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Fertility variability in a Latosol cultivated with fertigated banana’

Variabilidade da fertilidade de um Latossolo cultivado com bananeira fertirrigada

Barbemile de Aradjo de Oliveira?, Liliane Pereira Campos®, Sammy Sidney Rocha Matias®, Tamires Soares da
Silva*, Renato Falconeres Vogado®*

ABSTRACT - Banana production requires strategies to assess the variability of fertigation areas since production can be
reduced by consecutive cultivation in chemically-restricted soils and at different elevations. From this perspective, this study
aimed to investigate the spatial variability of soil chemical attributes and the soil carbon stock and relate these parameters to
the elevation of a banana plantation fertigated by a micro-sprinkler system. The study was conducted at the Irrigation Perimeter
Nupeba (Riachdo das Neves/BA), in an area cultivated with the banana cultivar Prata for 18 years. In April 2017, single soil
samples were collected in an area with a minimum elevation of 440.6 m and a maximum of 445.8 m, at the depths of 0-0.20 m
and 0.20-0.40 m, with a sampling grid composed of 40 georeferenced points and spaced 10 meters. The following parameters
were determined: pH, total organic carbon (COT), soil organic matter (OM), nitrogen (N), phosphorus (P), potassium (K*),
calcium (Ca?*), magnesium (Mg?*), aluminum (AI®*), potential acidity (H+Al), sum of bases (SB), cation exchange capacity
(CEC), base saturation (V%), and carbon stock (Est C). The data were evaluated by descriptive statistics and geostatistics and
showed normal distribution. There was spatial variability, allowing the construction of fertility maps. The maps showed that the elevation
especially influences the OM, COT, N, and Est C, also showing the distribution and concentration of nutrients in the soil, allowing to
minimize the variability through the application of varied nutrient contents aiming at their homogeneous supply to banana plants.

Key words: Musa spp. Geostatistics. Elevation. Soil nutrients.

RESUMO - A producéo de bananas requer estratégias que melhor identifiquem a variabilidade das areas fertirrigadas, considerando
que a producéo pode ser reduzida mediante cultivo consecutivo em solos com restri¢es quimicas e de diferentes altitudes. Objetivou-
se estudar a variabilidade espacial dos atributos quimicos e estoque de carbono do solo e relaciona-los a altitude de um bananal
fertirrigado por microaspersdo. O estudo foi realizado em perimetro irrigado de Nupeba (Riachdo das Neves/BA), em area cultivada
ha 18 anos com banana prata. Em abril de 2017, amostras simples de solo foram coletadas em area com altitude minima de 440,6 m
e maxima de 445,8 m, nas profundidades de 0-0,20 m e 0,20-0,40 m, com uma malha experimental composta por 40 pontos
georreferenciados e espagados a cada 10 metros. Foram determinados: pH, carbono orgénico total (COT), matéria organica do
solo (OM), nitrogénio (N), fésforo (P), potéssio (K*), céalcio (Ca?"), magnésio (Mg?), aluminio (Al®"), acidez potencial (H+Al),
soma de bases (SB), capacidade de troca catidnica (CEC), saturacdo por base (V%) e estoque de carbono (Est C). Os dados
foram avaliados pelos métodos da estatistica descritiva e geoestatistica e apresentou distribuicdo normal. Houve variabilidade
espacial, permitindo a elaboracdo de mapas de fertilidade. Os mapas apontaram que a altitude influencia principalmente a
OM, COT, N e Est C, mostrando também a distribui¢do e a concentracdo dos nutrientes no solo, o que possibilita minimizar
a variabilidade por meio da aplicacdo de fertilizantes em quantidades variadas, visando sua oferta homogénea as bananeiras.
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INTRODUCTION

According to the Brazilian Institute of Geography
and Statistics (2020), banana production (Musa spp.) in
Brazil has grown significantly in recent years, increasing
from 566,336 Mg in 2000 to 6,637,308 Mg in 2020. Most
producing areas in Brazil are located in the Southeast and
Northeast regions, mainly in the states of S&o Paulo and
Bahia, which account for 15.3% and 13.3% of the national
production, respectively.

In Bahia, where a tropical climate predominates,
banana cultivation requires supplementary irrigation
since evapotranspiration is higher than precipitation
(OLIVEIRA et al., 2021). In addition, the rapid annual
growth of banana demands significant soil nutrient levels,
with fertigation emerging as a viable tool to supply the
nutrient demands of this crop. In this scenario, due to
the possibility of using local and split fertilization in
fertigation systems, soil fertility evaluation is essential
to standardize producing areas and improve the quality
of banana plantations (ALVES et al., 2019). Fertigation
brings benefits such as applying adequate fertilizer levels,
especially if the irrigation system adopts a mulch cover
(XAVIER et al., 2020), resulting in higher plant heights,
increased yield, and higher water, nitrogen, and potassium-
use efficiency by banana plants (SOUZA et al., 2021).

Another factor to be considered for the variability
of nutrients and soil organic matter is the local
topography, which influences soil properties by affecting
the microclimate, drainage, outflow, erosion, and soil
formation (ALMEIDA et al., 2019). Moreover, attention
should be paid to areas with intensive banana cultivation,
in which soil variability can be affected by particle size
distribution (OLIVEIRA et al., 2013) and the depth
and physical attributes of the soil, impacting plant
roots (MIOTTI et al., 2013), in addition to the spatial
variability of chemical attributes due to the microrelief
(ARTUR et al., 2014).

