
XA0201537

The effects of radiation on the biology and reproduction of
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Abstract. The effect of irradiating male Helicoverpa armigera with a substerilizing dose (100 Gy) of
gamma radiation on the growth, development and reproduction of subsequent generations was studied
in the laboratory. This dose of gamma radiation had no significant detrimental effects on larval and
pupal weights or on the duration of the pupal period in the Fi progeny. However, it lengthened the
duration of the larval period by two days. In the F2 generation, the progeny of the TftF x TfiM cross
had significantly lighter pupae. The effects of this substerilizing dose of radiation and of the resulting
inherited sterility on the reproduction of Helicoverpa armigera were similar to those described for
other species of Lepidoptera. No detrimental effects on Pi and Fi female fecundity were recorded.
Crosses involving Tfi females laid only about one half the number of eggs laid by the controls,
however the range in the number of eggs laid by these females fell within the normal range for
Helicoverpa armigera. Fertility of crosses involving Pi males was greatly affected; fertility in these
females was only 61% of that exhibited by the controls. This deleterious effect was inherited in the Fi
and F2 generations and was maximally expressed when Fi progeny of the NF x TM cross were inbred.
Egg hatch was almost completely inhibited in sibling crosses while outcrosses of the Fi progeny
showed a 64-70% reduction in egg hatch when compared to controls.

1. INTRODUCTION

The corn earworm, Helicoverpa armigera (Lepidoptera: Noctuidae), is one of the most
destructive pests of agricultural crops in the Philippines. It is a highly polyphagous insect
feeding on 83 different plant species [1]. Recommended control measures against
Helicoverpa armigera include planting of resistant varieties, the use of synthetic and
microbial insecticides, and the release of egg parasitoids, Trichogramma spp. (Hymenoptera:
Trichogrammatoidea). Another control strategy that can be used for Helicoverpa armigera is
the use of irradiated males that are capable of transferring sterility to the next generation,
which is termed Fi or inherited sterility. This strategy is compatible with conventional control
methods and potentially can be integrated as a major component of area-wide management of
Helicoverpa armigera. The major advantages of releasing partially sterile males over that of
releasing fully sterilized males is (1) releasing a more competitive male with less radiation-
induced somatic damage and (2) the subsequent introduction of built-in sterility into the
native population [2].

North and Holt [3] induced inherited sterility in Helicoverpa zea by treating males with 200
Gy and mating them with normal females. The fertility from this cross was 36% compared
with 78% from an untreated cross. Moreover, a higher incidence of sterility was observed
when Fi progeny from the irradiated males were out-crossed to untreated moths. However,
fecundity in female progeny from crosses between untreated females and Fi males or from
crosses between Fi females and untreated males did not differ from the controls. The authors
concluded that H. zea was an ideal candidate for the application of inherited sterility as a new
method of pest control and other authors have agreed [4,5] with this conclusion.

Carpenter et al. [6] studied inherited sterility in H. zea. They report that a dose of 100 Gy
induced deleterious effects that were inherited through the F2 generation. Reduced fecundity
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and fertility and increased larval and adult mortality in treated corn earworm were reported by
these authors. Carpenter and Gross [7] conducted field studies to investigate the efficacy of
using inherited sterility to suppress seasonal populations of H. zea. They demonstrated that
seasonal increases of wild H. zea were significantly delayed or reduced (or both) in areas
where irradiated, substerile males were released. The incidence of larvae with chromosomal
aberrations collected from the test sites indicated that irradiated males were competitive with
wild males in mating with wild females, and were successful in producing Fi offspring that
further impacted the wild population. The potential of combining inherited sterility with
releases of the parasitoid Archytas marmoratus (Diptera: Tachinidae) to manage H. zea was
recently demonstrated in the laboratory and in the field [8].

