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Abstract

Background: Oebalus mexicana Sailer (Hemiptera: Pentatomidae) is an important pest of sorghum in Central-
Western Mexico. In addition to damaging the grain, it is a vector of the panicle blight, Fusarium moniliforme. Oebalus
mexicana hibernates at > 2200 m above sea level (masl), and its control in these sites is through entomopathogenic
fungi (EPF). Their effectiveness could be misperceived as natural epizootics at hibernation sites. To characterize fungal
epizootics associated with hibernating adults of O. mexicana, during 2019 and part of 2020, a study was established
in the Zinadparo hill, Michoacan, Mexico. Three sampling strata were defined—two at low (2219 masl) and high levels
of elevation (2351 masl), and another one at intermediate elevation (2244 masl) and soil humidity most of the year.
Under the leaf litter, live arthropods and corpses with and without mycosis were recorded every 2 weeks; associated
EPF were isolated and identified. Soil humidity, temperature, and RH under the litter were recorded.

Results: Six genera of fungi were identified, with Beauveria being the most prevalent. Mortality of O. mexicana in the
field was >80%, with a high correlation (r=0.85-0.97) with mortality due to fungi (>65%). The humidity of soil and
litter created a suitable environment for the development of epizootics. The highest prevalence was registered at the
elevations of 2244, 2351, and 2219 masl, respectively. More than 15 families of arthropods were registered, several of
them with the presence of mycosis. Their permanence as alternate hosts contributed to the persistence of the fungi.
Field and laboratory evidences suggested that the frequent flights of O. mexicana favoured the self-dissemination of
EPF. Thus, more than 37% of live individuals with inoculum and subsequent infection and death were recorded.

Conclusions: The EPF disease at overwintering sites of O. mexicana was enzootic, and under favourable conditions it
can become epizootic. The high levels of natural control in hibernation sites suggest that additional control measures
for O. mexicana are unnecessary; on the contrary, the conservation of these sites as reservoirs of EPF is proposed for a
sustainable use in the management of this and other pests.
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Background

The “brown sorghum-head stink bug’, Oebalus mexi-

cana Sailer (Hemiptera: Pentatomidae), has become

one of the main sorghum pests in many states of Cen-

tral-Western Mexico, where each year private and
*Correspondence: hcortezm@ipn.mx public resources are dedicated to dealing with the pest
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insect can be a vector of Fusarium moniliforme fungus,
an important pathogen of the sorghum panicle (Mar-
tinez et al. 2005). The stink bug hibernates for more
than 9 months in the surrounding hills at altitudes of
2200-2700 masl, where it seeks refuge under the leaf
litter of Quercus spp. trees (Salazar et al. 2002). This
behaviour has prompted control campaigns against the
insect, with a focus on its adult stage at overwinter-
ing sites, which supplements control strategies used by
crop producers (Galvan and Marin 1995).

Conventional control of this pest has been through
chemical products, a widely criticized strategy that
has been declared unsustainable because of its nega-
tive effects on the environment, and the eventual
development of resistance by the pest (Altieri et al.
2015). A sustainable strategy is biological control, in
which entomopathogenic fungi (EPF) have been one
of the tools recently used to control hibernating stink
bugs in Central-Western Mexico (Salazar et al. 2002).
However, there is little knowledge about the biology
and ecology of the bug in overwintering sites. Pre-
liminary observations at hibernation sites northwest-
ern of Michoacdn, México, revealed fungi-infected
corpses of O. mexicana. These observations should
be documented through planned epidemiological
studies. There are scarce epidemiological studies of
EPF in hibernating insects around the world (Mustu
et al. 2011), but there are no known related studies in
Mexico.

Microbial control of insects as applied epidemiol-
ogy should rest on ecological-epidemiological studies
that allow understanding the effect of environmental
factors on the development of specific entomopatho-
gens (Mora-Aguilera et al. 2017). Thus, it is of utmost
importance to develop studies on the entomopatho-
gens in overwintering sites of the stink bug O. meuwxi-
cana. Questions such as: which are the associated
species of fungi, which are the survival strategies of
the entomopathogens during the year, which are the
alternate hosts of the fungi at overwintering sites, and
what is the effect of abiotic factors on the develop-
ment of epizootics, among others, must be elucidated.
At overwintering sites of O. mexicana in Northwest-
ern Michoacdn, natural epizootics of EPF may occur
in adults of the insect; and its temporal progression is
determined by the species and strain of the fungus, the
edaphoclimatic conditions, and the species and behav-
iour of hibernating insects.

