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摘  要

    辐照没有影响棉铃虫雄虫复射精管中有核精子束的数量和雌虫

精包中有核精子的数量，但影响了有核精子束成熟的过程。与 400 Gy
辐照棉铃虫雄虫交配后，雌虫受精囊中有核精子的数量与活力显著

降低（P <0. 05）。
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ABSTRACT

    Gamma irradiation did not influence the quantity of the eupyrene sperm

bundles in duplex and that of the eupyrene sperm in spermatophore, but affected the

maturing of eupyrene sperm bundles. When males were given sterilizing dose of

400 Gy, the quantity and the activity of the eupyrene sperm in the spermatheca were

reduced significantly (P<0. 05).
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INTRODUCTION

When cotton bollworm was exposed to high-dose gamma irradiation, the
capability of the sperm transfer was affected significantly. The aberration of sperm
transmission could affect the quantity and activity of sperm in spermatheca. The
quantity and the activity of the sperm in spermatheca have related with fecundity
and the mating behavior of mated females (in polygamous species). It is evident that
the mating competitiveness of irradiated male moths will be reduced if irradiation
violently affected the sperm transfer and sperm quantity and actibity. To find out the
effects of irradiation on the mating competitiveness of irradiated male moths, it is
necessary to study the effects of irradiation on the quantity and the activity of
eupyrene sperm further.

1  MATERIALS AND METHODS

    The cotton bollworms used in the experiment were taken from laboratory
colony (originally from the Henan province, China). Cotton bollworm larvae were
reared individually in glass tube containing artificial diet. The main ingredients of
diet were corn powder, soybean powder, Brewers powder, sucrose and some vitamin.
Rearing and testing conditions were (26±1) ℃, (60±10)% R. H, and a 14∶10
(L∶D) photophase (06∶00 a. m.～08∶00 p. m.). Test moths emerged in 20 cm×

20 cm×30 cm iron cage, then placed into glass test jar (π×62×11 cm) for mating
and oviposition.

A 60Co source was used for irradiation. A dose rate of 2 Gy/min was used to
administer a substerilizing dose of 250 Gy and a sterilizing dose of 400 Gy. During
irradiation, the pupae that would emerge in about 24 hours were held in 1 cm×5 cm
×10 cm plastic box.

Dissections were made in 0.8% NaCl solution. The normal sperm from the
spermatheca were motile for about 30 minutes in this solution.

The counting of eupyrene sperm bundles in duplex and eupyrene sperm in
spermatophores followed the method that Raulston et al. used [9].
1. 1  The counting of eupyrene sperm bundles in duplex

The sample of eupyrene sperm bundles was prepared as follow: The intact
duplex was taken on a microscope slid, then the eupyrene sperm bundles were
spread on the slid by ripping the wall of duplex with dissecting needle. By slightly
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beating the slid, the sperm bundles would be distributed uniformly, then the
eupyrene sperm bundles on the coverslip (24 cm×32 mm) could be counted rather
exactly with phase-contrast microscope.
1. 2  The counting of eupyrene sperm in spermatophore

A sperm preparation was made by opening the spermatophore of a mated
female in l ml of 0.8% saline solution. The sperm were suspended in the saline
solution with a bortex shaker. An 5 µl aliquot of the suspension of sperm was
transferred to a microscope slide, and a 22 cm×22 mm coverslip was covered on.
The sperm were counted by making 11 equidistant scans across the width of
coverslip. The field diameter of phase-contrast microscope used was 1.12 mm.
Then the quantity of eupyrene sperm was (f×10000×22)/(5×11×1.12) (f is the
total number of eupyrene sperm in all the scans). One sperm preparation would be
counted 3 times, and then the average number was taken as the result of this sperm
sample.
1.  3  The evaluating of eupyrene sperm quantity and activity
    Unlike in the duplex and spermatophore, the quantity and the activity of
eupyrene sperm in the spermatheca was evaluated by experimentally observing.
    It is too difficulty to dilute the sperm in the spermatheca so that the eupyrene
sperm in the spermatheca could not be counted exactly. There was only an
approximate standard for the counting of sperm in the spermatheca according to
experimental observation. The rules for evaluating eupyrene sperm quantity in the
spermatheca is as following: +1 was defined as a few sperm, and spermatheca
showed translucent or slightly millky white; +2 was defined as many sperm, and
spermatheca showed milky white or slightly red; +3 was defined as a great number
of sperm, and spermatheca showed red.

