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Abstract. The mating competitiveness of Ostrinia furnacalis Fi male moths (progeny of male parents
irradiated with 200 Gy) was compared with the mating competitiveness of untreated moths. These
studies revealed that Fx male moths were involved in more than 50% of the matings with normal females.
The flight ability and response towards sex pheromone was similar for Fi and untreated moths, although
the number of Fi moths captured was slightly less than the number of untreated moths captured. The
number of eupyrene sperm in the testes of Pi moths treated with 200 Gy was similar to the number of
eupyrene sperm in the testes of normal moths. However, the number of sperm bundles was significantly
reduced in the testes of 200 Gy Fi moths. Compared to normal moths, daily sperm descent into the
duplex ejaculatorius was affected only at day 3 after eclosion of Fi moths. Sperm transfer to spermatheca
by 200 Gy Fi male moths was less than that of their irradiated (200 Gy) parents and of normal moths.
Successive releases of Trichogramma ostriniae in the egg stage of first and second generation Ostrinia
furnacalis were combined with the release of Fi moths from male parents treated with 200 Gy. The
combination of the Fx sterility technique with augmentative biological control suppressed the wild
population of this pest in 500 hectares of field corn.

1. INTRODUCTION

As expected for most lepidopteran insects, the Asian corn borer, Ostrinia furnacalis
(Guenee), is quite radio-resistant. The doses of radiation required to induce full sterility are
sufficiently high to significantly reduce the viability of the moths. Nevertheless, because of the
unique nature of lepidopteran chromosomes, a sub-sterilizing dose of radiation induces
inherited sterility or Fi sterility, which has many advantages over the sterile insect technique
(SIT) [1,2]. Previous studies on the Asian corn borer showed that the percentage egg hatch of
normal females mated with males irradiated with 200 Gy and 250 Gy was 28 or 27% compared
with 43 or 42% for females mated with males irradiated with 100 Gy and 150 Gy. The sterility
of the Fi progeny from male moths treated with 200 Gy was 3-14%. Therefore, 200 Gy is an
acceptable dose for an inherited sterility program in which both irradiated males and females of
Ostrinia furnacalis are released [2].

The development of inherited sterility as an effective control strategy requires cost-
effective mass rearing of quality insects, and careful evaluation of this technique in the field. In
the present study, we evaluated the mating behaviour, sperm movement and transfer, and the
ability of Fi male moths to disperse in the field. Also, we evaluated the integration of releases of
Trichogramma ostriniae, a biological control agent, with Fi sterility as an effective tactic for the
management ofOstrinia furnacalis.

2. MATERIALS AND METHODS

The insects used in our experiments were taken from the Asian corn borer colony kept
at the Institute for Application of Atomic Energy, CAAS, Beijing. The laboratory colony is
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reared on a modified larval diet in which sawdust and de-fatted soybeans replace agar and
soybeans, respectively. All parameters evaluated including pupal eclosion, pupal weight, adult
emergence, mating ability, number of egg masses laid per female and percentage egg hatch,
indicated that this modified diet was acceptable. The cost of ingredients for the modified
larval diet was reduced by 41.6%, and the handling procedures were simplified.

To measure mating competitiveness of the Fi progeny, male pupae were irradiated with
200 Gy. The radiation source was a Co60 irradiator with a dose rate of 200-203 Gy/min. The
pupae were placed in polystyrene boxes and irradiated 2 days before adult emergence. After
emergence the males were paired with normal females and their progeny were reared in the
laboratory until the emergence of Fi adults. The wings of male and female Fi moths were
marked with fluorescent powder mixed with alcohol. Different ratios of Fi and normal moths
were placed in small cages and the incidence of mating was checked every 15 min. Data
recorded for each female moth included the number of egg masses laid, percentage egg hatch
and the presence or absence of a spermatophore. The number of eupyrene sperm bundles in the
testes and duplex ejaculatorius of 200 Gy males, 200 Gy Fi males and normal males was
counted at 1, 2 and 3 days after emergence. A dissecting and a phase contrast microscope were
used to observe the formed spermatophores and the eupyrene sperm in the spermatheca.

