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ABSTRACT

Adult males of Heliothis virescens (F.) less than 12 h-old were irradiated with
substerilizing doses of 50,100 or 125 Gy then crossed with untreated virgin females.
The resulted F( males 1- and 4- day-old were dissected to determine the production
of eupyrene sperm bundles and its accumulation in the duplex region. In another
test, an experiment was conducted to determine the ability of F, males to mate and
transfer sperm to untreated females. The data show that, eupyrene sperm bundles
were not found in the duplex of newly emerged males immediately after emergence.
Number of eupyrene sperm bundles descended to duplex was significantly affected
at 125 Gy during the first dark: light cycle of sperm descendence. Accumulation of
eupyrene sperm bundles of unmated Fi males was significantly reduced at 100 and
125 Gy.

It is apparent that the first mating is the most important, even in the control,
and the rate of females that achieved successful mating with F, males after the first
ejaculate was markedly reduced. This reduction was directly related to the dose
level of irradiation. The proportion of mated females without any sperm, with
apyrene sperms only or those with reduced amount of eupyrene sperms, was
generally increased as the dose applied to Pi increased.
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INTRODUCTION

Sterile male technique could be considered as one of the alternative methods to
control Heliothis virescens. It is will known that high doses of gamma irradiation are
required to induce complete sterility in lepidopteran species.

In the tobacco budworm, as with other Lepidoptera, there is daily rhythmic release of
eupyrene sperm bundles from the testes to the seminal vesicles and subsequently to the
duplex, where they are stored until mating (1>2'3)

In this study the effect of substerilizing doses of gamma irradiation on capability of
Fi males to produce sperm, mating ability, repeated successive matings and the efficiency
of the first ejaculate were investigated.
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MATERIALS AND METHODS

The general rearing procedure was carried according to Sallam and Ibrahim(4) under laboratory
conditions 27 + 1 C, 60+ 10% R.H., and 12 h photoperiod. Adult males (less than 12 h-old) were
irradiated with substerilizing doses of 50, 100 and 125 Gy then crossed with untreated virgin
females. The resulting F̂  males were tested for mating and sperm production.

Sperm Counting.
The number of eupyrene sperm bundles in the reproductive tract of Fi unmated males (1 and 4

day-old) was counted. Counting took place 9 h after the onset of the light cycle at which time
according to LaChance el al.{2\ males contain eupyrene sperm bundles in the duplex region of the
ejaculatory uct, whereas the seminal vesicles and upper vas deferens are devoid of sperm bundles.
The duplex region was removed from the male and placed in a drop of saline on a gridded
microscope slide previously lined with a diamond pencil. Tearing the organ to release the eupyrene
sperm bundles in saline solution, and spreading them out in the solution with a fine needle. This
procedure permitted more accurate count of sperm bundles in the dark field of phase contrast
microscope at a magnification of 125 x.

Mating and Sperm Transfer.

In order to insure the mating, one-day-old male was placed with a single 2-day-oId virgin
female in the mating cage. After 24 h the male was transferred to another cage with another virgin
female. Each male received 4 successive transfer on 4 consecutive days. The females were
dissected and the reproductive tract was removed and placed in Belar's saline solution. Copulation
was recorded according to the presence of spermatophore in the bursa copulatrix.

The spermathecae were removed and examined for the presence of apyrene and eupyrerte
sperms. Each female was assigned to a specific category; (1) unmated, (2) mated with no sperm, (3)
mated but only apyrene sperm transferred, (4) mated with one to a few (+) eupyrene sperms, (5)
mated with a reduced amount of eupyrene sperm present (++); and (6) mated with ample eupyrene
sperms present.

In another test, focusing in the first mating, one day-old male was allowed to mats With
untreated 2-day-old female for one night and kept for another night without female. Then the males
were dissected to count the number of eupyrene sperm bundles descended to the duplex region ready
to be transferred to the female in the 2nd ejaculate. The mated females also were dissected to
determine the occurrence of spermatophores and quantity and type of sperms in the spermathecae.

