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Abstract

The pink mealybug Maconellicoccus hirsutus Green is a pest of economic importance in various crops around the world.
The objective was to determine the biological effectiveness of organic and inorganic products for the management of M. hirsutus in
the soursop crop. The experiment was carried out in the communities of “Lima de Abajo” and “El Capomo”, in the municipality of
Compostela, Nayarit, Mexico, during the period from September to November 2018 and from July to August 2019. The treatments
were Ara3, Inter-a-ch-c, Evolution, a complex of plant extracts (Capsicum chinense + Allium sativum + Allium cepa + Artemisia
absinthium), Mos Blanc® (Imidacloprid), farmers’ control (Detergent Blanca Nieves® + Sodium Hypochlorite Cloralex®) and the
absolute control (Water). The nymphs and adult females of M. hirsutus were counted after each application, in young shoots.
The results showed that in “Lima de Abajo”, Ara 3 registered the highest percentage of suppression after 28 days. In “El Capomo”,
Imidacloprid recorded the greatest suppression after 28 days of application. In both communities, the treatments Ara 3, Evolution
and Imidacloprid registered the least number of living individuals. The results indicated that Ara 3 and Evolution were the most
promising alternatives in the management against M. hirsutus in the crop.

Keywords: Nayarit; suppression; Ara 3; evolution; pink mealybug.

Practical Application: Management of mealybug population using organic and inorganic products.

1 Introduction

Soursop (Annona muricata L.) is the most important species
in the Annonaceae family. The main soursop producer in the
world is Mexico with a production of 29,228 t, distributed in
the states of Nayarit, Colima, Michoacan, Guerrero, Veracruz,
Puebla, Tabasco, Jalisco and Campeche, with an area of 3,693 ha
(Servicio de Informacion Agroalimentaria y Pesquera, 2018).

Recent advances has been made in the study of the soursop
pulp which in research has been made by Amariz et al. (2018) in
the use of soursop fibrous pulp as a byproducts which has been
proven to have chemical properties and bioactive components that
can potentially be use in food industry. Studies, by Nascimento et al.
(2020) revealed that the physicochemical properties of frozen
soursop pulps has shown to be a good source of essential elements
to human, but was low in manganese and zinc. Findings by
Guimardes et al. (2019) revealed that the use of HIUS technology
induced both negative (degradation of the ascorbic acid, decrease
of some minerals and production of many volatile compounds)
and beneficial (an increase of phenolic content, improvement
of the antioxidant and anti-hypertensive activity, reduction of
undesired minerals) changes in the nutritional profile of the
soursop whey beverage. However this crop has been affected
by various phytosanitary problems, of which Maconellicoccus
hirsutus Green is one of the main pests (Hernandez et al., 2013;
Cham etal., 2019). M. hirsutus is an exotic pest native to Southeast
Asia whose distribution is cosmopolitan from the tropical and
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semi-tropical regions of the world. M. hirsutus was first found
in Mexico in 1999, in the city of Mexicali, Baja California, later
in February 2004 in the municipality of Bahia de Banderas,
Nayarit, and Puerto Vallarta, Jalisco (Hernandez et al., 2013).

M. hirsutus is a pest of economic importance not only for
the damage it causes to the plant, but also for being a regulated
pest. In Mexico, there are regulations at internal verification
points for the mobilization of host products of M. hirsutus
(Hernandez et al., 2013). However, the main form of dispersion
is through the mobilization of infested plant material (México,
2014). The global economic losses due to M. hirsutus in the
Caribbean region during the period 1995-2008 were approximately
USD $ 18.3 million. For the Caribbean subregion, losses were
approximately 138 million dollars (Rivero, 2007). With respect
to the soursop area cultivated in Mexico, there was a sustained
increase until 2006 (two years after reporting the presence of
M. hirsutus in Nayarit, subsequently, there was a 26% reduction
in production until 2009, this decrease was mainly associated
presence and effects of M. hirsutus (Servicio de Informacién
Agroalimentaria y Pesquera, 2010).

The pink mealybug affects all the phenological stages of the
crop. The presence of this pest favours the development of sooty
mould; due to its complex relationship and interdependence
with other pests such as fruit flies and the symbiotic relationship
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that this pest establishes with ants to protect itself from their
predators (Hernandez et al., 2013). During the maturation of
the female mealybug, it produces a waxy layer on the surface,
This waxy layer is one of the factors that reduces the action of
the chemical products, for this reason it is necessary to apply
chemical products in certain instars where waxy layer is not
present (Rivero, 2007; Kondo et al., 2010).

