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ABSTRACT
Leafhoppers are among the most threatening pests of berries. Given the pest status of
leafhoppers in berry production and the magnitude and importance of berries for export in
Mexico, this study was conducted to survey, identify, and determine the seasonal abundance
of leafhopper fauna in commercial blackberry and blueberry orchards in Michoacan. It was
hypothesized that Cicadellidae species and their abundance, collected in commercial berry
orchards, will vary by crop, phenological stage, and management. The leafhoppers were
collected on a monthly basis using yellow traps, vacuum, and netting techniques from June
through December 2020. A total of 7512 specimens representing six subfamilies, 18 tribes, 35
genera, and 45 species of leafhoppers were identified. Overall, a higher number of species and
specimens were predominantly captured using yellow traps in comparison to the vacuum and
netting methods. The largest number of species was concentrated in the subfamilies Cicadellinae
and Deltocephalinae. Graphocephala rufimargo Walker (68 %) and Scaphytopius nitridus (DeLong)
(5.07 %) were the predominant species. The dynamics and abundance were correlated with
the fruiting periods, reduced precipitation, and management practices. Organic blackberries
harbored more leafhoppers than those subjected to conventional management. The data
collected in this survey, along with findings from related studies conducted in Mexico, should
provide a foundation for additional research on the vector capacity of the identified species.
It will also aid in developing management strategies to mitigate the risk of Xylella fastidiosa

transmission in berry production systems.

Keywords: blueberry, blackberry, pests, fastidious bacterium vectors.

INTRODUCCION
The production of berries (strawberries, raspberries, blueberries, and blackberries)
is under constant threat due to pests such as leathoppers (Hemiptera: Cicadellidae).
These insects can destroy or obstruct the feeding site, extract nutrients, or transmit
pathogens that cause serious diseases (Hail et al., 2010; Pérez-Mejia et al., 2020; Ortega-
Arenas et al., 2022). Leathoppers interact with Xylella fastidiosa (Wells), a fastidious
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bacterium that poses a significant phytosanitary risk due to its broad host range,
which includes blackberry (Elbeaino et al., 2014) and blueberry (di Genova et al., 2020).
Several diseases, including Pierce’s disease in grapevines, citrus variegated chlorosis,
and leaf scorch in coffee, are caused by X. fastidiosa (Hail et al., 2010). This bacterium
is transmitted by insect vectors, mainly leafthoppers (Cicadellidae) and spittlebugs
(Cercopidae) (Janse and Obradovic, 2010; Camacho-Aguilar ef al., 2019; Ortega-Arenas
et al., 2022). To date, 39 species and 19 genera of leafhoppers capable of transmitting
X. fastidiosa have been identified in the Americas (EFSA, 2015). In California alone,
there are at least 20 vector species associated with the bacterium found on grapevines,
with the most significant being Graphocephala atropunctata (Signoret), Draeculacephala
minerva (Ball), and Xyphon (Carneocephala) fulgidum (Nottingham) (Redak et al., 2004).
In Mexico, 40 species of leafhoppers associated with blueberries were recorded in the
production regions of Jalisco, including D. minerva and Homalodisca insolita (Walker)
(Pérez-Mejia et al., 2020), which are considered potential vectors of X. fastidiosa, but
no tests were performed to verify their transmission ability. In Yucatan, the presence
of Oncometopia clarior (Walker), Hortensia similis (Walker), Phera obtusifrons (Fowler),
and Homalodisca sp. (Stel) as potential vectors has been documented in citrus (Blanco-
Rodriguez et al., 2015), whereas G. atropunctata, Phylaenus spumaris (Stel) (Purcell et al.,
2014), Homalodisca vitripennis (Germar) (Camacho-Aguilar et al., 2019), D. minerva, and
X. fulgidum have been reported in grapevines (Redak et al., 2004), and H. vitripennis in
blueberry (Burbank et al., 2020).

Considering that references in the American continent are pointing to leafhopper
species as potential vectors of X. fastidiosa and that these could constitute a significant
threat to agriculture in Mexico, it was hypothesized that these leafhoppers could be
present in Mexican berry orchards and that the species collected through different
methods and their abundance will vary by crop, phenological stage, and management.
Therefore, this study aimed to survey, identify, and determine the seasonal abundance
of leafhopper fauna in commercial blackberry and blueberry orchards in Michoacan,
Mexico.

