 64+4 mg-kg™!, respectively. [Conclusion] During the formation of paddy soils, the
potassium forms and transformation thresholds in these soils are closely related to the potassium-rich minerals in clay and silt particles.
The potassium release mechanisms of layered silicate potassium-rich minerals can remain stable over a long period during the formation
of "potassium-rich" paddy soils. For red paddy soils, especially those with over 200 years of rice cultivation, it is necessary to increase
potassium fertilizer input in a sustainable and potassium-balanced manner to avoid negative potassium balance in the fields. There is
great potential in using gravel-rich layered silicate potassium minerals as an alternative to traditional potassium fertilizers in paddy fields.
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Table 1 General information on the soil sampling sites and basic soil properties of the cultivation horizon

4 5 BER FIH = BEFp AR IR ESDIR A Bk PR B30 ek A4
pH
ID Parent material Land use  Cultivation age soC Clay CEC TK
/a [ (g-kg® [/ (g-kg® [/ (cmol-kg® [ (g-kgD
RC10  ZBIUL4Zit e 0 4.7 8.70 419.77 7.27 13.43
RC11 ML E L ek 100 49 19.28 182.03 6.38 111
RC12 HILaF L hE-KAE 100~300 5.4 15.61 241.62 6.44 14.74
RC13 LT L -k 300 5.9 23.94 257.88 6.34 11.94
P01 REWTUE PRt 0 6.1 9.31 248.99 12.22 246
P02 OISR M 0 5.3 8.22 261.63 11.78 23.27
P03 REOWIUE Pt 0 5.4 9.45 225.58 19.44 22.34
P11 OISR MR 20 6.8 5.27 261.07 21.11 22.37
P12 OISR MR 60~100 6.0 9.21 362.01 23.55 22.18
P13 REWTUE PE 100~300 6.5 13.98 366.64 23.44 2159
P14 OISR MR 300 6.4 15.70 394.77 16.89 22.32
1.2 HmXES S
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Fig. 1 Evolution characteristics of minerals in two typical paddy soils
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Fig. 2 Evolution characteristics of different potassium forms and conversion thresholds in two typical paddy soils
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Fig. 3 Pearson correlation coefficients between soil properties and different K forms in the two typical paddy soils
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