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ABSTRACT: Subtropical soils can have medium to high soil organic matter levels, which 
directly affects cation exchange capacity (CEC) and potassium (K) availability to plants. 
This generates the need to define K buffer capacity (KBC) values and K corrective rates 
to improve the fertilization recommendation system for these soils, ensuring high yields 
and reducing the likelihood of K losses in the environment. This study aimed to define 
KBC values and the K rates to be applied in corrective fertilization of acidic soils with high 
SOM and CECpH7.0 in a subtropical climate, and evaluate K corrective rates in vineyard 
soils in relation to the regional fertilization recommendation. Thirty-one native forest 
soils from the subtropical climate of Serra Gaúcha (RS), Southern Brazil, were collected. 
The samples were incubated with ten rates of K2O for 30 days, with three replicates. 
After the incubation period, available K (K_M1) contents were obtained by the Mehlich-1 
extractor. The K_M1 contents of the 0.00-0.20 m layer of 209 vineyards in the region 
were evaluated in the 2021/22 and 2022/23 crop seasons. Natural K_M1 contents in 
97 % of the forest soils evaluated were classified as "high" and "very high" availability. 
Average KBC value obtained was 3.1 kg ha-1 K2O, indicating the nutrient rate required 
to increase the K_M1 content by 1.0 mg dm-3. Correction rates for the low and medium 
K availability classes were, respectively, 170 % higher and 78 % lower than the current 
regional fertilization recommendation for fruit trees. The K_M1 contents in 38 % of the 
vineyard soils in the study region were classified as "very high" availability, indicating 
the possibility of reducing the use of K fertilization. We recommend adjusting the K2O 
rates based on KBC values, aiming to maintain K_M1 contents in the "high" availability 
class, reducing production costs and unnecessary K nutrient applications.

Keywords: potash fertilization, cation exchange capacity, nutrient availability, correction 
fertilizer.
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INTRODUCTION
Cultivated soils typically do not provide the amounts of potassium (K) that plants require 
(Hahn et al., 2024a; Pesini et al., 2024). Therefore, K fertilization in crops can increase 
productivity (Chen et al., 2024). However, there is a need to update the technical criteria for 
defining adequate rates, providing greater accuracy in fertilization recommendations and 
rationalization in the K fertilizers use, since Brazil is highly dependent on the importation 
of this nutrient. Additionally, about 90 % of K reserves are located in Canadian, Russian, 
and Belarusian territories, which have finite reserves (Al Rawashdeh, 2020; Soumare et 
al., 2023), and are subject to price variations in the international market. This dynamic 
directly affects the production costs, especially during diplomatic crises, as evidenced 
by the war between Russia and Ukraine in 2022, which resulted in a 343 % increase in 
K fertilizers compared with 2020 (Conab, 2024).

Chemical weathering of clay minerals allows for the K release into the soil solution. Part 
remains available to plants, and part can be lost to waterways (Wang et al., 2021). In 
Brazil, about 13 % of the K applied to soils is lost due to erosion/surface runoff (Sipert 
et al., 2020), reinforcing the importance of properly managing agricultural areas. In 
addition, the southern region of Brazil has been experiencing extreme climate changes 
in recent years, such as the accumulated 1,093 mm of precipitation in March and April 
2024 alone in the Serra Gaúcha region (Inmet, 2024). All this requires that K fertilization 
management be rethought and updated in the new climate context, seeking to meet 
plant nutritional and physiological demands, while mitigating losses and environmental 
impacts.

In subtropical regions, such as southern Brazil, soils have higher cation exchange capacity 
(CEC) values due to the contribution of clay permanent charges and those dependent 
on pH, associated with the soil organic fraction and clay minerals (Bortoluzzi et al., 
2006). In this case, soil organic matter (SOM) plays an important role in increasing the 
soil CECpH7.0, controlling the K availability in the soil solution, and reducing the chances 
of losses by leaching (Artuso et al., 2024). Thus, fertilization recommendations used on 
a large scale and for a wide diversity of distinct soils may not be efficient and accurate 
in predicting the real need for fertilizers. Under these conditions, regionalized studies 
can be an alternative to improve recommendations for K fertilization.

