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ABSTRACT

Objective: To evaluate the effectiveness of biorational insecticides to control thrips and to provide alternatives
that reduce the negative environmental impact of chemical pesticides on the management of avocado tree.
Design/Methodology/Approach: Using a randomized complete block design with four replicates, the
following five treatments were evaluated: T'1) control (water); T2) chicalote (Argemone mexicana L.) extract; T3)
neem (Azadirachta indica) oil extract; T4) potassium soap (potassium salts); and T5) Spinosad (Spinosyn A and
Spinosyn D). Each product was applied in its own row. Treatment rows were separated by a row of trees to
which no treatment was applied. Samples were taken in different dates from plant and floral sprouts of four
randomly selected avocado trees. Each tree was an experimental unit.

Results: The data obtained did not comply with the normality test and the homogeneity of variance;
consequently, the data were subjected to a General Additive Model (GAM). The most efficient treatments were
neem oil extract and Spinosad.

Study Limitations/Implications: Different orchards, with different initial pest populations, should be
evaluated to determine the level of infestation in which the application of biorational products is still feasible
for pest control.

Findings/Conclusions: Plant extracts have high potential to control thrips in open-air avocado plantations;
consequently, they could be an alternative to the application of synthetic insecticides for pest management.

Keywords: Sustainable management, pesticides, pests, plant extracts.

INTRODUCTION

Mexico supplies one third of the avocados (Persea americana Mill.) that reach the
international markets (SADER, 2024); however, avocado production is impacted by
multiple factors, including pests. Thrips (Thysanoptera: Thripidae) are a major pest of
avocado trees: they feed on leaves, sprouts, flowers, and fruits, causing direct (sap sucking)
and indirect (disease transmission) damage (Avila-Quezada et al., 2005). Thrips cause
damages to up to 25% of the fruits; consequently, the fruit is rejected for exportation and
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its price is reduced by half in the domestic market (Coria-Avalos, 2003). Currently, the
pest is mainly controlled with agrochemicals. Therefore, the selection of inputs to control
pests should be improved and new alternatives to prevent environmental damage should
be proposed (Torres and Capote, 2004). The application of plant extracts to control
agricultural pests is an ancient practice used by different cultures and regions before the
development of synthetic pesticides (FIDA-RUTA-CATIE-FAO, 2003). Plant extracts
are liquid or powder preparations with active ingredients obtained with methods that
concentrate substances from the root, leaves, flowers, and seeds of several species. The
extracts are mainly rotenoids, pyrethroids, alkaloids, and terpenoids. These substances can
have a severe and variable impact on the metabolism of insects, such as food aversion or
reduction, consequently, preventing the development of pests (Do Nascimento et al., 2008).
Neem (Azadirachta indica; Meliaceae) has been the plant with the highest development in
recent years. Its seeds have compounds that act against more than 200 insect species of the
orders Coleoptera, Diptera, Homoptera, Himenoptera, Lepidoptera, and Thysanoptera.
In addition, it impacts three mite species, five nematodes, and one crustacean species
(Rodriguez, 2000). Furthermore, neem is not toxic for mammals and beneficial insects
(Schmutterer, 1990). Currently, other plants, extracts, and compounds have been identified
as potential pesticides for the control of thrips. Therefore, the objective of this study was
to evaluate the effectiveness of biorational insecticides to control thrips and to provide
alternatives to reduce the negative environmental impact of chemical insecticides used to

manage avocado trees.

MATERIALS AND METHODS

The study took place from January to June 2023 in a 1-ha Hass avocado orchard,
located in Tetela del Volcdn, Morelos, at 18° 52° 45.8” N and 98° 42° 48.0” W, and 2,126
m.a.s.l. The area had a sprinkler irrigation system. The trees were arranged according to
the topology (in a 5 X4 m square planting) and were between four and eight years old.