MATERIALS AND METHODS

Location of the experiment

This study was conducted from June to December 2020 in blackberry orchards under
micro-tunnels located in “Tres Parajes” (19.6582 N, 102.4356 W, 1551 m altitude),
“Cuatro Parajes” (19.5485 N, 102.4382 W, 1588 m altitude), and a blueberry site (19.6658
N, 102.4354 W, 1599 m altitude) within the Atapan locality, in the municipality of Los
Reyes, Michoacan. The climate of the region is humid, semi-warm temperate [type (A)
C(m)(f)] with summer rains and an average temperature of 22 °C (Garcia, 1998).

In the “Tres Parajes” and “Cuatro Parajes” orchards, blackberry ‘Dasha’ was
transplanted directly into the soil with mulch in the rows. This variety was established
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under organic management in sectors 1, 3, and 4, while conventional management was
applied in sector 6. Additionally, in the “Cuatro Parajes” orchard, blueberry ‘Arana’
was transplanted in bags with coconut substrate, utilizing a semi-hydroponic system
and total mulch. This variety was established under conventional management in
sector 10. The company defined the management practices, which included pruning,
fertilization, and the application of both chemical and organic products for pest
control.

Adult sampling

To estimate the presence and abundance of leathoppers, samples were collected
through yellow traps, vacuum, and netting from June to December 2020 and revised
monthly. Five rectangular yellow traps (12.5 x 21.5 cm) covered on both sides with a
light layer of poly-isobutylene-based adhesive fused at high heat (Ferommis, Mexico)
were installed in each orchard. Each trap was geo-referenced and placed at the average
height of the plant, fastened to the tunnel support with black raffia. The 15 traps were
replaced every 30 d. Leathoppers were vacuumed with a blower-vacuum cleaner with
a 26-cc gasoline engine (Truper, Mexico), adapted to suck the insects and collect them
in an internal capture net. Five vacuums were made per orchard and date, and at each
point, the machine was operated for 2 min at medium speed, directing the suction to
the plant and herbaceous vegetation near the base of the plant. Insect collection by
netting consisted of 20 blows with an entomological net at five points on the orchard,
including near the plant’s base. The collected material was stored in 96 % ethyl alcohol
and kept at -4°C until processing.

Species determination

Leathoppers captured in the traps were removed by submerging them in white
gasoline for 10 min, after which they were filtered and washed three times with 96 %
ethyl alcohol. The specimens collected in vacuum and netting were stored in sellable
bags, with 20 mL of 96 % ethyl alcohol, for transportation to the laboratory. Samples
were separated and counted by morphological similarity and sex using a Leica EZ4
stereoscopic microscope (Leica Geosystems, Mexico) and preserved in 96 % ethyl
alcohol.

For morphological identification, adults were mounted in triangles, and male genitalia
were extracted according to Acevedo-Reyes et al. (2019). The mounted structures were
used to identify the genus and species levels based on the taxonomic keys of Nielson
(1968), DeLong and Freytag (1974), DeLong and Hamilton (1974), Freytag (1992), and
Young (1977). Females were placed at the genus level. Specimens were deposited in
the entomological collection of vector insects under the supervision of PhD Laura
Delia Ortega-Arenas from the Phytosanitary, Entomology, and Acarology Program of
the Postgraduate College.
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Relative importance index
The importance of the species captured in the study was determined using the relative
importance index (RII), which allowed the weighting of the presence of different
taxonomic entities over time. RII values were obtained according to the following
equation:

RIT = (Ni / Nt) * (Mi / Mt) * 100

where Ni represents the number of individuals of species i, Nt denotes the total
number of individuals captured across all species, Mi indicates the number of samples
in which species i appears, and Mt refers to the total number of samples that were
analyzed. According to Paradell et al. (2014), this index weighs the ratio of individuals
of each species (Ni/Nt) by the importance it represents throughout the sampling cycle
(Mi/Mt), with expected values ranging from 0 to 100. Species with RII values of <1, 21.1
and <5, 25.1 and <20, and >20.1 were considered occasional, less frequent, frequent,
and dominant, respectively (Pérez-Mejia et al., 2020).