Corrective fertilization is used to define the total fertilizer rates to raise nutrient levels 
above the crop critical level (Souza Junior et al., 2022; Hahn et al., 2024b). This fertilizer 
rate considers the K availability in the soil and the CEC, which affects the soil nutrient 
availability; therefore, CECpH7.0 classes are currently considered for K fertilization 
recommendation. According to the soil nutrient retention capacity, the quantity/intensity 
(Q/I) relationship is affected, modifying the proportion of K available to plants (Wang et 
al., 2004; Kassa et al., 2019).

The definition of K buffer capacity (KBC) allows updating recommendations that may often 
be inefficient in predicting the real need for K fertilizer (Souza Junior et al., 2022; Awgchew 
et al., 2024; Hahn et al., 2024b). Some studies have already reported divergences from 
the current fertilization recommendation system, underestimating the rates of K corrective 
fertilization for southern Brazil (Souza Junior et al., 2022). We hypothesize that soils with 
high SOM contents (>5 %) and high CECpH7.0 (>15.0 cmolc dm-3) require higher rates of K 
fertilizers than those recommended by the current fertilization recommendation system 
to reach the critical levels of crops (CQFS-RS/SC, 2016).

This study aimed to define K buffer capacity values and the K rates to be applied in 
corrective fertilization of acidic soils with high SOM and CECpH7.0 in a subtropical climate, 
and evaluate K corrective fertilizer rates in vineyard soils in relation to the official regional 
recommendation, proposed by CQFS-RS/SC (2016).
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MATERIALS AND METHODS

Soil sampling

The study area is located in the Serra Gaúcha region, in the state of Rio Grande do Sul 
(RS), southern Brazil (Figure 1). Soils were collected from the 0.00-0.20 m layer in six 
municipalities in the region, in forested and non-anthropogenic areas. According to the 
Köppen-Geiger classification system, the climate is Cfb, with temperate summers, and 
Cfa, with hot summers (Alvares et al., 2013). The geology of this region comprises a 
Brazilian Serra Geral formation, with a lithology composed of basalt, present at lower 
elevations, rhyolites and rhyodacites, present at higher elevations, formed in the Mesozoic 
era. The low to medium weathering degree formed poorly developed profiles, with 
Neossolos and Cambissolos predominating (Modena et al., 2016; Santos et al., 2018), 
which correspond to Entisols and Inceptisols (Soil Survey Staff, 2014), respectively. The 
samples were air-dried, ground, sieved through a 2 mm mesh, and stored for analysis.

Soil chemical and physical analysis

Soil chemical and physical characterization is presented in table 1. The K_M1 contents 
were extracted with Mehlich-1 solution (0.0125 mol L-1 H2SO4 and 0.050 mol L-1 HCl) and 
determined by flame photometry (DM-62, Digimed). Clay content was determined by 
the pipette method (Teixeira et al., 2017), after organic matter oxidation with hydrogen 
peroxide (H2O2). Total organic carbon (TOC) content was determined by the dry combustion 
method. For that, soil samples were ground in a continuous rolling mill and analyzed in 
an Elemental Analyzer (Flash EA1112, Thermo Electron Corporation). Soil organic matter 
(SOM) percentage was determined by multiplying the total organic C value by 1.724. The 
pH(H2O) was determined through the soil:water ratio (1:1) and the pH-TSM through the 
soil:water:solution ratio (1:1:0.5) to obtain potential acidity (H+Al) (Toledo et al., 2010). 
Exchangeable Ca and Mg were extracted with 1.0 mol L-1 KCl solution and determined 
by atomic absorption spectrophotometry (AAnalyst 200, PerkinElmer). Cation exchange 
capacity (CECpH7.0) was obtained by summing the exchangeable elements Ca, Mg, K, and 
H+Al. Analyses were based on the methodologies proposed by Tedesco et al. (1995).