Five treatments were evaluated: T'1) control without pesticide (water); T2) 1 L of chicalote
(Argemone mexicana L.; 90%) extract in 200 L of water; T3) 400 ml of neem (4zadirachta
indica; 80 %) oil extract in 200 L of water; T4) 1 L of potassium soap (potassium salts;
35%) in 200 L of water; and T5) 40 ml Spinosad (Spinosyn A and Spinosyn D; 11.60%) in
200 L of water. The doses were based on previous trials (unpublished data) and technical
recommendations for the commercial products. The products were applied thrice in each
treatment. The tree foliage was sprayed in the morning (7:30-8:30 a.m.), when temperatures
were lower and the wind speed reached 0-6 kmh™'. A Willy® motorized pump and a high-
pressure hydra pistol (300 psi), calibrated at 200 L ha™', were used for this purpose.

A randomized complete block design with four replicates was used; the blocking factor
was the age of the trees (4 and 8 years old). Each block was made up of ten contiguous
trees in their plant growth and flowering stages. Iour trees were randomly selected and
marked as sampling specimens. The experimental unit was made up of a tree, from which
four plant and floral sprouts were selected, based on their phenological development. Each
sprout was selected from a different cardinal point. A row of trees without application
was placed between the treatment rows to prevent derivative errors and contamination
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between treatments. The treatments were randomized within each block, using the design.
ab procedure of the R statistical software (R Core Team, 2018).
The weather information (maximum, minimum, and mean temperatures) from 2023

were retrieved from: https://es.weatherspark.com/.

Treatment evaluation

In order to estimate the initial distribution of the pest, each plant or floral sprout
from the marked trees were sampled at the beginning of the study. Subsequently, three
evaluations were carried out at 7, 14, and 28 days after the first application. Evaluations
were conducted from January to June to determine the natural population dynamic of
thrips in the four T'1 (control) trees. Four random inflorescence or plant sprout samples
were taken from each marked tree at a height of 1.5-2.0 m. The sampling process covered
the four cardinal points. Each tree was sprayed with a 9:1 water and fabric softener (Vel
Rosita®) solution. The dripping of the trees was collected in a plastic tray and subsequently
poured into a bottle with 70% ethanol. Afterwards, sieves were used to collect and count
the captured specimens in the lab. The specimens were placed between a microscope slide
and a slide cover with Canada balsam. They were then observed in a Master Olympus®
compound microscope. The illustrated keys developed by Soto and Retana (2003) for the

genus Thysanoptera were used for the taxonomic identification of the samples.

Statistical analysis

First, box-and-whisker plots were developed for the visual comparison of the evaluated
treatments. Afterwards, a generalized additive model (GAM) was used to analyze the
counting data in the R Core Team (2018) software. A mean comparison of the treatments
(T) and the dates (D) was performed with the least significant difference (LSD) method.

RESULTS AND DISCUSSION
Population fluctuation in the control treatment

Figure 2 shows the natural behavior of thrips populations in the control trees (February-
June); it also includes the two regression models employed to predict the said behavior.
The thrips population started to increase on late February and early March, along with
the increase of temperature; likewise, it started to diminish in June, at the beginning of
the rainy season (Figure 1). These results match the findings of Ramirez Davila et al.
(2013), who pointed out that thrips populations in Morelos started to increase in March,
reached their maximum peak in May, started to decrease in June, and finally reached their
minimum point in September. Maximum and minimum temperatures in March reached
78 °F and 50 °F, respectively. According to Hoddle and Mound (2003), thrips can develop
at a minimum temperature of 8 °C. Scarce precipitation favors the development of thrips
populations in plant tissue (Diaz et al., 2012).

Regarding the adjustment of population fluctuation models shown in Figure 2, the lineal
model clearly was not the appropriate model to explain the data. However, the highest
value of R? showed that the quadratic model had a better adjustment and, consequently,

it achieved a better description of the natural dynamics of thrips populations. A quadratic
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Figure 1. Maximum, minimum, and mean temperature in Tetela del Volcdn, Morelos. Historical data
retrieved from: https://es.weatherspark.com/.
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Figure 2. Natural fluctuation of the thrips populations in avocado trees in Tetela del Volcan, Morelos (2023).

model can be used to study the response of population dynamics to environmental changes,
to forecast the future of the population, and to evaluate the impact of the pest control on
the said population.

