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Abstract 
Haplaxius crudus is the primary vector of the phytoplasma that causes the Lethal Yellowing of Coconut, a 
disease that has become a barrier to the establishment of large coconut plantations in the world. The objective of 
this study was to determine the spatial distribution pattern and population dynamics of H. crudus adults by 
correlating them with the abiotic factors, such as temperature and rainfall in commercial dwarf coconut palm 
plantations. Collection of American palm cixiid was carried out using yellow sticky traps fixed to the abaxial 
part of the coconut leaves. The sampled plants were georeferenced to obtain the geographic coordinates and 
geostatistical analysis, besides the planialtimetric survey of the experimental plot for the preparation of the map 
that shows the topographic conformation of the terrain. Insects were found at the study site throughout the year, 
showing greater abundance in months when the average monthly temperatures and rainfall were not significant. 
The climatic factors showed a correlation with the total of insects, positive for the temperature, with 0.733 and 
negative for the precipitation with -0.606. The spatial distribution of H. crudus displayed an aggregate pattern, 
explained by the spherical model. The infestation focus occurred in the periphery of the plot, near a Brachiaria 
humidicola pasture. It was concluded that the infestation of the H. crudus showed a behavior directly related to 
the local climatic conditions and the aggregate spatial distribution explained by the spherical model, therefore, 
forming shrubs with a radius of 154 to 190 m, with areas of influence between 7.45 and 17.80 ha, which coincide 
with the lower part of the terrain. 
Keywords: altimetry, American palm cixiid, geostatistics, pest monitoring, kriging 

1. Introduction 
The coconut (Cocos nucifera L.) is a monocotyledon plant belonging to the Arecaceae family. This plant 
exhibits arboreal behavior, with a stem-like trunk. It is originated of the islands in Southeast Asia. Its cultivation 
is considered an agricultural activity of great importance, mainly in countries in economic development (Harries 
& Clement, 2013). The state of Pará is the largest coconut producer in the Brazilian North region and the fourth 
largest in Brazil, with a planted area of 18,595 ha and production of 173,788 tons of fruits (IBGE, 2018; 
FAOSTAT, 2016). 

A sharp drop was found in the worldwide coconut productivity caused by the rapid spread of a disease termed 
Lethal Yellowing. The primary obstacles for controlling such disease are its rapid progress and high lethality, 
besides the lack of studies on the transmission (Ramos-Hernández et al., 2018). The first symptoms of the 
disease are the abortion of the fruits, followed by the blackened color, resulting in the reduction of seed viability. 
The visible symptoms are the necrosis of the inflorescences and the so-called yellowing or bronzing of the leaves. 
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These leaves undergo dehydration processes, progressing towards their falling (Bertaccini et al., 2014). Death in 
coconut palms and other palm trees may occur approximately four months after the onset of the first symptoms 
(Meyerdirk & Hart, 1982; Gurr et al., 2016). The disease is caused by a phytopathogen that present cell 
composition similar to the bacteria, belonging to the group of phytoplasmas, whose translocation within the plant 
is through the phloem, and the transmission from one plant to another occurs by the activity of a vector (Waters 
& Hunt, 1980; Abeysinghe et al., 2016), which is the Haplaxius crudus Van Duzee 1907 (Hemiptera: 
Auchenorrhyncha: Cixiidae). The disease is spread by H. crudus, considered the main vector insect. This fact 
does not exclude the possibility of transmission through other sap-sucking insects, like other species of 
American palm cixiid, which is caused by the habit of feeding on the floemamatic sap, a local where its 
causative phytoplasma is found (Wheeler & Wilson, 2014; Narváez et al., 2018).  

According to Tsai and Kirsch (1978), Howard and Wilson (2001), and Howard (2012), the nymphs of this 
hemipterus feed on the sap elaborated in the roots of some grass species and some Cyperaceae, with an average 
development time of approximately 80 days at 24 °C and 52 days at 30 °C under laboratory conditions in 
experiments of studies conducted in Florida. In the adult stage, it can be found in the abaxial part of the palm 
leaves (Gitau et al., 2009). They feed on the lower parts of the leaves, where they also find shelter, or in partially 
hidden parts of the host plants close to the soil (Kramer, 1979; Perilla-Henao & Casteel, 2016). Several control 
methods can effectively carry out the populational reduction or even the extinction of the vector, H. crudus. 
These include especially chemical and cultural controls, with the removal or replacement of the forage species 
occurring at the site of infestation and surroundings, aiming at restricting the reproductive activity and initial 
development of the pest (Pardey & Arango, 2016). 