Figure 1. Spatial distribution of the 31 forest soils from Serra Gaúcha region, Southern Brazil (a and b), collected in the 0.00-0.20 m  
layer (c and d), and soils air-drying (e and f).
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K buffer capacity

To determine the K buffer capacity (KBC), the K_M1 contents in the soil were interpreted 
and the soils classified in CECpH7.0 classes (medium: 7.5-15.0, high: 15.1-30.0, and very high:  
>30.0 cmolc dm-3) and K+ availability classes (low, medium, high, and very high) according 
to CQFS-RS/SC (2016). Then the K2O rates were calculated, since the CECpH7.0 values for 
all soils were >8.5 cmolc dm-3, the KBC = 2.73 recommended for Southern Brazil soils was 
used (Souza Junior et al., 2022), aiming to increase K_M1 levels to the "high" availability 
class according to CQFS-RS/SC (2016). For soils that presented natural K_M1 contents in 
the "high" (K2O rate = -0.6205K_M1 + 327.39) and "very high" (K2O rate = -0.6205K_M1 
+ 368.36) classes, different equations were used to determine K2O rates based on initial 
K_M1 content and CECpH7.0 classes. The K2O rates ranged from 80 to 307 kg ha-1. Each 
soil received 10 rates of K2O, corresponding to 0, 25, 50, 75, 100, 125, 150, 200, 250, 

Table 1. Forest soil characterization from Serra Gaúcha region, Southern Brazil, in the 0.00-0.20 m layer

Soil Altitude Sand Silt Clay SOM pH(H2O) K_M1 H+Al Ca2+ Mg2+ CECpH7.0

m g kg-1 1:1 ratio mg dm-3 cmolc dm-3

1 666 261 447 292 64.6 6.23 233.00 2.82 7.35 1.49 12.25
2 330 263 433 304 65.6 5.72 245.00 5.12 16.17 3.71 25.63
3 174 299 470 230 105.4 6.42 265.00 3.16 31.34 5.41 40.59
4 555 429 289 282 65.4 5.41 322.33 5.72 11.04 2.40 19.99
5 450 281 391 327 110.2 6.19 282.33 3.48 27.32 2.72 34.24
6 212 193 560 247 101.4 6.97 422.33 2.14 26.84 3.58 33.64
7 428 299 428 273 45.3 5.00 131.67 9.63 7.12 1.11 18.20
8 575 82 575 343 71.6 4.45 398.33 23.86 13.29 2.72 40.89
9 550 220 555 225 59.2 5.21 306.33 7.45 7.79 1.93 17.96

10 496 314 396 289 40.3 4.69 205.00 12.02 5.28 1.21 19.04
11 385 283 415 302 107.9 6.04 354.33 4.71 26.98 3.95 36.54
12 557 180 538 282 84.9 5.94 203.67 4.58 7.75 1.84 14.69
13 400 178 514 308 66.3 6.08 302.33 3.89 19.48 4.62 28.76
14 346 23 640 337 64.1 6.25 306.33 3.09 16.40 5.60 25.87
15 619 282 439 279 69.4 5.00 198.33 7.51 7.44 1.35 16.81
16 583 324 424 252 49.6 6.02 377.00 3.52 14.40 2.98 21.86
17 578 404 406 190 52.7 5.24 159.67 6.13 7.04 1.60 15.18
18 716 199 525 276 47.4 4.53 138.33 14.18 4.48 1.75 20.76
19 759 154 426 420 67.4 3.71 98.33 35.80 0.40 0.45 36.90
20 495 197 495 308 81.2 4.87 278.33 9.93 9.99 2.37 23.00
21 661 241 424 336 71.6 5.10 335.67 6.39 8.45 2.35 18.05
22 480 311 410 279 107.8 6.30 351.67 2.70 21.32 4.13 29.05
23 254 173 530 297 52.9 5.87 291.67 4.02 8.88 2.02 15.67
24 180 200 591 209 62.6 6.41 337.00 2.65 14.21 2.56 20.28
25 612 361 356 284 57.5 4.95 231.67 7.37 9.46 2.67 20.09
26 140 269 479 252 82.9 6.25 194.33 2.79 24.23 5.50 33.01
27 639 104 452 444 85.6 3.97 261.00 33.28 1.90 1.06 36.91
28 537 327 350 323 82.4 5.22 275.67 10.32 11.72 2.69 25.43
29 172 167 574 258 44.2 6.08 369.00 3.63 12.21 2.24 19.02
30 505 291 425 284 82.3 5.96 338.33 4.76 15.64 3.16 24.43
31 410 140 618 243 69.0 6.51 287.67 2.43 21.22 4.84 29.22

