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ABSTRACT. The berry borer is the most damaging insect pest of coffee worldwide, affecting both yield and quality. Due
to its economic importance, the borer has been the subject of considerably research around the world, both to determine
its biology, as well as to develop economically and environmentally viable control technologies. Much of the work has
focused on biological control with parasitoids and entomopathogens. The objective of this study was to isolate, identify
and evaluate strains of Beauveria bassiana native to the coffee growing areas of Nayarit against the coffee berry borer
under field conditions. The strains were obtained from soil and coffee fruit samples from 15 coffee orchards and were
evaluated in an organic coffee production orchard. In general, the strains of B. bassiana showed good performance against
the coffee berry borer with effectiveness higher than 76%. In the region of study, if control measures are not applied, the
percentages of infestation could reach up to 56%. Regional B. bassiana strains are considered an option for biological
control of the coffee berry borer.

Keywords: Biological effectiveness, Incidence, Severity, B. bassiana.

Resumen. La broca es la plaga de insectos mas dafiina del café en todo el mundo y afecta tanto el rendimiento como la
calidad. Debido a su importancia econdmica, el barrenador ha sido objeto de considerables investigaciones en todo el
mundo, tanto para determinar su biologia, como para desarrollar tecnologias de control econémica y ambientalmente
viables. Gran parte del trabajo se ha centrado en el control biolégico con parasitoides y entomopatogenos. El objetivo de
este estudio fue aislar, identificar y evaluar cepas de Beauveria bassiana nativas de las zonas cafetaleras de Nayarit contra
la broca del café en condiciones de campo. Las cepas se obtuvieron de muestras de suelo y fruto de café de 15 huertas y
fueron evaluadas en un huerto de produccién de café organico. En general, las cepas de B. bassiana mostraron un buen
comportamiento contra la broca del café con efectividad superior al 76%. En la region de estudio, si no se aplican medidas
de control, los porcentajes de infestacion podrian llegar hasta el 56%. Las cepas regionales de B. bassiana se consideran
una opcién para el control biolégico de la broca del café.

Palabras Clave: Efectividad biolégica, Incidencia, Severidad, B. bassiana.
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INTRODUCTION

Mexico is a pioneer in the export of organic coffee and is the main producer of organic
coffee in the world (Sosa et al. 2004). In the 2019-2020 cycle, according to the Agri-Food and
Fisheries Information Service, cherry coffee production was 958 thousand tons, which
represented an increase of 6.5% compared to the previous cycle (SIAP 2024). This crop is
distributed over an area of 664 794 hectares with a record of 500 coffee growers, which
include 58 producing regions in 15 states, in a total of 480 municipalities and 4 572
communities in the country. Nearly 80% of national coffee production is obtained in the
following six Mexican states: Chiapas, Veracruz, Oaxaca, Puebla, Guerrero and Hidalgo
(FIRA 2003, Santoyo et al. 1995).

Nayarit has a cultivated coffee area of more than 16 300 hectares distributed in six
geographic regions. Production is largely due to the application of techniques that benefit
the crop more than the increase in cultivated area. There are 5 310 coffee producers from
11 municipalities that on average generate 1 923 direct jobs and resources exceeding 150
million pesos (De La Pefia-Gonzélez 2018). Production at national level shows a slow
recovery after the diminution observed in recent years due to the large production losses
that occurred during 2012, caused by early and highly aggressive outbreaks of both the
coffee borer and coffee rust (Torres-Castillo et al. 2020).

The coffee borer, Hypothenemus hampei (Coleoptera: Curculionidae: Scolytinae), is the most
damaging insect pest of coffee worldwide, affecting both yield and quality (Dufour et al.
1999). It is estimated that causes losses of more than $500 million dollars annually (Vega et
al. 2009). Currently, in México the coffee borer has been reported in 244 municipalities at
11 states, generating economic damages equivalent to 100 million pesos (SENASICA 2019).
The damage occurs when the female pierces the cherry and establishes itself in the seed,
where it builds galleries for the development of the larvae, which feed on the endosperm
of the seed, reducing the viability and quality of the coffee bean (Barrera 2002).

