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Abstract – The objective of this work was to evaluate the spatial distribution of thrips in different crops, and 
the correlation between meterological parameters and the flight movements of this pest, using immunomarking. 
The experiment was conducted in cultivated areas, with  tomato (Solanum lycopersicum), potato (Solanum 
tuberosum), and onion (Allium cepa); and non‑cultivated areas, with weedy plants. The areas with tomato 
(100 days), potato (20 days), and weeds were sprayed with casein, albumin, and soy milk, respectively, to mark 
adult thrips; however, the areas with onion (50 days) and tomato (10 days) were not sprayed. Thrips were captured 
with georeferenced blue sticky traps, transferred into tubes, and identified by treatment area with the Elisa test. 
The dependence between the samples and the capture distance was determined using geostatistics. Meteorlogical 
parameters were correlated with thrips density in each area. The three protein types used for immunomarking 
were detected in different proportions in the thrips. There was a correlation between casein‑marked thrips and 
wind speed. The thrips flew a maximum distance of 3.5 km and dispersed from the older (tomato) to the younger 
crops (potato). The immunomarking method is efficient to mark large quantities of thrips.

Index terms: Alliaceae, dispersal pattern, Elisa, integrated pest management, Solanaceae, Thysanoptera.

Movimento de voo e distribuição espacial de tripes imunomarcados  
 em cebola, batata e tomate

Resumo – O objetivo deste trabalho foi avaliar a distribuição espacial de tripes em diferentes cultivos, e a 
correlação entre os parâmetros meteorológicos e o movimento de voo dessa praga, com uso de imunomarcação. 
O  experimento foi conduzido em área cultivada com tomate (Solanum lycopersicum), batata (Solanum 
tuberosum) e cebola (Allium cepa); e não cultivada, com plantas daninhas. As áreas com tomate (100 dias), batata 
(20 dias) e plantas daninhas foram pulverizadas com caseína, albumina e leite de soja, respectivamente, para 
marcar os tripes adultos; no entanto, as áreas com cebola (50 dias) e tomate (10 dias) não foram pulverizadas. 
Os tripes foram capturados com armadilha adesiva de cor azul georeferenciada, acondicionados em tubos e 
identificados, por área de tratamento, com o teste de Elisa. Determinou-se a dependência entre as amostras e 
a distância de captura com uso de geoestatística. Os parâmetros meteorológicos foram correlacionados com 
a densidade de tripes em cada área. Os três tipos de proteína usados na imunomarcação foram detectados, em 
diferentes proporções, nos tripes. Houve correlação entre os tripes marcados com caseína e a velocidade do 
vento. Os tripes voaram uma distância máxima de 3,5 km e dispersaram dos cultivos mais velhos (tomate) para 
os mais jovens (batata). O método de imunomarcação é eficiente para marcar grandes quantidades de tripes.

Termos para indexação: Alliaceae, padrão de dispersão, Elisa, manejo integrado de pragas, Solanaceae, 
Thysanoptera.

Introduction

Knowledge of the dispersal patterns of insect pest 
species is of fundamental importance to studies of 
integrated pest management. These studies enable 
forecasting where pest outbreaks are likely to occur 
and are useful for creating pest sampling plans and 
management tactics (Pedigo & Rice, 2009). Studies 
of insect dispersal in different ecosystems have relied 

on a variety of methods using markers to determine 
movement patterns. However, these markers are 
difficult to apply over vast areas, because they are 
expensive, time‑consuming, affect insect behavior, 
cause environmental degradation, mark only a small 
portion of the population from a few release points, 
and fail to mark small insects (<3  mm) (Hagler & 
Jackson, 2001; Hagler et al., 2002; Jones et al., 2006). 
To overcome these limitations, a technique known as 
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immunomarking – enzyme‑linked immunosorbent 
assay (Elisa) – has been developed for marking insects. 
Its benefits include being of low cost, simple, nontoxic, 
rapid, sensitive, applicable on a large scale, and capable 
of marking small insects (Jasrotia & Ben‑Yakir, 2006; 
Williams et al., 2013). Therefore, this method may be 
used over large areas, to study the dispersion of insects, 
such as thrips.

Thrips (Thysanoptera: Thripidae) are a pest of onion 
(Allium cepa L.), tomato (Solanum lycopersicum L.), 
and potato (Solanum tuberosum L.) (Norris & Kogan, 
2005; Gonçalves & Vieira Neto, 2011). Onion leaves 
fed on by thrips turn yellow, become twisted and dry, 
reducing bulb size (Cranshaw et  al., 2005). Thrips 
cause severe infestations in Brazil, with densities 
of 13.26 nymphs of Thrips tabaci per plant, causing 
reduced yields (Gonçalves & Vieira Neto, 2011). In 
tomato, potato, and onion crops, thrips cause problems 
related to sap sucking and virus transmission (Birithia 
et al., 2014; Dakshina et al., 2014).