Additionally, soil attributes can vary spatially on
a reduced geographic scale due to management factors,
e.g., fertigation and crop rotation (SILVA et al., 2018).
Therefore, the analysis of the spatial variability of soil
chemical attributes in the planting area is important
to provide appropriate fertility management, allowing
the localized application of nutrients in deficient places
(MACEDO NETO et al., 2020; MATIAS et al., 2015).

From this perspective, banana production in Bahia
requires strategies to optimize the viability assessment
of fertigated areas since production can be reduced by
consecutive cultivation in chemically restricted soils and at
different elevations. Therefore, this study aimed to investigate
the spatial viability of chemical attributes and the soil carbon
stock and relate these parameters to the terrain elevation of

banana plantations at the irrigation permitter Nupeba in the
municipality of Riachdo das Neves/BA to allow more specific
correction, fertilization, or fertigation interventions for each
area while considering their topography.

MATERIAL AND METHODS

The study was conducted in April 2017 at
the Irrigation Perimeter Nupeba, managed by the
Development Company of the S&o Francisco and Parnaiba
Valleys (2020) in the municipality of Riachdo das Neves
(11°44°49”S and 11°54°23’W, 440 m of elevation), western
Bahia. According to the current Képpen classification,
the climate is classified as Aw, i.e., hot and semi-humid
(ALVARES et al., 2013). The mean annual temperature
is 27 °C, with a mean annual precipitation of 1,000 mm
and a rainy season from October to April, with November,
December, and January ranking as the rainiest months
(INSTITUTO NACIONAL DE METEOROLOGIA, 2020).
The soil was classified as a dystrophic RED-YELLOW
LATOSOL with a clayey-sandy texture (SANTOS et al.,
2018).

A Cerrado area of two hectares (Figure 1) cultivated
with banana for eighteen years was selected for the study.
The banana cultivar Prata was planted using a spacing
of 2.4 m between plants and 2.0 and 4.0 m between single
and double rows, respectively. The plants were irrigated
by a micro-sprinkler system and received fertigation.

The area was initially divided into two parts
(area-1 and area-2). Area-1 has a higher elevation
(443.2 2 445.8 m), whereas area-2 has a lower elevation
(440.6 to 443.2 m) (Figure 1).

Figure 1 - Location and geographic position of areas 1 and 2
in the study
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According to the history of the area, 2 Mg of
dolomitic limestone were applied throughout its entire
extent (area-1 and area-2) in December 2015, in addition
to the following fertilizers applied according to the crop
production cycle: biweekly broadcast fertilization with 55 g of
potassium chloride and 30 g of ammonium sulfate; monthly
fertilization with 120 g of single superphosphate.

Soil samples were collected in January 2017 during
the reproductive phase of the crop and before the beginning
of fertigation at the 0-0.20 m depth. Soil analyses were
performed according to the methods described by Teixeira
et al. (2017), and the results are described in table 1.

The content of micronutrients used in the irrigation
water and the parameters for the adequation and proper
functioning of the fertigation system in the banana planting
area obtained in February 2017, are shown in table 2.

For the evaluation of spatial variability, deformed
single soil samples were collected in April 2017 (after
harvest) from 40 georeferenced points distant 10 m from
each other at the depths of 0-0.20 m and 0.20-0.40 m,
totaling 80 samples, 40 for each depth. The soil samples
were collected, air-dried, ground, macerated, and sieved
through a 2 mm mesh (TFSA), after which they were
sent to laboratory analyses.

According to the methods described by Teixeira
et al. (2017), already informed in the soil characterization
described in table 1, the following attributes were

analyzed: pH in H,O; calcium (Ca*) and magnesium
(Mg?*) extracted with potassium chloride (KCI) 1 mol L*
and quantified by complexometric titration with EDTA;
phosphorus (P), determined with Mehlich*? extractor and
colorimetric determination; potassium (K*), extracted with
a diluted solution of hydrochloric acid and determined
by flame photometry; organic matter (OM), obtained by
incineration in a muffie furnace and with results expressed
as percentage (GOLDIN, 1987); carbon (C), obtained by
high-temperature oxidation using potassium dichromate;
potential acidity (H+Al), determined by extraction
with a buffered calcium acetate solution at pH 7.0 and
quantified by titration with sodium hydroxide (NaOH)
and phenolphthalein as an indicator; and aluminum (AI®*),
determined by extraction with NaOH in the presence of
bromothymol blue as an indicator. The sum of bases (SB),
potential acidity (H+Al), cation exchange capacity (CEC),
and base saturation (V) were also calculated.

The total nitrogen content (N) was quantified by
sulfuric digestion and dosed by Kjeldahl distillation
(BREMNER, 1996). The carbon stock (Est C) was
determined by the equivalent soil mass procedure
described by Ellert and Bettany (1995), using as reference
the soil mass of a treatment, which is taken as the basis for
calculating the stock in the remaining treatments through
the following expression: Est C (Mg ha* = C content (g kg?) x
Ds x E, where Ds = soil density (g cm®) and E = thickness
(m) of the considered layer.