Another factor that constitutes a limitation in the production
of fruit trees in the world is the ecological imbalance caused
by improper practices of insect pest management. Annually,
2.5 million tons of pesticides are applied worldwide. Of the total
pesticides applied, 20 to 30% are insecticides (Orozco et al., 1998).
The greatest amount of pesticides applied in crops of high
economic value such as fruit trees, only an insignificant amount
of the chemical (less than 0.1%) manages to reach the target pest
(Pimentel & Levitan, 1986). This means that more than 99.9% of
the pesticide applied is lost in the environment, where it can cause
adverse effects to beneficial fauna, soil, water and atmosphere
pollution (Pimentel et al., 1993). Despite the indiscriminate use
of pesticides, effective control over this pest is not achieved or
because the insecticide applications were neither timely nor
adequate (Pimentel et al., 1993).The management strategies of
M. hirsutus consist mainly of chemical, biological and cultural
control. The most commonly used method to combat pest
insects, in Mexico is chemical control; however, there are no
authorized pesticides for use in soursop (Comision Federal para
la Protecciéon contra Riesgos Sanitarios, 2018). The chemical
control of M. hirsutus is based on the use of products such as
Horta 25 (diazinon); Dimetri 400 (dimethoate) and Siroco
(cypermethrin), Cyrux 20%, paraffinic oil, citroline, with
detergent to reduce the damages attributed to fruits infested by
M. hirsutus when populations are at low levels (Kondo et al., 2010;
Hernéndez et al., 2013).

In various crops, up to six applications per year are made
without effective control (Herndndez et al., 2008). As a result
of the intensive use of insecticides, the number of them capable
of exercising satisfactory control is reduced every day, mainly
due to the development of resistance (Riley & King, 1994;
Servin etal., 2007). An important part of chemical management
is insecticide resistance management (Food and Agriculture
Organization, 2012). However, various producers in Mexico
use pesticides in the hope of reducing the impact of pests on
their crops; information is lacking as to whether or not these
chemicals are actually efficient, and the negative impact it has
on nature (Herndndez et al., 2008).

The use of pesticides for the control of agricultural pests, is
not the only option to achieve success in production, there are
alternatives that do not affect the balance of populations, nor
induce the development of resistance neither displace species.
Biological control is one such method. In Mexico, an integrated
pest management program was created with emphasis on biological
control with the release of the parasitoid Anagyrus kamali
Moursi; a total of 7,024,000 individuals were released in 2011,
generating a 98% reduction of the mealybug population at that
period (Servicio Nacional de Sanidad, Inocuidad y Calidad
Agroalimentaria, 2014).
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The cultural control is also another method used which
consists of the pruning or elimination of hosts that are positive
for M. hirsutus in the areas under phytosanitary control.
This includes the elimination of weed residues, cleaning of
ridges, water distribution channels and affected agricultural
production areas (Servicio Nacional de Sanidad, Inocuidad y
Calidad Agroalimentaria, 2019). It is also convenient to apply a
soap or oil solution before pruning foliage or fruits, in order to
immobilize the immature stages and thus minimize the dispersion
of M. hirsutus (Servicio Nacional de Sanidad, Inocuidad y Calidad
Agroalimentaria, 2019). Therefore, the search for less harmful
chemical alternatives in pest control is also a viable strategy,
for this reason, the objective of this research was to determine
the biological effectiveness of different organic and inorganic
products for the management of M. hirsutus with the possibility
of it being included as a sustainable pest management strategy
of soursop in Nayarit, Mexico.