One of the factors that accelerates the infestations 
and makes thrips difficult to control is their dispersion 
and spatial distribution potential (Helyer & Brobyn, 
1992). Understanding their spatial distribution may be 
one of the ways to improve chemical and biological 
controls, directing them toward areas of higher density 
and detecting the source of initial infestation (Carrillo 
et  al., 2014). Moreover, these studies are important 
for defining the distances between crops, since 
polyphagous insects may migrate easily (Carrière 
et al., 2012). Carrillo et al. (2014) used semivariogram 
analysis, along with other spatial analyses, to examine 
the spatial dependence of thrips eggs on husk tomato 
(Physalis ixocarpa Brot.), a staple food crop in Mexico. 
These authors found that thrips have a clumped 
distribution in neighboring crops.

The objective of this work was to evaluate the 
spatial distribution of thrips in different crops, and the 
correlation between meteorological  parameters and the 
flight movements of this pest, using immunomarking.

Materials and Methods

The experiment was conducted in 2011 and 2012 in 
the municipality of Rio Paranaíba, in the state of Minas 
Gerais, Brazil. The experimental areas were located in 
the region of Alto Paranaíba (Table 1), at 1,300 m of 
altitude. The local climate is dry, cold, and windy, with 

an average annual precipitation of 1,130–1,835  mm. 
The experiments were conducted in autumn, from May 
15th to July 30th, 2011, and repeated in 2012. During the 
experiment, the temperature varied from 23 to 28ºC, 
the wind speed from 1.2 to 10.5 m s‑1, and precipitation 
from 10 to 120 mm per month.

Trials were carried out on: two fields of tomato, 
Debora cultivar; one field of potato, Agata cultivar; 
one of onion, Andromeda cultivar (totaling 
15  ha); and one of weeds (20  ha) (Table  1). To 
determine the main weedy plant species, 500 of 
them were sampled and the most frequent were: 
Raphanus raphanistrum (Brassicaceae); Ipomoea 
grandifolia (Convolvulaceae); Bidens pilosa, Conyza 
bonariensis, Ageratum conyzoides, and Emilia 
sonchifolia (Asteraceae); Euphorbia heterophylla 
(Euphorbiaceae); Sida spinosa (Malvaceae); 
and Nicandra physalodes (Solanaceae). Five 
hundred 245x100‑mm blue sticky traps “Bio trap” 
(Biocontrole: Métodos de Controle de Pragas Ltda., 
Indaiatuba, SP, Brazil) (Muvea et  al., 2014) were 
fixed to thin pieces of wood with 500x20  mm of 
diameter each. Traps were placed throughout the trial 
area at 400 mm above the soil and at a 30‑m interval 
to ensure field coverage. The number of traps varied 
between areas, with 96–97 traps in the tomato and 
potato crops, 81 in the onion crop, and 130 in the area 
with weeds. The blue sticky traps were replaced every 
15 days. The geographical position of each trap was 
recorded. To determine the point of origin (crop or 
weed area) of this insect, the marked plot with protein 
was georeferenced.

Three commercially available protein‑specific 
Elisas were used with antibodies for soy protein 
S2519 (Sigma‑Aldrich, São Paulo, SP, Brazil), chicken 
egg albumin C6534 (Sigma‑Aldrich, São Paulo, SP, 
Brazil), and bovine casein PAB20025S (Biodesign 
International, Saco, ME, USA), a protein found in cow 
milk. The secondary antibodies used for the soy and 
chicken egg albumin assays were donkey anti‑rabbit 
IgG (H+L) with a peroxidase conjugate A7340 
(Sigma‑Aldrich, São Paulo, SP, Brazil), and for the 
casein assay, a donkey anti‑sheep IgG (whole molecule) 
peroxidase conjugate A3415 (Sigma‑Aldrich, São 
Paulo, SP, Brazil).