Due to its economic importance, the Coffee berry borer has been the subject of considerably
research around the world, both to determine its biology and to develop control
technologies that are currently considered to be economically and environmentally viable.
In the last 15 years, research has focused on biological control with parasitoids and
entomopathogens (Dufour et al. 1999). The use of biological control agents is an important
alternative in the production of organic coffee. The application of virulent strains of
entomopathogenic fungi, such as Beauveria bassiana, have been shown to be an effective
tool for the management of the coffee borer in different parts of the world. In Colombia it
was determined that a mixture of genetically different strains of B. bassiana were more
virulent than individual strains. In the laboratory, the strains and mixtures (Bb9001,
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Bb9024, Bb9119-M. anisopliae Ma9236) caused mortality on the borer between 91% and 94%
and the mixture affected the oviposition capacity of the insect by up to 87%. In the field, all
treatments reduced infestation in trees between 18% and 47% compared to the control,
reducing the population in infested fruits by 40% (Jaramillo et al. 2015).

In the case of B. bassiana, it was determined that a single dead body of coffee borer can
produce up to 10 million spores, which favors its establishment and dispersal (Narvaez et
al. 1997). It was also observed that its effect is dependent on the density of the infestation.
On the other hand, a higher degree of infection occurs in general at the lower parts of the
coffee plant due to the effect of shading where there is greater relative humidity and less
solar radiation (Bustillo-Pardey 2005). Its effect is observed with greater intensity in the
tirst days when it reaches up to 70% with applications of the fungus of 5 x 10° spores per
mL (Bustillo-Pardey 2005). It is considered that in the coffee plantations of Nayarit there is
the presence of entomopathogenic fungi affecting the populations of Hypothenemus hampei
and these native strains are better adapted and more virulent than those imported from
other agroecosystems. The objective of the present study was to isolate, identify and
reproduce native strains of the entomopathogenic fungus Beauveria bassiana and evaluate
under field conditions its effect on the control of the berry borer in coffee orchards in the
producing area of Compostela, Nayarit, México.

MATERIAL AND METHODS

Location

The evaluation of Beauveria bassiana isolates was carried out in the locality “La casa” in the
Cumbres de Huicicila ejido, in Compostela, Nayarit (21° 01" 48" Latitude N and 105° 0'45"
Longitude W and 860 masl). The coffee orchard is considered a traditional rustic or
mountain production system (Moguel and Toledo 1999), with a tendency towards organic,
under rainfall and Arabica type coffee of three years old with Catimor (Caturra X Hibrido
Timor) and Tipica. Harvest is during the months of December to February, with reports of
high incidence of coffee borer in previous cycles. The vegetation used as shade includes
guamo (Inga spp.), Indian leather (Bursera simaruba (L.) Sarg. 1890), tepehuacate (Lysiloma
acapulcense (Kunth) Benth.), tepezapote (Ternstroemia tepezapote Schltdl. and Cham.). It is
considered to be part of the physiographic province of the Trans-Mexican Volcanic Belt,
with a warm subhumid climate with vegetation considered as low deciduous forest and
evergreen forest (Bravo-Bolanos et al. 2020).

Collection of samples for isolation of Beauveria bassiana
Soil collections samples (45) were carried out in October and November 2021 from a total
of 15 orchards (three samples per orchard) representatives of the coffee-producing areas of
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the state of Nayarit (Figure 1). Selection of the orchards, was based on the suggestions of
the technicians of the Nayarit State Plant Health Committee, as well as the technical
advisors of the coffee processing company “Terruno Nayarita”, mainly considering that
chemically synthesized products will not be applied and that the orchards were
representative of the production systems of the area of study. It is important to mention
that in the producing area of Nayarit, only Arabica (Catimor) and Tipica type coffee is
produced. Coffee orchards presented abundant vegetation that have not been disturbed
by agricultural activities.

