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RESUMO: O objetivo foi identificar a dispersão de Tibraca 
limbativentris (Hemiptera: Pentatomidae) em diferentes fases 
fenológicas do arroz irrigado. A pesquisa foi realizada em uma área 
de 20,12 ha, subdividida em quatro lavouras de 0,25 a 14,1 ha com 
a cultura de arroz irrigado, cultivadas sob as recomendações técnicas 
da cultura. Em cada lavoura, foi gerado um grid de amostragem 
de 30 × 30 m sendo cada ponto amostral correspondente a 1·m-2 
(200 plantas), a amostragem realizada foi através de contagem 
direta. O número de adultos de T. limbativentris·m-2 foi submetido 
a análises descritivas e geoestatística. Tibraca limbativentris apresenta 
dispersão das bordaduras para o centro da área de cultivo de arroz 
irrigado. As maiores densidades populacionais foram estimadas na 
fase de antese e elongação.

PALAVRAS-CHAVE: interpoladores; Poaceae; Pentatomidae; 
variáveis regionalizadas; Oryza spp.

ABSTRACT: The objective was to identify the dispersion of 
Tibraca limbativentris (Hemiptera: Pentatomidae) in different 
phenological phases of irrigated rice. The research was carried 
out in an area of 20.12 ha, subdivided in four fields of 0.25 to 
14.1 ha with the irrigated rice culture, grown under the technical 
recommendations of the culture. In each field, a sampling grid of 
30 × 30 m was generated, with each sampling point corresponding 
to 1·m-2 (200 plants), sampling was through direct counting. 
The  number of adults of T. limbativentris·m-2 was subjected to 
descriptive and geostatistical analyzes. Tibraca limbativentris 
presents border dispersion towards the center of the irrigated rice 
cultivation area. The highest population densities were estimated 
in the anthesis and elongation phase.

KEYWORDS: interpolators;  Poaceae; Pentatomidae; 
regionalized variables; Oryza spp.
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INTRODUCTION

The stink bug Tibraca limbativentris (Hemiptera: Pentatomidae) 
occurs in all rice regions in Latin America, reducing the 
productive potential of rice culture (RAMPELOTTI et al., 
2008; PAZINI et al., 2012). This species occurs throughout 
the phenology of rice, varying its damage according to the 
stage of the crop. When it attacks the culm, the symptom 
called dead heart occurs, reducing the plant stand (SOUZA 
et al., 2009). In the reproductive stage, generates the panicle 
formation of white or partial sterility of spikelets, which is 
the most influential component in reducing the yield of rice 
grains (OLIVEIRA et al., 2010). As estimated by the same 
authors, one stink bug per m2 reduces 1.2% of grain yield. 
In high infestations, their damage can reach 90% in reducing 
grain production (FERREIRA et al., 1997).

During the off-season of irrigated rice, T. limbativentris 
establishes itself in sites of aggregation and quiescence around 
the crops and, from sowing, individuals infest the cultivation 
areas, promoting population growth due to their fertility 
(FERREIRA et al., 1997). The dispersion of individuals in 
the cultivation areas is mainly motivated by the food searches, 
reproduction, places for oviposition and the escape of predators 
(WALZER et al., 2009).

The detailed knowledge of T. limbativentris dispersion 
in crops in the irrigated rice crop development stages is 
important for the establishment of integrated management. 
Suppressive actions in the populations of this insect pest can 
be taken from this knowledge, influencing production costs 
and less environmental contamination, in addition to being a 
precursor of management techniques with precision agriculture 
(PASINI et al., 2014).

Population densities of pest insects in crops can be 
estimated using interpolation procedures, generating spatial 
distribution maps from sample points (WEBSTER; OLIVER, 
2007). Among the interpolation methods, ordinary kriging 
is considered one of the most precise and accurate, with 
reliable estimates and with the least errors (COELHO 
et al., 2009; SOUZA et al., 2010; SILVA et al., 2010; 
DINARDO-MIRANDA et al., 2011; PASINI et al., 2014, 
2015; PAZINI et al., 2015).

According to LEE et al. (2014), studies on the dispersion 
of insect pests help in understanding the biology of populations 
and in the development of sampling procedures and strategies 
for controlling insect pests. Information on the dispersion and 
spatial distribution of T. limbativentris is available (FERREIRA 
et al., 1997; PAZINI et al., 2015), however, they lack further 
details, through a greater number of evaluations in different 
cultivation areas, in the same agricultural year, with new 
procedures for statistical data analysis and better graphic 
representation. Thus, the objective of this work was to identify 
the spatial variability of T. limbativentris as a function of 
irrigated rice phenology in different crops.