SOM: soil organic matter; K_M1: K available extracted by Mehlich-1 solution; Ca2+ and Mg2+ extracted by KCl 1.0 mol L-1 solution; CECpH7.0: cation 
exchange capacity at pH 7.0.



Grando et al. Potassium buffer capacity in subtropical soils with high organic matter content

5Rev Bras Cienc Solo 2025;49:e0240201

and 300 % of the calculated rate. Each treatment was composed of three replicates, in a 
completely randomized design, totaling 930 soil samples. Each experimental unit consisted 
of 50 g of soil, previously adjusted to pH 6.0 using lime if necessary, and conditioned 
in a transparent plastic bag. Potassium rates were applied via liquid, made from KCl 
reagent dissolved in distilled water. Fertilizer rates were calculated to correct 0.00-0.20 m  
soil layer, assuming the soil mass of 2,000,000 kg (d = 1.0 kg dm-3). After applying the 
rates, the soils were homogenized, the moisture adjusted to 70 % of field capacity, and 
then incubated for 30 days. Weekly, the experimental units were opened and, when 
necessary, the moisture was corrected. At the end of this period, the samples were dried 
in an oven at 45 °C for 48 h, ground, and sieved through a 2 mm mesh. Posteriorly, the 
K considered "available" (K_M1) was extracted using the Mehlich-1 solution.

Soil fertility evaluation in a vineyard

To evaluate soil fertility, 209 vineyard soils in the study region were evaluated during the 
2021/22 and 2022/23 crop seasons. Commercial vineyards presented different cultivation 
histories, cultivars, and production management practices adopted by the growers. Soil 
samples were collected from the 0.00-0.20 m layer, dried in an oven, ground, sieved  
(2 mm mesh), and subjected to chemical and physical characterization analyses. Potassium 
contents were extracted by Mehlich-1. Subsequently, the soils were classified into 
CECpH7.0 classes (medium: 7.5-15.0, high: 15.1-30.0, and very high: >30.0 cmolc dm-3) 
and K availability classes (low, medium, high, and very high) according to CQFS-RS/SC 
(2016). The KBC values were used to define the K2O rates to raise K_M1 levels to "high" 
availability levels in 209 vineyard soils. The K2O rates indicated by the soil KBC were 
compared with the official recommendation rates for the soils in the region (CQFS-RS/
SC, 2016) for each K availability class.

Statistical analysis

Contents of K_M1, along with the respective K2O rates, were subjected to linear regressions. 
The KBC value was obtained for each soil through the inverse of the angular coefficient 
(KBC = 1/angular coefficient). The KBC values were subjected to normality analysis using 
the Shapiro-Wilk test. Subsequently, the values were subjected to analysis of variance 
(ANOVA) and compared using the Tukey test (p<0.05), within the CECpH7.0 classes and the 
K availability classes established by CQFS-RS/SC (2016). The correlation between KBC 
values and soil properties was performed using the Pearson test (p<0.05). Statistical and 
graphical analyses were performed using the R software version 4.2.2 (R Development 
Core Team, 2022).

The K2O rates based on the KBC values for the evaluated vineyards were determined and 
compared using the Tukey test (p<0.05) with the current fertilization recommendation 
system for the study region (CQFS-RS/SC, 2016).

