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semiarid soils cultivated with melon1
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INTRODUCTION

Melon (Cucumis melo) is a fruit species 
widely cultivated in several countries, due to its 
high economic value and excellent acceptance by 
international markets (Sun et al. 2017). In Brazil, 
the states of Rio Grande do Norte and Ceará are the 
largest national producers, accounting for about 72 % 

ABSTRACT RESUMO

of the entire Brazilian production (587,692 tons), in 
2019 (IBGE 2019). 

Potassium (K) is the nutrient most extracted 
by this crop (Oliveira et al. 2016), and it is also the 
one that most influences the yield and quality of 
melon fruits (Silva et al. 2014), contributing to the 
improvement of fruit quality (Filgueira 2013, Silva 
et al. 2014). The physiological importance of this 
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Haplic Vertisols and Typic Quartzipsamments are 
among the main classes of soils used for melon production in 
the Brazilian semiarid region. Potassium (K) is the nutrient most 
extracted by yellow melon fruits and, for this reason, high doses 
of potassium fertilizers are often applied to these soils. This study 
aimed to evaluate potassium fractions in soils of the Brazilian 
semiarid region, during the cultivation cycle of fertigated yellow 
melon. Two experiments were carried out with two types of 
soil (Haplic Vertisol and Typic Quartzipsamment). For the 
Vertisol, a 7 x 2 [seven evaluation periods and two soil layers 
(0-20 cm and 20-40 cm)] factorial arrangement was established, 
with four replications, totaling 56 experimental units. For the 
Quartzipsamment, a 9 x 2 [nine collection times and two soil 
layers (0-20 cm and 20-40 cm)] factorial arrangement was used, 
with four replications, totaling 72 experimental units. The non-
exchangeable K fraction was dominant in both soils, mainly in 
the 0-20 cm layer, and represents an important reserve of this 
nutrient for melon cultivation, especially in Haplic Vertisols. The 
decrease in the concentrations of the soluble and exchangeable 
forms and the increase in the non-exchangeable form indicated 
an increase in the fixation of this nutrient, by fixation in the 
Vertisol and leaching in the Quartzipsamment, at the end of the 
melon cycle, when the amount of K accumulated by the plant 
was lower.

KEYWORDS: Cucumis melo, exchangeable potassium, 
potassium leaching.

Disponibilidade de potássio em solos da 
região semiárida do Brasil cultivados com melão

Vertissolos Háplicos e Neossolos Quartizarênicos estão 
entre as principais classes de solos utilizadas para a produção de 
melão, na região semiárida do Brasil. O potássio (K) é o nutriente 
mais extraído pelos frutos de melão amarelo; por isso, nesses solos, 
são frequentemente aplicadas altas doses de fertilizantes potássicos. 
Objetivou-se avaliar as frações de K em solos da região semiárida 
do Brasil, durante o ciclo de cultivo do melão amarelo fertirrigado. 
Dois experimentos foram conduzidos em duas classes de solo 
(Vertissolo Háplico e Neossolo Quartzarênico). Para o Vertissolo, os 
tratamentos compreenderam arranjo fatorial 7 x 2 [sete períodos de 
avaliação e duas camadas de solo (0-20 cm e 20-40 cm)], com quatro 
repetições, totalizando 56 unidades experimentais. Para o Neossolo, 
os tratamentos compreenderam arranjo fatorial 9 x 2 [nove épocas 
de coleta e duas camadas de solo (0-20 cm e 20-40 cm)], com quatro 
repetições, totalizando 72 unidades experimentais. A fração K não 
trocável foi dominante em ambos os solos, principalmente na camada 
de 0-20 cm, e representa importante reserva desse nutriente para o 
cultivo de melão, principalmente no Vertissolo. A diminuição nas 
concentrações das formas solúvel e trocável e o aumento da forma 
não trocável indicaram aumento na fixação desse nutriente, por 
fixação no Vertissolo e lixiviação no Neossolo, ao final do ciclo do 
melão, quando a quantidade de K acumulada pela planta foi menor.

PALAVRAS-CHAVE: Cucumis melo, potássio trocável, 
lixiviação de potássio.
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nutrient is the consequence of its participation in 
the synthesis and translocation of sugars in the plant 
(Lester et al. 2010). Although there are no reports of 
K deficiency in the main Brazilian production areas, 
low contents of this nutrient lead to the production of 
hollow melons, with low sugar content and decreased 
market value (Pontes et al. 2010).