The objective of the study was to characterize the
natural epizootics of EPF associated with hibernating
adults of O. mexicana in the Zindparo hill, as a repre-
sentative site of Northwestern Michoacan, Mexico.

(2022) 32:11

Page 2 of 11

Methods

Study site

The Zinaparo hill, in the municipality of the same name,
is part of the Neovolcanic Belt and is located in the
Northwestern region of the State of Michoacan, México.
It belongs to the Sierras and Bajios Michoacanos sub-
province and it is part of the important agricultural basin
of Lerma-Chapala. It is located at more than 2500 masl,
with a temperate sub-humid climate in summer, with
700—-1000 mm of rainfall annually. The predominant soil
type is of the Phaeozem (INEGI 2009) and the tree cover
is formed mainly by Quercus castanea, Q. gentryi, and Q.
obtusata (Arizaga et al. 2009).

It was verified that no control measures had been taken
against O. mexicana at the study site, either with chemi-
cals or with EPF. During 2019-2020, no control actions
were taken either.

Sampling

During the year 2019 and part of 2020, every 2 weeks,
samplings were performed at overwintering sites of
O. mexicana, previously selected through a prelimi-
nary sampling. The area is located on one of the eastern
slopes of the northern area of the hill. The sampling was
stratified based on the terrain slope, at one low elevation
(2219 masl) and one high elevation (2351 masl). A third
site was included as a control, which, in contrast to the
other two, showed an intermediate elevation (2244 masl),
constant soil humidity during most of the year, and direct
and permanent insolation (without shade, but with leaf
litter coverage). GPS (GPSmap 60CSx, Garmin®, Tai-
wan) was used to determine the altitude and geographi-
cal coordinates of the sites were determined through. The
lowest elevation is at 20. 1380° N, 102.0181° W; the high-
est elevation at 20.1378° N, 102.0178° W; and the inter-
mediate elevation is at 20.1380° N, 102.0178° W.

The sampling method was based on that of Southwood
(1978), which consists of the absolute sampling method
called sampling per habitat unit. Samples transversal to
the hillside slope were taken in an area of 30 x 30 cm
(replica); 3 repetitions for each of the elevations at 2219
and 2351 masl, and 2 for the elevation at 2244 masl.

Once the site was selected, the litter was carefully
removed and the number of individuals was recorded
using a manual multiple-tally counter (The Denominator
Company®, Woodbury, CT, USA). Live and dead speci-
mens, with or without mycosis, were recorded, both of O.
mexicana and other species of stink bugs and arthropods.
When the number of live insects was high, the stink bugs
on the litter were shaken inside transparent self-sealing
zipper bags of 20 x 15 c¢cm, onto which a grid had been
previously drawn to make the counting easier. The bags
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were placed over white card paper and photographs
were taken immediately for counting later on a computer
screen. The samplings started at 9:00 h and ended around
15:00 h, depending on the population density of the bugs.

On every date, samples of live stink bugs (n <10), and
corpses with and without mycosis were taken for labo-
ratory tests; the rest of them were returned to the site
and covered with litter. The relative humidity (RH) and
temperature of the bugs’ hibernation microenvironment
were estimated using a digital hygrothermograph (Ther-
motraker®, Taiwan) placed beneath the leaf litter. In addi-
tion, at each sampling, a sample of soil per elevation level
was taken, and its humidity content was determined. The
samples were weighed before and after drying inside a
stove. The humidity percentage was obtained through the
difference.

Fungi prevalence and persistence

Field samples of live stink bugs and recent corpses (both
without mycosis) were incubated at controlled condi-
tions (2542 °C and 12:12 light/darkness) for the even-
tual development of EPF. The corpses were sanitized with
a solution of sodium hypochlorite (8%), and placed on a
slide which was placed, in turn, on a crystal triangle; both
inside Petri dishes with distilled water in order to favour
the development of mycosis. The live stink bugs were
placed inside Petri dishes with a paper towel moistened
with sterile water (6 ml), and sealed hermetically. The
corpses recorded daily were incubated separately for the
development of possible mycosis.