Table 1 - Results of the soil physicochemical analysis before fertigation in an area cultivated with banana for 18 years

pH C P K Ca Mg Al SB H+ Al CEC \%
H,O gkg! mgdm- cmol_dm-® (%)
4.30 15.00 1.00 0.27 1.60 0.70 1.60 2.57 8.40 10.97 23.43
S Na B Fe Mn Cu Zn
mg dm®
14.20 2.50 0.20 44.00 0.50 2.00 1.00
. . Densities
Silt Clay Finesand Coarse sand Gravel - -
Soil (Ds) Particle (Dp)
gkg* gcm?®
171 518 137 174 0.00 1.10 2.70

SB — Sum of bases; H+Al — Potential acidity; CEC — Cation exchange capacity; V% - Base saturation. Source: Companhia de Desenvolvimento dos
Vales do S&o Francisco e do Parnaiba (2020)

Table 2 - Micronutrients used in the irrigation water and fertigation parameters adopted for banana plants (Prata)

B Kg Cug MnKg ZnKg Dilution Liter Conductivity dS m* Fertigation time Advancement time
1.40 800.00  11.60 2.80 440 0.96 32 min 18 min

B - Boron; Cu — Copper; Mn — Manganese; Zn - Zinc, Source: Companhia de Desenvolvimento dos Vales do S&o Francisco e do Parnaiba (2020)
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Table 3 - Agronomic classification of the soil chemical attributes used to interpret the results for soil fertility evaluation in the present study

Variables Agronomic Classification
oH in H20 Very high acidity High acidity Average Weak Alkaline
<4.50 4.50-50.0 5.10-6.00 6.10-6.90 >7.00
Very low Low Average Good Very good
K* cmolc dm™ <0.50 0.50-1.00 1.00-2.00 - >2.00
P mg dm? <8.00 8.10 - 11.40 11.50 - 15.80 15.90 - 24.00 > 24.00
Ca?* cmolc dm3 0.40 0.41-1.20 1.21-2.40 2.41-4.00 >4.00
Mg?* cmol_dm- 0.15 0.16 - 0.45 0.46 - 0.90 0.91-1.50 >1.50
H+Al cmol_dm? 1.00 1.01-2.50 2.51-5.00 5.01-9.00 >9.00
SB cmol_dm® 0.60 0.61-1.80 1.81-3.60 3.61-6.00 >6.00
CEC cmol_dm* 1.60 1.61-4.30 4.31-8.60 8.61 - 15.00 >15.00
V% 20.00 20.10-40.0 40.1-60.00 - -

Source: Ribeiro, Guimarées and Alvarez (1999)

The statistical analysis was performed by a
exploratory data study using the software MINITAB®,
calculating the measures of location (mean, median,
minimum, and maximum), the measures of variability
(coefficient of variation — CV%), and the measures of
central tendency (asymmetry and kurtosis) for verification
of normality of the chemical attributes evaluated.

The semivariograms were obtained with the software
GS*® (ROBERTSON, 2008), and the data were adjusted to
the following models: (a) spheric, (b) exponential, and (c)
gaussian. Based on these models, the attributes in non-
sampled zones were predicted by kriging and represented
in contour maps using the software SURFER®. The
degree of spatial dependence (GDE) was classified based on
the nugget effect and the threshold (C /C +C,), with a weak
dependence above 75%, moderate between 25% and 75%,
and strong under 25% (CAMBARDELLA et al., 1994). In
the spatial distribution maps of the soil chemical attributes,
the contents were interpreted according to the Agronomic
Classification description performed by Ribeiro, Guimaraes
end Alvares (1999), as seen in table 3.

RESULTS AND DISCUSSION

Descriptive statistics

The mean, variance, coefficient of variation,
minimum value, maximum value, asymmetry, and kurtosis
were estimated to assess the existence of central tendency
and data dispersion. The mean and median values were
similar for the soil chemical attributes, indicating
symmetric data distribution (Table 4).

The zero value indicates symmetric distribution
on both sides of the mean (TRIPATHI et al., 2015).
When the values are positive, the distribution is
asymmetric to the right; if negative, the distribution is
asymmetric to the left (ZANAO JUNIOR et al., 2010).
Both in area-1, with elevations higher than 443 m, and
in area-2, with elevations between 440 and 443 m, 53% of
the values expressed asymmetry to the right and 47%
expressed asymmetry to the left. The P and K attributes
in area-1 at the 0-0.20 m depth and P in area-2 at the
0.20-0.40 m depth showed positive values far from
zero (Table 4).

The kurtosis values should be preferentially
zero. However, values ranging from +2 to -2 are
accepted, although they may indicate that the data are
not normally distributed (OLIVEIRA et al., 2021). In
area-1, at the 0-0.20 m depth, P and K showed kurtosis
above +2, whereas, for 0.20-0.40 m, P, K, Mg, and Al
were higher than +2. For area-2, at the 0-0.20 m depth,
the values of P, Al, H+Al, and V% showed kurtosis
above +2, whereas, at 0.20-0.40 m, the pH, OM, N,
P, Mg, Al, COT, and Est C values resulted in kurtosis
above +2 (Table 4).

At 0-0.20 m in area-1, the pH, OM, Ca, SB, CEC,
V%, COT, and Est C showed coefficients of variation
(CV%) under 30%. For area-2, only the pH, SB, CEC, and
V% resulted in a CV% under 30%. At 0.20-0.40 m, the
values of pH, Ca, SB, CEC, and V% (areas 1 and 2)
showed CV% values under 30% (Table 4). The lowest
CV% was observed for the pH, showing that this
variable is the most homogeneous in the soil. The
homogeneity of pH is related to the subtle slope of
the area and the parent material from which the soil is
formed (ABDELRAHMAN et al., 2021).
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Table 4 - Descriptive statistics of the soil chemical attributes (area-1 and area-2) at the 0-0.20 m and 0.20-0.40 m depths