We conducted field studies to evaluate the ability of Fi males to disperse from a release
site. In 1996, normal males (n = 9,101) and 150 Gy Fi males (n = 10,740), marked with Calco
Red and Sudan Blue II, respectively, and released into a cornfield. Traps baited with sex
pheromone were set along the southeast radius at 100, 330 and 550m from the release site. In
1997, normal males (n = 9,203) and 200 Gy Fi males (n = 11,200) marked as above, were
released into the field, and dispersal was evaluated in the same way as in 1996. Data from this
mark/recapture study was analyzed with the test of percentage comparison for two samples
[3].

Trichogramma ostriniae (Hymenoptera: Trichogrammatidae) were released into 500 ha
of corn each year (from 1994 to 1997) during the egg stage of the first generation of Ostrinia
furnacalis. On June 14, 17 and 20, about 150,000 T. ostriniae were released per hectare. Each
hectare had 15 release sites from which 10,000 T. ostriniae were released (n = 75 million total).
In 1997, additional T. ostriniae were released during the egg stage of the second generation of
Ostrinia furnacalis. These additional parasitoids were released in three groups of 25 million on
July 12, 15 and 18 (n = 75 million total). Also during 1995-1997, about 2 million irradiated
(200 Gy) Ostrinia furnacalis adults (both male and female) were released per year during the
first Ostrinia furnacalis generation into the same area that received releases of T. ostriniae.

3. RESULTS AM) DISCUSSION

The Fi male adults from 200 Gy irradiated male parents were competitive with normal
males in mating with females in laboratory cages. Out of the total matings observed, the Fi
males were involved in more than 50% of all matings.

In the field, the number of males captured at 550 m from the release point divided by the total
number released was not significantly different (u = 2.326 at P = 0.01) between normal males
and 150 Gy Fi males (u = 0.2740) in 1996 (Table 1). Similar results were obtained in 1997
when normal males and 200 Gy Fi males (u = 0.8377) were used (Table 2). However, the ratio
of total number of males captured in all traps divided by total number released was
significantly different between normal males and 150 Gy Fi males (u = 4.184) and between
normal males and 200 Gy Fi males (u = 4.731). Apparently, some of the released Fi males had
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a reduced ability to disperse or to respond to sex pheromone in the field. In general, the
irradiated 150 Gy Fi males demonstrated a greater ability to disperse and/or respond to sex
pheromone in the field than did the 200 Gy Fi males.

Table 1. Number of 150 Gy Fi Ostrinia furnacalis males and normal males captured in sex
pheromone traps in the field in 1996

Trap distance from release point (m)
T l *
NM 150GyFjM

No. Captured 47 21

330D

NM
85

150
75

GyFiM
550b

NM
30

150
7,0

GyFiM

330°
NM
102

200
83

Gy FiM
550°
NM
41

200
24

GyFiM

a 3 traps;b 6 traps; NM = normal males.

Table 2. Number of 200 Gy Fi Ostrinia furnacalis males and normal males captured in sex
pheromone traps in the field in 1997

Trap distance from release point (m)
100a 5 5

NM
No. Captured 35 19

a 3 traps;b 6 traps; NM = normal males.

Compared with normal males, the number of eupyrene sperm bundles was not reduced
in the testes and in the duplex ejaculatorius of 200 Gy irradiated males. However, the number of
eupyrene sperm bundles in the testes of 200 Gy Fi males was significantly reduced, and the
number of eupyrene sperm bundles in the duplex ejaculatorius of 200 Gy Fi males 3 days after
emergence was significantly less than that in unirradiated males (Table 3). Spermatophores
formed by 200 Gy Fi males during mating appeared to be normal. We did not count the number
of eupyrene sperm in the spermatophore and in the spermatheca. However, we did observe that
the volume of the sperm component from the Fi males was less than that from normal males.

Results of releasing irradiated moths and the egg parasitoid T. ostriniae to control
Ostrinia furnacalis in the field are presented in Table 4. The parasitism rate of T. ostriniae in
the release area was about 50% on first generation eggs of Ostrinia furnacalis compared with
5-8% in the control field. The parasitism rate was 82% in the field where T. ostriniae was
released against the second generation of Ostrinia furnacalis compared with 27% parasitism
observed in the control field.