The recorded fungi were isolated in a Sabouraud dex-
trose agar+vyeast extract culture medium (SDA + YE)
and their identification into genuses was made through
dichotomous keys and specialized literature (Humber
1998; Zimmermann 2008).

Analysis of results
The analysis was based on the biological knowledge of the
species and the use of descriptive statistics, and an analy-
sis of variance (ANOVA) was performed to compare the
soil moisture and the development of mycosis between
the elevation levels. Finally, a linear correlation analysis
was performed to determine the relationship between
the mortality of O. mexicana in the field and estimated
infection by EPF. The SAS statistical program was used
(SAS Institue 2012). The identification of the family (up
to species in a few cases) of the arthropods associated
with O. mexicana was confirmed through keys and spe-
cialized bibliographic material (Panizzi and Grazia 2015).
To estimate fungal prevalence (i.e. insect mortality)
in the field, data from corpses with mycosis in the field
and that developed in corpses incubated in the lab were
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used. With both data, field mortality by EPF (corpses
with sporulation+ corpses without sporulation) was
estimated. The following equations were used:

(a) InF=(MyF) (100)/Li+ MyF

(b) InL=(MyL) (100)/MyL + NMyL

(c) EIC=(DENMy)(InL)/100 N

(d) EMo=(MyF+EIC) (100)/Li+ MyF + EIC

where InF=Incidence of mycosis in the field (%),
MyF=N° of mycosed corpses in the field, Li=live
stink bugs. InL=Incidence of mycosis in the labora-
tory (%), MyL=N° of mycosed corpses in the labo-
ratory; NMyL=N°" of non-mycosed corpses in the
laboratory. EIC=Estimation (N°) of fungi infected
corpses in the field, DFNMy=Dead in the field with no
mycosis. EMo = Estimated mortality (%) by fungi in the
field.

Results

Behavior of Oebalus mexicana

The stink bug, O. mexicana was active during its hiber-
nation period. Once the sun appeared at the study site
(which varied with the time of the year), it was normal
to see stink bugs flying and landing frequently at differ-
ent sites. Mean counts of up to 406 individuals/90 cm?
under the oak litter of the species Q. obtusata were reg-
istered. However, O. mexicana was not always found
under the litter. At least during February, March, May,
and June (02/28, 03/14, 05/09, 06/06), the stink bug
came out of its refuges under the leaf litter and formed
large aggregates similar to bee swarms. They were
observed on trunks and branches of Acacia panulata,
Quercus sp., and Camarostaphylis polifolia (Figs. 1 and
2A). On some dates (04/27, 05/9, 05/23), specimens
on shoots and young leaves of Quercus sp. and Prunus
capuli were observed in the process of feeding (Fig. 2B).

On August 1st a considerable decrease in the popula-
tion of bugs was recorded, but it was not until August
15th, 2019, that virtually no live specimens were
recorded at the overwintering site. Once again, starting
on October 10th, the first live specimens were recorded
at the overwintering sites, but it was not until Novem-
ber 9th, that large bug populations were recorded once
again on the hill (Fig. 1).

The first populations were observed in constant flight
and several specimens were recorded on oak leaves,
presumably in the feeding process. According to the
above and considering the emigration in the first days
of August and the immigration during the first days of
October, the stay of O. mexicana at the overwintering
site on the Zindparo hill, lasted around 9.5 months.
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Fig. 1 Seasonality of populations of Oebalus mexicana in hibernation sites of the Zindparo hill, Michoacan, México. 2019-2020. The lines over the
points indicate the standard deviation (n=3). Gray bar indicates swarm periods

Zindparo hill, Michoacén, México. 2019-2020
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Fig. 2 Behavior of Oebalus mexicana in hibernation sites. A Swarms of bugs on branches of Quercus sp. B Adult feeding on a Quercus sp. leaf.
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Records and prevalence of entomopathogenic fungi

A wide diversity of EPF associated with arthropods at
the overwintering sites was recorded, with the greatest
prevalence of O. mexicana. The genera Beauveria, Isaria,
Hirsutella, Metarhizium, and Cordyceps were recorded in
that order of frequency (Fig. 3). Sporulation of the latter
3 was recorded in the field only under the highest humid-
ity levels (i.e. during the rain season) or under laboratory
conditions. In the genus Lecanicillium, only one individ-
ual was incubated in the laboratory.