The activity of sperm in the spermatheca was evaluated on a +1 to +5 scale
followed the method that Shepherd [12] used: +1 was defined as immobility; +2 was
defined as slow motility in a few sperm (less than 5%), +5 was defined as vigorous
motility in more than 85% of the sperm; and +3 and +4 was subjectively defined as
intermediate levels of motility. Dissection must be completed in about 2～3 minutes
to prevent the unfavorable effects on sperm activity.

2  RESULTS

    The effects of irradiation on the quantity and the activity and the activity of the
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eupyrene sperm
2. 1  The effects of irradiation on the quantity of the eupyrene sperm bundles

in the duplex
The data in Table 1 show that irradiation does not affect the quantity of

eupyrene bundles in the duplex significantly (P >0. 05), but following the increase
of dosage, the quantity is increased slightly. We consider the reason is that
irradiation affected the maturing of eupyrene sperm bundle, which appeared to be
broken into two small sperm bundles or more. Fig.1 shows the normal eupyrene
sperm bundle, and Fig. 2 and 3 two kinds of distortional eupurene sperm bundles
after irradiation. Fig. 4 the normal eupyrene sperm, and Fig. 5(a) and (b) distortional
eupyrene sperm after irradiation.

               Fig. 1                                Fig. 2                                Fig. 3

               Fig. 4                                Fig. 5 (a)                             Fig. 5 (b)

Fig. 1  Irradiated and unirradiated eupyrene sperm and
 eupyrene sperm bundle of cotton bollworm
Fig. 2  Unirradiated eupyrene sperm bundle

Fig. 3  Irradiated eupyrene sperm bundle
Fig. 4  Unirradiated eupyrene sperm

Fig. 5(a) and (b)  Irradiated eupyrene sperm
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Table 1  The effects of irradiation on the quantity (Mean±±±±SD)

of eupyrene sperm bundles in the duplex

Dose/ Gy Age of male moth/ h No. observed
Avg. No. Eupyrene

sperm bundles

24 15 26.1±20.5c

48 15 213.6±97.0b0

72 18 341.3±99.1a

24 10 46.6±29.1a

48 12 341.3±68.7a250

72 12 341.3±85.7a

24 10 66.6±32.0a

48 11 173.8±71.3a400

72 9 390.5±94.4a

Notes: Means followed by different letters in the same column are significantly different (Multiple
range tests: LSD test with significance level 0.05).

2. 2 The effects of irradiation on the quantity of eupyrene sperm in the
spermatophore

  The data (see Table 2) show that it had no significant (P<0.05) difference
between different treatments, irradiation did not affect quantity of eupyrene sperm in
the spermatophore either, but, the increasing intendance of sperm quantity following
the increase of dosage disappeared. This indicates that after irradiation the quantity
of eupyrene sperm that each sperm bundle contained was reduced. This is one
evidence that irradiation affects the maturing of eupyrene sperm bundle.

Table 2  The effects of irradiation on the quantity (Mean±±±±SD)

of eupyrene sperm in the spermatophore

Dose/ Gy Age of Male moth/ h No. observed Avg. No. Eupyrene sperm

0
24

48

10

6

83382±24824c

140984±34048a

250
24

48

3

4

82577±52273bc

132046±44556ab

400
24

48

3

4

88492±9444abc

126149±52102abc

Notes: Means followed by different letters in the same column are significantly different (Multiple
range tests: LSD test with significance level 0.05).
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2. 3  The effects of irradiation on the quantity and the activity of eupyrene
sperm in the spermatheca

 The data (see Table 3) showed that the dose of 400 Gy significantly (P<0.05)
affected the quantity and the activity of eupyrene sperm in the spermatheca; and the
dose of 250 Gy did not affect the quantity of eupyrene sperm, but significantly
(P<0.05) affected the activity of eupyrene sperm.

Table 3  The effects of irradiation on the quantity (Mean±±±±SD)
and the activity (Mean±±±±SD) of eupyrene sperm in the spermatheca 1)

Dose/ Gy No. observed Avg. No. sperm quantity Avg. No. Sperm activity

0 54 2.04±0.73a 3.24±1.37a

250 34 1.82±0.56ab 2.50±1.11b

400 31 1.52±0.51b 1.65±0.88c

    Notes: Means followed by different letters in the same column are significantly different (Multiple range
tests: LSD test with significance level 0.05).
1): Because the values of eupyrene sperm quantity and activity in the spermatheca were received
according to experimental observation, the results was not so accurate as that taken from duplea and
spermatophore.Thus we only compared the whole treatments among each other.

  In the experiment it was observed that, when the sperm quantity is equal, the
activity of irradiated sperm was less than that of normal sperm, and the activity of
irradiated sperm was reduced more quickly following the prolonging of store time.
After irradiation the swinging frequency of eupyrene sperm tail was reduced, it was
evident that irradiation affect the activity of eupyrene sperm significantly in the
spermatheca whether the substerilizing dose of 250 Gy or the sterilizing dose of
400 Gy.