Leyenda
bz sombrero
N kil 5=nco colorado
el Guajolote
il Las Carboneras

at the state of Nayarit, Mexico.

Soil samples were taken from three random coffee plants per orchard, where the superficial
leaf litter from the base of the plants was removed and 1.0 kg was obtained from the first
30 cm of soil depth. Ten fruits per plant at physiological maturity were also collected at
random from a total ten plants per orchard. The soil and fruit samples were placed in a
“ziploc bags” with their identification data and placed in coolers with frozen gel for
transport to the Entomology Laboratory of the Pabellén Experimental Field, belonging to
the National Institute of Forestry, Agricultural and Livestock Research (CEPAB-INIFAP)
for storage in a refrigerator at a temperature of 8 °C until processing (Table 1).

Sample processing.

The soil samples were sieved with a 2.0 mm mesh sieve, and a 300 g sample was placed in
a 1.0 L capacity plastic jar. Then, the soil was moistened to field capacity and five Tenebrio
molitor larvae were placed per jar and incubated at a temperature of 25 °C in a bioclimatic
chamber. Jars were checked daily from the fifth day and the infected larvae were placed in
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individual containers to later scrape the mycelium with a bacteriological loop and place it
in Petri dishes with PDA (Potato Dextrose Agar).

Table 1. Localities sampled for the isolation of entomopathogenic fungi in coffee orchards in Cumbres de

Huicicila, Compostela Nayarit, México.

Locality Municipality Latitude Longitude Altitude EPF* Sample
El Sombrero Ruiz 22°04'52" 104°52°07"" 930 Bb Soil
Banco Colorado Ruiz 22°04'50" 104°52"19” 840 Bb Fruit
El Guajolote Ruiz 22°04'51" 104°52'33"" 810 Bb Soil
Las Carboneras Compostela 21°01°48" 105°00°45" 860 - Soil
La Barranca Compostela 21°19°33" 105°01°45" 920 Bb Fruit
La Mataiza Compostela 21°17°38" 105°00724" 930 Bb Soil
Los Planteles Compostela 21°18°47" 105°00°45" 870 - Fruit
El Guayabo Compostela 21°17°43" 105°02"12" 940 Bb Soil
Analco Santiago Ixcuintla 21°52°05" 104°5802" 475 - Soil
Las Iguanas Santiago Ixcuintla 21°52°08" 104°57'59" 468 Bb Fruit
Las Viboras Santiago Ixcuintla 21°52°03"" 104°57°46" 491 Bb Soil
Los Cerritos Santiago Ixcuintla 21°52°42" 104°57°28"" 483 - Fruit
El Terrufio Santiago Ixcuintla 21°52°06"" 104°57°38"" 466 Bb Fruit
La Guamera Xalisco 21°23'43"" 105°00°34" 1020 Bb Soil
Malinal Viejo Xalisco 21°22'56"" 105°00722"" 1020 — Fruit

*EPF = entomopathogenic fungi; Bb = Beauveria bassiana

The dead larvae without the presence of mycelium were superficially disinfected with 2.0%
sodium hypochlorite for three minutes and rinsed with sterile water three times to remove
the remains of the disinfectant (Hatting et al. 1999). After that, the larvae were placed in a
9.0 cm plastic Petri dish with a layer of filter paper moistened with sterile water, the dishes
were sealed with plastic tape (Plastipak) and incubated at 25 °C. Every 24 h, the Petri dishes
were checked and the development of mycelium was determined.

In positive cases, mycelium was collected with a dissecting forceps and subsequently sown
in a Petri dish containing PDA culture medium. The fungi were successively reseeded until
pure cultures were obtained and were identified by the reproductive structures according
to Bidochka et al. (1998).