Variables Area Mean Med. Standard deviation Min. Max. AsS. Kur. cVv
Depth 0-0.20 m
. 1 6.29 6.22 0.514 5.46 7.35 0.52 0.04 8.17
pHinH,0
2 6.22 6.19 0.81 4.49 8.04 0.16 0.39 13.11
OMO% 1 157 1.56 0.321 0.96 2.047 -0.21 -0.98 20.38
° 2 1.13  1.12 0.37 0.32 1.94 0.33 1.06 33.07
N q kgt 1 0.07 0.07 0.01 0.04 0.10 -0.21 -0.98 20.38
9% 2 0.05 0.05 0.01 0.01 0.09 0.33 1.06 33.07
P ma dm 1 28.86 16.99 41.12 1.55 191.37 3.57 14.16 142.46
g 2 24.19 18.00 24.52 3.48 97.56 2.10 4.38 101.35
1 0.15 0.13 0.06 0.07 0.38 2.18 6.08 44.33
K cmol dm
¢ 2 0.16 0.15 0.09 0.04 0.40 1.30 1.49 58.46
1 8.49 8.10 1.70 5.80 11.60 0.16 -0.94 20.09
Cacmol_dm?
¢ 2 6.78 7.05 2.12 1.4 10.70 -0.67 1.40 30.87
1 151 1.40 0.49 0.60 2.40 -0.03 -0.56 32.85
Mg cmol_dm?®
¢ 2 1.32 1.20 0.62 0.50 3.00 0.99 1.27 46.93
1 0.15 0.20 0.13 0.00 0.30 -0.15 -1.83 86.50
Al cmol dm?
¢ 2 0.23 0.01 0.77 0.00 3.50 4.35 19.20 337.56
1 409 4.15 1.40 1.8 6.90 0.17 -0.64 34.34
H+Al cmol _dm?
¢ 2 3.33 255 2.32 1.00 10.70 1.88 4.42 69.67
1 10.16 10.19 1.66 7.49 13.82 0.40 -0.42 16.42
SB cmol_dm?®
¢ 2 8.35 842 2.38 211 11.76 -0.81 1.06 28.54
1 14.26 14.30 2.30 10.50 17.40 -0.25 -1.42 16.15
CEC cmol_dm?®
¢ 2 11.69 12.05 1.98 7.10 14.80 -0.61 0.17 17.01
Vol 1 7171 71.76 7.55 57.23 82.79 -0.26 -0.50 10.53
° 2 7199 75.04 1.98 17.50 92.03 -1.80 431 24.31
1 9.17 911 1.87 5.59 11.90 -0.21 -0.98 20.38
COT g kgt
2 6.61 6.52 2.18 1.88 11.29 0.33 1.06 33.07
1 31.37 30.52 6.53 19.37 41.18 -0.17 -1.11 20.82
Est C Mg hat
2 24.02 23.18 7.54 6.97 39.54 0.24 1.13 31.40
Depth 0.20-0.40 m
] 1 6.46 6.53 0.58 5.02 7.81 -0.22 1.54 9.08
pHinH,0
2 6.37 6.36 0.53 5.49 7.91 1.08 2.54 8.35
1 0.82 0.86 0.53 -0.28 151 -0.62 -0.37 64.80
OM%
2 0.59 0.69 0.56 -0.96 1.21 -1.53 2.13 95.06
N g kg 1 0.04 0.04 0.02 -0.01 0.07 -0.62 -0.37 64.80
9xd 2 0.02 0.03 0.02 -0.04 0.06 -1.53 2.13 95.06
1 184 2.75 45.00 0.54 185.00 3.27 10.85 244.84
P mg dm?®
2 2190 4.22 46.90 -1.85 190.30 3.01 9.32 213.77
1 0.10 0.09 0.03 0.06 0.20 1.49 2.42 33.87
K cmol_dm-*
2 0.08 0.08 0.03 0.04 0.16 111 1.25 36.71
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Continuation Table 4

Cacmol dm? 1 786  7.55 1.42 5.90 11.30 0.66 0.02 18.09

¢ 2 725 7.30 1.70 4.60 10.70 0.26 -0.55 23.54

Ma cmol dm- 1 132 125 0.88 -0.50 3.90 0.84 3.21 67.25

g ¢ 2 091 1.20 1.21 -3.80 2.10 -3.29 1292 133.49

Al emol dm® 1 0.06 0.01 0.10 0.00 0.40 2.25 561 15321

¢ 2 0.03 0.01 0.05 0.00 0.20 1.87 3.15  158.89

H+Alemol dm® 1 347 255 2.00 0.80 8.40 0.85 0.20 57.68

¢ 2 254 255 0.79 1.70 4.30 0.92 0.39 31.32

SB cmol dm? 1 9.28 8.94 1.73 6.77 12.97 0.40 -0.68 18.64

¢ 2 825 835 1.81 5.63 11.38 0.20 -0.84 22.01

CEC cmol dm? 1 12.76 11.95 2.87 7.60 17.50 0.13 -0.94 22.52

¢ 2 10.80 10.50 1.90 8.60 15.70 1.15 1.26 17.62

vy 1 7411 75.98 10.55 -0.16 91.74 -0.30 -0.23 14.24
0

2 76.03 78.67 7.65 56.75 85.70 -0.88 0.30 10.07

COT 4 ka 1 476  5.01 3.09 -1.65 8.83 -0.62 -0.37 64.80

9rd 2 343 401 3.26 -5.63 7.08 -1.53 2.13 95.06

Est C Mg hat 1 16.15 17.31 10.58 -5.18 30.42 -0.52 -0.53 65.50

g 2 12,53 14.82 11.88 -20.49 25.35 -1.55 2.15 94.81

1-area-1; 2 —area-2; Med. — median; Min. —minimum values; Max. — maximum values; Ass. —asymmetry; Kur. — kurtosis; CV — coefficient of variation

The contents of Al and P showed the highest CV%
values, showing that these were the most homogeneous
variables (Table 4). This could be related to the lower
uniformity of P distribution in the area since tropical soils
may have low P availability as P binds to clay minerals and
forms little-soluble compounds (BOLFARINI et al., 2020).
The possible uneven limestone application may have
contributed to a lower uniformity in the ions that neutralize
Al, thus increasing the CV%. High CV% values for Al are
usually observed in geostatistical studies such as the one
conducted by Oliveira et al. (2020), in which the authors
evaluated two soil depths (0-0.10 and 0.10-0.20 m) and
detected a high CV% at 0.10-0.20 m.

