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Abstract. Microsporidia are obligate intracellular parasites that affect the
population density of many insect pests. In particular, infection with
Nosema pyrausta is one of the major mortality factors for the European
corn borer Ostrinia nubilalis, the Asian corn borer Ostrinia furnacalis and
the adzuki bean borer Ostrinia scapulalis. The purpose of the work is to
compare the susceptibility to N. pyrausta and pathogenesis of three species
of moths of the genus Ostrinia. Studies conducted over 2 years have shown
that in all three species of host insects under laboratory conditions, both
during oral infection and transovarian transmission of infection (in the
daughter generations of experimentally infected insects), only
diplokaryotic spores formed corresponding to the main morphotype of the
genus Nosema. Mean lethal time increased with instar of larvae used for
infection but didn’t differ between the three species. The rates of
transovarial transmission of N. pyrausta were also similar. Thus, all the
insect species examined may equally participate in the parasite persistence
in nature and serve as model laboratory hosts for parasitological research
and mass propagation of the microsporidium.

1 Introduction
A study of the population biology of the European corn moth Ostrinia nubilalis (Hbn.,
1796), as a dangerous pest of maize, reveals regular changes in the dynamics of insect
populations, indicating the formation and gradual improvement of mechanisms for
regulating its numbers in agricultural ecosystems involving maize as the main crop [1]. The
expansion of corn cultivation increases the prevalence and harmfulness of the corn borer.
Screening the dynamics of O. nubilalis and advanced monitoring methods allow us to
assess the harmfulness of the phytophagous pest in novel and established habitats and to
analyze the contribution of environmental factors influencing fluctuations in its abundance
[2, 3]. To date, numerous data have been accumulated concerning the regulatory effect of a
complex of entomophages and entomopathogenic microorganisms in the number of insects
[4].
Microsporidia are widespread in populations of Lepidoptera being able to influence the
pest dynamics [5, 6]. For a number of mass species of lepidopteran insects, microsporidia
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act as natural regulators, including the prevention of outbreaks of mass reproduction of
agricultural pests [7], such as the beet webworm Loxostege sticticalis L.,1761 [8]. The
microsporidium Nosema pyrausta is virulent to the European corn borer and contributes to
provocation of its depression state [9]. The entomopathogen reduces the survival rates and
life span of insects, retards the development of larvae and fecundity of adults.
The influence of abiotic and biotic factors in combination with N. pyrausta usually have
an additive effect in reducing the viability of O. nubilalis individuals, that is, low
temperatures reduce fertility and increase larval mortality, the resistance of host plants
reduces the number of larvae feeding on the plants. The use of insecticides is also more
effective for density reduction of the insect host when infected with N. pyrausta [10, 11].
The purpose of the work is to compare the susceptibility and pathogenesis of three species
of moths of the genus Ostrinia.

2 Materials and Methods
2.1 Insect cultures
The diapausing larvae of O. nubilalis and the adzuki corn borer Ostrinia
scapulalis (Walker, 1859) were collected in maize stands in Gulkevichsky district (O.
nubilalis) and in cocklebur thickets in Slavyansk district (O. scapulalis) of the Krasnodar
Territory in September – October 2017-2018. Live insects were transferred to a laboratory
and stored at + 4°C in glass jars equipped with folded pieces of paper for 4 months in a
refrigerator until reactivation and laboratory experiments. In the spring, reactivation was
carried out, emerged adults were placed in separate containers for mating and oviposition.
Egglays with blackened head capsules of unhatched larvae were placed in glass jars with
artificial diet made of cornmeal, wheat germ, yeast extract and solidified with agar [12].
Ostrinia furnacalis (Guenee, 1854) eggs were provided from a permanent laboratory insect
culture by the China Institute for Plant Protection, Beijing, China. For insects of this
population, reactivation was not needed; they developed without diapause in the laboratory
all year round.
2.1 Microsporidia isolation and insect bioassays
To isolate microsporidia from the stem borers of the genus Ostrinia, collected in nature,
hybernating and perished larvae were examined. Dead insects were dissected and smears of
the adipose body and salivary glands were examined under a light microscope. When
microsporidia spores were detected, the infected tissues were homogenized and centrifuged
at 4000 g for 5 minutes. The supernatant was decanted, the precipitate was resuspended in 1
ml of distilled water, and the spore concentration in the Goryaev chamber was calculated
[13]. For artificial infection, II, III, and IV instar larvae and N. pyrausta spores at a dosage
of 105 spores per larvae were used. The larvae 1-3 days after molting were planted on a
piece of paper folded in several layers in a hermetically sealed container for 2-4 hours
without food. Microsporidia spores of N. pyrausta were mixed with a portion of a standard
artificial nutrient medium (IPA) and provided to the larvae. After complete consumption of
the spore-contaminated diet. Insects were transferred into a jar with parasite-free diet and
maintained at the temperature of +24°С and 18L: 6D photoperiod for 30 days. Mortality
was recorded daily, perished were used for microscopic analysis [13]. Survived insects
were used to obtain filial generation and transovarial transmission rates were estimated on
the basis of microsporidia prevalence data in the filial generation. The statistical analysis of
mortality rates was performed using one-way ANOVA (Holm-Sidak test), prevalence rates
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of microsporidia in progeny of artificially infected insects (transovarial transmission rates)
were compared by Pearson chi-square test and median lethal time was calculated and
compared using Kaplan-Meier’s logrank test.

