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Abstract: The use of geostatistical techniques has allowed the monitoring of macrofauna spatial variability in crops of economic
interest, enabling the creation of maps and more adequate management strategies. The aim of this study is to analyze the spatial
dependence of the macrofauna and correlate it to the soybean crop yield along an agricultural year regarding a Hapludox loamy
soil with an even slope of 0.025 m m™. The determination of the sampling points of the macrofauna as well as the soybean yield
was carried out through a geostatistical mesh. During the soybean growth, we carried out four applications of insecticides for pest
control. In the end of the cycle, the soybean grain yield was determined in an area of 3.24 m? located around the sampling point.
Macrofauna collecting was carried out by using a solution of acetylsalicylic acid diluted in water inside a plastic container. The
analysis of the spatial dependence was performed by calculating its semivariogram, based on the stationarity assumptions of the
intrinsic hypothesis. Organisms in the taxonomic group Hymenoptera (groups of insects that comprise wasps, bees and ants) were
the most frequent at the experimental area. Only soy grain yield and the Coleoptera class presented spatial dependence (when the
associated variable resembles more the value of the samples in the vicinity than the rest of the locations of the sample set).
Coleoptera showed higher spatial concentration in regions of highest soybean yields.

Keywords: Grains yield, insects, pests, spatial variability, statistical techniques.

Abbreviations: PG_productivity of soybean grains, Anne_annelid, Ortho_orthoptera, Hyme_hymenoptera, Blatto_blattodea,
Gastro_gastropoda, Lepi_lepidoptera, Coleo_coleoptera, Hemi_hemiptera, Dip_Diptera, FD_frequency distribution, Min_
minimum; Max_Maximum, SD_standard deviation, V%_variation, Kurt_kurtosis; Skew_skewness, gaus_Gaussian, pne_pure nugget
effect, SSR_sum of squared residual, SDE_spatial dependence evaluator, MD_Medium dependence, VHD_very high dependence.

Introduction

The cultivation of soybeans is an ever-growing activity in harm to the soil and plants (Baretta, 2007). According to
Brazilian agribusiness both regarding production volume and Silva et al. (2006), these organisms are one of the soil
farmed area, having reached the status of one of the most ecosystem protagonists for occupying several trophic levels
important national commodities (Riffel et al., 2012) due to within the food chain and affecting primary production both
its high demand in both domestic and foreign market directly and indirectly. Considering the current expansion of
(Espindola and Cunha, 2015). In the scope of such a large cultivated areas along with technological shifts, precision
market of soybean demand and supply, Brazil had 33.23 agriculture increases its relevance and consequently soil and
million hectares of cultivated area in harvest year production factors are no longer treated as homogeneous;
2015/2016, reaching a production of approximately 102 in addition, their spatial variability has been regarded
million tons, with an average yield of 3,073 kg per hectare relevant (Mestas et al., 2010). The goal of precision
(Conab, 2016). However high these figures seem, soybean agricultures are both the exploration and monitoring of the
yield in the country is still limited by abiotic and biotic productive characteristics in search of the best management
factors, which are in permanent systemic linkage (Riffel et strategy to rationalize the use of inputs (Resende et al,
al., 2012). Soil macrofauna — which includes mites, termites, 2014), which can increase crop yield potential (Park et al.,
springtails, earthworms and organisms alike — features 2011). Several techniques have been used to determine
organisms which have over 10 mm in length or over 2 mm in spatial variations of the soil macrofauna, including
body diameter, being able to generate direct benefit or geostatistics as one of the most frequently used. This
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method predicates that the difference in the value of a given
variable (Blackshaw and Vernon, 2006) depends on the
distance between at least two points and its use is
associated with techniques adopted to analyze and infer
values of a variable distributed in space or time (Farias et al.,
2008). According to Dal Pra et al. (2011), when insect-pests
reach population levels which cause economic damage to
the crop, an important aspect to be considered for the
application of control measures is the determination of the
organisms’ spatial distribution; therefore, deciding on the
technique and sampling mesh is a fundamental factor
towards interfering on the efficiency of the aforementioned
control method. Geostatistical analysis has been widely used
for pest control in agriculture; Farias et al. (2004) used
geostatistics to determine the spatial distribution of
leafhoppers, Xylella fastidiosa vector in citrus. Castrignano et
al. (2012) studied the temporal and spatial population
dynamics as well as the delimitation of an entire area of
Oleae bactrocera using geostatistics. Lasmar et al. (2012)
also employed the same method to determine the spatial
distribution and rate of leaf-cutter ants’ infestation
(Hymenoptera: Formicidae) in eucalyptus plantation. Finally,
Duarte et al. (2015) studied the spatial distribution of
Grapholita molesta (Busck) (Lepidoptera: Tortricidae) on
peach fields. All these authors were able to model the
semivariogram for the preparation of kriging maps by
showing the areas with higher macrofauna infestation.
Therefore, the use of geostatistical techniques enables the
monitoring of the spatial variability of the macrofauna in
crops of economic interest, allowing the creation of maps
and more adequate management strategies to determine
the potential of the cultures to be hosts of pest-insects,
generating important information to be wused in an
integrated pest management program (Park et al.,, 2011).
However, the literature still lacks studies on a spatial
distribution of macroorganisms in soy crop.
In this context, our aim is to analyze the spatial dependence
of the macrofauna and correlate it to the yield of soybean
crop by using geostatistical techniques.

