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Abstract. The impact of the microsporidium Vairimorpha ephestiae on the parasitoid Bracon (= Habro-
bracon) hebetor increased by increasing the concentration of spores to which its host, Heliothis armigera
was exposed. Infecting parasitized hosts with the microsporidia did not significantly affect either the egg
or larval duration of the parasitoid, while it caused significant prolongation in pupal duration of B. hebe-
tor. However, infected parasitized hosts produced female parasitoids with reduced longevity, oviposition
period and fecundity.

It was concluded that the detrimental impact on the parasitoid might be related to nutritional deficiency
caused by the accumulation of nondigestable spores in the parasitoid’s gut lumen.

Introduction

Pathogenicity of the microsporidian, Vairimorpha (= Nosema) ephestiae to lepidopterous pests has
been proved in many research studies (Weiser, 1957, 1977; Maddox & Sprenkel, 1978; Lewis et al., 1982;
Weiser & Purrini, 1985; Moawed et al., 1987). Moawed et al. (1991) found that early instars of the cotton
bollworm, Heliothis armigera (Say) were highly susceptible to the microsporidian, showing very high
mortality levels while several adverse effects as sluggish movements, reduced food consumption and re-
tardation of growth were demonstrated in late instars sublethaly infected with the pathogen. Hence, the
microsporidian could be considered as a potential biological control for this pest.

The ectoparasitoid Bracon hebetor (Say) was also reported as an efficient biological control agent of
H. armigera (Davletshina, 1972) and other lepidopterous larvae (Soliman, 1940; Harakly, 1969; Nasral-
lah, 1969; Reinert & King, 1971; Beard, 1972; Press et al., 1982; Marei, 1985). However, information on
the effects of microsporidia on parasitic insects is not available.

The objective of this study is to explore the possible interactions between both bioagents, the parasitoid
B. hebetor and the microsporidian V. ephestiae, when acting together on the host pest, H. armigera.

Material and methods

Host insect

A laboratory colony of the cotton bollworm, H. armigera, reared on artificial diet (Shorey & Hale,
1965) and maintained under sterile conditions (Hassan & Moawed, 1974) was used as the source of ex-
perimental insects.

Pathogen

Spores of V. ephestiae were obtained from diseased Ephestia kuehniella larvae. The method of Weiser
& Purrini (1985) for isolation of the microsporidia was adopted. The spores of V. ephestiae were propa-
gated in the original host larvae (E. kuehniella) when a stock culture was reared.
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Parasitoid

A colony of B. hebetor was established under laboratory conditions according to Marei, 1985. Adult
parasitoids were confined in pairs in small test tubes (1.5 cm width and 5 cm length). Adults were pro-
vided with 25% honey solution in the form of droplets on the walls of the test tubes, which were stop-
pered with balls of cotton wool. Adults were provided daily with H. armigera larvae (one larva/tube) on
which parasitoid eggs were deposited. Host larvae externally harbouring parasitoid eggs were removed
daily and maintained in other tubes till parasitoid emergence; they were replaced by fresh larvae.

Assessment of pathogen parasitoid interaction

Small rectangular pieces of synthetic host diet (1 x 2 x 3.5 cm each) and two suspensions of the mi-
crosporidia in water at the concentration levels of 20 x 10° and 2.5 x 10° spores/ml were prepared. The
spores of the microsporidia were incorporated into the larval diet using the method of Moawed (1980) as
follows: 0.5 ml of the desired concentration was distributed on the surfaces and sides of each piece of diet,
previously perforated by means of a thin needle, and left until the diet surface dries. The rectangular
pieces of contaminated diet were placed in plastic cups of 7 x 7 x 7 cm with fifty first instar larvae of H.
armigera, at the rate of 5 pieces/50 larvae/cup. Four cups were used for each concentration level. All
cups were incubated at 27°C and 60-70% R.H. for five days, during which time the larvae reached the
third instar. A control group of 50 H. armigera first instar larvae were offered uncontaminated pieces of
diet; the surface was treated with 0.5 ml distilled water each and incubated under the same conditions.
Samples of dead and alive larvae were examined for the presence of the pathogen under a phase contrast
microscope.