In the soil, K can be found in the following 
forms: structural, as part of primary minerals; not 
interchangeable, in which it is fixed between the 
layers of 2:1 type clay minerals; exchangeable, 
electrostatically adsorbed by negatively charged 
particles which normally control the K availability in 
the soil solution; and free in the soil solution (Kaseker 
2016, Gurav et al. 2018). All of these forms, however, 
are in dynamic chemical equilibrium with the soil 
solution, but with different equilibrium constants, 
making it possible to release potassium reserves 
when the most readily available forms are removed 
from the soil solution (Mouhamad et al. 2016, Najafi-
Ghiry et al. 2019).

Haplic Vertisols and Typic Quartzipsamment 
are important soil classes used for melon cultivation 
in the states of Rio Grande do Norte and Ceará, 
respectively (Oliveira et al. 2016). In these states, 
there is a lack of scientific data on the dynamics and 
efficiency of potassium fertilization in these soils, 
what has contributed to the use of equal doses of K 
for different soil classes. However, in the long run, 
this practice may lead to the unfeasibility of melon 
cultivation in the region, with a possible nutritional 
imbalance caused by the excess of K in the Vertisol, 
or by the loss of K through leaching in the Typic 
Quartzipsamment.

Despite the importance of the knowledge 
on the efficiency of K application for the melon 
crop grown in the Brazilian semiarid region, there 
are few studies aiming at improving the rates of 

nutrient consumption by the crop (Figueirêdo et al. 
2017). Therefore, a deeper knowledge on the forms 
of K present in the soil of melon-producing regions 
could imply a more efficient use of K, resulting in 
increased crop yield and reduced costs with fertilizers, 
in addition to avoiding future nutritional issues that 
might facilitate the appearance of pests and diseases 
(Mendes et al. 2016).

Thus, this study aimed to evaluate K fractions 
in two layers of two soil classes, in the Brazilian 
semiarid region, during the melon crop cycle.  

MATERIAL AND METHODS

Two experiments were carried out in melon-
producing areas located in a region of semiarid 
climate. The first experiment lasted from September 
to November 2014, in an area located at 5.0 km from 
the city of Governador Dix-Sept Rosado (5º25’30’’S 
and 37º31’50’’W), in the Açu-Apodi microregion 
of the Rio Grande do Norte state. According to 
the Köppen classification, the climate in the city 
is BSw’, which corresponds to a very hot semiarid 
region, with mean annual rainfall of 406 mm. The 
soil was classified as a Haplic Vertisol (Embrapa 
2006). The second experiment was carried out 
from November 2015 to February 2016, in Aracati 
(4º51’3”S, 37º27’15”W and altitude of 46 m), located 
in the microregion of the Aracati coast, Ceará state. 
According to the Köppen classification, the climate 
in Aracati is BSh, corresponding to a semiarid 
climate, with a dry summer season and mean annual 
rainfall of 985.76 mm. The soil was classified as a 
Typic Quartzipsamment (Embrapa 2006). Climatic 
data were collected during the entire experimental 
period (Figure 1). The total accumulated rainfall 
was 12.2 mm in the Vertisol area and 3.1 mm in the 
Quartzipsamment area.

Figure 1. Values of minimum (tMin) and maximum (tMax) temperature and average humidity (AH) in the experimental areas of 
Haplic Vertisol (A) and Quartzipsamment (B) soils, during the experiments period.

0

20

40

60

80

15
20
25
30
35
40
45
50

0 7 14 21 28 35 42 49 56 63

 tMin  tMax URm A

Ai
r t

em
pe

rat
ure

 (°
C)

0

20

40

60

80

15
20
25
30
35
40
45
50

0 7 14 21 28 35 42 49 56 63 70

B

Ai
r r

ela
tiv

e h
um

idi
ty 

(%
)

Days after experiments installationDays after the installation of the experiments

A
ir 

re
la

tiv
e 

hu
m

id
ity

 (%
)