Results and discussions
The productivity of soybeans

The analysis of the values of soybean grains productivity
(PG) revealed high variability with a coefficient of variation
(CV) of 39% (Table 1). This variation of soybean productivity
is related to the incidence of macrofauna found in the area
of study, influenced by the level of infestation of orthoptera,
hemiptera and gastropods (Sosa-Gomez et al., 2014),
hymenopteras (Moreira e Aragdo, 2009), lepidoptera and
coleoptera (Hoffmann-Campo et al., 2012), at the
phenological stage of the crop (Hoffmann-Campo et al.,
2000).

In addition, the macrofauna was collected at its reproductive
phase, a period with the occurrence of nutrient
displacement of the leaves for the formation of pods and
grains, consequently generating greater effect in the
production in comparison with other stages of plant
development (Degrande and Vivian, 2007).

The coefficient of variation (CV) is used as a parameter to
validate the mean values found considering that values
higher than 20% are not very significant and above 30% the
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values reflect a very heterogeneous data series, nullifying
the reliability of the average (Pimentel-Gomes and Garcia,
2002). The CV results indicate that the use of mean values is
not an adequate characterization of the variability of
soybean and macrofauna productivity as its high variability is
statistically likely to result in productivity overestimation or
underestimation. Thus, in this case, the mean value should
be used to represent the respective data.

The insect classes assessed
Hymenoptera

We observed a higher occurrence of this taxonomic group at
the experimental area regarding Hymenoptera organisms,
including wasps, bees and ants encompassing 33% of the
total organisms found (Table 1). The high density of ants in
the cultivated systems is not necessarily a negative
indication. It is quite the opposite as it denotes a more
complex and favorable community environment for its high-
quality food. This wide occurrence associated with the
variety of feeding habits provides these organisms with the
potential to act as efficient pollinators, seed dispersers,
detritivores and predators with active participation in the
dynamic balance of agroecosystems (Lobry de Bruyn, 1999;
Silva, et al, 2006).

Rodrigues, (2009) worked with sugarcane crop in an area
of Nitossolo Vermelho Eutroférrico, according to Embrapa
(2013) (according to the Soil Taxonomy — USA is a Ultisols)
and obtained the largest amount of individuals of the order
Hymenoptera; in this case, the group was influenced by
straw and soil moisture conditions. According to Rovedder et
al. (2008), the order Hymenoptera is one of the most
important groups in tropical and subtropical soil due to the
abundance of organisms, depending on soil aspects,
including pedologic and ecological balance.

Dermaptera and Lepidoptera

Probably due to four applications of pesticides in the area,
the dermaptera and lepidoptera classes occurred less
frequently, (Table 1). In a study on the control of caterpillars
in soybean cultivation with localized application, Aita et al.
(2015) verified an efficient control level; at the sites which
received the spraying, a progressive decrease in the number
of caterpillars occurred in relation to the sites without the
application of insecticide. The same authors pointed out that
insecticide applications can be carried out in places where
the population surpasses the control level leading to a
reduction in the absolute application of insecticides in
relation to the control area.

Anelida, Orthoptera, Blattodea, Gastropoda, Coleoptera,
Hemiptera and Araneae

According to Batista et al. (2014), the macrofauna present in
the soil is an attribute sensitive to the impact of the different
production systems. These individuals belonging to the
studied orders develop diverse functions as predators of
soybean pests, decomposers and mutualism with the local
microfauna in addition to participating in soil aspects,
influencing the soil aggregation process and consequently
altering soil porosity.