Data analyses
Monthly populations and their relationship with phenological stages and
environmental variables were analyzed using descriptive statistics. The Pearson
correlation coefficient was calculated between population density and average
temperature and precipitation, using the SAS program (v. 9.0).

RESULTS AND DISCUSSION

Determination of species and relative importance

In the blackberry- and blueberry-producing regions of Atapan, Los Reyes, Michoacan,
a total of 7512 specimens representing six subfamilies, 18 tribes, 35 genera, and 45
species of Cicadellidae were collected using three methods (Figures 1, 2, and 3). The
Cicadellinae and Deltocephalinae subfamilies had the highest number of species.
Graphocephala rufimargo (68 %), Scaphytopius nitridus (5.07 %), Empoasca sp. 1 (3.86
%), Empoasca sp. 2 (3.37 %), Graminella cognita (3.18 %), G. sonora (3.15 %), Agallia
quadripunctata (2.76 %), and Dalbulus maidis (2.53 %) were the most abundant species,
representing 88 % of the collected population. In general, a greater number of species
and specimens were captured using yellow traps (n = 35) (86.18 %), compared to
vacuum (n = 27) (9.73 %), and netting (n = 18) (4.09 %). Organic blackberries harbored
more leafhoppers (73 %) than those subjected to conventional management (27 %)
(Table 1).

The species found in this study were classified as three dominant species, 10 frequent
species, 10 less frequent species, and 22 occasional species. The latter were represented
by one genus and one to three species each (Table 1). In both organic and conventional
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Figure 1. Cicadellidae species and male genitalia collected in blackberry and blueberry orchards
in Los Reyes, Michoacan, Mexico. A: Acinopterus angulatus; B: Acuera ultima; C: Paraulacizes
figurata; D: Chlorogonalia coeruleovittata; E: Phera centrolineata; F: Xyphon reticulatum; G: Sibovia
recta; H: Draeculacephala minerva.
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Figure 2. Cicadellidae species and male genitalia collected in blackberry and blueberry orchards

in Los Reyes, Michoacan, Mexico. A: Homalodisca insolita; B: Cyrtodisca major; C: Graphocephala
fennahi; D: Graphocephala aurolineata; E: Graphocephala punctulata; F: Graphocephala rufimargo; G:
Graphocephala flavovittata, H: Graphocephala marathonensis.
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Figure 3. Cicadellidae species and male genitalia collected in blackberry and blueberry orchards
in Los Reyes, Michoacan, Mexico. A: Plesiommata mollicula; B: Osbornellus rarus; C: Texananus sp.;
D: Spanbergiella mexicana; E: Omanolidia bistyla; F: Sibovia compta; G: Homalodisca ichthyocephala; H:
Ponana woodruffi.
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Table 1. Relative importance of Cicadellidae species collected by different methods in commercial blackberry and blueberry
orchards under organic and/or conventional management in Atapan, Los Reyes, Michoacan, Mexico.