3 Results and Discussion
In our work, we wanted to check whether there are qualitative and quantitative differences
in the pathogenesis of microsporidiosis between species of the genus Ostrinia. In particular,
earlier in the course of studies, in addition to diplokaryotic spores, monokaryotic spores of
microsporidia belonging to the same species, namely N. pyrausta, were discovered. The
formation of additional sporogony is characteristic of various taxa of microsporidia,
including a number of species of the genus Nosema, and weather conditions, long-term
dynamics of the number of host insects, etc. are indicated as possible factors affecting the
morphogenesis of parasites [14-16]. Monokaryotic spores were found in O. nubilalis, and
further experiments showing their infectivity were performed on O. furnacalis. For this
reason, the revealed switching of this morphotype to a regular developmental sequence
leading to diplokaryotic spores [13] could occur due to the host shift. It was therefore
important to study the morphogenesis of the parasite in all accessible species of the genus
Ostrinia. Studies conducted over 2 years have shown that in all three species of the host
insects under laboratory conditions, both during oral infection and transovarian
transmission of infection (in the filial generation of experimentally infected insects), only
diplokaryotic spores were formed corresponding to the main morphotype of the genus
Nosema.
Main infection sites of the microsporidium were the adipose tissue and salivary glands
in all three species. When II, III and IV instar larvae of the three Ostrinia species were
treated with orally administered spores, total mortality substantially decreased with age. II
instar larvae perished at the rate of 100 % 30 days post treatment. Mortality of III and IV
instar larvae reached 70-76 % and 53-57 %, respectively. The differences in the mean
values among the species assayed within each of the age group were not great enough to be
statistically significant.
As expected, mean lethal time increased with age (larval instar) in all the three species
assayed, reaching about 15, 20.5 and 25.5 days in II, III and IV instar larvae. Only slight
differences were observed between O. nubilalis, O. scapulalis and O. furnacalis, displaying
no statistically significant differences (Table 1).
Table 1. Virulence of Nosema pyrausta to three species of the genus Ostrinia
Insect
species

Mortality within 30 days post
treatment of larvae, %±SE
II instar
III instar
IV instar

II instar

III instar

IV instar

70±5.77

53±3.33

15.2±1.27

19.9±1.62

25.0±1.15

76±3.33

57±6.67

14.8±1.22

20.0±1.45

25.5±0.98

73±6.67

57±3.33

14.5±1.34

21.4±1.46

26.1±0.91

Ostrinia
100
nubilalis
Ostrinia
100
scapulalis
Ostrinia
100
furnacalis
SE – Standard error

Mean lethal time, days±SE

When survived part of the experimental cultures infected with microsporidia (fed with
sporesas IV instar larvae) transited to adults and progeny was obtained, mid-instar larvae
showed 53.6 % (N=28), 36.3 % (N=33) and 48.0 % (N=25) microsporidia prevalence rates
in O. nubilalis, O. scapulalis and O. furnacalis, respectively. Again, the values were not
statistically significant when compared between the three species.
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Thus, the corn borer species examined display similar levels of susceptibility to N.
pyrausta fairly corresponding to the relatedness levels of these three insect hosts. They may
therefore equally participate in the parasite persistence in nature. Moreover, all these
species may serve as suitable model laboratory hosts for parasitological research and mass
propagation of the microsporidium.
The research is supported by the Russian Science Foundation, grant # 20-66-49006.
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