2 Materials and methods

Two experiments were carried out on three year old soursop
orchards in a vegetative stage, with trees 5 to 8 m high in the
municipality of Compostela, Nayarit; The first one located in
the community of Lima de Abajo located at 21 ° 06'02 "N and
105 ° 12°45” W during September to November 2018, and the
second in the community of “El Capomo” located at 21 °21°09 "N
and 104 ° 05'57” W during July to August 2019.The samples
obtained from “Lima de Abajo” were hermetically transferred to
the Agricultural Parasitology Laboratory of the Multidisciplinary
Center for Scientific Research (CEMIC 03) of the Autonomous
University of Nayarit. In the community of ‘El Capomo, data
collection was carried out directly in the field. Insect specimens
were preserved in 70% alcohol for identification with the help of
stereoscopic and compound microscopes, both of the VELAB®
and Labomed® brand, as well as Miller’s taxonomic keys (1999).
Confirmation of the species was carried out by specialists
from the Entomology and Phytopathology Laboratory of the
University of Nuevo Ledn (UANL).The products evaluated
were INTER-A-CH-C (Allium sativum, Capsicum frutescens,
Cinnamomum zyelanicum) (International Quimica de Copper
SA de CV), Ara3 (Ricinus communis, Azadirachta indica,
Argemone mexicana) (Proan, Mexico), Evolution (Allium sativum,
Quillaja saponaria) (Terra Nova, Mexico), detergent (Blanca
Nieves®) (linear anionic surfactant, silicate, carbonate, sulfate and
tripolyphosphate) + Cloralex® (sodium hypochlorite) (Alen de
México), imidacloprid (Sifatec, Mexico), and a combination of
Habanero Chile (Capsicum chinense) + garlic (Allium sativum)
+ onion (Allium cepa) + wormwood (Artemisia absinthium).
Extract formulation for ‘Lima de Abajo™: 100 g of C. chinense,
100 g of A. cepa, 100 g of A. sativum, 150 g of leaves and flowers
of A. absinthium, 2 liters of water, 20 g of detergent (Blanca
nieves®), dissolved in 10 liters of water.Formula adjusted for
‘El Capomo’: 200 g of C. chinense, 200 g of A. cepa, 200 g of
A. sativum, 100 g of leaves and flowers of A. absinthium, 2 liters
of water, 20 g of detergent (Blanca nieves®), dissolved in 10 liters
of water.Chile habanero, wormwood, garlic and onion were
poured into a blender (Osterizer®) to obtain only the liquid,
the pulp was subsequently discarded. The detergent treatment
(Blanca Nieves®) + chlorine (Cloralex®) included in this research
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as a famers control, is a product commonly used by the farmer.
The mortality in the treatment water was used as a control for
this calculation. The treatments evaluated were the products
or mixtures of products described in (Table 1). Which were
previously mixed in a volume of three liters of water, which was
later applied between 8 and 9 in the morning evenly covering
foliage and fruits.

The variables evaluated corresponded to the average
mealybugs in each treatment before and after the application:
The average population of M. hirsutus present was determined by
the quantification of nymphs and adult females, where four young
shoots of five cm in length per tree were collected. The formula
used to calculate the percentage of effectiveness after the application
of the treatments was that described by Henderson & Tilton
(1955): % of effectiveness = 100 x (1 - (Ca* T d)/ (Cd* T a),
where: Td = number of M. hirsutus after application Ta = number
of M. hirsutus before application Cd = number of M. hirsutus
in the control after application Ca = number of M. hirsutus in
the control before application. The design of the experiment
was completely randomized with five repetitions, where each
repetition was a tree and from each tree four terminal (young)
shoots of five cm in length was evaluated. The data were analyzed
by means of the analysis of variance with the general linear
model to determine the differences between the treatments and
later, the comparison of the mean by means of the Tukey test
(P <0.05). All statistical analyzes were performed with Statistix
version 10 software.

Table 1. Products and doses used for the management of M. hirsutus.

Trat Products Dose
T1 Ara3 10 mL/L
T2 INTER-A-CH-C 10 mL/L
T3 Evolution 15 mL/L
T4 Chile habanero-Onion-Wormwood-Garlic 100 mL/L
T5 Absolute control (water) 3L
T6  Farmers control (Blanca Nieves®) +Cloralex® 2.5mL/L
T7 Imidacloprid 2.5mL/L

Table 2. Effectiveness of products before and after the application in the

«

3 Results and discussion

3.1 Evaluation of organic and inorganic products 2018

The effectiveness of the seven treatments was evaluated against
the mealybug species morphologically identified as M. hirsutus.
The mealybug host used in this study was the soursop orchard
in open field conditions. According to the results (Table 2), an
initial population was registered in the experimental area, which
ranged between (11.4) and (15.25) M. hirsutus per young shoots,
without presenting statistical differences prior to the application
of the treatments. At 7 and 14 days after application, statistical
differences were observed between treatments.

The lowest population of M. hirsutus was recorded in the
farmers control with a value of (5.05) and (0.25) M. hirsutus
per young shoots, which was significantly lower than other
treatments. The maximum population of M. hirsutus was
observed in T4 (Chile Habanero + Wormwood + Onion + Garlic)
(13.25) and (10.05) at 7 and 14 days respectively. At 21 days
after application, significant differences were observed between
treatments, the lowest population of M. hirsutus was recorded
in Ara 3 (2.45) and the highest population was observed in the
absolute control (10.05).

At 28 days after application, the highest average was obtained
in T5 without significant differences with T2 and with significant
differences with respect to the other treatments. The information
suggests that at 21 and 28 days after the application Ara 3 was
significantly superior in the suppression of the population of
M. hirsutus in the soursop orchard.