In the remaining soil chemical attributes, the
CV% expressed high variability (Table 4). This feature
is reported by Matias et al. (2015), who attributed the
high variability of chemical attributes to the interactions
between soil formation processes and management
practices, e.g., correctives and fertilizers. Sanches et al.
(2020) reported that high CV% values are associated
with low fertility zones, especially influenced by the
water dynamics in convex areas, which reduces the soil
capacity to maintain nutrients.

The Est C values showed a higher CV% for area-2
at 0.20-0.40 m, similar to COT (Table 4). Oliveira et al.
(2021) attributed the variability in COT distribution in an area
cultivated with fertigated banana especially to the dynamics

between the deposition, decomposition, and accumulation of
labile crop material.

Geoestatistics

The results of the joint geostatistical analysis with data
from both areas showed that all chemical attributes considering
the total area had spatial dependence (Table 5). At the soil
depth of 0-0.20 m, the contents of OM, N, P, K, and Mg and
the values of H+Al, SB, and V showed better adjustment to
the gaussian model. The contents of Ca and Al and the values
of CEC and Est C fit the spherical model, whereas the pH and
COT fit the exponential model. For the 0.20-0.40 m depth,
most variables (pH, P, K, Mg, Al, H+Al, COT, and Est C)
fit the gaussian model, whereas the remaining variables (Ca,
SB, CEC, and V%) showed better adjustment to the spherical
model. Bernardi et al. (2016) showed that the gaussian and
spherical models best described the behavior of the soil
chemical attributes. Macedo Neto et al. (2020) stressed
that the exponential and gaussian models showed the highest
frequencies for soil fertility variables since these models were
related to cause (fertilization) and effect (fertility) results in
addition to spatial dependence.

The degree of spatial dependence for the 0-0.20
m depth was described according to Cambardella et al.
(1994) as strong (< 25%) for pH, P, K, Ca, Mg, H+Al, SB,
CEC, V%, COT, and Est C, and moderate (25% to 75%)
for OM, N, and Al. At 0.20-0.40 m, all variables obtained
a strong degree of dependence under 25% (Table 5).
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Table 5 - Estimated models and semivariogram parameters adjusted for soil chemical attributes (total area) at the 0-0.20 m and 0.20-0.40 m

Fertility variability in a Latosol cultivated with fertigated banana

depths
. . CRVC
Attributes Model C, C,+C, GDE Distance (m) R? - "
0-0.20 m depth
pHinH,0 Exponential 0.031 0.38 8.16 48.9 096 0.99 0.09
OM% Gaussian 0.098 0.197 49.75 111.89 061 0.62 0.51
N g kg? Gaussian ~ 0.000244  0.00049 49.90 72.57 0.74  0.63 0.02
P mg dm® Gaussian 1 605 0.17 12.74 0.86 1 1.48
K cmol_dm= Gaussian 0.00001 0.1582 0.01 15.25 069 0.58 0.07
Ca cmol_dm*® Spherical 0.001 3.057 0.03 19.54 0.88  0.62 2.9
Mg cmol_dm-* Gaussian 0.001 0.329 0.30 22.59 096 0.76 0.34
Al cmol_dm? Spherical 0.00488 0.01476 33.06 26.97 089 0.65 0.03
H+Al cmol_dm= Gaussian 0.001 2.194 0.05 23.56 0.92 1 -0.14
SB cmol_dm- Gaussian 0.003 2.975 0.10 14.37 099 0.82 1.57
CEC cmol_dm?* Spherical 0.01 5.359 0.19 26.19 096 094 0.62
V% Gaussian 0.1 72.08 0.14 215 0.77 1 0.14
COT g kg* Exponential 0.01 4.706 0.21 11.31 0.94 1 -0.96
Est C Mg ha* Spherical 0.7 47.42 1.48 6.75 0.81 1 -1.19
0.2-0.40 m depth

pHinH,0 Gaussian 0.0001 0.1982 0.05 13 096 -172 17.65
OM% Spherical 0.0001 0.3152 0.03 16.59 0.73  0.62 0.24
N g kg* Spherical ~ 0.000001  0.00074 0.13 16.1 0.27  0.65 0.01
P mg dm Gaussian 1 892.9 0.11 20.75 0.86  0.43 9.97
K cmol_ dm?* Gaussian ~ 0.000001  0.00069 0.14 10.53 0.72  0.66 0.03
Cacmol_dm? Spherical 0.045 2.099 2.14 12.56 0.49 1 -0.82
Mg cmol_dm? Gaussian 0.001 1.193 0.08 15.58 063 0.72 0.33
Al cmol_dm?3 Gaussian 0.00001  0.00805 0.12 19.83 0.89 -0.85 0.09
H+Al cmol_dm?* Gaussian 0.001 1.332 0.08 23.43 098 114  -0.35
SB cmol_dm® Spherical 0.001 2.551 0.04 4.12 0 0.87 1.06
CEC cmol_dm? Spherical 0.24 6.832 3.51 23.63 079 0.85 1.69
V% Spherical 0.1 68.83 0.15 29.56 082 0.96 2.16
COT g kg* Gaussian 0.01 9.77 0.10 12.22 072 084 0.48
Est C Mg hat Gaussian 0.1 118.4 0.08 12.32 0.7 0.88 0.96

