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ABSTRACT

Potassium (K) can be easily lost by the leaching process. The objective of this study was
to quantify K leaching in clayey and sandy soils under increasing irrigation depths.
The experiment was conducted in 2014, in a protected environment, after extraction of
undisturbed soil columns, with diameter of 144 mm and height of 300 mm. The columns
were arranged in a randomized complete block in a factorial design with three replicates,
corresponding to eight treatments: two soil types and four water depths, equivalent to 50,
100, 150 and 200% of the amount of water necessary to bring the soil moisture to field
capacity. Potassium chloride, with 58% of K0, was used as K source. Water replacement
in the columns was performed every three days, for a period of 81 days. After conducting
joint analysis of the data according to the factor Time, a second-degree response surface
model was fitted and line charts were also used to study the factors Time and Water.
After the evaluations, it was found that the higher the applied water depth, the greater the
percolated amount of the K* ion.
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RESUMO

Neste trabalho o objetivo foi quantificar a lixiviagdo de K em solos argiloso e arenoso sob
laminas crescentes de irrigacdo. O experimento foi conduzido em 2014, em ambiente
protegido, apds extracdo de colunas de solo indeformadas, com didmetro de 144 mm e
altura de 300 mm. As colunas foram arranjadas em um delineamento em blocos completos
casualizados em esquema fatorial, com trés repeti¢cdes, constituindo oito tratamentos, sendo
dois tipos de solo e quatro laminas de 4gua equivalentes a 50, 100, 150 e 200% da lamina
de 4gua necessaria para levar o solo a umidade na capacidade de campo. Como fonte de
K utilizou-se o cloreto de potdssio com 58% de K,O. A reposi¢do da dgua nas colunas foi
realizada a cada trés dias, por um periodo de 81 dias. Apos a realizagdo de analise conjunta
dos dados de acordo com o fator Tempo, foram ajustados um modelo de superficie de
resposta de segundo grau completo e os graficos de linhas para estudo dos fatores Tempo
e Agua. Apés avaliagdes concluiu-se que quanto maior a lamina de 4gua aplicada maior
também a quantidade percolada do ion K*.

Ref. 181-2015 - Received 11 Dec, 2015 « Accepted 19 Sept, 2016 « Published 29 Sept, 2016

OMOM



Potassium leaching in different soils as a function of irrigation depths

INTRODUCTION

The intensive use of fertilizers in cultivation systems may
result in the leaching of nutrients, a phenomenon that involves
a complex interaction between soil hydrology, absorption of
water and nutrients by the plants, management practices (Es
et al., 2006), dispersive-diffusive movement of the solute in
the soil (Ruiz et al., 2010) and capacity of adsorption of ions
by the soil (Santos et al., 2002).

The low potential of charges found in most soils of the
Cerrado region, associated with the highly soluble sources
of potassium (K), may lead to high losses through leaching
(Silva et al., 2002). Moraes & Dynia (1992) considered K as
the most easily leached cation, due to its displacement to the
soil solution and to its percolation, especially in sandy soils.

Soluble ions, from correctives and fertilizers or
decomposition of organic matter, are found available to
the plants; however, in periods of high rainfall intensity or
excessive irrigation, there may be percolation of water in the
profile, which favors the downward movement of these ions,
considered as one of the main factors of losses of nutrients
(Santos et al., 2002).

Thus, when present in the soil solution, K can move in the
profile along with the drained water, being leached to depths
below the root system of the crops (Oliveira & Villas-Boas,
2008). The movement of K in the soil profile depends mainly
on soil texture (Neves et al., 2009), cation exchange capacity
(CEC), water regime and on the dose and solubility of the
fertilizer (Rosolem et al., 2006).

Therefore, a better management of the nutrients that are
essential to the plants is necessary to promote sustainable
agriculture (Goulding et al., 2008). One of the methods that can
be applied is the use of slow-release fertilizers (Xie et al., 2011).

Given the above, this study aimed to quantify K leaching
in clayey and sandy soils under increasing irrigation depths.

MATERIAL AND METHODS

The experiment was carried out from March to August
2014, in a protected environment (greenhouse), at the Federal
Institute of Goias (IF Goiano), Campus of Urutai, GO, Brazil.
The climate of the region, according to Koppen’s classification,
is Cwa (Humid Subtropical), with dry winter and hot, rainy
summer. Two types of soil were used, a clayey soil (dystrophic
Red Latosol) and a sandy soil (dystrophic Red- Yellow Latosol)
(EMBRAPA, 2006), both from areas managed under direct
sowing system. Before the experiment, soil physical and
chemical analyses were performed (Table 1).