RESULTS

KBC determination

Evaluated soils were classified according to clay content, SOM, and CECpH7.0, presenting a 
medium texture between 20-40 % clay, with high SOM contents (>5 %) and high CECpH7.0 
values, between 15 and 40 cmolc dm-3 (Table 1). The addition of K2O rates to the soils 
increased K-M1 contents linearly, and it was possible to obtain linear equations for the 
calculation of KBC values (Table 2). The KBC values for the evaluated soils, obtained from 
the linear equations, showed a range between 2.3 and 4.0 kg ha-1 K2O.

The KBC values showed a positive correlation with Ca2+ and pH(H2O), and a negative 
correlation with altitude and H+Al (Figure 2). On the other hand, no correlation was 
observed between KBC and the initial K_M1 content, CECpH7.0, clay, SOM, and Mg. Soil 
organic matter showed a positive correlation with Ca, CECpH7.0, and Mg.
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Soils were classified according to CECpH7.0 and K availability classes, following the official 
recommendation for soils in the region (CQFS-RS/SC, 2016). However, no differences 
in KBC were observed between the CECpH7.0 and K availability classes (Figures 3a and 
3b). The average KBC value was 3.1 kg ha-1 K2O. Most of the soils (68 %) were classified 
in the high CECpH7.0 class, between 15 and 30 cmolc dm-3. In addition, 29 and 68 % of 
the soils showed natural K_M1 contents in the high and very high availability classes, 
respectively (Figure 3b).

Vineyards soil fertility evaluation and K rates

The KBC values were used to define the K2O rates to raise K_M1 levels to "high" availability 
levels in the vineyard soils (Figure 4). The rates for the "low" and "medium" availability 
classes were 153 and 47 kg ha-1 K2O, respectively. This represents an increase of 170 % 

Table 2. Potassium extracted in function of the 10 applied K2O rates and values of K buffer capacity 
(KBC) in soil samples from Serra Gaúcha region, collected in the 0.00-0.20 m layer

Soil Regression KBC R² K available classes
Linear equations kg ha-1

1 y = 386.67 + 0.3628x 2.76 0.99 Very high
2 y = 241.66 + 0.3113x 3.21 0.98 Very high
3 y = 339.52 + 0.2711x 3.69 0.99 High
4 y = 313.16 + 0.4044x 2.47 0.97 Very high
5 y = 259.70 + 0.2475x 4.04 0.97 Very high
6 y = 506.17 + 0.2579x 3.88 0.93 Very high
7 y = 133.32 + 0.3115x 3.21 0.99 High
8 y = 218.58 + 0.3884x 2.57 0.99 Very high
9 y = 257.81 + 0.3234x 3.09 0.97 Very high

10 y = 181.80 + 0.3549x 2.82 0.99 High
11 y = 503.64 + 0.2981x 3.35 0.99 Very high
12 y = 255.81 + 0.3103x 3.22 0.98 Very high
13 y = 288.58 + 0.2724x 3.67 0.96 Very high
14 y = 273.73 + 0.3399x 2.94 0.99 Very high
15 y = 139.71 + 0.3274x 3.05 0.99 High
16 y = 325.21 + 0.3945x 2.53 0.92 Very high
17 y = 155.77 + 0.3197x 3.13 0.99 High
18 y = 130.43 + 0.2906x 3.44 0.99 High
19 y = 72.614 + 0.3046x 3.28 0.99 Medium
20 y = 210.54 + 0.3595x 2.78 0.99 Very high
21 y = 268.91 + 0.2992x 3.34 0.99 Very high
22 y = 282.47 + 0.3146x 3.18 0.96 Very high
23 y = 255.01 + 0.3049x 3.28 0.93 Very high
24 y = 337.34 + 0.3071x 3.26 0.96 Very high
25 y = 202.07 + 0.2986x 3.35 0.99 High
26 y = 220.90 + 0.2962x 3.38 0.99 High
27 y = 224.88 + 0.4300x 2.33 0.98 High
28 y = 224.52 + 0.3628x 2.76 0.98 Very high
29 y = 432.11 + 0.3171x 3.15 0.98 Very high
30 y = 280.48 + 0.3114x 3.21 0.97 Very high
31 y = 254.41 + 0.3255x 3.07 0.99 Very high

KBC: K buffer capacity; R2: coefficient of determination; K available classes: determined according to CQFS-
RS/SC (2016).
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and a reduction of 78 % for the "low" and "medium" availability classes, respectively, 
compared with the K rates recommended for fruit trees according to CQFS-RS/SC (2016). 
In addition, it can be observed that 38 % of the evaluated vineyards have K levels in the 
"very high" availability class.

