REVISTA BIO CIENCIAS
http://revistabiociencias.uan.edu.mx
https://doi.org/10.15741/revbio.12.e1733

ISSN 2007-3380

Orjeinal article /Articulo orjginal

Effect of temperature and rainfall on the population dynamics of Frankliniella
occidentalis and its natural enemies in Mexican lemon

Efecto de la temperatura y la precipitacion pluvial en la dinamica poblacional
de Frankliniella occidentalis y sus enemigos naturales en Limén mexicano

Pardo-Melgarejo, S."
Miranda-Salcedo, M. A."

' Instituto Nacional de Investigaciones
Forestales Agricolas y Pecuarias, CIRPAC-
Campo Experimental Valle de Apatzingan,
Km. 17.5, Carr. Apatzingan-Cuatro Cam.
Antunez, Michoacan, México
2 Departamento de Control  Biolégico
(=CNRCB), CNRF-SENASICA. Km. 1.5, Carr.
Tecoman-Estacion FFCC. Tecoman, Colima,
Meéxico.
3 GIFT AGRO (Dragon), Carretera México
Toluca km 52.5, Parque Industrial Lerma,
Lerma de Villada, Estado de México, México.

Please cite this article as/Como citar este
articulo: Pardo-Melgarejo, S., Gonzalez-Cabrera,
J., Morales-Hernandez, F., Miranda-Salcedo, M.
A., Alvarez-Hernandez, J. C, Mondragén-Flores,
A. (2025).Effect of temperature and rainfall on the
population dynamics of Frankliniella occidentalis
and its natural enemies in Mexican lemon.

Revista Bio Ciencias, 12, e1733. https://doi.
org/10.15741/revbio.12.e1733

Article Info/Informacion del articulo
Received/Recibido: October 10" 2024.
Accepted/Aceptado: February 20 2025.
Available on line/Publicado: April 11" 2025.

, Gonzélez-Cabrera, J.?
, Alvarez-Hernéandez, J. C.1

, Morales-Hernandez, F?
, Mondragén-Flores, A."

ABSTRACT

Frankliniella occidentalis (Pergande) is one of the most important pests
affecting Mexican lemon crops in Michoacan, and its control is primarily
based on the use of broad-spectrum insecticides. However, currently,
thrips populations have remained constant in orchards. To understand the
influence of atmospheric factors on the population dynamics of the pest
and its natural enemies, the density of thrips populations (Thysanoptera:
Thripidae) and their natural enemies was correlated with temperatures
(minimum, average, and maximum) and precipitation, over four years.
A significant correlation was found between the population density of F.
occidentalis and both the average and maximum temperatures, while a
positive correlation was observed between the population density of
natural enemies and both precipitation and minimum temperature. These
findings highlight the impact of environmental factors on the regulation
of thrips populations and beneficial organisms. Obtained data suggest
that future conditions may lead to an increase in thrips populations and
a decline in beneficial insect populations in the citrus-growing region of
the Apatzingan Valley. Therefore, a change in the current phytosanitary
management approach is necessary, and an integrated management
strategy is proposed to enhance the role of natural enemies in biological
pest control.

KEY WORDS: Mexican lemon, pest, thrips, IPM (Integrated Pest
Management), pest control.
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RESUMEN

Frankliniella occidentalis (Pergande) es una de las plagas mas importantes en el cultivo
de limén mexicano en Michoacan, y su combate se basa en la utilizacién de insecticidas de
amplio espectro. Sin embargo, hoy en dia las poblaciones de trips son constantes en los huertos.
Para comprender la influencia de los factores atmosféricos sobre la dinamica poblacional de la
plaga en conjunto con sus enemigos naturales, se correlacion6 durante cuatro afios la densidad
de la poblacién de trips (Thysanoptera: Thripidae) y sus enemigos naturales con la temperatura
(minima, media y maxima) y la precipitacion. Se encontrd correlacion positiva entre la densidad
poblacional de F. occidentalis con la temperatura media y maxima, y una correlacion positiva
entre la densidad poblacional de los enemigos naturales con la precipitacion y la temperatura
minima. Estos resultados resaltan el impacto de los factores ambientales en la regulacion de
las poblaciones de trips y los organismos benéficos. Con base en los resultados encontrados en
esta investigacion, se infiere que en el futuro habra un aumento de las poblaciones de trips y una
disminucion de las poblaciones de insectos benéficos en la zona citricola del Valle de Apatzingan.
Es necesario implementar un cambio en el manejo fitosanitario actual, por lo que se propone un
enfoque de manejo integrado que favoresca el papel de los enemigos naturales en el control
biologico de plagas.