Table 1. Physical and chemical analyses of the soils
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The soil monoliths, with undisturbed structure, were
collected using PVC tubes (diameter = 144 mm; h = 350 mm;
thickness = 3 mm) until the depth of 300 mm, using a tractor
and a hydraulic jack. The lower part of the tube was sharpened
and its walls were lubricated with Vaseline’, to facilitate the
collection, and the columns were manually removed from the
soil. After collecting the soil, the lower part of the columns was
sealed with PVClids, which had a hole with diameter of 5 mm,
where a plastic hose with the same diameter was connected
to collect the leachate. In order to avoid the passing of soil
particles, a plastic screen was placed on the internal side of the
lid. The columns were placed on a wooden support at a height
of 0.50 m from the soil surface.

The soil columns remained in a protected environment for
60 days (air-dried) to lose moisture; after this period, the soil
contracted, forming a space between the internal wall of the
PVC tube and the column, which was sealed with silicone on
the upper side to avoid water percolation through preferential
flow. Then, deionized water was slowly added to the soils, until
saturation, and this condition was maintained for 12 h.

After that, the upper part of the columns was sealed with
plastic bags to avoid evaporation and drained by the action of
gravity until stabilization, which occurred around 24 h after
the beginning of the drainage. When the excess water drained,
the plastic bags were removed for the determination of the
mass of the columns, to obtain the mass corresponding to the
moisture at field capacity, using a scale with precision of 5 g
(Filizola - Model CS-15). Then, the columns were maintained
losing water through evaporation for three days and, after that,
fertilization was performed on soil surface.

Potassium chloride (58% of K,O), was used as source of K,
in amount equivalent to three times the dose normally applied
under field conditions in the production of grains (Bertol et al.,
2010); according to the authors, the objective is to simulate a
high load of the mineral element in solution and, consequently,
a maximum leaching potential, by applying on the surface of
each column the amount of 521 mg of K, O, equivalent to 192
kg ha! of K.

The experimental design was randomized blocks (RBD), in
a 2 x 4 factorial scheme, with three replicates in each column,
representing one experimental plot. The sources of variation
were two types of soil (clayey and sandy) and four percentages
of water replacement (50, 100, 150 and 200% of the water depth
necessary to bring the soil moisture to field capacity).

A fixed irrigation interval of three days was used and the
columns were filled with the different soils and subjected to the
water replacement percentages, equivalent to 50, 100, 150 and
200% of the water depth necessary to bring the soil moisture

. Layer Ca?* Mg>* APt H+Al

Soll (m) pH (cmol, dm)
0010 576 105 059 01 495
Clayey™  010-020 555 082 057 01 396
020-030 527 065 036 01  3.80
0-010 599 568 107 00 429
Sandy® 010020 545 271 075 00 495
020-030 509 133 064 03 363

K N OM  Clay Sit Sand Ds
(mg dm™) (%) (gem?)

170 0.06 3.1 453 122 425 1.58
60 0.09 24 463 123 414 1.71
50 0.08 20 441 140 419 1.65
90 0.07 25 221 97 682 1.47
30 0.07 22 227 91 682 1.47
20 0.04 16 245 74 681 1.39

MSoil of the center pivot area of the IF Goiano - Campus of Urutai, GO, Brazil (17° 28’ 41” S; 48° 11’ 35” W; altitude of 823 m); @Soil of the traditional area of agricultural production in

Ipameri-GO, Brazil (17° 40’ 53" S; 48° 17° 11" W; altitude of 838 m)
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to field capacity. These percentages were obtained by the mean
difference between the mass at field capacity and the actual
mass (moment to perform irrigation) using the columns of
the treatments of 100%. Irrigation, manually performed using
a syringe, lasted for 81 days.

The volume and concentration of the K jon were evaluated
in the leached solution of the different treatments, without
filtration or digestion of the solution, by collecting samples of
the solution leached from the columns, precisely 24 h after each
irrigation. K concentration was obtained using the LAQUAtwin
meter of nutrients (Horiba - Model B-731). The amount of K
(mg) lost in the columns was calculated by multiplying the
concentration (ppm) by the volume of percolated water (liter)
after each irrigation.

The leached amounts of K in each one of the percolations
were summed and subjected to analysis of variance by the F
test; the means were compared by Tukey test and all inferences
were made considering a nominal significance level of 0.05.

Then, for the study of the progression of K concentration
in the collected effluents as a function of the variation of
time and water replacement percentages, equations that best
represented the phenomenon were fitted to each type of soil,
using the linear regression technique to obtain response
surface graphs. The model was selected based on the value
of the multiple coefficient of determination (R?). For the
simple analysis of the elements time and water replacement
percentages, graphs were elaborated presenting the progression
of the leached K concentration over time for each percentage
of water replacement, for both soils.