MATERIAL AND METHODS

The study was conducted in the municipality of Santa 
Maria, Rio Grande do Sul, Brazil (latitude 29°38’S and 
longitude 54°03’W), in an area of 20.12 ha, subdivided 
into four crops from 0.25 to 14.1 ha, surrounded by shrub, 
tree and field vegetation. The local climate, according to 
the Köppen classification, is Cfa type, humid subtropical, 
with no dry season and hot summers (HELDWEIN et al., 
2009). There was no use of insecticides during the execution 
of the research.

Grids of 30 × 30 m were generated in each field, resulting 
in 143 sample units in Field 1, 385 sample units in Field 2, 
13 sample units in Field 3 and 30 sample units in Field 4 
(Fig. 1). Each sampling point corresponded to 1 m² (200 plants). 
At each sampling point, adults of T. limbativentris were counted 
by direct visual counting.

From the sowing, seven evaluations were carried out 
during the day: the first evaluation (A1) at stage V3 cor-
responding to the necklace formed on the 3rd main stem 
leaf; the second evaluation (A2) at stage V6 corresponding 
to the necklace formed on the 6th leaf of the main stem; the 
third evaluation (A3) at stage V9 (R0) corresponding to 
the initiation of the panicle; the fourth evaluation (A4) at 
stage V13 (R2) corresponding to the formation of the flag 
leaf collar (rubber); the fifth assessment (A5) at stage R4 
corresponding to the anthesis; the sixth evaluation (A6) at 
the R6 stage corresponding to the elongation of one or more 
grains in the shell and the seventh evaluation (A7) at the R9 
stage corresponding to the complete maturity of the grains 
in the panicle (COUNCE et al., 2000).

In each evaluation, the number of adults of T. limbativentris 
per m² was applied to descriptive and geostatistical analyzes. 
For data sets with positive asymmetry, the hypothesis of 
normality of the data was tested by the Shapiro–Wilk test, at 
5% of significance and, when not satisfied, they underwent 
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Figure 1. Study area subdivided into four fields (Field 1:4) with 
the respective sampling points (hatch point) under irrigated 
rice cultivation, in Santa Maria, Rio Grande do Sul, Brazil.
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the Box–Cox transformation (BOX; COX, 1964). According 
to YAMAMOTO; LANDIM (2013), there is no need for 
data transformation for data with normal distribution or with 
negative asymmetry.

Then, the data on the number of adults of Tibraca 
limbativentris per m² were submitted to geostatistical analysis 
to verify the existence of spatial dependence, by adjusting 
the theoretical models to the isotropic experimental semiva-
riograms based on the presupposition of stationary intrinsic 
hypothesis (Eq. 1):

	 γ(h) = [Z(xi) – Z(xi + h)]2∑1
2N(h)

N(h)

i=1

� (1)

Where y is the semivariance and N(h) is the number of measured 
value pairs Z(xi) and Z(xi+h) separated by a vector h.

From the experimental semivariograms, the circular, 
spherical, tetraspheric, pentaspheric, exponential, Gaussian, 
rational quadratic, sine cardinal, K-Bessel, J-Bessel and stable 
semivariograms were adjusted by the weighted least squares 
algorithm being defined. model parameters: nugget effect (C0), 
threshold (C0+C1) and range (a) estimated by JOHNSON 
et al. (2001).

Subsequently, the spatial dependence index (SDI) (Eq. 2) 
was estimated, which represents a percentage ratio of the 
spatial dependence, quantified by the semivariogram model, 
contributes to the variability of the data.

	 IDE =
C1

C0 + C1

� (2)

Being classified as strong (SDI > 75%), medium 
(25 < SDI ≤ 75%) and low (SDI ≤ 25%) (ZIMBACK, 2001; 
SOUZA et al., 2008). In the presence of spatial dependence 
between the data, KO inferences were made, estimating values 
in unmeasured locations.

From the cross-validation technique between estimated 
and observed values were selected models semivariogram, 
based on the weight sum criterion assigned to indicators for 
the linear regression equation: intersection “a” slope “b” and 
coefficient of determination “R2”, mean of errors, standard 
deviation of errors, mean square root of errors and the mean 
square root of errors standardized, according to WEBSTER; 
OLIVER (2007) and PASINI et al. (2014).