PALABRAS CLAVE: MLimoén mexicano, plaga, trips, MIP (Manejo Integrado de Plagas),
control de plagas

Introduction

The cultivation of Mexican lemon (Citrus aurantifolia Swingle) holds significant economic
importance in Michoacan state, Mexico. 204,683 hectares are cultivated annually, producing
398,552 tons of fresh fruit and generating approximately 70,000 direct and indirect jobs (Servicio
de Informacion Agroalimentaria y Pesquera, 2024). These jobs are distributed throughout the
entire production chain, which includes production, processing, packaging, and export logistics,
as well as complementary activities such as technical advisory services for the phytosanitary
management of crops.

Among the main threats to lemon production in Michoacan is F. occidentalis (Pergande), a
high-impact pest that affects the quality and yield of the crop. The primary strategy for controlling
thrips has been the use of broad-spectrum chemical products, such as organophosphates,
carbamates, and pyrethroids (Miranda-Salcedo et al., 2019). However, the misuse of insecticides
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negatively affects the environment and consumer health (Mouden et al., 2017; Desneux et al.,
2007). Currently, thrips populations are present year-round in citrus orchards, and farmers perceive
that population densities are now higher than they were a decade ago (personal communication,
M. Miranda Salcedo, Researcher, INIFAP-Experimental Field of the Apatzingan Valley).

Apossible reason for the increased abundance of thrips populations is attributed to changes
in environmental patterns observed in the region. According to Murray-Tortarolo (2020), Mexico,
due to its geographical location, is one of the most vulnerable countries to climate change, and
between 1951 and 2017 the national average temperature increased by 0.71 °C. Similarly, Sdenz-
Romero et al. (2009), estimate that the average annual temperature in Michoacan will rise by 1.4°C
by 2030, 2.2°C by 2060, and 3.4°C by 2090. Additionally, precipitation is expected to decrease,
with projections indicating a 14.2 % reduction by 2030 in Michoacan under the worst-case scenario
(Saenz-Romero et al., 2009). This reduction will negatively impact agricultural production, which
is expected to decline by 5 % to 30 % by 2080 (Parry et al., 2004). Rising temperatures have
been linked to increased natural pest populations, while also negatively affecting populations of
beneficial insects. On the other hand, reduced rainfall may harm beneficial insect populations
(Guerrero-Carrera et al., 2020; Hodar et al., 2012; Platero, 2015). Given this background, it is
essential to understand how environmental factors, particularly temperature and rainfall, influence
the population dynamics of F. occidentalis and its natural enemies in the citrus-growing region of
the Apatzingan Valley, Michoacan, Mexico.

Material and Methods
Study area

The research was conducted from January 2019 to December 2022 in five Mexican lemon
(Citrus aurantifolia Swingle) orchards located in the Apatzingan Valley, Michoacan, Mexico. The
orchards were identified as A (19°02’40.6” N, 102°18’58.6” W), B (19°05°26” N, 102°24°52.2” W),
C (19°00°40.8” N, 102°13’39.9” W), D (19°01°22.2” N, 102°16'24.4” W), and E (19°06°'15.0” N,
102°12’50.5” W), and were classified according to their proximity to the meteorological station.
These orchards are situated at an altitude of 350 to 360 masl and have an average size of 5 hectares.
The distance between orchards ranges from 5 to 8 kilometers, ensuring sufficient separation of
vegetation to reduce insect immigration and emigration. This short separation distance also aimed
to homogenize the variability of environmental conditions present in the orchards. Additionally,
collaborating farmers were asked to maintain their usual agronomic management practices, with
the condition that any phytosanitary interventions be applied uniformly across the entire plot.