Irradiated (200 Gy) male and female Ostrinia furnacalis moths were released into the
same field with the parasitoid from 1995 to 1997. The release ratio of irradiated males to wild
males increased from 2.2:1 in 1995 to 6:1 in 1997 (Table 4). The number of larvae per 100 corn
plants and the percentage of damaged corn plants in the treated area declined each year,
however, a corresponding decline did not occur in the control (CK) field. In 1997, the combined
release of irradiated moths and T. ostriniae resulted in 81.8% parasitism and 10.2%
undeveloped embryos in Ostrinia furnacalis eggs during the second generation. Therefore, the
percentage of egg mortality reached 92% (Table 4).
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Table 3. Sperm production in testes and ejaculatorius duplex of Ostrinia furnacalis as a
consequence of irradiation

Treatment

normal
male

200 Gy
treated
males
200 Gy Fi
male

Age
(days)
1
2
3
1
2
3
1
2
3

No. of moths
examined
16
14
13
8
7
7
8
8
8

Eupyrene sperm bundles in
testes*
262.34±50.53a
198.71±39.50bc
184.81±42.08cd
231.98±21.22ab
188.87±34.30bcd
188.87±39.84bcd
169.80±69.45cde
140.25±33.48de
127.95±23.60e

Eupyrene sperm bundles in
duplex ejaculatorius*
22.88±12.36cd
45.36±21.59b
75.38±24.58a
27.38±16.23cd
34.57±14.02bc
62.57±10.11a
7.00±8.83d
30.25±8.83bcd
34.75±12.50bc

* Means in a column followed by the same letter are not significantly different at P > 0.05 according to LSM
multiple range test.

Table 4. The effect of releasing Trichogramma ostriniae and irradiated (200 gy) male and
female Ostrinia furnacalis moths to control feral populations of Ostrinia furnacalis in a 500
ha corn field

Year&
treatment15

No. of
parasitoids

/ha

%
parasitism

No. of
parasitoids

/ha

%
parasitism

No. 200
Gy/ha

Release
ratioa

No. of
larvae/100

plants

%
damaged

corn plants

1994 T
1994 CK
1995 T
1995 CK
1996 T
1996 CK
1997 X

1997 CK

Is generation
150000
-

150000
-

150000
-

150000
-

58.20
5.17
48.27
7.32
52.98
6.81
50.10
7.83

2n generation
-
-
-
-
-
-
150000 81.8

27.10

4000
-

4000
-

4000
-
4000
-

-
-

2.2:1
-

4:1
-

6:1
-

9.3
38.5
7.0
41.2
5.2
53.1
3.1
52.8

6.1
23.8
3.5
35.2
3.1
28.5
1.9
25.3

aratio of irradiated to wild moths
bT = treatment; CK = check.

4. CONCLUSIONS

The mating competitiveness of Ostrinia furnacalis Fi male moths (progeny of male
parents irradiated with 200 Gy) was compared with the mating competitiveness of normal
moths. These studies revealed that Fi male moths were involved in more than 50% of the
matings with normal females. The flight ability and response to sex pheromone was similar
for Fi and normal male moths, although the number of Fi moths captured was slightly less
than the number of normal moths captured. The number of eupyrene sperm in the testes of Pi
moths treated with 200 Gy was similar to the number of eupyrene sperm in the testes of
normal moths. However, the number of sperm bundles was reduced in the testes of 200 Gy Fi
moths. Compared to normal moths, daily sperm descent into the duplex ejaculatorius was
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affected only at day 3 after eclosion of Fi moths. Sperm transfer to the spermatheca by 200
Gy Fi male moths was less than for their irradiated (200 Gy) parents and for normal moths.
Successive releases of Trichogramma ostriniae in the egg stage of first and second generation
of Ostrinia furnacalis were combined with the release of 200 Gy treated moths in the adult
stage of the first generation. The combination of Fi sterility with augmentative biological
control suppressed the wild population of this pest in 500 hectares of field corn.
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