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Soils and plant nutrition

Grape (Vitis vinifera L.) production and soil 
potassium forms in vineyard subjected 

to potassium fertilization
Marlise Nara Ciotta1, Carlos Alberto Ceretta2, Amanda Veridiana Krug3,

 Gustavo Brunetto4, Gilberto Nava5

Abstract – Potassium fertilization can change K forms available in the soil, as well as influence plant 
absorption of it and yield but, mainly, it can affect grape composition. The aim of the current study 
was to investigate the impact of potassium (K) fertilization on grape production and juice (must) 
composition of a Cabernet Sauvignon cultivar. Grapevines were treated with 0, 50, 100, 150 and 
200 kg ha-1 year-1 K2O. Leaf K contents, grape yield per plant and area, total soluble solids (TSS), 
must pH and titratable acidity, and K available in the soil were assessed. Soil samples collected at 
the 20-cm layer were analyzed to measure K availability and nonexchangeable K in them, based 
on studies conducted over 3 growing seasons. Results have shown that K application did not have 
effect on grape production and must composition, although it increased K contents in leaf blade and 
petiole. However, annual K fractionation in the soil has suggested that 100 kg ha-1 year-1 K2O is the 
K dose capable of maintaining K availability to plants at more appropriate contents throughout the 
growing seasons.
Index terms: Vitis vinifera, K fertilizer rates; yield components; K in berry; chemical fractionation 
of K.

Produção de uva, composição do mosto e alterações de formas de 
potássio no solo em vinhedos submetidos à adubação potássica

Resumo - A adubação potássica pode modificar as formas de K no solo, influenciando a absorção 
pela planta e a produtividade, mas principalmente a composição da uva. O objetivo do presente 
estudo foi avaliar o impacto da fertilização com potássio (K) na uva, a produção e a composição 
do mosto de uva da cultivar ‘Cabernet Sauvignon’. As videiras foram tratadas com 0; 50; 100; 150 
e 200 kg ha-1 ano-1 de K2O. Foram avaliados os teores de K na folha, a produção de uva por planta 
e por área, os sólidos solúveis totais (SST), o pH do mosto e a acidez titulável no mosto, e o K 
disponível no solo. Amostras de solo coletadas na camada superficial de 20 cm foram analisadas 
para medir a disponibilidade de K e o K não trocável, com base em estudos conduzidos ao longo 
de 3 safras. Os resultados mostraram, pela análise das três safras da videira, que a aplicação de K 
não afetou a produção e a composição do mosto, embora tenha aumentado o teor de K na folha. 
No entanto, o fracionamento anual de K do solo sugere que 100 kg ha-1 ano-1 de K2O é a dose de K 
capaz de manter a disponibilidade do nutriente para as plantas em teores mais adequados ao longo 
das estações de cultivo.
Termos para indexação: Vitis vinifera, doses de adubação potássica, componentes do rendimento, 
potássio na baga, fracionamento químico do potássio.
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Introduction

The Brazilian Southern Region, where Santa 
Catarina State is located in, has a large area used to grow 
Cabernet Sauvignon grape (SILVA; RODRIGUES, 2018). 
Cabernet Sauvignon is the most cultivated grapevine for 
red wine production. However, grape production and 
composition may be affected by potassium (K), which 
may also change the distribution of nutrient fractions 
in vineyard soils. Once K is absorbed by plants, it is 
transported through the xylem to the leaves and other 
organs, mainly to those involved in cell division processes 
(BACHTELER et al., 2013; BENITO et al., 2013; 
KUMARAN et al., 2019). Potassium (K) concentration 
in the leaves can be used to diagnose the nutritional 
status of plants (STELLACCI et al., 2010; TAGLIAVINI; 
SCANDELLARI, 2013; ARROBAS et al., 2014; 
DOMAGALA-SWIATKIEWICZ et al., 2019). 