The agronomic management of the orchards mainly consisted of surface irrigation. During
the dry season, the orchards were irrigated every 15 days, while no irrigation was applied during the
rainy season. The main weeds present in the orchards were purple nutsedge (Cyperus rotundus
L.), pigweed (Amaranthus spp.), and Johnsongrass (Sorghum halepense L. Pers.), among others.
Periodic herbicide applications were carried out for weed control, as well as chemical insecticide
applications approximately every two months for pest management.
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Additionally, botanical insecticides based on neem, garlic, and cinnamon were used, as
well as chemical insecticides such as imidacloprid + lambda-cyhalothrin (200 g active ingredient
(a.i.)/)L+ 140 g a.i./L) (Imiland®, Agricultura Nacional, Mexico) at a dose of 250 mL/ha, deltamethrin
(25 g a.i./L) (Sidelt®, Agricultura Nacional, Mexico) at a dose of 0.5 L/ha, and thiamethoxam
(750 g a.i./kg) (Actram 75 WDG®, Agricultura Nacional, Mexico) at a dose of 180 g/100 L. Herbicide
applications included ammonium glufosinate (200 g a.i./L) (Agrofusinato Forte®, Agricultura
Nacional, Mexico) at a dose of 1.5 L/200 L, and glyphosate (360 g a.i./L) (LaFAM®, Agricultura
Nacional, Mexico) at a dose of 2 L/200 L.

Sampling of thrips and natural enemies

The monitoring of the thrips Frankliniella occidentalis and its natural enemies, including
the green lacewing Chrysoperia rufilabris (Burmeister) (Neuroptera: Chrysopidae), the convergent
lady beetle Hippodamia convergens (Guérin-Méneville) (Coleoptera: Coccinellidae), and the
predatory mite Amblyseius swirskii (Athias-Henriot) (Acari: Phytoseiidae), was conducted as
follows. Systematic grid sampling was performed with 20 sampling points (20 trees) as the sample
size. Every 15 days, the population of thrips and the cumulative population of natural enemies
were quantified. The sampling unit consisted of one branch from the middle part of each tree,
ensuring visibility for insect quantification.

The collection of thrips and natural enemies was carried out by tapping tree shoots with
a wooden stick over a blue board measuring 40 x 20 cm. The dislodged insects were collected
and stored in jars containing 70 % alcohol for later taxonomic identification. The taxonomic
identification was based on the methodologies of Soto-Rodriguez et al. (2017), for F. occidentalis,
Cédola y Polack (2011), for A. swirskii, Gonzalez (2006), for H. convergens, Valencia-Luna et al.
(2006), and for C. rufilabris.

Climatic data

The data on minimum, average, and maximum temperature, as well as rainfall, were
obtained weekly from the meteorological station of the National Water Commission (CONAGUA),
located at the Faculty of Agricultural Sciences of the Universidad Michoacana de San Nicolas de
Hidalgo (19°08’35.3” N, 102°37°11.0” W) (CONAGUA, 2024).

Statistical analysis

A correlational study was conducted based on observations and Pearson’s correlation
analysis between the population densities of thrips and the cumulative population densities of
natural enemies (the total population of each natural enemy from all samplings was normalized
to 1, and the corresponding proportions for each sampling date were summed) these population
densities were correlated with minimum, average, and maximum temperatures, as well as
precipitation. The correlations were classified according to Evans (1996), as very weak for
determination coefficients <0.2, weak for coefficients between 0.20-0.39, moderate for coefficients
between 0.6 and 0.79, and very strong for coefficients >0.8. For cases where strong and very
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strong determination coefficients were found, a simple linear regression analysis was performed.
The data were transformed to the square root (x+0.5) to meet the assumption of homogeneity of
variances. The analyses were conducted using the SAS statistical software, version 9.4 (p <0.05)
(SAS Institute, 2013).

Results and discussion
Relationship between pest population fluctuations and environmental factors

When grouped by year, correlation data between the population density of the thrips F.
occidentalis and the four measured environmental parameters (minimum, average, and maximum
temperature, and precipitation) showed that, in 2019, only the relationship between thrips density
and maximum temperature was statistically significant. However, the correlation was moderate
(P>F=0.01,r=0.68, R?=0.47) (Table 1) (Figure 1).