Figure 2. Pearson correlation between the variables analyzed, in the 0.00-0.20 m layer, for forest soils (n = 31) from Serra Gaúcha 
region. Significance level: 0 '***' 0.001 '**' 0.01 '*' 0.05. The upper figure presents a correlation matrix with histograms on the main 
diagonal, indicating the distribution of variables, and scatter plots in the other panels, illustrating the relationship between pairs of 
variables. Colors and sizes of the points indicate intensity and direction of the correlation.

Figure 3. Grouping of K buffer capacity (KBC) values according to CECpH7.0 classes (a) and K availability classes (b). ns: indicate no 
statistical significance by the Tukey test (p<0.05); dots represent the distribution points; circles represent the mean; horizontal line 
inside the box represents the median; red horizontal dotted line represents the general mean. (a) Medium: 7.5-15.0 cmolc dm-3; High: 
15.1-30.0 cmolc dm-3; Very high: >30.0 cmolc dm-3. Availability K class (b) according to CQFS-RS/SC (2016).
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DISCUSSION
Serra Gaúcha (RS) presents distinct climatic and relief characteristics, such as a cold 
climate and sloping soils, which provide the soils with specific conditions of high natural 
fertility and high CECpH7.0 values. High natural K_M1 contents of the forest soils evaluated 
in the 0.00-0.20 m layer (average 274.3 mg dm-3) are due to its parent material, igneous 
rocks with minerals such as K-feldspar in its composition. The predominant soils in the 
Serra Gaúcha have low to medium weathering degree, and the presence of 2:1 type 
minerals in the clay fraction, in the d equal to 1.0 nm phase, characteristic of illite, is 
frequent (Bortoluzzi et al., 2012). The presence of 2:1 type minerals such as illite and 
also 2:1 minerals with hydroxy Al in the interlayer in these soils results in high CECpH7.0 
values (Bortoluzzi et al., 2012), which showed a direct relationship with SOM (0.64***) 
(Figure 2). Most of these soils are cultivated with perennial species, which favors nutrient 
cycling and lower losses due to constant soil surface protection.

The K_M1 contents increased linearly with K rates. Similar results were observed by Souza 
Junior et al. (2022) in soils from the southern region of Brazil, but with characteristics of 
wide chemical and physical variability. This happens because part of the K can form an 
outer sphere complex with functional groups of reactive particles, mainly associated with 
the presence of 2:1 minerals with hydroxy Al in the interlayer (Li et al., 2021). Thus, part 
of the adsorbed K can be desorbed, increasing the K content in the soil solution, which 
can be absorbed by plants or transferred to other environments.

The pH(H2O) and exchangeable Ca and Mg contents were the main predictors of K 
availability in the soil (Figure 2). This is corroborated by Kassa et al. (2019), who, in 
addition to pH(H2O), Ca2+, and Mg2+, also mention exchangeable Al and soil clay content. 
In our study, the clay content did not show a correlation with K_M1, being a variable 
with low sensitivity. This can be attributed to the qualitative factor of clay, due to the 
presence of 2:1 type minerals. Soil pH is directly related to the occupation of negative 
soil charges by H+ and Al3+, and at pH values >5.5, Al3+ precipitation occurs in the soil 
solution to form Al-(OH)x, as well as the consumption of H+, increasing the net negative 

Figure 4. Comparison between corrective fertilization (CF) proposed for fruit trees in relation to 
CQFS-RS/SC (2016) and based on KBC to 209 vineyard soils from the Serra Gaúcha region of Rio 
Grande do Sul State. Horizontal error bars at the top of the bars represent the standard deviation 
of the mean; * statistically significant by the Tukey test (p<0.05); *** statistically significant by 
the Tukey test (p<0.001); the numbers within parentheses represent the number of observations 
for each class.
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charges of the soil (Miotto et al., 2020). Thus, correcting soil acidity is a way to increase 
K stocks at CECpH7.0, increasing K availability for plants (Tiecher et al., 2023).