3  DISCUSSION

  When cotton bollworm was exposed to high-dose gamma irradiation, the
capability of the sperm transfer was affected significantly. The aberration of Sperm
transmission could affect the quantity and activity of sperm in spermatheca. The
quantity and the activity of the sperm in spermatheca had related with fecundity and
the mating behavior of mated females (in polygamous species). Riana et al. [11]

reported that seminal fluid in the female spermatheca suppressed the release of
pheromone. Proshold et al. [8] cited that gypsy moth female that did not receive
eupyrene sperm in their spermatheca could resume pheromone production and might
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mate again. Snow et al. [13] reported that motile sperm (regardless of the type of
sperm) in the spermatheca of the corn earworm reduced the attractiveness of females
to native males. North et al. [6] showed that more than 80% of the remated corn
earworm females contained immotile for fragmented eupyrene sperm from the
previous mating. In studies of the mating behavior of the tobacco budworm,
Raulston et al. [10] found that sperm quantity per se apparently had little influence on
remating, only the presence or absence of sperm or some sperm-related substance
affected the mating behavior of the females.

  The seminal fluid in the spermatheca has relevance to the mating ability of
female. It is evident that the mating competitiveness of irradiated male moths will be
reduced if irradiation affect the sperm transfer and the sperm quantity and activity
violently. When an individual is exposed to ionizing radiation, two types of cellular
damage, somatic damage and genetic damage, are sustained. An ideal radiation
exposure would produce minimum somatic damage with maximum genetic effects
(Bartlett [1]). But for producing the ideal genetic effect, it is inevitable that the sperm
quality was affected by irradiation. Therefore, the adults are often selected as
appropriate candidate to be irradiated for the minimum somatic damage. But the
irradiation of pupae will be more laborsaving and economical. Bartlett [1] pointed out
that mature pupae within 24 hours of eclosion were good candidates for radiation
treatment.

  In most lepidopterous insects, during later pupa stage genital cell divisions are
terminated and sperm are about to mature. Chen, et al. [3] reported in the testes of the
tobacco budworm cell divisions were terminated about 2～3 days before the
emergence of the adults. Holt and North [5] pointed out that the cabbage looper
appeared no subsequent stages of spermatogenesis in the adult, a situation generally
true for most Lepidoptera. Thus, when the mature pupae were irradiated, only
mature or nearly mature sperm were treated.

  Similarly, in Helicoverpa armigera, the spermatocysts are in spermatozoa
stage one day before emergence, and testis contains mainly eupyrene sperm bundles
and apyrene sperm bundles. Therefore the effects of irradiation on the quantity of
spermatozoa should not be too violently. After irradiation, the eupyrene sperm in the
duplex of irradiated male moths and the spermatophore produced by irradiated males
was not different from those of normal males. But it is evident that the irradiation of
400 Gy affected sperm transmission violently, and therefore the quantity and the
activity of eupyrene sperm in the spermatheca of females mated with 400 Gy-
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irradiated-males were reduced. The irradiation of 400 Gy significantly affected other
aspects of irradiated males too, for example, eupyrene sperm were broken or
distortion, and oviposition response was abnormal. The irradiation of 250 Gy only
affected the activity of eupyrene sperm in the spermatheca significantly, and the
sperm transmission and the oviposition response showed normal. Therefore, it seems
that dosage of 250 Gy may be an available treatment to cotton bollworm population.

  Carpenter, et al. [2] pointed out that, in Helicoverpa virescens, sperm retained
by a female from a previous mating was partially or completely displaced by the
sperm from a later mating (Flint & Kressin [4], Pair, et al. [7]), therefore, a mating with
a genetically altered male must elicit the same ovipositional and mating behaviors
from female as a mating with a normal male. If the sperm from a genetically altered
male reduced the fecundity and intermitting interval (length of time between female
copulation) of a female, the sperm from a normal male would be more competitive.

  In cotton bollworm, the irradiation of 400 Gy significantly affected the
quantity and the activity of eupyrene sperm in spermatheca, as well as the
oviposition response of female. And during study we observed also that the mating
frequency (the mating times of female in certain time) of female mated with 400 Gy-
irradiated males was a little higher than that of female mated with normal males. It
seems that the 400 Gy may not a proper dosage for sterile insects technique to
suppress the cotton bollworm population. The competitiveness of irradiated male is
depended on many factors such as sperm precedence and mating propensity etc., and
it is important to investigate then further.
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