Potassium (K) available in the soil can be taken 
up by plants and transported to the leaves and berries.  
The amount of it in berry clusters can represent more 
than 50% of K found in plants (MPELASOKA et al., 
2003). Berries present 59% of K in the pulp and 32% 
of it is in the skin (BERTOLDI et al., 2011; ROGIERS 
et al., 2017).  The role played by K in grape clusters 
is associated with enzymatic synthesis and activation 
reactions, which directly contribute to proper berry 
ripening, sugar concentration and cell turgor maintenance 
(OSAKABE et al., 2013, ZLÁMALOVÁ et al., 2015; 
KAMIRI et al., 2017; EL-BADAWY, 2019). Furthermore, 
K plays a key role in solute transportation, assimilates’ 
partitioning, and in the synthesis of several polyphenols 
that account for grape color and aroma (LESTER et 
al., 2010; RAMOS; ROMERO, 2016). Thus, K can 
affect must composition, mainly when it is applied to 
soils at higher concentrations than the ones required 
for grapevines. Optimal wine pH should not exceed 
3.5 (MPELASOKA et al., 2003). However, for several 
reasons, K levels exceeding plant requirements may lead 
to increased pH. First, the stoichiometric exchange of acid 
protons (H+) by K may take place and form K bitartrate, 
which is a salt that precipitates in wine and impairs its 
quality. On the other hand, excessive K fertilization does 
not increase grape production (DELGADO et al., 2004; 
BOONTERM et al., 2010; DAL BO et al., 2015; CIOTTA 
et al., 2016; NIEVES-CORDONES, et al., 2019), but it 
can affect enzymatic reactions, protein and carbohydrate 
synthesis, photosynthesis and cell osmotic potential 
control (MPELASOKA et al., 2003; CHAVES et al., 2016; 
ROGIERS et al., 2017), just as other nutrients affect plant 
physiology.

Part of the applied K can be absorbed by cation 
exchange sites in the soil or be immobilized in clay 
mineral interlayers. The rate and direction of reactions 
between the solution and exchangeable K forms determine 

whether the applied K will be leached into lower horizons, 
taken up by plants, converted into unavailable forms, 
or released into available forms (MEHLICH, 1953). 
Different K pools can be removed from the soil by 
using different extractants.  Potassium (K) available in 
plants is often determined through Mehlich-1 extractor 
(SIMONSSON et al., 2009), whereas non-exchangeable 
K can be extracted by boiling 1 mol L-1 HNO3.  Total K 
in the soil can be extracted through hydrofluoric acid 
(HF). Vineyard soils that are not subjected to K fertilizer 
addition, or that are subjected to the addition of doses that 
fail to meet grapevine requirements, may show decreased 
K concentration in soil solution, in both exchangeable and 
non-exchangeable forms, due to nutrient adsorption and 
export by grape clusters (PRADUBSUK; DAVENPORT, 
2010; TEIXEIRA et al., 2011). The aim of the present 
study was to assess how K fertilization can affect grape 
production, must composition and K forms available in 
the soil.  

Materials and methods

Experiment description
The experiment was conducted in a vineyard 

located in São Joaquim County, mountainous region 
of Santa Catarina State (SC), Southern Brazil (latitude 
28° 17’ 25’’ S, longitude 49º 56’ 56’’ W, altitude of 
1,280 m), in the 2010/11, 2011/12 and 2012/13 growing 
seasons. Soil was classified as Haplumbrept (Humic 
Cambisol) and, until 2002, it was covered with natural 
vegetation comprising species such as Andropogon 
lateralis, A. selloanus, Paspalum notatum and Baccharis 
gaudichaudiana. Mineralogical analysis of the soil has 
indicated incidence of vermiculite and kaolinite in it. Soil 
analysis has indicated 42 g kg-1 of clay and 4.4 g kg-1 of 
organic matter.  Surface soil pH1:1 was 5.8.  Exchangeable 
Ca, Mg, P, K; effective CEC; CEC pH 7.0 and base 
saturation reached 10 cmolckg-1, 4.9 cmolckg-1, 3.2 mg kg-