Table 1. Initial descriptive analysis of productivity and macrofauna in soybean crop at an experimental area.

Descriptive statistics

Classes of Insects Average Median Value SD Coefficients Probability of the
test
Min Max V% kurt skew Pr<w FD
Productivity of soybean grains
.............................. kg ha ™ e,

1214.8 1250.0 169.8 2361.1 473.7 39.0 -0.281 -0.160 0.268 NO

Macrofauna
Annelids 11 1.0 0.0 10.0 1.384 130.5 - - - IN
Orthoptera 1.0 1.0 0.0 6.0 1.184 122.1 - - - IN
Hymenoptera 2.4 0.0 0.0 59.0 6.674 274.6 - - - IN
Blattodea 0.4 0.0 0.0 2.0 0.689 191.5 - - - IN
Dermaptera 0.1 0.0 0.0 1.0 0.314 285.8 - - - IN
Gastropods 0.4 0.0 0.0 7.0 1.112 258.7 - - - IN
Lepidoptera 0.1 0.0 0.0 1.0 0.219 438.1 - - - IN
Coleoptera 1.2 1.0 0.0 7.0 1.250 108.7 - - - IN
Hemiptera 0.6 0.0 0.0 4.0 1.007 176.7 - - - IN

(a)

FD = frequency distribution, being NO and IN respectively of the normal and indeterminate type; Min = minimum; Max = Maximum; SD = standard deviation; V% = variation; kurt =
kurtosis; Skew = skewness.

Table 2. Parameters of simple semivariograms adjusted for productivity and macrofauna in soybean crop at the experimental area.

Parameters
Classes of Model ™ Nugget effect  Still Range r SSR™ SDE™
N (Co) (Co+C) (Ao) (m) % Class
v(h) simple attributes of the plant
PG
esf (233) 9.890x10’ 2.330x10? 28.3 0.829 1.240x10° 57.6 MD
y(h) simple attributes biological

Annelids pne 1.370 1.370 - - - - -
Orthoptera pne 1.346 1.346 - - - - -
Hymenoptera pne 4.,512x10" 4.,512x10" - - - - -
Blattodea pne 1.338x10’ 1.338x10’ - - - - -
Dermaptera pne 1.033x10" 1.033x10™ - - - -
Gastropods pne 1.324 1.324 - - - - -
Lepidoptera pne 4.336x10° 4336x10° - - - - -
Coleoptera gaus (51) 1.790x10™ 1.455 7.6 0.498 1.820x10™" 87.7 VHD
Hemiptera pne 9.614x10™ 9.614x10™ - - - - -

@ Anne = annelid; Ortho = orthoptera; Hyme = hymenoptera; Blatto = blattodea; Gastro = gastrépoda; Lepi = lepiddptera; Coleo = coledptera; Hemi = hemiptera; Dip = Diptera. ® sph =
spherial, gaus = gaussian; pne = pure nugget effect; model succeeded by number in parentheses, meaning the number of pairs in the first lag; 9 SSR = sum of squared residual; “spE =
spatial dependence evaluator, and MD = Medium dependence and VHD = very high dependence.
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Fig 1. Spatial distribution of productivity of soybean grains (PG) in experimental area.
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Fig 2. Spatial distribution maps of the Coleoptera (Coleo) class in soybean crop.
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All insect classes showed very high variability, with CV
between 108.7 and 438.1% (Table 1). Dinardo-Miranda et al.
(2007) studied Mahanarva fimbriolata in sugarcane and
Pazini et al. (2015) analyzed the spatial distribution of
Tibraca limbativentris in flooded rice in Planalto da
Campanha, Rio Grande do Sul, Brazil, and found very high
CVs, above 47 and 121%, respectively. These results showed
that high CVs values occurred because the macrofauna had
not present stationarity; therefore, these insects show
ability to move consequently providing great variability
regarding the amount of individuals at the sampling sites for
the total experimental area.

None of the macrofauna insect classes presented data
normality — which might compromise kriging estimates due
to longer graph tails; however, it does not hamper
geostatistical analysis (Isaaks and Srivastava, 1989).
According to Souza et al. (2004), more important than the
normality of the data is the occurrence or not of the
proportional effect in which the mean and the variance of
the data are not constant in the study area.