A trend of lower mortality of O. mexicana (with and
without mycosis) was observed at the site of 2219 masl,
compared to 2351 masl. The mortality of this sampling
level was similar and on some dates higher (80.2%) than

that registered (71.5%) in the intermediate elevation
(2244 masl), where it always maintained moisture in the
soil. The highest mortality occurred in May, the period
with the highest temperature and lowest RH of the
microenvironment (Fig. 4A, C).

However, until May 23, the site with the highest reg-
istration of corpses with mycosis in the field had the
intermediate elevation (2244 masl) and the highest soil
moisture (>50%), with intermittent registrations that
increased even during periods of low RH and high tem-
perature. With the first rains (starting from June 6) the
increase in corpses with mycosis was evident in the 3
sampling sites; thus, on June 26th, the maximum regis-
tration of corpses with mycosis (58.9%) occurred, which
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Fig. 3 Entomopathogenic fungi associated with Oebalus mexicana at hibernation sites in the Zinaparo hill, Michoacén, México. A Beauveria,
B Metarhizium in an alternate host in the field; C /saria, D Hirsutella and, E Metarhizium in O. mexicana developed under laboratory conditions.

was registered at the site with intermediate elevation.
Of the other two sampling sites, only the one located
at 2351 masl reached levels of mycosis similar to those
recorded at the intermediate elevation. On the contrary,
at the site of 2219 msnm the levels of mycosis regis-
tered in the other 2 sampling sites were never reached.
The highest level of corpses with mycosis coincided with
a combination of high RH (85.9% to >100%) and low
temperature in the microenvironment (under the litter;
Fig. 4B).

Although altitude did not affect the development of
mycosis in the field, a trend of greater development of
mycosis was observed at elevation levels that tended to
have higher soil moisture, with statistical differences only
for the intermediate elevation level (Fig. 5).

When corpses without mycosis in the field, and those
that later developed mycosis in the laboratory, were
incorporated into the formula (mycosis in the labo-
ratory + mycosis in the field), the results were differ-
ent. First, higher mortality caused by fungi (>65%, May
23) was observed, which was maintained at the site
with intermediate elevation. However, the trends were
similar between the 3 elevation levels; for example, in
mid-March, the highest level of infection (36.48%) was

recorded at the lowest altitude site (Fig. 6). Second,
unlike what was observed in Fig. 4B, the infection levels
increased in the periods of lower relative humidity (31.9%
RH) and higher temperatures (24.3 °C).

A close correlation was recorded between the total
mortality of O. mexicana in the field and the estimated
mortality due to EPF for altitudes of 2219, 2244, and
2351 m (r=0.85, r=0.97, and r=0.79, respectively).

Alternate hosts
In addition to O. mexicana, other arthropods were pre-
sent at the overwintering sites. Six orders of insects were
recorded, distributed in more than 15 families, with more
than 18 apparent species, and some of them were identi-
fied as species. Members of the order Hemiptera, with 8
families and 15 apparent species, stood out. In addition,
the centipede Scutigera sp. (Chilopoda: Scutigeromor-
pha: Scutigeridae) was recorded (Table 1). There were
phytophagous and predator species recorded, but no spe-
cies predating on O. mexicana or another species was
recorded. An agglomerate of stink bugs of different spe-
cies stood out, although O. mexicana was predominant.
The arthropods associated with O. mexicana were
present during most of the year, together with O.
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mexicana; in fact, species of stink bugs and other
arthropods were recorded after the emigration of the
brown sorghum-head stink bug to the agricultural val-
leys, e.g. the Arhaphe argata bug (Bliven, Largidae)
and the centipede Scutigera sp. Mycosed corpses were
recorded frequently in the different groups associated
with O. mexicana, including specimens of Chilop-
oda. Recorded fungi species corresponded to the
genus Beauveria, and, to a lesser extent, Metarhizium
(Fig. 3B), and only in one specimen, the genus Lecanic-
illium was recorded.