1, 95 mg kg-1, 15.3 cmolckg-1, 17.2 cmolckg-1 and 87.2%, 
respectively. According to Köppen’s classification (1931), 
the climate in the region is classified as Cfb (‘Clima de 
altitude’), mesothermal, humid with rainfall events in all 
months of the year and cool summer (22ºC). Normal mean 
maximum temperature ranges from 19.4ºC to 22.4ºC, 
whereas minimum temperature ranges from 9.2ºC to 
10.8ºC; it is possible having 20 to 29 frosts per year. Total 
annual rainfall ranged from 1,360 mm to 1,600 mm, with 
total number of approximately 135 days of rain events 
per year. Relative air humidity ranges from 80% to 83 
%, whereas total insolation ranges from 1,824 to 2,083 
hours. Climate data collected throughout the study are 
shown in Table 1.
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Table 1. Mean rainfall, air temperature and insolation per month in  2011, 2012 and 2013

Months Rainfall (mm) Air Temperature(ºC) Insolation(hours)
2011 2012 2013 2011 2012 2013 2011 2012 2013

Jan 205.3 209.6 66.5 18.3 16.5 16.1 157.6 194.8 215.3
Feb 354.0 198.1 247.1 17.6 18.6 16.3 104.9 154.1 137.5
Mar 188.8 60.5 167.2 15.5 16.0 16.1 181.4 233.2 138.2
Apr 118.8 88.8 48.5 14.2 13.7 13.4 176.9 162.2 218.7
Mai 100.1 31.9 75.6 10.0 11.2 11.3 154.4 195.9 161.9
Jun 143.3 154.3 184.6 8.5 10.1 10.2 124.6 174.8 125.0
Jul 239.6 168.3 67.7 9.8 8.6 9.2 132.9 153.8 205.3
Aug 368.8 19.1 nd 9.8 12.8 nd 114.6 199.7 nd
Sep 145.2 146.4 nd 11.2 12.3 nd 187.5 164.5 nd
Oct 168.4 181.2 nd 13.7 14.9 nd 191.6 132.8 nd
Nov 232.7 50.7 nd 14.1 15.1 nd 189.5 213.1 nd
Dec(1) 167.8 178 nd 15.4 18.6 nd 187.7 151.8 nd

(1The incidence of storm throughout the month, in 2011.nd = not determined

The vineyard was established in May 2002, when 
lime was applied to the soil surface to raise water pH to 
6.5 and 300 kg ha-1 P2O5 was applied to soil surface in the 
form of triple superphosphate (41% P2O5). Lime and triple 
superphosphate were incorporated to soil layer 0.20 m with 
the aid of a disk harrow attached to a tractor. The soil was 
subjected to harrowing, right away. Cabernet Sauvignon 
cultivar seedlings, grafted on Paulsen 1103 rootstock, were 
transplanted in July 2002 at the density of 2,666 plants 
per hectare (1.5 x 2.5 m). Grapevines were grown under 
trellis system, without irrigation.

The experiment was set up in July 2010, when 0, 
50, 100, 150 and 200 kg ha-1year-1 of K2O were applied 
once a year, during winter. KCl was the herein adopted 
K fertilizer (58% K2O).  These treatments provided 
approximately 0, 42, 83, 125 and 166 kg ha-1year-1 of K. 
During the experiment, 80 kg ha-1 year-1 of N, in the form 
of urea, was annually applied in three split applications 
at baseline, and after 30 and 60 sprouting days; 40 kg ha-

1year-1 of P2O5, in the form of triple superphosphate, was 
also applied. All fertilizers were applied to soil surface 
without soil incorporation. The study has followed 
a randomized block experimental design with five 
repetitions. Each plot comprised seven plants; the five 
central plants were evaluated. 