Helicoverpa zea is closely related of Helicoverpa armigera. Laster and Hardee [9] studied the
inter-mating compatibility between H. zea and Helicoverpa armigera. Although no induction
of backcross sterility was detected, the high percentage of female mating indicated a high
degree of genetic compatibility between the two species. As such, studies on the radiation
biology of H. zea should be relevant to Helicoverpa armigera. However, to better determine
the potential of delayed sterility in a control program for Helicoverpa armigera, detailed
information is needed about the biology and reproduction of irradiated males and their
progenies. Therefore, the current study was undertaken to document the effect of the
substerilizing dose of radiation used on corn earworm (100 Gy) on the biology, fertility and
survival of Fi and F2 adults of Helicoverpa armigera.

2. MATERIALS AND METHODS

The Helicoverpa armigera used in this study were taken from the laboratory colony
maintained at the Toxicology Laboratory, Department of Entomology, UP Los Bafios. The
colony has been in culture for 32+ generations. All larvae were reared at ambient conditions
(27±2°C) in plastic cups (50 ml) containing a soybean-corn diet [10]. A dose of 100 Gy of
gamma radiation was applied to mature pupae (pharate males) using a Co60 Gammacell 220
delivering ca. 3.45 Gy/min. Emerging males (T) were paired with normal (N) females. N x N
crosses served as controls. The progeny resulting from the N x N and N x T crosses were used
in the Fi crosses (see below). Adult Fi moths from the N x T crosses were inbred and
outcrossed with moths from the N x N crosses. Nfi moths were inbred to serve as controls and
as source of Nf2 moths for F2 crosses. All possible crosses of F2 moths were made depending
on the number of surviving adults in each line. Mating scheme for all crosses preformed is
shown in Table 1.

Table 1. Mating crosses

Generation
Pi

Fi

F2

Type

A x A,
BxA,
CxA,
DxA,

of Mating (F:
NxT
NxN

Tfi x Tfi
Nfi x Tfj
Tfi x Nfi
Nfi x Nft

A x B, A x
B x B, B x
C x B, C x
D x B, D x

c,
c,
c,
c,

sM)

A
B
C
D

x D
xD
x D
x D

Progeny Designation
Tfi
Nfi
A
B
C
D
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Each individual cross was placed inside pint-sized cardboard containers to mate and lay
eggs. A cotton ball soaked in 30% honey solution was provided as a food source. The top of
each container was covered with nylon cloth that served as an ovipositional substrate. Moths
were allowed to mate and lay eggs for 7 days after which the females were dissected and the
number of spermatophores in the bursa copulatrix was counted to determine mating status.
Ovipositional cloths were changed daily and eggs were counted to assess female fecundity
from the different crosses. Egg cloths were incubated for three days and the number of eggs
that hatched was counted. First instar larvae from each cross were reared on soybean-corn diet
and their growth and development were monitored. Larvae were weighed after each moult
and the duration of each stadium (larval and pupal) was noted. Adult emergence and sex ratio
were recorded. Only individuals that completed development (egg to adult) were considered
for analysis. In all cases, treatments were subjected to analysis of variance and multiple mean
separation tests were conducted using Waller-Duncan's K-ratio t test [11].

3. RESULTS

When Pi males of Helicoverpa armigera were treated with 100 Gy, the larval weights of the
Fi 4th instar larvae were significantly affected (Table 2). Larval weights averaged 28.1 mg as
compared to 36.4 g for the untreated controls (F = 8.85, d.f. = 80). The remaining larval and
pupal weights of the progeny from both treated and untreated male parents were not
significantly different, hi the F2 generation, larval weights were not significantly affected by
treatment. However, the pupae from the NftF x TfiM cross were significantly lighter when
compared to the control (F = 5.83, d.f. = 72). The lighter pupal weights recorded from the
NftF x Tf}M cross were similar to the Fi pupal weights recorded earlier. Very few offspring
were produced from the TfiF x TfiM cross (A) and no individual was able to complete
development in this particular treatment (n = 10; survival = 0).