Discussion

The results of this research desmonstrate for the first
time that at least 6 genera of EPF were associated with
O. mexicana at an overwintering site representative of
Northwestern Michoacdn, Mexico. There are few studies
on the EPF of stink bugs in the world (Mustu et al. 2011).
However, only the one developed by Mustu et al. (2011)
is related to the species Aelia rostrata Boh. (Hemiptera:
Pentatomidae), an important wheat pest in Europe. Just
like O. mexicana, it hibernates in mountains under the
litter of species of Quercus. Different species of fungi
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Table 1 Arthropods associated with the stink bug Oebalus mexicana in hibernation sites of the Zindparo hill, Michoacan, México.

2019-2020
Order Family Apparent species Habit Biological state
Hemiptera Pentatomidae 5 Ph A
Coreidae 4 Ph A
Scutelleridae 1 Ph A
Largidae® 1 - A
Reduviidae 1 P N, A
Aradidae® 1 - A
Alydidae? 1 - A
Cicadellidae 1 Ph A
Lepidoptera - - Ph LA
Coleoptera Chrysomelidae® - Ph A
Carabidae 1 p LA
Coccinellidae® - P A
Tenebrionidae 1 - -
Hymenoptera Vespidae® - p A
Apidae® - Po A
Dermaptera® - - - A
Orthoptera Acrididae Ph A
Scutigeromorpha (Chilopoda) Scutigeridae Scutigera sp. p A

A adult, N nymph, L larvae, Ph phytophagous, P predator, Po pollinator
@ Species not identified due to decomposition of their tissues

cause important epizootics in hibernating adults; among  (Scutelleridae) were infected by the genera Isaria and
them, Isaria farinosa and B. bassiana; the latter was the  Verticillium (= Lecanicillium) (Abdulhai et al. 2010).

most prevalent genus, similar to what was found in this With these results, it can be argued that EPF is pre-
study. In addition, adults of other hibernating stink bugs  sent during the whole year at the overwintering sites of
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O. mexicana and that the disease could be catalogued as
enzootic in type; under favourable conditions, they can
develop important epizootics (Shapiro-Ilan et al. 2012) as
it was recorded in the present study. The development of
epizootics of entomopathogens is the result of complex
pathogen—host—environment interactions (Mora-Aguil-
era et al. 2017).

The absence of records of corpses with mycosis of
Metarhizium, Isaria, and Hirsutella in the field during
the period of drought does not mean that those species
do not cause mortality in O. mexicana; rather, this sug-
gests that the environmental conditions did not favour
the saprophytic development (sporulation) of those
fungi. For example, corpses without mycosis collected
during the dry season, but later incubated under favour-
able conditions (25+2 °C, RH>90%), developed the
growth of those genera.

There is a general idea that EPF require humidity of
>90% for their development (Tanada and Kaya 1993).
Various studies, however, have shown that the humid-
ity required for germination and infection is typically
lower. Thus, an isolate of B. bassiana (Bb-M) in Jiquilpan,
Michoacan, Mexico, required 63% of humidity to infect
and kill larvae of Galleria mellonella L (Lepidoptera:
Pyralidae) (Sudrez-Nuiiez et al. 2017); while Padmini and
Padmaja (2010) found that out of 30 evaluated isolates of
B. bassiana, most of them were inhibited in their mycelial
development and sporulation at 91.3% of humidity, while
60% of humidity was optimal for the development and
sporulation of the isolates.

The traits of the overwintering site, such as permanent
leaf litter coverage, ensured favourable microenviron-
ments (e.g. relative humidity) for infection, sporulation,
persistence, and development of epizootics by fungi;
on one hand, it worked as a humid chamber and on the
other hand, as a protection against UV rays during the
periods of more insolation (e.g. leaves falling from trees).
This could explain the development of mycosis with a
relative humidity of <40% during months with no pre-
cipitation. Temperatures recorded under the leaf litter
fluctuated between 13.3 and 24.3 °C, conditions within
the favourable limits for the development of EPF (Tanada
and Kaya 1993).