For the representation of T. limbativentris dispersion in 
plant developmental stages and crop areas, maps were generated 
from the estimates obtained from the best semivariogram by 
assigning estimated values to colors defined by contours at 
intervals of integers. The projection used was the Universal 
Transverse Mercator in horizontal Datum WGS 84 and vertical 
Imbituba, Santa Catarina, Brazil.

RESULTS AND DISCUSSION

A total of 16,107 adults of T. limbativentris were registered, cor-
responding to an average of 4.02 adults m-2·crop-1·evaluation-1. 
The number of individuals per m2 quantified was inversely 
proportional to the size of the cultivation area, where crops 
with larger areas had lower population densities; however, 
due to the greater number of samples, crops with larger areas 
had a higher population (Table 1). According to AWMACK; 
LEATHER (2002) the greater the number of opportunities 
for the species of insect pest in a given area, the greater 
its population.

The largest number of adults (10,454) was obtai-
ned in Field 2, with an average of adults per sample of 
3.87·m-2·assessment-1, only higher than the average value found 
in Field 1 (3.34·m-2·assessment-1) (Table 1). The smallest number 
of adults (147) was found in Field 3 with the largest number 
of adults per sample (11·m-2·evaluation-1), followed by Field 4 
with 6.19 adults m-2·evaluation-1. Among the four sampled 
crops, those with the smallest areas had the highest average of 
adults per m² per evaluation. According to PASINI (2013), 
the size of the cultivation area and the average number of 
T. limbativentris are inversely proportional, because this species 
has a close relationship with the host plants located around 
the cultivation areas, which, in turn, influence the dispersion 
of the cultivation. The shorter the distance between the host 
plants and the rice plants, the greater the propensity for this 
to be infested by T. limbativentris (FERREIRA et al., 1997).

Between the evaluations, the population density in the 
crops was increasing from the first to the sixth evaluation and 
decreasing from the sixth to the seventh (Table 1). According to 
REISIG et al. (2013), hemipterans have limited dispersion 
capacity, starting from the borders to the center of the cultivation 
areas, gradually increasing the population density, due to 
the high biotic potential of T. limbativentris, considering the 
number of eggs per female above 600 (FERREIRA et al., 
1997), and its dispersion as observed in the evaluations 
carried out. However, when the rice plants reach maturity, 
they become less attractive to T. limbativentris. The adult 
insect, when making the test sting, does not find the necessary 
characteristics of fabrics and food to satisfy its needs, which 
influences its migration from crops to the surrounding areas 
(LEE et al., 2014). In these places, they find plants with better 
characteristics, favoring the reduction of the population of 
pest insects in the cultivation areas and guaranteeing a new 
infestation of pest insects in the next harvest.

The concentration of individuals in regions close to 
the borders, in the first evaluations, inflated the standard 
deviation values in Fields 1 and 2. This situation generated a 
high difference between the sampled values taken in the same 
field and assessment, thus inflating the values of the coefficient 
of variation (CV). During the evaluations, the standard 
deviation values increased, but the averages increased in greater 
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proportions, which contributed to the reduction of the CV 
values in the last evaluations performed (Table 1). In most 
evaluations (85.7%), the asymmetry was positive, influenced 
by the greater amount of low values or zeros, as in Fields 1 
and 2 in the first evaluation (A1). This behavior of the data 
distribution is linked to the dispersion of T. limbativentris in 
the crops and its concentration in areas close to the borders 
of the crops, mainly in larger fields.

Based on geostatistical analysis and cross-validation, the 
best semivariograms were defined (Table 2). Although in 
four situations the semivariograms showed effects attributed 
to random variation (nugget effect) (Table 2, Field 3 in A2 

and A7, Field 4 in A1 and A6), the nugget effect was not very 
representative, not influencing the SDI, for all evaluations 
considered strong (≥ 75%), emphasizing that the spatial 
distribution of the population of T. limbativentris in crops and 
assessments showed strong spatial dependence (ZIMBACK, 
2001; SOUZA et al., 2008). The range values were estimated 
between 36.9 and 261.8 m, considering the sampling grid 
used as appropriate. According to YAMAMOTO; LANDIM 
(2013), the range value determines the number of values 
used in the interpolation, the higher the value, the greater 
the reliability of the estimates. Considering the adjustment of 
the theoretical semivariogram models and the spatial dependence 

Table 1. Descriptive statistics on the number of adults of Tibraca limbativentris (Hemiptera: Pentatomidae) per m² sampled in seven 
evaluations in irrigated rice fields. Santa Maria, Rio Grande do Sul, Brazil.