For the morphological identification of B. bassiana, the taxonomic keys for the genus of
Barnett and Hunter (1998) were used. For molecular identification, the procedure was as
follows: from pure isolates of the Beauveria bassiana strains, DNA extraction was carried
out with the CTAB method (Doyle and Doyle 1990). The quality and quantity of the
extracted DNA was checked in Nanodrop (Model) for subsequent sequencing. The
samples were sent for sequencing to the LANBAMA-IPICYT laboratory using the Oligos
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ITS1 and ITS4 and sequencing with the labeled dideoxynucleotide method on the model
3500 and 3130 Genetic Analyzer sequencers (Applied Biosystems). The obtained sequences
were compared with the Genbank database using the BLASTN program. From the isolates
previously identified, both from the soil and fruits, those with the fastest growth and
sporulation were selected for evaluation in the field.

Field phase tests for coffee berry borer control.

In the field, 13 treatments were evaluated, including nine regional strains of Beauveria
bassiana (Table 2), one strain from the guava agroecosystem (BbC20) that has been reported
to be effective against guava weevil (Conotrachelus dimidiatus) in Malpaso, Calvillo,
Aguascalientes (Cerna-Chavez et al. 2021), a homemade organic repellent commonly used
in the Compostela producing area (made with 2.5 kg of mountain microorganisms, 1.0 kg
of garlic, 1.0 kg of onion, 1.0 kg of hot chili, 1.0 kg of ginger, 0.5 kg of leaves of aromatic
plants, 1.0 L of molasses, 1.0 L of vinegar and 1.0 L of 70% alcohol), an insecticide of
biological origin Spinosad and a control with only water.

The study began on September 27th, 2022, in which the treatments were established and
the first application of the treatments was carried out. The Petri dishes with active growth
of Beauveria bassiana were scraped and placed in 10% Tween 20 oil, the spore suspensions
were adjusted to a dose of 1x107 spores per milliliter. At the time of application in the field,
1.0 mL of adherent (Bionex ®) per liter of water was applied to all the treatments with the
exception of the control. While for the insecticide, 3.0 cm?® L' of water was applied and in
the case of the repellent, 5.0 mL L of water was applied.

Table 2. Treatments for the biological control of the coffee berry borer (Hypothenemus hampei L.)
in the Cumbres de Huicicila, Nayarit. México.

Treatment EPF’s Locality Sample

1 B. bassiana (AG2) 2 El Sombrero Soil
2 B. bassiana (22G)? Banco Colorado Fruit
3 B. bassiana (M14) El Guajolote Soil
4 B.bassiana(1-6 (2) T)2 La Barranca Fruit
5 B. bassiana(3-1-T (2)a La Mataiza Fruit
6 B. bassiana (D (3) T)a El Guayabo Soil
7 B. bassiana (5-3 (1)@ Las Iguanas Fruit
8 B. bassiana (Bb C20)> Malpaso Soil
9 B. bassiana(4-1(2) T)2 El Terruno Fruit
10 B. bassiana (3-1-T(2)2 La Guamera Soil
11 Repellentc

12 Spinosadd

13 Controle
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a=regional strains; = strains from the guava agroecosystem; c=homemade organic
repellent: 4 = insecticide of biological origin; ¢ = only water

Spraying was carried out on September 27, October 4, 12, 19 and 26. The treatments were
applied with 4.0 L capacity spray pumps, with hollow cone nozzles and a different pump
was used for each treatment.

A completely randomized design was used, with five replications (trees) per treatment,
and five branches were marked per tree, where the experimental unit was a fruit. The
variables measured were the number of fruits affected by berry borers and the number of
borers with the presence of entomopathogenic fungi.

The data obtained were subjected to an analysis of variance and a Tukey mean comparison
test (P = 0.05), with the JMP statistical package of SAS (2011). In the case of data in
percentages, before submitting them to the ANOVA and Tukey test, a square root
transformation (\/E + 0.5)was performed.

RESULTS

According to the sequencing results, the recovered fungi correspond to Beauveria bassiana
in a coincidence range from 94.56 to 99.43% with the values deposited in Genbank
(Accessions: KC121560.1 and KC121558.1). In the coffee-growing areas of Nayarit, the
entomopathogenic fungus Beauveria bassiana was detected in five soil samples (localities: El
Sombrero, El Guajolote, El Guayabo, Las Viboras and La Guamera) and in five fruit
samples (localities: Banco Colorado, La Barranca , La Mataiza, Las Iguanas and El Terrufio);
which indicates the presence of B. bassiana in the coffee-growing areas of the state, probably
attributed to the tendency of not applying chemically synthesized insecticides in these
production systems.