In order to determine the spatial variability of the data,
the samples were subjected to a geostatistical analysis using
semivariographic models to achieve the best adjustment,
that is, with higher determination coefficient, minimal sum
of the squares of residual values, and greater evaluators of
spatial dependence degree (Vieira, 2000). The spatial
variability of macrofauna (Table 2) is influenced by physical
factors, which means not all points in space are equally likely
to be occupied; in addition, biological factors occur where
survival-threatening conditions are more favorable than in
others spots (Dias et al., 2012).

The degree of spatial dependence

The proposed interpretation for the degree of spatial
dependence (ADE) (Dalchiavon et al., 2012) is presented as
follows: a) ADE <20% = spatial variable of very low
dependence; b) 20% < ADE <40% = low dependence; c) 40%
< ADE <60% = medium dependence; d) 60% < ADE <80% =
high dependence; e) 80% < ADE <100% = very high
dependence. Only the spatial dependence found occurred
between the soybean PG and the Coleoptera, regarded as
mean and very high (Table 2), respectively, showing that the
highest populational concentration of the Coleoptera class
was distributed in an aggregate manner throughout the
area. These results corroborate Stecca (2011) regarding the
report of having achieved a spatial dependence verified only
upon an increase in the population density of the insect
class.

Coleoptera presented the lowest value in the range,
indicating that the points sampled were similar at a radius of
7.6 m; for soybean PG, in turn, the radius was 28.3 m (Table
2). This parameter was provided through the geostatistical
analysis and is fundamentally important for representing the
distance within which a regionalized variable presents
spatial continuity, which means that beyond this distance,
the spatial behavior of the variable becomes totally random
(Lemos Filho et al., 2008). However, regarding the
semivariogram, these range values are essential to verify the
spatial dependence, which is recommended to manage the
use of spacing values below the range found (Pazini et al.,
2015).
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The kriging map of productivity of soybean grains (PG)
reveals that the highest value (1.394 kg ha™) occurs in the
southwest, north, part of the south, northeast and east
(Figure 1); as for the remaining regions, productivity varied
between 972-550 kg ha™.

All of the macrofauna kriging maps, except Coleoptera
(Figure 2), were carried out by using Surfer 8.0 software
because of their pure nugget effect in order to present the
spatial distribution of all macrofauna collected during the
experiment. We observed that the distribution occurred in
an aggregate manner presenting the highest productivity
values where the largest infestation of Orthoptera,
Blattodea, Gastropoda, Coleoptera and Hemiptera occurred
(Figure 3).

The Coleoptera kriging map presented spatial dependence
and demonstrated that the highest concentration occurred
in the northwestern, southwestern and western regions
(Figure 2), where the highest soybean yields also occurred. A
possible explanation is the fundamental role played by the
Coleoptera in agricultural areas regarding the decomposition
of feces left by other insects, as well as benefiting from the
decomposition of the soil organic matter, which favors the
recycling of nutrients and availability of these plants
(Mongéo et al., 2011).

Acknowledging the space-time dynamics of Coleoptera as
a function of soybean productivity is important for the
development of crop management strategies; therefore, the
information obtained (Dal Pra et al., 2011) from the kriging
maps regarding the occurrence and distribution of
Coleoptera in the study area allows the use of precision
farming tools through the georeferencing of Coleoptera in
the soybean crop as well as enables the development of
management strategies aimed to increase soybean
production without causing environmental impacts (Riffel et
al., 2012).

Materials and methods
History of the area and planted variety

This area had substituted corn or soybean (summer) crops
with beans or maize (winter) for 28 years. Over the first 15
years, conventional tillage was carried out for the cultivation
of the abovementioned crops; along the past 13 years, no-
tillage was used. In agricultural year of 2013/14 began the
experiment with the planting of soybean (variety Valiosa
RR).

Location of the experimental area

The study was conducted at the experimental area of the
Teaching, Research and Extension Farm, Plant Production
Sector, School of Engineering of llha Solteira (FTRE/UNESP),
located in Selviria, Mato Grosso do Sul, Brazil, between
latitude 20°22'S and longitude 51°22'W, at an altitude of 345
meters.

Metrologicaland wheater information
Weather in the region was classified as Aw according to the

Kéeppen classification, thus characterized as humid tropical
with a rainy season in the summer and a dry season in the



winter. The mean annual precipitation and temperature in
the region is 1300 mm and 23.7 ° C, respectively.