Soil collection and chemical fractionation of K 
Soil samples were collected from soil surface (0.00-

0.20 m layer) at plant canopy projection, in July. They 
were dried in forced-air oven at 40 °C, ground, sieved 
(2-mm mesh) and stored for further analysis. Available 
K was extracted from all soil samples using Mehlich-1 
solution (0.05 mol L-1 of HCl + 0.0125 mol L-1 of H2SO4) 
(MEHLICH, 1953). Non-exchangeable K was determined 
based on the difference between soluble content in boiling 
1 mol L-1 of HNO3 (PRATT, 1965) and available K for 
Mehlich-1. Total K was extracted by using concentrated 

hydrofluoric acid solution on heating plate. Potassium (K) 
contents extracted based on three different methods were 
assessed in flame photometer (HELMKE and SPARKS, 
1996).

 Leaf collection and total K content analysis
Five complete leaves (blade + petiole) located on 

the side opposite to the first cluster of the branch were 
collected per plant in the 2011/12 and 2012/13 growing 
seasons, at full bloom. Leaves were separated into blade 
and petiole, dried at 65°C, ground, digested in acidic 
solution (perchloric and nitric acid) and subjected to total 
K analysis in flame photometer  (RAMOS; ROMERO; 
2016; CIOTTA et al., 2016). 

Grape production and chemical analysis of the 
must

All clusters per plant were collected, counted and 
weighed in portable digital scale (5000-g capacity), at 
berry maturation stage (April), in the three investigated 
growing seasons. Five clusters were reserved per plant; 
subsequently, berries were collected from the upper, 
middle and bottom parts of each cluster. The mass of 
100 berries was measured in analytical scale; must was 
produced by separating berries’ peel from seed.  Must 
was analyzed for Total Soluble Solids (TSS), pH, total 
titratable acidity (TTA) and total K (BRUNETTO et al., 
2012; CIOTTA et al., 2016).   

Statistical analysis
ANOVA was used to determine the effects of each 

treatment, which were considered random. Regression 
equations were fitted to the means, and the best model was 
selected based on the F-test at error probability lower than 
5% (p<0.05), whenever treatment effects were statistically 
significant. Mean differences were determined through 
Tukey’s test (p<0.05).
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Parameters such as grape yield, pH, total titratable 
acidity and must TSS; K in berries; and available, non-
exchangeable and total K in the soil at the 2010/11 growing 
season were analyzed based on principal components 
analysis (PCA), as well as total K in the petiole at growing 
seasons 2011/12, 2012/13. 

Results and discussion

K contents in the soil
Available K has linearly increased as K fertilizer 

rate in the grapevine of the three analyzed growing seasons 
also increased (Table 2). K contents in control soils were 

higher in the 2010/11 and 2011/12 growing seasons than 
in the 2012/13 growing season. The highest K content in 
the soil was associated with the treatment with 200 kg ha-1 

of K2O in the 2012/13 growing season.  DOMAGALA-
SWIATKIEWICZ et al., (2019) evaluated different K 
doses applied to the soil and observed increased rates for 
this nutrient at dose application up to 100 Kg of K (50% 
K2O).

Table 2.  Potassium extracted through Mehlich 1, non-exchangeable K extracted through boiling HNO31 N, and total 
K extracted through hydrofluoric acid, from the 0-00 to 0-20 m layers in soil cultivated with Cabernet Sauvignon 
vines and subjected to K fertilizer rates during three different growing seasons.