The statistical analysis showed that only treatments 2 (22G), 5 (3-1-T (2), 7 (5-3 (1) and 12
(Spinosad) are statistically different from the rest (Figure 2) and presented the lowest
percentages of damaged fruits. The strains of these treatments come from the Banco
Colorado (22G), La Mataiza (3-1-T (2) and Las Iguanas (5-3 (1) orchards, which are
geographically distant from each other. This fact reveals, the existence of native strains
with entomopathogenic potential for the control of the coffee borer in coffee-growing areas
from the state of Nayarit.

In the field evaluation (Table 3) most of the strains presented percentages of healthy fruits
greater than 60% with the exception of the strain D (3)T that showed percentages below
this value like the control, with 52 and 44 % respectively. The highest percentage of healthy
fruits occurred in the treatment with Spinosad and strains 3-1-T (2) and 5-3(1) with 85, 76
and 74 % respectively. The presence of fruits with entomopathogenic fungi was greater in
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strains 4-1(2)T, 3-1T(2) and 22G with 86.8, 79.2 and 78.6 % respectively compared to only
12.5 % in the control.

154

fruit damage
>
A l

4

—
——
=
—r—

T T T T T T T T T T
1234567 89 1011213

treatments

Figure 2. Comparison of means of biological control
treatments against the coffee berry borer (Hypothenemus
hampei L.) in Cumbres de Huicicila, Compostela,
Nayarit. México. There is a statistical difference when
the standard deviation lines do not overlap.

Table 3. Effect of the biological control treatments on the coffee berry borer (Hypothenemus hampei L.) in
the area of Cumbres de Huicicila, Compostela, Nayarit. México.

Healthy Damaged Fruits
Treatments Fruits Fruits with fungus B. bassiana

(%) (%) (%)
1 B. bassiana (AG2)? 70 30 43.3
2 B. bassiana (22G)2 72 28 78.6
3 B. bassiana (M14)2 68 32 344
4 B. bassiana (1-6 (2)T)? 68 32 719
5 B. bassiana (3-1-T(2) 2 76 24 79.2
6 B. bassiana (D(3)T)® 52 48 43.8
7 B. bassiana (5-3(1) 2 74 26 65.4
8 B. bassiana (BbC20)b 66 34 35.3
9 B. bassiana (4-1(2)T)? 62 38 86.8
10 B. bassiana (3-1-T(3) 63 37 43.2
11 Repellente 60 40 40.0
12 Spinosad¢ 85 15 46.7

e-ISSN: 2007-901X 8
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13 Controle 44 56 12.5

2= regional strains; b= strains from the guava agroecosystem; = homemade organic repellent; 9= insecticide of
biological origin; ¢ = only water

Likewise, a polynomic response of second grade (P<0.05; R? = 0.59) was observed in the
relationship between the percentage of the presence of B. bassiana with the number of
healthy fruits (Figure 3), observing that the higher number of healthy fruits was found in
the range of 60 to 70 of the percentage of presence of B. bassiana. Then, healthy fruits
showed a slightly decrease at greater values of the presence of the fungus, although this
decrease was not statistically significant (P=0.05).

80 -
<®
% 60 - M X
240 -
% y =-0.0087x2 + 1.1706x + 31.662
£ 20 - R? = 0.5902
O T T T T 1
0 20 40 60 80 100
Presence of B. Bassiana in fuits%

Figure 3. Relationship between the percentage of presence of the
fungus B. bassiana vs percentage of healthy fruits.