The KBC values were proposed for Serra Gaúcha soils, with high SOM contents (>5 %) 
and CECpH7.0 (>15 cmolc dm-3), obtaining an average KBC value of 3.1 kg ha-1 K2O (Table 2).  
The KBC value was higher than the value of 2.7 observed in soils evaluated by Souza 
Junior et al. (2022), which may be related to the lower CECpH7.0 values (<15 cmolc dm-3) 
and SOM (3.4 %) and great variability in clay contents (10-71 %). On the other hand, the 
soils of the Serra Gaúcha are younger, with lower clay content, but with more reactive 
clays (Bortoluzzi et al., 2012), which provides a higher KBC (3.1 kg ha-1 K2O). In addition, 
the K recovery rate is lower for soils with medium texture, such as those in the present 
study, compared with sandy soils (Yu et al., 2023), which increases the K rates required to 
increase available levels in solution. In soils with high clay content (>60 %) and medium 
SOM (3.9 %), the KBC value was 2.3, as observed by Hahn et al. (2024b).

High levels of Ca2+ (>4.0 cmolc dm-3) and Mg2+ (>1.0 cmolc dm-3) in the soils directly affect 
the competition for charges in the soil functional groups (Table 1). This is because the 
adsorption sites with charges for cation retention in the solid phase of the soil are limited. 
Thus, K, due to its lower electronegativity and, consequently, a greater tendency to form 
ionic bonds than Ca and Mg, has a lower affinity for bonding with oxygen (Tiecher, 2015). 
This is also justified when observing the saturation of Ca2+, Mg2+, and K+, at CECpH7.0, which 
were 55.5, 11.6, and 3.1 %, respectively. In this case, K+ competes with Ca2+ and Mg2+ 
for adsorption sites, with Ca2+ and Mg2+ being preferentially adsorbed, which increases 
the K availability in solution (Yu et al., 2023). This can also be observed with the positive 
correlation between K+, Ca2+, and Mg2+ contents (Figure 2).

Average correction rates obtained for the "low" and "medium" K availability classes were 
153 and 47 kg ha-1 K2O (Figure 4). For the "low" availability class, the current nutrient 
recommendation for the study region (CQFS-RS/SC, 2016) underestimates the K2O rate 
(90 kg ha-1 K2O), on average, 1.7 times for fruit trees, as observed in vineyard soils. 
These rates are similar to those proposed by Souza Junior et al. (2022), who observed 
rates of 191 and 39 kg ha-1 K2O, respectively for the "low" and "medium" K availability 
classes, in the CECpH7.0 class between 15.1-30.0 cmolc dm-3. The KBC value can be used to 
determine the K rate for different crops of interest in the Serra Gaúcha region. This result 
makes the recommendation regionalized by encompassing the specific soil conditions, 
improving the K fertilization efficiency.

Corrective fertilization is not indicated when K levels are in the "high" availability class 
(CQFS-RS/SC, 2016). Therefore, maintenance fertilization would be practiced to achieve 
the maximum technical efficiency of the crop, seeking to replace annual exports, as 
well as possible system losses (Ciotta et al., 2021; Tassinari et al., 2022). When these 
recommendations are met, excessive nutrient accumulation in the soil can be avoided. 
In the evaluated vineyards, 38 % of the soils are already in the "very high" availability 
class (Figure 4), reinforcing the importance of monitoring fertility, as well as adjusting 
nutrient rates.

Annual fertilization causes a gradual K accumulation in soils, forming a natural decreasing 
gradient of K available in the soil profile (Roeva et al., 2023; Artuso et al., 2024). Since 
it is not part of the plant structure, K is highly cycled in the soil through the cover crop 
deposition or even crop residues themselves. As a result, excessive levels are reached, 
mainly in the soil surface layer (Mallarino and Borges, 2006). Potassium reserve in the 
soil can be used in the long-term by plants (Schneider et al., 2013), being considered 
a K legacy. Therefore, it is important to seek strategies that allow the use of the soil K 
legacy in the medium and long term (Ambrosini et al., 2022), reducing fertilization needs.