Season Dose (kg ha-1 per year-1 of K2O) Equation R2

0 50 100 150 200
-----------Available (mg kg) -----------

2010/11 90a 151a 182a 257a 345b ŷ=81.8 + 1.232*x 0.97
2011/12 76a 129b 195a 266a 349b ŷ=66.4 + 1.366*x 0.97
2012/13 50b 90c 103b 274a 464a ŷ=-6.2+ 2.024*x 0.86*
CV % 10.41 8.60 7.52 10.85 6.02

---------Non-exchangeable K (mg kg-1) ----------
2010/11 202a 286ª 291b 366b 451c ŷ=203.6 + 1.156*x 0.95
2011/12 129b 218b 295b 360b 572b ŷ=109.2 + 2.056*x 0.94
2012/13 126b 197c 374a 439a 748a ŷ=79.6 + 2.972*x 0.93
CV % 5.89 3.57 8.83 5.05 4.34

------------Total K (mg kg-1) - -----------
2010/11 418a 427a 438a 502b 604b ŷ=388.4 + 0.894*x 0.83
2011/12 408a 421a 434a 526b 674b ŷ=365.2 + 1.274*x 0.82
2012/13 406a 406a 480a 576a 800a ŷ=342.0 + 1.916*x 0.85
CV % 6.75 6.42 6.13 3.34 10.00

(1) Means followed by the same letter in the column did not differ from each other, at 5% probability level

The amount of non-exchangeable K has linearly 
increased as fertilizer rates also increased (Table 2). The 
highest non-exchangeable K contents were recorded for 
the 100, 150 and 200 kg ha-1 K2O

 treatments in the 2012/13 
growing season. Total K contents have linearly increased 
as K fertilizer rates also increased (Table 2). 

 These results were attributed to plants that only 
used a fraction of the applied K.  High K fertilizer 
doses, whose K amount might have exceeded grapevine 
requirements, may have led to the redistribution of part 
of the nutrient to interlayers of 2:1 clay minerals in the 
soil. This process may have increased non-exchangeable 
K mineral contents due to the presence of the interlayer 
presenting ditrigonal pore dimensions capable of adjusting 
the K+ radius to enable its chemical adsorption or fixation. 
This may include vermiculite, other interstratified minerals 
or even partly weathered micas, which also show surface 
charges (SHANGE; CONRADIE, 2012).  

Decreased available K and non-exchangeable K 
contents in control soils were attributed to K uptake by 
plants since there is equilibrium relationship between these 
two pools (Tables 2 and 3). When solution K decreases 
due to root absorption, exchangeable K forms in the 
soil primarily replenish this amount in order to maintain 
nutrient balance. However, up to a certain limit, K may 
be supplied through exchangeable reserves in the soil 
without the need of high K fertilization contents. Thus, 
exchangeable K represents the main K species available 
for plant nutrition. Soils presenting different CEC have 
different abilities to control K concentrations in the 
solution (buffering). The desorption of non-exchangeable 
K forms, which may contribute to plant nutrition, may take 
place if the low K concentration in the solution persists 
over time and if the exchangeable K forms are depleted 
(SIMONSSON et al., 2009; HOU et al., 2019). 
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Table 3. Grape production, yield components, total K content in berry and total K content in limbo and petioles of 
Cabernet Sauvignon vines subjected to the application of different K fertilizer rates for three growing seasons.

Dose
Total K 
in leaf

Total K
in petiole

Yield
Cluster

Weight of 
100 berries

 K in 
berriesWeight

Number of 
vines-1

(kg ha-1 per year-1 

of K2O)
g kg-1 g kg-1 kg plant-1 kg ha-1 g g g kg-1

-------------------------------------------------2010/2011-------------------------------------------
0 nd nd 2.5ns 6988ns 101.7ns 25ns 154ns 1.7ns

250 nd nd 2.6 7257 98.9 27 143 1.7
100 nd nd 2.5 6769 99.3 25 153 1.8
150 nd nd 2.4 6599 89.9 27 142 1.9
200 nd nd 2.4 6503 93.9 25 152 1.7
CV% 18.73 18.73 12.36 18.92 5.97

--------------------------------------------------2011/2012-----------------------------------------
0 5.1(1) 28.1ns 1.0ns 2832ns 73.3ns 14ns 145ns 1.6ns