In addition to the above, the behaviour of the host
probably also contributed; e.g., the aggregation of indi-
viduals as a common characteristic in hibernating insects
(Leather et al. 1993) is also one of the main aspects that
favour the development of epizootics (Inglis et al. 2001).
For O. mexicana, mean counts of up to 406 individu-
als/90 cm? were recorded under the leaf litter, but up
to 22,000 individuals/m? have been reported (Salazar
et al. 2002). Under these conditions, the probability of
transmission and infection by fungi is high. In addition,
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the frequent flight observed during the stay of the stink
bug at the overwintering site suggests that O. mexicana
showed an active hibernation period, such as was noted
for other hibernating species (Leather et al. 1993). Given
that hibernating populations of O. mexicana are only
composed of adults, all the individuals are capable of
flight and this favours the self-dissemination of EPF. High
percentages of mycosis (>37%) recorded in live individu-
als in the field and incubated in the laboratory suggest so.
It is known that self-dissemination of entomopathogens
is one of the main strategies for their dispersal and trans-
mission (Baverstock et al. 2010).

Part of the behaviour of O. mexicana was that on some
dates, the insect fed on some tree species. Because of the
position of the stylet, it was inferred that they were in the
feeding process. In insects of the Pentatomidae family
during the feeding process, the labrum draws away from
the buccula and the stylet is extracted from the groove
of the second segment of the labium; and, together with
the labrum, they align with the rest of the segments of the
rostrum (Esquivel 2019), as was observed in O. mexicana.
The fact that the insect can feed at overwintering sites
could explain, in part, its long period (>9 months) of stay
in those places.

Finally, O. mexicana was not the only host of EPF. A
large diversity of groups of insects and other arthropods
were recorded as being infection by fungi. It is known
that the greather the diversity of hosts, the larger the
prevalence and dispersion of fungi, favouring the devel-
opment of epizootics (Pell et al. 2010). During the study,
some species of stink bugs were permanent residents of
the overwintering sites and functioned as alternate hosts
to the entomopathogens, even after the emigration of O.
mexicana towards the agricultural valleys.

The results of the present study are of fundamental
importance for integrated pest management. The impor-
tance of the overwintering sites of the brown sorghum-
head stink bug should be reassessed; on one hand, as a
reservoir of pests that require control at any moment (i.e.
O. mexicana); and on the other hand, to consider them
as sites for the conservation of natural enemies (e.g.
EPF). The second perspective seems more rational, since
O. mexicana is active as a pest only during the develop-
ment of the sorghum grain, before its hardening (Salazar
et al. 2002). According to the principles of integrated pest
management, insects should be considered pests—that
is, deserving control—only when their populations reach
an economical threshold (Metcalf and Luckman 1994).

It is obvious that at the overwintering sites (>9 months)
O. mexicana does not cause damage, but also, EPF
are important biotic regulators of the stink bugs at
these same sites, with mortality levels superior to 60%.
There is already high natural control of the stink bug at
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overwintering sites. If other biotic and abiotic factors of
mortality were added, mortality could be superior to 80%.

Conclusions

The disease caused by EPF at overwintering sites of O.
mexicana is of the enzootic type, and under favourable
conditions, it can become epizootic. The fungi involved
were Beauveria, Isaria, Hirsutella, Metarhizium,
Cordyceps, and Lecanicillium, with a higher prevalence of
the first. Soil humidity and leaf litter were key abiotic fac-
tors for the development of epizootics, while the active
behaviour of O. mexicana at overwintering sites contrib-
uted to self-dissemination of the fungi. Arthropods asso-
ciated with O. mexicana contributed, as alternate hosts,
to the persistence of the fungi. The natural high mortality
(>80%) of O. mexicana at overwintering sites, including
that caused by EPF (>60%), suggests that additional con-
trol measures are not needed; on the contrary, it is pro-
posed to conserve overwintering sites as EPF reservoirs
for integrated and rational management of O. mexicana
and pests in general.
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