Statistics
Evaluation Evaluation

A1 A2 A3 A4 A5 A6 A7 A1 A2 A3 A4 A5 A6 A7

Field 1 Field 2

Samples 143 143 143 143 143 143 143 385 385 385 385 385 385 385

Average 0.80 1.34 2.44 4.27 5.17 5.48 3.95 0.08 2.29 3.18 4.17 5.57 6.31 5.55

Standard deviation 1.08 1.50 1.93 2.85 3.25 3.74 2.89 0.41 2.46 2.88 3.54 4.37 4.87 3.97

Coefficient variation 1.36 1.11 0.79 0.67 0.63 0.68 0.73 5.09 1.08 0.90 0.85 0.78 0.77 0.72

Interval 5 7 8 12 13 15 10 4 11 12 18 24 26 23

Minimum 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Maximum 5 7 8 12 13 15 10 4 11 12 18 24 26 23

Sum 114 192 349 610 739 783 565 31 881 1224 1606 2146 2429 2137

Total Field 3.352 10.454

Assimetry 1.35 1.32 0.64 0.43 0.44 0.87 0.40 6.74 1.13 0.73 0.80 0.83 0.92 1.06

Kurtosis 1.35 1.90 -0.04 -0.34 -0.47 -0.27 -1.21 52.79 0.44 -0.52 0.14 0.89 0.88 1.77

p-value SW test 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00

λ (Box-Cox) -0.68 0 0.43 0.58 0.58 0.27 0.43 -2.5 0 0 0.33 0.43 0.43 0.43

p-value SW test 0.1 0.06 0.06 0.07 0.08 0.06 0.15 0.04 0.06 0.08 0.07 0.06 0.11 0.1

Field 3 Field 4

Samples 13 13 13 13 13 13 13 30 30 30 30 30 30 30

Average 2.15 4.00 6.31 16.15 18.92 17.54 11.92 0.90 1.70 3.67 8.07 10.47 12.30 6.23

Standard deviation 0.899 1.633 1.75 3.363 4.499 2.402 1.498 0.803 1.317 1.845 4.042 4.876 3.771 1.5687

Coefficient variation 0.42 0.41 0.28 0.21 0.24 0.14 0.13 0.89 0.77 0.50 0.50 0.47 0.31 0.25

Interval 2 4 5 9 13 9 6 3 4 6 15 16 15 6

Minimum 1 2 4 12 13 14 9 0 0 0 3 5 6 4

Maximum 3 6 9 21 26 23 15 3 4 6 18 21 21 10

Sum 28 52 82 210 246 228 155 27 51 110 242 314 369 187

Total Field 1.001 1.300

Assimetry -0.34 -0.14 0.32 0.01 0.31 0.78 -0.02 0.62 0.41 -0.50 1.03 0.90 0.34 0.68

Kurtosis -1.78 -1.68 -1.18 -1.67 -1.48 0.86 1.05 0.06 -0.86 -0.93 0.48 -0.25 -0.63 -0.17

p-value SW test 0.06 0.07 0.26 0.19 0.25 0.29 0.19 0.02 0.01 0.02 0.01 0.01 0.19 0.02

λ (Box-Cox) - - - - - - - 0.32 0.47 - 0 -0.43 - -0.48

p-value SW test - - - - - - - 0.07 0.12 - 0.41 0.29 - 0.22
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Table 2. Nugget effect (C0), structural variable (C1), range (a), gamma function (Γ) and spatial dependence index (SDI) of the 
theoretical models of semivariogram selected in different assessments and crops. Santa Maria, Rio Grande do Sul.