Figure 1. Population fluctuation of Frankliniella occidentalis and natural enemies
against atmospheric factors (minimum temperature, mean temperature, maximum
temperature, and rainfall) in 2019 in the Apatzingan Valley.

In 2020, statistically significant correlations were found in only two cases: between thrips
density and average temperature, showing a weak positive correlation (P>F = 0.04, r = 0.59,
R? = 0.35), and between thrips density and maximum temperature, showing a moderate positive
correlation (P>F =0.01, r=0.7, R? = 0.49) (Table 1) (Figure 2).

In 2021, a similar pattern to the previous year was observed in the relationship between
thrips density and average temperature, showing a strong correlation (P>F = 0.0002, r = 0.87,
R?=0.72) (Table 1) (Figure 3) with the regression equation Y =-17.78 + 0.69X (Table 2). A strong
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correlation was also found between thrips density and maximum temperature (P>F = 0.0009,
r=0.82, R? = 0.68) (Table 1) (Figure 3) with the same regression equation Y = -17.78 + 0.69X
(Table 2).

Table 1. Results of simple linear correlation analysis between
Frankliniella occidentalis population density with minimum, mean
and maximum temperature, as well as precipitation, during 2019-
2022, in the Apatzingan Valley, municipality of Paracuaro, Michoacan,

Mexico.
Year Correlation df r R? F P>F
Thrips and Minimum tempeture 1 -0.41 0.17 2.07 0.18
Thrips and Mean temperature 1 0.14 0.0098 0.10 0.75
2019 Thrips and Maximum temperature 1 0.68 0.47 9.02 0.01
Thrips and Precipitation 1 -0.36 0.13 1.58 0.23
Thrips and Minimum temperature 1 -0.07 0.005 0.05 0.82
Thrips and Mean temperature 1 0.59 0.35 5.38 0.04
2020 Thrips and Maximum temperature 1 0.70 0.49 9.75 0.01
Thrips and Precipitation 1 -0.04 0.19 242 0.15
Thrips and Minimum temperature 1 0.29 0.08 0.96 0.34
Thrips and Mean temperature 1 0.87 0.72 32.42 0.0002*
2021 Thrips and Maximum temperature 1 0.82 0.68 22 0.0009*
Thrips and Precipitation 1 -0.21 0.04 0.47 0.50
Trips and Minimum temperature 1 -0.04 0.0017 0.02 0.89
Thrips and Mean temperature 1 0.54 0.30 4.31 0.06
2022 Thrips and Maximum temperature 1 0.90 0.82 45.60 <.0001*
Thrips and Precipitation 1 -0.07 0.0052 0.05 0.82

*Variables with strong or very strong correlation (??>0.6) were subjected to simple linear regression analysis.
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Figure 2. Population fluctuation of Frankliniella occidentalis and natural enemies
against atmospheric factors (minimum temperature, mean temperature, maximum

temperature and rainfall) in 2020 in the Apatzingan Valley.

Table 2. Equations of simple lineal regression of the population
density of thrips about temperature.

Relation Linear equations Y=+ X
Year Depe.ndent Independent variable B Standard error B Standard
variable 1 0 error
2021 Thrips High temperature -8.84 212 0.25 0.05
2021 Thrips mean temperature -17.78 3.31 0.69 0.12
2022 Thrips Maximum temperature -22.46 3.47 0.61 0.09

Revista Bio Ciencias 12, e1773.
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Figure 3. Population fluctuation of Frankliniella occidentalis and natural enemies
against atmospheric factors (minimum temperature, mean temperature, maximum
temperature and rainfall) in 2021 in the Apatzingan Valley.

In 2022, a statistically significant correlation was only found between thrips density and
maximum temperature, which was positive and very strong (P>F = 0.0001, r = 0.9, R? = 0.82)
(Table 1) (Figure 4) with the linear regression equation Y = -22.46 + 0.61X (Table 2).
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Figure 4. Population fluctuation of Frankliniella occidentalis and natural enemies
against atmospheric factors (minimum temperature, mean temperature, maximum
temperature and rainfall) in 2022 in the Apatzingan Valley.