50 6.6 27.2 1.2 3160 76.3 15 151 1.6
100 7.7 31.5 1.1 2898 76.1 14 151 1.8
150 8.9 30.0 1.2 3191 78.6 15 148 1.8
200 8.3 31.1 1.0 2705 72.6 14 151 1.6
CV% 27.99 16.25 22.84 22.84 14.06 16.47 4.75

-------------------------------------------------2012/2013------------------------------------------
0 8.7(2) 19.9(3) 1.4ns 3770ns 90.8ns 21ns 162ns nd
50 8.4 29.8 1.4 3795 76.9 18 165 nd
100 9.1 29.0 1.7 4602 88.6 19 167 nd
150 9.6 27.0 1.7 4602 80.1 20 165 nd
200 9.8 36.3 1.6 4457 83.1 20 164 nd
CV% 10.78 31.94 37.18 37.18 22.67 20.71 5.99
ns= not significant at 5% probability level; (1) ŷ = 0.588 + 0.001 *x (R2 = 0.84); (2) ŷ = 0.845 + 0.001 *x (R2 = 0.81); (3) ŷ = 2.242 + 0.006 *x (R2 = 0.65); * 
= Significant at 5% error. nd = not determined

Total tissue K, grape yield and must 
composition

Total K contents in leaf blades have linearly 
increased as fertilizer rates also increased in the 2011/12 
and 2012/13 growing seasons (Table 3). Total K contents 
in leaf blade have increased from 5.1g kg-1 in plants that 
were not subjected to K fertilizer application to 8.3 g kg-1 
in leaf blades of grapevines subjected to annual addition 
of 200 kg ha-1 year-1 of K2O. Critical K values in leaves 
ranged from 8.0 to 16.0g kg-1 (CQFS-RS/SC, 2016).

Total K contents in leaf blades of grapevines 
that were not subjected to K fertilizer application in the 
2012/2013 growing season reached 8.7 g kg-1 and they 
increased to 9.8 g kg-1 in leaf blades of plants subjected to 
annual addition of 200 kg ha-1 year-1 of K2O. Potassium (K) 
fertilizer application has failed to change total K contents in 
the petiole in the 2011/12 growing season, although these 
contents have linearly increased from 19.9 g kg-1 in plants 
that were not subjected to K fertilizer application to 3.63% 
in plants subjected to annual addition of 200 kg ha-1 year-1  

of K2O in the 2012/2013 growing season. These results 
were attributed to increased exchangeable K contents 

and nutrient availability in the soil, which may have 
reached roots’ outer surface due to mass flow or, mainly, 
to diffusion.  Other studies have reported similar results. 
Walker and Blackmore (2012) have also noticed increased 
K contents in grapevine leaf petioles of Chardonnay and 
Shiraz cultivars grafted into different rootstocks grown in 
soils presenting increasing exchangeable K contents in a 
long-term experiment conducted in Australia.

Pradubsuk and Davenport (2010) have reported 
that Concord grape leaf petioles presented 30.0g kg-1 of K, 
whereas Cabernet Sauvignon leaf petioles presented 36.3g 
kg-1 of it. Dooa et al. (2019) have also observed increased 
K levels in grapevine petiole due to K fertilizer application 
on the soil or leaves. Overall, normal K contents in leaf 
petioles ranged from 15.1 to 25.0 g kg-1 (CQFS-RS/SC, 
2016).
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Mean cluster mass, mass of 100 berries and 
number of clusters per plant were not influenced by K 
fertilization (Table 3). Grape yield has also failed to 
respond to K fertilizer application despite significant 
yield variations, namely: 6.82 kg grape ha-1 year-1 in the 
2010/11 growing season and 2.96 kg grape ha-1 year-1 in 
the 2011/12 growing season. Total K contents in berries 
did not show effect of K fertilizer application in any 
growing season (Table 3). Lack of K effect on grape 
yield was attributed to sufficient available K in the soil 
to meet plant requirements. According to Comissão de 
Química e Fertilidade do Solo (CQFS RS/SC, 2016), 
K levels in the soil must range from 61 to 90 mg kg-1  
for wine grape production. Furthermore, although K is 
the macronutrient mostly absorbed (greatest amounts) 
by grapevines, which reflects on K amount exported 
via cluster, its functions comprise osmotic potential 
maintenance, enzyme activation in carbohydrate 
metabolism, photosynthesis and protein synthesis 
(KODUR, 2011). 