Table 2. Larval and pupal weights of fi and
treated with 100 gy of gamma radiation l

Helicoverpa armigera when the parent was

Cross

Fi progeny
NFxTM

(Tfi)
NFxNM

(Nfi)
F2 progeny

TfjFx
TfiM (A)

NfiFx
TfiM (B)
T0X

NfjM (C)
NfiFx

Nf,M (D)

No. of
Larvae

50

50

10

50

50

50

Mean Larval Weight of Each

2nd
1.2 ±
0.6 a
1.3 ±
0.6 a

-

1.2 ±
0.5 a
1.6 ±
0.6 a
1.6 ±
0.4 a

3rd
7.8 ±
3.0 a
8.1±
3.0 a

-

6.6 ±
3.0 a
9.8 ±
5.0 a

10.6 ±
5.0 a

4th
28.1 ±
10.0 b
36.4 ±
16.0 a

-

36.9 ±
23.0 a
49.5 ±
22.0 a
56.3 ±
24.0 a

Instar (mg) (±SD)

5th
126.5 ±
63.0 a
152.0 ±
64.0 a

-

194.5 ±
133.0 a
231.5 ±
78.0 a

263.1 ±
73.0 a

6th2

267.4 ±
49.0 a

266.1 ±
47.0 a

-

257.3 ±
74.0 a

363.2 ±
75.0 a

357.2 ±
94.0 a

Mean Pupal
Weight (mg)

(±SD)

398.3 ± 50.0 a

410.1 ±44.0 a

-

407.1 ± 48.0 b

452.8 ± 48.0 a

447.4 ± 37.0 ab

1 Means (±SD) on the same column, with the same letter are not significantly different (K ratio = 500). N
untreated; T = treated.
2 Means based on few individuals, majority of the insects exhibited only five instars.
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Treatment of the parental males with 100 Gy significantly prolonged the developmental
period of the Fi larvae (F = 14.92, d.f. = 80), while Fi pupal duration was not significantly
affected (F = 1.72, d.f. = 80) (Table 2). Duration of larval development in untreated crosses
was about 18 days while larval duration in the progeny of irradiated male parents was about
20 days. The duration of larval and pupal development in the F2 progeny was not significantly
different among treatments. Larval development took about 14-15 days (F =1.68, d.f. = 72)
while the length of pupation was about 9 days (F = 1.50, d.f. = 72) in all crosses.

In general, larvae in the Fi generation took longer to develop than larvae of the F2 generation.
Even larvae from untreated Pi crosses (NxN) developed slower that those from untreated Fi
crosses (Nfi x Nf}). An explanation for this might be that the temperature in the rearing room
during the Fi generation rearing was lower (24.36°C) than that during the F2 generation
(28.22°C). The cooler temperature experienced by the Fi larvae prolonged their
developmental period.

Gamma radiation (100 Gy) caused <10% reduction in the percentage of larvae surviving to
adulthood in the Fi generation (Table 3). However, the percentage of F2 progeny surviving to
the adult stage was greatly reduced as compared to the controls. When one of the parents of
the F2 progeny was a Tfi, (either B or C), very few larvae survived to adulthood (<35%)
compared with 90% survival in the controls. Finally, this dose of radiation did not produce a
significant shift in the sex ratio of Helicoverpa armigera. The normal female : male ratio in
our Helicoverpa armigera colony is 1.0F:1.4M

The effects of radiation and inherited sterility on the reproductive potential of Helicoverpa
armigera are similar to those described for other species of Lepidoptera, including those for
the closely related species H. zea and H. virescens [6, 12]. When the treated Helicoverpa
armigera males were outcrossed to normal females, the components of reproduction (i.e.,
eggs per female and egg hatch) were affected differently by radiation treatment (Table 4).
This dose (100 Gy) did not have a detrimental effect on Pi female fecundity, and females
mated with treated males laid nearly as many eggs as did the controls (F =0.26, d.f. = 99). In
the Fi, generation, low fecundity was recorded from the cross of Tfi females mated with Tfi
males; however, the differences were not significant (Table 4) (F =3.91, d.f. =60). Fecundity
in all Fi crosses fell within the normal range.