RESULTS
Sperm Production:

Generally speaking, in all treatments as well as the untreated control, eupyrene sperm
bundles were not found in the duplex region of the newly emerged F, males dissected immediately
after emergence.

Table (1) presents the average number of eupyrene sperm bundles found in the duplex of F|
males one or four-day-old. In the case of one-day-old male, there was no significant difference
between the tested levels of irradiation except at 125 Gy where a significant reduction was obtained.

Statistical analysis showed that sperm descendence was affected only at the higher dose (125
Gy) during the first dark-light cycle of sperm descendence.

On the 4th day of emergence, the average number of eupyrene sperm bundles
accumulated in the duplex of unmated F\ males was significantly reduced at both 10 and 125
Gy (Table 1). This average decreased drastically rom 49.84 in the control to 57.08 bundle
at 125 Gy.
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Table (1): Accumulation of eupyrene sperm bundles in the duplex of one day-old and four-
day-old un mated F, males, H. virescens.

Dose
(Gy)

0

50

100

125

One-day-old*

Avg. eupyrene bundles
±SE*

49.88

45.16

40.84

26.72

±6.51 a

±7.29 a

±6.63 a

±4.30 b

Range

0-125

0-127

0-102

0-84

Four-day-old*

Avg. eupyrene bundles
+ SE*

149.84+ 16.34 a

126.24+ 17.80 a

78.40+12.76 b

57.08+15.31 b

Range

5-3i7

1-361

1-290

1-232

*25 males were used for each dose.
Means within any column followed by different letters are significantly different from each other
(P>0.05).

Table (2): Testes volume of one day-old Fi male resulted from irradiated Pimale, Heliothis virescens.

Dose

(Gy)

0

50

100

125

No
males

tested

25

25

25

25

Avg. + SE

5.789±0.195a

5.428±0.135a

5.521±0.259a

4.322± 0.225 b

Volume (mm) 3

Maximum

7.700

6.368

8.181

6.795.

Mjnimum

4.849

4.849

3.883

2.572

Means within column followed by different letters are significantly different frpm each other (p>0.05)
i .

Table (2) shows that the average volume of testes was significantly reduced only at 125 Gy.
However, the control had the highest volume (57.89 mm3), among treatments.

Frequency and Mating Efficiency:

Table (3) shows the mating percentage and relative amounts of sperm transferred by the F i
males in the 1st, 2nd, 3rd and 4th ejaculates. Generally speaking, the percentage of unmated males
at each ejaculate increased as the dose treatment was increased. Sperm transfer, i.e. mating
efficiency, was reduced due to treatments. This reduction in mating efficiency reached a very low
rate of sperm transfer at 125 Gy. The effect on mating efficiency was consistent at each ejaculate
and quite pronounced on the first one, which is considered most important to lepidopterous males
(LaChance et al.(2)).
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Table (3): Mating and sperm transfer of F, male progeny of Heliothis virescens (F.), descended
from irradiated male parents.

Ejacu-
late

no.

1

2

3

4

Dose

(Gray)

0

50

100

125

0

50

100

125

0

50

100

125

0

50

\m
125

%

Unmated

00.00

4.0

28.0

48.00

8.57

24.00

64.00

52.00

17.14

36.00

56.00

58.33

22.86

44.00

54.17

52.17

Females as indicated

Mated with
abnormal
amount of
eupyrene

Sperms

8.5

40.00

56.00

50.00

8.57

28.00

28.00

44.00

20.00

24.00

36.00

33.34

14.28

20.00

45.83

39.13

Mated with
normal

amount of
eupyrene
sperms

91.43

56.00

16.00

2.00

80.00

48.00

8.00

4.00

62.86

40.00

8.00

8.33

62.86

36.00

00.00

8.70
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Table (4): Percentage of F t males Heliothis virescens, successively ejaculated during
four successive days.