Yellow traps Vacuum Netting
Subfamilia Organic  Conventional Conventional Organic Conventional Conventional Organic Conventional Conventional
Tribu A blackberry blackberry  blueberry blackberry blackberry  blueberry  blackberry blackberry  blueberry
Especie RI C RIL C RI C RI C RI C RI C RI C RI C RI C
Cicadellinae
Cicadellini 4 0 _ 0 _ 0 - 042 O 0 - 0.16 O 0 - 0 - 0 -
Chlorogonalia coeruleovittata
Dilobopterus sp 4 001 O 0 - 0 - 0 -0 - 0 - 0 -0 - 0 -
Draeculacephala minerva 80 050 O 038 O 033 O 375 LF 449 LF 064 O 510 F 794 F 372 LF
Graphocephala aurolineata 32 008 O 073 O 0 - 0 -0 - 0 - 0 -0 - 0 -
Graphocephala fennahi 10 008 O 0 - 0 - 0 -0 - 0 - 0 -0 - 0 -
Graphocephala flavovittata 83 130 LF 131 LF 0 0 -0 - 0 - 0 -0 - 0 -
Graphocephala marathonensis 7 0 -0 - 115 LF 0 -0 - 0 - 0 -0 - 0 -
Graphocephala punctulata 43 014 O 073 O 0 - 0 -0 - 0 - 0 -0 - 0 -
Graphocephala rufimargo 4726 80.7 D 4895 D 1091 F 156 LF 042 O 144 LF 0 -0 - 0 -
Plesiommata mollicula 10 -0 - 0 - 0 -0 - 008 O 0 -0 - 0 -
Sibovia compta 3 001 O 038 O 622 F 0 -0 - 192 LF 0 -0 - 0 -
Sibovia recta 15 005 O 0.19 o 0 - 0 -0 - 016 O 0 -0 - 0 -
Xyphon reticulatum 10 0003 O 001 O 022 O 010 O 028 O 024 O 0 -0 - 0 -
Proconini
Cyrtodisca major 2 001 O O - 0 - 0 -0 - 0 - 0 -0 - 0 -
Homalodisca ichthyocephala 2 001 O 0 - 0 - 0 -0 - 0 - 0 -0 - 0 -
Homalodisca insolita 2 0 - 002 O 0 - 0 -0 - 0 - 0 -0 - 0 -
Paraulacizes figurata 6 0 - 007 O 0 - 0 -0 - 0 - 0 -0 - 0 -
Phera centrolineata 119 183 LF 049 O 0 - 0 -0 - 0 - 0 -0 - 0 -
Oncometopia sp 5 0002 O 005 O 0 - 0 -0 - 0 - 0 -0 - 0 -
Coelidiinae
Coelidiini
Omanolidia bistyla 3 001 O 0 - 0 - 0 -0 - 0 - 0 -0 - 0 -
Deltocephalinae
Acinopterini
Acinopterus angulatus 5 0003 O 0 - 0 - 0 -0 - 032 O 0 -0 - 035 O
Athysanini
Coladonus beameri 56 087 O 0 - 0 - 010 O 08 O 008 O 024 O 040 O 142 LF
Chiasmini
Exitianus picatus 61 001 O 0 - 0 - 750 F 197 LF 407 LF 437 LF 238 LF 426 LF
Deltocephalini
Amblysellus necopinus 94 0 -0 - 229 LF 10 F 014 O 8.31 F 1262 F 476 LF 851 F
Daltonia blacki 22 0 -0 - 0 - 083 O 0 - 431 LF 0 -0 - 0 -
Graminella cognita 239 0 -0 - 0 - 2542 D 359 D 2332 D 1359 F 1667 F 691 F
Graminella sonora 237 0 -0 - 0 - 2667 D 2528 D 2588 D 18.45 F 10.71 F 674 F
Planicephalus flavicosta 25 0 -0 - 0 - 417 LF 112 LF 09 O 097 O 159 LF 018 O
Sanctanus fasciatus 1 0 -0 - 005 O 0 - 014 O 032 O 0 - 040 O 071 O
Hecalini
Spanbergiella mexicana 4 0 -0 - 0 - 010 O 0 - 048 O 0 -0 - 0 -
Macrostelini
Balclutha mexicana 50 -0 - 0 - 021 O 0 - 024 O 0 -0 - 0 -
Dalbulus maidis 190 057 O 653 F 872 F 0 -0 - 0 - 364 LF 357 LF 071 O
Phelepsiini
Texananus hosanus 4 0 -0 - 0 - 0 - 014 O 024 O 0 -0 - 0 -
Scaphoideini

Osbornellus rarus 66 072 O 071 (e} 022 O 0 -0 - 0.48 (e} 0 -0 - 2.66 LF
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Table 1. Continue.

Yellow traps Vacuum Netting
Subfamilia Organic Conventional Conventional Organic Conventional Conventional Organic Conventional Conventional
Tribu A Dblackberry blackberry  blueberry blackberry blackberry  blueberry  blackberry blackberry  blueberry
Especie RII C RI C RII C RII  C RO C RII C RII C RO C RII C
Scaphytopiini

Scaphytopius nitridus

Stenometopiini
Stirellus bicolor

Iassinae
Gyponini

Acuera ultima

Ponana woodruffi

Megophthalminae
Agallini
Agallia quadripunctata

Typhlocybinae
Alebrini
Trypanalebra maculata

Dikraneurini
Alconeura sp
Typhlocybella minima

Empoascini
Empoasca sp 1
Empoasca sp 2
Empoasca sp 3

381

30

207

49

34

290
253
15

388 LF 849 F 12.10 F 042 O 0 - 0.16 (@) 024 O 0 - 035 O
0 - 001 (@) 0 - 1.04 O 028 O 383 LF 024 O 079 (@) 496 LF
001 O 0 - 0 - 0 -0 - 0 - 0 -0 - 0 -
0.01 O 0.08 (@] 0 - 0 -0 - 0 - 0 -0 - 0 -