A
ir 

te
m

pe
ra

tu
re

 (º
C

) AH



3

3

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiânia, v. 50, e63663, 2020

Potassium availability in Brazilian semiarid soils cultivated with melon 

For both experiments, the soil samples were 
initially collected in the experimental areas at a depth 
of 0-20 cm and sent to the laboratory for their physical 
and chemical characterization (Embrapa 2011). The 
results of the soil analysis for the Haplic Vertisol 
were as it follows: pH(CaCl2) = 7.5; organic matter = 
14.6 g kg-1; P = 2.6 mg dm-3; Na+ = 0.40 cmolc dm-3; 
K+ = 0.75 cmolc dm-3; Ca2+ = 17.30 cmolc dm-3; 
Mg2+ = 4.8 cmolc dm-3; H + Al = 1.0 cmolc dm-3; Al3+ = 
0.1 cmolc dm-3; sand = 311 g kg-1; silt = 447 g kg-1; and 
clay = 242 g kg-1. For the Typic Quartzipsamment, 
the results were: pH(CaCl2) = 5.5; organic matter = 
8.9 g kg-1; P = 5.4 mg dm-3; Na+ = 0.23 cmolc dm-3; 
K+ = 0.14 cmolc dm-3; Ca2+ = 4.05 cmolc dm-3; 
Mg2+ = 3.9 cmolc dm-3; H + Al = 2.0 cmolc dm-3; Al3+ = 
0.0 cmolc dm-3; sand = 912 g kg-1; silt = 13 g kg-1; and 
clay = 75 g kg-1.

The experiments were installed using a 
randomized block design, in a 7 x 2 factorial 
arrangement in the first experiment, with seven 
collection periods, two soil layers (0-20 cm and 
20-40 cm) and four blocks. The second experiment 
corresponded to a 9 x 2 factorial arrangement, with 
nine collection periods, two soil layers (0-20 cm and 
20-40 cm) and four blocks. In both experiments, 
each block (replicate) consisted of a 2.0 x 27 m area, 
where nine experimental plots were allocated, each 
with 2.0 x 3.0 m, containing 20 plants (10 per row).

The preparation of the experimental areas 
was performed by harrowing. Subsequently, the 
planting rows were lifted and mulch was applied, 
followed by the transplantation of Goldex yellow 
melon seedlings grown in expanded polystyrene 
trays (Isopor™). Weed control was performed using 
the herbicide Gesaprim™, which has atrazine as an 

active ingredient. The control of pests and diseases 
was performed whenever necessary, using synthetic 
products already recommended for the melon variety 
used.

Irrigation management was performed based on 
the estimation of the maximum crop evapotranspiration 
(Allen et al. 2006). During transplantation, 300 kg ha-1 
of monoammonium phosphate were applied in both 
areas. Also in both areas, during the entire crop 
cycle, nutrients were supplied via fertigation, by a 
drip system, following a pre-established schedule 
for spreading fertilization, according to Deus et 
al. (2015) (Table 1), using the following sources: 
monoammonium phosphate (48 % of P2O5 and 9 % 
of N), potassium nitrate (45 % of K2O and 12 % of 
N), calcium nitrate (15 % of N and 19 % of Ca), 
phosphoric acid (50 % of P2O5), potassium sulfate 
(50 % of K2O and 17 % of S), magnesium sulfate (9 % 
of Mg and 14 % of S) and zinc sulfate (20 % of Zn 
and 18 % of S). Along with the sources of N, P and K, 
22 kg of Ca, 12 kg of Mg, 57 kg of S and 11 kg of Zn 
were applied per hectare, in the Haplic Vertisol. In the 
Typic Quartzipsamment, the applied doses of Ca, Mg, 
S and Zn were, respectively, 54, 22, 54 and 9 kg ha-1.

In the first experiment, soil samples were 
obtained in each useful plot at 7-day intervals, 
starting at 21 days and lasting until 63 days after 
transplantation (DAT). In the second experiment, 
soil samples were also collected at 7-day intervals, 
starting at 14 days and lasting until 70 DAT. After 
being air-dried, ground and passed through a 2.0- 
mm-mesh sieve, the soil samples were sent to the 
laboratory. 

The fractions of exchangeable K, non-
exchangeable K and soluble K were determined in 

DAT: days after transplanting.