The crop areas (tomato at 100  days of age and 
potato at 20  days) and the weedy plants (alternative 
hosts) were sprayed with casein, albumin, and soy 
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protein, respectively, every 20  days, because they 
lasted more than 21  days in the field (Jones et  al., 
2006). The other areas (tomato at 10 days and onion 
at 50 days) were not sprayed (Table 1). The criteria 
for selecting treatment areas (sprayed) were: a 
function of age, and the distance between crops and 
alternative host plants. Twenty four hours before the 
proteins were sprayed, sampling (pre‑evaluation) was 
performed with the blue traps, to detect the presence 
of thrips in the area. Protein concentrations were 
as follows: 10% albumin, 20% casein, and 20% soy 
protein. The proteins were diluted in distilled water 
and 0.3  g  L‑1 tetrasodium ethylenediaminetetraacetic 
acid‑EDTA (Sigma‑Aldrich, São Paulo, SP, Brazil). 
The spraying was done with a 20‑L  CO2 backpack 
sprayer, with 25 psi pressure, 26.5 GPA, and a spray 
volume of 500 L ha‑1. Twelve hours after spraying, the 
thrips captured in the traps were collected and stored 
individually in tubes containing 1 mL phosphate buffer 
saline solution at pH 8.0 T‑664 (Sigma‑Aldrich, São 
Paulo, SP, Brazil), for indirect Elisa analysis. The 
tubes containing the insects were identified according 
to location, previously georeferenced trap, and date of 
collection, in order to conduct spatial analysis. Wind 
speed data were obtained on assessment days at a 
meteorological station at the center of the study areas.

Indirect Elisa was performed on the protein solutions 
collected from treated adult thrips to determine the 
presence and intensity of protein markers. A  total of 
1‑mL aliquots of marker protein solutions (milk, egg, 
or soy) in extraction buffer were transferred from each 
1.5‑mL centrifuge tube into individual wells of 96‑well 
microplates SPL (Didática SP: Artigos e Equipamentos 
para Laboratório, Guarulhos, SP, Brazil). Likewise, 

60‑µL aliquots of extraction buffer from the control 
treatments, as well as extraction buffer alone (blank), 
were transferred into individual microplate wells, 
which served as negative controls and blanks. Each 
Elisa plate had 8–16 negative control thrips (Jones 
et  al., 2006). The individuals were designated as 
marked or unmarked based on the amount of foreign 
protein detected by Elisa.

The percentage of protein‑marked adult thrips 
captured per trap was calculated. Since each trap 
was georeferenced, it was possible to determine 
the destinations of the thrips and construct spatial 
distribution maps considering total marked and 
unmarked insects.

In addition, the parameters nugget effect (C0), sill 
effect (C0+C), and range of spatial dependence (A0) 
were used to calculate the ratio between the nugget and 
sill effect in order to identify the spatial dependence 
degree (SDD). To analyze the SDD of the studied 
attributes, the classification proposed by Cambardella 
et  al. (1994) was used, in which: semivariograms 
with strong SDD have a ratio of C0/(C0+C) that is 
less than or equal to 0.25; semivariograms with a 
moderate spatial dependence have a ratio greater 
than 0.25 and up to 0.75, and include curve models, 
such as the exponential, Gaussian, or spherical ones; 
and those with a weak spatial dependence have a 
ratio greater than 0.75. The semivariogram functions 
quantify the assumption that things that are closer 
to each other tend to be more similar than things 
farther away. The semivariogram can be estimated by
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in which: Y(h) is the semivariogram function at h 
distance; n is the number of pairs of points separated 
at h distance; x is the number of thrips per trap; i is the 
point; and h is the distance in km.

After determining the spatial dependence between 
samples, the kriging statistical interpolation method 
was used to construct the population density map and to 
estimate sampled values (Rhodes et al., 2011). Kriging 
is an interpolation technique that predicts unknown 
variables from data observed at known locations. It 
uses semivariograms to show spatial variability and 
reduces the error of predicted variables. Pearson’s 
correlation analysis (p<0.05) was carried out to relate 

Table  1. Crop fields of tomato (Solanum lycopersicum), 
potato (Solanum tuberosum), and onion (Allium cepa) used 
to study the spatial distribution and flight movements of 
immunomarked thrips, as well as the proteins (antigens) 
used to spray the areas. 
Fields Location Age 

(days)
Phenological 

phase(1)
Protein

Tomato 19º11'S, 46º08'W 100 2 Bovine casein 
Potato 19º11'S, 46º07'W 20 1 Chicken egg albumin
Onion 19º11'S, 46º07'W 50 1 Untreated
Tomato 19º12'S, 46º08'W 10 1 Untreated
Weeds 19º11'S, 46º08'W 60 1 and 2 Soy protein
(1)1, vegetative; and 2, reproductive.
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wind speed (m s‑1), temperature, and precipitation with 
population infestations every 15 days.