RESULTS AND DISCUSSION

Table 2 shows the summary of the analysis of variance
for the total leached K. There was significant effect of the
interaction between the factors time, water depth and type of
soil (p = 0.005). Hence, multiple regression models (response
surface) were fitted as a function of water depth and time for
each type of soil.

According to Table 3, between the types of soil in each
treatment with the same water depth, there was significant
difference for the treatments with irrigation depths of 150 and
200%; K leaching in the sandy soil for the treatment of 150%
was 13.47 times higher in comparison to the clayey soil, and K
leaching in the sandy soil for the treatment of 200% was 7.14
times higher in relation to the clayey soil.

Comparing the leached amounts of K in the same type
of soil under application of different water depths in relation
to the total applied in the column (TAC), the results for the
clayey soil show that, in the treatment with 50% water depth,
there was no leaching, while only 0.12% of the TAC leached in
the treatment of 100%. On the other hand, 3.26% of the TAC
leached in the treatment of 150%, while 7.99% of the TAC
leached in the treatment of 200%.

Walter da C. Mendes et al.

Table 3. Cumulative amount of potassium (mg) leached
along 81 days in undisturbed columns of clayey and sandy
soils, as a function of different irrigation depths

Time Soil Water replacement percentages

(days) 50% @ 100% 150% 200%
81 Clayey 0.00a@ 0.37a 10.20 b 25.00b
81  Sandy 0.00 a 9.73a 137.43 a 178.53 a

™50, 100, 150 and 200% represent the % of water applied through irrigation based on the
difference of mass of the column irrigated at 100%; @Means followed by the same letter, in
the column, do not differ by Tukey test at 0.05 probability level; F test = 241; CV = 17.54%;
LSD = 13.84

Comparing the leached amounts of K for different water
depths in sandy soil there was no difference between 50 and
100%, with all other comparations for this type of soil presented
significant differences. In the treatment of 50% depth TAC
leached was 0% while in treatment of 100, 150 and 200% water
depths, TAC leached was 3.11, 43.91 and 57.04%, respectively.

Mendes et al. (2015), studying N-NO, leaching below 0.30
m from soil surface, also observed significant losses of the
nutrient for water depths equivalent to 150 and 200% of the
field capacity, while the losses were equal to 27 and 66% of the
total applied at water depths of 150% and to 65 and 72% of
the total applied at water depths of 200%, in clayey and sandy
soil, respectively.

Extrapolating the values of K leaching of the columns to 1
ha, the leached amounts of K in the clayey soil for the layers
below 0.30 m from the surface would be approximately 0.2
kg ha'! for the water depths of 100%, 6.3 kg ha™' for the water
depths of 150% and 15.4 kg ha™' for the water depths of 200%.
In sandy soil, the amounts of K are equivalent to a leaching
of 6.0 kg ha* for water depths of 100%, 84.4 kg ha for water
depths of 150% and 109.6 kg ha'! for water depths of 200%.

K leaching in the sandy soil at the irrigation depth of
150% (84.4 kg ha™') is proportionally similar to that found by
Albuquerque et al. (2011), who worked with bell pepper, in
Quartzarenic Neosol with sandy texture, with K dose of 120
kg ha' and water depth of 120% ETc, which caused losses of
approximately 60.1 kg ha™'.

According to the fitted second-degree response surface
model, presented in the three-dimensional plane (Figure
1), and the regression Eqs. 1 and 2, for the evaluation of
the concentration of leached K as a function of the water
replacement percentage evaluated from five days after the
beginning of the irrigations on, there was expressive effect of
the increase in water depths on the amount of leached K. This
fact is evident for water depths higher than 100%. Only for
the sandy soil, there was a quadratic fit to the data. Differences
between the types of soil can be more clearly observed in water
depths equal to or higher than 150%, along the entire period
of study.

Because of their smoothness, the response surfaces did not
show specific or highly localized variations of the data, but the
general tendency. In the line graphs, however, it is possible to
analyze more precisely the alterations of the data (Figure 2).

Table 2. Summary of the analysis of variance for the total leached K

Time (T) Water (W) Soil (S) Block/Time
DF 27 3 1 56
B 1.51 1037.77 197.95 0.73
p-value 0.0486 <0.001 <0.001 0.9209

TxW TxS WxS$S TxWxS Error

81 27 3 81 392
1.71 1.54 26.20 1.69 -
0.0004 0.0440 <0.001 0.0006 --

The data were transformed to x ~ 0.1, according to the Box-Cox transformation

R. Bras. Eng. Agric. Ambiental, v.20, n.11, p.972-977, 2016.
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Leached K (ppm)

i

50 0
Figure 1. Second-degree response surface model based on
the value of the multiple coefficient of determination (R2)

In the columns with water depths of 100% (Figure 2B),
there was collection of leachate in some applications, in both
sandy and clayey soils, but always with low values of K; mean
cumulative amount in the clayey soil was around 0.12% of the
TAC and, in the sandy soil, 3.11% of the TAC. Leaching was not
expected to occur in this treatment, but in some columns of
this treatment it may have occurred due to a preferential flow
of water in the soil profile. According to Eguchi & Hasegawa
(2008), water can move along the pathways mainly due to the
hydraulic heterogeneity of the soil. According to Morales et al.
(2010), the preferential flows in field studies are the rule and
not the exception in a wide variety of soils.