Exchangeable K contents in the soil, which included 
K in solution and K adsorbed by functional groups of 
soil reactive particles, most likely sufficed to meet plant 
requirements. Thus, plants’ response to fertilization may 
not have happened for reasons linked to K availability. One 
of the reasons lies on the fact that non-exchangeable K 
found in the interlayer of clay minerals may have quickly 
replaced the K uptaken by plants. Vermiculite, which is a 
2: 1 clay silicate capable of fixing and releasing K from 
interlayers, was the soil used in the current study (PARK 
et al., 2019). Furthermore, K cycling deriving from waste 
deposition on the surface of the soil or plant root may 
have happened, whereas K available in the pruned grape 
material, roots or cover crops may have been released 
back into the soil (BRUNETTO et al., 2012; BRUNETTO 
et al., 2016; LEHMANN et al., 2016). All these factors 
may have contributed to decrease grapevine response to 
K fertilization.

Although K has failed to increase grape yield or to 
affect its parameters, it is recommended replenishing this 
nutrient in the soil on a yearly basis (CQFS-RS/SC, 2016). 
This practice aims the replenishment of soil that has had 
its K amount exported via cluster to enable maintaining 
proper K contents in the soil. These results are similar to 
those observed by Boonterm et al. (2010). 

Grape yield was greater in all treatments applied 
in the 2010/11 growing season than in all other seasons, 
mainly because the 2010/11 growing season faced better 
climate conditions. Hail was observed during the 2011/12 
growing season, which decreased cluster yield per plant, 
as well as the number of clusters and cluster mass. The 
number of clusters and cluster mass recorded the highest 
values in the 2010/11growing season and the lowest values 
in 2011/12. The mass of 100 berries was similar in the 
2010/11 and 2011/12 growing seasons and higher than 

in the 2012/13 growing season, most likely because of 
different cluster growth conditions in the period, mainly 
if one takes into consideration the rainfall distribution. 
Rainfall volume in the cluster growth period (January) 
in the 2012/13 growing season was smaller than that 
of previous growing seasons. Increased cluster mass 
resulted from water and solute absorption, mainly sugars. 
Potassium (K) addition to the soil has failed to increase 
total K contents in berries in all growing seasons, likely 
because K contents in the soil were sufficient to meet 
plant requirements. Part of the applied K was available 
in the soil; it was absorbed by plants and mainly stored in 
leaves, as evidenced by increased K contents in leaf blades 
in the 2011/12 growing season, as well as in leaf blades 
and petioles in the 2012/13growing season. 

Values recorded for TSS, pH and total titratable 
acidity in must were not affected by K fertilizer 
application in all three analyzed growing seasons (Table 
4). It happened because total K contents in berries did 
not increase after fertilizer application (Table 3). Thus, 
plants absorbed and accumulated K in their leaves, even 
at medium or high K contents in the soil, in all treatments 
(medium = from 61 to 90 mg kg-1, high = from 91 to 180 
mg kg-1, in soils presenting CECpH7.0> 15 cmolc kg-1; CQFS-
RS/SC, 2016); however, K content in berries and must 
did not increase. Dooa et al (2019) and El-Badwy (2019) 
observed increased TSS content in different grapevine 
cultivars subjected to increased K application levels. Other 
factors, such as initial K levels in leaves and fruits, as well 
as climate conditions during ripening, may also influence 
grape composition.
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Table 4 . Values recorded for total soluble solids (TSS), pH and total titratable acidity in Cabernet Sauvignon grapevines 
subjected to different K fertilizer application rates for three growing seasons.