After incubation, twenty survivors of H. armigera larvae from each treatment group as well as control
group, were collected and distributed individually into test tubes that confined one pair of adult B. hebetor
per each and kept for 24 h to allow enough time for parasitisation. Parasitized larvae that stopped feeding
and development were transferred to rearing tubes: 4 replicates and 5 larvae/replicate were used for each
concentration level, as well as for the control group.

The latent effects of the microsporidia on unparasitized and parasitized H. armigera larvae exemplified
by cumulative percent mortalities in different developmental stages were evaluated.

All data were subjected to statistical analysis of variance. Means were compared with Student’s t-test
and Duncan’s (1955) multiple range test.

Results and discussion

Effect of V. ephestiae and B. hebetor on H. armigera

Normal mortalities of hosts in the control groups were 5.00, 3.51 and 8.33% during larval, pupal and
larval-pupal stages, respectively. Corrected percentages of mortalities among V. ephestiae-treated H. ar-
migera larvae at the concentration levels 2.5 x 10° and 20 x 10* during the whole larval stage were 21.1
and 52.6%, respectively (Table 1). Subsequent mortalities of 67.8 and 74.0% were evaluated during the
pupal stage for the same concentrations, respectively.

However, the corresponding cumulative mortalities reached 74.6 and 87.3%, respectively. Mortalities
due to parasitism were 95 and 100% in the larval and pupal stages, respectively.

TasLE 1. Effect of Vairimorpha ephestiae and Bracon hebetor on the survival in Heliothis armigera.

Mortality (%)

Treatment
Larvae Pupae Cumulative

V. ephestiae 20 x 10° (526)" (74.0)* (87.3)"
55.00 74.07 88.33

V. ephestiae 2.5 x 10° @LD* (67.8) (74.6)*
25.00 68.89 76.76

B. hebetor 95.00 100 100

* Corrected mortalities.
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Effect of V. ephestiae on the immature stages of B. hebetor

Neither the incubation period of the egg stage nor the larval duration of the parasitoid reared on V.
ephestiae infected H. armigera larvae differed significantly from the corresponding measures when the
parasitoid was reared on untreated larvae. However, the microsporidia significantly increased the pupal
duration (P < 0.01) (Table 2).

TasLE 2. Duration of different immature stages of B. hebetor parasitizing non-infected and V.
ephestiae-infected H. armigera larvae (in days).

Stage of B. hebetor Infected hosts Non-infected hosts
Egg 1.50 + 0.354a* 1.25 £ 0.250a
Larva 3.75 £ 0.250a 2.88+0.217a
Pupa 12.63 + 0.960a 8.88 +0.739b

* Means within rows followed by the same letter are not significantly different according to Student’s t-
test means based on 5 replicates/treatment, 10 larvae/replicate; b — different at 5% level.

Effect of host treatment with V. ephestiae on the biological activities of B. hebetor adults

The results presented in Table 3 showed that the host disease had greatly affected emerged parasitoid
females. Adult females produced from V. ephestiae diseased hosts had significantly reduced longevity,
oviposition period and fecundity, while hatchability was not significantly affected. On the other hand, the
average longevity of adult males of B. hebetor produced from diseased hosts was similar to that of adults
resulting from healthy ones.

TasLE 3. Biological activity of B. hebetor produced from non-infected and V. ephestiae-infected H.
armigera larvae.

Adults produced from

Aspect

infected hosts non-infected hosts
Preoviposition period (days) 1.38 £ 0.42a* 1.63 £0.42a
Oviposition period (days) 18.50 + 4.39a 21.75+4.87b
Post-oviposition period (days) 1.74 £ 0.65a 1.92 + 0.54a
Longevity of males (days) 2025 +6.22a 22775 +6.18a
Longevity of females (days) 21.75 +3.34a 28.50 + 5.59¢
No. of eggs/female 197.75 £45.29a 262.56 £45.35¢
No. of eggs/host larva 8.50 £ 1.80a 13.50 £ 4.03c
Hatchability (%) 86.75a 87.24a

* Means within rows followed by the same letter are not significantly different according to Student’s t-
test, means based on 10 pairs/treatment; b — different at 5% level; ¢ — different at 1% level.