In such cases, geostatistics becomes an excellent tool for the search of patterns in the form of distribution of 
many insect pests in different cultures or even in aid of the prevention of possible infestations, where the most 
proper form of management can be carried out using the results achieved in the study. Several works in this line 
of study such as those of Fernandes et al. (2003), Dinardo-Miranda et al. (2007), Trindade et al. (2017), and 
Farias et al. (2018) have been carried out based on the use of this tool as an essential aid to integrated pest 
management. For the implementation of sustainable management and to reduce costs with the use of pesticides, 
it is paramount to master the knowledge regarding the population dynamics and spatial and temporal distribution 
of insect-pests in commercial areas of large crops. This information provides greater precision to the adopted 
phytosanitary control strategy, controlling the direct problem in the infestation focus (Dal Prá et al., 2011). 
Therefore, geostatistical analysis through incidence maps and distribution of insects that cause damage to 
monoculture sites provides a great help to control methods, granting them greater efficacy (Duarte et al., 2015). 
The possibility of the dissemination of Lethal Yellowing throughout South America is a reality that concerns 
large coconut farmers in Brazil. Hence, there is a need to use new phytosanitary monitoring technologies to 
prevent this disease. Therefore, the objective of this study was to study the spatial distribution and the annual 
population fluctuation of H. crudus in commercial dwarf coconut plantation area, using geostatistics as an 
analysis tool. 

2. Material and Methods 
2.1 Experimental Area  
The study was carried out in commercial areas planted with Brazilian dwarf coconut located at 01º13′40.16″ S 
and 48º02′54.35″ W, (Figure 1) using aspacing of 7.5 m. The region is characterized by high rainfall rates, with 
values up to 3,000 mm and average relative humidity of approximately 80%. The climatic classification 
according to Köppen-Geiger is of the Afi type (Sema, 2017), in which the rainy season occurs from January to 
May and the dry season is from June to December. It also displays secondary vegetation of the Capoeira type 
with foci of pastures. The most predominant soil is the quartzarenic Neosol, with adequate drainage and high 
weathering levels (Embrapa, 2006).  
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Kuwayama (Hemiptera: Psyllidae), and also obtained aggregate distribution. This model of distribution is the 
one that best suits the spatial behavior of these insects since this shows the foci of infestation in the form of 
concentric shrubs that tend to expand in all directions according to the population growth of the pest. By using 
the kriging maps of the spatial arrangement of H. crudus it was possible to observe a preference of the insect 
population on the periphery of the plot, closer to the pasture, where B. humidicola can be found. Some authors, 
such as Hernandez et al. (2018), studied the weeds used by H. crudus in a coconut pathosystem in southern 
Mexico and found that B. humidicola is one of the leading host species of the pest and suggested that the use of 
integrated management should be considered important when this grass is found in areas of coconut production. 
Also, after hatching of H. crudus nymphs, they descend to the soil surface and develop in the roots of the grass. 
Humid locals and grass with longer foliage are the most preferred locals (Howard, 2015), a fact confirmed in this 
study, as a greater aggregation of American palm cixiid were found in the lower and humid areas. Considering 
that the location of the point where the greatest infestation practically remains unchanged, it is suggested that 
this is the result of the dispersal behavior of this pest that occurs mainly through wind currents due to the low 
capacity of flight. 

The altimetric survey for the analysis of the behavioral pattern of spatial distribution of the displayed results that 
demonstrate a clear preference for the areas of lower altitude, where there is a greater accumulation of moisture 
in the soil, which makes this environment conducive to the development of the insect. It should be noted that 
individuals of the Auchenorryncha suborder are necessarily sap-suckers that in their initial development depend 
on the environmental conditions where they are living in such as in the experiment by Latini et al. (2019), who 
demonstrated that the control of nymph-stage H. crudus should be carried out after hatching and before the first 
stages of larva, when they depend directly on the humidity. Therefore, reinforcing the need for constant 
phytosanitary monitoring in areas with similar characteristics. 
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