The results in Figure 1, indicated that the absolute control
obtained an efficiency of 0% compared to the other treatments.
Data after 7 days of application, revealed that the farmers control
significantly reduced the amount of M. hirsutus (56.24%) followed
by INTER-A-CH-C (26.18%), Ara3 (14.14%), Evolution (14.04%).
The lowest reduction was caused by Imidacloprid (6.14%)
followed by (Chile habanero + Garlic + onion + wormwood)
that had no effect on the population of M. hirsutus. These results
differ from those found by Gowda et al. (2013), who revealed
that Imidacloprid recorded a mortality of (65.76%), 7 days

‘Lima de Abajo” community.

Average mealybug population/treatment

TRT Products BA DAA

TO T+7 T+14 T+21 T+28
T1 Ara3 114a 9ab 3.85cd 2.45b 0.05b
T2 INTER-A-CH-C 15.25a 10.35a 6.6abc 4.6ab 3.8ab
T3 Evolution 124a 9.8ab 5.4bcd 8.7ab 0.45b
T4 Chile habanero-Onion-Wormwood-Garlic 12.35a 13.25a 11a 10.6a 1.4b
T5 Absolute control (water) 11.8a 10.85a 10.05ab 10.3a 85a
Té6 Farmers control (Blanca Nieves® mas Cloralex®) 12.55a 5.05b 0.25d 3.4b 0.7b
T7 Mos blanc (Imidacloprid) 14.6 a 12.6a 6.5abc 2.8b 0.55b

TRT-Treatment; BA-Before application; DAA-Days After application. The means separated by the same letter between columns mean that there is no significant difference between

treatments according to the Tukey test at (P > 0.05).
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Figure 1. Percentage of effectiveness after the application of products for the control of M. hirsutus were between 6.14 and 99.39% in the

community of “Lima de Abajo”.

after application against P. marginatus in papaya and differ
from the results by Samman et al. (2016), who reported that
Imidacloprid obtained (84.21%) mortality against M. hirsutus
72 hours after application.

The data taken after 14 days of application showed that the
farmers control caused the greatest reduction (97.67%) followed
by Ara3, INTER-A-CH-C, Evolution, Imidacloprid 60.34,49.19,
48.87 and 47.73% respectively however the combination treatment
(Chile Habanero + Garlic + onion + wormwood) had no effect
on the population of M. hirsutus. Castillo et al. (2018), reported
that Imidacloprid was the most effective treatment with a control
of (33%) against whitefly in melon cultivation.

Regarding the overall efficacy of the 21-day treatments,
the data revealed that Imidacloprid, Ara 3, farmers control
and INTER-A-CH-C maintain the highest reduction 78.03,
75.38,68.96 and 65.44% respectively, followed by Evolution and
(Habanero Chile + garlic + onion + wormwood) with (19.62%)
and (1.6%). Similar results by El-Zahi et al. (2016) indicated
that imidacloprid effectively controlled the cotton mealybug,
registering an average decrease of (89.2%), in populations
compared to the untreated control.

It can be seen that all the products used showed an efficiency
greater than 65% at 28 days of application, the products that
obtained the most efficiency were Ara 3 (99.39%), Evolution
(94.96%), Imidacloprid (94.77%), regional control (92.26%),
(Habanero Chile + Garlic + Onion + Wormwood) (84.26%)
and INTER-A-CH-C (65.4%).

3.2 Evaluation of organic and inorganic products 2019

Table 3 shows the results of the average population of
M. hirsutus. The initial mean population was 4.8 to 8.25 mealybug
per young shoot / treatment, which showed no significant
differences. The average population of M. hirsutus at 7 days after
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application was reduced with a significant difference between
treatment 1 and 2.

The lowest average population was recorded in Ara 3, with
0.15 mealybug per young shoot. The products in decreasing order
of effectiveness were T1> T7> T6> T3> T4> T5> T2. At 14, 21
and 28 days no statistical differences were observed between
treatments (Table 3) although a decrease in M. hirsutus was
observed during the three weeks. The highest mean reduction
of M. hirsutus at 14, 21 and 28 days was Ara 3 (0.15), Evolution
(0.2) and Imidacloprid (0.05) respectively. Based on the results,
Ara 3 and Evolution can be considered one of the best options
as an alternative to insecticides.

Figure 2 Reveals that all products in this trial, except the
absolute control, showed a level of effectiveness between 7.6
and 97.88%. Ara 3, Imidaclorpid and Evolution showed the
most control compared to INTER-A.CH-C, which was least
effective during the four weeks of applications. The increase in
effectiveness for (Chile habanero + garlic + onion + wormwood)
can be attributed to the increase in the extract concentration used
in this trial. With the adjusted dosage of garlic, Chile habanero,
wormwood and onion, you can reach a level of effectiveness of
M. hirsutus similar to other products in this trial.