DAT
__________________________ Haplic Vertisol __________________________ ___________________ Typic Quartzipsamment ___________________

N P K N P K
14 - - -   0.000   0.000   0.000
21 17.156 17.156   9.581   5.664   6.730   3.767
28 17.156   7.469   9.582 15.595 18.281   9.844
35 17.156   7.469 13.200 15.535 18.281 10.120
42 16.000   9.781 29.891 15.726 21.044 13.786
49 24.891   8.125 29.893 21.753 22.148 27.397
56 15.438   8.125 35.253 23.345 21.044 34.102
63 11.625   4.484 44.394 16.193 11.652 36.613
70 - - - 12.476 10.547 37.441

Total        119.422           62.609        171.780 97.618        107.528         173.070

Table 1. Weekly nutrient doses (kg ha-1) applied via fertigation on the soils of the study areas.
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both experiments. Soluble K was extracted using 
distilled water and a calcium chloride solution 
(CaCl2) 0.01 mol L-1 at a 1:10 soil:extractor ratio (v/v), 
followed by stirring for 5 min. For the extraction of 
exchangeable K, 1 mol L-1 of ammonium acetate at 
pH 7.0 was used at a 1:10 soil:extractor ratio (v/v), 
followed by stirring for 5 min (Helmke & Sparks 
1996).  In turn, for the non-exchangeable K, the soil 
samples initially received 1.0 mol L-1 of boiling HNO3 
at a 1:10 ratio (v/v) (Helmke & Sparks 1996). The 
concentration of non-exchangeable K was obtained 
by the difference between the K extracted with 
1.0 mol L-1 of boiling HNO3 and the K extracted 
with 1.0 mol L-1 of ammonium acetate at pH 7.0 
(exchangeable K) (Helmke & Sparks 1996). A new 
soil sample was used for each fraction of  K. Based on 
the K contents accumulated by the melon crop in this 
same experiment, in a Vertisol (Oliveira et al. 2016) 
and in a Typic Quartzipsamment (Oliveira 2017), the 
contents (kg ha-1) of exchangeable K that were lost 
or released in each period were estimated using the 
following expressions: ΔK = observed K - estimated 
K; and estimated K = initial K + K fertilizer - K 
plant, where positive ΔK values correspond to the 
K contents added to the exchangeable fraction, 
while negative ΔK values correspond to the K 
contents removed from the exchangeable fraction. 
The initial and observed contents of K (kg ha-1), 
in the 0-20 cm layer, were estimated according to 
Deus et al. (2015), considering the exchangeable 
K levels before installing the experiment and the 
values ​​corresponding to each evaluation period, 
respectively.

Descriptive statistical analysis was performed 
for the non-cumulative K fractions obtained in each 
period, thus obtaining the means and the respective 
standard deviations. The comparison between soil 
layers was performed by the Tukey test at 5 % of 
significance, using the Sisvar statistical software, 
version 5.6 (Ferreira 2011).

 
RESULTS AND DISCUSSION

The concentrations of water-soluble K in 
the Haplic Vertisol (Figure 2A) showed a tendency 
to increase from 21 DAT to 42 DAT, with a 
small decrease at 49 DAT; while, in the Typic 
Quartzipsamment (Figure 2B), there was a tendency 
to decrease this fraction during the crop development, 
with a peak at 42 DAT. In both soils, the highest 

water-soluble K levels were observed in the surface 
layer (0-20 cm).

The concentrations of K soluble in CaCl2 were 
also higher in the superficial layer, in both soils, 
although the behavior of this variable depends on 
the different depths and classes of soils considered 
in the different evaluation periods. In the Vertisol 
(Figure 2C), there was an increase in the 0-20 cm layer 
from 21 to 49 DAT, and a decrease in the 20-40 cm 
layer from 35 to 49 DAT. In the Quartzipsamment 
(Figure 2D), from 14 to 35 DAT, there was a 
tendency to decrease in the 0-20 cm layer; while, 
in the 20-40 cm layer, from 28 to 63 DAT, the 
values remained practically constant throughout the 
evaluation periods.

The increases in the contents of water-
soluble K and K soluble in CaCl2 in the Vertisol are 
associated with increasing K applications throughout 
the melon cycle. In the Quartzipsamment, the 
resupply of K in the soil solution proved to be 
more dependent on fertigation, and the extraction 
of K by the melon crop led to a faster depletion 
of this nutrient in the soil solution. This probably 
occurred because Quartzipsamments, in general, 
are soils essentially composed of sand, naturally 
presenting a low cation exchange capacity and, 
consequently, limiting K retention in the solid phase 
(Mendes et al. 2016, Maniçoba et al. 2020). In the 
Quartzipsamment, the increase in soluble K in the 
20-40 cm layer, at the end of the crop cycle, probably 
occurred due to leaching. 