In the columns irrigated with water depth of 150% (Figure
2C), the sandy soil in the first irrigations showed K values in
the leached solution of approximately 1 mg (0.32% of the TAC),
which increase until reaching the highest values around 12 mg
(3.83% of the TAC), at about 54 days after the first irrigation

Water depth = 30%

Leached K (ppm)
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(DAFI). After that, there is a reduction along the time, reaching
approximately 7 mg (2.24% of the TAC) at 81 DAFI. On the
other hand, in clayey soil, there were low values of K in the
leached solution in the first half of the experiment, always
below 0.5 mg, reaching the highest values around 1 mg (0.32%
of the TAC) in the last irrigations.

In the columns under water depths of 200% (Figure 2D),
the sandy soil showed K values in the leached solution around
2 mg (0.64% of the TAC) until 15 DAFI, which increased over
time, reaching the highest values around 14 mg (4.47% of the
TAC) between 30 and 39 DAFI; then, there was a decrease in
the values until 60 DAFI, around 4 mg (1.28% of the TAC).
This level was maintained approximately until the end of the
experiment; in the clayey soil there were K values in the leached
solution around 0.5 mg (0.16% of the TAC), which slowly
increased and reached, at the end of the experiment, 1.5 mg
(0.48% of the TAC).

In the line graphs, it was possible to also visualize the
periods characterized by the beginning of the increase in
the K* ion concentration in the solution leached from the
soil columns, especially at the water depths of 150 and 200%
(Figure 2C and 2D). In the sandy soil, it occurred around the
18 day (6" irrigation) and 15% day (5" irrigation) and, in the
clayey soil, it occurred around the 54" day (18" irrigation)
and 30" day (10" irrigation), for the water depths of 150 and
200%, respectively.

These results show that sandy soils tend to show higher K
leaching, compared with clayey soils. According to Mielniczuk
(1982), for a same amount of total K, there will be less K* in
the solution in soils with high CEC (clayey soils), which will
reflect in lower losses of K through leaching, since this nutrient
moves easily, in the vertical direction. In addition, the sandy
soil used in this experiment contained more calcium (Ca*")
and magnesium (Mg?*) compared with the clayey soil, which
may have contributed even more to the permanence of K in
the solution of the sandy soil, due to the preference of soil
colloids to retain Ca?* and Mg*', divalent ions, instead of K*,

B. Water depth = 100%

T T T T
Water depth = 130%

[ [
= n

Leached K (ppm)

L=}

Water depth =200%

20 40 60
Days after the first itrigation

20 40 80
Davs after the first itrigation

30

Figure 2. Amount of potassium in the leached effluent as a function of time for the increasing irrigation depths and

different types of soil (sandy and clayey)

R. Bras. Eng. Agric. Ambiental, v.20, n.11, p.972-977, 2016.
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a monovalent ion. Since K has only valence charge (K*), it is
little adsorbed by soil colloids (Ernani et al., 2007).

In order to obtain a better cost/benefit relationship,
it is important the correct management of irrigation and
fertilization. Insufficient irrigations, as well as excessive
irrigations, result in considerable losses and damages to plants
and soils, decreasing the efficiency of use of this technique.
The literature reports K losses through leaching on the order
of 50 to 70% (Auoada et al., 2008; Wu & Liu, 2008), when
it is inadequately applied to the soils (Sousa & Rein, 2009).
Therefore, K losses in the soil profile must be monitored,
especially in intensive production systems, as those practiced
in irrigated areas with large use of inputs, in order to take
measures that promote increase in the efficiency of use of
the applied K, to allow the management of an economically
sustainable production system, with quality products and
minimum negative impact to the environment.

CONCLUSIONS

1. Increasing irrigation depths influenced the leaching of
potassium applied to the soil, and the higher the water depth,
the larger the percolated amount of the K* ion.

2. When the water replacement percentage was 150% of
the depth necessary to bring the soil moisture to field capacity,
there were potassium losses of 3.26 and 43.91% of the total
applied for the clayey and sandy soils, respectively.

3. The water replacement percentage of 200% of the depth
necessary to bring the soil moisture to field capacity caused
potassium losses of 7.99 and 57.04% of the total applied, for
the clayey and sandy soils, respectively.
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