1.09 O 498 LF 1276 F 5 LF 506 LF 256 LF 437 LF 6.35 F 851 F

0 -0 - 9.16 F 021 O 0 - 1.60 LF 097 O 0 - 089 O
015 O 022 (©] 1.64 LF 0 -0 - 0 - 0 -0 - 0 -
0 -0 - 0 - 1.04 O 140 LF 1.60 LF 364 LF 238 LF 035 O
255 LF 6.20 F 065 O 1.04 O 618 F 024 O 874 F 1111 F 1418 F
097 O 792 F 371 LF 292 LF 506 LF 016 O 728 F 794 F 1135 F
002 O 019 (@] 0 - 0 -0 - 0 - 0 0 - 0

A: Total abundance of leafhoppers; RII: Relative importance index values; C: Classification by presence and absence; D:

dominant species; F: frequent species; LF: less frequent species; O: occasional species; -: absent species.

blackberries, the dominant species captured in yellow traps was G. rufimargo, which
denotes an established association with the crop. However, the dominance favored G.
sonora and G. cognita in the collections made using the vacuum method. Particularly,
the organically managed plantations exhibited the highest abundance of rare species.

Seasonal abundance

Leafthoppers were present throughout the study period, and the growth rates were
similar across the three orchards. The highest adult infestation was recorded in
orchards managed organically, as indicated by yellow traps, occurring from November
to December in blackberry and from September to December in blueberry (Figure 4).
This situation was observed in all three orchards and coincided with the fruiting and
harvesting periods.

The population of females and males was similar in the crops studied (Figure 4), with
a slight tendency in favor of males captured by yellow traps in organic blackberry. The
correlation analysis indicated that the prevailing rainfall in the study area negatively
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Figure 4. Seasonal abundance of leafthoppers captured by yellow traps (T), vacuum (V),
and netting (N) in organically managed blackberry, conventionally managed blackberry,
and conventionally managed blueberry orchards from June to December 2020 in Los Reyes,
Michoacan, Mexico.
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impacted the abundance of leathoppers (p < 0.05). During periods of higher rainfall,
specifically from June to August, the leathopper population tended to decrease (Table
2).

Table 2. Pearson’s correlation coefficients for temperature and precipitation on the seasonal
abundance of Cicadellidae, collected from blackberry and blueberry orchards under organic
and conventional management in Los Reyes, Michoacan, Mexico.

. Total leafhoppers
Orchard Variable Yellow traps VaccuIr)rrl) Netting
Precipitation -0.639 -0.628 0.819
Conventional ~ Probability 0.121 0.371 0.180
blueberry Temperature -0.403 -362 0.7458
Probability 0.369 0.637 0.254
Precipitation -0.767 -0.644 -0.092
Conventional ~ Probability 0.043* 0.355 0.907
blackberry Temperature -0.858 -0.767 -0.375
Probability 0.013* 0.232 0.624
Precipitation -0.817 -0.735 -0.889
Organic Probability 0.024* 0.264 0.110
blackberry Temperature -0.761 -0.387 -0.959
Probability 0.046* 0.612 0.040%

*Statistically significant Pearson’s correlations with probability of p <0.05.