The concentrations of exchangeable K 
(Figures 2E and 2F), in both soils, were higher in the 
0-20 cm layer. There was a downward trend from 21 
to 42 DAT in both Vertisol layers (Figure 2E); while, 
in the Quartzipsamment (Figure 2F), the decrease 
occurred from 21 to 35 DAT, with a significant 
increase at 70 DAT. The levels of exchangeable K 
oscillated more intensely in the Quartzipsamment, 
possibly due to the low cation exchange capacity 
(Figure 2F). In this soil, K+ shows a rapid movement, 
being susceptible to leaching losses (Carvalho et al. 
2015, Ucker et al. 2016, Taiwo et al. 2018). Due to the 
low K buffering capacity of the Quartzipsamment, the 
prolonged cultivation with species that present high 
K extraction, such as melon (Oliveira et al. 2016), 
can lead to a more accelerated K depletion in this 
soil, when compared to the Vertisol. The increase 
of exchangeable K in both soil layers, at the end of 
the crop cycle, was also due to the stabilization of K 
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absorption by the plant, combined with the increase 
in the total amount of K applied via fertigation.

In both soils, the concentrations of non-
exchangeable K were also higher in the 0-20 cm 
layer, showing a greater difference between the soil 
layers, when compared to the remaining K fractions. 
In the Vertisol (Figure 2G), the oscillation of this K 
fraction was similar between layers; that is, there 
was an increase at 28 DAT, followed by a decrease at 
42 DAT, and again an increase from 49 DAT. In the 
Quartzipsamment (Figure 2H), the curves obtained 
for the studied soil layers showed a quite different 
behavior; that is, there was a decrease until 35 DAT 
in the 0-20 cm layer, and then a slight increase from 
this period until 56 DAT, while, in the 20-40 cm 

layer, there was an increase in the contents of non-
exchangeable K until 28 DAT, followed by a decrease 
until 56 DAT.

The initial decrease of non-exchangeable K 
in the Quartzipsamment, in the 0-20 cm layer, was 
consistent with the increase in the contents of soluble 
and exchangeable K. It has probably occurred due to 
the displacement of non-exchangeable K by calcium, 
since it was present in high concentrations in the soil, 
favoring the release of K to the soil solution (Santos 
et al. 2013, Steiner & Lana 2018, Portela et al. 2019). 
Although of small magnitude, the increase in the 
non-exchangeable levels of K up to 28 DAT, in the 
20-40 cm layer, may indicate a possible K leaching 
from the soil-surface solution and its subsequent 
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Figure 2. Concentrations of soluble, exchangeable and non-exchangeable potassium in the Haplic Vertisol (A, C, E, G) and in the 
Typic Quartzipsamment (B, D, F, H), as a function of the evaluation periods and soil depths.
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fixation. The mineralogy of Vertisols indicates the 
presence of  2:1 and mica minerals in the clay fraction, 
which may favor the fixation of the leached K into 
lower layers (Santos et al. 2013, Chatterjee et al. 
2014, Portela et al. 2019).

Considering the averages of periods and 
soil layers, the contents of non-exchangeable K 
were higher than the contents of the remaining 
fractions, especially in the Vertisol (Table 2). The 
fraction of K soluble in CaCl2 was higher than the 
fraction soluble in water in the Vertisol, but similar 
in the Quartzipsamment. The concentration of non-
exchangeable K, on average, was five times higher 
in the Vertisol; while, for the exchangeable K, the 
Vertisol was 18 times superior to the Neosol. The 
highest levels of all forms of K in the Vertisol are 
related to the mineralogy of the clay fraction of 
these soils, usually constituted by 2:1 type minerals 
of the K-rich sand and clay fractions, such as micas, 
orthoclase and biotite, which are more susceptible 
to weathering, controlling the dynamic balance 
between the forms of soluble, exchangeable and non-
exchangeable potassium in these soils, constituting 
important K reserves for plants in the long run (Najafi-
Ghiry et al. 2019, Portela et al. 2019, Maniçoba et 
al. 2020). Furthermore, minerals from the clay 
fraction, such as illite and montmorillonite, which 
are persistent in Vertisols and practically nonexistent 
in Quartzipsamments (Carvalho et al. 2015), present 
a high K-retention capacity due to their high surface 
load and specific surface, as aforementioned.