In soils cultivated with vineyards, due to the weathering of illite, a higher percentage 
of 2:1 type clay minerals and hydroxy Al are formed, resulting from the K loss from the 
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interlayers (Bortoluzzi et al., 2012). This may imply a higher K adsorption capacity in 
forest soils than in vineyard soils. In addition, in soils with high natural K contents, such 
as those in the present study, the importance of the 2:1 type minerals presence as a 
source-sink of K in soils are responsible for the higher KBC value. At the same time, 
they leave this adsorbed K with low binding energy, for plants to absorb during the crop 
cycle. For soils with low K mineral contents, to increase the efficiency of fertilizer use 
and reduce production costs, it is considered that the capacity to supply K to plants 
depends more on the newly added K than on the intrinsic capacity of the soil to supply 
K to plants (Kaminski et al., 2007).

The vineyard soils in our study have SOM values that are 54 % lower than the forest 
soils evaluated (data not shown). This may be related to the initial preparation with 
soil tillage of agricultural areas, which usually favors the oxidation of SOM. In addition, 
the long-term fertilization affects the soil properties, microbial community, and C 
mineralization, mainly due to the addition of lime, N, and P to the soil (Dai et al., 2017; 
Guo et al., 2019). Also, soil physical properties, such as texture, associated with the 
crop management system, have a direct relationship with SOM accumulation (Bi et 
al., 2023; Hu et al., 2024). This reflects the importance of maintaining constant soil 
protection with cover crops, increasing nutrient cycling (Hahn et al., 2024a). Maintaining 
or increasing SOM levels in more stable forms is indicated to increase the accumulation 
and K availability for a long period (Kai-lou et al., 2022; Jindaluang and Darunsontaya, 
2024). In addition, carbon deposition in the soil, combined with adequate K fertilization, 
can be a strategy to increase the efficiency of K utilization by plants, as well as increase 
C sequestration in the soil (Xia et al., 2024), which is desirable.

Surface applications of K and its accumulation in soils can potentiate losses due 
to surface runoff (Wang et al., 2019; Daniels et al., 2023), and these losses can be 
aggravated in soils with high CECpH7.0. For this reason, it is necessary to maintain soil 
surface protection with cover crops united with complementary soil conservation 
practices, to dissipate the kinetic energy of the raindrop and increase water infiltration 
(Barbosa et al., 2021; Clement et al., 2024). In addition, the input of C contributes to 
the maintenance and increase of SOM levels, which is fundamental for the sustainability 
of production systems.

In general, we observed a single KBC value for the region under evaluation (3.1 kg ha-1 
K2O). With this, the recommendations for K corrective fertilization can be simplified, as 
they do not require the consideration of other soil variables, such as CECpH7.0. However, 
it is relevant to consider that, based on the obtained KBC value, there is a need to 
reconsider the current recommendations in force, as these may be underestimating 
the correction rates.

CONCLUSION
Soils with high soil organic matter levels and cation exchange capacity (CECpH7.0) in 
Southern Brazil have high K_M1 (available K obtained by the Mehlich-1). Potassium buffer 
capacity (KBC) value of 3.1 kg ha-1 K2O was obtained for soils with CECpH7.0 >15 cmolc dm-3,  
representing the nutrient rate to increase the soil K_M1 content by 1.0 mg dm-3.

Current K fertilization recommendation for fruit trees proposed by the regional Fertilization 
Commission (CQFS-RS/SC, 2016) underestimates the real need for fertilizer to raise K 
levels from the "low" to "high" class, in soils with high SOM and CECpH7.0 in southern 
Brazil. In addition, a high percentage of vineyards (38 %) was classified in the "very 
high" K_M1 availability class (0.00-0.20 m layer), indicating the possibility of reducing 
the use of K nutrient.
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