DISCUSSION

Kalyabina et al. (2021) mentioned that the use of chemically synthesized insecticides causes
habitat loss, affects the interaction between organisms and the conversion of environments
within an ecosystem. The values of healthy fruits shown in this study by the control were
high, because entomopathogens naturally exist in the region. Sanchez-Pefia (2011) reported
that the entomopathogenic fungus Beauveria bassiana is commonly found in undisturbed
habitats. El Husseini (2019) pointed out that B. bassiana is naturally located in the soil. Suu
et al. (2022) reported values of 93.67% of coffee cherries without damage using applications
of B. bassiana.

However, efficiency values may vary due to environmental and management factors.
Villalba (1995) mentioned that high control percentages were achieved with the
appropriate use of spray technology. Pérez-Gonzalez et al. (2014) argue that the dispersal
of B. bassiana will depend on the strain, temperature, and the ability to establish. The
fungus Beauveria sp. is capable of adapting to a wide range of environments around the
world (Pérez-Gonzalez et al. 2014). Ibrahim et al. (2020) mentioned that the infection is
random, through factors that favor the activation of B. bassiana. Humidity, temperature,
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precipitation, solar radiation, the age of the host and the pathogenicity of the
entomopathogen influence the effectiveness of control (Fernandes et al. 2015). The
entomopathogenic fungus B. bassiana is present throughout the world, parasitizing several
species of insects, including the coffee berry borer (Vuelta-Lorenzo et al. 2017). Fargues and
Remaudiere (2020) pointed out that in the field the number of conidia that reach the insect
is generally reduced, causing a reduction in control efficiency. This indicates that the
fungus is already naturally established, although its incidence is low, however, it was
increased with the strains 4-1(2)T, 3-1T (2) and the BbC20 strain, which presented an
average of 68% of healthy fruits with an average of 69 % with presence of fungi, being
lower in the last strain.

This slight decrease in healthy fruits observed in strains (4-1(2)T) and (1-6 (2)T) could
probably be due to a lower concentration of secondary metabolites in these strains. B.
bassiana has been reported to produce several toxic metabolites, such as beauvericin and
bassianolide, which exhibit insecticidal activity. Additionally, the importance of other
metabolites such as bassianin, beauverolides, bassiatin, and oosporein in the biological
control potential of B. bassiana has been highlighted. Nevertheless, it has been determined
that the virulence of B. bassiana strains lies more in the concentration of these metabolites,
rather than in a single metabolite (Chaithra et al. 2022, Stuart et al. 2022).

Several studies have revealed that not all strains of B. bassiana are equally effective; it is
possible that they are different, because the enzymes (lipases, chitinases, proteases)
involved in the control of the coffee berry borer have different efficiency of action, which
leads to having greater or lesser control of the insect (Cruz et al. 2006). Wraight and Ramos
(2002) mentioned that B. bassiana produces hydrolytic enzymes such as proteases, lipases,
chitinases and acid oxalic. The B. bassiana strain applied in treatment 5 was more efficient
in the infection of the berry borer, probably due to a greater activity of those enzymes
present in the strain (3-1-T(2). This agrees with Dhawan and Joshi (2017) who reported that
the virulence of B. bassiana is related to a greater activity of the enzymes lipases, chitinases
and proteases.

CONCLUSIONS

The presence of Beauveria bassiana with entomopathogenic potential is present in the coffee-
growing areas of the state of Nayarit. A wide distribution was found since it occurred in
10 of the 15 monitored orchards with the greatest presence in the soil. The strain with the
greatest control over the coffee berry borer was (3-1-T (2) with 76% of healthy fruits. The
greatest presence of fruits with berry borer infected with B. bassiana was observed in the
strains 4-1(2) T, 3-1 -T(2) and 22G with 86.8, 79.2 and 78.6% respectively. The isolated
strains increased the percentage of fruits with berry borers infected with B. bassiana from
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34.4 to 86.8%. The use of native strains of B. bassiana constitutes a sustainable strategy in
the control of the coffee berry borer. In this type of studies, it is important to isolate and
evaluate the greatest number of strains possible, since the results showed that not all strains
have the same potential for entomopathogenic activity.
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