The treatments with active ingredients based on Allium
sativum, Capsicum chinense and Capsicum frutescens work as a
repellent and inhibit insect ingestion, in the same way Vindas
(2011) explained that Chile extract, rich in capsicin, affects the
digestion system of insects. In this regard Vasquez (2000) mentions
that the garlic smell changes the natural smell that each plant
produces, which deceives insects because it causes an alteration
and confusion due to the thiosulfates that garlic contains.

It was discovered that Ara 3 is the most effective treatment
after day 7 of application with maximum suppression (96.23%)
followed by Imidacloprid, Evolution, regional control, (Chile

Food Sci. Technol, Campinas, 41(2): 343-348, Apr.-June 2021
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Table 3. Effectiveness of products before and after application, in the community of “El Capomo”

Average mealybug population/treatment

TRT Products BA DAA

TO T+7 T+14 T+21 T+28
T1 Ara3 48a 0.15b 0.15a 0.4a 0.la
T2 INTER-A-CH-C 58a 445a 2.8a 2.25a 0.65a
T3 Evolution 8.25a 1.8ab 2a 02a 0.15a
T4 Chile habanero-Onion-Wormwood-Garlic 6.5a 2.15ab 1.8a 0.21a 0.65a
T5 Absolute control (water) 355a 2.95ab 31a 23a 1.3a
T6 Farmers control (Blanca Nieves® mas Cloralex®) 57a 1.7ab 2.1a 0.8a 1.15a
T7 Mos blanc (Imidacloprid) 6.45a 1.1ab 0.85a la 0.05a

TRT-Treatment; BA-Before application; DAA-Days After application. The means separated by the same letter between columns mean that there is no significant difference between

treatments according to the Tukey test at (P > 0.05).

120 -
= Ara3
§ 100
3 —#— INTER-A-CH-C
= 80 -
E -
S 60 - J— == Evolution
Z
©
% 40 A == Chile habanero-Onion-
£ Wormwood-Garlic
X 20
== Absolute control
0 e € S K
T+7 T+14 T+21 T+28 Farmers control

Days after treatment

Figure 2. Percentage of effectiveness after the application of products for the control of M. hirsutus were between 7.6 and 97.88 % in the community

of “El Capomo”

habanero + Garlic + onion + wormwood) and INTER-A-CH-C
with 79.47, 73.74, 64, 60.19 and 7.6%, respectively.
However, Dominguez (2013) mentioned that the combination
of garlic, Chile habanero, onion and aloe as an organic extract
obtained control of up to 90% against M. hirsutus in tulip plants
with the help of cultural control (pruning). After day 14, the
results showed a mortality rate of 96.42, 84.91, 72.24, 68.29,
57.81 and 44.72% for Ara 3, Imidacloprid, Evolution, (Chile
habanero + garlic + onion + wormwood), farmers control and
INTER-A-CH- C respectively.

The results obtained by Pérez et al. (2013) revealed that
Ricinus communis extracts resulted in 63% mortality of A.
tuberculars and 41.5% after the first application in mango. After
21 days, the results revealed that Evolution (96.26%) and (Chile
habanero + Garlic + onion + wormwood) (95.25%) had their
highest reduction peak compared to Ara 3, regional control,
Imidacloprid and INTER-A- CH-C with efficiency of 87.14, 78.34,
76.07 and 40.12% respectively. These results are consistent with

Food Sci. Technol, Campinas, 41(2): 343-348, Apr.-June 2021

those recorded by Romero (2017) revealed that garlic and onion
extract showed 96.45% efficacy in Rambutdn against mealybug.

In this trial, it can be seen that all the products used have
an efficacy of more than 44.9% after 28 days of application,
Imidacloprid (97.88%), Evolution (95.04%) and Ara 3 (94.31%)
showed an efficacy greater than 94% compared to (Chile habanero
+ garlic + onion + wormwood) (72.69%), INTER-A-CH-C
(69.39%) and farmer control (44.9%), which was less than 72%.

4 Conclusions

Asan ecological alternative, Ara 3 (R. communis, A. indica,
A. mexicana) and Evolution (Allium sativum, Quillaja saponaria)
were the most effective products to suppress the incidence of
M. hirsutus on soursop trees in both location.

In the communities of “Lima de Abajo” and “El Capomo” Ara
3, Evolution and Imidaclorpid recorded the highest percentage of
suppression and showed the lowest number of living individuals
of M. hirsutus, 28 days after application.
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