Results and Discussion

The thrips species found were: Thrips tabaci (onion 
and tomato), Frankliniella occidentalis (tomato and 
potato), F. schultzei (tomato and potato), and T. palmi 
(onion and potato). The average captures of adult thrips 
were: 458±3.25 in tomato at 100 days of age; 321±5.31 
in tomato at 10 days of age; 513±10.22 in onion; 
304±15.43 in potato; and 35±1.02 in weeds. Of the 
1,631 captured insects, 1,341 (78.39%) were marked 
with the three proteins used during the study period. 
The percentages of thrips marked with the albumin, 
casein, and soy milk proteins were 63.50, 84.81, and 
86.85%, respectively.

The high number of marked thrips and the detection 
of all the proteins in field conditions show that this 
method may be used to mark thrips and study their 
dispersion (Jasrotia & Ben‑Yakir, 2006). Smaller 
insects have been marked by Hagler & Jackson (2002), 
who identified thousands of minute parasitoids with 
small quantities of inexpensive immune label.

A significant positive correlation was observed 
between the number of thrips marked with casein and 
wind speed (r = 0.74; p<0.001), but no relationship 
was found between wind speed and thrips marked 
with albumin (r =  0.11; p>0.01) or soy protein  
(r = 0.32; p>0.01). There was no significant correlation 
between the meteorological parameters (temperature 
and precipitation) and the number of thrips marked 

with casein (rtemperature = 0.08, p>0.01; rprecipitation = 0.02, 
p>0.01), albumin (rtemperature = 0.10, p>0.01; rprecipitation 
= 0.15, p>0.01), and soy protein (rtemperature = 0.21, 
p> 0.01; rprecipitation = 0.17, p>0.01). These results 
were expected, since there was little variation in 
temperature (18%) and precipitation (13%) during 
the experimental period (Table 2).

The significant positive correlation between thrips 
densities and wind speed is predictable and reasonably 
justified, since insects can be passively transported by 
the wind (Arévalo & Liburd, 2007). Therefore, local 
common activities should be performed during light 
winds, since stronger winds and higher altitudes can 
favor insect migration.

A spatial dependence of thrips densities was 
observed in the experimental areas each day after 
spraying. This means that the spatial distribution of 
the adult thrips is dependent on the conditions of the 
habitat, with some areas having higher densities than 
others (Ribeiro Jr et al., 2009). In general, the models 
showed different values for range (A0) and sill effect 
(C+C0). The difference between these two parameters 
explained the high spatial dependence values. The Ao 
range of the selected models varied between 0.20 and 
3.5 km. The mean SDD was 0.33, showing a moderate 
degree of dependence on the spatial continuity structure 
(Figure 1 and Table 3).

The highest and lowest ranges (Ao) of the 
semivariogram showed that crop separation was an 
important factor in the habitat recolonization process 
and may explain the spatial distribution of thrips 
(Ribeiro Jr et al., 2009). Nault et al. (2003) studied the 

Table  2. Meteorological parameters of commercial crop fields of tomato (Solanum lycopersicum), potato (Solanum 
tuberosum), and onion (Allium cepa) used to study correlation with the flight movements of immunomarked thrips.
Climatic parameter Tomato field 1 Tomato field 2 Potato Onion Weeds

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
May

Precipitation (mm) 120.21 12.14 38.33 19.54 35.06 10.32 37.85 19.10 38.64 15.06
Temperature (oC) 27.04 25.47 28.00 25.12 24.11 26.11 25.14 26.32 26.74 27.10
Wind speed (m s‑1) 1.02 1.55 5.02 1.22 9.11 8.15 10.05 9.28 10.48 10.01

June
Precipitation (mm) 12.11 10.14 10.33 10.54 10.44 10.11 10.98 10.33 10.91 10.65
Temperature (oC) 24.05 26.12 24.01 25.02 23.01 24.00 23.02 23.11 23.00 23.10
Wind speed (m s‑1) 10.50 1.51 5.02 1.65 9.63 8.74 8.05 9.18 10.33 10.00

July
Precipitation (mm) 10.23 10.13 12.61 10.51 15.02 10.02 17.22 0.33 11.11 11.33
Temperature (oC) 24.00 25.15 24.02 25.22 24.10 23.01 23.14 26.38 23.04 23.11
Wind speed (m s‑1) 3.02 4.65 1.22 0.65 0.61 0.11 1.05 1.01 1.03 1.08
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dispersion and seasonality of F. fusca (Hinds) tomato 
crops spaced 8 km apart and reported the dispersion of 
the species in these areas.