The genera Frankliniella and Scirtothrips were found in the area. According to Urifas-
Lépez et al. (2007), they are phytophagous species of the avocado plantations.

Efficiency of the treatments

During the first sampling (seven days after the first application), all the plant extracts
were able to control thrips populations. However, Spinosad recorded the best control,
followed by neem (Figure 3). Control registered the highest data dispersion.

Based on the mean result of the treatments, Spinosad and neem were still the best
treatments during the second sampling, while chicalote recorded a better control than

potassium soap (Figure 4).
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Figure 3. Box-and-whisker plot of the five treatments during the first sampling date in Tetela del Volcan,
Morelos (2023).
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Figure 4. Box-and-whisker plot of the five treatments during the second sampling date in Tetela del Volcdn,
Morelos (March 12, 2023).

According to the statistical analysis, Spinosad and neem were still the best treatments
during the third sampling date; in addition, no differences were recorded between chicalote
and potassium soap (Figure 5).

Figure 6 shows that control recorded very diverse amounts of thrips during the
experiment. This phenomenon contrasted with the results obtained from the other treatments
which, as the sampling dates went by, recorded a significant interquartile range decrease.

Differences were recorded based on the treatments and the sampling dates; in addition,
an analysis of variance was conducted to determine the statistical difference between the
effects of the different treatments.

Based on the analysis of variance of the GAM, a significant difference was verified
between treatments and application dates.
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Figure 5. Box-and-whisker plot of the five treatments during the third sampling date in Tetela del Volcan,

Morelos (April 01, 2023).
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Figure 6. Box-and-whisker plot of the five treatments during the three sampling dates. The first number

indicates the sampling date, while the second indicates the treatment (Tetela del Volcan, 2023).

Analysis of variance of the GAM

According to the mean comparison test, the best treatment was Spinosad, followed

by neem (Table 3). Spinosad is used in different crops to control thrips and mites

(Grové et al., 2002; IRAC, 2007). Its neurotoxicity activates nicotinic acetylcholine

receptors.

A correlation analysis explained the positive or negative effect of the dates and treatments

and the presence of thrips in the avocado trees (Figure 7). The results were negative for

both treatments and dates. As a result of the application of the treatments, the presence of

thrips decreased in time.
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Table 1. Mean comparison parameters.

Estimate Std. Error Z value Pr(>|z|)
(Intercept) 4.10120 0.10078 40.696 <2e-16 ook
TREATMENT —0.32609 0.02481 —13.142 <2e-16 ook
DATE —0.25488 0.04086 —6.238 4.43¢-10 ook

Signif. codes: 0 “***0.001 ** 0.01 * 0.05 0.1 <’ 1
R-sq.(adj)=0.0518 Deviance explained=14.5%
UBRE=21.158 Scale est.=1 n=60

Table 2. Values obtained with the analysis of variance of the GAM.
MSerror Df Mean (4% t.value LSD
23.21912 57 15.46667 31.15488 2.002465 3.939238
LSD t Test for TRIP; Mean Square Error: 23.21912; TRA, means and individual (95 %) CI.

Table 3. Mean comparison of the last sampling date of the evaluation of biorational
insecticides used to control thrips in avocado plantations in Morelos, Mexico (2023).

Treatment Thryps (average) Group
1: Control 29.66 a
4: Potassium soap 17.16 b
2: Chicalote 15.41 b
3: Neem 10.41 c
5: Spinosad 4.66 d

Alpha: 0.05; DF Error: 57; Critical Value of t: 2.002465; Least Significant; Difference:
3.939238; Treatments with the same letter are not significantly different.