C,— Nugget effect; C +C, - Threshold; GDE - Degree of spatial dependence [GDE% = (C/C+C,) x 100]; R2 — Coefficient of Determination of the
Model; CRVC - Regression coefficient of the cross-validation; b — Angular coefficient; a — Interceptor

The strong spatial dependence implies that the
model was sufficient to detect the variability of the location,
indicating that the soil attributes are not randomly distributed
in the space and that these attributes can be influenced
by intrinsic soil factors such as the parent material,
mineralogy, relief, organisms, and time (OLIVEIRA et al.,
2021; VOGADO et al., 2020). Therefore, the higher the
correlation, the greater the spatial dependence between

attributes, with different values described by Cambardella
et al. (1994) between OM (moderate = 25% to 75%)
and COT (strong < 25%) (Table 5), possibly due to the
difference of the methods analyzed.

With regard to the range, the attributes evaluated
showed differences at the two depths, with a wider
overall range at the 0-0.20 m depth, except for P, V%,
COT, and Est C. The highest range value was obtained
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by OM, with 111.89 m, whereas the lowest was obtained
by Est C, with 6.75 m (Table 5). The range informs about
the maximum distance at which a sampling point is
affected by another point in any variable, i.e., the greater
the range, the more homogeneous is the distribution of
the variable in the study area (VOGADO et al., 2020).

At 0-0.20 m, the pH, Mg, H+AI, SB, CEC, and
COT showed the highest coefficients of determination
(R?), above 0.90%. For the subsurface (0.20-0.40 m), the
highest R? values were obtained by the pH (0.96%) and
H+Al (0.98%) (Table 5). The R? exposes as percentages
how much of the variation in the estimated semivariance
values is explained by the models, thus showing that the
semivariogram meets the spatial interpolation conditions
(OLIVEIRA et al., 2021).

The cross-validation regression coefficient (CVRC)
is used to evaluate alternative models of single and cross
semivariograms based on kriging and cokriging. Each
point in the spatial domain can be individually removed
and its value estimated even without existing. Therefore, a
map for estimated and observed values can be constructed
for each point (OLIVEIRA et al., 2020).

For the CVRC, the angular coefficient values
should be close to one (b). In the present study, the values
of P, H+Al, V%, COT, and Est C for the 0-0.20 m depth
reached 1, whereas the remainder ranged from 0.58 (K)
t0 0.99 (pH) (Table 5). At 0.20-0.40 m, the CVRC for the
K contents reached 1, whereas the remaining variables
ranged from 1.14 (H+Al) to — 1.72 (pH). The CVRC of
the intercept should be close to zero (a). At 0-0.20 m,
the values were best represented by the N, Al, pH, and
COT variables, whereas the most uneven values were
observed for the Ca contents (2.9) and the Est C (- 1.19).
At 0.20-0.40 m, the variables of OM, N, K, Ca, Mg, Al,
H+Al, COT, and Est C were close to zero, whereas the
values of pH (17.65), P (9.97), SB (1.06), CEC (1.69), and
V% (2.16) were the most divergent.

Based on the results of the semivariograms, the
spatial distribution maps of soil chemical attributes
at 0-0.20 m and 0.20-0.40 m were constructed by
considering the total area and its subdivision into areas
with higher and lower elevations (Figure 2).

The pH of area-2 (lower elevation) at 0-0.20 m
showed the best values and distribution, ranging from 5.9
to 7.0 (Figure 2). The pH was uniform at 0.20-0.40, ranging
from 6.2 to 6.7 and being fit for banana cultivation, as
seen in Table 3. Souza et al. (2021) studied fertigated
banana and obtained pH values of 6.3 and 6.1 for the 0-0.20
and 0.20-0.40 m depths, respectively.

The pH increase decreased the Al* concentrations,
allowing lower valence cations (K*, Ca?*, Mg*) to

dominate the exchange complex, thus improving the
mineral nutrition of banana plants due to their high
demand for cation nutrients (ALVES et al., 2019). Since
the studied soil is sandy (Table 1), part of the limestone
applied on the surface might have been reallocated to the
subsurface, allowing greater pH uniformity in all areas
and at all depths studied (Figure 2).

The soil organic matter content (OM) in the total
area was higher at the lowest topography (area-2), with
values ranging from 1.35% to 1.85% at 0-0.20 m (Figure 2).
The lowest OM contents in area-1 are partly due to the
OM movement toward area-2 caused by rainwater and
the deposition of labile crop material on the surface
(BRITO et al., 2017). For the 0.20-0.40 m depth, the
OM contents decreased to values between 0.2% and 0.8%
(Figure 2). In this scenario, studies have shown that
OM tends to accumulate where there is a greater
deposition of crop residues or at the lowest part of the
terrain, influenced by the microrelief (ARTUR et al.,
2014; OLIVEIRA et al., 2013, 2021).

The highest nitrogen concentrations (N) at the
0-0.20 m depth occurred in area-2 (lower elevation),
ranging from 0.062 to 0.074 g kg®. In area-1 (higher
elevation), the N contents ranged from 0.05 to 0.062 g kg™
(Figure 2). The highest N content for the 0.20-0.40 m depth
occurred in area-1, with values ranging from 0.035
to 0.065 g kg*. The superiority of N at the surface of
the lower area and at the subsurface of the higher area
highlights that soil N availability is intimately related
to OM cycling, as observed in the maps, which show
that the locations with higher N concentrations are the
same as for OM (Figure 2).