High densities of thrips marked with casein were 
observed migrating in the tomato area (100 days), from 
the edges to the center of the crop. These adult thrips 

Figure 1. Maps of thrips spatial distribution marked with the casein(1), albumin(2), and soy milk(3) proteins in areas with: A, 
tomato (Solanum lycopersicum) at 100 days; B, potato (Solanum tuberosum) at 20 days; C, weeds; D, tomato (Solanum 
lycopersicum) at 10 days, and E, onion (Allium cepa) at 50 days. Colors represent accumulation densities of thrips per trap, 
and whether or not the insects were marked with a specific protein.
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also migrated to other study areas, coinciding with 
western‑eastern winds (65%) and northern‑southern 
winds (29%). Thrips with the albumin marker were 
found in potato crops after 20  days, as well as at 
the edges of the weeds and at the edges of younger 
onion (50  days) and tomato (10  days) crops. The 
thrips migrate in the direction from the older (tomato) 
to the younger crops (potato) (Figure  1), which was 
confirmed by the fact that insects marked with protein 
were found in the newest crops.

If insect movement is governed in part by wind, 
the distribution and density of these organisms should 
be affected by this factor. However, winds are not 
necessarily the immediate causes of migration, since 
environmental conditions (weather) and food quality 
are also related to this phenomenon. Migration can 
be better interpreted as a tool used by individuals 
to maximize their reproductive success. Variations 
in temperature, precipitation, resource abundance, 
population density, and attacks from natural enemies 
are the most probable stimuli directly associated with 
migration (Hance et al., 2007).

Resource quality is another important factor. The 
quality of nourishment for phytophagous insects is 
determined by phytochemicals and leaf toughness. 
As such, higher leaf toughness can reduce consumption, 
prolong developmental time, and diminish the survival 
of phytophagous insects (Johnson & Gregory, 2006). 
Although these physiological disturbances may be 
important, it was not possible to investigate them in 
the present study.

Thrips, like any polyphagous insect, explore 
new habitats to find suitable host plants that are 

sustainable for their reproduction (Kennedy & 
Storer, 2000). Furthermore, polyphagous insect 
herbivores usually exhibit clear preferences for 
particular plant species or plant‑growth stages 
(Liu et  al., 2010), scrapping leaves and feeding 
on younger tissues. In the present study, the thrips 
migrated from the 100‑day‑old tomato crop to the 
20‑day‑old tomato crop. This migration may be 
caused by the tomato itself, which, at 100  days of 
age, had a high lignin content that impaired insect 
feeding and oviposition (Peeters, 2002; Compson 
et al., 2013; Dowd et al., 2013). Even though older 
tomato plants have shoots, which are considered 
the preferred niche for thrips, younger plants have 
higher quantities of young tissues (shoots) that favor 
insect feeding and oviposition. The migration of the 
thrips to the areas with weedy plants may be due to 
the presence of plants in the flowering stage, since 
these are attractive to these insects (Norris & Kogan, 
2005).

Thrips dispersion is dependent on the species of 
thrips encountered (Funderburk & Stavisky, 2004), 
and the potential of thrips to explore different habitats 
was shown in the present study. Producers must pay 
attention to crop spacing in the habitat, controlling 
weedy plants and considering that thrips leave the 
older crops for the younger ones. Wind may be one of 
the meteorological parameters favorable to migration. 
In this way, vegetable producers should scale their 
production to reduce the period when the plants are 
in the field. Studies of biotic and abiotic factors that 
interfere in thrips dispersal are encouraged to be done 
in field conditions.

Conclusions

1. The immunomarcation method, using different 
proteins, is efficient to mark large quantities of thrips.

2. The spatial distribution of thrips is dependent on 
the habitat.

3. Thrips disperse from older (tomato) to younger 
crops (potato).
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Table  3. Nugget effect (Co), sill effect (C+Co), spatial 
dependence degree (SDD), and range (A0) of semivariogram 
data, obtained by the spherical, exponential, and Gaussian 
models, of thrips captured in blue sticky traps in commercial 
crops of tomato (Solanum lycopersicum), potato (Solanum 
tuberosum), and onion (Allium cepa), and in an area with 
weeds at 2, 7, 14, 21, and 28 days after spraying (DAS).
DAS Model Co C+Co SDD(1) A0 (km)
2 Spherical 1.354 2.841 0.48 0.41
7 Gaussian 2.574 6.287 0.41 0.20
14 Exponential 1.025 5.041 0.20 0.50
21 Gaussian 3.054 9.117 0.33 3.15
28 Gaussian 2.087 10.051 0.21 3.50
(1)C0/(C0+C).
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