These results are in agreement with those obtained by Wilson, 1978; Fuxa, 1979; Moawed, 1980 and
Moawed et al., 1987, 1991. The microsporidian, V. ephestiae usually kills the host during the larval stage
when the fat bodies are filled with spores (Moawed, 1980; Weiser & Purrini, 1985). Moreover, the infec-
tion with microsporidia increases the metabolic activity of the insect (KuCera & Weiser, 1985). These in-
teractions may be the reason for the high mortality among the pupal and adult stages of H. armigera in the
present investigation.

Concerning the effect of V. ephestiae on B. hebetor, the results obtained agree with those of Cossentine
& Lewis (1986) and Siegel et al. (1986) who stated that the lower percentage of parasitoid pupation from
microsporidian-infected host probably was not a result of the host dying before the parasitoid develop-
ment was completed, but, instead, was a direct effect of the microsporidia on the parasitoid.
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Previous research findings, as reviewed by Brooks (1973), have suggested the accumulation of large
numbers of undigestible microsporidian spores in the midgut of the parasitoid larva may have resulted in
a nutritional imbalance that may be fatal to the parasitoid.

In conclusion, this study indicates that V. ephestiae exerts detrimental effect on the parasitoid B. hebe-
tor, and future research should concentrate on the interplay between the pathogen and the parasitoid.

References

Bearp R.L. 1972: Effectiveness of paralysing venom and its relation to host discrimination of braconid
wasps. Ann. Entomol. Soc. Am. 65: 90-93.

Brooks W.M. 1973: Protozoa host-parasite-pathogen interrelationship in some recent advances in Insect
Pathology. Entomol. Soc. Am. Misc. Publ. 9: 105-111.

CassenTINE J.E. & Lewis L.C. 1986: Impact of Vairimorpha necatrix and Vairimorpha sp. (Microsporidia)
on Bonnetia comta (Diptera: Tachinidae) within Agrotis ipsilon (Lepidoptera: Noctuidae) hosts. J. In-
vertebr. Pathol. 7: 303-309.

DAVLETSHINA A.G. 1972: Insect Enemies of the Main Pests of Cotton in Uzbekistan. FAN, Tashkent, 112
Pp-

Duncan D.B. 1955: Multiple range and multiple F-tests. Biometrics 11: 1-42.

Fuxa J.R. 1979: Interaction of the microsporidian Vairimorpha necatrix with a bacterium, virus and fun-
gus in Heliothis zea. J. Invertebr. Pathol. 33: 316-323.

HarakLy F.A. 1969: Biological studies on the cabbage web-worm, Hellula undalis Fabr. (Lepidoptera:
Crambidae-Pyraustinae). Bull. Soc. Entomol. Egypte 52: 191-211.

Hassan S.M. & Moawep S.M. 1974: New technique for rearing virus-free colonies of cotton leafworm,
Spodoptera littoralis (Boisd.). In: 2nd Pest Control Conference. Alexandria University, Alexandria, pp.
202-206.

Kucera M. & WEiser J. 1985: Different courses of proteolytic inhibitory activity and proteolytic activity
in Galleria mellonella larvae with Nosema algerae and Vairimorpha heterospora. J. Invertebr. Pathol.
5:41-46.

Lewis L.C., GUNNARSON R.D. & CossenTiNE J. 1982: Pathogenicity of Vairimorpha necatrix (Microsporidia:
Nosematidae) against Ostrinia nubilalis (Lepidoptera: Pyralidae). Can. Entomol. 114: 599-603.