Summarizing the details from the preceding paragraph, the population density of thrips
was correlated with average and maximum temperatures but not with minimum temperature or
precipitation. Temperature is a critical factor that influences the reproduction and development
rates of thrips (Gao et al., 2022). Specifically, higher temperatures are expected to accelerate the
life cycle of F. occidentalis, leading to more generations per year and an increase in population
densities (Contreras, 1998; Chingal et al., 2016), as well as more severe damage, reaching up
to 94 % of fruit damage (Murillo-Hernandez et al., 2022). On the other hand, Hardwick-Jones et
al. (2010) reported that rainfall is correlated with relative humidity, which can also affect thrips
survival rates (Mound, 1997; Mound and Teulon, 1995), but only in situations where humidity is
very low. Low humidity can cause desiccation and higher mortality rates (Mound, 1997; Mound
and Teulon, 1995). However, this study was conducted in citrus orchards with constant irrigation,
and it is likely that conditions of low humidity that could affect the abundance of the thrips
population never occurred.

Revista Bio Ciencias 12, e1773. 9
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Relationship between natural enemy population fluctuations and
environmental factors

Regarding the annual group correlation (2019-2021) between natural enemies and the
four environmental parameters considered (minimum, average, and maximum temperature, and
precipitation). In 2019, the group of natural enemies was correlated with minimum temperature
(P>F =0.004, r=0.75, R? = 0.56). A strong correlation was also found between natural enemies
and precipitation (P>F = 0.001, r = 0.93, R? = 0.88) with the linear regression equation Y = -38.44
+ 2.42X (Table 4). However, no statistically significant correlation was observed between natural
enemies and average or maximum temperature (Table 3) (Figure 1).

Table 3. Results of the simple linear correlation analysis between the
cumulative population of natural enemies with minimum, mean and
maximum temperature, as well as with precipitation, during 2019-
2022, in the Apatzingan Valley, municipality of Paracuaro, Michoacan,

Mexico.
Year Correlation df r R? F P>F
Natural enemies and Minimum temperature 1 0.75 0.56 13.19 0.004*
Natural enemies and Mean temperature 1 0.39 0.15 1.90 0.19
2019 Natural enemies and Maximum temperature 1 -0.18 0.03 0.34 0.57
Natural enemies and Precipitation 1 0.93 0.88 73.83 <.0001*
Natural enemies and Minimum temperature 1 0.84 0.72 25.76 0.0005*
Natural enemies and Mean temperature 1 0.41 0.17 2.06 0.18
2020 Natural enemies and Maximum temperature 1 0.06 0.003 0.04 0.84
Natural enemies and Precipitation 1 0.79 0.79 39.14 <.0001*
Natural enemies and Minimum temperature 1 0.83 0.70 23.63 0.0007*
Natural enemies and Mean temperature 1 0.32 0.10 1.21 0.29
2021 Natural enemies and Maximum temperature 1 -0.32 0.10 1.16 0.30
Natural enemies and Precipitation 1 0.90 0.81 45.29 <.0001*
Natural enemies and Minimum temperature 1 0.73 0.53 11.58 0.0067*
Natural enemies and Mean temperature 1 0.32 0.10 1.16 0.30
2022 Natural enemies and Maximum temperature 1 -0.17 0.02 0.30 0.59
Natural enemies and Precipitation 1 0.84 0.71 25.66 0.0005*

*Variables with strong or very strong correlation (??>0.6) were subjected to simple linear regression analysis.
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Table 4. Equations of simple linear regression population density of
natural enemies about temperature and pluvial precipitation.

Relation Linear equations Y= + B X

Year Dependent variable Independent variable B, ::?:rdard B, j:ra::iard
2019 Natural enemies Pluvial precipitation -12.42 12.01 12.19 1.18
2020 Natural enemies Pluvial precipitation 2.89 1.77 0.14 0.02
2020 Natural enemies Minimum temperature -69.59 15.73 4.19 0.82
2021 Natural enemies Minimum temperature -53.62 13.70 3.5 0.72
2021 Natural enemies Pluvial precipitation 6.06 1.56 0.07 0.01
2022 Natural enemies Pluvial precipitation 1.38 0.77 0.05 0.01