Table 3. Effect on some life history parameters of Helicoverpa armigera when the parent was
treated with 100 gy of gamma radiation1

Cross

Fi progeny of
NF x TM (Tfi)
NFxNM(Nfi)
F2 progeny of

TftF x TfiM(A)
NfjF x TfiM(B)
TfiFxNfiM(C)
NfiFxNfiM(D)

Mean Larval
Period (days)

(± SD)1

19.90 ±1.85 a
18.07 ± 1.40 b

-
15.28 ±2.55 a
15.06 ±1.07 a
14.40 ±1.01 a

Mean Pupal
Period (days)

(± SD)1

11.15 ±0.62 a
11.40 ±0.68 a

-
9.36± 0.78 a
8.88 ± 0.67 a
9.16 ±0.49 a

% Larvae
Surviving to
Adulthood

78.00
86.00

-
28.00
32.00
90.00

Sex Ratio
(F:M)

1.0:1.3
1.0:1.4

-
1.0:1.4
1.0:0.5
1.0:1.4

1 Means in the same column, followed by the same letter are not significantly different (K ratio = 500). N
untreated; T = treated.
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When evaluating the effect of 100 Gy treated Pi males on the reproduction of the F2 progeny,
16 total crosses were possible. However, only seven crosses were made (A x A, B x B, B x D,
D x D , DxA, D x B and A x D), based on the availability of surviving adults from the Fi
generation. Of these, only the first four crosses produced mated females (ascertained by the
presence of spermatophore in the bursa copulatrix), however, the percentage of these matings
that produced eggs was greatly reduced. Mated females from the AxA and BxB crosses laid
as many eggs as did the control (D x D). The number of eggs per female was greatly reduced
in the B x D cross. Because only very few successful mating pairs per treatment were
recovered, we did not subject the data to statistical analysis.

For all females that mated, mean number of spermatophores did not differ significantly
among treatments. In the Pi matings, females crossed with irradiated males mated 1.5 times
while females crossed with nonirradiated males mated 1.3 times in seven days (F value =
2.96, d.f. = 99). In the Fi matings, the number of matings in treatment groups ranged from
1.4—1.6 times while matings among control insects averaged 1.8 times (F value = 0.81, d.f. =
60). Tfi females mated as frequently as Nfi females (i.e., spermatophore counts were not
significantly different among treatments).

In the Pi generation, female fertility when females were mated to treated males was only 64%
of the control (F value = 46.93, d.f. = 99). The inherited deleterious effects were fully
expressed when the Fi progeny of NF x TM were inbred (Table 4). In particular, crosses
between siblings exhibited 92% reduction in fertility when compared with the control, while
the outcrosses of the Fi progeny had about 68-71% reduction in egg hatch compared with the
control (F =84.69, d.f. = 60).

A frequency distribution of the percentage egg hatch in all untreated females crossed with Pi
males as well as of the various crosses among the Fi progeny showed a shift toward sterility.

Table 4. The effect of 100 gy of gamma radiation applied to pharate adults of Helicoverpa
armigera on the reproductive parameters of pi, fi, and f2 adults1

Mating
Type

(FxM)

N x T
N x N

Tfi x Tfi
Nfi x Tfj
Tfi x Nf:

Nfix
Nfi

AxA
B x B
BxD
DxD

No. of
Pairs

110
110

65
65
65
65

7
15
16
15

No. of
Mated

Females

45
51

16
11
17
20

1
1
4
5

Progeny

Tfi
Nfi

A
B
C
D

Eggs per Mated
Female in 7 days

Pi
1001.7 ±431.9 a
1046.4 ±445.6 a

ri
786.6 ± 539.2 a
937.3 ± 592.6 a
1102.9 ±500.5 a
1374.1 ±522.5 a

F2
923.00
991.00

366.5 ± 340.6
980.4 ± 504.8

Percent Egg
Hatch

45.9 ± 19.8 b
71.6 ±17.7 a

5.5 ± 6.3 c
23.0 ± 16.6 b
21.0 ±16.9 be
71.8 ±12.3 a

0.00
18.8 ±23.9
26.7 ±1.3
64.2 ± 9.9

Spermatophores
per Mated

Female

1.3 ±0.6 a
1.5 ±0.6 a

1.4 ±0.6 a
1.5 ±0.5 a
1.6 ±0.8 a
1.8 ±0.9 a

1.0 ±0.0
1.0 ±0.0
1.3 ±0.5
1.6 ±0.9

1 Means (±SD) on the same column (per generation), followed by the same letter are not significantly different
(K ratio=500). N = untreated; T = treated.
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Li the Pi generation, only 24% of the females mated to irradiated males had >60.1% egg
hatch, while 74% of the untreated controls had >60.1% egg hatch. A similar frequency
distribution was observed in the fertility of eggs laid by the progeny of Pi treated males. In
Nfi females crossed with Fi male progeny from Pi irradiated males (TfiM), only 27% had a
fertility higher than 40%, while in the TfiF crossed with NfiM, only 18% showed fertility
higher than 40%. Reduction in egg hatch had its greatest expression when Fi progeny of the
NF x TM cross was inbred. One hundred percent of the TfiF crossed with TfiM were less than
20% fertile, while 100% of the controls had egg hatch of >60.1%.

4. DISCUSSION

Several parameters of growth and reproduction of Helicoverpa armigera were measured to
evaluate the effect of a substerilizing dose of gamma radiation (100 Gy) on this particular
species. Our results showed that the weight of Fi 4th instar larvae, the duration of Fi larval
development, the F2 pupal weights, the F2 larval survival and the fertility in the Pi, Fi, and F2
were significantly affected. Proshold and Bartell [12] proposed that the simplest explanation
for delayed development in progeny of treated H. virescens would be an alteration in
hormonal and enzymatic production caused by inherited chromosomal rearrangements. In our
study, larval development in Fi Helicoverpa armigera larvae was significantly delayed, while
development of F2 larvae was not affected. No significant effect on pupal development time
for either generation was observed. Carpenter [13] concluded that chromosomal aberrations in
H. zea occur less frequently in the F2 than in the Fi generations. Our results suggest the
possibility that the F2 generation of Helicoverpa armigera is beginning to recover from the
chromosomal aberrations caused by irradiation of the parental males. This situation is
advantageous in the application of Fi sterility because it suggests that field development of
progeny from released substerilized males might be in synchrony with that of the wild
population.

Carpenter et al. [6] suggest that the best indicator of the amount of radiation-induced
deleterious effects in the Pi progeny is the number of larvae surviving to the adult stage. In
our experiments, larval survival was only reduced by <10% in the Fi generation while larval
survival in the F2 generation was greatly reduced. The F2 progeny from Tfi parents had
problems with moulting and resulted in a high incidence of deformed larvae and pupae and
pupal death. Nonetheless, individuals that did survive had similar developmental period to the
controls. This developmental synchrony is expected to occur even under field conditions.

Fecundity in the Pi and Fi generations was not affected by treatment while fertility was
greatly affected (Table 3). The inherited deleterious effects in the Fi generation caused a
significant reduction in egg hatch. In addition, the moths in each of the Fi crosses exhibited
lower mating than those of the parental crosses, which is to be expected [5]. Similar findings
were reported for H. zea [6] and for H. virescens [14].

Inherited sterility in the progeny of irradiated Lepidoptera has been shown to be the result of
reciprocal chromosomal translocations [2, 6]. Our findings with Helicoverpa armigera agree
with these reports. In related research [15], we observed that at 100 Gy, 86% of the
Helicoverpa armigera sperm contained several chromosomal rearrangements in the form of
chains and rings. At 150 Gy, only 1.7% of the spermatocytes examined appeared normal [15].
In general, 4 to 38 chromosomes were involved exhibiting from 1 to 6 translocations. It has
been stated [12] that a single translocation per irradiated sperm would render the Fi progeny at
least 50% sterile, and more complex translocations would increase the level of sterility.
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Proshold and Bartell [12] suggested that the sterility of the male could arise from any one of
three causes: (1) lack of mating, (2) lack of sperm transfer, and (3) reduced hatch of fertilized
eggs. In our study, females crossed with irradiated males had 41% successful matings and the
data presented in Table 3 was collected from these mated females. This would suggest that
lack of mating is not the main cause of sterility in Helicoverpa armigera. The data on fertility
demonstrates that reduced hatch of fertilized eggs could be the major cause of sterility. Lack
of sperm transfer was not examined in our study.
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