At 0-0.20 m in the higher area (area-1), the phosphorus
levels (P) ranged from very low to good (Table 3). In a
considerable part of area-1, the P values were above very
good, ranging from 25 to 50 mg dm- (Figure 2). Despite
fertilization with P according to the crop requirements, the
map is categoric with regard to the low soil P mobility,
especailly when observing the 0.20-0.40 m depth, where P
is limited to a maximum of 45 mg dm= regardless of the
area (Figure 2).

The nutritional status of banana plants is
affected by phosphorus fertilization since the foliar
levels of phosphorus, calcium, sulfur, copper, and
zinc are changed according to the P levels applied
due to the interaction between soil nutrients and plant
metabolism (BOLFARINI et al., 2020). For Borges and
Souza (2010), soils with less than 30 mg dm- require
phosphorus fertilization, suggesting that the studied
areas require P replacement considering the means
shown in Table 4 and the P distribution observed in the
map (Figure 2).
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Figure 2 — Spatial variability maps of the chemical attributes of a Latosol at depths A (0-0.20 m) and B (0.20-0.40 m) in a total area
with fertigated banana and its subdivisions into area-1 (higher elevation) and area-2 (lower elevation)

A (0-0.20 m) B (0.20-0.40 m)

Area-1 pH
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pH - potential of hydrogen; OM - organic matter; N — nitrogen; P — phosphorus; K — potassium; Ca - calcium; Mg — magnesium; Al — aluminum;
H+AI - potential acidity; SB — sum of bases; CEC — cation exchange capacity; V — base saturation; COT - total organic carbon; Est C — carbon stock

The results indicate low potassium contents (K)
in the soil at the 0-0.20 m depth (total area), ranging
from 0.13 to 0.22 cmol_dm= (Figure 2) and being
classified as very low (Table 3). For the 0.20-0.40 m depth
inarea-1 (higher elevation), the predominant values ranged
from 0.095 to 0.125 cmol_ dm. For area-2 (lower elevation),
the values ranged from 0.065 to 0.095 cmol_dm?.

Despite the biweekly broadcast fertilization in the
area with 55 g of potassium chloride and the fact that
part of the K was recycled with the return of two-thirds
of the plant biomass (BORGES et al., 2015), this was
not enough to avoid the low K values observed in the soil,
resulting in low yield and quality since the available K was
not sufficient to balance the crop cycle (XAVIER et al., 2020).
At lower depths, the low K values may also be due to

K extraction by harvest or leaching due to broadcast
fertilization and its mobility in the sandy soil, as
proposed by Oliveira et al. (2021) in the same area.

Calcium (Ca) showed very good contents, as
expressed in Table 3. For the 0-0.20 m depth, both in
area-1 (higher elevation) and in area-2 (lower elevation),
the values surpassed 5.5 cmol_ dm?. At the 0.20-0.40 m
depth in area-1 (higher elevation), the contents of this
nutrient ranged from 6.0 to 7.5 cmol_ dm?, whereas, in
area-2 (lower elevation), the Ca contents were higher
than 7.5 cmol_ dm (Figure 2). Ca contributes to fruit
quality by increasing cell wall thickness (SHAN et al.,
2020). When deficient in Ca, banana quality is lower and
can easily result in peel rupture when at fruit maturity
(ZHANG et al., 2020). The adequate Ca contents
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observed in this study can be achieved by applying 2 Mg
of dolomitic limestone with about 30% of calcium
oxide in its composition.

The contents of magnesium (Mg) at the 0-0.20
m depth were considered good to very good (Table 3),
concentrating between 1.1 and 1.7 cmol_dm? in area-2
(Figure 2). On the other hand, in area-1, with a higher
relief, the results showed more variability, ranging
from 0.5 to 1.7 cmol_dm?, and considered average to
very good (Table 3). For the 0.20-0.40 m depth, the values
showed high variability and ranged from very low to very
high (Table 3). The adequate Mg availability for banana
shoots is responsible for increasing the content of total soluble
solids, avoiding blueish spots known as the blue disease, and
increasing banana yield and quality (ZHANG et al., 2020).

The relationship between K, Ca, and Mg in
the soil can be applied to this study, consisting of the
antagonism of K in relation to other cations. If Ca or Mg
are disproportionally present and dominate the exchange
complex over K, soil K availability to plants will be
reduced (LAEKEMARIAM; KIBRET; SHIFERAW, 2018).
In the study developed by Han et al. (2019), in which
the authors observed K uptake by plants and soil K, the
researchers noticed that the mean soil K decreases as
limestone addition increases and that K uptake by plants
increased significantly with limestone application.

With regard to aluminum (Al), Ribeiro,
Guimardes end Alvarez (1999) reported that the
maximum saturation value tolerated by banana is 10%.
For the 0-0.20 m depth in areas 1 and 2, aluminum
saturation was 1.48% and 2.75%, respectively. On
the other hand, for the 0.20-0.40 m depth in areas 1
and 2, aluminum saturation was 0.65% and 0.36%,
respectively. Therefore, the values obtained in the
present study kept at levels appropriate to crop development.
At the 0-0.20 m depth, regardless of the area, the values
ranged from 0.0 to 0.24 cmol_dm . On the other hand, for
the 0.20-0.40 m depth in the total area, the values ranged
from 0 to 0.18 cmol_dm= (Figure 2). When observing
the maps, the distributions of the pH, Al, and H+Al are
perceptibly antagonistic as the highest concentrations of Al
and H+Al represented areas with lower pH.