In 2020, a strong statistically significant correlation was found between natural enemies
and minimum temperature (P>F = 0.0005, r = 0.84, R? = 0.71) with the linear regression equation
Y =-69.59 + 4.19X (Table 4). Similarly, a strong correlation was observed between natural enemies
and precipitation (P>F = 0.0005, r = 0.84, R? = 0.72) with the linear regression equation Y = 2.98
+ 0.14X (Table 4). No correlation was found between natural enemies and average or maximum
temperature (Table 3) (Figure 2). In 2021, a very strong correlation was observed between natural
enemies and minimum temperature (P>F < 0.001, r = 0.83, R? = 0.79) with the linear regression
equation Y =-53.62 + 3.5X (Table 4). Likewise, a very strong correlation was also found between
natural enemies and precipitation (P>F < 0.0001, r = 0.9, R? = 0.81) with the linear regression
equation Y = 6.06 + 0.07X (Table 4). However, no statistical correlation was observed between
natural enemies and average or maximum temperature (Table 3) (Figure 3). In 2022, a moderate
correlation was observed between natural enemies and minimum temperature (P>F = 0.0067,
r=0.73, R? = 0.53). Additionally, a strong correlation was observed between natural enemies and
precipitation (P>F = 0.005, r= 0.84, R?=0.71) with the linear regression equation Y = 1.38 + 0.05X
(Table 4). No statistical correlation was found between natural enemies and average or maximum
temperature (Table 3) (Figure 4).

The results from the previous paragraph collectively indicate that the population density
of natural enemies was correlated with precipitation and minimum temperature, but not with
average or maximum temperature. These results highlight the importance of environmental
factors in regulating the populations of these beneficial organisms. Minimum temperatures are
particularly critical because they determine the lower threshold for insect activity and development
(Régniere et al., 2012). In contrast, average temperatures affect the overall metabolic rates and
growth cycles of these insects, with moderate temperatures generally promoting higher survival
and reproductive success (Bale et al., 2002). The lack of correlation with maximum temperature
suggests that extreme heat may be detrimental to natural enemies (Jalali et al., 2009; Ahmad et
al., 2015). The positive correlation with precipitation indicates that natural enemies benefit under
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conditions of high relative humidity. In the citrus-growing area of the Apatzingan Valley, various
weed species begin to germinate with the first rains and, within 10-20 days, are fully developed
and flowering. These plants provide food resources (exudates, nectar, and pollen) and shelter
for beneficial insects. Additionally, their foliage helps retain moisture in the environment, creating
a microclimate that favors the survival and proliferation of beneficial insects (Blanco & Leyva,
2007).

Since natural enemy populations increase with higher habitat humidity, practices to
increase humidity could be implemented, such as mulching or maintaining cover crops that retain
soil moisture. Promoting the conservation of beneficial insect populations through conservation
biological control could also be effective (Blanco & Leyva, 2007; Vazquez et al., 2008; José-
Pablo, 2014).

Official records from the Mexican government indicate that temperature has been
increasing in recent years, while precipitation has been decreasing (Figure 5a, 5b). Theoretically,
due to the effects of climate change, both trends are expected to continue in the coming years in
Mexico (NASA 2025; Murray-Tortarolo, 2020; Dominguez-Sarmiento & Jaramillo-Moreno, 2024).
Obtained data suggest that if these trends continue, the population of thrips will increase while
the population of natural enemies will decrease in the citrus-growing area of the Apatzingan
Valley. This situation highlights the urgency of changing the current phytosanitary management
strategy to an Integrated Pest Management (IPM) approach that strengthens the role of natural
enemies for pest control. Since thrips populations increase with higher temperatures, the
frequency and intensity of pest control measures will likely increase, especially during periods of
higher temperatures.

Figure 5. Maximum temperature (a) and rainfall (b) from 1980 - 2023 in the
Apatzingan Valley, Michoacan, Mexico.
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Conclusions

A correlation was found in some cases between the density of F occidentalis and the
average and maximum temperature, but no correlation was observed with precipitation. In
contrast, natural enemies as a group were correlated with minimum and average temperature,
as well as with precipitation. These results are useful for the implementation of integrated pest
management (IPM) programs for thrips in the citrus-growing area of the Apatzingan Valley. Future
research is recommended to collect on-site environmental data to understand better the behavior
of F. occidentalis and its natural enemies with climatic factors.
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