Dose

(Gray)

00

50

100

125

Rate

mating

35/35

24/24

21/25

33/50

Once

100

96

76

52

% Males

Twice

91.43

79.17

42.11

69.23

successively mated:

Three
times

82.86

58.33

36.84

57.69

Four
times

60.

25.00

31.58

50.00

Table (5): Effect of irradiation and number of ejaculate on sperm transfer in the Fimales
Heliothis virescens

Dose No of %mated females of each sperm class indicated:
ejacula

te no sperm apyrene reduced normal
(Gray) only amount of amount of

eupyrene eupyrene
sperms sperms

1(35) 8.57 00.00 00.00 91.43
00

2-4(105) 8.05 00.00 9.19 82.76

1 (24) 20.83 12.50 8.33 58.33
50

2-4(51) 13.73 17.64 7.84 60.78

1 (18) 27.78 16.67 33.33 22.22

100
2-4(30) 36.67 13.33 36.67 13.33

1 (26) 42.31 30.77 23.07 3.85
125

2-4(60) 28.78 22.73 28.78 9.69

* Figures in brackets are no. of mated females in each test.
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Table (4) shows that there was an effect on mating ability, which was dose-
dependent. An effect on the sequence of mating was also detectable which did not appear to
relate to level of treatment. However, the effect on sequency may require further
clarification, especially, at high doses since it is probably insignificant

Table (5) shows the relative amounts of sperm transfer in treatments of Fj males
during 4 days. It is apparent from the untreated control that the 1st mating is the most
important, in which the highest rate of successful mating (with eupyrene sperm transfer) is
achieved; 91.4 % compared to 82.76 % achieved during the following three matings.
Applying that to the treatments in Table (5), the rate of females that achieved successful
mating (normal complement) after the first ejaculate was markedly reduced due to
irradiation of male parents. This reduction was also, directly related to the level of irradia-
tion. Consequently, the effect of the treatments extended to the following ejaculates (2-4)
during which the sperm transfer had a similar trend of reduction.

Table (6) shows the results of the first ejaculate Fi males. The rate of successful ejaculates
was decreased gradually as the dose to Pi males increased. Among successful ejaculates, the sperm
transfer was affected due to treatments. The proportion of mated females without sperms, with
apyrene only or those with reduced amount of eupyrene sperms, was generally increased as the dose
increased. In other words, the rate of normal sperm transfer (normal quantities of eupyrene sperm)
decreased directly with the increase in the dose-treatment (79.17% normal sperm transfer in the
control was reduced to 11.43 at 12.5 Gray dose-treatment).

Table (6) also presents the number of eupyrene sperm bundles descended in the duplex of F]
males on the next day after they were allowed one ejaculate. The number of eupyrene sperm
bundles in the untreated males was also presented for comparison.

DISCUSSION

The majority of H. virescens mated several times in the laboratory (present results as well as
previous reports, Flint and Kressin (5); Proshold and Bartell(6), Proshold(7). But the occurrence of
spermatophores is not always a positive evidence of an effective mating since sperms may not reach
the spermatheca of the" female to be available for fertilizing eggs (Flint and Kressin (5>). //. virescens
female moths not receiving eupyrene sperms during mating were more receptive to second mating
than those successfully mated and had eupyrene sperms (Proshold and LaChance(8))

There is a general accepted phenomenon that Ftmale, often fail to transfer sperms to the
spermathecae of the females. But there are not any quantitative data available on the possible
reasons for that defect. It could be due to a reduction in; sperm production, descendence of mature
sperms to the duplex, or sperm transfer within female.
The present data show the absence of eupyrene sperm bundles in the duplex region of newly
emerged males, immediately after emergence. This agrees with Henneberry and Clayton (1984)(9)

who found only apyrene sperm in the duplex 1- 3 h after emergence, and both apyrene and eupyrene
sperm bundles within 5- 7 h after emergence. Thus, at the time of irradiation (6- 12 h after
emergence) males contained mature sperms in the duplex and immature sperms in the testes at
different developmental stages of spermiogenesis because spermatogenesis was terminated at pupal
stage.
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Table (6): The sperm transfer of Fi males Heliothis virescens, during the first ejaculate, and
sperm production following normal transfer.