02

0.27 -0.13 TRIP

Figure 7. Correlation between the thrips presence and the dates and treatments.
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CONCLUSIONS

The neem (Azadirachta indica) and chicalote extracts (Argemone mexicana L.) controlled
and reduced thrips populations with greater efficiency than control. Although their action
was slower than the effect of chemical products, they nevertheless controlled the pests.
Consequently, they can be used in a comprehensive management program of avocado
plantations.

ACKNOWLEDGEMENTS

The authors would like to thank Mr. Victor Hugo Campos Martinez (engineer), coordinator of the Plagas
Reglamentadas del Aguacatero campaign in the state of Morelos, who shared his experience and facilitated our

research in the orchard.

REFERENCES

Avila—Quezada, G. D,, T¢éliz-Ortiz, D., Vaquera-Huerta, H., Gonzdlez-Hernandez, H., & Johansen-Naime,
R. (2005). Progreso temporal del dafio por trips (Insecta: Thysanoptera) en aguacate (Persea americana
Mill.). Agrociencia, 39(4), 441-4474. https://www.redalyc.org/pdf/302/30239408.pdf

Coria-Avalos, V. M., Tapia-Vargas, L. M., Aguilera-Montanez, J. L., Alcantar-Rocillo, J. J., Anguiano-
Contreras, J., Vidales-Ferndandez, J. A., & Morales-Garcfa, J. L. (2003) Efecto de nutricién y riego
sobre la poblacién y dafio por trips (varias especies) en frutos de aguacate Persea americana cv.“Hass”
para dos regiones agroecolégicas de Michoacan, México. In Proceedings V World Avocado Congress,
Actas V Congreso Mundial del Aguacate, Malaga, Espana, 2003. Priego, A. F., Farre, M. J. M.,
Acosta, P. J. M., Barcel, M. A; A. G. Novograf, S. A.: Sevilla, Espaiia, 2003, pp. 461-466.

Denmark, H. A. (1996). Book Review: The Thrips of Central and South America: An Introduction (Insecta:
Thysanoptera). Memoirs on Entomology, International, Volume 6. March 1996. Florida Entomologist,
79(2), 270.

Diaz, O. D. L. C. A, Cruz, Y. G., Mujica, I. R. D., Regal, M. R., Torrez, J. M. C., & Blanco, I. H. (2012).
Evaluacién de poblaciones de trips Fulmekiola serrata (Thysanoptera: Thripidae) en plantaciones de
cana de azucar en Villa Clara, Cuba. Fitosanidad, 16(3), 137-146.

Do Nascimento, F. J., Diniz Filho, E. T. de Mesquita, L. X., de Oliveira, A. M., & Pereira, T. F. C. (2008).
Extractos vegetales en el control de plagas. Revista Verde de Agroecologia ¢ Desenvolvimento Sustentdvel, 3(3),
1-5.

Fondo Internacional de Desarrollo Agricola (FIDA)-Unidad Regional de Asistencia Técnica (RUTA)- Centro
Agronémico Tropical de Investigacién y Ensenanza (CATIE)-Organizacién de las Naciones Unidas
para la Agricultura y la Alimentacién (FAO). Agricultura Orgdnica: Una Herramienta para el
Desarrollo Rural Sostenible y la Reduccién de la Pobreza. Turrialba, Costa Rica, 2003; 111 pp.

Grové, T., Steyn, W.P., Beer, M.S. (2002). Evaluation of products for the control of citrus thrips Scirtothrips
aurantii Faure (Thysanoptera: Thripidae) on mango. Mango Research Journal, 22(1), 28-31.

Hoddle, M. S., & Mound, L. A. (2003). The genus Scirtothrips in Australia (Insecta, Thysanoptera, Thripidae).
Zootaxa, 268(1), 1-40. https://www.mapress.com/zootaxa/2003{/zt00268.pdf. https://es.weatherspark.
com/y/6439/Clima-promedio-en-Tetela-del-Volc%C3%A1n-M%C3%A9xico-durante-todo-el-
a%C3%Blo

IRAC. (2007). Disponible en: www.iraconline.org/IRAC_Spain/Home.asp

Palmer, J. M., Mound, L. A., & Du Heaume, G. J. CIE guides to insects of importance to man, 2 Thysanoptera.
CAB International, Wallingford, Oxon, 1989. 73 p.