Dose TSS pH Total titratable 
acidity TSS/acidity Ratio

(kg ha-1 of year-1 K2O) ºBrix g L-1

------------------------------------------------2010/2011---------------------------------------------
0 21.82ns 2.62ns 151ns 145.4ns

50 22.66 2.63 149 152.4
100 21.94 2.72 149 147.5
150 22.06 2.66 148 151.0
200 21.92 2.73 149 147.0
CV% 3.97 6.77 6.27

------------------------------------------------2011/2012---------------------------------------------
0 23.52ns 2.97ns 107ns 222.0ns

50 23.64 3.02 102 233.6
100 23.48 3.01 105 225.3
150 23.35 3.00 104 226.8
200 23.7 3.00 102 232.2
CV% 1.65 1.47 7.03

----------------------------------------------2012/2013----------------------------------------------
0 21.14ns 3.04ns 73ns 292.4ns

50 21.20 3.06 69 310.8
100 21.12 3.06 72 293.5
150 21.12 3.06 69 310.2
200 21.08 3.08 69 306.0
CV% 1.34 2.36 7.62

ns= not significant at 5% probability level

Principal Component Analysis
Principal component 1 (factor 1) of the Principal 

Component Analysis (PCA) applied to the 2010/11 
growing season accounted for 50.21% of data variance. 
It allowed separating the treatments without K fertilizer 
application and with 50 kg ha-1 year-1 of K2O

 from the 
other treatments (100, 150 and 200 kg ha-1year-1 of K2O) 
(Figure 1a). Similar results were observed for 100 and 
150 kg ha-1 of K2O rates (Figure 1a).   Must pH, acidity, 
soil K, available K and non-exchangeable K were the 
variables presenting the strongest impact on principal 
factor 1. Furthermore, available and non-exchangeable K 
contents were highly correlated to each other. Principal 
factor 2 accounted for 30.79% of total variance; must TSS 
and berry K were the variables that mostly contributed to 
this result.

Factor 1 in the PCA accounted for 48.75% of data 
variance in the 2011/12 growing season (Figure 1b).  
Petiole K, must acidity and soil K were the most important 
variables in this analysis. Factor 2 accounted for 30.94% 
of data variance; berry K was the most important variable. 
Factor 1 of PCA has separated treatments with 0, 50 and 
100 kg ha-1 year-1 of K2O and accounted for 65.11% of data 
variance in the 2012/13 growing season. Petiole K, must 
pH and soil K were the variables that mostly contributed 
to this separation. All these variables were correlated to 

each other. Factor 2, which accounted for only 17.70% of 
total variance, has separated treatments with application 
of 150 and 200 kg ha-1 year-1 of K2O (Figure 1c). Must 
yield, TSS and total titratable acidity were the variables 
that mostly contributed to this factor.

Overall, only the annual application of 150 kg 
ha-1 year-1 of K2O provided enough K to maintain total K 
content in the soil. Moreover, the application of up to 100 
kg ha-1year-1 of K2O did not maintain K content availability 
in plants (SIMONSSON et al., 2009). This finding suggests 
that K contents in the soil can decrease over the years. 
Thus, it may be necessary increasing K doses applied to 
it, although the current study did not find plants’ response 
to K application.
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Figure 1. Principal Component Analysis (PCA) based on K content in leaf petiole, grape yield, pH, titratable acidity and 
total soluble solids in grapes, k in berries, available K, non-exchangeable and total K in the soil recorded for Cabernet 
Sauvignon grapevines subjected to different potassium fertilizer contents in the 2011 (a) 2012 (b) and 2013 (c) crops.
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Conclusions

Annual soil K fractionation into available, non-
exchangeable and total soil K extracted with Mehlich-1, 
boiling 1 N HNO3 and HF, respectively, have suggested 
that 100 kg ha-1 year-1 of K2O was the K dose capable of 
maintaining the availability of this nutrient to plants at 
more adequate contents throughout the growing seasons. 
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