The potential acidity values (H+Al) in area-1
(higher elevation) at the 0-0.20 m depth ranged from 3.6
to 5.0 cmol_ dm. This variable decreased in area-2
(lower elevation), ranging from 2.2 to 3.6 cmol_dm®.
For the 0.20-0.40 m depth in the total area, the values
of H+Al ranged from 2.0 to 3.2 cmol_dm* (Figure 2).
The higher H+AI concentration in area-1 could be
related to the higher OM content of area-1.

For Leite etal. (2013), in addition to biological activity,
higher H+Al values can be attributed to soil charges, with the

release of intermediate compounds that, when reaching the
colloidal state, can disassociate and release hydrogen. Values
classified as average (2.51 — 5.00 cmol_dm®) (Table 3)
indicate that the cultivated area does not present toxicity, thus
not harming root development (OLIVEIRA et al., 2021).

The sum of bases (SB) in area-1 (higher elevation)
at the 0-0.20 m and 0.20-0.40 m depths showed values
from 6.8 to 9.1 cmol_dm=® and 7.1 to 8.7 cmol_dm?,
respectively (Figure 2). In area-2 (lower elevation), the
surface levels (9.1 to 11.4 cmol_dm) were also higher
than those of the subsurface (8.7 to 10.3 cmol_dm?).
These values fit the very good class (Table 3), remaining
above 6.0 cmol_dm. The high SB value is mainly due to
Ca and Mg, whose values were interpreted as good and
very good, unlike K, which showed very low results.

The cation exchange capacity (CEC) showed
higher values at the 0-0.20 m depth (Figure 2), classified
as good to very good (Table 3). The values were higher in
area-1 (higher elevation) (12.2 to 17.4 cmol _dm®), whereas
area-2 (lower elevation) showed greater heterogeneity,
ranging from 9.6 to 17.4 cmol_dm*. For the 0.20-0.40 m
depth, regardless of the area, there was a predominance of
values ranging from 10 to 12.5 cmol_ dm?. Since part of
the CEC is occupied by potential acidity, it can be inferred
that the effect of acidity is more evident in areas with
lower nutrient availability, possibly influencing the crop
yield (SANTOS et al., 2017).

The base saturation values (V%) remained
above 60% at both depths, indicating that the total area
shows good fertility (V% > 50%) (Table 3). For area-1
(higher elevation) at the 0-0.20 m depth, the values were
mostly in the range from 62 to 72%. On the other hand, the
values were higher for area-2 (lower elevation), ranging
from 72 to 82% (Figure 2). There was greater variability
at the 0.20-0.40 m depth, with values ranging from 62
to 85% and from 65 to 83% in areas 1 and 2, respectively.

The total organic carbon values (COT) decreased
from the surface to the subsurface. The lowest values of this
attribute were observed in area-2 (lower elevation) at
the 0.20-0.40 m depth (0.5t0 3.5 g kg*). On the other hand,
the highest values were observed in area-2 (lower elevation)
at the 0-0.20 m depth (5.5 t0 9.5 g kg?) (Figure 2).

The reduction in COT values is also evidenced
when comparing the values prior to the implementation
of the experiment, decreasing from 15 g kg* (Table 2)
to 9.17 g kg (Table 4), i.e.,, a 39% loss that was not
reestablished even after 18 consecutive months of banana
cultivation, possibly because, as a labile material, COT can
be easily decomposed and removed during the rainy period
and deposited at a lower elevation. Almeida et al. (2019),
observed similar results for COT in banana cultivation at
different relief positions, with higher COT contents in the
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middle third region (0-0.15 m depth), which was attributed
to replacement and removal by water erosion.

Soil organic matter is the most sensitive parameter
for evaluating a management system and intimately relates
to the CEC (SOLLY et al., 2020). In weathered soils such
as Latosols, which have oxidic mineralogy resulting
in low-activity clays, OM is the main responsible for
maintaining the CEC at the surface and subsurface layers
(RAMOS et al., 2018). Dias et al. (2019) detected a high
correlation between the CEC and OM variables such as
COT, particulate C, and labile C.

Area-2 (lower elevation) showed the largest carbon
stocks (Est C) at the 0-0.20 m depth, maintaining values in
the range from 29 to 34 Mg ha. The lowest values were
established at the 0.20-0.40 m depth, with 4 to 16 Mg ha!
in area-2 (lower elevation) (Figure 2). In general, the Est
C values are higher at the surface than at the subsurface,
possibly due to the constant decomposition of banana
residues, with values conditioned to the increase or not of
soil density (ROSADO et al., 2012). Soils cultivated with
fertigated banana favor the development of the microbiota
responsible for decomposing residues. Therefore, the
greater the input of labile dry matter from banana plants,
the faster the decomposition process (BRITO et al., 2017),
with the release of nutrients and carbon fixation in the soil.

CONCLUSIONS

1. The difference in elevation influences the soil organic
matter, total organic carbon, total nitrogen, and the
carbon stock;

2. The diagnosis of soil fertility showed that potassium
was the most deficient nutrient. Adequate calcium and
magnesium values are related to limestone application;

3. All variables showed spatial variability with degrees of
dependence ranging from strong to moderate;

4. The variability maps clearly show the distribution and
concentration of soil nutrients, allowing interventions in
fertilization interventions and the application of inputs at
varied rates aiming at their homogeneous supply to plants.
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