Regardless of the evaluation periods, the 
contents of all fractions of K, in both soils, were 
higher in the 20-40 cm layer (Table 2). The contents 
of K-water, K-CaCl2, exchangeable K and non-
exchangeable K were, respectively, approximately 
29, 50, 63 and 144 % higher in the 20-40 cm layer of 
the Vertisol, and 131, 176, 67 and 791 % in the same 

layer of the Quartzipsamment. Therefore, for both 
soils, the non-exchangeable K fraction obtained the 
greatest difference between the soil layers.

The highest levels of soluble and exchangeable 
K verified in the 0-20 cm layer of the Vertisol were 
expected due to the fertilization which occurred 
in this layer, and also due to the low leaching 
susceptibility of this soil, given its high cation 
exchange capacity and mineralogy (Ucker et al. 
2016). Although a greater similarity between the soil 
layers was expected for the contents of soluble and 
exchangeable K, due to a possible leaching, this did 
not occur in the Quartzipsamment. In this sense, the 
K leaching in the Quartzipsamment occurred only in 
periods of greater release of this nutrient, combined 
with low absorption rates by plants.

Throughout the melon cycle in the Vertisol, 
K was added to the exchangeable fraction at 21 and 
28 DAT (Table 3); while, in the other periods, this 
fraction was ‘drained’, especially at 56 DAT. There 
was an alternation between additions and losses of 
exchangeable K in the Quartzipsamment; but, in the 
Vertisol, the greatest losses occurred at the end of 
the crop cycle (63 and 70 DAT). These results are 
consistent with the increase in the contents of the non-
exchangeable fraction from 49 to 63 DAT, in both 
soils (Figures 2G and 2H), indicating that there was 
a greater K fixation in this period, as well as a lower 
amount of K accumulated by plants. Thus, greater 
K losses in the Quartzipsamment occur due to the 
lower absorption of K by the melon crop, leading to 
a possible increase in the K fixation, and especially 
leaching. In the total balance (ΔK total), there was a K 
loss of 23.46 kg ha-1 in the Vertisol and 49.65 kg ha-1 

in the Quartzipsamment, being equivalent to 13.7 and 
28.7 %, respectively. Therefore, in both soils, it is 
necessary to adjust the K doses to be applied in each 
period, in order to improve the synchrony between 

* Means followed by the same letter in the column, within each K form and soil class, do not differ from each other by the Tukey test at 5 % of significance.

Layers Water soluble K CaCl2 soluble K Exchangeable K Non-exchangeable K
Haplic Vertisol

       0-20 cm      27.313 a*    50.362 a    217.638 a  10,795.317 a
     20-40 cm    21.054 b    33.617 b    133.670 b    4,412.290 b
     Mean 24.184 41.989 175.654 7,603.803

Typic Quartzipsamment
       0-20 cm   11.544 a     9.048 a      12.122 a   2,824.613 a
     20-40 cm     4.984 b     3.272 b        7.233 b      317.118 b
     Mean  8.264  6.160     9.677 1,570.865

Table 2. Content of soluble (K-water and K-CaCl2), exchangeable and non-exchangeable potassium in the sampled soil layers.
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the application and absorption rates by the plant, thus 
increasing the efficiency of potassium fertilization in 
the melon crop.

 
CONCLUSIONS

1. The non-exchangeable K fraction was dominant 
in both soils, especially in the 0-20 cm layer, 
representing an important reserve of this nutrient 
for melon cultivation, especially in Haplic 
Vertisols;

2. The decrease in the concentrations of the soluble 
and exchangeable forms and the increase in the 
non-exchangeable form of potassium indicated an 
increase of this nutrient by fixation in the Vertisol 
and by leaching in the Typic Quartzipsamment, at 
the end of the melon cycle, when there was less K 
accumulated by the plant;

3. In areas with Vertisol and Typic Quartzipsamment, 
an increased synchrony between the application 
and accumulation rates of K in the melon crop can 
increase the efficiency of potassium fertilization.
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