Evaluation Model
Estimates

C0 C1 a Ґ SDI

Field 1

A1 Pentaspheric 0.000 1.574 252.9 100

A2 Circular 0.000 3.830 256.5 100

A3 Tetraspheric 0.000 1.132 38.3 100

A4 Circular 0.000 1.912 261.8 100

A5 Gaussian 0.000 4.378 43.4 100

A6 K-Bessel 0.000 4.649 36.9 10.0 100

A7 Gaussian 0.000 3.063 41.4 100

Field 2

A1 Circular 0.000 0.962 153.9 100

A2 Tetraspheric 0.000 8.762 478.4 100

A3 Pentaspheric 0.000 16.514 487.3 100

A4 K-Bessel 0.000 3.762 42.2 9.1 100

A5 Circular 0.000 4.259 39.5 100

A6 K-Bessel 0.045 6.972 124.1 7.8 99

A7 Stable 0.000 5.999 40.3 2.0 100

Field 3

A1 J-Bessel 0.000 7.746 71.7 10.0 100

A2 Circular 0.284 13.820 98.0 98

A3 Circular 0.000 10.047 51.2 100

A4 Circular 0.000 34.963 70.6 100

A5 Circular 0.000 48.328 56.1 100

A6 J-Bessel 0.000 13.511 41.9 3.9 100

A7 Cardinal Sine 0.340 5.165 84.1 94

Field 4

A1 Cardinal Sine 0.035 1.855 90.0 98

A2 K-Bessel 0.000 3.466 47.4 10.0 100

A3 K-Bessel 0.000 5.204 41.7 10.0 100

A4 Spheric 0.000 25.562 96.7 100

A5 K-Bessel 0.000 43.606 86.9 10.0 100

A6 Cardinal Sine 0.391 24.286 107.3 98

A7 Circular 0.000 6.894 89.4 100

(Table 2), the spatial distribution maps of T. limbativentris 
were generated for the crops and development stages of the 
rice plants (Figs. 2 to 5).

For all evaluations, the T. limbativentris dispersion started 
from the borders towards the center of the cultivation areas, from 
the surrounding field vegetation. In Field 1, there was a gradual 
evolution in the area infested by adults of T. limbativentris 
(Fig. 2), with greater population and dispersion in the A6 
assessment. The largest populations were distributed to the 

south, east and north in all evaluations and coincide with 
the zones of onset of infestation, with density estimates of up 
to 16 individuals per m2. In Field 2 (Fig. 3), the infestation 
by T. limbativentris was different from Field 1, occurring 
on the south and west sides until A3 evaluation. From the 
fourth assessment, in the border regions on the south, west 
and north sides, there were areas with low population, as on 
the east side, influenced by limitations in the dispersion of the 
insect pest and the region being bordered by Field 1, this area, 
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Figure 2. Maps of spatial distribution of adults of Tibraca limbativentris (Hemiptera: Pentatomidae) per m² interpolated by ordinary 
kriging for evaluations in Field 1. Santa Maria, Rio Grande do Sul, Brazil.
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Figure 3. Maps of spatial distribution of adults of Tibraca limbativentris (Hemiptera: Pentatomidae) per m² interpolated by ordinary 
kriging for evaluations in Field 2. Santa Maria, Rio Grande do Sul, Brazil.
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Figure 4. Maps of spatial distribution of adults of Tibraca limbativentris (Hemiptera: Pentatomidae) per m² interpolated by ordinary 
kriging for evaluations in Field 3. Santa Maria, Rio Grande do Sul, Brazil.
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without contact with host plant population for the insect pest. 
In Field 2, the populations reached 26 individuals per m2 in 
the sixth evaluation, however, the greatest dispersion of insects 
in the cultivation area was recorded in A7.

In Fields 3 and 4, the infestation was different from that 
presented in Fields 1 and 2. There was infestation in higher 
concentrations of the population facing the north in Fields 3 
and 4 and a better dispersion of individuals by the cultivation 
area (Figs. 4 and 5). This behavior was a reflection of the 
smaller size of the cultivation area in Fields 3 and 4, favoring a 
wider dispersion in the area cultivated by those of pest insects, 
where the limited dispersion capacity of hemipterans was not 
a major factor (REISIG et al., 2013).

Relating the sizes of the cultivation areas, with the dispersion 
levels associated with the population densities, represented 
by Figs. 2 to 5, it is possible to verify that the dispersion and 
the size of the cultivation area are inversely proportional. 
Suppressive measures of the population density of this insect 

pest, when adopted, may take into account the size of the 
cultivation area, where fields with small areas (Fields 3 and 4) 
should be managed in total area and fields with greater area, 
due to the limited dispersion capacity of hemipterans (REISIG 
et al., 2013), can be managed in specific areas, especially when 
associated with borders with the presence of host plants, 
limited to ranges of up to 90 m. In practice, in large crops, 
the localized application may reflect an important reduction 
in the cost of the crop, and a consequent increase in net profit.

CONCLUSIONS

The highest population densities were estimated in the anthesis 
and elongation phase of one or more grains in the husk. Tibraca 
limbativentris presents dispersion of the borders towards the 
center of the irrigated rice cultivation area.
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