Mabpox J.V. & SprRENKEL R.K. 1978: Some enigmatic microsporidia of the genus Nosema. Entomol. Soc.
Am. Misc. Publ. 11: 65-84.

MaRrel S.S. 1985: Studies on Natural Enemies of Stored Onion and Garlic Pests. Ph.D. Thesis. Faculty of
Agriculture, Cairo University, 78 pp.

Moawep S.M. 1980: The Nuclear Polyhedrosis Virus of Spodoptera littoralis as Biological Insecticide.
Microsporidia Pathogenicity to Larval Instar and the Interaction of Pleistophora schubergi with the
Virus. Ph.D. Thesis, Institute of Entomology, Czechoslovak Academy of Sciences, 296 pp.

Moaweb S.M.,, SALEH M.R. & SaLem S.A. 1987: Interaction of the microsporidian Vairimorpha ephestiae
with nuclear polyhedrosis virus and their effect on Egyptian cotton leafworm, Spodoptera littoralis.
Acta Entomol. Bohemoslov. 84: 422-430.

Moawep S.M., Maret S.S., MaTtER M.M. & SaLen ML.R. 1991: Effect of microsporidian Vairimorpha
(Nosema) ephestiae on the larval-pupal and adult mortalities of the cotton bollworm, Heliothis armigera
(Hiibner). Egypt. J. Biol. Pest Contr. 1(2): 3946.

NasrRALLAH G. 1969: Biological and Morphological Studies on the Parasite Devorgilla canescens Grav.
(Ichneumonidae, Hymenoptera). Ph.D. Thesis, Faculty of Agriculture, Ain Shams University, 203 pp.
Press J.W., CLiNe L.D. & FLaHerTY B.R. 1982: A comparison of two parasitoids, Bracon hebetor (Hy-
menoptera: Braconidae) and Venturia canescens (Hymenoptera: Ichneumonidae) and a predator Xylo-
coris flavipes (Hemiptera: Anthocoridae) in suppressing residual populations of the almond moth,

Ephestia cautella (Lepidoptera: Pyralidae). J. Kansas Entomol. Soc. 55: 725-728.

REeINERT J.A. & KNG E.A. 1971: Action of Bracon hebetor Say a parasite on Plodia interpunctella at con-
trolled densities. Ann. Entomol. Soc. Am. 64: 1335-1340.

Sarama H.S., Moawep S.M. & MEecaHeD M.I. 1986: Effect of nuclear polyhedrosis virus on the cotton
bollworm, Heliothis armigera (Hiibner). Z. Angew. Entomol. 102: 123-130.

564



Suorey H.H. & HaLe R.L. 1965: Mass rearing of the larvae of nine noctuid species on a simple artificial
medium. J. Econ. Entomol. 58: 522-524.

SieGeL J.P., MapDox J.V. & RUESINK W.G. 1986: Impact of Nosema pyraustae on a braconid, Macrocentrus
grandii in central linois. J. Invertebr. Pathol. 47: 271-276.

SoLiman H.S. 1940: Studies in the biology of Microbracon hebetor Say. (Hymenoptera: Braconidae). Bull.
Soc. Fouad I. Entomol. (Cairo) 24: 215-247.

WEIsER J. 1957: Possible biological control of Fall web-worm (Hyphantria cunea Drury). III. Ceskoslov.
Parasitol. 4: 359-267.

WEISER J. 1977: An Atlas of Insect Diseases. Czechoslovak Academy of Sciences, Prague, 240 pp.

Weser J. & Purrint K. 1985: Light and electron microscopic studies on the microsporidian, Vairimorpha
ephestiae (Mattes) (Protozoa, Microsporidia) in the meal moth, Ephestia kuehniella. Arch. Protistenk.
130: 179-189.

WiLsoN G.G. 1978: Detrimental effect of feeding Pleistophora schubergi (Microsporidia) to spruce bud-
worm, (Choristoneura fumiferana) naturally infected with Nosema fumiferanae. Can. J. Zool. 56:
578-580.

Received April 10, 1996; accepted October 2, 1996

565