Soil characterization

The soil of the area was classified as Latossolo Vermelho
distroférrico tipico according to classification by Embrapa,
(2013) and Hapludox Typic according to a soil taxonomy
system (Soil Survey Staff, 2014) with clayey texture and a
homogeneous slope of 0.025 m m’ ! included as one of the

classes of greater occurrence in Brazil.
The sampling points

Macrofauna sampling sites and soybean grains productivity
were determined through a geostatistical mesh which was
implanted in the area with soybean cultivation by using a
common optical level, where a sample mesh was installed
containing 100 points distributed to cover the entire
experimental area (7,980 mz).

During soybean plant growth, four applications of
insecticides for pest control were carried out: first at day 30,
second at day 50, only for caterpillar control, and the last
two at days 75 and 95 for the control of caterpillars and
bedbugs. We used the systemic acaricide insecticide with
active principle Acephate at a dosage of 0.830 g ha™ to
control caterpillars; for bugs control, we applied a systemic
insecticide with active principle Imidaclopride and Beta-
Ciflutrina at a dosage of 0.750 g ha™.

Macrofauna collection took place on January, 30th, 2014.
Open-top round plastic vessels were placed in holes made
on the ground where they fit both in height and in diameter,
leveling their top with the soil. Inside them it was poured
200mL of water in which was diluted acetylsalicylic acid.
Over the open top the vessel, wood sticks longer than the
vessel diameter were laid and upon them was finally placed
a plastic lid. This top cover is very important to prevent the
liquid from diluting more and overflowing with rainwater as
well as to prevent leaves or twigs from crossing the trap
which would hinder the capture of the insects.

After a week, the vessels were taken to the laboratory and
the samples were sorted manually; the organisms found had
over 10 mm in length or a body diameter larger than 2 mm
and were subsequently counted and identified according to
their taxonomic groups.

Determination of soybean productivity

The productivity of soybean was determined by analyzing an
area of 3.24m?, within which there were four 1.80m-long
soybean plant lines, with a distance of 0.45m from each
other. The harvest of the soybean crop consisted of pulling
out the previously identified plants at day 130 after the
sowing (March, 25th, 2014). The material of each sampling
site was sun-dried with subsequent execution of the trail
using a trail-machine, which separated the soybean grains
from the straw of the plant. The values of PG were corrected
to 13% moisture and extrapolated in kg ha™.

For the macrofauna and PG of the soybean studied, the
descriptive analysis was developed using SAS software
(Schlotzhaver and Littell, 1997) by calculating the mean,
median, mode, minimum and maximum values, as well as
standard deviation, coefficient of variation, kurtosis, and
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asymmetry. Afterwards, the anomalous points (outliers)
were identified in the chart of branches and leaves,
replacing them with the mean value of the surrounding
amounts in the geostatistical meshwork. The frequency
distribution of the data was also analyzed. Thus, Shapiro and
Wilk test at 5% was used to test the normality hypothesis, in
which the W test checks the null hypothesis, which, in turn,
evaluates whether the sample comes from a population with
normal distribution or not.

Geostatistical analysis of data

The spatial dependence was measured by calculating the
semivariogram based on the assumptions of the stationarity
of the intrinsic hypothesis, using the geostatistical software
Gamma Design (GS +, 2004). Simple semivariograms were
adjusted for macrofauna and soybean PG. The adjustments
of the mathematical models to the experimental
semivariograms were conducted primarily through the initial
selection of: a) the highest coefficient of determination (r2);
b) the lowest sum of the squares of the deviations (SSD), and
c) the largest evaluator of the degree of spatial dependence
(DED).

The final decision on the model to represent the
adjustment was made using cross validation, which also
occurred for the definition of the size of the neighborhood
that provided the best kriging mesh, performed through
block kriging. For each attribute, it was estimated the nugget
effect (Co), the range (Ao) and the plateau (Co + C). Surfer
8.0 software was used to elaborate the maps of krigagens.

Conclusion

The organisms belonging to the taxonomic group
Hymenopteras presented greatest occurrence at the
experimental area. The productivity of soybean grains and
Coleoptera class distribution showed spatial dependence,
having a greatest concentration in regions where also the
greatest productivities occur. For the hemiptera and
blattodea classes, which showed pure nugget effect, the
highest concentrations were determined in areas of highest
productivity.
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