Dose No. %Males %Females with %Females with
males succes- eupyrene sperm
tested sfully - Sperm

(Gray) ejacu- : apyrene reduced normal production*
lated no sperms amount amount

sperms only (+) (++,+++)

0 50 96.00 8.33 6.25 6.25 79.17 74.51

50 50 88.00 22.73 11.36 9.09 56.82 76.97

100 47 80.85 18.42 18.42 23.68 39.48 71.64

_125 50 70.00 34.29 28.57 25.71 11.43 72.38
• Number of eupyrene sperm bundles descended in the duplex of males after one normal mating.

The present results on H. virescens on the average number of eupyrene sperm bundles in the
duplex show a significant reduction which was obtained only at 125 Gy during the first dark: light
cycle of sperm descendence. This reduction was also associated with a significant reduction in the
volume of the testis. The average number of eupyrene sperm bundles accumulated in the duplex of
unmated Ft males on the 4th day of emergence was significantly reduced to 78 and 57 bundles at 100
and 12.5 Gy, respectively (150 bundles in control treatment). This reduction of about 1/3 of the
control was also observed in P. gossypiella by LaChance et_ al (2) who concluded that
spermatogenesis and spermiogenesis in the Fi males were affected and the majority of eupyrene
sperm bundles produced are abnormal at structural or functional level. These are then eliminated or
resorbed before they can descend into the duplex. The present results agree with that conclusion, in
addition, the sperm bundles that had severe genetic damage might not develop to full mature bundles
and resorbed within the testis. Therefore, at the higher dose 125 Gy there was a significant reduction
jrj fegtis volume associated with a reduction in the first cycle. According to Reimann'", it could be
some kind of selection against abnormal sperm bundles within the testis's basilar membrane that
prevent the damaged or abnormal sperm bundles.

It is not known how could chromosomal aberrations influence the process of eupyrene sperm
formatfon. Also, the basic causes leading to the impaired formation of the eupyrene sperm bundles
in FI lepidopterous male are not fully understood. The production of sperm in Lepidoptera is
affected by hormonal, nutritional and other biochemical changes (Sugi,(10); Kambysellies and
Williams (H)) . A number of unknown stresses on the F| males could affect eupyrene sperm
formation. Such stresses could be responsible for the formation of abnormal sperm. Also, Sugai and
Mirumachi (12) reported that eupyrene sperm in the F; Bombyx mori (L.) were not organized in
bundles but were dispersed and appeared in bizarre shape with less Feulgen staining.

Data on ability of males during four successive matings show that, there is a reduction in mating
ability; after the first ejaculate, even in the control. However, this reduction reached more than 50%
in treatments compared to 25 % in the control. It is evident, therefore, that the first ejaculate is the
most important from productivity point of view. LaChance et al.(2) mentioned the secretion of the
accessory gland as possible factor as relative amount of secretion transferred with sperms to female
in the first ejaculate and, thus, subsequent ejaculates would contain only the production of the gland
over 24 hours period.

From the present data it could be concluded that the reduction in daily sperm production
reduced the number of eupyrene sperm bundles accumulated in the duplex, which may be needed by
the male to encourage subsequent matings. Thus, more time lapse (more than one daily cycle) is
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required to produce enough sperm before mating. Also, Fi males transferred eupyrene sperms to
female mainly within the first ejaculate at all the tested doses. In subsequent ejaculates, the
percentage of eupyrene sperms transferred was evident at any dose-treatment.
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