The preference of leathoppers for yellow suggests that traps of this color are an
effective and reliable method for capturing them (Kriiger and Fiore, 2019). However, it
is important to note that if the objective of the capture is to perform molecular analyses
for species identification or to evaluate potential vectors, vacuum and netting methods
are more appropriate for effectively preserving biological material (Sanchez-Romero
et al., 2019). Additionally, the low capture rates of leathoppers in yellow traps used in
blueberry orchards can be related to the management practices of the planting system,
which inhibit the growth of herbaceous vegetation between crop rows and in turn
affect the capture of leafhoppers on the plants located at the edges of the orchards.
The change in species dominance among collecting methods may be due to the ability
of the vacuum method to collect specimens related to grasses growing in neighboring
crops (Pinedo-Escatel and Moya-Raygoza, 2018). An organic system favors the
presence of herbaceous vegetation between and around the crops and acts as a harbor
for the adult leathoppers, which move towards the crop for feeding (Pérez-Mejia et
al., 2020). For this reason, some growers consider it convenient to remove herbaceous
vegetation that serves as alternative hosts for leafhoppers, while others advocate for
maintaining this vegetation and planting flowering plants near crops to promote
the presence of pollinators and beneficial organisms that help suppress leafhopper
populations (Salas-Figueroa, 2020).
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In this study, 43 of the 45 species of Cicadellidae found were reported for the first time
for blackberry ‘Dasha’ in Mexico, and 15 were added to the list of species recorded by
Pérez-Mejia et al. (2020) in blueberry in Jalisco. Of the 45 species recorded in this study,
D. minerva (Lopes et al., 2009) and H. insolita (Sanderlin and Melanson, 2010) were
reported as vectors of X. fastidiosa on grapevine and pecan, respectively. However,
references are pointing to species of the genera Graphocephala (Ranieri et al., 2020),
Xyphon (Redak et al., 2004), Dilobopterus, Oncometopia (Alves et al., 2008), Plesiommata
(Dellapé et al., 2016), and Sibovia (Miiller et al., 2021) in various crops as potential
vectors of the bacterium.

Population peaks, especially during fruiting periods, are attributed to increased
availability and concentration of nutrients in the host (Brodbeck et al., 1990) and to
higher enzymatic metabolism in the xylem (Coudron ef al., 2007), which define the
preference and selectivity of leathoppers. The slight trend of male populations in
organic blackberry contrasts with the studies of Chen et al. (2010) and Pérez-Mejia et
al. (2020), who found a greater abundance of females, which was related to prolonged
feeding times and longer life expectancy during migration (Swenson, 1971; Beanland
et al., 2000).

The prevailing temperatures in the study area (18-25 °C) were generally favorable
for leafthopper development, except in organically managed blackberry plantations
(van Nieuwenhove ef al., 2016). However, correlation analyses indicated a negative
relationship between leafhopper abundance and precipitation, and overall climatic
variables did not exert a determining influence on population levels (Pérez-Mejia et
al., 2020). In blueberry production systems, the use of micro-tunnels protects plants
from direct rainfall and generates a favorable microclimate that facilitates leafhopper
establishment (Cruz-Andres et al., 2018). Periodic increases in leathopper influx
may also be explained by the presence of abundant surrounding vegetation, which
serves as a feeding source (Almeida and Nunney, 2015). In addition, orchard-specific
management practices can modulate population abundance.

The identification of 11 potential species of Cicadellidae as vectors of X. fastidiosa in
blackberry and blueberry crops suggests a possible risk to crop health. However,
the presence of these species in orchards does not necessarily imply their active
participation in the transmission of the pathogen (Weintraub and Beanland, 2006;
Ortega-Arenas et al., 2022); therefore, further studies are required to confirm its ability
to transmit X. fastidiosa through laboratory assays or molecular analysis. The increased
presence of herbaceous vegetation in organic systems could potentially explain the
higher abundance of leathoppers in these environments. This vegetation serves as
both a refuge and a food source for insect populations. However, its presence does not
necessarily heighten the risk of pathogen transmission if these species are not effective
vectors under such conditions.
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CONCLUSIONS

A total of 7512 leafthopper specimens were identified, representing six subfamilies,
18 tribes, 35 genera, and 45 species. Yellow traps were the most effective sampling
method, capturing more species and individuals than vacuum sampling and netting.
Species richness was mainly concentrated in the subfamilies Cicadellinae and
Deltocephalinae, with Graphocephala rufimargo (68 %) and Scaphytopius nitridus (5.07
%) as the predominant species. Leafhopper abundance was higher in organically
managed blackberry plantations than in conventionally managed ones, with
population dynamics closely associated with fruiting periods, reduced precipitation,
temperature conditions, and management practices. These results highlight the need
for complementary studies to assess the vector capacity of the detected species and
to develop management strategies aimed at reducing the risk of Xylella fastidiosa
transmission in these production systems.
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