R Core Team. (2018). R: A Language and Environment for Statistical Computing. R Foundation for Statistical
Computing. Viena

Ramirez Ddvila, J. F., Solares Alonso, V. M., Figueroa Figueroa, D. K., & Sdnchez Pale, J. R. (2013).
Comportamiento espacial de trips (insecta: thysanoptera), en plantaciones comerciales de aguacate
(Persea americana Mill.) en Zitdcuaro, Michoacdn, México. Acta Zooldgica Mexicana (N.S.), 29(3), 545-
562. https://doi.org/10.21829/azm.2013.2931597

Rodriguez, H. C. Plantas contra plagas; Potencial prictico de ajo, anona, neem, chile y tabaco. Red de
alternativas sobre plaguicidas y alternativas en México (RAPAM). Texcoco, México. (2000). 134 p.

Schmutterer, H. (1990). Properties and potential of natural pesticides from the neem tree, Azadirachta indica.
Annual Review of Entomology, 35, 271-97.


https://www.redalyc.org/pdf/302/30239408.pdf
https://www.mapress.com/zootaxa/2003f/zt00268.pdf
https://doi.org/10.21829/azm.2013.2931597

AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i12.3180 61

SIAP. 2024. Anuario estadistico de la produccién agricola. Servicio de Informacién Agroalimentaria y
Pesquera. Disponible en: http://nube.siap.gob.mx/cierreagricola/Access:10/March/2024  Google
Scholar

Silva, G., Lagunes, A., Rodriguez, J. C., & Rodriguez, D. (2002). Insecticidas vegetales: una vieja y nueva
alternativa para el manejo de plagas. Manejo de plagas y Agroecologia, 66, 4-6.

Soto, G. A., & Retana, A. P. (2003). Clave ilustrada para los géneros de Thysanoptera y especies de Frankliniella
presentes en cuatro zonas horticolas en Alajuela, Costa Rica. Agronomia Costarricense, 27(2), 55-68.

Torres, D., & Capote, T. (2004). Agroquimicos un problema ambiental global: uso del analisis quimico como
herramienta para el monitoreo ambiental. Ecosistemas, 13(3), 2-6.

Urfas-Lépez, M. A.; Salazar-Garcia, S.; Johansen-Naime, R. 2007. Identificacién y fluctuacién poblacional
de especies de trips (Thysanoptera) en aguacate&#39; Hass&#39; en Nayarit, México. Revista Chapingo
Serie Horticultura, 13(1), 49-54.


http://nube.siap.gob.mx/cierreagricola/Access:10/March/2024
http://scholar.google.com/scholar_lookup?&publication_year=2024
http://scholar.google.com/scholar_lookup?&publication_year=2024

	_GoBack
	_Hlk173141365
	_Hlk144571002
	_Hlk144626428
	_Hlk144982173
	_Hlk140573526
	_Hlk146133984
	_GoBack
	_Hlk146134087
	_GoBack
	_GoBack
	_Hlk166660930
	_GoBack
	_Hlk166663556
	_Hlk181834031
	_Hlk181833763
	_GoBack
	_heading=h.6n2tt57i20bk
	_heading=h.itjfba2jfy6x
	_heading=h.2dcp9q4ndu5o
	_GoBack
	_GoBack
	_Hlk165150516
	_Hlk176550177
	_GoBack
	_Hlk166597822
	_GoBack
	_GoBack
	_Hlk175825517
	_Hlk69477560
	_Hlk69647398
	_GoBack
	_Hlk168917939
	_Hlk168918334
	_Hlk168922818
	_Hlk168922906
	_Hlk182834940
	_Hlk168922961
	_Hlk167885285
	_Hlk168948634
	_GoBack
	_heading=h.30j0zll
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk179968090
	_GoBack
	_GoBack
	_Hlk181343452
	_GoBack
	_Hlk172726489

